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The reaction of perbenzoic acid with the vinyl ether, 2-methy1-1-ethoxy-1 phenylpropene (II), was shown to give the epoxy-

ether, 1,2-epoxy-2-methyl-1-ethoxy-1-phenylpropane (I), in 90% yield.

With the alicyclic vinyl ether, 1-cyclohexenyl

ethyl ether (VI), the benzoic acid formed in the initial reaction mixture reacted with the epoxyether to give the ketobenzoate

(IV).

Evidence is presented that the alcohol formed in this latter reaction further reacts with epoxyether to give the hy-

droxyketal V. Also, perbenzoic acid was shown to cleave an epoxyether VIII to give an ester IX,

The present investigation resulted in the isola-
tion of a pure epoxyether I from the reaction of a
vinyl ether II with perbenzoic acid. With 1-
cyclohexenyl ethyl ether (IIT) and perbenzoic acid
the resulting epoxyether and benzoic acid reacted
together too rapidly to permit isolation of the
epoxyether.

As early as 1921, Bergmann? reported that the
reaction of vinyl ethyl ether with perbenzoic acid
gave an epoxyether, Later he discussed the
compound in terms of a dimer.?

Hurd* in 1949 claimed the isolation of a crude
epoxyether from the reaction of dihydropyrane with
perbenzoic acid. Recently, Mousseron® reported
that 1l-cyclohexenyl ethyl ether and excess per-
benzoic acid gave after 12 hours 759, of the corre-
sponding epoxyether.

Epoxyethers have been prepared and charac-
terized recently in this Laboratory.® A charac-
teristic of the various epoxyethers isolated thus
far has been their rapid reaction with benzoic acid.
After the reaction of a vinyl ether with perbenzoic
acid the main components of the reaction mixture
should be the epoxyether and benzoic acid. A
further complication in the peracid reaction was
indicated by the work of Gallagher,” who presented
evidence that an epoxyether also reacted with a
peracid. Since authentic epoxyethers were avail-
able in this Laboratory for comparison and deter-
mination of suitable isolation procedures, a study
of the peracid reaction was undertaken.

The first epoxyether chosen for synthesis was
1,2-epoxy-2-methyl-1-ethoxy-1-phenylpropane (I).
Of the epoxyethers isolated in this Laboratory,
those from «-bromoisobutyrophenoned were among
the least reactive with benzoic acid. Preliminary
rate determinations indicated that the correspond-
ing vinyl ether, 2-methyl-1-ethoxy-1-phenylpropene
(II), reacted much more rapidly at 0° with per-
benzoic acid than the epoxyether I reacted with
benzoic acid.

The pure epoxyether I could be synthesized in
909, yield by allowing an ether solution of the vinyl
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ether 1T and perbenzoic acid to react for a short
reaction time (30 seconds), after which the benzoic
acid was removed by passing the reaction mixture
rapidly (30 seconds) through a column containing
activated alumina. The identity of the epoxyether
was established by comparison of the infrared
spectrum with an infrared spectrum of an authentic
sample as well by the preparation of the ketobenzo-
ate derivative.

The initial reaction mixture could not be sepa-
rated satisfactorily by extraction with dilute sodium
hydroxide solution, since partial hydrolysis of the
epoxyether occurred.

Until the present investigation, the structures
of the epoxyethers have been assigned on the basis
of the physical properties (particularly the infrared
spectra) and the ring opening reactions. The in-
dependent synthesis recorded here completes an
unequivocal proof of structure of the epoxyether
I and is considered to confirm the structural assign-
ments of the other epoxyethers, which have proper-
ties similar to I and which were made from o-
bromoketones.

