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50 ml. of 0.4 N potassium hydroxide (809, ethanol) and the
solution was refluxed for 4 hours. The cooled solution was
extracted twice with 200-ml. portions of ether and the ether
extracts washed with water, combined and dried over sodiun
sulfate. Concentration of the ether solution yielded 16 mg.
(929%,) of crystalline material which melted at 209-210°,
after recrystallization from ethanol. A mixture of this
product and authentic 11-ketorockogenin (Xa), melted at
209-210°. The infrared spectrum of the isolated Xa was
identical with that of a standard sample.

Reaction of Methyl 3«,113-Diacetoxy-12-ketocholanate
(I) with Zinc-Acetic Anhydride.—One hundred twenty-two
mg. of I was refluxed for 20 hours in 75 ml. of acetic anhy-
dride containing 12 g. zinc dust. On cooling, the mixture
was added to cold aqueous methanolic sodium hydroxide
solution and filtered after 1 hour. The filtrate was ex-
tracted three times with 200-ml. portions of etlier and the
ether solution was washed with dilute alkali, water and
dried over sodium sulfate. Concentration of the solution
afforded an oil which was chromatographed on 20 g. of silica
gel. Two substances were eluted in petroleum ether—ether
(4:1). The first material, 35 mg. (329%,), was shown by
comparison of its infrared spectrum with authentic II to be
methyl 3a-acetoxy-12-ketocholanate (II). One recrystalli-
zation from methanol gave material, m.p. 150-152°, which
did not depress the melting point of a known sample of II.
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The second crystalline substance, 51 mg., had an infrared
spectrum identical with I.

Reaction of Methyl 3a,118-Diacetoxy-12-ketocholanate
(I) with Zinc-Toluene.—Seventy-five ml. of toluene and
132 mg. of I were refluxed for 20 hours with 12 g. of zinc
dust. After cooling, the reaction mixture was shaken with
100 ml. of 509, glacial acetic acid and then filtered from the
zine. The filtrate was processed as in the previous experi-
ment and afforded 130 mg. of an oil, 100 mg. of which was
chromatographed on 15 g. of silica gel. From the fractions
washed from the column with petroleum ether—ether (17:3),
89 mg. (899%) of the starting material I was rccoverable.
After one recrystallization from methanol the substance
melted at 109-111°; admixture of the product witli authen-
tic methyl 3«,118-diacetoxy-12-ketocholanate (I) showed
no change in melting point. The infrared spectrumn of the
reaction product was indistinguishable fromn that of starting
material. No other material was identified in the chromato-
gram.
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Pyrolysis of d-Limonene and of Related
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The pyrolysis of d-limouene and of a mixture consisting of a- and 3-pyronene and of 1,5-diinethyl-5-ethyl-1,3-cyclohexadi-

ene (V) over copper pellets at 450° and at atmospheric pressure was studied.

It was found that d-limonene formed 99

aromatic hydrocarbons containing as the major constituents p-cymene, 1,2,3,5-tetramethylbenzene, m-xylene and tri-

methylbenzenes.
hydrogenation formed polymethylated alkylbenzenes.

pyrolysis formed products having composition similar to that obtained from d-limonene.

posed to explain the formation of the various compounds.

Introduction

The catalytic rearrangement of terpenes and re-
lated compounds at elevated temperatures has been
a subject of extensive studies in this Laboratory.
Inasmuch as terpenes and certain bicyclic dihydro-
terpenes may undergo changes when exposed to
high temperatures in the absence of catalysts it was
deemed necessary to investigate the extent to
which these pyrolytic reactions were responsible for
the rearrangement of the terpenes studied. For
that reason the pyrolysis of pinane®®® and 6,6-di-
methylnorpinane® were investigated. It was found
that pinane rearranges at 400-300° to 3,7-dimethyl-
1,6-octadiene and to cis, cis, cis and cts, trans, cts-
1,2-dimethyl-3-isopropenylcyclopentane. Dimeth-
ylnorpinane forms similar compounds, namely, 7-
methyl-1,6-octadiene and trans-1-methyl-2-isopro-
penyleyclopentane.

(1) For previous paper of this series see ., Pines and J. Maréchal,
THIS JOURNAL, T7, 2819 (1935).

