2386 J. Org. Chem., Vol. 85, No. 7, 1970

an angle between HM and C,—C;. The frequency shifts were
calculated according to the McConnell’s equation

_ Beosto — 1) (X1 — X71)

Tav 373

where the magnetic susceptibility term, X1, — X'r, was taken to
be —5.5 X 10~% cm?/molecule.}

Examples of such caleulations for the individual shielding effects
of each C-C bond on the 3.3.0-2 and -3 protons in the “W”’ and
in the “S’’ conformation are given in Table III. These individual
shielding effects are summed to give the frequency shift, Zoav,
of the proton. The frequency shifts of each significant proton in
each model conformer are summarized in Figure 1.

Comparison of these calculated frequency shifts with the ob-
served ones (Table IV) suggest that the ex0-3.8.0-2-0l, the ezo-
8.3.0-3-0l, and the endo-3.3.0-3-0l are in the “W’’ conformation,
while the endo-3.3.0-2-0l is in the ‘8"’ form. The observed
frequency shifts of the 3.3.0 acetates are also in good agreement

(14) H. M, McConnell, J. Chem. Phys., 27, 226 (1957).
(18) A, A. Bothner-By and C. Naar-Colin, Ann, N, Y, Acad. Sci., 70, 833
(1958},
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TasLe IV

NMR ABSORPTIONS OF THE 3.3.0-OLS AND -ACETATES.
CoMPARISON OF CALCULATED AND OBSERVED
[8re1 (20 H standard)]

on'H 3x H 2x H 3n H

Obsd OH 0 0.20 0.36 0.43

Obsd OAc 0 0.19 0.36 0.45

Present caled 0 0.22 0.30 0.49

Previous caled 0 0.23 0.28 0.08
(V model)

with the calculated values on the basis of similar conformational
considerations.

Registry No.—IIx, 23359-88-8; Iln, 24454-38-4;
IIIx, 24454-39-5; IIIn, 24454-40-8; IVx, 24454-41-9;
IVn, 24454-42-0.
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The synthesis of 2-oxabicyclo[2.2.2]octane (1) is described. Itsstructure was confirmed by mass spectrometry

and nmr,

a 1,4 transannular elimination; the other (I1) was a dehydration procedure.
isolated by all three methods; however, method I was shown to be superior.,
cyclohexane-1-carboxylic acid (4 + 5) was obtained by hydrogenation of 3 over 5% Rh-AlLQ;.

Three different methods (I, IT, III) for its preparation were investigated. Two of these involved

Compound 1 was synthesized and
The cis—trans mixture of 4-hydroxy-
The cis isomer

was cyclized to the bicyclic lactone 6, which was then reduced to the cis-diol 7. Dehydration of 7 over Al,O;

gave 1 and the unsaturated alcohol 9 side product.

Chlorination of 7, followed by a 1,4 elimination, also gave

1. The best procedure involved the formation of the cis tosylate 8 and its intramolecular alkoxide ion elimina-

tion to give 1.

At least two attempts to synthesize the 2-oxabicy-
clo[2.2.2]octane (1) system have appeared in the lit-
erature.®>* The first attempt was made by Owen using
an isomeric mixture of cis- and f{rans-4-tosyloxymethy-
lene-1-benzoyloxycyclohexane according to Scheme I.

ScaeEME 1
OH

CH,—0—Ts

KOCH,

MeOH CH20CH3

2
O—C-—Ph 0?2
| :

This synthetic route did not give 1; rather it seems to
have involved intramolecular tosyl elimination by meth-
oxide ion, concurrent with ester hydrolysis to give
4-methoxymethylene-1-cyclohexanol (2). Wittbecker

(1) Postdoctoral Fellow, Department of Chemistry, University of Cali-
fornia at Santa Barbara.

(2) To whom inquiries should be addressed.

(3) L. N.Owen and P. A. Robins, J. Chem. Soc., 326 (1949).

