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Alumina-catalyzed and Uncatalyzed Pyrolysis and in Reaction with Magnesium
Bromide Etherate'?
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Pyrolytic and Lewis acid-catalyzed ring opening of ¢és- and trans-cyclodetene oxide has been shown to afford a variety

of products from transannular reactions.
alcohols and carbonyl compounds.

Isomerization of epoxides to carbonyl compounds
on pyrolysis* and on treatment with Lewis acids®
is a general reaction. This type of transformation
has been investigated for the cyclodctene oxides to
determine the extent of transannular processes.
Rearrangements have been studied in pyrolysis
with and without an alumina catalyst and in reac-
tion with magnesium bromide etherate. The prod-
ucts were identified by comparison of their in-
frared spectra and gas chromatographic retention
times with those of authentic samples. In some
cases the authentic samples were synthesized.®

cis-Cyclobetene oxide afforded a mixture of
thirteen products in a combined yield of 64.19,
when passed over alumina (pH 8) at 280°. The
compounds were separated by alumina chromatog-
raphy and by gas chromatography on columns
packed with  1,2,3-tris-G-cyanoethoxypropane
(TCEP) and v - methyl - v - nitropimelonitrile
(NMPN) on firebrick. They were identified as
cyclodctanone (11.8%), cycloheptanecarboxalde-
hyde (1.6%,), 2-cyclodeten-1-ol (1.8%), 3-cyclo-
octen-1-ol (0.8%), 1,4-epoxycyclodctane (0.3%),
2-cyclodeten-1-one  (1.1%), 3-cycloécten-1-one
(6.19%), cycloheptanemethanol (11.3%,), 7-octen-1-
ol (0.9%), 1,3-cycloéctadiene (26.0%), cis-cyclo-
octene (1.29,), methylenecycloheptane (0.3%) and
an unidentified hydrocarbon (0.8%). Although
the alumina employed was slightly basic, it is an
amphoteric substance with sites for acid catalysis.
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Procter and

Pyrolysis on basic alumina resulted in oxidation-reduction reactions involving
Possible mechanistic paths are discussed.

Coordination with the epoxide oxygen atom could
lead to the scheme shown in Fig. 1.

The alcohols and ketones not shown in Fig. 1
differ in oxidation state from the starting material
and are probably formed in a reaction analogous to
the reduction of carbonyl compounds with alu-
minum alkoxides.”® This is shown in Fig. 2. cis-
Cyclodetene and methylenecycloheptane are proba-
bly formed by dehydration of cycloheptanemeth-
anol.®

cycloheptanecarboxaldehyde cycloheptanemethanol

7-octen-1-al1° ALO; 7-octen-l-ol

2-cyclodcten-1-0l ————> 2-cyclodcten-1l-one

3-cyclogeten-1-ol 3-cycloscten-l-one
Fig. 2.

Uncatalyzed pyrolysis of cis-cyclotctene oxide
at 590° gave in a combined yield of 64.19, a mixture
of cyclosctanone (50.0%), cycloheptanecarbox-
aldehyde (9.19%), 7-octen-2-one (2.1%), 7-octen-1-
al (0.49%,), trams-methyl 2-methylcyclopentyl
ketone (2.1%), and cis-methyl 2-methylcyclopentyl
ketone (0.4%). Pyrolytic opening of the epoxide
ring followed by or concerted with a 1,2-hydride
shift or ring contraction could explain the formation
of cyclodetanone and cycloheptanecarboxaldehyde.
Cyclobctanone was pyrolyzed and was found to
give 12.39, of 7-octen-2-one. The formation of 7-
octen-2-one from cyclodctanone can be explained
by a transannular reaction.

B OLaees

The pyrolyses of cyclononyl acetate and franms-
cyclononene to 1,8-nonadiene!! provide an analogy
in the case of a nine-membered ring. 7-Octen-1-al
is known to be formed in the pyrolysis of 3-cyclo-
octen-1-0l.12  Although 3-cyclodcten-1-ol was not
isolated, its intermediacy is reasonable because
it is converted to 7-octen-1-al at a lower tempera-
ture than is cis-cyclobctene oxide. Pyrolysis of
cycloheptanecarboxaldehyde yields no 7-octen-1-al.
The formation of the methyl 2-methylcyclopentyl

(7) W. von E. Doering and T. Aschner, J. Am, Chem. Soc., 78, 393
(1953).

{8) E. D. Williams, K. A. Krieger and A. R. Day, #bid., 78, 2404
(1953).

(9) M., A, Rozanov, J. Russ. Phys. Chem. Soc., 61, 2313 (1929);
C.A., 24, 8766 (1930).

(10) 7-Octen-1-al was not isolated but is thought to be a possible
intermediate.

(11) A. T. Blomquist and P. R. Taussig, J. Am. Chem. Soc., 79,
3508 (1957).

