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Der iva t ives  of 1 , 3 - i n d a n d i o n e  conta in ing  in posit ion 2 a carbon cha in  
with a 6 -ca rbony l  group c y c l i z e  on hea t ing  wi th  a m m o n i u m  ace t a t e  

in g l a c i a l  a c e t i c  ac id  to form der iva t ives  of 1, 4 - d i h y d r o - 4 - a z a - 9 -  
f luorenone.  The la t te r  are r ead i ly  ox id ized  to the  corresponding 4-  
aza -9 - f luo renones .  The IR and UV spectra of the compounds ob ta ined  

are discussed. 

In one of the v a r i a n t s  of the Han tzsch  s y n t h e s i s  
of d i h y d r o p y r i d i n e s  [1, 2], 1 , 5 - d i k e t o n e s  and a m m o n i a  
o r  amino  compounds  a r e  used  as  the s t a r t i n g  m a -  
t e r i a l s  [3 -6 ] .  1, 3 - Indand iones  conta in ing  in pos i t i on  
2 a ca rbon  chain  wi th  a 6 - c a r b o n y l  group a r e  s i m u l t a n -  
eou l sy  1, 3- and 1, 5 - d i k e t o n e s .  As such,  on be ing  
hea ted  wi th  a m m o n i u m  a c e t a t e  in g l ac i a l  a ce t i c  ac id  
they  c y c l i z e  to f o r m  d e r i v a t i v e s  of 1 , 4 - d i h y d r o - 4 -  
a z a - 9 - f l u o r e n o n e  o r  2, 3 (CO) -benzoy lene -  1 , 4 - d i h y d r o -  
p y r i d i n e  (li).  The c y c l i z a t i o n  of 2 - ( a - p h e n a c y l b e n z y l ) -  
1, 3 - indand ione  (Ia) into the c o r r e s p o n d i n g  compound 
IIa  has  been  e f fec ted  by us p r e v i o u s l y  [ 7]. In the  p r e -  
s en t  w o r k  we used  some  t r i k e t o n e s  (Ib-d) tha t  we 
ob ta ined  by the Michae l  r e a c t i o n  [8] and the t r i k e t o n e  
Ie [9]. 

When 2 - ( a - p h e n a c y l - p - m e t h o x y b e n z y l ) - l ,  3 - in -  
dandione  (Ib), 2 - ( c ~ - p h e n a c y l f u r f u r y l ) - l ,  3 - indand ione  
(Ic),  2, 2 - d i m e t h y l - 5 - ( l ' ,  3 ' - i n d a n d i o n - 2 ' - y l ) - 5 - p h e n y l -  
3 -pen tanone  (Id) and 4 - ( 1 ' ,  3 ' - i n d a n d i o n - 2 ' - y t ) - 4 -  
p h e n y l - 2 - b u t a n o n e  (Ie) w e r e  hea ted  with a m m o n i u m  
a c e t a t e  in g l a c i a l  a c e t i c  a c id  they  y i e lded ,  r e s p e c -  
t ive ly ,  1 - ( p - m e t h o x y p h e n y l ) -  3 - p h e n y l -  (IIb), 1 - ( a -  
f u r y l ) -  3 - p h e n y l -  (IIc),  3 - t e r t - b u t y l - l - p h e n y l -  ( l id) ,  
and 3 - m e t h y l - l - p h e n y l -  ( l ie)  -1 ,  4 - d i h y d r o - 4 - a z a - 9 -  
f l u o r e n o n e s .  The b a s i c  p r o p e r t i e s  of the  amino  group 
of the 1 , 4 - d i h y d r o - 4 - a z a - 9 - f l u o r e n o n e  d e r i v a t i v e s  
a r e  s t r o n g l y  s u p p r e s s e d  b e c a u s e  of conjugat ion  with 
the c a r b o n y l  group.  On the c o n t r a r y ,  they  p o s s e s s  
weak ly  ac id i c  p r o p e r t i e s  and d i s s o l v e  in e thano l i c  
a lka l i  with a deepen ing  of the  co lo ra t i on .  This  i s  due 
to the  sp l i t t i ng  off of a p ro ton  and the f o r m a t i o n  of 
the con juga ted  anion IV with  an e q u a l i z e d  e l e c t r o n  
dens i ty .  The 1 , 4 - d i h y d r o a z a f l u o r e n o n e s  IIb, e a r e  
v e r y  r e a d i l y  ox id i zed ,  p a r t i c u l a r l y  in a l k a l i n e  s o l u -  
t ions ,  to the c o r r e s p o n d i n g  4 - a z a - 9 - f l u o r e n o n e s  
( l i Ib,  e). Oxida t ion  t a k e s  p l a c e  so r e a d i l y  tha t  under  
the  c y c l i z a t i o n  cond i t ions  the 4 - a z a - 9 - f l u o r e n o n e s  
a r e  f o r m e d  in add i t i on  to the d ihyd ro  d e r i v a t i v e s .  The 
s o l u b i l i t y  of the l a t t e r  in e thano l i c  a l k a l i e s  enab l e s  
them to be s e p a r a t e d  f r o m  the f o r m e r ,  which a r e  
i n c a p a b l e  of d i s s o l v i n g  in a l k a l i e s .  Compounds  IId 
and l i e  f o r m  e x c e p t i o n s ,  p r o v i n g  to be m o r e  s t ab l e  
to ox ida t ion .  The d ihydro  d e r i v a t i v e  l i d  can be ox i -  
d i zed  to IIId only wi th  c o n c e n t r a t e d  n i t r i c  ac id .  
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CHCHCH~COR' CHaCOONH4 02 " 
CO / " CH3.COOH R' 

