
CHEMISTRY OF HETEROCYCLIC COMPOUNDS 229 

SYNTHESES BASED ON BIS(fi-DIKETONES). REACTION OF DI(4-ACETOACETYL- 
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The r eac t ion  of d i ( 4 - a c e m a c e t y l p h e n y l )  oxide  (I) wi th  B-nap thy l -  

a m i n e ,  an i l ine ,  4 - a m i n o b i p h e n y l ,  and 4 - a m i n o d i p h e n y l a m i n e  has 

given the  corresponding diani ls ,  and the  condi t ions  for the i r  eyc l i za -  

t ion have  been s tudied.  It has been shown tha t  the  d ian i l  of  I and 6-  

n a p t h y l a m i n e  cyc l i zes  under  the  ac t ion  of  HF into the  l inear  di(ben-  

zoquinol ine)  compound  and in t he  presence  of 6 - n a p h t h y l a m i n e  

hydroeh lor ide  into the  angu la r  d i (benzoquinol ine)  compound ;  t he  

other diani ls  do not  c y c l i z e  under  these condi t ions .  

Syntheses of quinolines by the Doebner- Miller meth- 
od from paraldehyde, acetone, and fi-naphthylamine 
and by Combes' method from fi-naphthylamine and 
aeetylaeetone have been studied in fairly great detail 
[i, 2]. The reactions take place readily and lead to 
the formation of benzoquinolines. 

The reaction of the bis(fl-diketone) I with aniline, 
4-aminodiphenylamine, 4-aminobiphenyl, and fl- 
naphthylamine also takes place readily and leads to 
the formation of dianils with high yields (see table). 
The reaction can be represented by the following 
scheme: 

CHsCOCH2CO -- ~ i ~ - O -  --COCH2COCH 3 + 2R--NH 2 

- -  CH 3 C--CH2CO-- --O-- --COCH2--C--CH 3 I 2H,,O 

N--R  I I - V  N--R 

t l  R~C6Hs-- ; I I I  R =  C6HsN HC~H4-- ~ IV R-- C6Hs--C6H4--; 
Y R= C~oH 7 -- 

However, in at tempts to achieve the subsequent  
cyel izat ion of the anils  so obtained by the usual  meth-  
ods employed for the synthes is  of quinoline der iva t ives  
( t rea tment  with concent ra ted  H2SO 4 with heating,  con- 
cent ra ted  H2SO 4 in the cold, t r ea tmen t  with anhydrous 
HF, and the rmal  t r ea tmen t  of the anil),  cons iderable  
difficulties were  encountered.  At tempts  to convert  the 
dianils  I I - IV into quinolines proved unsuccessful .  The 
react ions  gave only the unchanged diani ls  or products 

of the i r  hydrolytic cleavage [the ini t ia l  bis(fl-diketone) 
and the cor responding  amine].  Goldyrev [3] found a 
s i m i l a r  s i tuat ion in  an at tempt to obtain a biquinoline 
f rom the anil  of o-d ianis id ine  and acetylacetone.  
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UV spec t ra  of the di(benzo- 
quinoline) compounds in 
dioxane: 1) the di(benzo- 
quinoline) compound VI; 
2) the di(benzoqainoline) 

compound VII. 

Di(benzoquinoline) compounds could be obtained 
f rom compound I only by using f l-naphthylamine as the 
amine,  e i ther  with the isola t ion of the in te rmedia te  
dianil  and its subsequent  cycl izat ion or d i rec t ly  f rom 
the bis(fi-diketone) in an excess of the free amine in 
the p resence  of i ts  hydroehlor ide.  

