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Oxidation of 4-s tyry l -2-phenyl -5 ,6-benzoquinol ine  with potassium permanganate  gave phenyl 
2-phenyl-5 ,6-benzo-4-quinoly l  diketone, 2-phenyl-4-formyl-5 ,6-benzoquinol ine ,  2-phenyl-5 ,6-  
benzocinchoninic acid, and benzoic acid. It is shown that phenyl 2-phenyl-5 ,6-benzo-4-quinolyl  
diketone is cleaved under the influence of OH- ions to the corresponding aldehydes and c a r -  
boxylic acids;  this is explained by the decisive effect of the acidity of the media  on the d i r ec -  
tion of the react ion.  

The oxidation of quinoline and 6,7-benzoquinoline derivat ives to carboxylic  acids by means of potas-  
sium permanganate  is d iscussed in a number  of papers  (for example,  see [1, 2l). There is no information 
in the l i tera ture  regarding  other  products  of the oxidation of such compounds. 

We have found that the pH of the medium has a decisive effect upon the direction of the oxidation of 
4-s tyry l -2-phenyl -5 ,6-benzoqutnol ine  (I) under  the conditions of the Wagner reaction.  In acetic anhydride, 
which is a buffer (pH 7) in this reaction,  the predominant  oxidation product is phenyl 2-phenyl-5 ,6-benzo-  
4-quinolyl diketone (HI). The rat io of oxidation products  changes in weakly alkaline media (pH 8), and 
2-phenyl-4-formyl-5 ,6-benzoquinol ine  (IV), 2-phenyl-5,6-benzocinchoninic  acid (V), and benzoic acid (VI) 
constitute a considerable  fraction.  The oxidation products in alkaline media (pH 9-12) are IV-VI and 
2-phenyl-5,6-benzoquinoline (VII), which is probably formed by par t ia l  decarboxylation of acid V (Table 1). 

It is natural  to assume that hydrolyt ic  cleavage of the unsymmet r i ca l  cy-diketone formed in the r e -  
action occurs  as OH- ions accumulate.  

The relat ively low elec t ron density in the 4-posi t ion of the he teror ing  should favor reaction via path 
A, while the presence  of s ter ic  hindrance on the part  of the 5,6-benzoquinoline ring directs  the react ion 
via path B. 

The exper imental  data confirm the above assumption.  At pH 13, af ter  1 h at 70~ c~-diketone III is 
cleaved (42%) via pathA inthe scheme following and viapath B (58%), wh ich  attests  to the predominant effect 
of s ter ic  factors  on the cleavage.  

TABLE 1. Dependence of the Yields of Reaction Products  on the 
Oxidation Conditions 

Expt. 
No. solvent 

Oxidation conditions Yield o~ reaction products 
[ based on the amount of I 

pH at I time, u~ed _in t B_e reaction, % end of ~, ~ . . . . . .  
expt. h I I m ~v v vl vii 

Aqueous dioxane (80%) 

Aqueous pyridine (85%) 

Acetic anhydride-tolu- 
ene (1.5 : 1), 

9,5 

7 

100 
100 

5 

I 88 
30 
25 
25 

20 

54 
[ 

?s 
n 
10 
28 36 
19 55 
- -  1 9  

m 

1 0  - -  

14 22 
1 1  - -  

1 0  - -  

1 0  - -  
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According to [3, 4], the production of ~-diketones under the conditions of the Wagner react ion is ob- 
served only in exceptional cases .  This fact probably should be explained by the sensitivity of compounds of 
this sort  to changes in the acidity of the medium. 

We have found that the solvent and reaction t empera tu re  affect the rate of oxidation. Thus, only a 
very  small  amount of oxidation occurs  in dioxane at 50-60 ~ - u p  to 90%of the s tar t ing benzoquinoline i~; r e -  
covered after  3 h, and only t r aces  of the oxidation products  (Table 1) are formed.  In refluxing dioxane, 
70%oxidation is observed after  1 h. The use of pyridine or  acetic anhydride as the solvent makes it pos-  
sible to lower the tempera ture  to 5 ~ . 