(2) This work was made possible in part throngh the financial as-
sistance of Universal Oil Products Company, Des Plaines, Illinois.

(3) Taken in part from the Doctoral Dissertation submitted to the
Department of Chemistry, Northwestern University, Fvanston, Il-
linois, January, 1954,

(4) (a) V. N. Ipatieff, W. D, Hunisman and H. Pines, TH1s JoUr-
NaL, 75, 6222 (1053); (b) H. Pines, N, E. Hoffman and V. N, Ipatieff,

tbid., 76, 4412 (1954).
(3) H. Pines and N. E. Hoffman, sbid., 76, 4417 (1954),

The non-aromatic hydrocarbons contained geminal and non-geminal alkyleyclohexanes, which on de-
The mixture of pyronenes (VII and IX) and of compound V on

A biradical mechanism is pro-

Of the terpenes only the pyrolysis of a- and 8-
pinene and of alloécimene have been studied ex-
tensively. Fuguitt and Hawkins® on the basis of a
kinetic study, concluded that several processes oc-
curred simultaneously when a-pinene was heated
at 200-500°. These processes included the race-
mization of a-pinene, isomerization to almost op-
tically inactive limonene (dipentene) and isomeriza-
tion to allodcimene through an intermediate oci-
mene.” At higher temperatures pyronenes® and
other cyclic hydrocarbons were produced.

The products of the pyrolytic isomerization of 8-
pinene were not identical with those of a-pinene.
They consisted of optically active limonene and
myrcene.®

Burwell® has proposed a mechanism for the py-
rolysis of pinenes, involving biradical intermedi-
ates, which is in accord with all of the above indi-
cated facts.

The pyrolysis of allobcimene was studied by Par-
ker and Goldblatt.!! They found that the product
contained besides a- and B-pyronene a substantiul

i%) R. E. Fuguitt and E. J. Hawkins, ibid., 67, 242 (1943).

i7) E. J. Hawkins and H. G. Hunt, ibid., T3, 5370 (1951).

(8) G. Dupont and R. Dulou, Compt. rend., 201, 219 (1933).

(9) L. A. Goldblatt and S, Palkin, ibid., 63, 3517 (1941).

(10) R. I.. Burwell, Jr., ¢bid., T3, 4481 (1951).
(11) E. E. Parker and L, A. Goldblatt, {bid., 72, 2151 (1950).
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amount of 1,5-dimethyl-5-ethyl-1,3-cyclohexadiene
and smaller amounts of polymethylated benzene.

In spite of the wide distribution of d- and /-limo-
nene and of the d/ (racemic) form, dipentene, there
are only few detailed accounts of their pyrolysis.
The results reported are often contradictory, owing
to the impurities which were present in the investi-
gated limonene, and to the lack of satisfactory ana-
lytical methods.!?* The formation of isoprene from
dipentene, pinenes and other terpenes has been stud-
ied. No detailed composition, however, of the
higher boiling hydrocarbons was given.!?

I. Limonene

(a) Discussion of Results.—d-Limonene was
passed over copper pellets at atmospheric pressure
at 450° and at HLSV! of 0.4. It was previously
noted that at the above indicated conditions the
copper acts as an inert contacting material. The
small amount of non-condensable gaseous products
resulting from this reaction consisted of hydrogen,
methane, ethane and ethylene. The liquid hydro-
carbons contained isoprene, amounting to 69 by
weight of limonene charged. The fraction boiling
between 115 and 190° and amounting to 869
of the material charged was composed of 99, aro-
matics and 919, non-aromatic hydrocarbons; the
latter were mainly diolefins since they absorbed 1.9
moles of hydrogen per mole of hydrocarbons. The
residue remaining in the flask was not further in-
vestigated.