la-e Ila-e H 

[ ~ ' R '  --R' 
l l la-d IV 

a R=R'= C611~ 

b R= C6H4OClta-p R'= C~H5 
c R=a-furyl R'=C6H5 
d R= C6Hs R'=C(CHa)a 
e R= C6H5 R'=CH3 

The basic properties that are characteristic for 
the pyridine ring are considerably weakened in the 

4-aza-9-fluorenones lilb-d. 

The identification of the individual bands in the 
IR spectra of the 1,4-dihydro-4-aza-9-fluorenones 

presents considerable difficulties in view of the pres- 

ence in their molecules of a fi-aminovinyl ketone sys- 
tem. The presence of aromatic structures and of in- 
termolecular hydrogen bonds complicates the spectra 

still further. 

fi-Aminovinyl carbonyl compounds are structural 

vinylogs of amides [i0]. Recently, the bands of amides 

have been considered as composite, and calculations 

of the participation of each bond in the given vibration 
have been carried out [11,12]. It is assumed that in 
the spectra of the ~-aminovinyl ketones vibrations are 

exhibited not of the individual C~O and C~C groups 

but composite bands in which the whole conjugated system 

makes its contribution to a greater or smaller degree 
[13-15]. The attempt to ascribe individual bands to 

vibrations of definite groups has led various authors 

to different conclusions. Some hold the view that the 

carbonyl absorption has the highest-frequency bands, 

although they are strongly lowered and are not always 

the most intense bands in the spectrum. Thus, for 

example, in 3-benzoylindoles the absorption at 1595 cm- I 

is ascribed to the carbonyl group and the absorption 
at 1515 cm -I to the C~C bond [16]. In fi-morpholino- 

benzylideneacetophenone, the carbonyl absorption is 

found at 1628 cm -I [i0], and in 5,5-dimethyl-3-pyr- 

rolidylcyclohex-2-en-l-one it is located at 1610 cm -I 
[17]. Other authors consider that the carbonyl absorp- 

tion can be found between 1500 and 1600 cm -I [18]. 

