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Dehydrogenation of substituted 1,2,3,4-tetrahydroquinoline, 1,2,3,4-tetrahydroisoquinoline, and 1,2,3,4-
tetrahydrocarbazole proceeded using Pd/C–ethylene system (method A) or activated carbon–O2 system
(method B) to give the corresponding heteroaromatic compounds.
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We previously reported the oxidation method of benzylic and
allylic alcohols using Pd/C–ethylene system.1 After that, we found
some kinds of activated carbons themselves promoted the oxidation
including oxidative aromatization, carbonylation, and oxidation of
benzylic alcohols.2 In the course of the above study, we briefly men-
tioned dehydrogenation of 1,2,3,4-tetrahydroquinoline, 1,2,3,4-tetra-
hydroisoquinoline, and 1,2,3,4-tetrahydrocarbazole proceeded using
Pd/C–ethylene system to afford the corresponding heteroaromatic
compounds in 2002.3 Recently, Luo and Crabtree reported
dehydrogenation reaction of nitrogen- and oxygen-containing het-
erocycles in 2006.4 Furthermore, there have been some reports on
dehydrogenative oxidation of amines using transition metal such as
Cp*Ir complex,5 Cu-salene complex,6 Co3O4-supported hydrous
RuO2,7 supported ruthenium hydroxide catalysis (Ru(OH)x/Al2O3),8

and dirhodium caprolactamate.9 Here, we reported that
dehydrogenation of 1,2,3,4-tetrahydroquinoline, 1,2,3,4-tetrahydro-
isoquinoline, and 1,2,3,4-tetrahydrocarbazole proceeded using Pd/
C–ethylene system (method A). Furthermore, we have revealed that
only activated carbon promotes this reaction in the presence of oxy-
gen (method B) (Scheme 1). As for oxidative conversion of 1,2,3,4-tet-
rahydroquinoline (1) to quinoline (7), Pratt and McGovern reported
the method using 8 equiv of MnO2 in benzene at 81 �C to give 7 in
79% yield.10 Concerning oxidative conversion of the compound 5,
Wolthuis reported the method using 50 wt % of 5% Pd/C in mesitylene
at reflux temperature (bp 162–164 �C) to give 11 in 72% yield.11

Pd/C–ethylene system (method A): When 1,2,3,4-tetrahydro-
quinolines (1, 2, and 3), 1,2,3,4-tetrahydroisoquinoline (4), and
1,2,3,4-tetrahydrocarbazoles (5 and 6) were treated with 50 wt %
of 10% Pd/C in acetonitrile under ethylene atmosphere, the corre-
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sponding hetero aromatic compounds (7–12), that is, quinolines,
isoquinolines, and carbazoles were obtained in high yield (Table 1).

We suggested that method A included hydrogen transfer reac-
tion. To confirm this, in the Pd/C–ethylene system, we actually de-
tected the generation of ethane by GC analysis (Hewlett-Packard
5890 series II, Porapak R column: 40 �C: retention time (tR) of eth-
ylene, 2.3 min; tR of ethane, 3.3 min) (Scheme 2). Excess amount of
ethylene was also observed.

It should be mentioned that in the presence of ethylene, the
product was only heteroaromatic compound, whereas, in the ab-
sence of ethylene, the reaction gave some by-products. These re-
sults will be consistent with the above results, that is, ethylene is
smoothly hydrogenated to ethane, therefore, we judge that method
A involves hydrogenation transfer reaction.

Activated carbon–O2 system (method B): We found that the con-
version of 1,2,3,4-tetrahydroquinolines (1, 2, and 3), 1,2,3,4-tetra-
Scheme 1. Dehydrogenation of nitrogen-containing 1,2,3,4-tetrahydroaromatic
compounds using Pd/C–ethylene system (method A) or activated carbon–O2 system
(method B).

http://dx.doi.org/10.1016/j.tetlet.2010.06.118
mailto:mhayashi@kobe-u.ac.jp
http://dx.doi.org/10.1016/j.tetlet.2010.06.118
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Table 1
Oxidation of 1,2,3,4-tetrahydroquinolines (1, 2, and 3), 1,2,3,4-tetrahydroisoquinoline
(4), and 1,2,3,4-tetrahydrocarbazols (5 and 6) using Pd/C–ethylene system (method A)
and activated carbon–O2 system (method B).

Entry Substrate Product Yielda (%)

Method Ab Method Bc

1 N
H

1

N

7

75 86

2 N
H

Me

2
N

Me

8

40 86

3 N
H

MeO

3
N

MeO

9

39 87

4 NH

4

NH

10
50 75d

5 N
H
5

N
H
11

92e 77

6
N
H

Cl

6

N
H

Cl

12

69e 53e

a Isolated yield by silica gel column chromatography unless otherwise noted.
b Method A: Pd/C–ethylene, in CH3CN, 50 wt % of 10% Pd/C, 100 �C, 96 h.
c Method B: activated carbon, in xylene, 100 wt % activated carbon, 120 �C, 24 h.
d 96 h.
e Isolated yield by recrystallization.

Scheme 2. Detection of the generation of ethane using Pd/C–ethylene system.
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hydroisoquinoline (4), and 1,2,3,4-tetrahydrocarbazoles (5 and 6)
to the corresponding heteroaromatic compounds also proceeded
by the aid of only activated carbon under the oxygen atmosphere.
The results are summarized in Table 1. As for the role of activated
carbon as a promoter, after examining the effects on reactivity in
the oxidative aromatization, we found that the essential role of
activated carbon in this oxidation system is concerned not only
with specific surface area, pore volume, mean pore diameter and
surface oxygen groups evolving as CO2 at 900 �C but also with sur-
face oxygen groups evolving as CO during heating at 900 �C, such
as carbonyl groups on the surface of activated carbon.

This reaction would involve dehydration (not dehydrogenation)
via radical species. It should be noted that in the absence of acti-
vated carbon the reaction of tetrahydroquinoline 1 did not take
place even under O2 atmosphere at 120 �C for 24 h.
In summary, dehydrogenation of substituted 1,2,3,4-tetrahy-
droquinoline (1, 2, and 3), 1,2,3,4-tetrahydroisoquinoline (4), and
1,2,3,4-tetrahydrocarbazoles (5 and 6) proceeded using Pd/C–eth-
ylene system (method A) or activated carbon–O2 system (method
B) to give the corresponding heteroaromatic compounds. When
we compared method A with method B, for the oxidation of
1,2,3,4-tetrahydroquinolines (1, 2, and 3) and 1,2,3,4-tetrahydro-
isoquinoline (4), method B was found to be superior in the point
of reactivity. On the other hand, for 1,2,3,4-tetrahydrocarbazoles
(5 and 6), method A afforded higher yield compared with method
B.12–16
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