About 75% of the product boiling at 115-190°
was selectively hydrogenated in the presence of
copper chromite catalyst. This hydrogenation
converted the unsaturated hydrocarbons to satu-
rated ones, while the aromatics remained un-
changed. The aromatic hydrocarbons, which were
separated chromatographically from the saturated
hydrocarbons, were distilled and identified by means
of infrared spectral analysis and by solid deriva-

tives. The composition of the aromatics is given in
Table I.
TABLE I
PyrorLysis OF d-LIMONENE COMPOSITION OF AROMATIC
HYDROCARBONS
% by weight
From
Originally dehydrogenation at
Aromatic hydrocarbons present 280° °
m-Xylene 16° 4
m-Ethyltoluene 3 1 38
p-Ethyltoluene 2
1,2,3-Trimethylbenzene 6° 26°
1,2,4-Trimethylbenzene 6° 1 7
p-Cymene 304 88 12
1,3-Dimethyl-4-ethylbenzene 2
1,3-Dimethyl-5-ethylbenzene
1,2,3,5-Tetramethylbenzene 19° 2

o Trinitro-m-xylene melted at 181°. ? Sulfonic acid
derivative melted at 103°. ¢ Sulfonic acid derivative
melted at 115°., ¢ 2,4-Dinitrophenylhydrazone of acet-
ylated p-cymene melted at 157°. ¢ 4,6-Dibromoisodurene
melted at 198°. Amnal. Caled. for Cy,H;»Br,: Br, 54.8.
Found: Br, 55.2.

(12) For the review of literature see G. Egloff, **The Reactions of
Pure Hydrocarbons,”’ Reinhold Publ. Corp., New Vork, N. Y., 1937.

(13) B. L. Davis, L. A. Goldblatt and S. Palkin, Ind. Eng. Chem., 38,
53 (1946).

(14) Hourly liquid space velocity or volume of liquid per volume of
pellets per hour.
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The saturated hydrocarbons, obtained from the
selective hydrogenation, contained geminal and
non-geminal alkylcyclohexanes. These two types of
alkylcyclohexanes were separated by selective de-
hydrogenation using platinized alumina as a cata-
lyst.’s The dehydrogenation was carried out at
280°, at which temperature only the non-geminal
alkylcyclohexanes were converted to the corre-
sponding aromatic hydrocarbons.  The latter
amounting to 609, were separated by chromatog-
raphy from the geminal saturated hydrocarbons,
distilled and the various fractions analyzed by
means of infrared spectroscopy (Table I).

TaBLE II
PyrOLYSIS OF d-LIMONENE. OUTLINE OF ANALYTICAL
PROCEDURE
d-Limonene |
6.36 moles |
las0°
- 1
Gas® | | Liquid product |
0.08 mole/mole of i — ’
limonene Distillation
| ]
Isoprene ! b.p. 115-190°| >190°
6wt % | | 869, YA
Selective hydrogenation®
Chromatography
S JE S,
| Non-aromatics Aromatics® |
ey 9% |

I
Dehydroienation at 280°

— 1
Hydrogen 1 Liquid product |
2 mole/mole of hydrocarbons ‘
charged? Chrom‘atog‘raphy
[ 1
‘ Non—aromatics’ | Aromatics®
409, | L 60%
|
Dehydrog;enation
- p—
Gas i Liquid product
1.47 moles/mole of hydrocarbon! — ’
passed? | Chromatography
- -1
Non-aromatics [ I Aromaticse
519, L 49%

a Composition of gas in mole ¢, as determined by a
mass spectrograph 18.89,, hydrogen, 39.89, methane,
17.49, ethane, 15.49, ethylene, 4.79, propyvlene. ° 1.9
moles of hydrogen was absorbed per mole of hydrocarbons
charged. ¢ Composition is given in Table I. ¢ Theaverage
molecular weight of 126 (CyHys) was assumed.

The saturated hydrocarbons which did not un-
dergo dehydrogenation at 280° and containing gem-
inal alkylcyclohexanes were passed over the dehy-
drogenation catalyst at 330°. At this temperature

(15) H. Pines, R. C. Olberg and V. N. Ipatieff, TuIis JourNAL, 70,
533 (1948).
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the geminal alkylcyclohexanes undergo dehydro-
genation with a loss of an alkane, while alkylcyclo-
pentanes and bicyclic hydrocarbons which do not
contain either three or four-membered rings remain
unchanged.’® The gases obtained from the dehy-
drogenation reaction were composed of hydrogen,
methane and ethane. The aromatic hydrocarbons
contained as the major products m-ethyltoluene
and 1,2,3- and 1,2,4-trimethylbenzene (Table I).
The presence of p-cyniene is due to a non-completed
dehydrogenation at 280° of p-menthane.

