
JOURNAL OF CATALYSIS 107, 240-243 (1987) 

NOTES 

lndole Formation from MEthylaniline over a 
Poly(platinum phthalocyanine) Catalyst 

1. IN’~KODUCTION 

The syntheses, structures, and properties 
of poly(metal phthalocyanines) (Poly-M- 
PCS) which possess a further expanded con- 
jugated planar ring of metal phthalocyanine 
have been studied in recent years (I). 
Especially, Poly-M-PCS as catalysts are ex- 
pected to possess specific activities simi- 
lar to those of metal phthalocyanines. 
However, few studies (2) have been carried 
out except for those on the oxidation in a 
liquid phase (3-5). 

In the previous paper (6), dehydro- 
cyclization of o-ethylaniline in a vapor 
phase was carried out over a poly(platinum 
phthalocyanine) catalyst (Poly-Pt-Pc) in a 
stream of hydrogen, and indole was ob- 
tained. The reaction mechanism and the 
role of hydrogen gas in the reaction were 
discussed in the paper. However, only a 
few studies have succeeded in the forma- 
tion of heterocyclic compounds by the 
intramolecular dehydrocyclization of com- 
pounds containing a nitrogen atom in a 
chain such as diethylamine, N-ethylaniline, 
and diphenylamine (7-10). 

In this work, the formation of indole from 
N-ethylaniline was tried over Poly-Pt-Pc, 
and indole was obtained in good yield, 
although the yield of aniline by hydroge- 
nolysis exceeded that of indole. Thus the 
experiments were carried out under various 
conditions. 

2. EXPERIMENTAL 

Poly-Pt-PC used as a catalyst was pre- 
pared according to the method of Epstein et 
al. (II, 12). Pyromellitonitrile (15.0 g) and 
PtClz (11.2 g) were mixed, and urea (1 .O g) 
was added and ground sufficiently. Then, 
the mixture was heated at 310°C in a stream 

of nitrogen for 18 hr and heated at 360°C for 
6 hr. In order to remove the monomer and 
oligomer, the resulting solid was ground 
and extracted with boiling pyridine using a 
Soxhlet extractor until the greenish color of 
the extract faded out. The residue was 
washed with acetone to remove the pyri- 
dine and then dried at 350°C for 3 hr in 
VLZCUO. Other Poly-M-PCS (M is a central 
metal) were prepared from pyromellito- 
nitrile and corresponding anhydrous metal 
chlorides in a preparation similar to that of 
Poly-Pt-PC. 

This Poly-Pt-Pc was a purplish black 
amorphous solid and was not dissolved in 
any organic solvents (I, 12). The molecular 
weight of the product may be large because 
of the removal of the monomer and oligo- 
mer with boiling pyridine. IR spectra were 
measured with a Hitachi 260-50 IR spectro- 
photometer using a KBr disk. The absorp- 
tion spectra observed at about 1615, 1510, 
1390, 1310, II 15, 910, and 755 cm-’ were 
broad. The data of elementary analysis (C, 
41.6; H, 0.53; N, 19.4) were close to the 
values of polymer (M(ChH2(CN)&),. These 
two results also indicate that this catalyst 
was polymer (12). Differential thermal anal- 
ysis (DTA) of Poly-Pt-PC was measured 
under hydrogen gas using a DTA-20B 
(Shimadzu Co.). The result showed that 
neither decomposition nor variation of the 
catalyst occurred at less than 550°C. 

Commercially available Pt-black and Pt- 
supported catalysts were used for the com- 
parison. N-Ethylaniline was distilled under 
reduced pressure for purification before 
use. 

The reaction was carried out with an 
ordinary fixed bed flow reactor under atmo- 
spheric pressure in a stream of hydrogen or 
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nitrogen as carrier gas. The catalyst was 
pretreated for 30 min in the same carrier gas 
and at the same temperature just before the 
initiation of the reaction. The raw material 
was fed into a reaction tube with a micro- 
feeder, and the products were trapped in a 
flask cooled with ice water. 