4) E. L. Wittbecker, H. XK. Hall, Jr,, and T. W, Campbell, J. 4dmer
Chem. Soc., 83, 121, (1960).

and coworkers* reported that the dehydration of
cts-4-hydroxyeyclohexanemethanol (7) gave products
other than the expected bicyclic ether; none of the reac-
tion products was isolated or characterized.

In this paper we report some of the physical proper-
ties and the synthesis of 2-oxabicyelo[2.2.2]octane (1)
which was prepared by three different methods (Scheme
II), one of which (method II) is a reinvestigation of the
alumina dehydration of the c¢is-diol 7, as attempted by
Wittbecker. Method III is similar to the approach
used by Clarke to synthesize the 2-oxabicyclo[3.2.1]-
octane system.? The synthetic methods are summar-
ized in Scheme II (the isomers are shown in their expec-
ted favored conformations).

Results and Discussion

Hydrogenation. —The reduction of 4-hydroxybenzoic
acid (3) to the isomeric mixture of cis- and frans-4-
hydroxycyclohexane-1-carboxylic acid (4 and 5) has
been accomplished previously.® Alternately the ethyl
ester of 3 has been reduced at elevated pressure (270
atm) and temperature (220°).*

(5) M. F. Clarke and L. N. Owen, J. Chem. Soc., 2108 (1850).

(8) R. H. Levin and J. H. Pendergrass, J. Amer. Chem. Soc., 69, 2436
(1947).

(7) H. E. Unguade and F. V, Morriss, ibid,, T0, 1898 (1948).

(8) W. Schneider and A. Huttermann, Arch. Pharm. (Weinheim), 298,
226 (1965).

(9) C. V. Banks, J. P. La Plante, and J. J. Richard, J. Org. Chem., 3.
1210 (1958).
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In our experience the procedure using PdO cata-
lyst® gave unacceptably low yields (<259%) of the
reduced product. The alternate methods, although
reported to give good yields of 4 and 5, involve the
synthesis of additional intermediates. A more facile
synthesis was desirable and we investigated the reduc-
tion with 5% Rh-ALOs, a catalyst known to promote
ring hydrogenation of aromatic phenols under rela-
tively mild conditions.’® At 110 atm and at ambient
temperature, the reduction of 3 in the presence of a
small amount of 59 Rh-AlO; proceeded smoothly
and nearly quantitatively.

Cyclization of the Isomeric Mixture of 4 and 5.—

The cis conformational isomer 4 lactonized readily and
the 2-oxabicyclo[2.2.2]octan-3-one (6) was isolated by
sublimation of the reaction mixture. Crystalline 6
was obtained in excellent yield after extraction with
petroleum ether. The melting characteristics of this
compound depend on the heating rate, indicating the
existence of polymorphic' forms, A change in the
crystal structure occurs between 82 and 85°. The new
structure shows a higher temperature transition
(127-128°) where liquefaction is finally observed. The
trans isomer 5 (mp 148°)'112 remained in the sublima-
tor. The ir spectrum of 6 shows the absence of the
OH band at 3400 em~! and an intense carbonyl band
at 1740 em~'. We assigned the nmr absorption at
6 4.46 to the bridgehead proton at the 1 position. The
6 2.38 absorption was assigned to the other bridgehead
proton at the 4 position. At the concentration em-

(10) Louis F. Fieser and Mary Fieser, ‘‘Reagents for Organic Synthesis,”
John Wiley & Sons, Inc., New York, N. Y., 1967, p 979.

(11) H. Batzer and G. Fritz, Makromol. Chem., 4, 213 (1954).
(12) N. R. Campbell and J. H, Hunt, J. Chem. Soc., 1379 (1950).
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ployed, both of these absorptions appeared as broad
singlets and did not show any multiplicity. The inte-
gration of the peaks gave the correct relative number
of hydrogens 1:1:8, consistent with structure 6.

