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Hydrodenitrogenation (HDN) of quinoline and I ,2 ,3 ,4-tetrahyd roquin ol ine on a sulphidcd 
nickel - tungsten cata lyst in the presence of hydroge n and of its mixt ure with hydrogen sulphide 
has been studied in an autoclave at 350°C. The result s show that hydrogen sulphide exhib it s 
rate-accelerating effect on HDN of the above compounds by fo rma ti on of sul phur compo unds. 
It was found that neutra l portion of the reacti on mixture contains octahydro-2H-I-benzothio
pyran, octahydro-lH-2-benzothiopyran , octahydro-2-methyl benzo(b) thi ophcne an d other sul
phur compounds. The reaction scheme for HDN of quinoline tha t acco unt s fo r fav ourable 
effect of hydrogen sulphide is pro posed. In the neutral portion of the reacti on mi xlLIrc from 
HDN of piperidine and l-pent-4-enylamine in the presence of hydrogen sulphide furtht:r sul
phur-containing compounds were identified. 

Hydrogenolysis of quinoline as a model compound on industr ia l catalyMs has been ~lLIdied not 
onl y in the presence of hydrogen l - 8 or hydrogen and hydrogen chloride9

, but especia ll y in recent 
years al so in the presence of hydrogen and hydrogen su lphidelO 

- 15. I t was foun d that hydrogen 
sulphide is an important factor in hydrodenitrogenation (HDN ) of nitrogen compo unds as well 
as are organic bases in hydrodesulphurization (HDS) of sulphu r compounds. Both reactions 
HDS and HDN, are not advisable to study separatel y, as their reaction p,roduct s affect each 
other. I t was fo und that the presence of hydrogen sulphide or sulphur compounds that evo lve 
hydrogen sulphide during hydrogenolysis a) retards hydrogenati on of benzene rin g in the case 
of quinoline l O.14 and other aromatic systems13 , b) accelerates hydrogena tion of the ring cc n
taining nitrogen atom lO ,l2,13, c) facilitates the deavage of C- N bends in saturated heterocyclic 
ring and in transiently formed amines. As sulphidation of catalysts dces not exer t , ign ifica nt 
effect on the cleavage of C-N bonds, it is assumed that this reaction is not catalysed by metal 
sulphides and that it proceeds on the support l3

. The mechanism of this reaction corresponds to 
H ofmann E-2 cleavagel2 , l6. Some authors prefer the presumpti on that the cleavage of C-N bonds 
takes place on oxidation-reduction sites of catalysts as a result of hydrogenolysis6

. 

These three effects mentioned above lead to the increase in the extent of HDN of quin oline, 
1,2,3,4-tetrahydroquinoline and decahydroquinoline12 

- 14 . Similarly to HDN of pyridine and 
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piperidine, hydrogen sulphide a) increases the acidity of surface of aluminium oxide used as sup
port 1 0,13 .14, b) maintains the catalyst in fully sulphided state! 0, c) enables migration of Ni 
or other acti ve metal atoms to the support surface 13 and affects thus the cleavage of C- N bonds, 
d) fo rms active complex compounds on catalyst surface that are unstable and undergo decomposi
tion in the absence of hydrogen sulphide13 , e) reacts with nitrogen-containing compounds1o ,lZ. 
In the co urse of these reactions there can proceed formation of compounds containig-SH group 
that is then cleaved in further stages of the reaction12 . A similar reaction leads to formation 
of 2- (3-chloro propyl)aniline in HDN of quinoline in the presence of hydrogen chloride l

? 

As follows from the above discussion, the main reason of the increase in the rate 
of H DN of quinoline, 1,2,3,4-tetrahydroquinoline and decahydroquinoline caused 
by hydrogen sulphide is assumed to be above all the increased activity of catalyst. 
Format ion of sulphur compounds as intermediates has not yet been proved. 

