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The solvol_ysis of cis-cyclodetene oxide in fqrmic acid has been shown to yield, in addition to tle ¢zs-1,4- and ¢rans-1,2-
cyclosctanediols already reported, a lower boiling fraction containing 3-cyclodcten-1-0l and 4-cylodcten-1-ol (159 total),
a saturated alcohol that appears to be a bicyclodctanol (at least 0.19%), cyclodctanone (trace), 1,4- and 1,5-epoxycyclo-

4ctane (about 0.19, total) and an unidentified alcoho!l (about 19).

diols are reported.
whicli on reduction formed a mixture of the two glycols.
tosylate (not isolated).

series have been prepared.

Solvolysis of cis-Cyclodctene Oxide.—Previous
papers in this series have described reactions of
cyclodctane derivatives that are influenced by what
has been called a “proximity effect.”” The original
example of such a reaction, ¢.e., the solvolysis of
cis-cyclodctene oxide in formic acid,* has now been
reinvestigated. Additional products have been
found, some of which appear to arise through the
influence of proximity effects.

Repetitions of the solvolysis of cis-cyclotctene
oxide resulted in isolation of the previously re-
ported diols, frans-1,2-cyclodctanediol (5.6-199)
and cis-1,4-cyclobdetanediol (23-309;). The struc-
ture and cis configuration of the latter diol have
since been confirmed by synthesis.®

In addition, distillation of the alcohol mixture
obtained in the solvolysis of the oxide gave a low-
boiling fraction amounting to 16-17%, of the weight
of the oxide. This fraction yielded a phenylure-
than which, after several recrystallizations, melted
at 102.4-103.6°. This phenylurethan has been
shown to be 3-cyclotcten-1-yl phenylurethan.®
Infrared analysis, based upon the available spectra
of 2-cycloéicten-1-cl, 3-cycloticten-1-o0l and 4-cyclo-
octen-1-0l and upon the spectra of the correspond-
ing phenylurethans, indicated that the low boiling
material contained considerable 4-cyclotcten-1-ol
in addition to 3-cyclodcten-1-0l. The presence of
4-cycloteten-1-0l in the alcohol mixture was con-
firmed by preparation of a p-nitrobenzoate. The
product, which was isolated in 13%, yield, proved to
be the p-nitrobenzoate of 4-cyclodeten-1-ol, m.p.
83-85°. The failure of 3-cyclodeten-1-yl p-nitro-
benzoate to crystallize from the mixture was ex-
plained when an authentic sample was prepared
and found to have a melting point of 32-33°. Itis
of interest that no appreciable amount of 2-cyclo-
octen-1-ol, which might be considered a ‘“‘normal”’
product of the ¢is-cyclodctene oxide solvolysis, ap-
peared to be present in the alcohol mixture. The
unsaturated alcohols therefore represent additional
products formed by a transannular reaction. They
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Science Foundation.
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(4) A.C. Cope, 3. W. Fenton and C. F. Spencer, TrIs JoURNAL, T4,
5884 (1952).

(5) A. C. Cope and B. C. Anderson, $bid., 79, 3892 (1957).

(8) A. C. Cope and G. W. Wood, ibid., 79, 3885 (1957).

Three non-stereospecific syntheses of 1,4-cyclodctane-

cis- and trans-1,4-cyclosctanediol have been shown to be epimers by oxidation to the same diketone,
The cis isomer has been converted to the frans through tlie mono-
trans-1,3-Cyclodetanediol has been prepared, and its stereochemistry has been determined by es-
tablisliing the configuration of the intermediate compound, trans-2,3-epoxycyclosetan-1-ol.
been converted to the cis isomer through the monotosylate (not isolated).

trans-1,3-Cyclodetanediol has
Derivatives of various alcohols i11 the cyclodctane

could originate directly from the oxide by a con-
certed elimination reaction or could result from
dehydration of the initially formed cis-1,4-cyclo-
octanediol.
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1,3- or 1,5-hydride shift and loss of a proton from Cs, Cs or C;
Hydrogenation of the alcohol mixture resulted in
uptake of 92-1009, of one mole of hydrogen giving
cyclodetanol, which was isolated as its phenylu-
rethan in 859, vield. These results would be ex-
pected for an alcohol mixture consisting mostly of
3-cyclodcten-1-ol and 4-cyclodeten-1-ol.

In order to isolate any bicyclic alcohol that might
be present in the low-boiling material, a sample
was subjected to a separation procedure involving
silver nitrate extraction, conversion of alcohols to
the phenylurethans, ozonolysis (to remove the
phenylurethans of unsaturated alcohols) and chro-
matography. From the chromatogram the phenyl-
urethan of a saturated alcohol was obtained with
an analysis in agreement with a bicyclobetyl
phenylurethan structure. The yield was 0.19
based on czs-cyclodctene oxide. The presence of a
bicyclic alcohol among the solvolysis products
could be due to a transannular reaction in which the
double bond of one of the cyclosctenols forms a
bond bridging the cyclodctane ring subsequent to or
concomitant with removal of the protonated hy-
droxyl group. The absence of either isomer of bi-
cyclo[3.3.0]octan-2-0l’ in the original alcohol mix-
ture was shown by vapor phase chromatography.
Comparison of melting points showed that the sat-
urated phenylurethan of unknown structure is not
derived from either of these bicyclobctanols. The
structure of the unknown phenylurethan is being
investigated.

When the low boiling distillate from cis-cyclo-
octene oxide solvolysis was collected in several

(7) A.C. Cope, H. H. Lee and H. E. Petree, to be published.
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fractions, the first fractions contained a carbonyl
compound that was shown to be cyclobctanone by
comparison of the 2,4-dinitrophenylhydrazone with
authentic cyclodctanone 2,4-dinitrophenylhydra-
zone.

Vapor phase chromatography of the first distil-
lation fractions from the cis-cyclotdctene oxide sol-
volysis revealed the presence of two major peaks
which could not be attributed to any of the com-
pounds previously identified. Comparison with
known samples on the vapor phase column showed
that the compounds were not cyclodctadienes or
cis-cyclosetene oxide. Samples of the unknown
materials were collected by condensation from the
effluent gas from the vapor-phase apparatus. The
infrared spectrum of one of the fractions indicated
that it was a mixture of 1,4- and 1,5-epoxycyclo-
octane.’® These ethers could be formed from the
3- and 4-cyclodcten-1-ol produced in the cis-
cyclodetene oxide solvolysis.