The direct synthesis of 1 from 6 using BFy-B,H;
according to the procedure of Pettit!®1¢ failed; how-
ever, we did not make an extensive investigation of
this approach. The direct reduction of 6 to 1 was
attempted by Wittbecker without success.* An alter-
nate scheme for the synthesis of 1 had to be employed.
The reduction of 6 to 7 with LiAIH, was accomplished
without problems. The cis-diol was obtained as a
clear syrup and its physical properties were in agree-
ment with those reported in the literature.®! The tosyl
derivative of 7 was prepared by the usual methods.
Under the conditions employed, the primary alcohol
function of 7 was tosylated predominantly. The ir
of the product 8 exhibited the expected hydroxyl, aro-
matic, and sulfonate absorptions of a tosyl intermediate.

1,4 Transannular Elimination (Methods I, II, and
II).—Three different ring closure reactions were
investigated. Two of these involve the formation of
the alkoxide ion which then undergoes intramolecular
displacement of the tosyl (or chlorine) leaving group
as shown in 10 for intermediate 8, presumably in the
boat conformation. Preliminary experiments indicated

Ts 20N H,c (-

10

that these methods would give acceptable results if the
problems inherent in the isolation of the highly volatile
bicyclic ether could be solved. A loss of 1 >709, was
incurred if the usual procedures of extraction and sol-
vent evaporation were applied during work-up. Sam-
ples of 1 could not be successfully separated by frac-
tional distillation from any of the eluting solvents nor
could 1 be recrystallized from a number of solvents
without excessive loss of material.

To obviate these problems the elimination reaction
was accomplished in the solid state without the use of
solvents at any stage of the synthesis. (For apparatus,
see Figure 1 in the Experimental Section.) Using this
approach, a near-quantitative yield of 1 was achieved
by method I. Method III involved the synthesis of
the monochloromethyl derivative of the cis-diol and its
cyclization to 1, Compound 8 was obtained as a
yellow oil containing additional components, and be-
cause of the excellent outcome of method I, this produet
was not investigated in greater detail. The dehydra-
tion of 7 over alumina (method II) was accomplished
in low yield (229 estimated, 6.7%, actually isolated).
The predominant component of the reaction mixture
was a clear liquid identified as l-hydroxymethyl-4,5-
cyclohexene (9) by its ir spectrum (-OH at 3300 em—!
and C==C at 1650 ecm™1) and by its retention time when
cochromatographed with an authentic sample.’® The
minor component was characterized as the bieyclic
ether 1 by its retention time and ir and nmr spectra.

(13) G. R. Pettit and D. M. Piatak, J. Org. Chem., 27, 2127 (1962).

(14) G. R. Pettit and T. R. Kasturi, ibid., 26, 4557 (1961),

(15) We are deeply grateful to Professor Bruce Rickborn for providing a
sample of 9 and for the use of his vpe instruments.
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The melting characteristics of compound 1 closely
parallel those of the lactone 6. The volatile solid
undergoes a crystal structure transition at approxi-
mately 42°; then the new crystal form rapidly vaporizes
at the higher temperature range. The ir showed a
strong absorption in the 1025-1035-cm ! range. These
intense bands are indicative of a cyclic ether and are
within the range assigned by Rosowsky to a series of
bieyelic oxetanes and to those assigned to a series of
eyclic ethers. 1647

We assigned the nmr absorption at § 3.65 to the ter-
tiary bridgehead proton at position 1 and that at §
3.46 to the methylene protons at position 3. Analo-
gous to the lactone 6 case, the proton at position 1 in the
bicyelic ether did not exhibit any multiplicity but gave
only a broad unresolved singlet. The bridge methylene
protons also appear as a broad singlet and not as a
doublet. The nonequivalence of the methylene pro-
tons of the almost rigid eyclohexane boat eonformation
is further demonstrated by the unresolved doublet at
8 1.72-1.57. It is probable that the absorption at §
1.92 is due to the tertiary bridgehead proton at the 4
position.