In our previous work l8 we reported on HDN of pyridine, piperidine and l-pent
-4-cnylamine at 300°C and a pressure of 14-16 MPa on a sulphided nickel-tungsten 
catalyst with the usc of hydrogen and hydrogen sulphide. In the neutral portion 
of the reaction mixture we found a series of new compounds, of which four com
pounds containing sulphur have been identified: l-pentanethiol, di(1-pentyl) sulphide, 
2-methy Ithiacyclopentane, and thiacyclohexane. Although the structure of other 
compounds was not known and is reported in the present work, the results obtained 
clearly demonstrated that hydrogen sulphide increased the conversion of above 
compounds by formation of new sulphur compounds. Based on these results, the 
reaction mechanism of HDN of pyridine and piperidine in the presence of hydrogen 
sulphide has been proposed . 

These results led us to analyse in more detail the reaction mixture ~bfained by HDN 
of quinoline and 1,2,3,4-tetrahydroquinoline by hydrogen in the presence of hydrogen 
sulphide on the same catalyst. The assumption about formation of new compounds 
by reaction of reaction intermediates with hydrogen sulphide was fully justified and 
a series of new sulphur compounds was found in acidic and neutral portion of the 
reaction mixture. Detailed analysis and proof of the compounds detected were 
made possible by peerforming HDN in an autoclave with the use of pure compounds. 
Such an arrangement is , of course, far from modelling industrial conditions under 
which HDS and HDN are carried out, but the absence of solvent in the reaction 
mixture allowed to identify also those compounds that were present in low concentra
tions. On the basis of this study the reaction mechanism of HDN of quinoline in the 
presence of hydrogen sulphide has been proposed which accounts for the favourable 
effect of hydrogen sulphide on HDN of compounds of this type. 

At the same time, in the present work we continued in the study of neutral and 
acidic portion obtained by HDN of 1-pent-4-enylamine in the presence of hydrogen 
sulphide18

. With the use of preparative gas chromatography we were able to identify 
a series of other compounds on the basis of their mass spectra. For purposes of reli
able identification, some compounds were synthesized as model substances. 
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EXPERIMENT AL 

Compollnd IIsed. Quinoline was rectified and then converted int o sulphate tha t was crystallized 
th ree times fr om ethanol. The base released was rec ti fie d an d the fraction boiling a t 101 - 102°C/ 
" I· 3 kPa used. 1,2.3, 4-Tetrahydroquinoline was ob ta ined by hydrogena ti on o f quinoline in a que 
ous ethanolic NaOH soluti on by excess Ni- AI alloy powder19. The proccdure was modified 
such that after the reduction, ethano l and all the present neutra l compounds wcre removcd 
by stea m distillation from ac idic solution and then the so lution was made alkaline an d the product 
was ob tained by steam distillati on. The crude produc t was extracted with ether and dried with 
KOH pellets to give the pure tetra hydro derivative by rec tification. 

M odel compollnds. I -Penta nethiol, cyclopentanethiol, di( I-pentyl ) sulphide, dicyclopcnty l 
su lphide, di(l-pent-4-enyl) sulphide. cycl opentyl I-pentyl sulphide, a nd di(l-penty l) sulphide 
were obtained by reported procedures. I-Pent-4-enylmercaptanc. prepared by reaction of I-pent
-4-enyl bromide with thiourea20

•
21

• underwent cyclisation and polymerisation durin g di stilla
tion to give 2-methylthiacyclopentane an d thiacyclohexane. 

Preparation of ('{J talys l was repo rted earlier22 The analysis of reaction mixtures was made 
on an instrument equipped with a flame ionisa ti on detector, using 10% methyl phen yl silicone 
on Chromosorb W (column length 3 m) and 5% OV-17 silicone elasto mer on Tnert on A W (co
lumn length 2·5 m). Preparative gas chromatography was carried o ut on Chrom 3 in st rument 
equipped with the rmal conductivity detect o r. using 10' 3% E 302 silicone elastomer on Chroma
ton N (c:>lumn len gth 2-4 m). 