The infrared spectrum of the second fraction in-
dicated that it was an unsaturated alcohol. Fur-
ther characterization of this compound will be re-
ported in connection with another problem.

Synthesis of Cyclosctanediols.—Although stereo-
specific syntheses of 1,4- and 1,5-cyclodctanediols
now have been accomplished®® other methods of
preparation are of interest as more practical sources
of the glycols. Since cis-1,4-cyclobctanediol was
available from solvolysis of cis-cyclodetene oxide,
it was made the starting material for synthesis of
trans-1,4-cyclooctanediol. Oxidation of cis-1,4-cy-
clodctanediol with N-bromosuccinimide in aqueous
acetone gave 1,4-cyclodctanedione, characterized
by preparatiou of the dioxime and bis-2,4-dinitro-
phenylhydrazone, in 639, yield. Hydrogenation
of the diketone over Raney nickel gave a mixture
of glycols which was separated by chromatography
on alumina into approximately equal amounts of
cis-1,4-cyclodctanediol and {rams-1,4-cycloSctane-
diol. The latter glycol formed a bis-p-nitrobenzo-
ate identical with a sample derived from the
trans-1,4-glycol obtained by solvolysis of ¢rans-
cyclodctene oxide.?

Alternatively, the ¢is-1,4-cyclodctanediol was
epimerized to the {rens isomer via the crude mono-
p-toluenesulfonate obtained by reaction of one
molar equivalent of p-toluenesulfonyl chloride with
cis-1.4-cyclodctanediol. Treatment of the product
with tetraethylammonium acetate followed by
hydrolysis and chromatography gave trans-1,4-
cyclodetanediol (219,) and some recovered cis-
1,4-cyclobetanediol (59,).

The bromination of 2-cyclodcten-1-yl acetate
with N-bromosuccinimide also was studied as a
possible route leading eventually to 1,4-cyclote-
tanediols. A bromoacetate was obtained in 437,
yield which is formulated as 4-bromo-2-cyclodcten-
1-yl acetate, but presumably exists as a mixture
with its allylic isomer, 2-bromo-3-cyclocten-1-yl
acetate. Treatment with tetraethylammonium
acetate in acetone followed by hydrogenation and
saponification gave a glycol mixture in 479, yield,

(8 A. C. Cope and A. Fournier, Jr., Tuls JoUurNaL, T9, 3896
(1957).

(9) A, C. Cope, A. Fournier, Jr., and H. E. Simmous, Jr., ibid., 79,
3905 (1957).
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from which trans-1,4-cyclodctanediol was isolated
in 19%, yield (based on the glycol mixture) by crys-
tallization from ethyl acetate. Chromatcgraphy
of the mother liquors gave an additional 4%, of
trans-1,4-cyclodctanediol.  When silver acetate in
acetic acid was allowed to react with the allylic
bromoacetate, a 539, yield of unsaturated diace-
tate was obtained which was converted to a satu-
rated glycol mixture from which trans-1,4-cyclo-
octanediol was isolated in 379, yield (based on un-
saturated diacetate).

Another sequence for the synthesis of 1,4-cyclo-
octanediols was based on the reported ease with
which cyclopentadiene and 1,3-cyclohexadiene can
be autoxidized.?® cis-cis-1,3-Cyclobctadiene ab-
sorbed 40-439%, of one mole of oxygen on stirring at
room teniperature with ultraviolet illumination
for 28 hr. The crude reaction mixture was re-
duced directly with lithium aluminum hydride by
modification of a procedure used for reduction of
the polymeric peroxide of styrene to phenylethylene
glycol,! and the resulting mixture of unsaturated
glycols was hydrogenated. A mixture of cyclo-
octanediols was isolated in 89, yield. Treatment
of the glycol mixture with acetone and copper sul-
fate afforded trams-1,2-cyclodctanediol isopropyli-
dene ketal in 159, yield. Chromatographic an-
alysis of the glycol residue (669, based on the glycol
mixture) showed that it was composed of essen-
tially pure frans-1,4-cyclodctanediol.

Previous papers in this series have described the
preparation of all the possible cyclotetanediols by
methods leading to products of known stereo-
chemistry with the exception of the two epimeric
1,3-cyclodetanediols.  Accordingly, the preparation
of these diols, needed for comparison with diols ob-
tained in the solvolysis of trans-cyclodctene oxide,
was undertaken, beginning with 2-cyclodcten-1-o0l.
Epoxidation of the 2-cyclodcten-1-01 gave 2,3-
epoxycyclodctan-1-o0l as an oil which was hydro-
genated over Raney nickel to give a mixture of 1,2-
and 1,3-cyclo6ctanediols. Reaction of the glycol
mixture with acetone in the presence of cupric sul-
fate gave trans-1,2-cyclotctanediol isopropylidene
ketal in 759, yield. Crystallization of the glycol
residue from the acetone—cupric sulfate reaction
gave [rans-1,3-cyclotctanediol in 129, yield. As-
signment of configuration to the latter comnpound
is based in part upon the above results, which
show that the oxide group in 2,3-epoxycyclodctan-
1-ol is ¢rans to the hydroxyl group to the extent of
at least 759, and also upon the result of lithum
aluminum hydride reduction. When the lctter re-
action was carried out by addition of lithium alu-
minum hydride to 2,3-epoxycycloéetan-1-0l, a 1,3~
cyclotetanediol identical with the 1,3-glycol ob-
tained by hydrogenation with Raney nickel was
isolated in 509, yield. It can thus have been
formed only from trans-2,3-epoxycyclosctan-1-ol and
must therefore be the frans-1,3-glycol. The lith-
ium aluminum hydride reduction also gave trans-
1,2-cyclodctanediol, isolated in 359 yield as the

(10) (a) N. D. Zelinsky and A. N. Titowa, Ber., 64, 1399 (1931);
(b) K. Bodendorf, Arch. Pharm., 271, 1 (1933); (c) H. Hock and
F. Depke, Chem. Ber., 84, 349 (1951).

