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Hydrogenolysis of N-( I-hexyl)piperidine, N-(I-pentyl)piperidine and l-pentyl-l-hexyla mine 
on su lphidized CoO-Mo03 catalysts has been investigated. The primary reaction in the hydro
genolysis is the cleavage of the bond between the nitrogen atom and the methylene group of the 
alkyl substituent or of the methylene ring. Alkylation and transalkylation reactions on the nitro
gen play also a role. 

Hydrogenation and hydrogenolysis of nitrogen-containing heterocyclic compounds with pyri
dine, piperidine or quinoline ring and derivatives thereof are still of research interest , especially 
in relation to their occurrence in petroleum and petroleum fractions. In addition to analytical 
studies which are devoted to the composition of the reaction mixture after hydrogenolysis of pure 
model compounds, there are studies dealing with kinetics of the reaction and reaction mechanism 
of cleavage reacti ons 1 - 5. . 

In a previous communication it was found6 that the cleavage of piperidine ring 
of 2-methylpiperidine takes place between the nitrogen atom and the methylene group 
and not between the nitrogen atom and the carbon substituted with the methyl 
group. Reactions of N-(l-alkyl)piperidines have not been however examined in de
tail. In these compounds the primary hydrogenolytic cleavage can proceed either 
between their nitrogen and methylene group of the alkyl substituent or between 
nitrogen atom and the neighbouring methylene group of piperidine ring according 
to equation (A) and (B), respectively. As it is seen from the equations, reaction 
products may be piperidine, a hydrocarbon and a secondary amine. 
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Hydrogenolysis of N-(l-pentyl)piperidine on CoO-Mo03 catalysts was studied 
by Sonne mans and coworkers3.4; they found that the reaction mixture contains 
piperidine, pentane, decane, pentylamine, dipentylamine and ammonia. The com
position reported does not allow, however, to ascertain the sequence of the cleavage 
of individual bonds in this compound due to the same number of carbon atoms 
in the alkyl group and in the piperidine ring. This means that no decision can be 
made concerning pentane formation that can proceed via hydrogenolytic cleavage 
of the alkyl group or of the piperidine ring. Furthermore, the reaction mixture after 
hydrogenolysis of pyridine or piperidine contains, along with other substances, 
also N-(1-alkyl)piperidines which are formed by acid-catalysed alkylation of piperi
dine by species formed by decomposition of the piperidine ring. Among these N-(1-al
kyl)piperidines, the prevailing one is N-(l-pentyl)piperidine. In order to clarify this 
question it was necessary to choose such a N-(1-alkyl)piperidine which is not formed 
by hydrogenolysis of piperidine and to carry out the reaction in the region of low 
conversions, to avoid further reactions of the primary products formed to secondary 
ones. N-(1-Hexyl)piperidine was found to be suitable compound for these purposes. 
Its reaction on a sulphidized CoO-Mo03-AI203 catalyst in the presence of hydrogen 
at 300°C yields the reaction mixture which contains 1-pentylamine, I-hexylamine, 
di-1-pentylamine, di-l-hexylamine and N-(l-pentyl)piperidine, in addition to pentane, 
hexane, piperidine and I-pentyl-1-hexylamine. 

The piperidine found among reaction products as well as the mutual ratio of hexane 
to pentane (10: 1) indicated the prevailing cleavage according to equatio!} (A). 
The presence of I-pentyI-l-hexylamine speaks for the cleavage according to equation 
(B). To examine further the behaviour of secondary amines under hydrogenolytic 
conditions, we studied the reaction of I-pentyl-l-hexylamine in the presence of pipe
ridine and the catalyst. Under identical reaction conditions (the same reaction time, 
temperature) 31% of 1-pentyl-1-hexylamine reacted to give 1-pentylamine, I-hexyl
amine, di-1-pentylamine and di-l-hexylamine. A total of28% of the present piperidine 
was converted into N-(l-pentyI)- and N-(1-hexyl)piperidine. Other compounds found 
were pentane and hexane and some unidentified substances, all of which were pre
sent only in small amounts . 

For comparative purposes we performed hydrogenolysis of N-(l-pentyl)piperidine. 
The reaction mixture contained the starting piperidine derivative, pentane, I-pentyl
amine, di-l-pentylamine, N-(2-pentyl)piperidine and N-(3-pentyl)piperidine. Prolon
gation of reaction time led to an increase in the amount of piperidine, together with 
an increase in the amount of products of piperidine hydrogenolysis. 

These results show that the cleavage of N-(1-pentyl)- and N-(l-hexyl)piperidine 
proceeds simultaneously according to both above mentioned equations. The com
pounds so formed, i.e. piperidine and a secondary amine, undergo further reactions, 
especially disproportionations, to produce primary, secondary and tertiary amines. 
It seems likely that acid sites of the catalyst playa role in these consecutive reactions. 
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EXPERIMENT AL 

I-Hexylamille alld l-pelllylamille were prepared by reaction o f piperidine with hexyl bromide 
or pentyl bromide. After initial reaction subsided, the reaction mixture was left aside and the 
next day it was acidified and the unreacted alk yl bromide was extracted with diethyl ether. After 
alkalization of the solution, both compounds were obtained by usual procedure. Their purity 
was verified by gas chromatography. 