Thus, we have isolated all of the possible oxidation products,  except ~-glycol  II, in the oxidation of 
benzoquinoline I with potassium permanganate  and have determined the conditions for their  directed syn-  
thes is .  We were unable to c a r r y  out the oxidation under hydroxylation conditions because of the high hydro-  
phobic cha rac t e r  of the s tar t ing compound. This react ion may prove to be a convenient method for the syn- 
thesis  of ~-diketones  from s tyryl  derivatives of ni t rogen-containing he terocycles .  
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The s t ruc tures  of the compounds that we obtained in this r e s e a r c h  were proved by IR and UV spec t ro -  
scopy and by chemical  t r ans format ions .  Thus, the K band (315-330 nm) due to the exocyclic double bond 
of the s tyry l  group vanishes in the e lectronic  spec t ra  of the oxidation products,  and the UV spect ra  take 
on the form charac te r i s t i c  for 5,6-benzoquinolines [5]. 

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

The individuality of the compounds obtained was verif ied by th in - layer  chromatography (TLC) on a 
loose layer  of activity II aluminum oxide in a benzene-cyc lohexane  (2: 1) system with development by 
iodine vapors .  The pH values were measu red  with a pH-262 labora tory  pH meter .  The UV spect ra  of 
ethanol solutions were recorded  with a Specord UV-vis spect rophotometer .  The IR spect ra  of KBr pellets 
were recorded  with a UR-20 spec t romete r .  

O x i d a t i o n  o f  4 - S t y r y l - 2 - p h e n y l - 5 , 6 - b e n z o q u i n o l i n e  ( t ) .  ( G e n e r a l  M e t h o d ) .  
A 4o8-g (30 mmole) sample of finely ground potassium permanganate  (in exper iments  1, 2, and 6, 3 g of 
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KOH was also added) was added in por t ions  to a solution of 3.6 g (10 mmole)  of benzoquinoline I [51 in an 
appropr i a t e  solvent .  At the end of the exper imen t ,  the mix tu re  was worked up by one of the methods  in-  
dicated below, depending on the solvent .  The solvent ,  the pH of the medium,  the reac t ion  t ime  and t e m p e r a -  
t u re ,  and the yie lds  of  reac t ion  products  a re  p re sen ted  in Table  1. 

A. Oxidation in Pyridine o r  Dioxane. The da rk -b rown  prec ip i ta te  was r emoved  by f i l t ra t ion and 
washed  with solvent and hot wate r .  The f i l t ra te  was concent ra ted  to 50 ml ,  and the neu t ra l  reac t ion  p r o -  
ducts were  ex t r ac t ed  with benzene.  The ex t r ac t  was d r i e d  with MgSO4, the solvent  was removed,  and the 
dry  res idue  was eh roma tog raphed  with a column filled with A1203 [by elution with b e n z e n e - c y c l o h e x a n e  
(2: 1)], This p rocedure  yielded unchanged benzoquinoline I imp 173 ~ Rf  0.86 (benzene)], phenyl 2-phenyl -  
5 ,6-benzo-4-quinoly l  diketone (III) [br ight-yel low needles  with mp 200-201 ~ (from benzene) and Rf 0.59 
(benzene); IR spectrum: 1670 and 1685 cm -i (CO). Found: C 83.5; H 4.6; N 3.6%. C2yHi?NO 2. Calculated: 
C 83.7; H 4.4; N 3.6%] and 2-phenyl-4-formyl-5,6-benzoquinoline (IV) imp 130-131 ~ (from aqueous dioxane), 
Rf 0.77 (benzene). The 2,4-dinitrophenylhydrazone had mp 289-290 ~ (from dioxane). At pH 9.5-10, the 
color of an aqueous dioxane solution changed from bright-yellow to red. Found: N 14.9%. C26HI?NsO4. 
Calculated: N 15.1%. According to [6], aldehyde IV has mp 131 ~ (from aqueous dioxane), and its 2,4-di- 
nitrophenylhydrazone has mp 249 ~ (from dioxane). Aldehyde IV was chromatographically and spectroscop- 
ically identical to the compound obtained from benzoquinoline IX by the method in [6]]. The aqueous layer 
was acidified to pH 2, and the precipitated 2-phenyl-5,6-benzocinchoninie acid (V), with mp 296-297 ~ (from 
acetic acid) [7], was removed by filtration. Benzoic acid (VI), with mp 121-122 ~ (from water), was extracted 
from the filtrate with ether. 

