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§ 1. Structural formula I of quinoline, drawn up by KÖRNER and 
DEW AR, accounts for the ways in which this compound is formed and 
for many chemical conversions it may undergo. 

In the classical theory of organic chemistry efforts have been made 
to define the structures to be assigned to bicyclic aromatic ring systems 
by assuming a certain distribution of single and double bonds in these 
systems. 

In formula I the distribution of the single and double bonds has been 
left undecided; the letters "ar" in a six -carbon ring indicate that this 
six-carbon ring has an aromatic character. 

Formulae Ia, Ib and Ic show three valency structures, which are 
distinguished by a different arrangement of the single and double bonds. 
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In the literature there are only few papers on the problem of the 
distribution of the single and double bonds in quinoline. These investig
ations will not be discussed in the present paper. Quinoline, just like 
pyridine, shows a typical aromatic character in that this compound 
behaves in various chemical reactions as a saturated rather than as an 
unsaturated compound. On the strength of calculations and on the 
analogy with a purely aromatic, bicyclic compound such as naphthalene, 
it is assumed th at the quinoline ring system contains neither single nor 
double bonds; the CoC linkages in the ring are considered as aromatic 
bonds. According to the modern theory of the chemical bond the quinoline 
ring system is considered as a mesomeric form resonating between 

*) Complete experimental data will be published in the Recueil des Travaux 
Chimiques des Pays- Bas. 
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various valency structures. According to P AULING 2) the resonance ènergy 
of quinoline is 69 cal. This value approaches that of the resonance energy 
of naphthalene (75 cal.). The valency structures Ia, Ib and Ic are 
assumed to be the main contributors to the mesorneric form. These 
structures, which are similar to those of the Kekulé benzene structures, 
will be indicated as KÖRNER-DEWAR structures. 

In some cases, such as in catalytic reduction or in the reaction with 
ozone, quinoline reacts as a compound with double bonds. The question 
is therefore justified according to which valency structure the quinoline 
molecule reacts in such cases. Investigations carried out by WIBAUT 3) 
and collaborators showed that the study of ozonolysis of aromatic 
compounds may give an answer to these questions. In this paper we 
shall discuss the application of ozonolysis to the study of the fine 
structure of the quinoline ring system, i.e. of the valency structures 
involved. 

§ 2. We ozonized quinoline and some of its homologues at - 25° 
or - 35°, using chloroform as solvent. Probably, ozonides will be 
primarily formed, though we have not been able to isolate them. Af ter 
ozonization the reaction product was treated with an aqueous hydroxyl
amine solution or with a solution of p-nitrophenylhydrazine in dilute 
hydrochloric acid. This operation decomposes the primary oxidation 
products (ozonides?), thus forming compounds with one or more aldehyde 
or ketone groups. These carbonyl compounds react either with hydroxyl
amine or with p-nitrophenylhydrazine, thus forming oximes and 
nitrophenylhydrazones respectively. These derivatievs were isolated and 
identified. 

From the data thus obtained we can infer which primary scission 
products have been formed on ozonolysis. 

It was found that first the benzene ring of the quinoline ring system 
is attacked by ozone, the pyridine ring being attacked in a subsequent 
reaction. 

In co-operation with F. L. J. SIXl\lA we carried out some measurements 
on the velo city of the ozonization of quinoline and some of its homologues. 
A mixture of ozone and oxygen was passed through aquinoline (or 
homologue)-chloroform solution; the flow rate of this gas mixture as 
weIl as the ozone content were kept constant during the experiment. 
By determining the ozone content of the exit gases at certain intervals 
the quantities of ozone reacting with the quinoline base during successive 
periods could be calculated. 

In this way the ozonization rate of quinoline and of some mono methyl 
and diinethylquinolines were measured. These measurements were carried 
out at -40°. 

It was found that the ozonization proceeds from the outset at a nearly 
constant rate until two mols of ozone have reacted with one mol of 
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quinoline (or homologue). At this moment the reaction velo city suddenly 
drops to a far lower value. The quinoline derivative therefore rea cts 
faidy easily with two molecules of ozone, a diozonide being probably 
formed. *) The further reaction of ozone with this diozonide proceeds 
far more slowly. 

In other experiments the ozonization was interrupted at a certain 
moment. The reaction product was treated with water, as a result of 
which the primarily formed products (ozonides) decomposed. The liquid 
was then alkalized and heated to split off ammonia. 

The ammonia has been formed from the scission products of the 
pyridine-ring. The primary formeel eliozonide probably reacts with two 
molecules of ozone, which attack the pyridine ring. In this way a 
tetrozoniele is formed. From the scission products of this tetrozonide 
ammonia is splitt off by heating in alkaline solution. 