Cyc/opelllyl l-pcnl-4-enyl slilphide . 1·02 g of cyclopentanethiol was di sso lved in a so lution 
of 0 ·56 g of KOH in 3 ml of 96% ethanol. After cooling, 1·5 g of I-pent-4-en yl bromide were 
added. After the initial reaction had subsided, during which K Br precipitate formed, the reaction 
mi xture was reflu xed for I h, the cooled mixture was poured into water and ext rac ted with ether. 
The extracts were combined, dried over calcium chl oride and di stilled to give 0·85 g o f the product 
boiling at 98 -99°Cj l '3 kPa. For C1oH1SS (170'3) calculated: 70 '52% C, 10·65% H ; found: 
70'30% C, 10 '56% H. I-Pent-4-enyl I-pentyl sulphide was prepa red in a similar way, from I-penta
nethi ol and I-pent-4-enyl bromide , in 68% yield. The product boiled at 95-96°C/ I'3 kPa. For 
C1oHzoS (I 72'3) calculated: 69·70% C, 11 ·70% H; found : 69·40% C, 11-49% H. 

trans-2-Allylcyclohexanethiol was obtained by reaction of 1,2-epithiacycl ohexa ne with allyl
ma gnesium bromide23 . 24 . After distillation, the product (b .p. 84- 85"C/ I '6 kPa) contained 
trans-2-allylcyclohexanethiol as the main component , along with trans-octahydro-2H-l-benzo
thiopyran and octahydro-2-methylbenzo(b)thiophene, both compounds being in approx . same 
amounts. The distillate contained also 3-allyl-l-cyclchexene which was formed from the com
po und to be prepared by elimination of hydrcgen sulphide during decomposition of the reaction 
mixture after Grignard reaction. The amount of both cyclic cc mpollnds in the distillate increased 
slowly on standing the distillate at roo m temperature. Mass spectrum confirmed the structure 
of four compounds menti oned above. 

Hydrogenolysis of 1,2,3,4-lelrahydroquinoline. The starting compound (20 g) and 0 '50 g c f the 
catal yst was heated in an autoclave for 8 h at 300°C. The initial hydrogen pressure was 8·5 MPa, 
maximal pressure was 14·5 MPa. After cooling, the pressure decreased to 6·5 MPa. The po rtion 
of the reaction mixture (14·7 g) was diluted wi th 15 ml of water and acidified with dilute HCI 
to weakly acidic reaction. After extraction with 8 ml of ether, the ether layer was separated 
and concentrated by distillation, yielding c. 0·05 g of neutral portion. Treatment of 17·4 g of the 
reaction mixture from hydrogenolysis at 350°C afforded the ether extract which was distilled 
to give 0 ·45 g of the fraction boiling at 80-200°C/ I ' 3 kPa. The distillation residue weighed 
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0·05 g. The fraction contained propylcyclohexane (90%) as the main component, cycl ohexane, 
mct hylcyclohexane, ethylcycl c hexane, propylbenzene, ethylmethylbenzene, C 9 and C IO hydro
carbons (c . 9%) and higher bo iling substances (c. I %). Nearly the same cc mposition of the neutral 
portion was obtained also in the case of HDN carried ou t at 300°C, except that the mixture 
contained less than 1% of the higher boiling portion and about 25% of propylcyclohexane. 