The t r ea tmen t  of the dianil  V with concentra ted 
H2SO 4 with heating (50 ~ C, 2 -3  min),  at 0 ~ C, and at 
- 2  ~ C obviously leads to the format ion of a v e r y s m a l l  
amount of the quinoline base,  as is shown by thebr igh t  
blue f luorescence  in UV light of an e thereal  extract  of 
the reac t ion  product.  However, we were unable to 

isolate  the quinoline base in the pure state.  The same 
resu l t  was obtained b~r the t r ea tmen t  of the diani lwith  
anhydrous HF at room t empera tu re  and on heating in 

Dianils from Di(4-acetoacetylphenyl) Oxide 

Initial 
amine 

fl-Naphthylamine 

4-Aminobiphenyl  

4-Aminodiphen- 
ylamine 

Aniline 

160 9 

150 0,5 

160--170 l 

170 8 

94--195 

40--242 

:04--206 

156.5-- 
157.5" 

Found, % 
Empirical 
formula C 

C40H32.N2Os 81.78 
81.87 

C44H36N~O3 82.70 
82.68 

C44H3sN4Oa 78.85 
78 90 

C32H2sN203 78.48 
78.,8 

H N C H 

,7ll816115,8 5.505-534"611 / 
5.61 4.43 ~82.47/5.66 
5.58 4. 31 I 
5.78 8.39 78 .78571  
5.76 8.41 I 

5.80 570 78 661577 
575 5:73 h J 

Calculated, % ~.% 

d N ,~ 

4.76 93 

4.37i 98.6 

8 35 93 

5 73 95 

*Crystallized from a mixture o f  ethanol  and benzene (10 : 1). 
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a tube with a catalyt ic  amount of HC1 at 150 ~ C for 
16 hr. 

The cycl izat ion of the dianil  V (see Scheme) was 
effected by t r ea tmen t  with anhydrous HF with s t rong 
cooling [4, 5] and by the thermal  t r ea tmen t  of a mix-  
tu re  of the dianil ,  the in i t ia l  amine,  and i ts  hydro- 
chloride in a cu r ren t  of ine r t  gas [6]. The yields of 
di(benzoquinoline) compounds were 35-329~ in both 
cases .  In a study of the di(benzoquinoline) compounds 
obtained by the two different methods of cycl izat ion 
(with HF and by the rmal  t rea tment) ,  it was found that 
these products  were not identical .  They differed in 
the i r  mel t ing  points,  solubi l i t ies ,  UV spect ra ,  the 
colors of the hydrochlor ides  obtained from them, the 
p ic ra tes ,  and the in tens i t ies  and colors  of the f luor -  
escence of the i r  solutions (in ether  and toluene) in UV 
light. 

The di(benzoquinoline) compound VI obtained by 
the cycl izat ion of the dianil  V with HF melted at 232-  

234 ~ C and was soluble in ether ,  chloroform, toluene,  
and dimethylformamide;  its hydrochlor ide and p ic ra te  
were br ight  orange,  and i ts  e therea l  solution f luoresced 
a very  in tense  br ight  blue in UV light. 

The di(benzoquinoline) compound VII ob ta inedbythe  
the rmal  t r ea tmen t  of the dianil  V had a mel t ing point 
of 256-258 ~ C, was insoluble  in ether ,  and cons ide r -  
ably less  soluble in  the other solvents .  It formed a 
br ight  yellow hydroehloride and p icra te ,  and exhibited 
a moderate  b lue-v io le t  f luorescence  in UV light. 

The f igure gives the UV spec t ra  of the two com- 
pounds, which also differ cons iderably  f rom one an-  
other. The spec t rum of VI is s i m i l a r  to that of an th ra -  
cene while that of VII is s i m i l a r  to that ofphenanthrene.  

To prove the s t ruc tu re  of the l inear  adduct VI, it 
was oxidized with K2Cr207 in acetic acid to the c o r r e s -  
ponding quinone VIII. 