The identification of products was car- 
ried out using a GC-MS (GCMS-QPIOOO, 
Shimadzu Co.). The products were quanti- 
tatively analyzed by a gas chromatograph 
with a TCD on the column packed with 
Silicone DC-550 at 200°C in helium carrier 
gas. These determinations were carried out 
by an internal standard method with 
anisole. 

3. RESULTS AND DISCUSSION 

The catalytic activities of five Poly-M- 
PCS containing the group VIII elements as 
central metals, Pt-black, and Pt-supported 
catalysts are listed in Table 1. Here, the 
amounts of catalysts used in this experi- 
ment were as follows: each Poly-M-PC was 
equal in weight, the weight of Pt-black was 
equal to that of the Pt contained in Poly-Pt- 
PC, the weight of each Pt-supported cata- 
lyst was equal to that used for the reaction 
of o-ethylaniline (6), and the yield of indole 
over Pt-supported catalysts was compa- 

TABLE I 

Catalytic Activities of Various Catalysts” 

Catalyst” Contact mle 

tg cat hi-lmoli 

Yirld ImoW) 
lndole 

Aniline ridto 

Anilme Indole 

Poly-CO-PC 
Poly-Ni-Pc 
Poly-Rh-Pc 

Poly-Pd.Pc 
Poly-P-PC 

&black 
Pt.A1201 
Pt-carbon 

pt.SiO2 
I’-TiOz 

5.765 19.34 2.2X 0.1 IX 
5.765 24.x0 2.29 0.092 
5.765 I7 OS I .hY o.oYY 
5.765 12.69 0.75 0.059 
5.765 33.M) lO.Ytl 0.32s 
2.3oh KY4 0.53 0.562 
l.72Y 35.44 3.03 0.0X6 
I.729 17.02 1.2X 0.07? 
I .72Y 6.02 2.03 0.33x 
I.729 IO.69 0.29 0.027 

* Reaction temperature, 500T: partial pre%rure of MW material. o.nK 
atm: carrier gas. H? 

’ Each I’-supported catalyst contain\ 5% of Pt by weight. 
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FIG. I. Effect of reaction temperature. Yields of 

aniline (0) and indole (0) in Hz, and yields of aniline 

(8) and indole (8) in Nz. Catalyst, Poly-Pt-Pc: contact 

time. 5.765 g cat hrimol: partial pressure of raw 

material. 0.08 atm. 

rable to that over Poly-Pt-Pc. The result 
showed that the Poly-Pt-Pc was the best 
catalyst of the Poly-M-PCS with respect to 
the yield of indole and the formation ratio 
of indole/aniline. In the case of Pt-black and 
Pt-supported catalysts, Pt-black and Pt- 
SiOZ showed a higher indole/aniline ratio 
than Poly-Pt-Pc, but the yield of indole was 
low. 

Figure 1 shows the effect of reaction 
temperature on the yields of indole and 
aniline in hydrogen or nitrogen gas when 
Poly-Pt-Pc, with superior activity and se- 
lectivity, was used as a catalyst. The maxi- 
mum yield of each case was obtained from 
about 400 to SOO”C, and the yields de- 
creased above these temperatures. The for- 

2 4 6 8 10 
Contact time (g-cot hrlmol) 

FIG. 2. Effect of contact time. Yield of aniline (0). 

Yield of indole (0). Indoleianiline ratio (0). Catalyst, 

Poly-Pt-Pc; reaction temperature, 500°C; partial pres- 

sure of raw material, 0.08 atm: carrier gas. Hz. 
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mation ratio of indole/aniline in hydrogen 
gas was a maximum at 500°C. 

The effect of contact time on the reaction 
over Poly-Pt-Pc in hydrogen gas is shown in 
Fig. 2. In the case of no catalyst, aniline 
was scarcely formed and indole was not 
formed. The result showed that the catalyst 
was necessary for the progress of the reac- 
tion. Since the yield of aniline or indole 
indicated the typical curves observed over 
solid catalysts by a flow method, and the 
indole/aniline ratio was independent of con- 
tact time, the formation of indole and 
aniline appeared to occur without passing 
through stable free intermediates. 