Mousseron® reported the isolation of epoxyethers

(9) M. Mousseron and R. Jaquier and A. Fontaine, Bull, sac. chim.
France, 767 (1952).
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from the reaction of a-chlorocyclohexanone with
base and from the reaction of the enol ether of eyclo-
hexanone and perbenzoic acid. Since this alicylic
epoxyether was needed in this Laboratory for other
studies, «a-chlorocyclohexanone was allowed to
react with sodium methoxide in alcohol following
the directions of Mousseron as closely as possible.
A product was isolated which had the same physical
properties as those recorded by Mousseron but
which proved to be a-hydroxycyclohexanone di-
methyl ketal (III). The infrared spectrum indi-
cated a hydroxyl group and a solid 3,5-dinitrobenzo-
ate as well as a benzoate derivative of the hydroxy-
ketal was prepared. The ketal group of the ketal-
benzoate was preferentially cleaved with dilute
acid to give the crystalline benzoate of a-hydroxy-
cyclohexanone (IV).*® With alcoholic sodium
ethoxide, chlorocyclohexanone gave the diethyl
ketal V which was characterized in a similar
manner.

The ether solution of the ethyl enol ether of cyclo-
hexanone (VI) was allowed to react with an ether
solution of perbenzoic acid for 30 seconds at 0°
and then quickly (30 seconds) passed through a
column of activated alumina. From the effluent
619, of the benzoate of a-hydroxycyclohexanone
(IV)wasisolated and proven by comparison with the
authentic sample prepared above. From the
previous work® a ketobenzoate TV is the expected
product of the reaction of an epoxyether with beun-
zoic acid.

Since an infrared spectrum of the remaining oil
indicated the presence of «-hydroxyketal (V), a
small amount of ethyl alcohol was added to the
reaction of the enol ether VI and perbenzoic acid.
From this reaction a 749, yield of the a-hydroxy-
cyclohexanone diethyl ketal was isolated and the
structure proved by comparison with the authentic
sample prepared above and by the preparation of a
solid derivative. Previously, epoxyethers have
been shown to react with alcohols® to give a-
hydroxyketals.

These experiments indicate that the epoxyether
VII is an intermediate in the reaction of perbenzoic
acid with l-cyclohexenyl ethyl ether (VI}, but that
the benzoic acid reacts very rapidly with the
epoxyether. The alumina column did not catalyze
the latter reaction, since the ketobenzoate could be
isolated in 429, yield when the initial reaction was
quenched after 30 seconds with sodium carbonate
solution.

Also, the experiments indicate that the reaction
between ethyl alcohol and the epoxyether competes
successfully with the reaction between the epoxy-
ether and benzoic acid. Since the reaction of the
epoxyether with benzoic acid liberates a mole of
alcohol, these facts readily explain the formation
of some a-hydroxyketal V from the reaction of pure
enol ether VI with pure perbenzoic acid.

(10) Previously the benzoate prepared from a-hydroxycyclohexa-
none wasreported to melt at 122° (A. Ké6tz, K. Blendermann, R. Rosen-
bush and E. Sirringhaus, Aun., 400, 62 (1913)) and 87° (M, Bergmann
and M. Gierth, ¢bid., 448, 72 (1926)). The above series of reactions,
which gave the ketobenzoate melting at 85-86°, is considered to prove
the structure of this product. Sheehan (J. C. Sheehan, R. C. O’Neill
and M. A. White, THiS JOURNAL, 72, 3376 (1950)) recently showed solid
a-hydroxycyclohexanone to be a dimer with a dioxane-type structure.
The benzoate, m.p. 122°, is nndoubtedly the benzoate of this dinier.
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Further attempts to isolate the epoxyether from
the peracid reaction with the vinyl ether by allowing
the benzoic acid to react preferentially with diazo-
methane failed.

Gallagher” recently reported the reaction of excess
perbenzoic acid with a vinyl ether to give cleavage
of the vinyl ether with the formation of an ester.
He proposed that an epoxyether was an intermedi-
ate in this cleavage. Since this reaction repre-
sented a further complication in the synthesis of
epoxyethers from vinyl ethers, a pure solid epoxy-
ether,! 1,2-epoxy-1-methoxy-2-methyl-1-(p-bi-
phenyl)-propane (VIII), was treated with perben-
zoicacid. The proposal of Gallagher was confirmed
in that the perbenzoic acid reacted slowly with the
epoxyether and from the reaction 279 of solid ester
IX was isolated. The structure was proven by
comparison with an anthentic sample prepared
independently.