(11) A. V. Tobolsky and R. B. Mesrobian, ‘““Organic Peroxides,”
Interscience Puhlishers, Inc., New York, N. Y., 1954,
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TapLE I
CYCLOSCTANEDIOLS AND DERIVATIVES
Cyclobetanediol M.p., °C. phen%rdfétizgfzc. ﬁ-nitr?gézigcfttte):séc, di-p-toluene.:{dlp;‘;)géte, °C.
¢is-1,2- 77.5-79° 175.5-176 . %" 166.2--166.0" 94 .5-95.5°
trans-1,2- 31.0-82.5™ 176.2-177.4° 111.6-112.¢* 124.6-125.2°
cis-1,3- 57.0-58.0 129,4-130.1/
trans-1,3- 106.5-108.0 163.0-165.07
cis-1,4- 85.0-86.5" 186.0-187 . 7" 161.5-162.7" a6 5-98. 5
trans-1,4- 90.0-91.0° 180.2-181.7 156.2-156.7"
¢is-1,5- T3.8-74 & 181.4-182 &'
trans-1,5- Liguid? 182.3-183. 8¢

* Reported in ref. 4.
C, 58.38; H, 6.24. Found: C, 58.57; H, 6.25.
© Caled. for CaHasOeSs: C, 58.38; H, 86.24.
Found: C, 59.64; H, 5.08.
‘ Reported in ref. 6.

C. 59.72; H, 5.01. Fouud: C, 59.70; H, 5.13.

crystallization frowm ether—pentane.

isopropylidene ketal. These results indicate that
the epoxidation of 2-cyclodcten-1-ol results aluiost
exclusively in addition of oxygen frans to the hv-
droxyl group, in contrast to the epoxidation of 2-
cyclohexen-1-ol, which forms ¢is-2,3-epoxyeyclo-
hexan-1-o0l.1*

2-Cycloocten-1-one also was investigated as an
intermediate which could lead to 1,3-cycloéctane-
diols. Preparation of this known!? ketone was ac-
complished in improved vield by oxidation of 2-
cycloocten-1-ol with active manganese dioxide in
pentane. Epoxidation with sodium hydroperoxide
in methanol gave 2,3-epoxycyclodctan-1-one. This
epoxide was not investigated further, since the cor-
responding alcohol was obtained more readily.

trans-1,3-Cyclodctanediol was epimerized to the
cis isotner via the crude mono-p-toluenesulfonate in
a manner similar to that emploved in the epi-
merization of c¢is-1,4-cyclodctanediol. ¢is-1,3-Cy-
clobctanediol was isolated in 209, over-all vield.
trans-1,3-Cyclodetanediol was further characterized
by oxidation with chromic anlhyvdride-pyridine
complex to give 1,3-cvclodctanedione, isolated as
the bis - 2,4 - dinitrophenyvlhydrazone. The same
method was emploved to convert both ¢is- and
trans-1,4-cvclodetanediol to 1,4-cyclotetanedione
bis-2,4-dintroplienyilivdrazone  The bis-2,4-di-
nitrophenvlhydrazone of 1,2-cycloéctanedione also
was prepared for comparison.

The melting points of all the cvclodetanediols
and of the derivatives which have been prepared
from them are collected in Table 1. Melting
points of derivatives of the cyclodctenols are listed
in Table II.

Experimental!t

Solvolysis of c¢is-Cyclotctene Oxide.—Several repetitions
of the solvolysis of cis-cyclodctene oxide on a large scale
have given results of which tlie following are typical. cis-
Cyclodctene oxide (80.5 g.) was added in portions over a
period of 1 hr. to 1 1. of 909, formic acid heated on a steam-
bath. After 2 additional lir. of heating, the forniic acid was
removed by distillation at 100 nun. The resulting niixture
of formates was saponified by stirring with 300 nil. of 40%

(12) H. B. Henbest and R. A. L. Wilson, Chemisiry & Induslry, 639
(1836).

(13) A. C. Cope, M. R. Kinter and R. T. Keller, THIS JoUr~NaAL, 76,
2757 (1034).

i14) Meiting points are corrected and boiling points are uncorrected.
We are indebted to Dr. 8. M. Nagy and his associates for anaiyses.

b Caled. for CpHwuOsNy: C, 59.72; H, 5.01.
4 Caled. for ngHzeOg:\‘vg.' C, 597‘2, H:, 5.01,
Found: C, 5824; H, 6.13.
7 Caled. for CpH2OsN,: C, 39.72; H, 5.01.
i Caled. for Co2Hs;04N:: C, 69.09; H, 6.85.
! Reported in ref. 8.
tallized approxiniately 7 years after it was first obtained as a viscous liquid, purified by distillation.

Found: C, 59.38; H, 5.23. ¢ Caled. for CoHuOeS,:
Found: C, 39.95; H, 3.23.
7 Caled. for ngHng)gNgl C, :)972, H, 35.01.
Found: C, 39.52; H, 4.92. * Reported in ref. 5.
Found: C, 69.16; H, 6.95. * Caled. for CauHunON,:
m Reported in ref, 4 as a liquid.  This glycol crys-
It was purified by re-

TaBLE II
CYCLOOCTENOLS AND DERIVATIVES
M.p. of
p-nitrobenzoate, “C.
104.5-105.0"
101.5-102.5 32.0- 33.07
4-Cyclodcten-1-ol 3.0- 94.0° 83.0- 83.07

¢ Reported in ref, 13. ? Caled. for CisH;04N: C, 65.44;
H, 6.23. Found: C, 65.57; H, 6.41. ¢ Reported in ref. 6.
4 Caled. for Ci;HiyO4N: C, 635.44; H, 6.23. Tound: C,
65.31; H, 6.07. <¢Reported in ref. 5. / Caled. for CypHye-
O¢N: C,65.44; H,6.23. Found: C,65.55; H, 6.26.

M.p. of
phenyluretlian, °C.

