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particularly reduction, of the dimolecular oxi-
dation product of the S-hydroxyfuran, namely,
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3-Hydroxy-2,5-dimesitylfuran and Related Compounds

By RoBERT E. Lutz AND C. EDWARD MCcGINN!

This report deals with an attempt to prepare 2,5-
dimesityl-3-hydroxyfuran (I) and 2-hydroxy-
furanone-3 (II). It was anticipated that the
magnesium derivative of the hydroxyfuran could
be made by the action of the Grignard reagent on
the acetoxyfuran (IV); however, because of
steric hindrance,? it seemed unlikely that the
hydroxyfuranone could be obtained by the usual
methods, although it might well be stable when
once formed. Evidence for the existence of the
hydroxyfuran now has been obtained but the
hydroxyfuranone remains as yet unknown.
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In the preparation of quantities of the acetoxy-
furan (IV) by the action of acetyl chloride and
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of a compound which was shown to be dimolecular
(C4HyO4) and formed by hydrolysis of the ace-
toxyfuran and oxidation. This dimolecular com-
pound, which is presumed to be the bis-furanone
(VII), had previously been obtained by the action
of concd. hydrochloric and acetic acids on the
4-hydroxy-1,4-dimesityl-1,3-butanedione  1-enol
ether (IX),? but its structure was not known at
that time.

The acetoxyfuran (IV) reacted with methyl-
magnesium iodide to give the iodomagnesium
enolate (V) which could be converted back into
the acetoxy compound by means of acetyl chlo-
ride. The iodomagnesium derivative reacted with
benzoyl chloride to give the analogous benzoyloxy
compound which in turn could be converted back
into the acetate (IV) by treatment successively
with the Grignard reagent and with acetyl chloride.

Unsuccessful attempts were made to isolate the
free hydroxyfuran (I). Thiscom-
pound was undoubtedly present
in the non-crystalline product of
hydrolysis of the iodomagnesium
enolate (V) because, when this
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lO’_KOH product was allowed to stand,

oxygen was absorbed slowly and
in time increasingly large amounts
of the crystalline dimolecular oxi-
VI dation product (VII) could be iso-
lated. When the acetoxyfuran
was hydrolyzed by means of alco-

g | I holic alkali, slow absotrption of
CHuy— o /C_- o C—CHu approximately one equivalent of
| | b d: but in thi

CHu CHp VII oxygen was observed; but in this

sulfuric acid on dimesitoylethylene (III)? consis-
tently high yields were obtained when special care
was taken during hydrolysis of the excess of re-
agent to avoid hydrolysis of the acetoxyfuran it-
self. Otherwise there was produced large amounts

(1) Present location Natlonal Aniline Division, Allied Chemical
and Dye Corp., Buffalo.

(2) Cf.Lutz and Wood, THIS JoURNAL, 60 (a) 229, (b) 705 (1938);
(c) Lutz and Terry, J. Org. Chem., 7, 274 (1942).

case the product isolated was the
triketone enol (VI), formed probably through hy-
drolysis to the hydroxyfuran (I), oxidation to the
hydroxyfuranone (II) and finally rearrangement.
The dimolecular oxidation product (VII) when sus-
pended in an alkaline medium under the same
conditions did not undergo any change and proba-
bly, therefore, was not involved in this particular

(3) Lutz and Terry, idid., T, 320 (1942),
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transformation, although upon prolonged treat-
ment with acid or base it was in the end converted
by oxidative cleavage into the triketone enol (VI).

The acetoxyfuran (IV) was converted by means
of methanolic hydrogen chloride into a compound
which according to analysis has one methoxyl
group in place of the acetoxyl. This compound
appears to be the methoxyfuran (VIII). It is
identical with the compound obtained previously
by the action of methanolic hydrogen chloride
under more extreme conditions on one of the I-
methyl ethers of 4-bydroxy-1,4-dimesityl-1,3-
butanedione enol, namely, (IX). This enol ether
is at the same state of oxidation as the methoxy-
furan.
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the iodomagnesium derivative of the hydroxyfuran
(V) which was subsequently isolated as the ace-
toxyfuran (IV).