Experimental

1,2-Epoxy-2-methyl-1-ethoxy-1-phenylpropane (I).—This
epoxyether was prepared by a procedure® which involved
the reaction of the bromoketone with dry sodium ethoxide
suspended in ether followed by isolation of the epoxyether
by pouring the reaction mixture on ice and extraction with
ether. From 50 g. (0.23 mole) of a-bromoisobutyrophenone
and alcoholic sodium methoxide made from 6 g. (0.26 g.
atom) of sodium and 100 ml. of absolute ethanol was iso-
lated 31 g. (709,) of the epoxyether I, b.p. 73-74° (1.0
mm.), #%p 1.4840, %, 0.9900.

Anal. Caled. for CoHisO0y: C, 74.96; 11, 8.39. Found:
C, 75.16; H, 8.51.

3,3-Dinitrobenzoic acid reacted with the epoxvetlier to
give the 3,5-dinitrobenzoate derivative of a-hydroxyiso-
butyrophenone, m.p. 151-152°.

Anal. Caled. for C17H141\‘v207f C,
Found: C, 56.96; H, 3.81.

The ketobenzoate derivative of the epoxvether, a-liy-
droxyisobutyrophenone benzoate, melted at 63-64° and was
obtained in 709 vield in an experiment starting with 15
millimoles of the epoxvether.

Anal. Caled. for CyH505: C, 76.10; H, 6.01.
C, 75.98; H, 6.01.

Isobutyrophenone Diethyl Ketal.—The procedure em-
ploved was an adaptation of the method of Beals and Gil-
fillan.!?  From 155 g. (1.1 moles) of ethyl orthoformate, 190
ml. of absolute ethanol, 140 g. (0.95 mole) of isobutyro-
phernorne and 0.5 ml. of concentrated hydrochloric acid was
obtained 95 g. (399%) of isobutvrophenone diethyl ketal,
b.p. 119-122° (15 mm.). An analvtically pure sample
had b.p. 113-114° (10 mim.), #2%p 1.4803.

Anal. Caled. for CiuHz0.: C, 75.63; H, 9.08,
¢, 75.64; I, 0.97.

2-Methyl-1-ethoxy-1-phenylpropene (II),—To a solution
of isobutyrophenone diethyvl ketal (23 g., 0.103 miole) and
60 ml. of pyridine was added 29 g. (0.20 mole) of phosphorus
pentoxide.  The mixture was vigorously stirred and heated
to 100° for a period of five hours. The cooled mixture was
filtered and the precipitate was washed with 50 ml. of anhy-
drous ether. The filtrate was concentrated and the residue
was distilled to give 13.1 g. (72%) of enol ether 1I, b.p.
96-97° (8 mm.), n?p 1.51828.

Anal. Caled. for C12Hy0: C, 81.77; H, 9.15.
C, 81.67; H, 9.41.

Epoxylation of 2-Methyl-1-ethoxy-1-phenylpropene (II) . —
The perbenzoic acid was prepared by the method of Braun,!?
recrystallized from n-hexane and analyzed prior to use.

56.98; H, 3.91.
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Fonrd:
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(11) C. L. Stevens and S. J. Dykstra, Tuis JourNar, 76, 5975
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(12) E. L. Beals and F. A, Gilfillan, J, Am. Pharm. Assoc., 26, 426
(1936).

(13) G. Braun, "Organic Syntheses,”" Coll. Vol. I, 2nd Fd., John
Wiley and Sous, Inc., New York, N. Y., 1948, p. 431,
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To a solution of 1 g. (5.7 millimoles) of enol ether II in
10 ml. of absolute ether, which had been cooled to 0°, was
added a solution of perbenzoic acid (989 pure, 5.7 milli-
moles) in 5.3 ml. of absolute ether cooled to 0°. After
shaking the flask in an ice-bath for 30 seconds, the ether
solution was rapidly (30 seconds) passed through a column
containing activated alumina (15 X 125 mm.) and the
column was washed with 25 ml. of absolute ether. The
efluent was concentrated ¢n vacue and 0.98 g. (90%) of
epoxyether I was obtained. The structure was proved by
comparison of the infrared spectrum with that of authentic
epoxyether prepared above and by preparation of the keto-
benzoate derivative. From 0.7 g. (3.6 millimoles) of the
epoxyether a 629, yield of the benzoate of a-hydroxyiso-
butyrophenone, m.p. 60-62°, was isolated after reaction
with benzoic acid. A mixture melting point with the keto-
benzoate prepared above was not depressed.