02.5- 93.0°

Cyclodetenol
2-Cycloécten-1-01
3-Cycloseten-1-0l

sodium hydroxide at the reflux temnperature for 1 lir. The
resulting two-phase mixture was extracted withh 300 ml. of
cliloroform. Short-path distillation of the cliloroform ex-
tract gave 60.0 g. of material which was distilled through
a spinning-band columit. A low-boiling material (13.2 g.)
was collected in five fractions, b.p. 55-70° (1 mnm1.), and was
sliown by the methods described below to consist prin-
cipally of 8- and 4-cyclodeten-1-0l. This fraction was
followed by the glycol fraction, b.p. 115-130° (1 mm.}, con-
taining trans-1,2-cyclodctanediol and c¢rs-1,4-cvclosetane-
diol.

Identification of 3-CycloScten-1-01 and 4-Cyclotcten-1-o0l.
—Earlier experinients indicated that tlie low-boiling matc-
rial consisted imostly of 3-cycloéeten-1-01 or a miixture of
cyclodictenols.  This was shown by hydrogetation of
sample to cyelodetanol, identified as its plienylurethan,
whicli was isolated i 859 vield, and by preparation of a
plienylurethan fromn tlie low boiling material. Recrystalli-
zation of the unsaturated plienylurethian yielded 3-cyclo-
octen-1-y! phenylurethian, m.p. 102.4-103.6°, whose stric-
ture was known from ozouization.b

Tlie presence of 4-cycloseten-1-o0l in tlie low boiling mate-
rial was indicated by tlie infrared spectruin of the crude un-
saturated plienylurethan, whiclh contained bands cliarac-
teristic of 4-cycloseten-1-v1 phenylurethan at 697 and 724
cm. ! as well as those of 3-cyclodetert-1-y1 plienyluretitan at
685, 705, 768 aud TR0 cmm.l, The absence of any appre-
ciable amount of 2-cvcloseten-1-yl plienylurethan was dem-
oustrated by the fact that there was no band at 930 cut.™!
where 2-cyclodeten-1-y1 plienyluretlian lhias an uhsorption
band of medium intensity. Furtlier evidence for thie comn-
position of the munsaturated alcohiol fraction was obtained
by comparison of its infrared spectrum with tlte spectra of
autlientic samples of 3-cyclodetett-1-n1 {deseribed below,
strong band at 705 cnmi.~!) and 4-cycleocten-1-o0l (strong
band at 725 cm. ™). Tle iufrared spectrum of the low-
boiling material from tlie cis-cyclosctente oxide solvolysis
could be accounted for by assuniig it to be a mixture of the
two alcoliols. TFinally, thie preseuce of 4-cyclogeten-1-ol
in the low-boiling material was cenfirmed by isolatvion of a
p-nitrobenzoate prepared from the aleoliol mixture. wiich
wag 2w by mived sp. and ifrared spctr to be iden-
tical witii the p-nitroizenzoute prepared from aurhonric i-
cyclodeten-1-ol.
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Bicyclic Alcohol.—The presence in the low-boiling mate-
rial of a small amount of a saturated alcohol isomeric with
the cyclodctenols was demonstrated by isolation of the
phenylurethan of the alcohol as follows. Distillation frac-
tions 4 and 5 of the low-boiling material (5.94 g.) were
treated with 35 mil. of 209, silver nitrate to remove unsatu-
rated compounds. The insoluble saturated compounds
were then extracted with ether (35 ml.), and the ether layer
was washed twice with 5-ml. portions of 209 silver nitrate.
Vapor phase chromatography (described below) of the ether
layer showed the preseuce of at least tlirce components in
addition to a band that may have been due to cyclodctenols
not removed by the silver nitrate. Evaporation of the
ether gave 0.16 g. of a product that was warmed with 0.19
g. of phienyl isocyvanate on a steam-bath. Removal of the
excess phenyl isocyanate under reduced pressure and ozonoly-
sis followed by reduction witlh sodium borohydride gave a
product that was cliromatograplied on alumina (Merck,
acid-washed). This is tlie procedure used previously,® ex-
cept that treatment of the reduction product with phenyl
isocyanate was omitted. The saturated phenylurethan
whiclt was eluted with 20% ether iu petroleum ether (0.14
g.) was recrystallized from uiethanol and water, m.p. 118-
119.5°.

Anal. Caled. for Cy;HpON: C, 73.44; H, 7.81; N,
5.71. Found: C, 73.36; H, 7.62; N, 5.75.

Cyclosctanone.—Distillation fractions 1 and 2 of the low
boiling material from cis-cyclodctene oxide solvolysis gave
several peaks upon vapor phase chromatography, in con-
trast to fractions 4 and 5, which gave a single major peak.
The infrared spectrum of fraction 1 showed a carbony! peak
at 1688 cm1.~l.  This unusually low frequency for carbonyl
absorption suggested the presence of cyclodctanone (re-
ported!s carbonyl absorption at 1602 cm.~1). The presence
of cyclodctanone was confirmed by tlie preparation of a 2,4-
dinitrophenylliydrazone, m.p. 171.0-173.2°, undepressed
in mixed m.p. with authentic cyclodctanone 2,4-dinitro-
phenylliydrazone, m.p. 174.8-175.1°.

1,4- and 1,5-Epoxycyclosctanes and the Unidentified
Component.—At this poiut the two remaining major com-
ponents of fractions 1 and 2 wliich gave peaks upon vapor
phase cliromatography were isolated from tlie effluent gas
stream of the vapor phase apparatus by attaching small col-
lecting vessels as the fractious were eluted from the column.
The column employed for this separation was a 12-mm.
Pyrex tube with a 180-crn. length of packing consisting of
309 Dow-Coruing Silicone oil no. 550 on a ground firebrick
support (38-80 mesh). Tlie column was heated to 180°
and employed liclium introduced under a pressure of about
60 cm. as thie gas phase. Detection involved use of thermis-
tors to measure chianges in the thermal conductivity of tlie
effluent gases. In preparative use, amounts up to 0.7 ml.
were separated on tlie above column, The purity of the
components collected in tlis manner was theun cliecked by
analysis on a column simiilar to the one described above,
except that it was constructed of 8-mm. tubing.

