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Pyrolysis of the Cage Ketone CCl,,0?
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Recetved December 28, 1959

Hexachlorocyclopentadiene gives on reaction
with aluminum chloride a dimeric chlorocarbon,
m.p. 485°,4-% and with liquid sulfur trioxide a re-
lated chloroketone, m.p. 350°.% The structures
I and II postulated by McBee” for these compounds
have recently been corroborated by physical
methods, comprising dipole moment,®—* infrared®
and x-ray'® measurements. Their unusual chemical
inertness has led us to investigate their thermal
stabilities and behavior on pyrolysis.
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It has been reported”!' that the chlorocarbon
I is remarkably stable to heat, substantial pyrolytic
fission occurring only on prolonged heating at or
above 500° to produce largely carbonaceous ma-
terial and chlorine together with a small amount
of hexachlorocyclopentadiene.

The thermal stability of the cage system is how-
ever markedly reduced by the introduction of the
carbonyl group in IT. We find that molar equivalents
of carbon monoxide and chlorine are readily elimi-
nated at temperatures above 450°. Since the initial
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organic product was found to be itself thermally
labile, a flash pyrolytic technique was developed
to permit its isolation. A solution of II in dry carbon
tetrachloride was dropped slowly onto the top of
a column of ceramic saddles held in a vertical
Vyecor tube heated by a concentric furnace to 475-
500°, The tube was flushed continuously with a rapid
stream of dry, oxygen-free, nitrogen. With this
apparatus it was possible to effect the pyrolysis
and remove the product from the heated zone within
approximately ten seconds. The solvent and prod-
uct were condensed in an ice trap placed immedi-
ately below the heated tube. Chromatography of the
crude product gave a white crystalline material,
CyClg, m.p. 138-139°, in 809, yield and unchanged
IT; hexachlorobenzene, arising from pyrolysis of
the carbon tetrachloride, was also isolated. Only
trace amounts of hexachlorocyclopentadiene were
detected, in contradistinction to the observations
of Idol!! who pyrolyzed II under conditions which
could lead to the decomposition of the initially
formed produect. Little or no carbonaceous material
was produced; the yield of the C,Cls product
corrected for recovered 11 was 90-95%, in the several
pyrolyses carried out. For comparison purposes,
I was treated in a similar fashion. At 500° only slight
pyrolysis occurred giving trace amounts of hexa-
chlorocyclopentadiene; no carbonaceous material
was formed.

The pyrolysis product from IT was shown to be
octachloroindene, I1I, by comparison with a sample,
m.p. 138-138.5°, prepared by the reaction of
phosphorus pentachloride with hexachloroindone
(IV), itself prepared by the action of aqueous
acetone on octachloro - 3a,4,7,7a - tetrahydro-
4,7-methanoindene-1,8-dione (V).* The prepara-
tion of octachlorindene by this method has been
reported previously by Zincke and Gunther,!?
who gave its melting point as 84°; a subsequent
report in the patent literature'* has, however,
given a melting point of 132°. Because of this dis-
crepancy it was considered essential to establish
the structure of the pyrolysis product independ-
ently. Reaction with liquid sulfur trioxide gave the
indone IV; chlorination gave a product CyCly, iden-
tical with a sample of decachloroindane (VI)
prepared by the destructive chlorination of naph-
thalene in the presence of an iodine/iron catalyst.*
Treatment of this product with liquid sulfur tri-
oxide gave hexachloroindane-1,3-dione (VII) in

(12) T. Zincke and K. H. Meyer, Ann., 367, 1 (1909).
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(14) H. Vollmann, Ger. Patent, 844,143 (1952); cf.
Chem. Abstr., 50, 4227 (1956).
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quantitative yield.'® The diketone was readily
oxidized by potassium permanganate to the well
known tetrachlorophthalic acid. These reactions
provide unambiguous confirmation for the formula-
tion of the pyrolysis product as III.

By analogy with the observed fission of I, it
might be considered that octachloroindene is
formed from IT by cleavage to hexachlorocyclo-
pentadiene and tetrachlorocyclopentadienone, fol-
lowed by a Diels-Alder recombination with hexa-
chlorocyclopentadiene acting as the dienophile
and subsequent decarbonylation and dechlorina-
tion. However, hexachlorocyclopentadiene has
never been observed to act as a dienophile, while
tetrachlorocyclopentadienone is known to undergo
very ready dimerization to V16; neither V nor its
pyrolysis products, octachloroindanone and IV,
were detected among the products of the pyrolysis
of IT under the conditions here described. It seems
more likely therefore that the pyrolysis reaction
involves the initial loss of the carbonyl group of
IT as carbon monoxide followed by intramolecular
rearrangement and aromatization by loss of chlo-
rine.
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(15) Cf. J. Bernimolin, Ber., 87, 640 (1954).