It might appear from the above-described facile
cleavages that the dimolecular compound is held
together by an oxygen or a peroxide linkage.
Although this hypothesis is not excluded, it seems
unlikely in view of the very slow reaction with
potassium iodide.

The action of bromine on the dimolecular com-
pound (VII), in contrast with the results in the di-
and triphenyl series, apparently involved oxida-
tive cleavage as well as bromination at the avail-
able furan B-positions. The product has tenta-
tively been formulated as the 4-bromohydroxy-

H—C——C—O0CH; CH,0H o o furanone (X) because of the facile
v CH,OH CBHH_CH:\ C—CoHy HC IH OCH, re.duction to dimesitoylbl.ltane-
HCl 0 CHuCHCOCH=CC:H dione (XI) and the conversion by

VIII IX

It will be noticed that the methoxyl groups in
the 1l-enol ether (IX) and the methoxyfuran
(VIII) are attached to different carbon atoms.
A shift of methyl by addition and
elimination might reasonably be
supposed during the reaction, and
is supported by the fact that meth-
anol was neceéssary to this trans-
formation whereas ethanol under
similar conditions produced a dif-
ferent compound.

The structure of the supposed methoxyfuran
(VIII) has not as yet been established rigorously.
The compound, as would be expected from the
structure proposed, failed to react with most re-
agents, including zinc and acetic acid, sodium
methoxide, the Grignard reagent, the acetyl
chloride-sulfuric acid reagent, and ketone re-
agents. It was converted by means of nitric acid
into the triketone enol (VI).

The autoxidation product obtained from the
hydroxyfuran (I),* insofar so its reactions have
been studied, appears to be analogous to the bis-
furanones of the di- and triphenyl series, and con-
sequently it has been assigned the structure
(VII). Asalready mentioned, this compound was
cleaved by acid or base, albeit with some diffi-
culty, to give the triketone enol (VI). Cleavage
occurred also, and more readily than in the case of
the di- and triphenyl analogs, when the com-
pound was treated with the Grignard reagent;
the net result was reduction with regeneration of

(4} Lutz, McGinn and Bailey, THis JOURNAL, 65, 843 (1943).
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acid hydrolysis into bromodi-
mesitylbutanetrione enol (XII). The Ilatter
transformation demonstrated the location of the
halogen atom.
SnCl,
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This bromo compound (X) is of interest be-
cause, assuming that it is correctly formulated, it
is the first to be prepared of the type II in which
there exists a high degree of steric hindrance at the
2-position. Direct preparation through cycliza-
tion of the open-chain triketone enol (XII) has
not been accomplished and is evidently prevented
by steric hindrance. The conversion in the oppo-
site direction from the hydroxyfuranone (X) to
the open-chain enol (XII) occurs less easily than
the analogous transformation in the diphenyl
series, as would be expected.

The reaction between the Grignard reagent and
the bromohydroxyfuranone (X) is of obvious in-
terest but it has led to new compounds the study
of which has had to be postponed.

The action of acetic anhydride and sulfuric acid
on the dimolecular product (VII) was investigated
because at the time the experiment was performed
we supposed the compound to be the hydroxy-
furanone (II) and we were hoping to convert it
into dimesitylacetoxyfuranone. However, the
product of this reaction proved instead to be a
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diacetyl compound which we have formulated as
3,4-diacetoxy-2,5-dimesitylfuran (XIII). This
compound was obtained subsequently in a better
way directly from the triketone enol (VI) by the
action of the acetic anhydride—sulfuric acid re-
agent; the reaction proceeded stepwise through
the enol acetate (XV). It is noteworthy that
here steric hindrance has blocked cyclization and
the formation of an acetoxyfuranone, which is the
chief transformation under similar conditions in
the diphenyl series.