Bellamy, in a study of the IR spectra of the N-methyl- 
4-pyridinones established that the carbony[ absorption 
appears in the 1580-1600 cm -I region and the absorp- 

tion of the C~C bond at 1650 cm -I [19]. 
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T a b l e  1 

IR S p e c t r a *  of t h e  1 , 4 - D i h y d r o - 4 - a z a - 9 - f l u o r e n o n e s  I I - d  

C o m -  
p o u n d  M e d i u m  V i b r a t i o n s i n t h e  1 5 0 0 - I ? 0 0  c m - l r e g i o n  VNit ,  c m 1 

1508 1 5 7 2  1 5 9 8  1 6 4 2  1672 
IIa 7 

l ib  

1Ic 

l ld  

N u j o l  

D i c h l o r o e t h a n e  

N u j o l  

D i c h l o r o e t h a n e  

N u j o l  

D i c h l o r o e t h a n e  

N u j o l  

D i c h l o r o e t h a n e  

6 5  52 ' 22 ' 50 ' 31 

1494 1 5 8 0  1600 1 6 1 6  1 6 5 1  1684 
45 57 ' 30 ' 22 ' 4~ ' 46 

1500 1 5 7 1  1 6 0 2  1639 1672 
82 

1508 
51 

1522 

83 

1500 
48 

1516 

88 

1502 

72 ' 4t ' 70 " 48 

1580 !604 1 6 4 9  1682 
"66 ' 50 ' 49 ' "46 

1572 1600 1618 1 6 4 0  1672 

75 ' 40 ' 40 ' 73 ' 53 

1584 1 5 9 5  1 6 1 1  1 6 4 8  1680 
63 ' 33 ' 26 ' 54 ' 50 

1568 16,05 1 6 4 2  I662 
-67 ' 45 ' 74 ' 42 ' 

1578 1601 1 6 1 6  1658 1682 

46 64 ' 28 ' 23 ' 72 ' 4S 

3290 

3395 

326~ 

3395 

3210 

33'90 

3250 

not 
r e c o r d e d  

*The  IR  s p e c t r a  w e r e  t a k e n  o n  an  I K S - 1 4  i n s t r u m e n t .  T h e  d e n o m i n a t o r  o f  t he  f r a c t i o n  gives t he  re la t ive  
i n t e n s i t y  o f  t he  b a n d .  
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C o m p o u n d  

I l i a  T 

IIIb 

IIIc 

IIId 

T a b l e  2 

IR S p e c t r a *  of  t h e  4 - A z a - 9 - f l u o r e n o n e s  I I I a - d  

VCO, cm-' vc=C, C=N , cm-~  

1709 
77 

1710 
79 '  

1705 
76 '  

1709 
72 

1590 1572 1.551 
49-' 51 ' 71 

1606 1586 sh. 
60 ' 54 ' 

1575 t546 1509 
62 ' 72 ' 60 

1591, 1552 
68 ' 73 

1604 1582 1555 

45 ' 68 ' 74 

*The  s p e c t r a  w e r e  t a k e n  fo r  I I Ia-c  o n  a n  I K S - 1 4  i n s t r u m e n t  in d i c h l o r o t h e t h a n e  a n d  f o r  I I ld  o n  a U R - 1 0  
i n s t r u m e n t  in N u j o l .  T h e  d e n o m i n a t o r  o f  t h e  f r a c t i o n  gives t h e  re la t ive  i n t e n s i t y  o f  t h e  b a n d .  

Table 3 

UV Spectra of Some Compounds (in Ethanol) 

Corn-  ~'rnax, n m  (e .  lO -4) 
p o u n d  

IIa[ 7] 

IIb 
IIc 
IId 
IIe 
Vl2Sl 

Vi[2sl 

232(4.19), 235(4.15), 259(3.10), 
236(3.51), 258(2.64), 300(0.62), 
233(3.76), 258(3.07), 300(0.60), 
228 (2.30), 264 (1.34), 295 (0.44), 
229(2.71), 265(1.56), 300(0.55), 
238 (2.00), 2,60(2.64), 302 (0.62), 
232 (2.23), 254 (2.49), 300(0.76), 

300(0.52), 348(0.32), 475(0.38) 
350 (0.30), 467 (0.33) 
350 (0.34), 465(0.37) 
345(0.25), 470(0.26) 
341 (0.33), 478(0.31) 
343(0.64), 467(0.34) 
346(0.46) 
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UV spectra of 1 ,4 -d ihyd ro -4 -aza -9 - f l uo renones  in ethanol : 1) l l c ,  
2) l ib ,  3) l l e ,  4) l ld .  
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In t h e  1 , 4 - d i h y d r o a z a f l u o r e n o n e s  t h a t  we  h a v e  s y n - '  

t h e s i z e d  ( T a b l e  1),  t h e r e  a r e  f i v e  b a n d s  in  t h e  1 5 0 0 -  