Hydrogellolysis ojl,2,3,4-tetrahydroquinoline in the presence oj hydrogen sulphide. The tetra
hydro derivative (20'0 g) and 0·50 g of the catalyst were placed in an autoclave which was purged 
with hydroge n and then pressured by hydrogen sulphide from a pressure cylinder to a pres~ure 
of 1·85 MPa and then by hydrogen to a pressure of 6 MPa. The autoclave was heated to 350°C 
fo r 8 h. Maximum pressure was 14'5 MPa. During heating, hydrogen preswre was increase d 
twice from 11'3 to 13·8 MPa. After cooling, 16·8 g of the reaction mixture was diluted with 
17 ml of water, acidified by dilute HCl and extracted with 8 ml of ether. Distillation gave 1· 30 g 
of the fracti on boiling at 80-150°C/ I'3 kPa and 0 '30 g of the distillation residue . The fract ic n 
was divided into two porti ons by preparative gas chromat og raphy, fraction I (0'50 g) and frac
tion 2 (0'12 g). As found by GC/ MS analysis, fraction I cf neutral pc rti on of the reaction mix
ture after HDN of 1,2,3, 4-tetrahydroq uinoline contained in addition to propylcyclchexane 
(95 -- 98% of the fraction) also the follcwing compo unds: cyclchexane, methylcyc1chexane, 
propyl benzene, ethylcyclchexane, ethylmethyltenzene (position of substituents could not be 
determined as all the three isomers show identical mass spectrum), 3-propylcyclc hexene, C 9 H 10' 

three hydrocarbons C9H 1S ' and C9 H 20 and C1o H 20 . By using the same method it was fcu nd 
that fraction 2 of neutral portion contains cis- and trons-octahydro-2H-I-ben zothiopyran as the 
main component (90-95%). Further compounds present in this fracti on were two stereoi sc mers 
of octahydro-2-methyl-benzo(b)thiophene, hexahydroindane (cis and trans ), 2-methyliJ1do le. 
2-methyl-2.3-dihydrobenzo(b)thiophene, 2-ethyl-2,3-dihydrobenzo furan. C 9H 16S, C I oH ISS. 
C9 H I6S, two compounds C1IH1SS, and further compounds of mass 152 ', 154, 154, 154, and 
168, the st ructure of which could not be determined unambiguo usly. 

Hydrogellolysis oj quinoline. Quinoline (20 g) and the catalyst (0'50 g) were heated at 300°C 
a nd 10-15 MPa for 6 h. In the absence of hydrogen sulphide , 0·2 g of the neutral portion was 
obtained by the above described treatment; in the presence of hydrogen sulphide this portion 
increased to 0·50 g. During the reaction, the consumed hydrogen was substituted for fresh one, 
maintaining the required pressure. Composition of both fractions was very similar to tho~e 
obtained by HDN of 1,2,3,4-tetra hydroquinoline. 

Hydrogellolysis 0/ l-penl-4-ellylamille . Neutral portion from HDN of l-pent-4-en y lamine 
in the presence of hydrogen sulphide, obtained by the reported prccedure1S , was di vided into 
two fractions by preparative gas chromatography: fraction I (1'22 g) that contained I-pentane
thiol, 2-methylthiacyclcpentane and thiacycl c hexane as the main components , and fracti on 
2 (0'12 g). By this way, the concentration of studied higher boiling compounds could be increased 
a nd so me of them could be identified. The folle wing compounds were found in both pertions: 
2-methyl-l-butene, pentane, 2-methylbutane, 2-methylthiacycl c pentane, thiacyclohexane, I-pen
tanethiol, I-butyl-I-propyl sulphide, ethyl I-pentyl sulphide, 2,3-benzothiophene, CSH10S2, 
C S H I6S, 2-methylbutyl 2-propy l sulphide, I-pentyl 2-propyl ,ulphide, I-pentyl I-propyl sul
phide, C 9 H 14S, I-butyl I-pent-4-enyl sulphide, C 9H 1SS, ethyl I-heptyl sulphide, C9H 20S, two 
isomers C 1oH 1SS, 2-(1-pentyl)thiacyclohexane, 2-(1-hexyl)thiacyclc pentane, three iso mers 
CIOH20S, di(l-pentyl) sulphide, 2-methylbutyl 3-methylbutyl su lphide, I-heptyl I-propyl sul
phide, C SH 1SS2, C9H 20S2, CloH20S2' 5-mercapto-l-pentyl I-pentyl sulphide, di(1-pen ty l) 
disulphide, CIOH1SN, 2-methyl-I-(1-pentyl)pyrrole, two isomers C10H t 7N , C 11 H 19N, C ll H 21 . 
. N , and C 1s H 27N. Fraotion 2 showed positive test on pyrrole with spruce chip moistened with 
hydrochloric acid, 
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GC- MS ana/ysi.! was made on AEI MS 902 mass spectrometer (A~sociated Electric Industries, 
!Vlanchester, G.B.) connected to Pye Unicam 104 gas chromat ograph via stainless steel capillary 
tube and Biemann separator. Glass chromatographic column (4 mm i.d. and 1·8 m length) 
was filled with 3% OV- 17 sil iconc elastomcr on Gas Chrom Q and heated to 50-150°C. In the 
conrse o f analysis of the samples containing thi ol s it was observed that at higher temperatures 
thio ls undergo dehydrogenative dimerisa ti on to the corresponding sy mmetrical disulphides (due 
to the catalytic ac tion of metallic capillary tube). This reactiC' n takes place around 100°C. and 
at 150°C the conversion is nearly quantitative, as demonstrated by ob tained mass spectra. For 
that reason, the samples containing thiols were ana lysed at temperatures as low as possible 
(around 50°C). 