(12) N. A, LeBel, private communication,



Dec. 20, 1962

ketones is unexpected and difficult to explain.
Bicyclo[3.3.0]octan-2-0l was suspected as an inter-
mediate, but pyrolysis of this alcohol yielded no
ketones. Further pyrolysis of these ketones did
not change their stereochemistry, showing that the
percentages of the isomers which were isolated were
the same as those originally formed.

Reaction of cis-cyclosctene oxide with magne-
sium bromide etherate without solvent at 70° gave
in a combined yield of 54.6% a mixture of cyclo-
heptanecarboxaldehyde (21.09,), cyclodctanone
(9.09%,), 1,4-epoxycyclosctane (8.8%) and trans-2-
bromocyclosctanol (15.8%,). Possible routes for
the formation of these products are shown in Fig.
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When the reaction was run in tetrahydrofuran, the
amount of 1,4-epoxycyclotéctane formed was less
than 19,. The reaction mixture was more polar
when no solvent was used than when tetrahydro-
furan was present. This increase of transannular
products as solvent polarity is raised has been ob-
served previously in the solvolysis of cis-cycloictene
oxide with various acids.!?

The products -of pyrolysis of frans-cyclodctene
oxide on alumina at 250° (obtained in a combined
yield of 58.19,) were cycloheptanecarboxaldehyde
(16.19%), cyclosctanone (5.1%,), 2-cyclodcten-1-ol
(3.8%,), 7-octen-l-al (1.29,), trans-hexahydro-o-
tolualdehyde (1.6%,), 2-cyclodcten-l-one (1.6%),
3-cyclodeten-1-one  (7.1%), trams-2-tethyleyclo-
hexanemethanol (1.9%), cycloheptanemethanol
(12.99,) and 1,3-cyclosctadiene (6.8%). The
formation of hexahydro-o-tolualdehyde from trans-
cyclodctene oxide has been discussed previously.l4
The formation of trans-2-methylcyclohexanemeth-
anol is analogous to the alumina-catalyzed reduc-
tion of cycloheptanecarboxaldehyde.

When trans-cycloetene oxide was heated to 500°
in the absence of catalyst, the products, obtained in
a total yield of 73.87,, were cycloheptanecarbox-
aldehyde (38.29), cyclodctanone (28.8%), cis-
cyclosetene oxide (3.6%,), 7-octen-1-al (1.6%), 1,4-
epoxycyclosctane (1.19,) and ¢rams-hexahydro-o-
tolualdehyde (0.5%). The isomerization of frans-
cyclodctene oxide to cis-cyclodctene oxide could
have been caused by removal of a hydrogen atom

(13) A.C. Cope, J. M. Grisar and P. E, Peterson, J. Am. Chem. Soc.,
81, 1640 (1959).

(14) A. C. Cope, A, Fournier, Jr., and H, E, Simmons, Jr., $bid., 79,
8905 (1957).
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from one of the atoms of the epoxide ring followed
by reattachment. Alternatively, the epoxide ring
may reclose in the cis-position after pyrolytic
opening. The direction of the isomerization is not
surprising in view of the greater thermodynamic
stability of the cis-fused epozide.

trans-Cycloéetene oxide reacted exothermically
with a solution of magnesium bromide in ether at
15°, The products, obtained in a combined yield
of 85.49%, were 1,4-epoxycyclodctane (25.2%),
trans-hexahydro-o-tolualdehyde (24.39,), cis-hexa-
hydro-o-tolualdehyde (4.2%), 1,3-cyclodctadiene
(4.2%,), 2-methylcycloheptanone (5.3%), 3-methyl-
cycloheptanone (2.2%,), 1-methylcyclohexane-
carboxaldehyde (2.69,), an unidentified ether
(2.79%) and a mixture of Cs-bromohydrins (14.7%).
The formation of 2-methylcycloheptanone, 3-
methylcycloheptanone and 1-methylcyclohexane-
carboxaldehyde can be explained by rearrangement

of the initially formed ion as shown in Fig. 4. The
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1,3-cyclodetadiene is probably formed by loss of
hydrogen bromide and water from one or more
components of the bromohydrin fraction. The
absence of cyclobctanone and cycloheptanecar-
boxaldehyde is striking and is probably caused by a
conformational effect.

Experimentals

Pyrolysis of ¢is-Cyclotctene Oxide on Alumina.—A 50 X
1.2-cm. Pyrex tube containing 12 g. of alumina (8-14 mesh,
pH 8) was heated at 270-280° for 1 hr. at 60 mm. to remove
water. c¢is-Cycloéctene oxide (12.19 g.) was delivered in a
stream of nitrogen with a contact time of 2 min. at 280°
(the total time for the addition was 65 min.). The product
mixture (10.05 g., 82.4%,) was collected in a trap cooled in a
Dry Ice-acetone bath. An additional 0.63 g. (5.2%) was
recovered by washing the pyrolysis tube with hot methanol.
Water was removed by decantation and the product mixture
was distilled yielding 7.83 g. (64.1%,).