One of the components separated in tliis manner was
present in appreciable quantity only in distillation fraction
1, indicating that it had a relatively low boiling point.
The infrared spectrum of this component showed that it
was a mixture of 1,4- and 1,5-cpoxycyclodctane.’8 The
yield, estimated by vapor phase chromatography, was 0.1%,.
The otlier component appeared in fractions 1 and 2, indi-
cating a somewhat higler boiling point, and no information
concerning its structure lias beeu obtained except the infra-
red spectrum, whicli indicates thiat it is an unsaturated al-
cohol. The estimated yield was 19%.

Cyclotctanediols.—The glvcol fraction obtained when
the cis-cyclodetene oxide solvolysis products were distilled
yielded {frams-1,2-cvclodetanediol as the isopropylidine
ketal (5.6%) and c¢is-1,4-cyclodetanediol (23.69,), separated
by methods that have been described.¢ In the present case
a residue of 9.7% (calculated as diols) did not crystallize.
However, the residue consisted mostly of c¢is-1,4-cyclo-
octanediol as shown by the fact that short-path distillation
followed by crystallization yielded additional ¢is-1,4-cyclo-
octanediol (corresponding to 4.5%) plus non-crystalline
material that was chromatograplied to give still niore
crystalline ¢fs-1,4-cyclodetanediol. The chromatogram
vielded, in addition, several nou-crystalliie components

{15) V. Prelog, J. Chemn. Soc., 420 (1930).
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that were not investigated further. It is estimated that
none of the non-crystalline materials was present ir over-all
vield of as much as 1%. .

3-Cyclodcten-1-0l.—Authentic 3-cyclodcten-1-ol, used in
the identification of the alcoliols formed in the solvolysis
of cis-cyclosctene oxide, was obtained from the phenylure-
than of m.p. 101.5-102.5°, isolated from the low-boiling
cis-cyclodetene oxide solvolysis products, known to be 3-
cyclodeten-1-y! phenylurethan by ozonolysis.8 The plienyl-
urethan (2.3 g.) was added to 50 ml. of tetrahydrofuran
containing 0.4 g. of lithium aluminum hydride. The mix-
ture was heated under reflux for 24 hr. during which time
two additional 0.4-g. quantities of lithium alumizum hy-
dride were added. The cooled reaction mixture was di-
luted with 100 ml. of ether to facilitate the subsequent
filtration, and 3 ml. of water was added. Filtrazion, fol-
lowed by drying and distillation of tlie solvent, gave a re-
sidual liquid that was distilled through a semi-micro column,
3ficld§ng 0.45 g. (38%) of 3-cyclodeten-1-0l, b.p. 68° (1.5
mm. ).

Anal. Caled. for CgHyj0: C, 76.14; H, 11.18. TFound:
C, 76.29; H, 11.04.

The infrared spectrum of the alcohol and of the crude
phenylurethan prepared from it showed that little if any 4-
cyclogeten-1-01 was present in the product. The crude
phenylurethan melted at 100-102° and was shown by
mixed melting point and infrared spectrum to be 3-cyclo-
octen-1-y1 phenylurethan.

1,4-Cyclotctanedione from cis-1,4-Cyclosctanediol.—Tlie
oxidation of ¢is-1,4-cyclodctanediol to the corresponding
diketone by benzoquinone in an Oppenauer-type oxidation
is reported to give 159 vield.* The [ollowing procedure
using N-bromosuccintimidel® as the oxidizing agent gave
639, of the diketone. To cis-1,4-cyclodctanediol 110.5 g.)
in 1500 ml. of acetone and 150 ml. of water was added 62.5
g. of N-bromosuccinimide followed by 5 ml. of glacial ace-
tic acid. The mixture was cooled with a water-bath and
allowed to stand for 2 hr. The solution was poured into
500 ml. of saturated sodium bicarbonate solution, and 200
ml. of 109 sodium thiosulfate was added. The mixture
was filtered. and the filtrate was concentrated below 50°
under reduced pressure and extracted witlt chloroform.
Tlie crude product was submitted first to short-patl dis-
tillation at 1 mm. and then to fractionation tlirougl a semi-
micro column, giving 6.41 g. (63%) of 1,4-cyclodctanedione,
b.p. 73-76° (1 mm.). The diketone was a low-melting
solid that had m.p. 46.8° after redistillation.

1,4-Cycloéctanedione Bis-2,4-dinitrophenylhydrazone.—
The preparation of 1,4-cycloéctanedione was repeated on a
small scale, except that the product {rom chloroform ex-
traction was treated with 2,4-dinitrophenyllivdrazine re-
agent, From 103 mg. of c¢is-1,4-cyclodctanediol, 361 mg.
(1019%,) of 1,4-cyclodctanedione bis-2,4-dinitroplienylliydra-
zone was isolated. The product was recrystallized from
nitrobenzene—ethanol to a constant melting point of 212°
(introduced at 205°) and from inixed nielting point and the
infrared spectrum was identical witlt the derivative prepared
from the pure diketone, although tlie melting poiut of the
derivative by tlie latter route was higher (217.4°). Ana-
lytical data for a sample of 1,4-cyclodctanedione bis-2,4-
dinitrophenylhydrazone prepared via oxidation of ¢is-1,4-
cyclodetanediol witlt cliromic anhydride-pyridine complex
is reported elsewliere in this paper.

1,4-Cyclosctanedione Dioxime.—1,4-Cyclodctanedione
(83 mg.) was lieated under reflux with 0.5 ml. of absolute
ethanol, 0.5 ml. of pyridine and 100 mg. of hydrosylaminc
hydrochloride for 2 lir.  Evaporation of the solvent, followed
by addition of water, gave 42 mg. (65%) of tlie dioxime.
which after recrystallization from 959, ethano! melted at
169.5-170.2°.

Anal. Caled. for CgHyyN:0,:
Found: C, 56.73; H, 8.30.

Hydrogenation of 1,4-CycloSctanedione,—1.4-Cyclo-
octanedione (1.33 g.) in 4.3 ml. of 959, ethanol was liydro-
genated over Raney nickel at 100° and 100 atmaspheres.
Tlie crude product (1.03 g.) was cliromatographed on 75 g. of
neutral alumina of activity 111, giving 229 mg. of {rans-1,4-
cyclodetanediol (eluted with 0.59% metlianol in ether) and
231 mg. of c¢is-1,4-cyclodctanediol (eluted with 29 raethanol

C, 56.45; X, 8.29-

(16) L. F. Fieser and $. Rajagopalan, THIs JourwaL, 72, 3330
(1950).
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in ether), along with some intermediate fractions that con-
tained both glycols.

