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Data on the bromination of quinoline in acetic anhydride and in the presence of 
salts of p and d elements are presented. High catalytic activity of the inves- 
tigated salts, particularly the salts of p elements, was demonstrated. An un- 
expected orientation of the bromination of quinoline in 94% sulfuric icid in the 
presence of copper sulfate was discovered. 

Halogenation is considered to be one of the most thoroughly investigated reactions in the 
monoazine series [i]. However~ some aspects of the catalysis of this reaction by salts of p 
and d elements of the Mendeleev periodic system have not been adequately studied. In particu- 
lar, in [2] one of us demonstrated the high activation of pyridine to bromination in complexes 
for elements with p orbitals (Zn, Sn, Sb, Te, etc.), although such activation of a ligand is 
not obvious from the generally accepted concept [3-5]. Because of the possible d~-p~ inter- 
action (~ back bonding), one might have expected, from the same concept, a somewhat different 
orientation of the bromination of quinoline with salts of d elements than in the case of its 
catalysis with silver sulfate [6]. 

In order to shed some light on the problems enumerated above, it was necessary to conduct 
additional investigations in the case of the bromination of quinoline in complexes with salts 
of p and d elements. It is known that the yields of bromoquinolines by known methods are 
rather low [6-8], although they are of practical interest as potential inhibitors of the nit- 
rification of nitrogen fertilizers [9]. 

In the present communication we present data on the bromination of quinoline in acetic 
anhydride and in the presence of AI, In, Sn (p elements), Cu, Zn (d elements), and Na, Co, Ni, 
Cu, Ag, Zn, Ba, Pb, and other acetates. The role of acetic anhydride and acetates is evident- 
ly determined in the generation and facilitation of the addition of the AcO-Br + bromo cation 
in the intermediate 1,4-dihydroquinoline [I0] as a function of the degree of valence of the 
metal, the positive charge, the ability to coordinate at the ring nitrogen atom of quinoline, 
and other factors. The general method is similar to that described in [ii] for the bromina- 
tion of quinoline N-oxide. 
conditions in [ii]. 
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We have observed that the bromination of quinoline (I) by method A in the presence of 
metals leads to dibromoquinoline II and tribromoquinoline III in high yields. The overall 
yield of II and III when AcONa is used is 64%. However, when sodium acetate is replaced by 
barium acetate, the yield of quinoline II is 17%, and the yield of tribromo derivative III 
is 42%. When cobalt acetate is used, the yields of the indicated quinolines are 25% and 22%, 
respectively. 

In the bromination of quinoiine in acetic anhydride in the presence of sodium nitrate 
and nitrite the overall yield of di- and tribromides II and Iii reaches 15%, whereas the 
yields of II and III reach 22-57% in the presence of indium, zinc, tetravalent tin, and other 
salts (method B). The selection of NaNO= and NAN03 was determined by the necessity to demon- 
strate the effectiveness of the catalysts in the indicated reaction. 

An unexpected result was obtained in the bromination of quinoline in 94% sulfuric acid~ 
As expected, exclusively the benzene ring undergoes bromination in the presence of the non- 
transition p element aluminum sulfate (method C). In the presence of a salt of a transition 
d element, viz., copper sulfate (method D), the pyridine ring also undergoes bromination, and 
tribromo derivative IV is formed. The observed anomalous bromination of quinoline in a strong- 
ly acidic medium in the presence of copper sulfate may evidently serve as an experimental 
confirmation of the possible interaction of the d electrons of copper sulfate with the ~ elec- 
trons of quinoline (d~--p~ conjugation). The direction of bromination of quinoline, as in the 
halogenation of the neutral molecule in a slightly acidic medium [7, 8], can be explained by 
a decrease, as a consequence of this, in the formal positive charge on the nitrogen atom of 
the quinolinium cation. The quinoline--bromine ratio and the reaction time were selected in 
such away that the reactionwould be shifted maximally to favor the production of tribromoquinolines. 

The structures of the II-IV obtained were proved by the fact that the TLC data and the 
data from the IR spectra at 700-4000 cm-* were identical to the data for samples with genuine 
structures and by the lack of melting-point depressions for mixtures with genuine samples ob- 
tained by known methods [6, 7]. 