The time dependence of the yields over 
Poly-Pt-Pc is shown on the left side of Fig. 
3. The yields were found to decrease with 
the passage of time on stream. Especially, 
though the decrease in yields was relatively 
small at 5OO”C, in a stream of hydrogen; it 
was larger in a stream of nitrogen. 

The right side of Fig. 3 shows the restora- 
tion of catalytic activity due to feeding only 
hydrogen gas on the catalyst without reac- 
tion for an hour interval after 3 hr of 
reaction at 500°C in hydrogen gas. The 
initial yields of this reaction after the hydro- 
gen treatment exceeded those just before 
the treatment. Especially, in the case of 
indole, the initial yield after the treatment 

1 2 3 4 5 6 7 
Time on stream (hr ) 

1 - 
FIG. 3. Time dependence of the reaction and resto- 

ration of activity by hydrogen treatment. Yields of 
aniline (0) and indole (0) at XWC, and yields of 
aniline (0) and indole (a) at 550°C in HZ. Yields of 
aniline (0) and indole (0) at 500°C in N2. Catalyst, 
Poly-Pt-Pc; contact time, 5.765 g cat hr/mol; partial 
pressure of raw material, 0.08 atm. 

was restored to the level at the beginning of 
the reaction. 

These facts probably suggest that hydro- 
gen prevents the deposition of some chemi- 
cal species which are difficult to remove 
from the catalyst during the reaction, such 
as the high-molecular-weight compounds 
formed by the reactions among more than 
two molecules, or the substances strongly 
adsorbed on the catalyst, and hydrogen 
makes active sites clean. Further, since the 
activity of the catalyst in hydrogen gas was 
much higher than that in nitrogen gas, as 
shown in Figs. 1 and 3, it is also suggested 
that the atomic hydrogen, which is made by 
the dissociation of hydrogen molecule on 
the catalyst, eliminates a hydrogen atom 
from the reactant and also assists in de- 
sorbing the products from the catalyst (13). 

Finally, the products identified by 
GC-MS showed that benzene, benzonitrile, 
and ethylideneaniline were formed in addi- 
tion to indole and aniline. Thus, aniline and 
benzene are probably formed by hydroge- 
nolysis of N-ethylaniline, indole is formed 
by dehydrocyclization, and ethylidene- 
aniline is formed by dehydrogenation of 
N-ethylaniline. Further, benzonitrile ap- 
pears to be formed by demethanation of 
ethylideneaniline and rearrangement (14). 
But ethylideneaniline may not be an inter- 
mediate to indole, since Fig. 2 shows that 
the formation of indole seems to proceed 
without passing through stable interme- 
diates. 

In order to explain the reaction path to 
indole, it may be suitable to propose that an 
N-vinylaniline-form adsorbate is an inter- 
mediate state (15-17). This enamine-form 
adsorbate is immediately converted to 
ethylideneaniline in a free state. However, 
it is considered stable in the adsorbed state 
on the catalyst and converted to indole, and 
it seems that the electron transfer between 
a nitrogen atom in the adsorbate and Pt*+ of 
Poly-Pt-Pc by the coordination stabilizes 
the enamine form and accelerates the cycli- 
zation (13). The adsorbate appears not to be 
formed via ethylideneaniline, but formed 
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i -Hz&-Ethylan!linb2 

N-Vinylaniline Ethylideneaniline 
(Enamine form) (iminc form) 

Indoline Benzoisonitrile 

CN 

lndole Benzonitrile 

SCHEME 1. Reaction path from N-ethylaniline. Spe- 
cies in parentheses, which were not detected by 
analysis, are presumed compounds and adsorbates. 
The paths represented by dashed line are minor ones. 

directly from N-ethylaniline. Indolines may 
be intermediates but were not detected by 
analysis. They are considered unstable un- 
der this experimental condition and imme- 
diately converted to indole. 

Based on the above-mentioned matter, 
the reaction path is illustrated in Scheme 1. 
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