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In previous communications [1-8],it was shown that at 200° the 5,5-disubstituted cyclopentadienes
undergo irreversible isomerization to cyclopentadienes with a free methylene group. A reversible skeletal
isomerization (change in the type of substitution) is realized in the latter dienes at a higher temperature
(300-400°), An intramolecular 1,2(1,5)-shift of the alkyl group from the 5 position of the cyclopentadiene
ring was regarded as being the mechanism of both transformations,

In the present paper,we studied the transformation of cyclopentadiene (I), of an equilibrium mixture
of the 1- (1) and 2-methylcyclopentadienes (III}, and also of the 1,5,5- (IV), 1,2,3- (V) and 1,2,4-trimethyl-
cyclopentadienes (VI) in the presence of Al,O,,

In the absence of catalysts, the diene (I) molecule is thermally stable up to 500°, The catalytic action
of AL,Oz on (I) was studied in the range 330-500°, The irreversible conversion of (I) to cyclopentene (VII)
occurs here, The degree of the conversion (I) ~ (VII) was determined by the GLC method (Table 1) and UV
spectroscopy; within the limits of experimental error (+5%), the UV spectroscopy data coincided with the
data given in Table 1,

As can be seen from Table 1, at 350° and higher the reaction products contain (VII) in amounts that
monotonically increase with increase in the temperature up to 62%, At a contact time of ~8 sec the indi-
cated degree of conversion is maximum; the formation of secondary reaction products failed to occur, Ina
preparative experiment (500°), where the catalyzate was treated with maleic anhydride and then subjected to
molecular clistillation, we isolated (VII) in 55% yield, which proved to be identical with an authentic sample,

The catalytic transformations of an equilibrium mixture of methylcyclopentadienes (II) and (II) [9, 10]
were studied under analogous conditions (Table 2), As follows from Table 2, at temperatures above 380°,
in the presence of Al,O,, the mixture of dienes (II) + (1) is converted to a mixture of methylcyclopentenes
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In the given case the transformation proceeds at a much faster rate, and at =490° and a contact time of
~8 sec, it goes almost to completion (degree of conversion =97%). In the preparative experiment (480°, as
the result of removing small amounts of unreacted dienes () and () from the condensate by treatment with
maleic anhydride, we isolated a mixture of methylcyclopentenes in 78% yield, The structure of the main
component in the mixture (85%) was established by comparing the data of the GLC and the Raman spectra of
the sample with those of an authentic of 1-methylcyclopentene (VIII), The peak on the chromatograms with
a shorter retention time (15%) was assigned to the 3- (IX) and 4-methylcyclopentenes X) in view of the pres-
ence of a frequency at 1613 cm™! in the Raman spectrum, which is characteristic for an unsubstituted double
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TABLE 1, Compositionof Trans- bond in a cyclopentene nucleus, The abgence of noticeable amounts

formation Products of Cyclo-~ of methyleyclopentane in the given sample is corroborated by the
pentadiene in the Presence of data of the IR and Raman spectra (absence of lines and bands in the
Al,O, 1655-1660 and 8065-3085 cm~! regions),
, O L 2 It should be mentioned that, within the limits of experimental
T, e 8 ER AT g 88 error, the ratio of olefins (VII) and (IX) + (X) remains constant over
A Eloge EEGEe the entire studied temperature interval, with the conversion ranging

from 0 to 100%, The latter can testify to the absence of isomeric
ggg 18? g ﬁg g §§ transformations of methylcyclopentenes (VIII), (IX), and (X) under the
ggg 2}]% ;g gg g?/ gg experimental conditions,
2(1)(5) gg zi 500 | 36 | 62 The transformations of the three skeletal isomers of trimethyl-
cyclopentadiene, namely dienes (IV) [6], (V)* and (VI),* were studied
under analogous conditions, in the range 200-450°, The results of

the GLC analysis of the reaction products are given in Tables 3 and

TABLE 2, Composition of Trans-
formation Products of Equilib-

4,
rium Mixture of Methyleyclo-
pentadienes in Presence of From the presented data it can be seen that the trimethylcyclo-
Al,O4 pentadienes (IV)— (VI) are converted to a mixture of trimethylcyclo-
o 7 pentenes under the experimental conditions
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The conversion of dienes (V) and (VI) to olefins proceeds at
TABLE 3. Composition of approximately the same speed, in this connection noticeably exceed-
Transformation Products of 1, ing the rate of the analogous transformation of the methylcyclopenta-
5,5-Trimethylcyclopentadiene dienes: even at 300° the reaction products contain ~20% of olefins;
(V) in the Presence of Al,O under the given conditions the transformation is practically completed
T, — . even at 450°, The conversion of diene (V) to a mixture of olefins
~ — g - 1
= —?5 o =1 _§~§§ proceeds at an even faster rate,
T *C| g og«dT,°c2$ 09y
8 EE\ Q @ g S 2 In the preparative experiments a mixture of the formed olefins
a_leo2 A leo8 can always be isolated in a yield of 84-88%. It is characteristic that
' at 400° and higher, any of the starting trimethylcyclopentadienes leads
200 12(5) g %gg gg 7 to the same mixture of olefins. The identity of the formed mixtures
230 | 86 | 14 | 315 | 12 | 88 of olefins in a wide temperature range indicates that a mutual iso-
%ég gg %‘2 ggg g gg merization of the trimethylcyclopentenes is improbable under the ex-
270 | 50 | 50 {375 11 99 perimental conditions, From this it is possible to assume that in the
280 38 62 400 0 | 100