(16) J. 8. Newcomer and E. T. McBee, J. Am. Chem.
Soc., 71, 946 (1949).

(17) It may be noted that III is more closely related to
the unsymmetrical cage structure VIII; such a structure
for the C1yCyO ketone, however, appears to be ruled out.s~10
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EXPERIMENTALS

Dodecachloropentacyclo[5.3.0.0%8,042.05%)decane (I). The
method of Newcomer and McBee® was used. Repeated crys-
tallization of the crude product from benzene gave white
cubic crystals, m.p. ca. 485° (sealed capillary), showing no
absorption in the infrared between 2 and 8.6 w.

Decachloropentacyclo[5.3.0.028,0410.05 %] decan-3-one (I1).
Crude material was obtained by the procedure of Gilbert
and Giolito.t Decolorization was effected by treatment of a
methanolic solution with activated charcoal; addition of
water to the filtered solution followed by a preliminary air-
drying of the precipitated solid gave hydrated II. Anhy-
drous material was prepared by prolonged refluxing of a
xylene solution of the hydrate under a Dean-Stark water
trap; on concentration, this solution deposited large white
crystals of pure II, m.p. ca. 350° (sealed capillary), ASS!
5.58 u.

Pyrolysis of I and II. Pyrolyses were run by permitting
solutions in carbon tetrachloride (50 g./1.) to fall dropwise
from a pressure-equalizing funnel onto the top of a 30-cm.
column of Berl ceramic saddles held vertically within a
Vycor tube, 2.8 cm. in diameter, and heated to 500° by a
concentrie furnace. The tube was flushed continuously with
a rapid stream of dry, oxygen-free, nitrogen. Temperatures
were measured by iron-constantan thermocouples con-
tained within thin Vycor tubing, one located at the packing-
liquid point of contact and the other at the column center.
A maximum temperature difference of 100° between these
points was maintained by adjusting the rate of addition of
solution. Solvent and products were condensed in an ice
trap placed immediately below the heated zone. Test runs
indicated that hexachlorobenzene was produced by pyrolysis
of the solvent (about 0.29% of solvent converted); it was
possible to remove it entirely by volatilization on concen-
trating the condensates on the steam bath.

The infrared spectrum of the condensate from the pyroly-
sis of I corresponded to that of unchanged starting material
contaminated with small amounts of hexachlorocyclopenta~
diene; no carbonaceous material was formed.

The condensate from the pyrolysis of IT was concentrated
to one tenth of its original volume (the distillate contained
only hexachlorobenzene in addition to carbon tetrachloride)
and was chromatographed on neutral alumina. Evaporation
of the fraction obtained by elution with carbon tetrachloride
gave white crystalline material, m.p. 138-139°, in 809,
yield, identical in all respects to octachloroindene; its melt~
ing point was undepressed on admixture with authentic
material (vide infra). Subsequent elution with methanol
gave a fraction which contained unchanged II as its metha-
nol adduct. After correction for recovered starting material
(about 15%,), the yield of octachloroindene ranged from
90-95%. The unpleasant odor of the concentrated conden-
sates indicated the presence of trace amounts of hexachloro-
cyclopentadiene.

Hexachloroindone (IV). Octachloro-3a,4,7,7a~tetrahydro-
4,7-methanoindene-1,8-dione (V; 200 g.), prepared by sul-
furic acid hydrolysis of 1,1-dimethoxytetrachlorocyclopen-
tadiene,'? was dissolved in acetone (500 ml.). Water (ca.
350 ml.) was added rapidly to a slight cloudiness. The solu-
tion darkened immediately, and yellow crystals of IV
separated after 5 min. After standing overnight, the mixture
was filtered and the precipitate crvstallized from methanol
to give 123 g. (82%) of bright vellow erystals, m.p. 149-150°,

Aot 5.77, 6.37 p.

Anal. Calcd for C4ClsO: Cl, 63.1. Found: Cl, 63.1.

Octachloroindene (V). A heavy-walled glass pressure bottle
was charged with 5.6 g. of IV and 10 g. of phosphorus penta-
chloride. The mixture was heated in an oil bath under autog-

(18) Melting points are uncorrected. Ultraviolet spectra
were recorded on a Cary Dual Beam Spectrometer. Infrared
spectra were taken on a Perkin-Elmer Model 21 recording
spectrometer.
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enous pressure at 190-205° for 2 hr. After cooling, water
and ether/acetone were added to dissolve all the solids.
The ethereal layer was separated, washed with water, dried
over sodium sulfate, and diluted with methanol. Partial
evaporation of this solution gave white needles (5 g., 79%)
of octachloroindene, which were found to be very sensitive
to light. The analytical sample, prepared by repeated
crystallization from methanol, melted at 138-138.5°,
AEBr 6,20 4, NCHPOH () 936 mu (19,500), 242 mu (21,000),
250 mu (29,000), 259 mu (31,000).

