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CATALYTIC SYNTHESIS OF INDOLE
FROM TETRAHYDROINDOLE ON Pd-
AND Cr-CONTAINING CATALYSTS

M. A. Ryashentseva

In the presence of Pd- and Cr-containing catalysts applied to y-Al,O; or sibunite 4,5,6,7-tetra-
hydroindole is converted into indole. Indole was obtained in quantitative yield on sulfided 0.15-0.5%
Pd/y»AL,0; catalyst at 360°C and on catalysts containing 5% Cr;0;, 5% La,O; (or 5% polirit), 1%
K>0/89% y-Al,0; at 475-480°C.

Keywords: indole, applied palladium-containing and chromium and lanthanum oxide-, polyrit-, and
potassium-containing catalysts, 4,5,6,7-tetrahydroindole, toluene, dehydrogenation, carriers: y-Al,Os,
sibunite.

The conversion was studied previously of 1-vinyl-4,5,6,7-tetrahydroindole and mixtures of it with
4,5,6,7-tetrahydroindole (1) in benzene or toluene on applied Pd- and Cr-containing catalysts. On 1 and 1.5%
Pd/y-Al,O5 catalysts treated with hydrogen sulfide 1-ethyltetrahydroindole, 2-ethylindole, and indole 2 were
formed, the yield of indole being 7% (300°C, volume rate of supply Vi = 0.9 h', duration of experiment
7 =20 min). On Cr oxide catalyst (500-525°C, ¥ = 0.3-1.5 h™', © = 30 min) mainly indole 2 is formed in 80%
yield. With the aim of developing a method for obtaining pure indole we studied the dehydrogenation of
tetrahydroindole 1. Compound 1 is available and is obtained by the Trofimov reaction [2, 3] from cyclohexanone
oxime and acetylene.

In the present work the conversion of tetrahydroindole 1 on Pd- and Cr-containing catalysts applied to a
carrier has been studied and optimal conditions were found for the catalytic synthesis of indole 2 by the
dehydrogenation of compound 1 in toluene on processed sulfided catalysts containing 0.15, 0.25, and 0.5% Pd
on y-Al,O;, and an industrial sample of 0.15% Pd on sibunite (carbon carrier). The catalyst consisted of 0.15%
Pd, 99.85% y-Al,O; treated with H,S, processed for 8 h periodically (experiment, heating in a stream of
hydrogen on various days), while not reducing its high activity. The analogous catalyst on sibunite possesses the
same activity, but is not as stable.
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TABLE 1. Conversion in Toluene of Tetrahydroindole on Pd- and
Cr-Containing Catalysts

Yield Composition
Catalyst composition, Toluene Experimental conditions* | of liquid of catalyzate,
o content, o
wt.% Wi.% catalyzate, wt.%
) T,°C |[Vwh'|t,min| Wwt% 1 2
0.15% Pd/y-AlLOs, 84.4 300 0.5 30 100 14.2 85.8
treated with H,S 84.4 355 0.5 20 100 1.7 98.3
86.7 360 0.5 38 98 100
86.8 360 0.47 39 100 100
82.8 360 0.6 30 97.9 100
85.0 360 0.5 30 99.1 100
0.25% Pd/iy-AlLOs, 85.5 350 0.5 30 97.5 100
treated with H,S 85.5 370 0.5 20 100 100
82.3 300 0.6 30 100 100
350 0.6 25 100 100
79.2 375 0.7 30 100 100
400 0.5 25 100 100
0.5% Pd/y-ALOs, 79.5 370 1.0 30 97.5 100
treated with H,S 400 1.4 30 87.2 100
0.15% Pd/sibunite 84.4 300 0.5 30 100 14.2 85.8
84.4 355 0.5 20 100 1.66 98.3
86.7 360 0.5 38 98.0 100
86.8 360 0.47 39 100 100
82.8 360 0.6 30 97.9 100
85.0 360 0.5 30 99.1 100
5% Cr,03, 5% La,0s, 83.0 474 0.3 45 90.0 100
1% K50, 89% y-ALO; 83.0 473 0.3 35 89.4 trace 100
83.0 477 0.3 47 91.7 trace 100
83.2 480 0.3 49 94.0
84.0 480 0.25 37 91.0 1.1 98.9
5% Cr,0s3, 79.6 475 0.36 26 95.9 100
5% polirit, 83.5 476 0.3 26 89.7 2.9 97.1
1% K50, 89% y-ALO; 83.6 483 0.3 30 99.2 3.0 97.0

* Hydrogen supply rate 2.6 l/h.