Mass spectra were recorded at electron energy 70 eV and resolution 1000. Further prese nted 
arc the spec tra of some sulphur compounds detectcd in analyscd reacti on mixtures (", I e with 
the corresponding relative intensity in parentheses): Cycl opentyl l-pent-4-cnyl sulphide: 39 (4 1), 
41 (100), 45 (17), 47 (21),53 ( 16), 55 (15),59 (12),60 (9),61 (20), 67 (97), 68 (80), 69 (89), 81 (28), 
87 (28). 115 (53), 112 (49), 113 (21), I 15 (77), M + 170 (10'6). 

( I-Pent-4-enyl) I-pentyl sulphide: 39 (24), 41 (83), 45 (11), 47 (15), 53 (12), 55 (I I), 59 (8), 60 (II), 
6 1 (100),67 (41), 68 (61). 69 (90). 87 (20),101 (37), 102 (54),115 (14), 11 7 (48), 129 (5), M + (172(5) 

trallJ-2-AllyIcyclohexanethiol: 39 (11), 4 I (21), 53 (10), 54 (7), 55 (10). 67 (32). 68 (13), 79 (32). 
80 (19),8 1 (100).93 (24). 107 (13), 113 (5). 114 (8), 122 (24).123 (10). 141 (6). 155 (9). M + 156(24). 

Octahydro-2-methyl-benzo(b)thiophene: 39 (16), 41 (31), 45 (3). 53 (11'6), 54 (8'3). 55 (18'5). 
59 (10). 60 (8). 61 (21). 67 (31). 68 (8'3). 74 (18 '5). 75 (9'2), 77 ( 11 ). 79 (29). 80 (10'6), 81 (89), 
93 (13'5), 94 (10). 95 (29). 96 (48), 107 (20), 113 (20). 114 (36). 122 (25), 123 (12,5). 141 (81'5). 
M + 156 (100). 

Octahydro-2H- I-benzothiopyran: 39 (11 '5). 41 (23). 45 (II), 47 (5), 53 (8'3), 54 (5'5). 55 (12'5), 
59 (3-8). 60 (6), 61 (4'2), 67 (30). 77 (6'2), 79 (18). 80 (8 '3 ). 8 1 (40), 87 (72), 93 (10-4). 94 (9), 
95(7'6).96(12), 97(11),100(28).109( 14), 113(77), 114(13).122(7).123(5).127(7),128(11'5), 
M + 156 (100). 

Cyclopentanethiol: 39 (42-4). 41 (86), 42 (19'5), 45 (23), 53 (11), 55 (12 '7), 59 (12-4), 60 (36'5), 
67 (57), 68 (59), 69 (100), 70 (17), 73 (17). 74 (9), M+ 102 (76'3), 104 (10'8). 