This new diacetoxy compound is of particular
interest in that it is a 3,4-dihydroxyfuran deriva-
tive. The structure (XIII) is based chiefly on
analytical evidence. The corresponding dipro-
pionyloxyfuran (XVI) was made from the trike-
tone enol (VI) by the action of propionic anhy-
dride and sulfuric acid; it gave the correct analy-
sis and was converted into the diacetoxy com-
pound (XIII) upon treatment successively with
the Grignard reagent and with acetyl chloride.
Undoubtedly the reaction between the acetic
anhydride-sulfuric acid reagent and the dimolecu-
lar compound (VII) to give the diacetoxyfuran
(XIII) involves first fission and rearrangement to
the triketone enol or a derivative; however, this
transformation requires such drastic conditions as
to preclude stopping the reaction at the supposed
intermediate enol acetate (XV).

Experimental®

3-Acetoxy-2,5-dimesitylfuran (IV).—The older pro-
cedure of Lutz and Wood® was modified as follows: A
mixture of 4 g. of dimesitoylethylene (III), 11 cc. of acetyl
chloride and two drops of concd. sulfuric acid was heated
at 50° until complete solution occurred, and was poured
into an excess of crushed ice. When hydrolysis was
complete the water layer was decanted and the tarry
residue was digested with cold 109, sodium carbonate to
ensure complete hydrolysis of the acetyl chloride and
neutralization of the acid. The tar was then dissolved in
methanol. Cooling caused deposition of 2.6 g. of crystals
of nearly pure acetoxyfuran. Upon standing for ten

(5) Melting points given herein are corrected

hours, 0.4 g. of long colorless needles of the dimolecular
oxidation product (VII) separated.

Hydrolysis of 1 g. by 20 cc. of concd. acetic acid, 5 cc.
of water and 10 drops of concd. sulfuric acid (refluxing
for one hour under an atmosphere of nitrogen) gave 0.4 g.
of mesitoic acid. In a similar experiment carried out at
room temperature (eight hours) only unchanged material
was recovered.

Hydrolysis of 3 g. in 40 cc. of 909% methanol containing
8 g. of potassium hydroxide, was carried out at room
temperature under a measured volume of oxygen with
shaking for eighteen hours; 0.92 of an equivalent of
oxygen was absorbed. Upon acidification with dilute
hydrochloric acid and partial dilution with water, crystalli-
zation resulted and 1.8 g. of bright yellow dimesityl-
butanetrione enol (VI) separated (identified by mixture
melting point).

The dimolecular oxidation product (VII) was obtained
also in large amounts when the acetoxyfuran was treated
(a) with phosphorus pentachloride at 100° for three
minutes, (b) bromine in chloroform at room temperature,
(c) ethanolic iodine solution at room temperature for
twenty hours, and (d) a refluxing 1-1 mixture (by volume)
of concd. acetic and hydrochloric acids containing stannous
chloride.

The Bromomagnesium Derivative of 3-Hydroxy-2,5-
dimesitylfuran (V).—The compound was made in batches
by adding 3 g. of the acetoxyfuran (IV) to 26 cc. of 1.9 N
ethylmagnesium bromide in ether. The operation was
carried out under an atmosphere of nitrogen.

A typical batch was added to 8 cc. of acetyl chloride in
30 cc. of dry ether and the mixture was refluxed for five
minutes, cooled and hydrolyzed in the usual way. The
ether layer upon evaporation gave a solid residue which on
digestion with methanol left 2.1 g. of crystalline acet-
oxyfuran (IV).

An ether solution of the bromomagnesium derivative
prepared from 4 g. of the acetoxyfuran was hydrolyzed
with 109, hydrochloric acid. The ether layer was evapo-
rated under a stream of dry nitrogen, and the oily residue
was taken up in 60 cc. of methanol and placed in a shaking
apparatus under a measured volume of oxygen. After
shaking for seventy hours, 0.94 of an equivalent of oxygen
was absorbed. Concentration of the solution produced
a crystalline deposit of 2.8 g. of the dimolecular oxidation
product (VII).

A solution of the bromomagnesium derivative, added
to a solution of bromine in ether at —10°, gave a mixture
of the triketone enol and a monobromo derivative of
m. p. 120-120.58° (4nal. C, 83.20, 63.29: H, 8.2, 68).