The procedure used for the determination of the
various types of hydrocarbons formed and the re-
sults obtained are presented schematically in Table
IT1.

On the basis of the analytical results obtained it
was calculated that the non-aromatic hydrocarbons,
b.p. 115-190°, obtained from the pyrolysis of d-
limonene were composed of 549, dipentene or its
double bond isomers, 139, of geminal alkylcyclo-
hexanes, 9%, of non-geminal alkyleyclohexanes and
199, of alkylcyclopentanes and bicyclic hydrocar-
bons.

The effect of temperature on d-limonene was also
studied. At 415° and at 0.4 HLSV most of the
limonene was recovered essentially unchanged. At
500°, however, extensive decomposition occurred
and the copper pellets were coated with carbon.

(b) Proposed Mechanism. 1. Aromatic Hy-
drocarbons.—The varjous polyalkylated benzenes
obtained from the pyrolysis of d-limonene (I) may
be explained as involving an internal cleavage of the
carbon—carbon bond at the allylic position, giving
rise to a biallyl biradical (IT). By intramolecular
hydrogen transfer a triolefin III is obtained,
which can then isomierize to a conjugated triolefin
IV. This conjugated triolefin can cyclize by an in-
tramolecular diene synthesis, which may involve
a concerted mechanism, to give rise to 1,3-di-
methyl-3-ethylcyclohexadiene (V)" Cyclization of
a triolefin to a cyclic diolefin can occur only if the tri-
olefinisin a cisoid form. For thatreason a cisoid tri-
olefin must rearrange to the transoid form before cy-
clization can occur. This rearrangement can be
illustrated as follows, using trans-allotcimene as an
example.

’
A// Va \\‘
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This triolefin is an intermediate postulated by

(16) V. K. Ipatieff, H. Pines and R. C. Olberg, THIs JOURNAL,
68, 1709 (1946).

(17) K. Alder and M. Schumacher, *Anwendungen der Dien-
Synthese fiir die Erforschung von Naturstoffen'* in *‘Progress in the
Chemistry of Organic Natural Proditcts,” Springer Verlag, Wien, 1953,
pp. 10, 52,
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Parker and Goldblatt'in the thermal cyclization of
allodcimene (VI) to compound V. The latter may
form m-xylene by a loss of ethane and m-ethyltolu-
ene by loss of methane. The following scheme illus-
trates the proposed mechanism

//\\\\, o b\, /7\\\
‘ W
S —— — —_ ‘\3 —_—
\ e N
K
: *
! 1 o)1y

; 2 : //\
‘ —_— J + GHeand ||+ ClL
Ay SA K/\

The formation of 1,2,3-trimethylbenzene can be
explained by a similar sequence of reactions. The
triolefin III through an isomerization to allodci-
mene (VI) can form a-pyronene (VII), as previously
reported.!! The latter loses methane to form the

trimethylbenzene.
| NS |
L / X Ve a s
> JU = A N
_‘/ VII
PANAY!

The presence of a large proportion of 1,2,3,5-tet-
ramethylbenzene (isodurene) (VIII) as the only
tetraniethylbenzene detected in the aromatic frac-
tion can be explained by the isomerization of a-
(VII) to B-pyronene (IX) followed by the cleav-
age of the latter through a biallyl biradical to a tri-
methylheptatriene (X), which by a cyclization
may vield 1,2,3,5-tetramethylcyclohexadiene (XI).
The latter hydrocarbon was found in the products
of the thermal reaction of allodcimene.!’ Com-
pound XI by a loss of hydrogen forms isodurene
(VIII).

\‘ // \\’/
. ST NS
VIl —> o> {‘ —_—
RN ENPAN
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N 1 i
Al yava /\/
Q} — ‘ b ‘[ h 4+ H,
AN NN NN
X XI VIII

The conversion of a- to §-pyronene by pyrolysis in
the liquid phase was noticed previously.!!