Anal. Caled. for CyCls: C, 27.59; Cl, 72.41. Found: C,
27.52; Cl, 72.23.

Chlorination of V; decachloroindane (VI). Chlorine gas
was bubbled through a solution of 5 g. of V in 75 ml. of car-
bon tetrachloride held at 50° for 2 hr. Evaporation of the
solvent and crystallization of the residue from methanol
gave 4.8 g. (819,) of white erystalline material, m.p. 134—
135°, identical with a sample of decachloroindane (VI) pre-
pared by the destructive chlorination of naphthalene as
described by Vollmann.!4

Anal. Caled. for CyClyo: Cl, 76.64. Found: Cl, 76.51.

Hydrolysis of V; hexachloroindone (IV). Five grams of V
were dissolved in 25 ml. of liquid sulfur trioxide. The excess
sulfur trioxide was allowed to evaporate overnight from an
open beaker. The remaining sulfuric acid-solid mixture
was washed with cold water, and the solid crystallized from
methanol to give a nearly quantitative yield (4.4 g.) of IV,
m.p. 149-150°.

Hezxachloroindane-1,3-dione (VII). Five grams of VI were
treated with liquid sulfur trioxide in the same manner as
above. A quantitative vield (3.8 g.) of VII was obtained
as bright yellow crystals, m.p. 155-156°, AoG* 5.65, 5.75 u.

Anal. Caled. for CyCl0;: Cl, 60.30. Found: C}, 60.28.

This material was identical with a sample prepared by
treatment of VI with anhydrous nitric acid as described by
Bernimolin.¥

Ozidation of VII. Three grams of potassium permanganate
in 50 ml. of aqueous 5%, sodium hydroxide was added with
stirring to 1 g. of VII in 10 ml. of warm acetone. After 4 hr.,
the solution was acidified with coned. hydrochloric acid,
bleached with sulfur dioxide, saturated with ammonium
sulfate, and extracted with ether. The ethereal extract was
washed with water and evaporated to dryness. Sublimation
of the residue gave crystals of tetrachlorophthalic anhydride,
m.p. 254-256°, identical with an authentic sample.
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Macrocyclic Compounds.
2-Methyl-2-azacyclohexadecanone

Yosuro Iwakvra anNDp KEerricu1 Uno
Recetved October 1, 1959

Since the structure of natural musk was estab-
lished as that of a macrocyclic ketone,! many
macrocyelic compounds have been synthesized.
An assumption that cyclic compounds with an ap-

(1) L. Ruzicka, Helv. Chim. Acta, 9, 715, 1008 (1926).
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proximately 15-membered ring give a musklike
odor independent of the type of atoms in the ring
skeleton was presented by Ruzicka et al.? How-
ever, in the syntheses of macrocyclic ureas® and
macrocyclic amides,* we found that they gave no
odor. Because of the big intermolecular attraction—
possibly by H-bonding of the compounds which
contain urea- or amide-linkages, it is understood
that the melting point becomes high and the vola-
tility becomes low. Assuming that the absence of
odor in the macrocyclic ureas and macrocyeclic
amides was due to their strong intermolecular
attraction, we carried out the syntheses of macro-
cyelic N-alkyl amides and N,N’-dialkyl ureas in
which there is no possibility of H-bonding. 2-
Methyl-2-azacyclohexadecanone was synthesized
from 1,16-hexadecanedioic acid and was found
to have a musklike odor.

The sequence of reactions used is shown in
Scheme I. In the reaction of the bromoester (II)
with methylamine, N-methyl-15-methylamino-
pentadecanamide (III) rather than methyl 15-
methylaminopentadecanoate was obtained. 15-
Methylaminopentadecanoic acid (IV) was ob-
tained by hydrolysis of III with alcoholic potas-
sium hydroxide, followed by adjusting the pH
of the solution to 8.0.

Scheme I
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When the hydrochloride (V) of the amino acid
was treated with thionyl chloride, the amino acid
chloride hydrochloride was apparently formed.
2-Methyl-2-azacyclohexadecanone (VI) was pre-
pared by treating the reaction product of amino

(2) L. Ruzicka, G. Salomon, and K. E. Meyer, Helv. Chim.
Acta, 17, 882 (1934).

(3) Y. Iwakura, XK. Uno, and M. Nakada, J. Chem. Soc.
Japan, 80, 78 (1959).

(4) Presented at the 12th meeting of the Chemical Society
of Japan, Kyoto, April 1959.