The exper imenta l  r esu l t s  obtained can be in terpre ted  
in the followingway" Obviously, under  different  con- 
di t ions cycl izat ion t akesp lace  differently leading to the 
format ion  of different  cyclic products  which can be r e -  
presented  in a genera l  m a n n e r b y t h e f o l l o w i n g  scheme. 

been repor ted  previous ly  [4, 5,7].  The decisive factor 
for the d i rec t ion of eyel izat ion is genera l ly  assumed  
to be the s t ruc tu re  of the side chain of the adducts, 
but cont radic tory  opinions exist  on this question [7-9].  

It appears  to be neces sa ry  to take into cons idera -  
t ion the fact that amino der ivat ives  of f l-dicarbony] 
compounds are  charac te r ized  by ke t imide-enamine  
t au tomer i sm,  with the consequent  poss ib i l i ty  of the 
format ion of chelate s t ruc tu res  with in t r amolecu la r  
hydrogen bonds. For  the dianils  I I -V,  out of a number  
of possible  t an tomer ic  forms we consider  the follow- 
ing to be the most  l ikely. 

CH 5 CH 3 

! II I H i I | q) 

" 0  " C - - J ~  V a ~ - -  C ' o ' H  

CH CH 3 

R-~'%c. ,-'y-~-o-~"~ ,C~C'N-R 
i I [ H i I = 

v b  

In the case of the t r ans i t ion  of Va to Vb we have, in 
essence ,  apecu l i a r  case of the s imul taneous appearance 
of ke t imide -enamine  and keto-enol  t an tomer i sm.  Con- 
vers ion  takes place within a s i x - m e m b e r e d  q u a s i - a r o -  
matic r ing and reduces to ash i f t  in the  e lec t ron  density 
and some r e a r r a n g e m e n t  of the hydrogen attached to 
oxygen and ni t rogen,  without a change in the geomet r i -  
cal form (conformation) of the molecules .  It is not 
su rp r i s i ng  that such a type of t r ans i t ion  has no sub- 
s tant ial  influence on the spect ra l  cha rac t e r i s t i c s  of 
the two forms .  Consequently we have been unable to 
ass ign  one s t ruc tu re  or the other to the diani ls  on the 
bas is  of the i r  IR spect ra .  However, according to a 
number  of authors [10, 11], r a i s ing  the react ion t em-  
pera tu re  in the prepara t ion  of the ani ls  leads to ashi f t  
in the equi l ibr ium in the d i rec t ionof the  ket imide form. 
The synthesis  of diani ls  f rom I takes place only at high 
t empera tu rds  (150-170 ~ C) which undoubtedly favors 
the format ion of the ketimide form Va. Also in favor 
of this is the fact that the ini t ia l  bis(fl-diketone) exists  
predominant ly  in the c i s -eno l ic  form [12]. 

Y 
o 0 
II / J 

0 Vi i |  0 

VII 

Simi lar  r ing c losures  in two di rec t ions  with the The s t ruc tu re  Va is obviously s tabi l ized by the con- 
format ion of l inear  and angular  benzoquinolines have jugation of the quas i - a romat i c  r ing  with the benzene 
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ring, and this also explains the difficulty of cyelizing 
the antis obtained in comparison with, for example, 
the corresponding anils of acetylaeetone. 

E X P E R I M E N T A L  

Starting materials. The bis(~-ketone) I was obtained by the direct 
acetoacetylation of diphenyl oxide with acetic anhydride in the pres- 
ence of BFs [13]. g-Naphthylamine was isolated from its hydrochloride 
by treatment with aqueous alkali. Mp was 110 ~ C; 4-aminobiphenyl 
was obtained as described by Hach et al. [14] and purified, like the 
4-aminodiphenylamine, by vacuum distillation. 