The protons at the 1 and 3 positions (§; — & = 11
cps) did not integrate in a 1:2 ratio [found 1:3 =
1.4:1]; however, the integral sum of these two peaks
showed a 3:9 hydrogen ratio in accord with structure 1.
It is conceivable that a contribution of the upfield
methylene absorption coalesces into the absorption sig-
nal of the bridgehead proton. A similar absorption be-
havior, leading to incorreet integration, has been re-
ported before, and it is encountered in analogous cases
where the observed chemical shift is small.*®

Recently the conformation of bicyelo[2.2.2]octane
(11) was determined by single-crystal X-ray analysis.*®
It was shown that the carbon bond angles do not deviate
markedly from the tetrahedral value. In the crystal-

12

line state 11 is believed to exist in a slightly staggered
conformation 12 rather than a fully eclipsed one, re-
sulting in a torsional angle of the C(2)-C(3), C(5)-
C(6), and C(7)-C(8) bonds of 5°. An analogy may be
drawn between this system and the similar 2-oxabi-
cyclo[2.2.2]Joctane structure. The heteroatom in 1
would not be expected to cause a great deviation from
the tetrahedral value in the carbon—carbon bonds. In
structure 11 the slightly staggered conformation is
assumed to relieve or optimize the nonbonded hydro-
gen interactions. The relatively strain-free structure
of 1 would be expected to show similar angular depen-
dencies in the crystalline state.

Mass Spectrum of 1.—The structure assigned to the
bicyelic ether was further supported by its mass spec-
tram. The intensity of the observed parent peak
M+ (10)] m/e 112 is small; however, such behavior

(16) A. Rosowsky and D. 8. Tarbell, J. Org. Chem., 26, 225 (1961).

(17) G. M. Barrow and 8. Searles, J, Amer. Chem. Soc., T8, 1175 (1953).

(18) J, D. Roberts, ‘“Nuclear Magpetic Resonance,” MeGraw-Hill
Book Co., Inc., New York, N. Y., 1959, p 32.

(19) A. F. Cameron, G. Ferguson, and D. G. Morris, J. Chem. Soc., B,
1249 (1968).
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has been observed with many aliphatic ethers.® The
existence of an oxygen atom in the fragmentation pat-
tern is apparent from the intense mass peaks at m/e 31,
45, and 59; these could be considered to be homologous
fragments of the H.C=O0H structure.

The favored decomposition mode of 1 would be ex-
pected to involve 8 cleavage. This could oceur at two
different positions [Scheme III, steps a and b] in the
parent molecular ion (II).
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The peak at m/e 83, could arise from a concerted 3
cleavage of the bicyeclic ether via (a) and a concomitant
a-ring cleavage of the ensuing cyclic alkyl oxonium
ion (III). This ion could eliminate the molecule ethyl-
ene concurrent with the expulsion of a vicinal proton as

- H°, to give the (M — 29) cyclic oxonium ion fragment

(IV) (Scheme III, path 1). Alternately, structure III
could undergo intramolecular rearrangement of a hy-
drogen atom transferred via a six-membered cyeclic
intermediate concurrent with the migration of a vicinal
proton (Scheme III, path 2). The expulsion of an
ethyl radical could give the same cyclic oxonium ion
(IV) postulated for path 1. Similar modes of H-atom
transfer in molecules containing heteroatoms have been
invoked to rationalize the observed fragmentation
patterns of alkylated tetrahydrofuran and tetrahydro-
pyran rings.?*?2 The postulated six-membered hydro-
gen transfer scheme is not an absolute requirement,
because similar transfers can occur through smaller,
cyclic transition states.?? In either case the proposed
ion fragment would be resonance stabilized in the form
of the cyelic oxonium ion (IV).

(20) F. W. McLafferty, Anal. Chem., 29, 1782 (1957).

(21) G. Ohloff, U. H. Schulte-Elte, and W. Willhalm, Helv. Chim. Acta.,
47, 602 (1964).