The presence of 1,2,4-trimethylbenzene can be
interpreted by the internal cleavage of XII to a
biallyl biradical. The following scheme represents
the various steps which seem to be involved in this
reaction
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2. Geminal Alkylcyclohexanes.—The geminal
alkyleyclohexanes obtained from the hydrogenation
of the corresponding unsaturated hydrocarbons,
which consisted mainly of terpenes (CiHis),
yielded on dehydrogenation aromatic hydrocar-
bons (Table I), methane or ethane, and hydrogen.
It was found that of the geminal alkylcyclohexanes
present 729, liberated methane and 287, ethane
on dehydrogenation.

m-Xylene was most probably formed from the
dehydrogenation of the hydrogenated compound
V, while m-ethyltoluene was predominantly formed
from the originally present 1,1-dimethyl-3-ethyl-3,-
5-cyclohexadiene (XVI). This conclusion is based
on the observation made previously! that 1-methyl-
1-ethyleyclohexane on dehydrogenation under simi-
lar conditions as used in this investigation yielded
equal amounts of toluene and ethylbenzene. It
can, therefore, be concluded that the concentration
of the hydrogenated compound V in the geminal al-
kylcyclohexane fraction cannot exceed 8%, while
the concentration of 1,1-dimethyl-3-ethylcyclohex-
ane, hydrogenated compound (XVI), was at least
369%. The source of the latter compound was
most probably compound (VI)

+ CH,

XV XVI

The presence of 1,2,3- and 1,2,4-trimethylbenzene
is due to the pyronenes (VII and IX) and to com-
pound (XIV).

3. Isoprene.—The formation of isoprene from
d-limonene can likewise be explained by the initial
formation of a biallyl biradical, followed by allylic
rearrangement and S-scission

g

N N

and 1,3-Dimethyl-1-ethyl-3,5-
cyclohexadiene (V)

a. Discussion of Results.—It was shown above
that the pyrolysis of d-limonene yielded a mixture
of hydrocarbons. The presence of some of these
hydrocarbons was interpreted by an intermediate
formation of a- and B-pyronene and compound V.
In order to shed additional light upon the mecha-
nism of pyrolysis of limonene, it was of interest to
study the pyrolysis of these compounds and to com-
pare the products formed with those obtained
from limonene.

When a mixture of pyronenes and compound V
was pyrolyzed over copper pellets at 450° and at

II. Pyronenes
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HLSV of 0.4, gaseous and liquid hydrocarbons were
formed. The gases which amounted to 0.46 mole
per mole of terpenes passed consisted of 549, meth-
ane with smaller amounts of hydrogen, ethane and
ethylene, The liquid product contained about 2%,
of isoprene, 89% of material boiling between 133
and 220° and the remainder of higher and lower
boiling hydrocarbons.

The fraction boiling at 130-220° was analyzed by
means of selective hydrogenation, chromatography
and selective dehydrogenation (Table III). This
fraction was found to be composed after selective
hydrogenation of 319, aromatic hydrocarbons, 38%,
of non-geminal and 6% of geminal-alkylcyclohex-
anes and the remainder probably of alkylcyclopen-
tanes. The composition of the aromatic hydrocar-
bons originally present in this fraction and those
obtained from the selective dehydrogenation is sum-
marized in Table IV. The presence of 1,3-dimethyl-
4-ethylbenzene in the products of the dehydrogen-

TaBLE III

PyrOLYSIS OF MIXTURE OF PYRONENES AND OF 1,3-DI-
METHYL-1-ETHYL-3,5-CYCLOHEXADIENE. QUTLINE OF ANA-
LYTICAL PROCEDURE

| Pyronenes and compd. V |

HLSV = 0.4]450°
R S
Gas® Liquid product \
0.46 mole/mole of hydro- ’
carbons passed Distillation
[ 1
Isoprene b.p. 35-133° | 313-220° >220°
1.39%, 3.2% | 89.0% 6.2%
Selecti’ve hydrogenation
Chromatography
[ ‘ 1
Non-aromatics Aromatics?
69% 319,

F
DehydroTenation at 280°

1
[ Liquid product
1.32 mole/mole of hydro-

T
Hydrogen
carbons passed

Chromatography

r 1

Non-aromatics® | Aromatics?
479, | 53%
I

Dehydrogenation at 330°

I I
Gas Liquid product |
0.72 mole/mole of ‘ ’

hydrocarbon ‘ Chromatography
passed ‘ ‘

r 3
Non-aromatics? Aromatics?
79% 21%

e Composition of gases as determined by mass spectro-
graph: 159% hydrogen, 54% methane, IQ% ethane, 69
ethylene. * The composition of the aromatic hvdrocarbons
is given in Table IV. ¢ Anal. Caled. for CpHa: C,
85.63; H, 14.37. Found: C, 85.9: H, 14.4. ¢ Adnal.
%alcl:i.gfor CioHa: C, 85.63; H, 14.37. Found: C, 85.4;

, 14.3.