A portion (2.79 g.) of this mixture was chromatographed
on 110 g. of neutral alumina (activity I). Elution with
pentane gave 1.18 g. of a mixture of hydrocarbons later
shown to consist of 1,3-cycloéctadiene (26.09,), cis-cyclo-
octene!® (1.29,), methylenecycloheptane (0.3%) and an

(15) Melting points are corrected and boiling points are uncorrected.
‘We are indebted to Dr. S. M, Nagy and his associates for analyses.

(18) The cis-cyclodctene oxide employed in the pyrolysis was shown
by gas chromatography (TCEP, 120°) ta be free of cis-cyclodctene,
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unidentified hydrocarbon (0.9%). Elution with 5~10%,
ether-in-pentane gave 0.39 g. of a mixture containing
cyclosetanone (11.8%,), cycloheptanecarboxaldehyde (1.6%,)
and 1,4-epoxycyclosctane (0.3%). A more polar mixture
(0.11 g.), eluted with 20-1009, ether, contained 2-cyclo-
octen-l-one (1.1%) and 3-cycloécten-l-one (6.19). Fi-
nally, 1.09 g. of a mixture of cycloheptanemethanal (11.3%,),
2-cycloécten-1-ol (1.8%), 3-cycloseten-1-ol (0.8%) and 7-
octen-1-ol (0.9%) was eluted with 109, methanol-in-ether.
The compotnds were identified by comparison of their in-
frared spectra and retention times (‘TCEP, 120°) with those
of authentic samples. In addition, the retention times of the
hydrocarbons were cotipared with those of authentic satma
ples on an NMPN column at 20°. The percentages repres
sent ylelds based on cis<cycloéctene oxide, and were cal-
eulated from peak areas on a TCEP column at 120°.

Cycloheptanemethyl Brosylate.—A sample of 0.055 g. of
¢ycloheptanemethanol (then unidentiﬁecf) was  collected
from a TCEP column and treated with 0.22 g. of p-broma-
bengenesulfonyl chloride in the uswal manner. Recrys-
tallization of the crude product (0.12 g.) from pentane gave
0.074 g. (50%) of cycloheptanemethyl brosylate, m.p.
46.3-49.2°. Two additional recrystallizations from pentane
gave an analytical sample, m.p. 51.6-52.0°.

Anal. Caled. for CqugBrOaSZ C, 48.40,
Found: C, 48.18; H, 5.23.

Methylcycloheptane.—Cycloheptanemethyl brosylate
(0.087 g,) was added to a solution of 0.075 g. of lithium alu-
minum hydride in 5 ml. of ether. After being heated under
reflux for 1 hr., the mixture was cooled and 10 ml. of water
was added. After filtration the water layer was extracted
with two 5-ml. portions of ether and the ether extracts were
dried over magnesium sulfate. The ether was removed
through a semi-miecro column to a volume of 0.3 ml. The
product was collected from a silicone oil column at 94° and
identified by comparison of its infrared spectrum with that of
an authentic sample. )

Lithiutn Aluminum Hydride Reduction of Cycloheptane-
earboxylic Acid.—Cycloheptanecarboxylic acid (0.21 g.)
was added to a solution of 0.15 g. of lithium aluminum
hydride in 5 ml. of ether. The mixture was refluxed for 1
hr., then water (5 ml.) and 6 N hydrochloric acid (5 ml.)
were added. The aqueous layer was extracted with four
10-ml. portions of ether and the combined ether extracts
were dried over magnesium sulfate. Evaporation of the
ether under reduced pressure yielded 0.14 g. (75%) of a
colorless liquid, »n25p 1.4726 (l1it.1® #*¢p 1.4748). A phenyl-
urethan was prepared and had m.p. 66.2-66.8° after two
recrystallizations from pentane.

Anal. Caled. for CsHyaNO.: C, 72.84; H, 8.56. Found:
C,72.66; H, 8.65.

The sample of cycloheptanemethanol from pyrolysis gave
a phenylurethan with m.p. 64.1-66.0°, which was not de-
pressed on admixture with the authentic sample.

7-Octen-1-0l.—A solution of 0.40 g. of 7-octen-1-yl ace-
tate!® in 20 ml. of ether was added to a solution of 0.33 g. of
lithium aluminum hydride in 10 ml. of ether and the 1nix-
ture was stirred at room temperature for 45 min., then
cooled in ice, and water and 109, hydrochloric acid were
added. The aqueous layer was extracted with ether. The
ether extracts were washed with saturated sodium bicarbon-
ate solution and water and dried over magnesium sulfate.
Distillation of the ether gave 0.28 g. (949,) of 7-octen-1-ol.
A sample collected from a TCEP column at 120° had »n%p
1.4426.