a-Hydroxycyclohexanone Dimethyl Ketal (III).!+—Fol-
lowing the directions of Mousseron as closely as possible,
7 g. (0.052 mole) of a-chlorocyclohexanone!s in 50 ml. of ab-
solute methanol was added to a solution of 2.99 g. (0.13 g.
atom) of sodium in 150 ml. of anhydrous methanol cooled to
5°. After 12 hours at room temperature the mixture was
poured onto cracked ice and quickly extracted with ether.
The ether solution was dried with anhydrous sodium sulfate
and the ether evaporated. After distillation of the cyclo-
pentanecarboxylic acid ester, 2 g. (249%,) of colorless a-hy-
droxycyclohexanone dimethyl ketal (III), b.p. 85-86° (12
mm.), n?3p 1.4645, was obtained.

Anal. Caled. for CiH0;: C, 59.98; H, 10.07. Found:
C, 59.91; H, 10.08.

An infrared spectrum indicated the presence of a hydroxyl
group and a 3,5-dinitrobenzoate derivative was prepared
from 1 g. of the hydroxyketal, 1.45 g. of 3,5-dinitrobenzoyl
chloride and 3 ml. of anhydrous pyridine. After recrystalli-
zation from ligroin, the derivative melted at 97-98°.

Anal. Caled. for C;;H13N:05: C, 50.84; H, 5.12; OCH;,
17.45. Found: C, 50.34; H, 5.03; OCHjs, 17.78.

From 3 g. of the hydroxyketal III and 2.7 g. of freshly
distilled benzoyl chloride was obtained 2.9 g. (57%) of the
benzoate of w«-hydroxycyclohexanone dimethylketal, b.p.
138-140° (2 mm.), n2p 1.5122.

Anal. Caled. for CisHz004: C, 68.16; H, 7.63. Found:
C,68.27; H, 7.55.

The ketal group was cleaved by heating at the reflux tem-
perature for one hour a solution of 0.85 g. of the ketal ben-
zoate in 12 ml. of methanol and 3 ml. of concentrated hy-
drochloric acid. After the solvents were removed under
reduced pressure, the residue crystallized and was recrystal-
lized from ligroin to give 0.34 g. (49%) of a-hydroxycyclo-
hexanone benzoate, m.p. 85-86°.

Anal. Caled. for C3H,O5: C, 71.54; H, 6.47. Found:
C, 71.03; H, 6.63.

a-Hydroxycyclohexanone Diethyl Ketal (V).—The pro-
cedure described above for the preparation of the dimmethyl
ketal was used. From 40 g. of a-chlorocyclohexanone and
alcoholic sodium ethoxide 6 g. (119%) of a-hydroxycyclo-
hexanone diethyl ketal was obtained, b.p. 96-97° (8 mm.),
n?lp 1.4528,

Anal. Caled. for CyHy005: C, 63.79; H, 10.71. Found:
C, 63.49; H, 10.34.

The 3,5-dinitrobenzoate was prepared in 469, yield from
0.5 g. of the hydroxy diethyl ketal, m.p. 110-112°, Re-
crystallization from m-hexane raised the melting point to
112-113°.

Anal. Caled. for CyHN;Os:
Found: C, 53.44; H, 5.98.

1-Cyclohexenyl Ethyl Ether (VI).—Cyclohexanone di-
ethyl ketal was prepared in 719, yield according to the di-
rections of Béeseken,!® b.p. 70-72 (10 mm.), #»*p 1.4336.
The enol ether VI was prepared according to the directions

C, 53.41; H, 5.80.

(14) This experiment was performed by Dr. E. Farkas.

(15) Prepared by the method of M. S. Newman and M. D. Farbman
(THis JOURNAL, 66, 1551 (1944)) in 629, yield,

(18) J. Boeseken and F. Tellegen, Rec. frav. chim., 67, 133
(1938).
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of Arbuzov! and obtained in 509% yield, b.p. 49-50° (9
mm.), n2p 1.4550.