(22) R. E. Wolff and M. Lenfant, Bull. Soc. Chim. Fr., 2470, (1965).

(23) H. Budzikiewicz, C. Djerassi, and D. H, Williams, '"Mass Spectrom-

etry of Organiec Compounds,” Holden-Day, San Francisco, Calif., 1967, p
229.
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B cleavage could also occur via (b) and at least three
modes of fragmentation are possible. From the parent
ion (II), paths 3 and 4 involve an o-ring cleavage by
heterolysis of the carbon—oxygen bond. In path 3 the
molecule of formaldehyde could be eliminated with for-
mation of the bieyelo[2.2.0}hexane radical ion (V). In
path 4 a methoxyl radical could be generated concomi-
tant with the ecyclohexenyl carbonium ion (VI). Simi-
lar modes have been demonstrated in the fragmenta-
tion of eyclic ethers.?

Path 5 invokes a H-atom migration to the oxygen,
concurrent with homolytic « cleavage of the carbon-
oxygen bond giving the protonated form of formalde-
hyde and the cyclohexenyl radical (VII). Such a mi-
gration has been proposed for the fragmentation of
vinyl ethers.?

Only a low-intensity (&10%) (M — 30) peak is
observed in the mass spectrum of the bicyclic ether,
indicating that 8 cleavage as in (b) may not be a favored
mode of fragmentation in this case. It is then assumed
that cleavage, most likely occurs via (a) and probably
by path 1. The peak at m/e 83 would then be due to
the formation of the cyelic oxonium ion (IV). Without
additional data a more valid selection of fragmentation
modes is not possible and the conclusions reached here
are only tentative.

Experimental Section

Materials and Equipment.—Reagent grade 4-hydroxybenzoic
acid was recrystallized twice from ethanol-ether. High-pressure
hydrogenation was carried out in a Parr Series 4000 hydrogenator
using Engelhard 59, Rh-AlLO; catalyst. All analytical vpe
was done using a Varian Aerograph Series 200 with (a) an 18 ft
X 1/ in. copper column packed with 109, 20M Carbowax on
Chromsorb W, 60-80 mesh, (b) a 12 ft X 0.25 in. copper column
packed with 189, 6000 Carbowax on Chromsorb W, 60-80 mesh.
The helium carrier gas flow rate was 46 cec/min for both columns.
Preparative vpec was done on an Aerograph Model A-90-P with
(c) a 25 ft X 0.25 in. copper column packed with 209, 20M
Carbowax on Chromsorb W 60-80 mesh and a helium flow rate
of 55 cc/min. The ir spectra, unless otherwise stated, were
obtained as films or KBr disks on a Perkin-Elmer Model 137
spectrophotometer calibrated with polystyrene film. The nmr
spectra were obtained with a Varian Associates A-60 spectrom-
eter using tetramethylsilane (TMS) as an internal standard.
Chemical shifts are given on the & scale in parts per million
relative to TMS. The mass spectrum was obtained from an
Associated Electrical Industries MS902 double-focusing instru-
ment. A special apparatus was built to facilitate the sublimation
and quantitative collection of highly volatile solids (Figure 1).
Melting points are uncorrected. The elemental analysis were
performed by Galbraith Laboratories Inc., Knoxville, Tenn.

cis- and Irans-4-Hydroxycyclohexane-l-carboxylic Acid (4 +
5).—Recrystallized p-hydroxybenzoic acid (3), 100 g (0.724 mol),
was dissolved in 150 ml of warm glacial acetic acid and transferred
to the steel cylinder of a Parr high-pressure hydrogenator. After
the solution cooled to ambient temperature, 1.2 g of 59, Rh-
AlOs catalyst was introduced, and 1500-psi H; pressure at 20°,
was applied. After 24 hr the required volume of hydrogen was
absorbed and the hydrogenation was discontinued. The catalyst
was removed by filtration over Celite and the clear solution was
distilled under vacuum until all the solvent was removed. A
clear viscous liquid was obtained; it readily crystallized on addi-
tion of dry ethyl ether. The cis—trans mixture of 4-hydroxy-
cyclohexanecarboxylic acid (¢ 4 5) was recrystallized from
ethanol-ethyl ether to give a 969, yield of a white crystalline
compound having a melting point range of 120-125° (1it.!2120°).
The ir spectrum (KBr) of 4 -+ 5 showed bands at 3400 (s), 2400,

(24) A. M. Duffield, H. Budzikiewicz, and C. Djerassi, J. Amer. Chem.
Soc., 87, 2920 (1965).