I-PCIl{yl-l-hex),lamille. To a solution of 14·5 g of caproyl chloride in 65 ml of pentane, 20·65 g 
of I-pentylamine were slowly added at -60°C under stirring and external cooling. The reacti on 
mixture was allowed to stand at room temperature for 2 h, then it was diluted with 25 ml of pen
tane and poured onto ice slurry acidified with hydrochloric acid. The organic layer was separated 
and washed successively with water and 5% solution of NaHC03. After drying over sodium 
sulphate, distillation through a short column yielded J 8·27 g (91' 5 ~~) of I-pent ylamide of caproic 
acid ; b.p. 112-114°C/66'5 Pa , m.p. 39·0- 39·5°C . For CII H z3 NO (185'3) calculated: 71 '30% C, 
12'51 % H; found: 71 '65% C, 12'47% H. To a solution of 57 g of 60% toluene solution of NaAIH z. 
(OCH zCH zOCH3)2 (0'17 mol) and 50 ml of dry toluene, 10-42 g (0'056 mol) of l-pentylamidc 
of caproic acid dissolved in 50 ml of toluene were added. The reaction mixture, which evolved 
hydrogen under temperature increase due to exothermic reaction, was refluxed for I h, cooled 
to room temperature and decomposed by dilute hydrochloric acid . AI! volatile products were 
steam-distilled. The reaction mixture was made alkaline by KOH solution and I-pentyl-I-hexyl
amine was obtained by steam distillation. The amine which was poorly soluble in the distillate was 
extracted by diethyl ether, the extract was dried over solid KOH and distilled. A total of 7·65 g 
(80%) of the base were obtained which boiled at 89-90°C/1'3 kPa. Attempted reduction of the 
amide by LiAIH4 in diethyl ether according to the procedure reported for the reduction of I-butyl
amide of valeric acid and of I-pentylamide of isocaproic acid 7 led after 10 h-refluxing to re
covering of 58% of the starting amide, after decomposition of the reaction mixture. 

Gas chromatography was carried out with the aid of Chrom 3 instrument equipped with a fla
me-ionisation detector using 2% Methyl Phenyl Silicone Oil + 0'2% poly(ethylene glycol) 4000, 
Chrom42 instrument equipped with the same detector and a column filled with 11'5% Sil E 312 
on Chromosorb Wand finally with the aid of T IO instrument (workshops of the Institute) 
which was equipped with a flame-ionisation detector and its column was packed with 4% PEG 
1500 + 3% KOH on Chromosorb W. The amount of the ammonia formed could not be there
fore determined. 

Catalyst was prepared by impregnation of a commercial )I-alumina by ammonium molybdate 
and coba\t(II) nitrate. The CoO: Mo03 : AI 2 0 3 ratio was I : 2: 30. The catalyst was dried and 
then calcinated at 550°C for 5 hand sulphided in a stream of Hz + H 2 S (9 : 1) at 450°C until 
the sulphur content reached 1·4 per cent. 

Hydrogcllolysis ofN-(I-hexyl)piperidinc. The amine (20 g) and 1 g of the catalyst were heated 
in an autoclave at 300°C for 1 h at the initial hydrogen pressure 6·0 MPa. The maximal pressure 
was 12'1 MPa. After cooling, the sample was withdrawn (sample A) and the contents were 
heated for another 7 h (sample B). Samples A and B contained un reacted N-(1-hexyl)piperidine 
with traces of di-l-pentylamine (96'7 and 85'0%, resp.), N-(I-pentyl)piperidine (1'5 and 5'8%), 
piperidine contaminated with I-pentylamine and I-hexylamine (1'3 and 5'4%), di -1-hexylamine 
(0'3 and 3'0%) and I-pentyl-I-hexylamine (0'1 and 0' 8%), along with small amounts of pentane 

and hexane (I : 10 ratio). 

Hydrogenolysis ofN-(1-pentyl)piperidine. The amine (20 g) and I g of the catalyst were heated 
in an autoclave at 300°C for 1 h. The initial hydwgen pressure was 5 MPa. The reaction mixture 
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contained a small amount of pentane, 97% of the starting compound and further piperidine, 
N-(2-pentyl)piperidine, N-(3-pentyl)piperidine, I-pentylamine and di-I-pentylamine in 1: 1·8 : 
: 0·9 : 15: 10 ratio. After heating prolonged to 9 h, the content of the starting amine decreased 
to 88% and the samp le contained in add ition to the above compounds a lso N-(1-butyl)piperidine, 
N-O-ethyl)piperidine and decane. 

Hydrogellolysis of I-pe/llyl-I-hexylamine in the pres':: nce of piperidine. A mixture of 5 g of I-pen
tyl-I-hexylamine, 0·5 g of piperidine and 0·25 g of the catalyst was heated under initial hydrogen 
pressure of 6 MPa at 300°C for I h. The reaction mixture contained 63% of I-pentyl-I-hexyl
amine, 6'5% piperidine, 8% of N-(I-hexyl)piperidine, 5· 5% of N-(I-pentyl)piperidine, 1 % of I-pen
tylamine, 2'5% of di-I-pentylamine, 4% of I-hexylamine, 3% of di-l-hexylamine, 1% of a pen
tane-hexane mixture, 5% of a higher boiling product and 0'5% of a lower boiling substance 
which were not identified. 

The all thor thanks Dr J. Vyskocil, this Illstitllte. for preparation of the sample of cobalt-molyb
denum catalyst. 
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