Anal. Caled. for CsH1s0: C, 74.94; H, 12.58. Found:
C, 75.13; H, 12.61.

7-Octen-1-yl phenylurethan had m.p. 58.2-58.9° after two
recrystallizations from pentane.

Anal. Caled. for CsHaNO:: C, 72.84; H, 8.56. Found:
C, 72.93; H, 8.64.

Pyrolysis of cis-Cyclotctene Oxide (Uncatalyzed).—cis-
Cyclodcetene oxide (2.16 g.) was passed in a stream of nitro-
gen at 580-590° through a Pyrex tube filled with glass helices.

H, 5.53.

(17) A. C. Cope and P. E. Peterson, J. Am. Chem. Soc., 81, 1643
{1959). This reference (footnote 24) also describes the equipment
used for gas chromatography.

(18) E. E. Royals and A. H. Neal, J. Org. Chem., 21, 1448 (1956).

(19) A, C. Cope and M. J. Youngquist, J. Am. Chem. Soc., 84, 2411
(1962).
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The contact time was 4 min. (total time fot the addition, 20
min.). The products, collected in a Dry Ice trap and dis-
tilled, amounted to 1.43 g. (66.3%). Analysis on a TCEP
column at 120° showed six peaks, one of which was identified
as unchanged cis-cyclodctene oxide by comparison of its
infrared spectrum and retention time on TCEP with those
of an authentic sample. The other peaks were identi-
fied as cyclo6ctanone (50.0%), cycloheptanecarboxaldehyde
(9.1%), 7-octen-2-one (2.1%,), trans-methyl 2-methyleyclo-
pentyl ketone (2.19,) and a mixture (0.8%) of equal parts of
7-octen-1-al and cis-methyl 2-methyl-cyclopentyl ketone.
Identifications were made by comparison of infrared spectra
and retention times (TCEP, 120°) with those of authentic
satmples,

7-Octen-1-al . ®»—Sodium bicarbonate (2.20 g.) was added
to a solution of 0.79 g. of 7-octen-1-yl brosylate (obtained
as an oil from 7-octen-l1-ol and p-bromobenzenesulfonyl
chloride) in 7 ml. of dimethyl sulfoxide. The mixture was
immersed in a bath at 150° for 5 min. under a nitrogen atmos-
phere, After cooling, the mixture was diluted with 20 ml.
of water and extracted with three 10-ml. portions of pentane.
The combined pentane extracts were washed with four 10-ml.
portions of water, dried over magnesium sulfate, and con-
centrated. Short-path distillation of the residue gave 0.28
g. of a mixture of 829, of 7-octen-1-al and 189, of dimethyl
sulfoxide. The yield of aldehyde determined by gas chro-
matography (TCEP, 120°) was 79%. A sample collected
by gas chromatography was analyzed, »%p 1.4315.

Anal. Caled. for CsH1,0: C, 76.14; H, 11.18. Found:
C, 75.85; H, 10.96.

A 2,4-dinitrophenylhydrazone, purified by filtration of a
benzene solution through neutral alumina followed by re-
crystallization from aqueous methanol, had m.p. 95.1-
96.0°.

Anagl. Caled. for CuH13N¢041
Found: C, 55.01; H, 6.08.

3-Carbethoxy-7-octen-2-one was prepared by a procedure
similar to that used for 3-carbethoxyheptan-2-one.? Alkyla-
tion of ethyl acetoacetate with 5.00 g. of 5-bromo-1-pentene
gave 3.37 g. (565%) of 3-carbethoxy-7-octen-2-one, b.p. 76~
78° (0.5 mm.), n%p 1.4430.

Anal. Caled. for CnHis0s: C, 66.64; H, 9.15.
C, 66.57; H, 8.98.

7-Octen-2-one.—Saponification of 3-carbethoxy-7-octen-
2-one (0.69 g.) followed by decarboxylation of the resulting
acid according to the procedure used for 2-heptanone?? gave
0.30 g. (68%) of 7-octen-2-one, b.p. 68-70° (21 mun.). The
ketone formed a 2,4-dinitrophenylhydrazone, m.p. 63.6—
64.0° (lit.?®* m.p. 65°) after recrystallization from aqueous
ethanol.