It was shown that the activity of the catalysts was reduced at >380°C, on heating to 600°C the catalyst
activity was reduced by half. At a catalyst composition of 0.25% Pd, 99.75% vy-Al,O;, H,S (350°C,
V'=0.5-0.6 h'l) and Cr-oxide catalyst of composition 5% Cr,0;, 5% La,O; (or 5% Polirit: 27% CeO,, 1.3%
La,0s, 0.75% Nd,0s, 0.25% Pr,05), 1% K,0, 89% y-AlLOs, obtained as in [6], (475-480°C, V = 0.3-0.4 h™)
tetrahydroindole 1 (14% solution in toluene) is converted into indole 2 in ~100% yield.

Efficient Pd- and Cr-containing catalysts on carriers and conditions have been found for the synthesis of
indole 2 by the dehydrogenation of tetrahydroindole 1.

EXPERIMENTAL

Tetrahydroindole, given by B. A. Trofimov and his coworkers, synthesized by the method of [4], was
used in the work. The author is most grateful for this. The sample of 0.15% Pd/sibunite catalyst (in the form of
pellets of diameter 2-3 mm, poured weight 0.6 g-em”, specific surface measured by nitrogen absorption
680 m*g", and by phenol absorption 230 m*g™") was obtained from V. A. Semikolenov [5], for which the author
is grateful.
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The conversion of tetrahydroindole 1 in toluene was carried out in a flow-through installation at
atmospheric pressure, 300-480°C, V,, = 0.3-1.4 h™', and duration 0.5-0.8 h. Palladium on aluminum catalysts
containing 0.15, 0.25, and 0.5% Pd on an industrial sample of y-Al,O; (specific surface 200-220 m*.g™", particle
size 2 x 3 mm) as carrier. Catalysts were prepared by soaking. Reduction was effected with hydrogen at 350°C,
sulfidation with hydrogen sulfide at 120°C. The preparation of Cr oxide catalyst of composition 5% Cr,03,
5% L8.203, (or 5% Polirit: 27% CCOZ, 1.3% L8.203, 0.75% Nd203, 0.25% Pr203), 1% K20, 89% 'Y-A1203 was
described in [6]. The reaction products were analyzed on a LKhM 8MD gas-liquid chromatograph
(catharometer, temperature programing in the range 110-250°C, rate 12 deg/min), column 2000 X 3 mm,
3% OV 225 on chromaton N-Super (0.125-0.161 mm) and 1500 x 3 mm, 2% OV 225 on chromosorb G
(0.147-0.175 mm) at 190°C, carrier gas was helium.

Indole 2 was isolated from the catalyzate by vacuum distillation. Bp 130°C (35 mm Hg) and mp 52.5°C
correspond to the data of [7]. The results obtained are given in Table 1.

A sample of indole 2 was sent for testing in the All-Union Research Institute for Synthetic and Natural
Perfume Substances and obtained a high assessment.

REFERENCES

1. M. A. Ryashentseva, Yu. B. Vol'kenshtein, V. M. Polosin, A. I. Mikhaleva, and R. N. Nesterenko, /zv.
Akad. Nauk SSSR, Ser. Khim., 1417 (1991).

2. B. A. Trofimov and A. I, Mikhaleva, N-Vinylpyrroles [in Russian], Nauka, Novosibirsk (1984), 260 pp.

3. B. A. Trofimov, Usp. Khim., 58, 1703 (1989).

4. B. A. Trofimov and A. 1. Mikhaleva, Khim. Geterotsikl. Soedin., 1299 (1980). [Chem. Heterocycl.
Comp., 16, 979 (1980)].

5. V. A. Semikolenov, Usp. Khim., 61, 320 (1992).

6. M. A. Ryashentseva, E. P. Belanova, and Kh. M. Minachev, Izv. Akad. Nauk SSSR, Ser. Khim., 2756
(1978).

7. Beilstein, 20, 304.

1020



	Chemistry of Heterocyclic Compounds, Vol. 42, No. 8, 2006
	CATALYTIC SYNTHESIS OF INDOLE
	FROM TETRAHYDROINDOLE ON Pd-
	AND Cr-CONTAINING CATALYSTS
	M. A. Ryashentseva




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