1700  c m  -1 r e g i o n - - a t  a b o u t  1672,  1 6 3 9 - 1 6 4 2 ,  1 5 9 8 -  

1605,  1 5 6 8 - 1 5 7 2  a n d  1 5 0 0 - 1 5 2 2  c m  -1 i n  Nu jo l  a n d  

1 6 8 0 - 1 6 8 4 ,  1 6 4 8 - 1 6 5 8 ,  1 5 9 5 - 1 6 0 5 ,  1 5 7 8 - 1 5 8 4  and  
1 4 9 4 - 1 5 0 8  c m  -1 i n  d i c h i o r o e t h a n e .  T h e  v i b r a t i o n s  in  
t he  1 6 0 0 - 1 6 1 8  c m  - t  r e g i o n  a r e  a s c r i b e d  by  s o m e  

a u t h o r s  to  t h e  d e f o r m a t i o n  v i b r a t i o n s  of  t h e  N - - H  b o n d  

[ 1 3 - 1 5 ] .  S i n c e  w e  h a v e  n o  N - s u b s t i t u t e d  o r  d e u t e r a t e d  
1 , 4 - d i h y d r o a z a f l u o r e n o n e s  a v a i l a b l e ,  w e  c a n n o t  d e -  

t e r m i n e  u n a m b i g u o u s l y  w h a t  b a n d s  a r e  due  to  t he  d e -  

f o r m a t i o n  v i b r a t i o n s  of  t h e  N - - H  b o n d  a n d  w h a t  to  t h e  

v i b r a t i o n s  of  t h e  a r o m a t i c  s t r u c t u r e .  So f a r  a s  c o n -  

c e r n s  t he  o t h e r  a b s o r p t i o n  b a n d s ,  t h e y  a r e  c o m p o s i t e  

and  c a n n o t  b e  a s s i g n e d  to  a d e f i n i t e  b o n d .  F o r  e x a m p l e ,  

t he  a s s i g n m e n t  of  t he  b a n d  a t  1672 c m  -1 to  t h e  v i b r a -  

t i o n s  of t h e  c a r b o n y l  g r o u p  a n d  t h e  b a n d  i n  t h e  1 6 4 0 -  

1650 c m - i  r a n g e  to  t h e  v i b r a t i o n s  of t he  d o u b l e  c a r b o n -  

c a r b o n  b o n d  w i l l  b e  p u r e l y  f o r m a l ,  s i n c e  t h e  f o r m e r  

i s  l e s s  i n t e n s e  t h a n  t h e  l a t t e r .  

A c o m p a r i s o n  of  t h e  IR s p e c t r a  of  t h e  1 , 4 - d i h y -  

d r o a z a f i u o r e n o n e s  I I a - d  w i t h  t h o s e  f o r  r e l a t e d  c o m -  

p o u n d s  l i k e w i s e  d o e s  n o t  p e r m i t  g e n e r a l  c o n c l u s i o n s  
to b e  d r a w n .  F o r  e x a m p l e ,  w h i l e  2, 3 - b e n z o y l e n e - 5 -  

o x o - 4 - p h e n y l -  1 , 4 ,  5, 6, 7 , 8 - h e x a h y d r o q u i n o l i n e  h a s  
a b s o r p t i o n  b a n d s  a t  1683,  1642 ,  and  1605 c m  -1, 2 -  

c y a n o -  3 - m e t h y l - i ,  4 - d i h y d r o - 4 - a z a - 9 - f l u o r e n o n e  h a s  

o n l y  two  b a n d s ,  a t  1645 and  1584 c m  -1 [15]. 