I-Pentanethiol: 39 (27'5), 41 (67),42 (100). 43 (42'5), 45 (14'2). 46 (14'8), 47 (35),55 (8 1).56 (6'7), 
57 (6), 61(24), 70 (78). 71 (9), M+ (104 (75),105 (4-8),106 (3'3). 

2-Methy lthiacyclopentane: 39(54).41(50),45(58).46(16'5). 47(15'5). 53(16'5). 55(12'6) 
58 (19-4). 59 (47), 60 (25). 61 (10). 74 (22 '3), 85 (9'3), 87 (100), 88 (7) , 89 (6'2). M+ 102 (33), 
103 (2·7),104 (1'7). 

Thiacyclohexane: 39(46).41 (55), 45(48), 46(46),47(26'5).53(145), 54(10), 55(36), 56(12). 
58 (10), 59 (24). 60 (37), 61 (54),67 (47), 68 (58), 69 (15), 73 (9'6) , 74 (20'5), 87 (100), M+ 102 (84), 
103 (6,7), 104 (4 '1 ). 

Di(l-pentyl) sulphide: 39 (13),41 (52). 42 (36),43 (55),45 (7 '5), 46 (5'5),47 (11),55 (29),60 (8), 
61 (59). 69 (57), 70 (100). 71 (17), 103 (72-5). 104 (26), 105 (11'6) , 117 (16'5), 131 (5 '2 ), M + 174 
(46-4), 175 (5 '8), 176 (2'6). 

Di(l -pentyl)disulph ide: 39 (15), 4 1 (45), 42 (36). 43 (100), 45 (6'6), 47 (9), 55 (28'3), 59 (3,7), 
60 (3 '8), 61 (5,7), 69 (97), 70 (19), 71 (47), 79 (3-6). 87 (2-6), 101 (3'4), 102 (3-6), 103 (9'3), 104 
(8-4). 136 (24-7), 138 (2'2) , M + 206 (25), 207 (33),208 (2'5) _ 
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2-(l-Pentyl)thiacyclohexane: 39 (II). 41 (32'6). 43 (13'5). 45 (6'7). 53 (6'7). 55 (24). 59 (11 '3). 
61 (18). 67 (16'3). 69 (19-6). 8 1 (706). 87 (7'4), 101 (100). 102 (10), 103 (7'2), 115 (15), 143 (4'8), 
157 (3), M + 172 (19),173 (2).174 (1 '8). 

RESULTS AND DISCUSSION 

As reported already in the previous work ls , the composition of neutral portions 
from HDN of pyridine, piperidine, and of I-pent-4-enylamine is very similar. Ac
cording to the proposed reaction scheme, I-pent-4-enylamine can be regarded as inter
mediate formed in the cleavage of piperidine ring. Neutral porti on of the reaction 
mixture after HDN of l-pent-4-enylamine in the presence of hydrogen sulphide was 
cut into two fractions by preparative gas chromatography. This made it possible 
to increase the concentration of studied compounds in the mixture and to determine 
some of them by gas chromatography combined with mass spectrometry. In addition 
to the already reported compounds found earlier, such as I-pentanethiol, 2-methyl
thiacyclopentane and thiacycIohexane that formed c. 95% of the total neutral po rt
tion , the following substances were detected which are li sted according to their 
relative proportion in the reaction mixture: (2-methylbutyl) (3-methylbutyl) sulphide, 
di(l-pentyl) sulphide, di(l-pentyl) disulphide, I-heptyl I-propyl sulphide, ethyl 
I-hepty I sulphide, 2-( I-pentyl)thiacyclohexane, 2-( l-hexy I)thiacyclopentane, I-penty I 
1-propyl sulphide, I-butyl I-propyl sulphide, ethyll-pentyl sulphide, (2-methylbutyl) 
2-propyl sulphide, I-pentyl 2-propyl sulphide, (5-mercapto-I-pentyl) I-pcntyl su l
phide, I-butyl I-pent-4-enyl sulphide, and 2,3-benzothiophene. 