(25) 8. Meyerson and J, D. McCollum, Advan. Anal. Chem. Instrum.,
2, 202 (1963).
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Figure 1.-—Sublimation apparatus for a highly volatile com-
ponent: (A) silicon oil vessel fitted with a magnetic stirring
bar, glass boat, heating coil, and thermometer; (B) water-
jacketed collection apparatus with a leur-tipped side arm and
8 29/12 § joint; (C) condenser attachment with a 28/;; '§
joint.

2600 (broad), 1700 (s), 1055, 1020 (s), 955 (s), 740 (m) em™;
no bands were present in the 1600- and 800-850-cm ! range.
2-Oxabicyclo[2.2.2] octan-3-one (6).—The isomeric mixture of
4-hydroxycyclohexanecarboxylic acids (4 + 5), 29 g (0.2012
mol), was dissolved in 300 ml of acetic anhydride and refluxed
for 6 hr under anhydrous conditions; then it was left for 24 hr
at ambient temperature. The acetic anhydride was removed
by vacuum distillation and a viscous liquid was obtained. The
crude mixture of lactone 6 and trans isomer 5 was introduced
into a 1-1. sublimator. At a pressure of 2.0 mam and at a silicon
oil bath temperature range of 100-115° the lactone 6 was collected
(over a 3-hr period) as a crystalline semisolid. The crystalline
residue was predominantly the trans-4-hydroxycyclohexylear-
boxylic acid (3) isomer. The crude compound isolated in a
559, yield was further purified by extraction with petroleum
ether (bp 20-60°) in a Soxhlet apparatus during a 10-hr period.
The bicyclic lactone 6 crystallized from petroleum ether in
needle-shaped crystals with mp 126-127° (lit.}2 mp 127-128°)
and gave a 909, yield (12.0 g) as caleulated for the cyclization
of the ¢is isomer 4. A sample of 6 dissolved in ethyl ether was
analyzed by vpe (column A, temperature 178°, isothermal) and
was found to be homogeneous (retention time 24.5 min).
Infrared analysis (KBr) showed bands at 1740 (s), 1065 (s), 1000
(s), 955 (m), 878 (m), 770 (m) cm™!; no bands at 3550 em™
were obtained. The nmr spectrum of 6 in CCls exhibited the
following absorptions: & 4.60 (broad 5, 1 H), 2.50 (broad, 1 H),
1.87 (broad, 8 H); signals in the range of 8 12.0-10.4 were not
present. The sample for elemental analysis was sublimed a sec-
ond time and had mp 127-128°.
Anal. Caled for C;H,Os:
C, 66.53; H, 8.07.
cis-4-Hydroxymethylcyclohexanol (7).—Under anhydrous eon-
ditions and a nitrogen atmosphere, a suspension of 6.0 g (0.1581
mol) of LiAlH, in dry ethyl ether was treated dropwise with a
solution of 15 g (0.1189 mol) of 6 dissolved in 200 m! of dry ethyl
ether. The addition was continued for 40 min; then after the
exothermic reaction subsided, the mixture was refluxed for an
additional 4 hr and left overnight at ambient temperature.
Excess hydride was destroyed by the dropwise addition of 6 ml
of a 109, KOH solution followed by 6 ml of water. The suspen-
sion was filtered over Celite and the residue was washed with
ethyl ether. The ethereal phase was separated and dried over
MgS04. The solvent was removed by vacuum distillation and
a clear viscous liquid (10.22 g) was obtained. An additional
amount (4.9 g) of 7 was obtained by continuous extraction of
the residual salts in a Soxhlet apparatus using ethyl ether as the
solvent. The combined yield was 15.10 g (97.6%): ir (flm)
3300 (s), 1040, 1025 (s), 978 (s), 935 (m) cm™; the band at
1750 cm™ was not present. A solution of this material in p-
dioxane was examined by vpe (column A, temperature 178°)
and found to be homogeneous (retention time 46.7 min). A
sample of 7 was distilled at 0.2 mm; the major fraction had a
vapor temperature of 120~122° and u®p 1.4935. These values
are in agreement with those reported for 7 when isolated from
the reduction products of the cis-trans mixture of ethyl 4-hy-
droxyecyclohexane-1-carboxylate.?
cis-4-Tosyloxymethylene-1-cyclohexanol (8).—A solution of
11.95 g (0.0918 mol) of 7 in 50 ml of dry pyridine was cooled to
—5°. A solution of p-toluenesulfonyl chloride (19.14 g, 0.1004
mol) in 35 ml of dry p-dioxane was then added dropwise over a