4374

ation at 330° is due probably to a non-complete
dehydrogenation of the corresponding alkylcyclo-
hexanes at 280°.

TaABLE IV

PyRrRoLYSIS OF A MIXTURE OF PYRONENES AXD oF COMPOUND
V. ComPOSITION OF AROMATIC HYDROCARBONS
% by weight

From the
Originally dehydrogenation at

Aromatic hydrocarbous present 280° 330°
m-Xylene 30 15
m-Ethyltoluene 7 4 30
p-Ethyltoluene v
1,2,3-Trimethylbenzene 16 23
1,2,4-Trimethylbenzene 7 4 8
1,3,5-Trimethylbenzene 3 9
1,3-Dimethyl-4-ethylbenzene 8 16 T
1,2,3,5-Tetramethylbenzene 17 36

b. Proposed Mechanism.—The hydrocarbons
obtained from the pyrolysis of pyronenes and 1,3-
dimethyl-1-ethyleyclohexadiene (V) resenible those
obtained from limonene. This was not unexpected
since in the proposed mechanism of the pyrolysis
of limonene it was suggested that the above ter-
penes were the intermediate products in the forma-
tion of some of the hydrocarbons. It is not surpris-
ing therefore that the yields of 1,2,3-trimethylben-
zene and that of 1,2,3,5-tetramethylbenzene (VIII)
and of the corresponding tetramethylcyclohexadi-
ene (XI) were relatively high. Their mechanism of
formation was already discussed.

The presence of #-xylene in the original aromatic
fraction or in that produced from the dehydrogena-
tion at 280° was probably due to a great extent to
compound V present in the charge. It is, however,
not excluded that compound V might also have been
forined from the pyrolysis of a-pyronene according
to the scheme

N N
N ‘/ 'v‘/'

| — — IV — ¥
‘\1///\\ i‘x’//\ “
VII NV

It was reported by Dupont and Dulou!® that pyro-
nenes are transformed at about 400° into m-xylene
with the evolution of ethane. They suggested, how-
ever, that ethane was produced by the condensa-
sation of two methyl groups, according to the
scheme

|

O A '
. : \\//\\\5; ‘ AN
I B

e \\_/4

This mechanism appears to be unlikely, since
methane and 1,2,3-trimethylbenzene would have re-
sulted from a direct splitting of a inethyl group
from a-pyronene.

m-Ethyltoluene, which was obtained from the
dehydrogenation reaction made at 330°, was most
likely derived from compound XVI rather than
from V. This conclusion is based on the fact that
m-xylene was not formed during the dehydrogena-
tion as it would have been expected from compound

(18) G. Duponut and R. Dulou, Bull. soc. chim. France, C29-35 (1931).
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V. The formation of XVT from a-pyronene can be
explained by the following series of reactions
VII = XVI[ = IV - XV — XVI
The presence of 1,3-dimethyl-4-ethylbenzeue in
the aromatic fraction originally present or in that
produced on dehvdrogenation of alkyleyclohexanes
can be explained by the isomerization and pyroly-
sis of the tetraimethyleyclohexadiene (XI)

; ‘ > e ; R
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Conclusion

It was observed that the pyrolysis of linionene
and of a mixture of hydrocarbons containing pyro-
nenes and compound V yielded products composed
of aromatic and non-aromatic cyclic hydrocarbons.
The formation of the various compounds was ex-
plained on the basis of the formation of biallyl bi-
radicals, which by an internal hydrogen transfer
reaction can be converted either directly or by a
two-step process to conjugated triolefins. The lat-
ter by means of an intramolecular diene synthesis,
which may involve a concerted mechanism, forms
conjugated alkyleyclohexadienes. The alkycyclo-
hexadienes may: (a) remain unchanged; (b) be
converted to the corresponding aromatic hydrocar-
bons by loss of methane, ethane or hydrogen or (c)
may undergo cleavage to form new biallyl biradi-
cals, which again may undergo the same type of
changes as indicated above.