852

3-Benzoyloxy-2,5-dimesitylfuran.—A solution of the
bromomagnesium derivative made from 3 g. of the acet-
oxyfuran (IV) was added to a solution of 6 g. of benzoyl
chloride in 20 cc. of ether. After standing for five minutes
the mixture was cooled and hydrolyzed with 109, hydro-
chloric acid. The ether layer was washed several times
with 5% hydrochloric acid and 5% sodium carbonate and
was then evaporated. The residue crystallized from
ethanol; yield 2.5 g. of stout colorless needles which
melted after repeated recrystallization at 116-116.5°.

Anal. Caled. for CuyH20;: C, 82.0; H, 6.65. Found:
C,81.7; H,7.2.

The action of ethylmagnesium bromide on the benzoyl-
oxy compound, followed by reaction with acetyl chloride
gave the acetoxyfuran in good yield.

2,5-Dimesityl-3-methoxyfuran (VIII).*—A suspension
of 4 g. of acetoxydimesitylfuran (IV) in 30 cc. of methanol
saturated with dry hydrogen chloride was allowed to
stand for twenty-four hours in a glass-stoppered flask.
Solution occurred. Evaporation gave a yellow solid
which was recrystallized from methanol; yield 3.2 g.
Recrystallizations from methanol raised the melting
point to 90-91°.

Anal. Caled. for C;3Hy0;z: C, 82.36; H, 7.504; OCH;,,
9.3. Found: C, 81.94, 82.46, 82.72, 82.41, 82.33; H,
7.56, 7.44, 7.58, 7.50, 7.45; OCHj;, 9.24, 9.3.

This compound was prepared in equally good yield by
passing dry hydrogen chloride through a refluxing solution
of cis-1-hydroxy-4-methoxy-1,4-dimesityl-3-butene-2-one
(IX).?

The action of a mixture of 13 cc. of concd. acetic acid
and 1 cc. of concd. nitric acid on 1 g. of the methoxyfuran
(VIII) at 100° for one hour produced largely non-crystal-
line material from which 0.2 g. of yellow crystals was
isolated and identified by mixture melting point as the
triketone enol (VI).

The action of phosphorus pentachloride in chloroform
at 40° produced non-crystalline materials.

The following reagents were without effect: (a) the
Grignard reagent, (b) acid hydrolysis at refluxing tem-
perature (AcOH-HCI), (c) methanolic potassium hy-
droxide and sodium methoxide (refluxing), (d) acetyl
chloride and concd. sulfuric acid, (e) hydroxylamine and
semicarbazide under a variety of conditions, and (f) zinc
dust and concd. acetic acid.

The Dimolecular Oxidation Product (VII) 2,2'-bis-(2,5-
dimesitylfuranone-3).—This compound had been obtained
twice in prior investigations®? but its nature was not then
recognized. The formation of this compound from the
hydroxyfuran had already been mentioned. The best
method of preparation is as follows.

An ethereal solution of the bromomagnesium derivative
made from 3 g. of the acetoxyfuran (IV) was hydrolyzed
with 109 hydrochloric acid and the ether layer was
washed several times in succession with 5% hydrochloric
acid and water. Evaporation of the ether left an orange
colored oil; this was taken up in methanol ard the solution
was allowed to stand open to the air for thirty hours.
Long, thin, needle crystals separated in a yield of 1.9 g.
Recrystallization from ethyl acetate brought the melting
point to 184-185°.

Amnal. Caled. for CuH,0,: C, 82.72; H, 7.26; mal
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wt., 639. Found: C, 82.46, 82.42;, H, 7.28, 7.34; mol.
wt.t (freezing point, benzene), 627. Active hydrogen
(Kohler-Richtmyer apparatus at 100°), 0.49, 0.51; addi-
tions, 0.92, 1.02 (calculations based on formula VII).?