In t h e  3 - m i c r o n  r e g i o n  f o r  t he  1, 4 - d i h y d r o a z a f i u o -  

r e n o n e s  I I a - d  i n  N u j o l  t h e r e  i s  a b r o a d  b a n d  in  t h e  
3 2 1 0 -  329 0 c m -  t r a n g e  a s c r i b e d  to  t h e  s t r e t c h i n g  v i b r a -  

t i o n s  of a n  i n t e r m o l e c u l a r i y  b o u n d  N - - H  g r o u p .  In 

s o l u t i o n ,  t h e  i n t e r m o l e c u l a r  h y d r o g e n  b o n d s  d i s a p p e a r  
and  in  p l a c e  of t he  a b o v e - m e n t i o n e d  b r o a d  b a n d  a b a n d  

of t h e  f r e e  v i b r a t i o n s  of t h e  N - - H  b o n d  a p p e a r s  in  t h e  

3 3 9 0 - 3 3 9 5  c m  -1 r e g i o n ,  w h i c h  a g r e e s  w i t h  t h e  l i t e r a -  

t u r e  [13,  20].  
In  f l u o r e n o n e  a n d  i t s  d e r i v a t i v e s ,  t h e  c a r b o n y l  

a b s o r p t i o n  i s  f o u n d  b e t w e e n  1711 a n d  1720  c m  -1 [21,  

22].  4 - A r y l - 2 ,  3 (CO) ,6 ,  5 ( C O ) - d i b e n z o y l e n e p y r i d i n e s  

[23] a n d  l l - o x o - l l H - i n d e n o [ 1 ,  2 - b ] q u i n o i i n e  [24] h a v e  

t h e  c h a r a c t e r i s t i c  b a n d  of  t h e  c a r b o n y i  g r o u p  of  a 

f i v e - m e m b e r e d  r i n g  a t  a b o u t  1720 c m  -1. T h e  c a r b o n y l  

g r o u p s  of t h e  4 - a z a - 9 - f l u o r e n o n e s  t h a t  we  h a v e  o b -  
t a i n e d  ( T a b l e  2) a r e  c h a r a c t e r i z e d  b y  a n  i n t e n s e  a b -  

s o r p t i o n  b a n d  i n  t h e  r a n g e  f r o m  1705 to  1710 c m  - l .  

T h e  1 , 4 - d i h y d r o - 4 - a z a - 9 - f l u o r e n o n e s  t h a t  w e  o b -  

t a i n e d  h a v e  UV s p e c t r a  v e r y  s i m i l a r  to  t h e  s p e c t r a  of  

r e l a t e d  c o m p o u n d s  d e s c r i b e d  in  t h e  l i t e r a t u r e  [25] 

s u c h  a s ,  f o r  e x a m p l e ,  2,  3 ( C O ) - b e n z o y l e n e - 5 - o x o -  

7, 7 - d i m e t h y l - 4 - p h e n y l h e x a h y d r o q u i n o l i n e  (V) a n d  2 -  
c y a n o -  3 - m e t h y l - i ,  4 - d i h y d r o - 4 -  a z a f l u o r e n o n e  (VI).  

H 
~ - ~ N ~  CH~ , ~ ' ~ , . ~ J N  ~ -  C H3 

O C6H 50 O H H 
Y VI 

T h e  s p e c t r u m  ( T a b l e  3) i s  c o m p l e x ,  a n d  h a s  a 

l a r g e  n u m b e r  of  a b s o r p t i o n  b a n d s .  I t  c a n  b e  s t a t e d  
s t r i c t l y  o n l y  t h a t  t h e  m a x i m a  a t  4 6 5 - 4 7 5  n m  e o r r e -  

s p o n d  to  e l e c t r o n i c  t r a n s i t i o n s  in  t h e  c o n j u g a t e d  s y s -  

I I I I [ 
t e m  - - N - - C ~ C - - C m O .  