C, 66.62; H, 8.00. Found:
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2-hr period while the temperature was maintained at —5°.
After the addition, the reaction mixture was allowed to remain
at —5° for another 3-hr period; then it was left overnight at
ambient temperature. The mixture was rapidly poured into a
a stirred slurry consisting of 100 ml of 6 N HCl and ice. A
clear oily layer was formed. The aqueous phase was decanted
and the residue was extracted with two 150-ml portions of
chloroform. The organic layer was separated and dried with
MgS80,. The solvent was removed by vacuum distillation and a
light yellow, viscous oil 25.38 g (987, yield) was obtained.
After 2 weeks at room temperature, 8 solidified to a semicrystal-
line compound: ir (film) 3550, 3400 (broad), 1600 (m), 1250 (s),
1175, 1190 (s), 815, 843 (s) em 1,

2-Oxabicyclo[2.2.2]octane (1). Method I.—The apparatus
represented in Figure 1 was utilized for this step. Under anhy-
drous conditions and a nitrogen atmosphere, NaOH, 2.0 g
(0.050 mol), was finely powdered and transferred to a glass boat
containing 2.0 g (7.083 mmol) of 8. The reactants were thor-
oughly mixed, and then the container was placed in the sublimator
maintained at atmospheric pressure. The temperature of the
surrounding silicon oil was gradually raised to & maximum of
150° and maintained for 1.5 hr. Clusters of white, needle-
shaped crystals formed on the cooled surface of the collector.
The apparatus was allowed to slowly cool to room temperature,
then the collector was quickly removed and sealed. Compound
1 was obtained in a quantitative yield (0.795 g) and had a cam-
phor-like odor: mp 76~77° (sublimation); ir (CHCl;) 2900 (s),
1190 (s), 1025-1035 (s), 955 (s), 865 (s), 810 (m) em™;
nmr (CCL) § 3.65 (fairly sharp singlet), 3.46 (fairly sharp sing-
let), 3 H, 1.93 (broad singlet, not fully resolved), 1.72, 1.57
(unresolved broad doublet) 9 H; mass spectrum (70 eV) (70°)
m/e (relative intensities) 112 (M*, 10), 83 (M ~— 29, 11), 74
(63), 73 (13), 59 (97), 56 (13), 55 (16), 45 (80), 44 (12), 43 (29),
42 (10), 41 (29), 39 (13), 31 (100), 29 (97) (only those absorbances
with a relative intensity of 109, or greater are listed). Crystal-
lization of 1 from ethyl ether, methanol, and p-dioxane failed.
A sample of the crystalline material dissolved in ethyl ether was
analyzed by vpc and shown to be homogeneous: (column A,
temperature 130°, isothermal) retention time 4.2 min, (178°)
2.17 min; . (column B, temperature 130°, isothermal), 24.0 min.
A sample for elemental analysis was further purified by a second
sublimation at 50 mm and at a silicon oil bath temperature range
of 48-58°. Amal. Caled for C;H0: C, 74.95; H, 10.77.
Found: C,74.74; H,10.97.