4-Bromo-2-cyclodcten-1-yl Acetate.—In a typical prepa-
ration a mixture of 2-cyclodcten-1-yl acetate (8.02 g.), N-
broniosuccinimide (8.50 g.), carbon tetrachloride (150 ml.)
and benzoy! peroxide (0.04 g.) was heated under reflux for
20 min. After cooling, succinimide was separated by
filtration, and the filtrate was washed with sodium bicar-
bonate solution. The solvent was removed without exter-
nal heating and the residue was subjected to short-path dis-
tillation under reduced pressure followed by fractionation
through a semi-micro column, giving 4-bromo-2-cyclo-
octen-1-yl acetate (5.08 g., 43%), b.p. 81.5° (0.27 mm.),
n2p 1.5122,

Anal. Caled. for CppHyBrO,: C, 48.60; H, 6.12; Br,
32.35. Found: C, 48.39; H, 6.03; Br, 32.69.

CycloSctenediol Diacetate. A. From Tetraethylammo-
nium Acetate.—A solution of 4-bromo-2-cyclodcten-1-yl
acetate (5.73 g.) in 75 ml. of dry acetoite was heated under
reflux for 20 Iir. with 10 g. of tetraetliylammonium acetate
monoliydrate. After filtration and removal of acetone
under reduced pressure, water was added and the product
was extracted with ether. The extract yielded 3.95 g.
(75%) of cyclodetenediol diacetate upou distillation through
a semi-micro column. An analytical sample had b.p. 90°
(0.38 nim.), n%p 1.4700.

Anal. Caled. for CpHyisO4: C, 63.68; H, 8.02. Found:
C, 63.44; H, 8.15.

Selenious acid oxidation of c¢is-cyclodctene is reported to
give 279 of cyclotdctenediol diacetate of unknown stereo-
chemistry.1?

Cyclotctanediols from Method A.—Cyclosctenediol di-
acetate (6.32 g.) was hydrogenated over 0.21 g. of Adams
platinum catalyst (whicli had been pre-reduced in 50 ml. of
methanol) with absorption of 1339, of one molar equivalent
of hydrogen, indicating some hydrogenolysis of the allylic
acetate. After saponification with 5 g. of sodium hydroxide
and 10 ml. of water, the concentrated reactiont mixture
was extracted with chloroform. The dried chloroform
extract yielded a glycol mixture (2.47 g., 629, based on the
unsaturated diacctate) which was crystallized from ethyl
acetate. After seeding the ethy!l acetate solution, 0.470 g.
of trans-1,4-cyclotctanediol separated (199, based on tlie
glycol mixture), ni.p. 90.7-92°. Chromatography of the
mother liquor resulted in isolation of cycloéctano! (109,
by weight based on the glycol mixture) and additional
trans-1,4-cycloéetanediol (49,).

Cyclosctanediol Diacetate. B. From Silver Acetate.—
4-Bromo-2-cyclodeten-1-yl acetate (5.12 g.) was stirred
overnight with 4 g. of silver acetate in 25 ml, of 1009 acetic
acid (prepared by adding acetic anliydride to glacial acetic
acid). After separation of silver bromide, fractionation
gave 2.44 g. (52.69) of cyclodctenediol diacetate. This
niixture was converted to saturated glycols as in metliod A.
In order to separates any 1,2-cyclodctanediol that might be
present, thie glycol mixture was shiaken with acetone and
cupric sulfate.* Cliromatography of the product on alumina
resulted in isolation of frans-1,2-cyclodetanediol isopropyl-
idene ketal, identified by its infrared spectrum, in a yield
of 5%. A later series of cliromatographic fractions con-
sisted of ¢is- and frams-1,4-cyclodctanediols. The total
amount of frans-1,4-cyclodctanediol was 0.565 g. (37%
based on unsaturatced diacetate), and as in the case of tlie
1,4-cyclodctanedione hydrogenation product, the separa-
tion of the epimeric glycols by chromatograpliy was not
complete,

Epimerization of ¢is-1,4-Cyclodctanediol.—p-Toluene-
sulfonyl cliloride (3.8 g.) was added to a solution of ¢is-1,4-
cyclodcetanediol (2.88 g.) in pyridine (20 ml.). The crude
monotosylate was isolated after tlie mixture stood overniglit
by pouring it into water, extracting with benzene and wash-
ing the extract with dilute hydrochloric acid and water.
Tle crude monotosylate (5.3 g.) was allowed to react with
tetraethylammonium acectate (4.5 g.) in acetone (150 ml.),
first at room temperature (24 hr.) and then under reflux (24
hr.). The crude monoacetate was isolated and liydrolyzed
with sodium hydroxide, giving 1.66 g. of a product that was
chromatographed on alumina, separating an unsaturated
alcohol fraction (270 mg.), trans 1,4-cyclosctanediol (605

(17) V. D. Azatyan and R. S. Gyuli-Kevkhyan, Doklady Akad.
Nouk Armyan. S. S. R, 21, 209 (1953); C. A., 80, 11257 (1956).
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mg., 21%) which was identified by its infrared spectrum,
and cis-1,4-cyclodctanediol (145 mg., 5%).