Methyl 2-Methylcyclopentyl Ketone.—Methyl 2-methyl-
l-cyclopentenyl ketone?¢ (0.30 g.) was hydrogenated over
0.10 g. of palladium-on-carbon in 3 ml. of methanol until
999, of the theoretical amount of hydrogen was absorbed.
Separation of the catalyst and removal of the solvent gave
0.30 g. (97%) of a mixture of saturated ketones. Analysis
by gas chromatography (TCEP, 130°) showed 53% of the
cis isomer (n%D 1.4453, lit.? »2%p 1.4418) and 47% of the
trans isomer (n%Dp 1.4390, 1it.?8 #2%p 1.4383). Equilibration®
of the mixture with sodium ethoxide in ethanol gave a mix-
ture containing 919, of the frans isomer and 99, of the cis
isomer,

Pyrolysis of Cyclodctanone.—Cyclodctanone (0.80 g.)
was pyrolyzed at 590° with a contact time of 4 min. to give
0.60 g. of a mixture containing 84.7% of cyclodctanone and
12.3% of 7-octen-2-one. The latter was identified by com-
parison of its infrared spectrum and retention time (TCEP,
120°) with those of an authentic sample.

Pyrolysis of Cycloheptanecarboxaldehyde.—Cyclohep-
tanecarboxaldehyde (0.17 g.) was pyrolyzed at 590° with a
contact time of 4 min. and at 500° with a contact time of 1
min,, and was recovered essentially unchanged in both cases.

C, 54.89; H, 5.92.

Found:

(20) This general method of preparing aldehydes is described by N.
Kornblum, W. J. Jones and G. J. Anderson, $bid., 81, 4113 (1959).

(21) C. S. Marvel and F. D, Hager, "Organic Syntheses,”” Coll.
Vol. I, John Wiley and Sons, Inc., New York, N. V., p. 248.

(22) J. R. Johnson and F, D. Hager, ibid., p. 351.

(23) L. Crombie and S. H. Harper, J. Chem. Soc., 869 (1952).

(24) T. R. Marshall and 'W. H. Perkin, ibid., 87, 242 (1890).

(25) R. B, Turner, J. Am. Chem. Soc., 72, 878 (1950).
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Pyrolysis of Methyl 2-Methylcyclopentyl Ketone.—A
0.10-g. sample of the mixture of isomers from hydrogena-
tion of methyl 2-methyl-l-cyclopentenyl ketone was pyro-
lyzed at 590° with a contact time of 4 min. The isomer
composition of the product was shown by gas chromatog-
raphy (TCEP, 130°) to be the same as that of the starting
material.

Pyrolysis of Bicyclo[3.3.0] octan-2-0l.—Bicyclo[3.3.0] octan-
2-0l (0.10 g. of a mixture of the endo and exo isomers) was
pyrolyzed at 590° with a contact time of 4 min. and gave only
olefinic products.

Reaction of cis-Cyclodctene Oxide with Magnesium Bro-
mide Etherate without Solvent.—To 1.45 g. of magnesium
turnings in 20 ml. of ether was added dropwise 9.51 g. of
bromine. Ether (20 ml.) was added and the mixture was
stirred at room temperature for 0.5 hr. A solution of 5.00 g.
of c¢is-cycloGctene oxide in 20 ml. of ether was added. The
ether was distilled and the temperature was raised to 70°.
The reaction was allowed to proceed for 24 hr. under a
nitrogen atmosphere. The mixture was cooled in ice and 40
ml. of water and 50 ml. of ether were added. The aqueous
layer was extracted three times with ether. The combined
ether extracts were washed with saturated sodium bicarbon-
ate solution and water and dried over magnesium sulfate.
The ether was removed under reduced pressure, giving a dark
liquid which was distilled through a semi-micro column.
Two fractions were collected: (1) b.p. 58-70° (6 mm.), 2.11
g. (42.2%, caled. for CsH10); (2) b.p. 69-70° (0.3 mm.),
1.30 g. (15.8%, caled. for CsHisBrO). The compounds in
fraction 1 were separated by gas chromatography (TCEP,
120°) and identified by comparison of their infrared spectra
and retention times with those of authentic samples. The
products were cycloheptanecarboxaldehyde (21.0%), cyclo-
octanone (9.0%), 1,4-epoxycyclobctane (8.8%), and un-
changed cis-cyclobctene oxide (3.4%). Fraction 2 was
identified as ¢rans-2-bromocyclo6etanol by comparison of its
infrared spectrum with that of an authentic sample prepared
by treatment of cis-cyclodctene oxide with anhydrous hydro-
gen bromide.? It formed a 3,5-dinitrobenzoate, m.p.
93.4-94.0°, after two recrystallizations from chloroform~
pentane, undepressed when mixed with an authentic sample,
m.p. 93.5-94.4°, The infrared spectra of the derivatives
were identical.