B~ Oxidation in Acetic Anhydride. Ethyl acetate (50-70 ml) and 60 ml of 15%aqueous sodium bisul- 
fite solution were added to the reaction mixture, and it was cooled and stirred until it became colorless. 
The organic layer was washed repeatedly with water and alkali and concentrated to 30 ml. The concentrate 
was dissolved in pyridine-ethyl acetate (1 : 1) and decomposed in the eoldwith 30 ml of water. The pre- 
cipitated diketone (HI) was removed by filtration. The organic layer was washed with alkali, acid, and water 
and dried. Evaporation of the solvent gave an additional amount of diketone III. Acids V and VI were iso- 
lated from the aqueous layer as described in method A. 

2 , 4 - D i n i t r o p h e n y l h y d r a z o n e  of D ike tone  I l l .  A total of10 ml of a solution of 2,4-di- 
nitrophenylhydrazine in phosphoric acid and ethanol [8] was added to a solution of 0.39 g (1 mmole) of 
diketone HI in alcohol-dioxane (2 : 1), and the mixture was heated on a boiling-water bath for 3 h. The 
hydrazone was precipitated by the addition of ether to give 0.35 g (63%) of yellow needles. IR spectrum: 
1335, 1500 (NO2); 1610-1620 (C =N); 1680 (C =O); 3280 (N-H) cm -i. A change in the color of an aqueous 
dioxane solution of the hydrazone from bright-yellow to ruby red was observed at pH 8.7-9.0. Found: 
C 70.0; H 3.8; N 12.3%. C33H21NsO 5. Calculated: C 69.9; H 3.7; N 12.3%. 

2 - P h e n y l - 4 - ( 2 - p h e n y l - 3 - q u i n o x a l y l ) - 5 , 6 - b e n z o q u i n o l i n e  (VII I ) .  A solutionof 
0.5 g (1.3 mmole )  of diketone III  and 0.15 g (1.5 mmole)  of o-phenylenediamine  in acet ic  acid was heated 
at 125 ~ for  2 h, a f t e r  which it was cooled and poured ove r  ice.  The prec ip i ta ted  benzoquinoline (VIII) was 
washed with wa te r  and dr ied to give 0.5 g (90%) of large cubical  l ight-beige c r y s t a l s  with mp 204-205 ~ (from 
d i m e t h y l f o r m a m i d e - a l c o h o l ) ~  Found: C 86.1; H 4.7; N 9.1%. C33H21N 3. Calculated: C 86.3; H 4.6; N 9,1%. 

H y d r o l y t i c  C l e a v a g e  o f  o t - D i k e t o n e  I I I .  Aqueous alkal i  was added to a solution of l g  
(2.5 mmole )  of d iker ,he  HI in 150 ml  of a l coho l -d ioxane  up to pH 13, and the mix ture  was s t i r r ed  and r e -  
fluxed for  lh .  The solvent  was then evapora ted  under  no rma l  condit ions,  during which the benzaldehyde 
was oxidized to acid VI. The dry  res idue  was t r e a t e d  with wa te r  and benzene,  and the cleavage products  
were  sepa ra t ed  by method A to give 0.31 g (40%) of aldehyde IV, 0.18 g (22%) of acid V, 0.22 g (70%) of 
acid VI, and 0.043 g (6%) of benzoquinoline VH [(mp 188-189 ~ (from toluene) [5, 7]]. 
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