presence of Al,O, the formation of the olefins is preceded by the es-:
tablishment of a thermodynamic equilibrium between the 1,2,3- and
1,2,4-trimethylcyclopentadienes as the result of the reversible skeletal
isomerization (V)==(VI) [1-3]. In the case of diene (IV), the irreversible skeletal isomerization {V)— (V)
[6] is apparently realized prior to establishing the mentioned equilibrium, From a comparison of the tem-
peratures at which the mentioned transformations proceed in the presence of Al,0, and under thermal iso-
merization conditions [3, 6], it is possible to assume that Al,O, catalyzes the migration of alkyl groups both
in the 5,5-disubstituted derivatives and in the thermodynamically stable substituted cyclopentadienes,

The mixture of substances that is formed as the result of the catalytic transformations of the trimethyl-
cyclopentadienes contains, when based on the GLC data, six components,f Based on the data of the UV and

*Equilibrium mixtures of the isomers that differ in the position of the intracyclic double bonds, in which the
given diene predominates [3].
tCorresponds to the number of possible isomers of the 1,2,3- and 1,2,4-substituted trimethylcyclopentenes,
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TABLE 4, Composition of Transforma- vibrational spectra, it was unequivocally established that

tion Products of 1,2,3-Trimethylcyclo- compounds of the aromatic series (in particular, xylenes)
pentadiene (V) and 1,2,4-Trimethylcyclo- are absent in this mixture, while the Raman spectra of the
pentadiene (VI) in the Presence of Al,O, mixture are also devoid of the lines and bands that are char-
isti t . At the same time
Starting diene (V) | Starting diene (VD acteristic for methyle.nef:ycl'open.anes ' ,
imethvls trimethyl- a set of the characteristic vibrations of the Vo_c ina cyclo-
T., ¢ |diene cyclope}lll- diene | 4 lopen- pentene ring (1630 cm™! for the monosubstituted, and 1648
w, % tenes, % (vD, % tenes, % cm™! for the disubstituted) is present in the vibrational
spectra of the mixture, The ratio of the intensities of the
280 e o 100 o mentioned lines in the IR and Raman spectra shows that the
315 58 42 67 33 mixture contains comparatively small amounts of the iso-
gzg ég (732 gg 22 mers with two and one methyl groups attached to the double
350 21 79 22 Zi% bond ¢he latter predominate), while the isomers with an un-
32? 13 33 %5 85 substituted double bond are practically absent,
400 5 95 12 88 .
425 4 96 8 92 As a result, in the presence of Al,O, the irreversible
450 2 98 4 96

conversion of cyclopentadienes to cyclopentenes occurs at

300-500°, The rate of the given conversion increases sub-
stantially with increase in the number of methyl groups. It is characteristic that aromatic compounds were
not detected in the reaction products in all of the investigated cases, From this, it is possible to assume
that under the experimental conditions the redistribution of hydrogen occurs between the cyclopentadiene
molecule and the high-molecular condensation products,

The data discussed in the present communication makes it possible to state that the migration of the
alkyl groups in the 5,5~disubstituted and thermodynamically stable cyclopentadienes is catalyzed by Al,O,.

EXPERIMENTAL METHOD

The experiments on the catalytic isomerization were run by passing the cyclopentadienes through a
200 x 10 mm quartz tube (heated section), which was filled with Al,O4 granules (2-3 mm in size), The air
was displaced from the system in advance with nitrogen, while the vapors were condensed in a trap cooled
to —70°, We began to take samples not sooner than 15 min after the start of passage,

Analysis of the mixture by UV spectroscopy was based on determining the extinction coefficient at
240 nm for (1), and at 247 nm for (II) + (II) (in heptane)., In the calculations we took € (240) = 3260 for (1),
and €(247) == 3320 for () + (IlI) (average of three parallel determinations), The GLC analysis was run on
a "Khrom-2" chromatograph at 50° and a nitrogen flow rate of 120 ml/min, We used a 4 x 6000 mm column
that was fillad with triethylene glycol butyrate (5%) deposited on Chromosorb G (30-60 mesh), The chro-
matograms of the products of the catalytic transformations of dienes (lII), (V), and (VI) were obtained under
the previously described [3] conditions,