Conversion to the triketone enol (VI) was effected easily
by refluxing for two hours a suspension of the compound
(VII) in a 10:1:1 mixture by volume of concd. acetic
and hydrochloric acids and water., The suspended solid
dissolved within five minutes after beginning the refluxing.
Under these conditions, approximately 509, unchanged
material was recovered, and a 209, yield of the triketone
enol was isolated. When refluxing was continued for
longer periods of time, more of the triketone enol was
obtained and also some mesitoic acid.

The action of ethylmagnesium bromide followed by
treatment with acetyl chloride or benzoyl chloride under
conditions as employed in the case of the acetoxy-furan
and described above, gave the acetoxy (IV) and benzoyl-
oxy-furans.

The action of stannous chloride i a 5:1. concd. acetic—
hydrochloric acid mixture produced an oil which on long
standing in ethanol solution regenerated the dimolecular
compound (VII).

The dimolecular compound was recovered unchanged
when treated (a) with methanolic potassium hydroxide
at room temperature for twenty-four hours, and (b)
hydroxylamine in alkaline media, and in piperidine (with
refluxing).

4-Bromo-2-hydroxy-2,5-dimesitylfuranone-3 (X).—A
solution of 1.2 g. of bromine in 12 cc. of carbon tetrachloride
was added dropwise to a solution of 2 g. of the dimolecular
compound (VII) in 30 cc. of the same solvent. The solu-
tion was heated at 40° until the bromine color was dis-
charged, and was then evaporated. The residual oil was
crystallized from methanol; yield 1.7 g. After repeated
crystallization from methanol it melted at 143-144°.

Anal. Caled. for CoHyBrO;: C, 63.6; H, 5.6. Found:
C, 63.6. H, 5.7.

The action of acid (a mixture of 15 cc. of concd. acetic
acid, 1 cc. of water and 10 drops of concd. hydrochloric
acid) under refluxing for two hours gave the 3-bromo-1,4-
dimesityl-1,2,4-butanetrione enol (XII) in good yield.

The action of 2 N sodium methoxide in methanol
under refluxing for twelve hours was without effect.

The action of methylmagnesium iodide (2 cc. of 1.9 N
solution) in isoamyl ether on 0.2 g. of X under an atmos-
phere of nitrogen at 100° involved the evolution of no
methane. The product was a colorless solid (yield 0.15
g.). After repeated recrystallization the new compound
melted at 159.5-160°. It contained halogen and gave the
analyses: Calcd. for C;3HyBrO;: C, 64.0; H, 6.3. Found:
C, 64.1, 63.95; H, 6.5, 6.8. Acid hydrolysis gave another
new halogen-containing compound of m. p. 139-139.5°;
yield about 50%,. These two compounds will be investi-
gated at a later time.

Reduction of 1 g. of the bromo compound (X) by 4 g.
of stannous chioride in 50 cc. of a §:1. mixture by volume
of coned acetic and hydrochloric acids under refluxing
for five minutes gave an oil which crystallized from
methanol (vield 0.4 g.). This product was fractionally

(6) Determination by Newton H. Shearer.
(7) Measurements by Dir. Vernon Mattox.
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crystallized from methanol and gave 0.1 g. of starting
material and 0.15 g. of the saturated diketone (XI).

The compound was not affected by the following: (&)
phosphorus pentachloride at 100°, (b) acetyl chloride and
concd. sulfuric acid at 35°, (¢) acetic anhydride and sul-
furic acid at 100° for thirty minutes, and (d) potassium
iodide in concd. acetic acid at 80° for twenty minutes.

CH—C C—Br

I |
CoHu—C\O /C—CgHu, 3-Bromo-4-methyl-2,5-dimesi-

tylfuran.—This compound was made for comparison with
the above described bromo derivative (X), because of the
possibility of introduction of a methyl group by the action
of methylmagnesium iodide. In spite of the close simi-
larity in melting points, the compounds were different as
shown by mixture melting points and analysis.