Reaction of ¢is-Cyclotctene Oxide with Magnesium Bro-
mide in Tetrahydrofuran.—Bromine (9.51 g.) was added
dropwise to 1.45 g. of magnesium turnings in 20 ml. of dry
tetrahydrofuran. Another 20 ml. of tetrahydrofuran was
added and the mixture was stirred at room temperature for 1
hr. A solution of 5.00 g. of cis-cyclo6ctene oxide in 30 ml. of
tetrahydrofuran was added and the mixture was refluxed for
48 hr. under nitrogen. The mixture was cooled in ice, 20
ml. of saturated sodium sulfate solution was added, and the
organic layer was separated and washed with saturated
sodium bicarbonate solution. The aqueous layer was ex-
tracted with ether and the combined organic layers were
washed with 20 ml. of saturated sodium sulfate solution and
dried over magnesium sulfate. Concentration under re-
duced pressure gave a dark liquid which was distilled through
a semi-micro column to give 3.18 g. (649%,) of products, b.p.
48-77° (15 mm.). Comparison of retention times (TCEP,
120°) showed the same products in similar amounts as in
the reaction without solvent, except that the yield of 1,4-
epoxycyclodctane was less than 19,

Pyrolysis of {rans-Cyclotctene Oxide on Alumina.—frans-
Cyclo6etene oxide (1.89 g.) was pyrolyzed on 1.5 g. of alu-
mira with a contact time of 15 sec. (the time required for
addition was about 30 min.). Distillation of the material
recovered from the cold trap (1.42 g.) gave 1.13 g. (59.8%,).
Elution of the pyrolysis tube with hot methanol gave an
additional 0.18 g. (9.5%). The products were identified by
comparison of their infrared spectra and retention times
(TCEP, 120°) with those of authentic samples, except for
trans-hexahydro-o-tolualdehyde, which was identified by
lithium aluminum hydride reduction to frans-2-methyleyclo-
hexanémethanol. The vyields were 1,3 - cyclodctadiene
(6.8%), trans-hexahydro-o-tolualdehyde (1.69,), 7-octen-1-
al (1.2%), cycloheptanecarboxaldehyde (16.19,), cyclo-
octanone (5.1%), 2-cyclodcten-1-one (1.6%,), 3-cyclo6eten-1-
one (7.1%), trans-2-methylcyclohexanemethanol (1.9%),
cycloheptanemethanol (12 99%) and 2-cyclodecten-1-ol

(26) A. C. Cope and H. E. Johnson, J. Am. Chem. Soc., 79, 3889
(1957).
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(3.89%). A small amount of {rans-cycloéctene oxide (1.7%)
was recovered.

Pyrolysis of trans-Cyclobctene Oxide (Uncatalyzed).—
trans-Cyclobetene oxide (0.23 g.) was passed through a
Pyrex tube filled with glass helices at 490-500° with a con-
tact time of 1 min. (the time required for addition was 10
min.). The products (0.17 g., 73.8%,), collected in a Dry
Ice trap, were separated on a TCEP column at 110° and
identified by comparison of their infrared spectra and re-
tention times with those of authentic samples as cyclohep-
tanecarboxaldehyde (38.29%), cyclo6ctanone (28.89), cis-
cyclodctene oxide (3.6%), 7-octen-l-al (1.69,) 1,4-epoxy-
cycloéctane (1.19%), and {rans-hexahydro-o-tolualdehyde
(0.5%). The last two compounds did not separate on TCEP
and were identified by comparison of the infrared spectrunt
and retention time of the mixture with those of authentie
mixtures.

Reaction of trans-Cyclogctene Ozxide with Magnesium
Bromide Etherate.—A solution of magnesium bromide
etherate was prepared by addition of 1.90 g. of bromine to
0.29 g. of magnesium turnings in 10 ml. of ether. The solu-
tion was cooled to 15° with an ice-bath and a solution of
trans-cyclotetene oxide (1.00 g.) in 5 ml. of ether was added
dropwise over a period of 10 min. The temperature rose to
26° during the addition. The mixture was stirred for 1 hr.
at room temperature, then cooled in ice and 15 ml. of cold
water added. The water layer was extracted with three 15-
ml. portions of ether. The combined ether extracts were
washed with saturated sodium bicarbonate solution and
water and dried over magnesium sulfate. The ether was
removed and the products were distilled through a short
column. Two fractions were collected: (1) b.p. 31-76°
(14-15 mm.), 0.77 g. (70.7%, calcd. for CsH14,0); (2) b.p.
103-115° (1.5 mm.), 0.24 g. (14.7%, caled. for CsH;sBrO).
The low-boiling fraction on analysis by gas chromatography
(TCEP, 140°) showed six peaks. The major peak (49.5%)
was identified (see below) as a mixture of 1,4-epoxycyclo-
octane (25.29%) and {rans-hexahydro-o-tolualdehyde
(24.39%,). The other products, identified by comparison of
their infrared spectra and retention times with those of
authentic samples, were 1,3-cyclo6ctadiene (4.2%), cis-
hexahydro-o-tolualdehyde (4.2%), 2-methylcycloheptanone
(5.3%), 3-methylcycloheptanone (2.2%) and l-methyl-
cyclohexanecarboxaldehyde (2.6%). The l-methyl-cyclo-
hexanecarboxaldehyde was contaminated with an unidenti-
fied ether (2.7%).