Synthesis of the dianils. A mixture of 1 mole of I and 3 moles of the 
appropriate amine was heated in a current of inert gas at 150-170 ~ C 
for 30 min-9 hr. The resulting crystalline product was washed with 
ether and recrystallized from toluene (see table). 

preparation of the di(benzoquinoline) compound VI. A polyethy- 
lene vessel cooled with dry ice was charged with 2.5 g (~0.0043mole) 
of the dianil V, 50 ml of anhydrous HF was added, and the mixture 
was left to stand at room temperature. The orange residue left after 
the evaporation of the HF was neutralized with cold NaOH solution. 
The precipitate was filtered off, carefully washed with water, and 
dried in vacuum at 60 ~ C. Then it was dissolved in ether (~3 l), and 
the yellow precipitate that separated out when the ether was distilled 
off was again filtered off and recrystallized from toluene. Yield was 
0.78 g (35~ mp 232-234 ~ C. Found, %: C 87.09, 87.11; H 5.10, 
5.10, N 5.12, 4.92. Calculated for C40H2sN20, %: C 86.93; H 5.11; 
N 5.07. 

Preparation of the di(benzoquinoline) compound VII. a) A mixture 
of i g (0.0030 mole) of I, 1.7 g (0.0120 mole) of 15-naphthylamine, 
and 0.26 g (0.0015 mole) of/3-naphthylamine hydrochloride washeated 
at 180" C in a current of inert gas for 15 hr. The reaction product was 
washed with boiling ethanol and then with ether. The residue was 
crystallized from toluene or dimethylformamide. Yield was 0.5 g 
(31%); mp 256-258 ~ C. Found, %: C 87.15, 87.06; H 5.14; 5.10; 
N 5.09, 5.11. Calculated for CaeI-I~zN-,O,O]o:C86. 93;H5.11;NS.07%. 

b) A mixture of 1 g (0.0017 mole) of the dianil V, 0.49 g (0.0034 
mole) of B-naphthylamine, and 0.3 g <0.0017 mole) of g-naphthyl- 
amine hydrochloride was heated at 180" C in a current of inert gas 
for 10 hr. The reaction product was carefully washed with ether. The 
residue was crystallized from dimethylformamide Yield was 0.3 g 
(32%); mp 256-258 ~ C. A mixture with the di(benzoquinoline) com- 
pound VII obtained by the method described above gave no depression 
of the melting point. 

Preparation of the pictures. The picrates were obtained by mixing 
benzene solutions of the di(benzoquinoline) compounds and picric 
acid. The precipitates were recrystallized from nitrobenzene. 

Picrate of the di(benzoquinoline) compound VII-bright yellow 
substance with mp 246-248 ~ C. Found, %: C 62.02, 62.10; H 3.40, 
3.33; N 10.96, 10.96. Calculated for C40H28N20 �9 2Ce, H~NsO?, o]0: 
C 61.78; H 3.39; N 11.09. 

Picture of the di(benzoquinoline) compound VI--bright orange 
substance with decomp, p. 276-280 ~ C (introduced into the block at 

a temperature of 270" C). Found, %: C 61.50; 61.55; H 3.51i 3.48; 
N 11.06, 11.11. Calculated for C40H2~N~O ' 2C6H3N30 ~, O]0:C61.78; 
H 3.39; N 11.09. 

Oxidation of the di(benzoquinoline) compound VI with potassium 
dichromate. A flask with a reflux condenser was charged with 0.6 g 
(~0.0011 mole) of VI, 13.5 ml of glacial acetic acid, 0.9 ml of 
water, and 0.67 g (~0.0023 mole) of potassium dichromate, and the 
mixture was boiled for 3 hr. The resulting green solution was poured 
into 50 ml of distilled water. Then, with stirring the mixture was 
made weakly alkaline. The precipitate that deposited was filtered 
off, carefully washed with water, dried in a vacuum at 50 ~ C, and 
extracted with benzene. After the benzene had been distilled off, 
the residue was crystallized from bromobenzene and then from di- 
methylformamide. Yield 0.3 g (45~ of the quinone VIII, mp 275- 
276 ~ C, Found, %: N 4.48, 4.48. Calculated for C4~H2$N2Os, %: 
N 4.57. 
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