Our measurements also show that the attack on the benzene ring is 
the main reaction. In the following section we shall discuss the scission 
proelucts formeel in this main reaction. 

§ 3. In the ozonolysis of quinoline (I) itself the characteristic primary 
scission products are glyoxal (lIl) and a pyridine dialdehyde (IV). These 
compounds can be formeel by scission of a diozoniele (Il). The reactions 
may be represented by the following formulae: 
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The pyridine dialelehyde, an unknown substance, has not been isolated. 
However, we obtained several elerivatives of this hypothetical compound. 
On treating the mixture of scission proelucts with lJ-nitrophenylhydrazine 
we obtained an orange substance, which gave a purple colour with an 
alcoholic solution of sodium hydroxide. According to BAl\IBERGER this 
colour reaction is characteristic for bis-p-nitrophenyl-hyelrazones. Although 
the figures obtainedin the analysis of this substance showed some 
deviations from the calculateel figures, there seems to be no doubt that 

*) This investigation will be publ;shed in detail in the Recueil des Travaux 
chimiques des Pays Bas. 
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this compound - melting point 250° - represents the bis-p-nitrophenyl
hydrazone of pyridine dialdehyde. 

By treating the reaction mixture obtained by ozonolysis of quinoline 
with hydroxylamine, weobtained a white substance, melting at 260°, 
which according to its empirical formula C7H 60 2N4, and its chemical 
behaviour must be considered as the dioxime of quinolinic acid imide (V). 

The formation of this compound by the action of hydroxylamine 
on pyridine dialdehyde is quite analogous to the formation of the 
dioxime of phthalimide by the action of hydroxylamine on ortho
phthalaldehyde. 

On treating the mixture of scission products formed in the ozonolysis 
of quinoline with hydrogen peroxide, we obtained quinolinic acid, which 
is formed by oxidation of IV. 

Therefore it seems very probably that pyridine dialdehyde is a primary 
scission product of quinoline. 

In the ozonolysis of quinoline glyoxal (in the form of the dioxime) 
was obtained in a yield of about 12 mol %. The yield of the dioxime V 
was only 21 mol %; however, the isolation of this compound is difficult, 
so that the amount actually formed may be much greater. 

It is clear that pyridine dialdehyde may be formed from structure 
Ia as weIl as from Ib, but not from structure Ic. 
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If quinoline reacted according to structure Ic, pyridione-2,3 (VI) 
should be formed. This compound has been described by KUDERNATSCH; 4) 

its structure has been elucidated by v. SCHICK 5) and collaborators. 
Following the directions of these authors we prepared this pyridione, 
which forms a dark brown powder, almost insoluble in water and in 
the common organic solvents. This substance shows a red colour reaction 
with concentrated sulphuric acid and a blue colour reaction with a 
solution of caustic soda. Moreover, we found that pyridione-2,3 
suspended in chloroform, is not attacked by ozone at - 20°. 



23 

On account of these properties even sm all amounts of this substance 
should be detected if present in a mixture of scission products. However, 
we did not detect this pyridione among the products of the ozonolysis 
of quinoline. Therefore our conclusion is th at in the ozonization reaction 
quinoline reacts according to structures Ia and (or) Ib, but not according 
to Ic. 

§ 4. In the ozonolysis of 6,7 -dimethylquinoline (VII) dimethyl
glyoxal (VIII) is formed in a yield of 13 mol % and pyridine dialdehyde 
(IV) in a yield of about 2 mol %. Here again the pyridine di aldehyde 
was isolated in the form of its bis-p-nitrophenylhydrazone. The sample 
of th is compound isolated from the mixture of scission products of VII 
was found to be identical with a sample isolated from the mixture of 
scission products of quinoline. 

The dimethylglyoxal has been isolated in the form of its bis-p-nitro
phenylhydrazone as weIl as in the form of its dioxime. Pyridine dialdehyde 
and dimethylglyoxal can be formed either from structure VIla or from 
structure VIlb. 
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We could detect neither methylglyoxal *) H 3C - C - C - H 
11 I1 

o 0 
nor pyridione in the mixture of scission products. These compounds should 
have been formed if the 6,7 -dimethylquinoline had reacted according 
to structure VIlc. 

In the ozonization of 6,7 -dimethylquinoline this compound therefore 
reacts according to structure VIla andjor VIlb, but not according to 
structure VIlc. 

*) To determine the presence of a small quantity of methylglyoxal we 
worked out a method of analysis based on infra-red spectra. The infra-red 
spectra of dimethylglyoxime, methylglyoxime and glyoxime show characteristic 
differences. 