EXPERIMENTAL 

1-(p-Methoxyphenyl)-8-phenyl-l, 4-dlhydro-4-aza - 9-fluorenone 
(llb) and l-(p-methoxyphenyl)-Z-phenyl-4-aza-9-fluorenone (IIIb). 
A mixture of 2 g (0.0052 mole) of Ib, 1.5 g (0.02 mole) of ammonium 
acetate, and 30 ml of glacial acetic acid was heated in the water 
bath for 50 rain. On cooling, 3.2 g of a mixture of red and yellow 
crystals deposited. The mixture was treated with ethanolic alkali and 
0.55 g (29%) of yellow IIlb was filtered off; acidification of the filtrate 
with concentrated hydrochloric acid precipitated 0.45 g (24%) of rib. 
By recrystallization from ethanol, the Irb was obtained in the form of 
red crystals with mp 193 ~ C. The substance dissolved in ethanoltc 
alkali with a violet red coloration which disappeared on standing in 
the air because of the formation of Ilrb. Found, 0/o: C 82.45; H 5.42; 
N 3.89. Calculated for C2sHIgNO2: %, C 82.17; H 5.24; N 3.83. 

The precipitate of Ilib was recrystallized from acetic acid, giving 
yellow crystals with mp 206 ~ C. Found, 0/0: C 88.00; H 4.501 N4.12. 
Calculated for C26HnNO,, 0/0: C 82.62; H 4.72; N 3.86. 

1-(a-Furyl)-8-phenyl-1,4-dihydro-4-aza-9-fluorenone (IIc) and 
l-(a-furyl)-8-phenyl-4-aza-9-fluorenone (IIIc). A mixture of 2 g 
(0.0058 mole) of Ic, 1.5 g (0.02 mole) of ammonium acetate, and 
10 ml of acetic acid was heated in the water bath for 1 hr. On cooling, 
t.2 g of a mixture of red and yellow crystals was obtained. The mix- 
ture was treated with ethanolic alkali and 0.47 g (25%) of IIIb was 
filtered off. When the solution was neutralized with dilute acetic 
acid, 0.47 g (25%) of II was obtained in the form of red crystals with 
mp 175-176 ~ C (from ethanol). Found, %: C 83.17; H 4.60; N 4.28. 
Calculated for C~zHIsNOz, %: C 83.21; H 4.65; N 4.31. 

The precipitate of IIIc was recrystallized from acetic acid, giving 
yellow crystals with mp 184-185 ~ C. Found, %: C 81.52; N 4.06; 
N 4.52. Calculated for CzzHlsNOz, %: C 81.72; H 4.05; N 4.33. 

8-tert-Butyl-l-phenyl-1,4-dihydto-4-aza-9-fluorenone (lid), A 
mixture of 2 g (0,006 mole) of Id, 1.5 g (0.02 mole) of ammonium 
acetate, and i0 ml of glacial acetic acid was heated in the water 
bath for 1 hr. On cooling, 1.3 g (580/0) of lid deposited in the form 
of dark red crystals with mp 203 ~ C (from ethanol or acetic acid). 
Found, %: C 83.60; H 6.70; N 4.62. Calculated for CnHzlNO, %: 
C 83.751 H 6.71; N 4.44. 

8-tert-Butyl-1-phenyl-4-aza- 9-fluotenone (Illd). Compound lid 
(0.95 g; 0.003 mole) was treated with a mixture of 1 ml of glacial 
acetic acid and 2 ml of concentrated nitric acid. The yellow solu- 
tion was poured into water and the precipitate was recrystallized from 
ethanol to give 0.9 g (95%) of llid in the form of yellow crystals with 
mp 110-111 ~ C. Found, %: C 84.431 H 6.t8; N 4.78. Calculated for 
Cz2HIgNO, ~]o: C 84.29; H 6.101 N 4.47. 

8-Methyl-l-phenyl-l ,4-dihydro-4-aza-9-fluotenone (lie). A 
mixture of 2.93 g (0.00] mole) of Ie, 2.7 g (0.085 mole) of ammonium 
acetate, and 10 ml of glacial acetic acid was heated in the water 
bath for 40 rain. On cooling, 1.88 g (690/0) of lie deposited in the 
form of dark red crystals, mp 233 ~ C (from ethanol). Found, 0/0: 
C 88.45; H 5.63; N 5.26. Calculated for ClsH15NO, 0/0: C 83.491 
H 5.58; N 5.13. 
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