The mixture contained also further compounds, the structure of whioh <;;ould not be 
determined unambigously: C SH IOS2, CSHJ6S, CSH ISS2, C 9H J4S, C 9 HISS, C 9 H 20S, 
C 9H 20S2 two isomers CloHISS, three isomers C 1oH 20S and C IOH 20 S2 . 

Besides the above sulphur-containing compounds, the neutral porti on contained 
also compounds containing nitrogen. With respect to the procedure used for isola
tion from the reaction mixture after HDN of I-pent-4-enylamine it was obvious that 
they should be neutral or weakly acidic. The substance Cl oH 17N, that of this group 
was present in the greatest amount, was identified as 2-methyl-I-(l-pentyl)pyrrole. 
Further present were two isomers CIOHI 7N , C10HlSN and three compounds forming 
homologue series, C llH 19N, C 12H 2l N and C ls H2 7N , mos t likely the deri vatives 
of l-(l-pentyl)pyrrole, alkylated on pyrrole ring. 

Of hydrocarbons, the neutral portion contained 2-methyl-l-butene, pentane and 
2-methylbutane. While in the case of HDN of piperidine in the absence of hydrogen 
sulphidels the neutral portion contained I-methyl-Z-4-i~cpropyJcyclchexane , l-me
thyI-E-4-isopropyJcycIohexane, two isomers of methylisopropylhexene and 4-methyl
nonane, these compounds were not detected in HDN of I-pent-4-enylamine in the 
presence of hydrogen sulphide. One can assume that also here the above compounds 
are formed but that they react further with hydrogen sulphide to form compounds 
C1oH20S. 
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As mentioned already in connection with the proposed reaction mechanism of HDN 
of piperidine in the presence of hydrogen sulphide1s , intermediate product is I-pent
-4-enylmercaptane that undergoes cycJisation to I-methylthiacyclopentane and thia
cyclohexane and is hydrogenated to I -pentanethiol. Further reaction of thi s com
pound could be its dimerisation to (5-mercapto-l-pentyl) I-pent-4-enyl sulphide, fo l
lowed by hydrogenation of the latter compound to give (5-mercapto-l-pentyl) I-pen
Iyl sulphide. In the present work thi s sulphid e was found in the reacti on mi xture, 
which provides another evidence for formation of I-pent-4-enylmercaptane as inter
mediate product. 

For purposes of the study of HDN of quinoline in the presence of hydrogen sulphide 
we have followed HDN of 1,2,3,4-tetrahydroquinoline that is primary intermediate 
in HDN of quinoline. In the reaction mixture we identified compounds that were 
found earlier by other authors and the presence of which was expected, e.g. cycIo
hexane, methyIcyc1ohexane, ethyIcyclohexane, propyIcycIohexanc, propylbenzene, 
ethylmethylbenzene, 3-propyIcyclohexane, cis + trans hexahydroindane, 2-methyl 
indole and further compounds such as C9H 16 , C9 H 1S, etc. In the reaction mi xt ure 
hydrocarbons C9H 20 apd C 1oH20 were not earlier detected . Similarly, also sulphur
-containing compounds formed by reaction of hydrogen sulphide with reaction 
products have not been reported. We have been able to prove the presence of the fol
lowing compounds: cis + trans-octahydro-2H-l-benzothiopyrane, two isomers of 
octahydro-2-methy lbenzo(b )thiophene, 2-methy 1-2,3-d ihydro-ben zo( b )thi ophene, 
octahydro-1H-2-benzothiopyrane, two compounds C9HI6S, C1oH1 SS and two com

pounds ClIH1 SS. 

Reaction mechanism of HDN of quinoline in the presence and absence of hydrogcn 
sulphide to give propyIcyc1ohexane as the main product was already studied I3

-
15 . 