Autoxidation of 1,3-Cyclodctadiene,—cis-cis-1,3-Cyclo-
octadiene!® (22.3 g.) was placed in a flask connected to a gas
buret and illuminated witlh a 275-watt sun lamp under a
positive pressure of oxygen for 28 hr., with stirring. Dur-
ing this time 2.13 liters (409, of 1 molar equivalent) of oxy-
gen was taken up, giving a viscous product that was re-
duced directly. A solution of the reaction mixture in 130
ml. of ether was added dropwise to a slurry of 7.82 g. of
lithium aluminum hydride in 200 ml. of anhydrous ether,
maintained below 20°. The excess lithium aluminum hy-
dride was destroyed by addition of 40 ml. of ethy! acetate,
followed by 60 ml. of saturated ammonium chloride solu-
tion. Filtration, followed by short-path distillation (0.3-
0.7 mm., 90-180° bath temperature) gave 14.99 g. of low-
boiling liquid and 7.79 g. of higher boiling material. The
latter yielded 2.32 g. of crude glycols after redistillation and
hydrogenation in the presence of pre-reduced platinum ox-
ide. From the crude glycols there was obtained trans-1,2-
cyclodetanediol isopropylidene ketal (0.43 g., 15%) by the
method described previously under ‘“Method B.”” Chro-
matography of the glycol residue yielded fractions amount-
ing to 0.95 g. from which #rans-1,4-cyclodctanediol bis-p-
nitrobenzoate was prepared.

trans-2,3-Epoxycyclosctan-1-0l.—Commercial 409, per-
acetic acid (12.0 ml.) to which sodium acetate trihydrate
(2.4 g.) had been added to neutralize the sulfuric acid
present was added to 2-cycloscten-1-0113 (5.00 g.) main-
tained at 10-15°. The reaction mixture was made basic
with excess sodium hydroxide and extracted with ether.
Distillation through a semi-micro column gave 4.70 g.
(84%) of trans-2,3-epoxycyclosctan-1-ol, b.p. 99-100° (1.8
mi.), #%p 1.4930.

Anal. Caled. for CgHyO2: C, 67.57; H, 9.93.
C, 67.65; H, 10.27.

Hydrogenation of trans-2,3-Epoxycyclosctan-1-ol.—Hy-
drogenation of a solution of 5.00 g. of ¢rans-2,3-epoxycyclo-
octan-1-ol in ethano! in the presence of W-6 Raney nickel
at 125° and 1300 p.s.i. gave 5.00 g. (99%) of a glycol mix-
ture after short-path distillation of the product under re-
duced pressure. The 1,2-cycloéctanediol in the mixture
was converted to the isopropylidene ketal,* and the latter
compound (2.38 g., 75%) was isolated by distillation. The
product, after chromatography on alumina, had an infrared
spectrum identical with the spectrum of authentic frans-
1,2-cyclodctanediol isopropylidene ketal and showed no
bands attributable to cis-1,2-cyclodctanediol isopropylidene
ketal. The ketal was further characterized by hydrolysis
to the glycol* followed by conversion to the bis-p-nitroben-
zoate.

trans-1,3-Cyclosctanediol.—The glycol residue remaining
after distilling the isopropylidene ketal from hydrogenation
of trans-2,3-epoxycyclodctan-1-ol was recrystallized from
benzene, giving 0.30 g. (12%) of ¢rans-1,3-cyclodctanediol,
m.p. 103-105°. An analytical sample that was recrystal-
lized from benzene had m.p. 106.5-108°.

Anal. Caled. for CgHys04: C, 66.62; H, 11.18. Tound:
C, 66.76; H, 11.11,

Lithium Aluniinuni Hydride Reduction of {rans-2,3-Epoxy-
cyclosectan-1-0l.—A slurry of lithium aluminum hydride
(1.60 g.) it 30 ml. of ether was added to a solution of 1.5 g.
of trans-2,3-cpoxycyclodetan-1-ol in 25 ml. of etlier. After
4 hr. tlie excess lithijum aluminum hydride was destroyed
by the addition of 5 ml. of ethanol, followed by coucen-
trated sodium hydroxide. The ether layer was separated,
and the aqueous layer was extracted with chloroform.
Upon short-path distillation (100-130° at 1 mm.), 1.45 g.
(96%) of a glycol mixture was obtained from the ether and
chloroform extracts. The glycol mixture was separated in
the manner described above for the hydrogenation products
obtained from #rans-2,3-epoxycyclodctan-1-0l, giving 0.65
g. (35%, based ou glycols isolated) of #rans-1,2-cyclodetane-
diol isopropylidene ketal, identified by its infrared spectrum,
and 0.75 g. (50%) of trans-1,3-cyclodcetanediol, m.p. 106.5—
108°, undepressed on admixture with the glycol obtained
by catalytic hydrogenation.

When the normal order of addition of reagents was em-
ployed, i.e., when the epoxyalcohol was added to the lithium

Found:

(18) A. C. Cope and L. L. Estes, Jr., TH1s Journar, 72, 1128
(1950},
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aluminum hydride slurry, there was obtained 449, of trans-
1,2-cyclosctanediol isopropylidene ketal and 319, of trans-
1,3-cycloéetanediol, based on the weight of crude glycols,
isolated in 829 yield.

2-Cycloscten-1-one.—2-Cyclodeten-1-0l  (5.00 g.) was
dissolved in pure pentane (80 ml.) and active manganese
dioxide!® (23.5 g.) was added. After 6 hr. the slurry was
filtered. The filtrate yielded 4.02 g. (82%) of a mixture
of 2-cyclodcten-l-one and 2-cyclodcten-l-ol which was
found to contain 599, of the ketone by comparison of the
ultraviolet spectrum with the spectrum of the pure ketone.!3
Repetition of the oxidation gave 3.02 g. (629 over-all) of
2-cyclodeten-1-one of 989, purity as indicated by the ultra-
violet spectrum.

2,3-Epoxycyclodctan-1-one.—In a modification of the
method of Weitz,?® sodium hydroxide (10 ml. of a 6 N solu-
tion) was added to a cooled mixture of 10 ml. of 309 hy-
drogen peroxide in 75 ml. of methanol. While maintaining
a temperature of 0-5°, 2-cyclodcten-l-one (2.00 g.) in
methanol (10 ml.) was added. After an hour the mixture
was poured into 80 ml. of ice-water, and the solution was ex-
tracted with ether. The ether extract yielded 0.095 g.
(5%) of recovered 2-cycloscten-l-one, b.p. 83-84° (11
mni1.), and 0.809 g. (369%,) of 2,3-epoxycyclodctan-l-one,
b.p. 115-116° (5 mm.). The latter compound was a solid
which after sublimation had m.p. 92.0-93.0°.

Anal. Caled. for CgH120,: C, 68.54; H, 8.63.
C, 68.46; H, 8.40.