EXPERIMENTAL 

The IR spectra of mineral oil suspensions and KBr pellets of the compounds were recorded 
with a UR-10 spectrometer. The samples of 3,6-dibromo- and 3,6,8-tribromoquinolines were o5- 
tainedby the methods in [6, 7] and were purified by sublimation ~n uaouo or by crystalliza- 
tion from alcohol. The purity and individuality of the compounds was monitored by data from 
TLC and the IR spectra. 

Bromination of Quinoline. A) A 31-g (0.2 mole) sample of bromine was added to a mixture 
of 12.9 g (0.i mole) of quinoline, 16 g (0.2 mole) of sodium acetate, and 13 ml of acetic an- 
hydride in 50 ml of CHCI3 (CCI~), and the mixture was heated to the point at which it began 
to boil gently (70~ and maintained at this temperature for 3 h. It was then cooled, made 
alkaline to pH i0, and extracted with CHCI,. The solvent was removed by distillation, and 
the residue was extracted with ether. Workup of the ether solutions gave 7.2 g (25%) of di- 
bromo derivative II with mp 129-130~ (alcohol) (mp 127-128.5~ [7]). From the residue after 
extraction with ether by recrystallization from acetone we obtained 14.1 g (39%) of tribromo- 
quinoline III with mp 168-170~ (mp 169-171~ [7]). According to data from TLC and the IR 
spectra, the products were identical to samples with genuine structures. 

B) A 31-g (0.2 mole) sample of bromine was added to a mixture of 12.9 g (0.I mole) of 
quinoline, 16 g (0.2 mole) of NaNO2, 5 g (0.02 mole) of InCl,, and 13 ml of Ac20 in 50 ml of 
CHCI3 (CCI~), and the reaction mixture was heated to the point at which it began to boil gent- 
ly and was maintained at this temperature for 3 h. It was then cooled, made alkaline to pH 
I0, and extracted with chloroform. The solvent was removed by distillation, and the residue 
was extracted with ether. Workup of the ether solutions gave 3.0 g (17.0%) of dibromoquinol- 
ine II with mp 129-130~ Workup of the residue after extraction with ether gave 14.5 g (40%) 
of tribromoquinoline Ill with mp 168-170~ No melting-point depressions were observed for 
mixtures of II and III with samples with genuine structures. According to data from TLC and 
the IR spectra the products that we obtained were identical to genuine samples. 

The yields of II and III when sodium nitrite was used in the reaction were, respectively, 
24% and 43%. In the presence of ZnCl2 and SnCI~ catalysts, the yields of II are 33% and 22%, 
respectively. The yield of III was less than 1%. The yield of dibromoquinoline II was 15% 
in the bromination of quinoline under conditions similar to those in method A without the use 
of a catalyst. 
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C) A 32-g (0.2 mole) sample of bromine was added with cooling (0-5~ and stirring in 
the course of 0.5 h to a mixture of 40 g (0.31 mole) of quinoline and I0 g (0.06 mole) of 
CuSO4 in i00 ml of 94% H2SO~, and the reaction mixture was maintained at this temperature for 
1.5-2 h. It was then poured over crushed ice, and the aqueous mixture was made alkaline to 
pH i0. The unchanged quinoline was removed by steam distillation, and the residue was acidi- 
fied to pH 2. The resulting precipitate was removed by filtration, washed with water, and 
dried to give 9.1 g (19%) of tribromoquinoline III. No melting-point depression was observed 
for a mixing of the product with a sample with a genuine structure [7]. According to the data 
from TLC and the IR spectra, the product was identical to the genuine sample. 

D) A 32-g (0.2 mole) sample of bromine was added with cooling (0-5~ in the course of 
0.5 h to a mixture of 40 g (0.31 mole) of quinoline and i0 g (0.03 mole) of A12(S0~)3 in i00 
ml of 94% H2SO~, after which the reaction mixture was stirred for 2 h. It was then poured 
over ice, and the aqueous mixture was worked up as indicated above to give 8.1 g (58%) of tri- 
bromoquinoline IV with mp 161-162~ (acetone). No melting-point depression was observed for 
a mixture of this product with a sample with a genuine structure [6]. According to data from 
TLC and the IR spectra, the product was identical to the genuine sample. 
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