Experimental Part

Apparatus.—The apparatus consisted of a Pyrex reaction
tube of 21 mm. outside diameter heated by a tliecrmo-
statically controlled vertical furnace. The terpenes were
introduced into the reaction tube, packed with 50 cc. of
1/s inch copper pellets, by means of a liquid feed pump.
The lower end of tlie reaction tube was attached to a liquid
receiver, whichh in turn was attached through an ice and
Dry Ice-acetone cooled trap into a gas measuring and
sainpling bottle.

The lower boiling monomeric material was separated
from the high boiling product by means of distillation,
which was made under reduced pressure on a ‘‘Hypercal”’
columnn.'®

The procedure used for the determination of the various
hydrocarbons is given in Tables IT and IV.

The fractional distillation of aromatic hydrocarbos
obtained from the chromatographic separation was made o1t
a Piros-Glover spinning band column.?

Analytical Procedures. Selective Hydrogenation.—The
hiydrocarbons were dissolved in equal volumes of z-pentane
and hydrogenated in the presence of 10-15% by weight of
copper chromite catalyst.?l The hydrogenation was carried
out in a 450-ml. rotating autoclave at 100° and in the
presence of 100 atmospheres of initial hydrogen pressure.
The degree of unsaturation was calculated from the drop in
pressure.

(19) Podbielniak, Inc., Chicago, 1llinois.

(20) Aanufactured by I, S, Martin and Cowmpany, Evanston,
1linois.

(21) W. A. Lazier and H. R. Arnold, ''Organic $yntheses," Coll.
Vol. I, John Wiley and Sons, Inc., New York, N. Y,, 1943, p. 142,
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Chromatographic Separation.—The aromatic hydrocar-
bons were separated from the non-aromatic hydrocarbons
by means of silica gel.?? The aromatic portion was distilled
and the composition of the various fractions determined by
means of infrared spectral analysis and solid derivatives.

Dehydrogenation.—The non-geminal alkylcyclohexanes
present in the saturated hydrocarbon portions were dehydro-
genated at 280° to the corresponding aromatic hydrocarbons
using platinum-alumina as a catalyst.’® The aromatic
hydrocarbons thus produced were separated chromato-
graphically, The non-aromatic hydrocarbons remaining
and containing geminal alkylcyclohexanes were dehydro-
genated at 330°,% and again chromatographed. The aro-
matic hydrocarbons separated from each of the dehydrogena-
tion reactions were distilled separately on a spinning band
column and each fraction analyzed by means of infrared
spectrography.

Identification of Aromatic Hydrocarbons.—2,4,6-Trinitro-
m-xylene,2% 1,2 4-trimethylbenzene-5-sulfonic acid?¥® and
1,2,3,5-tetramethyl-4,6-dibromobenzene were prepared by
standard procedures,

p-Cymene was separated from the trimethiylbenzenes by
sulfonation using a similar procedure to that outlined by
Smith and Cass.?* p-Cymene under the conditions used
did not undergo sulfonation, whereas the trimethylbenzenes

(22) B.J.Mair and A. F. Forziatti, J. Research Natl. Bur, Standards,
832, 151, 165 (1944).

(23) (a) E. H. Huntress and S. P. Mulliken, ‘*Identification of Pure
Organic Compounds,’”’ John Wiley and Souns, Inc., New York, N. Y.,
1941, p. 522; (b) p. 527,

(24) L. I. Smith and O, W. Cass, THIS JoURNAL, 64, 1606 (1932).
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formed solid sulfonic acid derivatives. The p-cymene thus
obtained was acetylated and converted to a solid 2,4-
dinitrophenylhydrazone. 2

Materjals. d-Limonene.—It was separated by distilla-
tion from crude limonene, obtained from orange 0il.?® The
d-limonene used for investigation distilled at 174-175°,
n®p 1.4722, o®p 493,

Mixture of Pyronenes and Compound V.—It was pre-
pared by the pyrolysis of allo6cimene. The latter was
obtained in 229 vield by the pyrolysis of pinene according
to the method of Goldblatt and Palkin.?” The allodcimene
fraction distilled at 63-68° at 7 mm.; #20p 1.5440.