A suspension of 1 g, of 1,4-dimesitoylpropylene, C;Hy-
COCH=C(CH,;)COCsHy, in 15 cc. of concd. acetic acid
and 2 cc. of 309 HBr-AcOH and 2 drops of concd. sulfuric
acid, was heated at 40° for fifteen minutes and poured into
an excess of water. The pale yellow precipitate was
filtered and crystallized from methanol; yield 0.7 g.
Repeated crystallization brought the melting point to
159-160°.

Anal. Caled. for CosHe:BrO: C,69.6; H, 6.35. Found:
C, 69.7; H, 6.14.

3,4-Diacetoxy-2,5-dimesitylfuran (XIII).—A mixture
of 1 g. of the triketone enol (VI), 15 cc. of acetic anhydride
and 2 drops of concd. sulfuric acid was allowed to stand for
two hours at room temperature and was hydrolyzed by
pouring into a large excess of water. The resulting oil
crystallized from methanol, yield 1.1 g. Upon recrystalli-
zation it was obtained as colorless needles melting at
154.5-155°.

Anal. Calced. for CisHosOy: C, 74.3; H, 6.7. Found:
C, 74.3,74.86; H, 6.1, 6.8,

‘When the above reaction was carried out, but allowing
the reaction mixture to stand for only five minutes,
the triketone enol acetate (XV) was obtained instead in
a yield of 809, (identified by mixture melting point with an
authentic sample).

Alternative preparations of the diacetoxyfuran (XIII)
are: (a) A mixture of 1 g. of the dimolecular compound
(VII), 15 cc. of acetic anhydride and two drops of concd.
sulfuric acid was allowed to stand for five hours and was
worked up in the usual way; yield of XIII, 0.9 g. (b) A
suspension of 0.2 g. of the enol acetate (XV) in 10 cc. of
acetic anhydride and 1 drop of concd. sulfuric acid. was
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heated at 50° for five minutes and was worked up in the
usual way; yield of XIII, 0.1 g.

The action of 1.8 N methylmagnesium iodide on 1 g.
of the diacetoxyfuran (refluxing for three minutes) gave a
solution of the di-bromomagnesium derivative (XIV)
This solution was added to an ether solution of 2 cc. of
acetyl chloride (refluxing for five minutes) and upon
working up the product in the usual way, 0.7 g. of the
diacetoxyfuran (XIII) was obtained.

2,5-Dimesityl-3,4-dipropionyloxyfuran (XVI).—A sus-
pension of 1 g. of the triketone enol (VI) in 15 cc. of
propionic anhydride containing 2 drops of concd. sulfuric
acid was heated at 60° for thirty minutes. The mixture
was hydrolyzed in 200 cc. of water and the oily residue
crystallized from ethanol; yield 0.7 g. Repeated crystalli-
zations from ethanol brought the melting point to 72-
72.5°.

Anal. " Caled. for CosHuOs: C, 74.9; H, 7.2. Found:
C,6 753, 75.1; H, 74, 7.5.

The action of 5 cc. of 1.9 N ethereal methylmagnesium
iodide on 1 g. of the dipropionyloxy derivative (XVI)
(refluxing for three minutes) produced the di-iodo-
magnesium derivative (XIV). This solution was added
to 2 cc. of acetyl chloride in 20 cc. of dry ether with re-
fluxing for five minutes. Hydrolysis and working up in
the usual way gave 0.8 g. of colorless needles; identified
by mixture melting point as the di-acetoxyfuran (XIII).

Summary

3-Hydroxy-2,5-dimesitylfuran has been ob-
tained as the iodomagnesium derivative and con-
verted into acetoxy and benzoyloxy-furans by the
appropriate acyl halide. It undergoes autoxida-
tion readily to a bis-furanone which is easily
cleaved reductively by the Grignard reagent, and
oxidatively during hydrolysis and by bromination.
The 3-methoxyfuran is described.

2-Hydroxy-2,5-dimesitylfuranone-3 has not been
obtained and all attempts to make it have led to
the triketone enol. The 4-bromo derivative has
been prepared; it is readily rearranged into the
corresponding bromo triketone enol.

3,4-Diacetoxy- and 3,4-dipropionyloxy-2,5-di-
mesitylfurans have been prepared.
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