Method II.—An apparatus was built to facilitate the short-
path distillation and fraction collection of small volumes of dis-
tillate. Under anhydrous conditions, 2.01 g (0.0154 mol) of
7 and 2.0 g of activated alumina? were heated with a silicon oil
bath to 220-230° at atmospheric pressure. During the initial
phase of the dehydration a biphasic liquid collected on the con-
denser and gradually formed a semicrystalline deposit. The
condensed material was heterogeneous during the entire course

(26) Alcoa activated alumina (F 61/4 8).
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of the dehydration. Heating was discontinued when all of 7
had been dehydrated over the alumina bed. The semisolid
product (1.36 g) was collected, and an aliquot dissolved in ethyl
ether was examined by vpe (column A, temperature 130°) and
found to contain the following compounds: (a) retention time
1.4 min, one or more unresolved highly volatile, low-molecular-
weight compounds which were not investigated further; (b)
4.2 min, a highly volatile white crystalline compound identified
as 1 by ir, nmr, and mass spectra; (c¢) 15.5 min, unidentified;
(d) 24.1 min, isolated as a viscous clear liquid and characterized
as 9 by ir 3300 (s), 1650 (w), 1025, 1035 (s), and 970 (m) and by
comparison with the retention time of an authentic sample.®
Compound 7 was not detected using this column at a tempera~
ture of 178°. The relative ratios of the peak areas of a:b:c:d
were 0.64:1:0.14:1.14 (indicating approximately a 229, yield
of the bicyclic ether). The combined fractions of 1 collected
by preparative vpc, weighed 129.5 mg, an actual yield of 6.79.

Method III.—The cis-diol 7 (0.50 g, 3.84 mmol) was dissolved
in 1 ml of concentrated HCl and sealed in a vial under nitrogen.
The vial was heated in a silicon oil bath at a temperature range
of 115-120° for 5.5 hr. During this period the solution became
heterogeneous and a yellow-colored upper phase appeared.
The reaction mixture was gradually cooled to room temperature;
then the vial was opened, and a saturated NaHCO; solution
(2 ml) was added. The mixture was extracted twice with 3 ml
of chloroform; the organic layer was separated, washed with
water, and dried over MgSO,. The solvent was removed by
vacuum distillation at 30° and a yellow viscous liquid (0.40 g)
was obtained in a 579, yield. It was stored in a vacuum desic-
cator over KOH. An aliquot, dissolved in ethyl ether was found
to be heterogeneous when analyzed by vpe (column A, tempera-
ture 175°) with the following major components: (a) retention
time 7.9 and 8.4 min, an unresolved doublet; (b) 25.5 and 26.4
min, an unresolved doublet. The cis-diol was not present.
The relative ratio of the peak areas of a:b was 1:10.

The crude oil (0.183 g) was treated with 0.183 g of powdered
NaOH, mixed into a slurry, and placed into a microsublimator.
The temperature of the silicon oil bath was maintained at 130~
140° for 1 hr. Gradually the temperature was raised to 200°
to expel all the volatile fractions from the solid residue. A
biphasic liquid collected on the condenser; it was dissolved in
ethyl ether, analyzed by vpe (column A, temperature 175°,
isothermal), and found to contain the following components:
(a) retention time 2.0 min, the most volatile component which
was collected and identified as 1 by ir and nmr; (b) 7.8 and 8.3
min, unresolved doublet; (c¢) 25.5 and 26.3, min, unresolved
doublet. The relative ratio of peak areas b:c (comparable with
the previous a:b ratio) was ~5.6. The estimated yield of a
= 1 (assuming a:b:c = 100%) was 35%,.
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