The major peak in the gas chromatogram of the low-boil-
ing fraction was collected (TCEP, 140°) and a solution of
0.048 g. of this mixture in 2 ml. of ether was added to a
solution of 0.094 g. of lithium aluminum hydride in 2 ml. of
ether., The mixture was allowed to stand for 15 min. The
excess hydride was destroyed with water and 109, hydro-
chloric acid, and the aqueous layer was extracted twice with
ether. The combined ether extracts were washed with
saturated sodium bicarbonate solution and water and dried
over magnesium sulfate. The ether was distilled, the prod-
ucts were collected from a TCEP column at 140°, and identi-
fied by comparison of their infrared spectra and retention
times with those of authentic samples as 1,4-epoxycyclo-
octane (51%) and {rans-2-methylcyclohexanemethanol
(49%).

cis- and trans-2-Methylcyclohexanemethanol —A solution
of 0.97 g. of cis-hexahydro-o-toluic acid! in 10 ml. of ether
was added dropwise to a suspension of 1.04 g. of lithium
aluminum hydride in 30 ml. of ether. The mixture was
allowed to stand for 15 min., the excess hydride was des-
troyed with water and 109, sulfuric acid, and the aqueous
layer was extracted with ether. The combined ether ex-
tracts were washed with saturated sodium bicarbonate solu-
tion and water and dried over magnesium sulfate. The
ether was removed and the product was distilled through a
semi-micro column, yielding 0.67 g. (77%) of c¢is-2-methyl-
cyclohexanemethanol, b.p. 55-56° (0.9 mm.). {rans-2-
Methylcyclohexanemethanol was prepared in a similar man-
ner from frans-hexahydro-o-toluic acid.!*

cis-2-Methylcyclohexanemethyl Brosylate.—Treatment of
0.37 g. of cis-2-methylcyclohexanemethanol with 1.38 g. of
p-bromobenzenesulfonyl chloride*’ gave 0.75 g. of crude bro-
sylate which was recrystallized from pentane giving 0.55 g.
(564%) of material with m.p. 44.6-45.1°, An analytical
sample had m.p. 44.6-45.1° after an additional recrystalliza-
tion from pentane.
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Anal. Caled. for CanBrO;S: C, 48.40;
Found: C, 48.64; H, 5.63.

cis-Hexahydro-o-tolualdehyde.-¢is-2-Methylcyclohexane-
methyl brosylate (0.25 g.) was dissolved in 5 ml. of dimethyl
su_lfoxide. Sodium bicarbonate (0.73 g.) was added and the
ntixture was immersed in a bath at 150° for 5 min. under a
nitrogen atmosphere. After cooling in ice, water and pent-
ane were added, and the water layer was extracted with
pentane. The pentane layer was washed with water and
dried over magnesium sulfate. The ether was evaporated
and the product was collected from a TCEP column at 140°,
Hydroboration of 1-Methylcycloheptene.’—1-Methyl-
cycloheptene (11.0 g.) was treated with diborane at 0° and
the product was oxidized with alkaline hydrogen peroxide
giving 6.8 g. (53%) of a mixture of alcohols, b.p. 56~57°
(1.0 mm.). Analysis of this mixture (TCEP, 140°) showed
two major peaks of approximately equal amounts. These
compounds were collected and identified as frans-2-methyl-
cycloheptanol and #rans-3-methyleycloheptanol by compari-
son of their infrared spectra with those of authentic sam-
ples.® The formation of frans-3-methylcycloheptanol was
unexpected. However, a similar rearrangement has been
observed in the case of hydroboration of l-methylcyclo-
octene.¥
2-Methylcycloheptanone and 3-Methylcycloheptanone.—
A solution of 1.27 g. of the above mixture of alcohols in 10
ml. of acetone was titrated to an orange-brown end-point
with an 8 N solution of chromic anhydride in 309, sulfuric
acid. The reaction was exothermic, causing the acetone to
reflux gently. The acetone solution was decanted from the
chromic salts and the product was isolated by adding 30 ml.
of water, extracting with three 10-ml, portions of ether,
washing the ether extracts with saturated sodium bicar-
bonate solution and water, and drying over magnesium sul-
fate. Distillation through a semi-micro column gave 0.86
g. (69%) of ketones, b.p. 79-80° (19 mm.), which were
separated by gas chromatography (TCEP, 120°) and
identified as 2-methylcycloheptanone (51%) and 3-methyl-
cycloheptanone (49%) by the melting points of their 2,4~
dinitrophenylhydrazones.  2-Methylcycloheptanone 2,4-
dinitrophenylhydrazone had m.p. 119.2-120.3° (lit.2®®

H, 5.53.