Hydrogenation of benzene ring to cyclohexane one takes place a) in hydrogenation 
of 1,2,3,4-tetrahydroquinoline to decahydroquinoline, b) in hydrogenation of 2-pro
pylaniline to 2-propyIcyclohexylamine and c) in hydrogenation of propyl benzene to 
propyIcyclohexane. These reactions proceed simultaneously and are strongly affected 

by reaction conditions. 

Based on the identification of compounds present in the reaction mixture , the reac
tion scheme for HDN of quinoline in the presence of hydrogen sulphide on a sulphi
ded Ni-W catalyst can be proposed (Scheme 1). According to this scheme, HDN 
of quinoline proceeds mainly via decahydroquinoline that is further cleaved to give 
2-allyIcyc1ohexylamine. The latter can undergo hydrogenation to 2-propyIcycIo
hexylamine. However, the preferred pathway is its substitution reaction with hydrogen 
sulphide to form 2-allyIcyclohexanethiol that affords immediately octahydro-2H
-l-benzothiopyrane and octahydro-2-methyl-benzo(b)thi ophene by cyclisation . 2-AI
lyIcyclohexanethiol can also release hydrogen sulphide, yielding 3-allyl -l-cycIohexane. 
The latter compound can be formed also from 2-allyIcycIohexylamine by elimination 
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of ammonia and can undergo further hydrogenation to give propylcyc1ohexane. The 
presence of 2-propylcyc1ohexanethiol that would be formed by hydrogenation of 2-al
lylcyc1ohexanethiol has not been proved. The reaction mixture did not contain 
also allylcyclohexane. For that reason it seems likely that hydrogenation of 3-allyl
-l-cyclohexene to propylcyclohexane proceeds via 3-propyl-l-cyclohexene and not 
via allylcycJohexane. 

S CH EM E I 

cx~ -CO + Cy" 
t ~ 

co CC:-[u~l~[u] 
H 

! ! ~ 
CC;- cx:-V~U~ 

~ / 
U 

or other compounds, the presence of2-ethyl-2,3-dihydrobenzofuran in the reaction 
mixture is surprising, as this compounds contains oxygen. Its presence is likely due 
to the presence of moisture in the reaction mixture or rather this compound could be 
formed dUling treatment of the reaction mixture in acidic medium. Formation 
of 2-methylindole in HDN of quinoline was already reportedl

. 

The cleavage of C-N bonds and formation of new C-S bonds in HDN of quinoline 
in the presence of hydrogen sulphide takes place to a small extent also in the case 
of compounds with unhydrogenated benzene ring. This idea is supported by the 
presence of 2-methyl-2,3-dihydro-benzo(b )-thiophene, the formation of which can be 
accounted for by similar reaction from 2-allylaniline in which case substitution reac-
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tion with hydrogen sulphide results in formation of 2-aJlyJbenzenethiol that undergoes 
furthel cycllsation. 

Differences in the amount of neutral portion and in it s composition in HDN 
of 1 ,2,3,4-tetrahydroquinoline in the presence and absence of hydrogen sulphide are 
following. The amount of neutral portion obtained by di st Illation is 7·7 and 2'6% 
respectively. In the presence of hydrogen, the main product is propyJcyciohexane, 
in the presence of hydrogen sulphide, main product s are propylcyclohexane and octa
hydro~2H-l-benzothiopyrane. The amount of some hydrocarbons such as cyclo
hexane, methy Icyclohexane, ethy Icyclohexa ne, propy Ibenzene, 3-propy I-I-cyclo
hexene and ethylmethylbenzene remains the same in both cases. Tn the presence 
of hydrogen sulphide hydrocarbons C9 H 16 , C 9 H 18 , and C1o H 20 are formed in smal
ler amounts; however, the amount of propylcyclohexane increases. 

Besides the reactions given in Scheme 1, polymerisa tion and condensation reac
tions yield further higher boiling compounds which are present mainly in distillation 
residue. Their amount also increases in the presence of hydrogen sulphide. 
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