In a mixture of dimethylglyoxime and 4 - 5 % of methylglyoxime the presence 
of the latter compound can be detected by infra-red analysis. 
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§ 5. Analogous results were obtained in the ozonolysis of 5,8-dimethyl
quinoline (IX). This compou~d was ozonized at - 30° in chloroform 
solution. The reaction mi.xture was treated either with ap aqueoU!;I solution 
of hydroxylamine containing sodium carbonate, or with a solution of 
p-nitrophenylhydrazone in dilute hydrochloric acid. 

The carbonyl compounds formed in the ozonolysis thus react either 
with hydroxylamine or with p-nitrophenylhydrazine; the resulting 
derivatives are isolated. The characteristic scission products formed in 
the ozonolysis of 5,8-dimethylquinoline are glyoxal (lIl) and 2,3-diacetyl
pyridine (X). 
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The dioxime of glyoxal was isolated in a yield of about 8 mol %. 
A sample of this oxime (melting point 178°) was subjected to infra-red 
analysis ;methylglyoxime, which might have been formed from structure 
IXc, could not be detected. In another experiment the bis-p-nitrophenyl
hydrazone of glyoxal was isolated in a yield of 12 mol %. 

In the ozonization of 5,8-dimethylquinoline this compound therefore 
rea cts according to the structures IXa and/or IXb, but not according 
to structure IXc. 

The 2,3-diacetylpyridine (X), an unknown compound, was not isolated, 
but the following may serve as a proof that this compound is formed 
as a primary scission product. Af ter treating the reaction product of 
the ozonolysis with an alcoholic solution of hydroxylamine we isolated 
not only glyoxime, but also a compound of structure XIII, i.e. the cyclic 
anhydride of the oxime of 2-acetylpyridine-3-carboxylic acid. This 
compound has been described long ago by ROSENHEIM ,and TAFEL, 6) 
who prepared it by treating 2-acetylpyridine-3-carboxylic acid XI with 
hydroxylamine hydrochloride. The sample of XIII, which we obtained 
from the reaction product of the ozonolysis, was identical with a sample 
prepared by the method of ROSENHEIM and TAFEL. 

We assume that the primary scission product of the ozonolysis, 
2,3-diacetylpyridine (X), is oxidized under the prevailing experimental 
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conditions, yielding XI, which is transformed via XII into XIII by the 
action of hydroxylamine. 

When the mixture of scission products of the ozonolysis of 5,8-dimethyl
quinoline was treated with a solution of p-nitrophenylhydrazine in dilute 
hydrochloric acid we obtained XV, i.e. the anhydride ofthe p-nitrophenyl
hydrazone of 2-acetylpyridine-3-carboxylic acid. For comparison we 
prepared this compound by treating XI with p-nitrophenylhydrazine. 
Both samples proved to be identical. 
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§ 6. In the foregoing we discussed the ozonolysis of dimethyl
quinolines having their methyl groups in the benzene nucleus. We shall 
now review the ozonolysis of 2,3-dimethylquinoline (XVI), in which 
the pyridine ring contains the methyl groups. 

Ozone was passed for two hours through a solution of 22 millimols 
of 2,3-dimethylquinoline in chloroform at - 40°. The quinoline base 
had th en reacted with 32 millimols of ozone, i.e. with Ie ss than the 
quantity required for the formation of a diozonide. This quantity of 
ozone had been chosen to prevent a subsequent attack on primarily 
formed diozonide. 

After the reaction the chloroform solution was treated with an aqueous 
hydroxylamine solution. On working-up we obtained: 

a. a mixture of aliphatic oximes which, judging from the infra-red 
analysis, probably consisted · of glyoxime and dimethylglyoxime. 
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b. a compound wiih the empirical formula CUHlOOzN., melting at 2930 

with decomposition. This compound (XVIII) must be considered 
as the dioxime of 2,3-dimethylpyridine-5,6-dicarboxylic acid imide. 
We assume that XVIII has been formed by the action of the 
primarily formed scission product XVII. 
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The scission products I and XVII were formed by the attack of ozone 
on the benzene ring, the pyridine ring being retained. This is in agreement 
with what was found with the above quinoline derivatives. The formation 
of dimethylglyoxal as scission product shows that in a second reaction 
developing simultaneously, the pyridine ring is attacked by ozone. This 
is in accordance with the experiments described in § 2. However, the 
ozonolysis of 2,3-dimethylquinoline requires further investigation. 

Conclusion. 
In the reaction with ozone the ring system of quinoline reacts according 

to structure Ia andjor Ib, but not according to Ic. 

Amsterdam, December 1949 
Laboratory tor Organic Chemistry 
ot the University ot Amsterdam 
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