Epoxylation of 1-Cyclohexenyl Ethyl Ether (VI).—A solu-
tion of 1-cyclohexenyl ethyl ether (0.9 g., 7.15 millimoles)
in 10 ml. of absolute ether was cooled to 0° and to this solu-
tion was added 7 ml. of a cooled solution (0°) of recrystal-
lized perbenzoic acid (909 pure, 7.15 millimoles) in ether.
After the mixture was shaken for 30 seconds, the ether solu-
tion was rapidly passed through an activated alumina column
(12 X 130 mm.). The column was washed with 50 ml. of
additional ether. The effluent was concentrated in vacuo
and the crystalline residue was washed with #-pentane to
give 0.95 g. (619%) of the benzoate of a-hydroxycyclohexa-
none (IV) as colorless needles, m.p. 80-82°. Recrystalliza-
tion from n-hexane raised the melting point to 84.5-85.5°
and admixture of this sample with an authentic sample pre-
pared above did not depress the melting point. The infra-
red spectra of the two products were identical.

The above experiment was repeated using chloroform as
solvent. Under these conditions, a 529, yield of the keto-
benzoate IV, m.p. 81-83°, was isolated.

This experiment was further modified by quenching the
reaction mixture after thirty seconds with 10% sodium car-
bonate solution. From the reaction a 429, yield of keto-
benzoate, m.p. 82-84°, was obtained.

a-Hydroxycyclohexanone Diethyl Ketal (V) from VI.—A
solution of 1 g. (7.9 millimoles) of enol ether VI in 10 ml. of
chloroform was cooled to 0° and treated with a cooled solu-
tion (0°) of recrystallized perbenzoic acid (909, pure, 8.1
millimoles) in 3 ml. of absolute ethanol and 8.5 ml. of chloro-
form. After 30 seconds, the solution was warmed to room
temperature (three minutes) and passed through an acti-
vated alumina column (17 X 150 mm.). The column was
washed with additional chloroform and the combined effluent
was concentrated to constant weight (1.1 g., 74%,). The
infrared spectrum of this product was found to be identical
in all respects to the spectrum obtained from an authentic
sample of V.

The 3,5-dinitrobenzoate derivative was prepared from the
above product in 509, vield, m.p. 110-112°. Admixture
of this product with an authentic sample did not depress the
melting point.

Reaction of an Epoxyether (VIII) with Perbenzoic Acid.—
A solution of 2.0 g. (7.9 millimoles) of 1,2-epoxy-2-methoxy-
1-methyl-1-(p-biphenyl)-propane!! (VIII), m.p. 78-79°,
and recrystallized perbenzoic acid (909, pure, 8 millimoles)
in 30 ml. of benzene was allowed to stand at room tempera-
ture for 24 hours and then heated to the reflux temperature
for 5 hours. The cooled solution was extracted with 50 ml.
of 10% sodium carbonate solution. After extracting the
aqueous layer twice with 20-ml. portions of ether, the ether
and benzene layers were combined and concentrated. The
residue was dissolved in a small amount of ether and the
solution passed through an activated alumina column (17 X
190 mm.). The colorless plates obtained from the first
effluent fraction were recrystallized from n-hexane to give 0.35
g. (279%) of methyl p-phenylbenzoate, m.p. 113-115°. Sub-
limation of a portion of this material gave an analytically
pure sample, m.p. 114-115°.

Anal. Caled. for CHy;02: C, 79.25; H, 5.70. Found:
C, 79.31; H, 5.75.

A cold solution of 1 g. (5.0 millimoles) of p-phenylbenzoic
acid, m.p. 223-226°, in 50 ml. of ether was treated with an
ethereal solution of diazomethane. After one hour, the
ether was removed under reduced pressure and the remain-
ing residue was recrystallized from n-hexane to give 0.82 g.
(77%) of colorless plates of methyl p-phenylbenzoate, m.p.
114-115°. The identity of this product with that ob-
tained from the peracid reaction was established by a com-
parison of their infrared spectra and by a mixture melting
point determination.
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