(27) H. C. Brown and G. Zweifel, J. Am. Chem. Soc., 83, 2544
(1961); A. C. Cope and G. L. Woo, to be published.

(28) A. C. Cope, S. Moon and C. H. Park, J. Am, Chem. Soc., 84,
4843 (1962),

(29) D, W. Adamson and J. Kenner, J. Chem, Soc., 181 (1939).
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m.p. 121-122°), 3-Methylcycloheptanone 2,4-dinitro-
phenylhydrazone had m.p. 127.3-129.0° (lit.® m.p. 130.5—
131.0°). Both derivatives were recrystallized from aqueous
ethanol.

Purification and Identification of 1-Methylcyclohexane-
carboxaldehyde.—The peak containing the aldehyde was
collected from a TCEP column at 120° and injected onto a
silicone oil column at 110°. The two peaks which separated
were collected. The first compound (47%) was identified
as 1-methylcyclohexanecarboxaldehyde by comparison of its
infrared spectrum and retention time (TCEP, 120°) with
those of an authentic sample. An infrared spectrum of the
second peak (53%) contained no hydroxyl or carbonyl
absorption, but showed strong ether absorption between 300
and 1200 cm. ™2,

1-Methylcyclohexanemethyl Brosylate.—1-Methylcyclo-
hexanemethanol®? (0.45 g.) was converted in 48%, yield to
the brosylate (0.59 g.), m.p. 60.8-61.4°, after one recrystal-
lization from pentane. An analytical sample had m.p.
61.0-61.5° after an additional recrystallization from pent-
ane.

Anal. Caled. for CuHi1sBrO;S: C, 48.40;
Found: C, 48.43; H, 5.36.

1-Methylcyclohexanecarboxaldehyde.—A solution of 0.10
g. of 1-methyleyclohexanemethyl brosylate in 2 ml. of di-
methyl sulfoxide was treated with 0.30 g. of sodium bicar-
bonate at 150°. The aldehyde was collected from a TCEP
column at 140°.

Composition of the High-boiling (Bromohydrin) Fraction.
—The fraction with b.p. 103-105° (1.5 mm.) was dark in
color, gave a positive Beilstein test, showed hydroxyl ab-
sorption in the infrared, and had »¥p 1.5205. Purification
using activated charcoal and drying under reduced pressure
gave an analytical sample.

Anal. Caled. for CsH;sBrO: Br, 38.59.
38.33.

The bromohydrin fraction failed to give a crystalline
3,5-dinitrobenzoate.

H, 5.53.

Found: Br,

(30) M. Mousseron, R. Jacquier and H, Christol, Bull. soc. chim.
France, 346 (1957).

(31) T. Nozoe, T. Mukai and S. Matsumato, Proc. Japan Acad., 37,
110 (1951); C.A., 46, 5034 (1952).

(32) 1-Methylcyclohexanemethanol was ohtalned by lithium
aluminum hydride reduction of 1-methylcyclohexanecarboxylic acid.
The acid was prepared from 2-methylcyclohexanol by the procedure
of H. Koch and W. Haaf, Ann., 618, 251 (1958).
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Structure of the 7-Norbornadienyl Carbonium Ion!

By PauL R. STORY? AND MARTIN SAUNDERSZ
REeceIvED JUNE 29, 1962

The first direct and detailed physical evidence for the structure of an ajiphatic non-glassical carbonium ion has been ob-

tq.ingd from_the_ nuclear magnetic resonance spectrum of 7-norbornadienyl fluoroborate.
dioxide and in nitromethane indicates an unsymmetrical structure.

The spectrum in liquid sulfur
Rearrangement of the bicyclic skeleton is ruled out by

conversion of the fluoroborate to the corresponding acetate and to the corresponding methyl ether.

Introduction

The solvolyses of certain related carbocyclic
molecules including cyclopropyl carbinyl (I),
norbornyl (II) and norbornenyl derivatives (III)
have provided a fund of information concerning
the nature of the carbonium ion intermediates and
the subject of non-classical structures and charge
delocalization in general.? Structures involving

(1) A portion of this work has been reported in preliminary form;
P. R. Story and M. Saunders, J. Am, Chem. Soc., 82, 6199 (1960).

(2) (a) Bell Telephone Laboratories, Murray Hill, N. J. (b)
Department of Chemistry, Yale University, New Haven, Conn.

(3) For comprehensive discussions see: (a) S. Winstein and E. M.,
Kosower, J. Am. Chem. Soc., 81, 4399 (1959); (b) R. H. Mazur,

A A5

II1a IIIb

non-classical delocalization of electrons have been
proposed for the intermediate carbonium ions hy-
pothesized in these and other systems in order to
explain remarkably enhanced rates of solvolysis of
certain derivatives. The information obtained

W. N. White, D. A. Semenow, C. C. Lee, M. S. Silver and J. D.
Roberts, sbid., 81, 4390 (1959).