The pyrolysis of allobcimene was made at 430°, according
to the general procedure of Parker and Goldblatt.®! The
pyrolysate was distilled and a fraction boiling at 42-59°
at 6 mm., #2p 1,4760 and representing 689, of the total
was separated and used for the pyrolytic study. This
fraction consisted according to the boiling point and physical
constants of approximatelv 159, «-pyronene, 159, com-
pound V and 709, B-pyronene.

Acknowledgment.—The authors wish to ac-
knowledge the many stimulating discussions with
Professor R. L. Burwell, Jr., Robert H. Kozlowski
and Victor Mark.
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Chemistry of Hexachlorocyclopentadiene.

III. Synthesis of

Bis-(pentachlorocyclopentadienyl) and Related Compounds?2

By E. T. McBEE, J. D. IpoL, Jr., AND C. W. ROBERTS
RECEIVED MARCH 14, 1955

The reaction of hexachlorocyclopentadiene (I) with cuprous chloride in 809 ethanol at 25° gives bis-(pentachlorocyclo-

pentadienyl) (1Ia).
reduction to bicyclopentyl.

by aluminum chloride to the isomer, m.p. 485° (V).

The assignmex}t of the structure of Ifa is supported by its ultraviolet absorption spectrum and by
IIa fails to form Diels—Alder adducts, but adds one mole of chlorine giving a dimer of I as-
sumed, on the basis of its pyrolysis to I, to be perchloro-3a,4,7,7a-tetrahydro-4,7-methanoindene (III).

III is rearranged

Exhaustive chlorination of bicyclopentyl gives a compound CiClig

(IV), the carbon skeleton of which is established by reduction to bicyclopentyl.

Discussion

The reductive coupling of compounds possessing
allylic halogen atoms by copper powder, cuprous
chloride and hydrogen over palladium has received
the attention of previous investigators.®*

Cuprous chloride in 809, ethanol at 25° with
hexachlorocyclopentadiene (I) results in the forma-
tion of a solid compound, CyoClyy (II), in 739 yield.
Compound II is also obtained both from I and
copper—bronze powder in refluxing petroleum ether
(b.p. 90-100°) and by passing hydrogen at atmos-
pheric pressure into a solution of I in toluene in the
presence of a palladium-on carbon catalyst.?

The infrared spectrum of II in carbon tetrachlo-
ride establishes the absence of hydrogen and shows

(1) Paper II,
71, 952 (1949).

(2) Based on a thesis submitted by James D. Idol, Jr., to the Gradu-
ate School of Purdue University in partial fulfillment of the require-
ments for the degree of Doctor of Philosophy. Presented before the
Organic Division at the 127th Meeting of the American Chemical So-
ciety, Cincinnati, Ohio, March 29-April 5, 1933.

(3) H. J. Prins, Rec. trav. chim., 68, 419 (1949).

(4) W. Borsche and G. Heimberger, Ber., 48, 458 (1915).
(5) D. K. Smith, Ph.D, Thesis, Purdue University, 1954,

J. S. Newcomer and E. T. McBee, THIS JOURNAL,

certain similarities to that of I (Table I), while
molecular weight determination establishes that the
material is dimeric in nature.

TABLE 1

INFRARED ABSORPTION BANDS FOR HEXACHLOROCYCLO-
PENTADIENE AND BIS-(PENTACHLOROCYCLOPENTADIENYL)

(Im)

C5Cls bands, C1eClyo bands, g
6.25 6.28
8.15 8.18

10.39 10.35
12.35-55 12.35

Classical zinc-acid and zinc—ethanol dehalogena-
tion methods failed to give stable, easily isolable
derivatives of II. However, low pressure hydro-
genation using a platinum—iron catalyst resulted in
the uptake of fourteen moles of hydrogen to give a
compound CypHis. The use of iron as a cocatalyst
halved the reaction time but did not otherwise in-
fluence the course of reaction or the nature of prod-
ucts. When glacial acetic acid was used as the hy-
drogenation solvent, only four moles of hydrogen