Oxidation of c¢is- and franms-1,4-Cyclosctanediol with
Chromic Anhydride-Pyridine Complex.—¢és -1,4- Cyclo-
octanediol (0.100 g.) in dry pyridine (2 ml.) was added to
the preformed complex? prepared from 0.555 g. of chromic
anhydride and 6 ml. of pyridine. After stirring the mixture
30 minutes, it was allowed to stand overnight. The mix-
ture was poured into 25 ml. of ice-water and extracted
with four 40-ml. portions of chloroform. The extract was
washed with dilute hydrochloric acid and dilute sodium bi-
carbonate and dried. Evaporation of the chloroform and
treatment of the residue with 2,4-dinitrophenylhydrazine
(0.270 g.) in ethanol (15 ml.) containing concentrated hy-
drochloric acid (5 drops) gave 1,4-cycloéctanedione bis-
2,4-dinitrophenylhydrazone (0.250 g., 68%), m.p. 211.0-
212.0° dec. after boiling the crude derivative with a large
volume of etllanol. Recrystallization from nitrobenzene—

Found:

(19) J. Attenburrow, A. F. B. Cameron, J. H. Chapman, R. M.
Evans, B. A, Hems, A. B. A. Jansen and T. Walker, J. Chem. Soc., 1094
(1952).

(20) E. Weitz and A. Scheffer, Ber., 4B, 2327 (1921).

(21) G. 1. Poos, G. E. Arth, R. E. Beyler and L. H. Sarett, THIS
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ethanol gave an analytical sample, m.p. 211.8-212.0° (in-
serted at 205°).

Anal. Caled. for ConznOsNg:
Found: C, 48.20; H, 4.15.

Oxidation of #rams-1,4-cyclodctanediol (0.101 g.) by the
same procedure gave 0.147 g. (429) of 1,4-cyclodctanedione
bis-2,4-dinitrophenylhydrazone, m.p. 211.3-211.5° after re-
crystallization from nitrobenzene—ethano! (1:1). No de-
pression of melting point on admixture with an autlientic
sample was noted.

1,3-Cyclosctanedione Bis-2,4-dinitrophenylhydrazone.—
Oxidation of #rams-1,3-cyclodetanediol (0.100 g.) with
chromic anhydride-pyridine complex followed by treatment
with 2,4-dinitrophenylhydrazine as described for cis-1,4-
cyclodetanediol gave 1,3-cyclodctanedione bis-2,4-dinitro-
phenylhydrazone (0.090 g., 26%,), which liad m.p. 233-234°
(inserted at 225°) after recrystallization from nitrobenzene—
ethanol.

Amnal. Caled. for CyHaOsNj:
Found: C, 47.90; H, 4.16.

1,2-Cyclosctanedione Bis-2,4-dinitrophenylhydrazone.—
Suberoin® (2.97 g.) was oxidized with cupric acetate mono-
hydrate (8.36 g.) in methanol (2 ml.) and 50% aqueous
acetic acid (20 ml.).22 Distillation gave 1.76 g. (60%) of
1,2-cyclodctanedione, b.p. 58-60° (1 mm.), n*rc 1.4699.
Part of tlie diketone (0.276 g.) was treated with 2,4-dinitro-
phenylhydrazine reagent, giving 0.970 g. (99%) of 1,2-
cyclodctanedione bis-2,4-dinitrophenylhydrazone. Recrys-
tallization from nitrobenzene gave a sample with m.p.
216.0-216.5° (dec., inserted at 210°).

Anal. Caled. for CaHpOeNg: C, 48.00;
Found: C, 48.32; H, 3.96.

p-Nitrobenzoates.—The p-nitrobenzoates of the various
cyclodetenols and cyclodctanediols prepared during this
study were obtained by treating the alcohols with p-nitro-
benzoyl chloride in pyridine at room temperature for 0.5 to
3.0 hr. followed by isolation in the usual manner,?? except
thatin some cases p-nitrobenzoic acid and other impurities
were removed by passing a solution of the crude p-nitro-
benzoate through a column of neutral alumina. 7The melt-
ing points and analyses of the new derivatives appear in
Tables I and II.

Di-p-toluenesulfonates.—The preparations of the new
di-p-toluenesulfonates (Table II) were similar to the one r -
ported for cs-1,4-cyclodetanediol di-p-toluenesulfonate. *

C, 48.00; H, 4.03.

C, 48.00; H, 4.03.

H, 4.03.

(22) H. S. Corey, Jr., Ph,D, Thesis, M.1.T., 1854.

(23) R. L. Shriner and R, C. Fuson, “The Systematic Identification
of Organic Compounds,” John Wiley and Sons, Inc., New Vork, N. V.,
1048, p. 164.
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trans-Cyclotctene oxide has been prepared from trans-cycloéctene and peracetic acid. This oxide reacts exothermically
with formic acid, forming a mixture of products that was isolated in 559 yield. Components of this mixture that have
been isolated and the mole percentage of each include the following: first, products formed by a transannular hydride shift of
the kind observed in previous work in this series: frans-1,4-cyclodctanediol, 33%; trans-1,3-cyclosetanediol, 1%; 4-cvclo-

dcten-1-0l, 129,

In addition, three compounds formed by ring contraction were isolated. These were hexahydro-o-

tolualdehvde (isolated as the acid), 25%; a liquid glyco! CsHis0: (A) containing a C-methyl group, 16%; a second liquid

glvcol CsHyeO: (B), also containing a C-methyl group, 1839%.

trans-Cyclobctene oxide has been described by
Ziegler and Wilms,? who prepared it from a sample
of cyclotctene that is now known to be a mixture
of trans- and cis-cyclobetene in a ratio of approxi-
mately 3:2.8 In this work, trans-cyclodctene oxide

(1) National Science Foundation Fellow, 1953-19354.

(2) K. Ziegler and H. Wilms, An»n., 567, 1 (1950).

(3) A. C. Cope, R. A. Pike and C. F. Spencer, TAls JovrNaArL, 78,
3212 (19833).

was prepared from the pure frans-olefin and perace-
tic acid in 939, yield. Unlike ¢is-cyclodctene oxide,
which is a crystalline solid, the #ams-oxide is a
liquid; differences in its infrared spectrum from
the spectrum of the cis-oxide show that it is not con-
taminated by the c¢is isomer, and vapor phase
chromatography indicated that the oxide prepared
in this way is homogeneous.