The IE. spectra were obtained on a UR-10 spectrometer, the Raman spectra were obtained on an ISP-

51 spectrograph by the photographic method, and the UV spectra were obtained on an SF-4A spectrophoto-
meter,

Transformation of Cyclopentadiene (I) in the Presence of Al,O,, a) At a given temperature (+2°, 0.5
ml of (I) was added to the contact tube in 5 min, The mixtures of the reaction products were analyzed by
GLC and UV spectroscopy; the results of the measurements are given in Table 1,

b) Under the indicated conditions, 10 g of cyclopentadiene (I) was passed through the contact tube in
110 min at 500°, The condensate was treated at 0-10° with 6 g of maleic anhydride, As the result of molec~
ular distillation (0-3°, 25 mm) we isolated 5.65 g (55%) of (VII), bp 43.5° (753 mm), nﬁ) 1.4312, the congtants
and IR spectrum of which were identical with the values characteristic for the authentic standard,*

Transformation of Equilibrium Mixture of Methylcyclopentadienes in Presence of Al,O,, a) Samples
of the mixed dienes (II) + (II) [6] (0.5 ml) were passed through the contact tube under the above described
conditions, The degree of conversion of dienes (II) + (III) to a mixture of methylcyclopentenes (VIII), (IX),
-and (X) as a function of temperature is given in Table 2,

*The standard for comparison was obtained in 72% yield by the dehydration of commercial cyclopentanol
(cp) with phthalic anhydride under the conditions described in [11].
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b) Under the same conditions, 6 g of the equilibrium mixture of methylcyclopentadienes was passed
through the contact tube in 65 min at 480°, The condensate was treated with 2 g of maleic anhydride at 0-
10°, Molecular distillation of the reaction mixture (0-3°, 15 mm) gave 4.7 g (78%) of mixed methylcyclo-
pentenes, bp 74-74,5° (742 mm), n%’ 1.4295, a maximum is absent in the UV spectrum, Based on the GLC
data, the mixture contained 85% of 1-methyleyclopentene (VIII), and 15% of the 3~ (IX) and 4-methylcyclo-
pentenes (X), The principal component was identified by comparison of the Raman spectra of the mixture
and authentic methylcyclopentene (VIIT),* The presence of a band at 1613 cm™ in the Raman spectrum cor-
roborates the presence of (IX) and (X) in the mixture, Based on the matching data of GLC, and IR, Raman
and UV spectroscopy, the discussed mixture is not contaminated with benzene,

Transformation of 1,5,5- V), 1,2,3- (V) and 1,2,4-Trimethylcyclopentadiene (VI) in Presence of Al,0,,
a) Under the above described conditions, 0.5 ml samples of diene (IV) [6], (V) [3] or (VI) [3] were passed
through the contact tube, The GLC analysis results for the mixtures of reaction products are summarized
in Tables 3 and 4,

b) Diene (IV) (5 g) was passed through the contact tube in 50 min at 400°, Molecular distillation of
the condensate (10-15°, 3 mm) gave 4.4 g (88%) of mixed trimethylcyclopentenes, bp 137-141° (751 mm);
%’ 1,4357, The mixture fails to show an absorption maximum in the UV spectrum, Raman spectrum (A,
cm™): 1359 (5), 1451 (10br), 1629 (1), 1649 (2), 1683 (2). Infrared spectrum (v, cm ~1). 1611 (sh), 1629 (m),
1647 (m), and 3033 (br.m),

c) Diene (V) (7 g) was passed through the contact tube in 70 min at 450°, Distillation of the condensate
gave 6,01 g (86%) of mixed hydrocarbons, the constants (bp 137.5-141° (758 mm), n?? 1,4356), chromatogram,
and spectral characteristics of which agreed well with the above given data for the mixture of hydrocarbons
that was obtained under the same conditions from diene ([V),

d) Under the same conditions, from 5 g of diene (VI) at 450° was obtained 4,21 g (84%) of a mixture of
trimethylcyclopentenes, bp 137- 141° (748 mm), n2° 1.4357, which was identical with the above described
samples,

CONCLUSIONS

1. On the examples of cyclopentadiene, an equilibrium mixture of the 1- and 2-methyleyclopentadienes,
and also the 1,5,5-, 1,2,3-, and 1,2,4-trimethylcyclopentadienes, it was shown that when passed over Al,0,
at 300-500° the substituted cyclopentadienes undergo irreversible conversion to the corresponding cyclo-
pentenes, The reaction is not accompanied by the formation of aromatic compounds,

’ 2. The transformation of each of the trlmethylcyclopentadlenes in the presence of Al,O, leads to an
identical mixture of trimethylcyclopentenes.
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*Hydrocarbon (VIII) was obtained from 1-methyl-1-cyclopentanol under the conditions used fo synthesize
(VII), bp 76~76.5° (164 mm); n%’ 1,4298,
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