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was separated as white crystals upon concentration of the
filtrate. The yield of sodium salt was 42 g. (77%).

The p-toluidine salt of 2-bromo-4-methylbenzenesulfonic
acid after recrystallization from water melted at 216-218°.

Anal. Caled. for CiuHsO3;BrNS: S, 8.95. Found: S,
8.76.

Potassium Salt of 2-Todo-4-methylbenzenesulfonic Acid.—
The 2-iodo compound was prepared by diazotization of the
2-amino compound and subsequent reaction with potassium
iodide solution. A 949, yield of crude potassium salt was
obtained by concentration of the reaction mixture.

The p-toluidine salt melted at 227.5-230° after recrys-
tallization from water.

Anal. Caled. for CuH;s0,INS: S, 7.90.
&.00.

2-Bromo-4-methylbenzenesulfonyl Chloride.—An inti-
mate mixture of 5 g. (0.0183 mole) of powdered sodium 2-
bromo-4-methylbenzenesulfonate and 15 g. (0.072 mole) of
finely divided phosphorus pentachloride was heated for 1

Found: 8,
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hour at 160°. The initial reaction began at about 130-
140°. The melt was poured onto ice and a crude sulfonyl
chloride (82% yield) melting at 56-62° was recovered. A
sample recrystallized from petroleum ether melted at 64-65°.

Anal. Caled. for CHO:BrCIS: S, 11.9. Found: S,
12.1.

The methyl and ethyl esters of the 2-bromo-4-methylbern-
zenesulfonic acid melted at 62-63° and 70-71°, respectively.

Anal. Caled. for CgH,O3BrS: S, 12.1. Found: S,
12.0. Caled. for GH1O3BrS: S, 11.45. Found: S, 11.80.

2-lodo-4-methylbenzenesulfonyl Chloride.—This mate-

rial was prepared in the same manner as the 2-bromo com-
pound. A crude yield of 839, was obtained, and after re-
crystallization from petroleum ether the pure sulfonyl chlo-
ride melted at 66-67°.

Anal. Caled. for C;HO,CIIS:
9.85.
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S, 10.10. Found: S,
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An ‘‘Isoaromatic” Product from 2-Methyl-3-benzofurylmethylmagnesium Chloride

By RUsSeELL (GAERTNER'
RECEIVED JUNE 2, 1952

A Grignard reagent has been prepared from 3-(chloromethyl)-2

and ethyl chlorocarbonate.
major product, after hydrolysis, was the
of a novel “abnormal’’ reaction.

“isoaromatic”’

A trace of the normal product was isolated only with carbon dioxide.

-methylbenzofuran and allowed toreact with carboen dioxide
In both reactions, the

2-methyl-3-methylene-2,3-dihydro-2-benzofuroic acid, the result
This 8,y-unsaturated acid decarboxylated at its melting point (110°) to give 2,3-dimethyl-

benzofuran, a reaction analogous to the similar behavior of g-keto acids.

Two previous attempts to obtain ‘“‘isoaromatic’?
products in abnormal reactions of heteroaryl-
methyl Grignard reagents have been reported.
The first, involving 3-methyl-2-thianaphthenyl-
methylmagnesium chloride, re-
sulted mainly in cleavage of the /\ CHC
Cy,—-Shbond,? while the second, us- ‘ \
ing 2-bromo-3-(bromomethyl)- L “—CHg
thianaphthene, gave only poly-
mers.* Since benzofuran is less I
aromatic than thianaphthene its \
arylmethyl Grignard reagents

actions, resulting from unavoidable hydrolysis of
the reagent.

When the reagent II was carbonated, only a
trace of the normal product, 2-methyl-3-benzofuryl-

CH,
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should react abnormally even

more readily; to avoid cleavage

of the furan moiety,* a 3-chloro-

methyl derivative was indicated.
3-Chloromethyl-2-methyl-

benzofuran (I) was obtained by

chloromethylation of 2-methyl-

benzofuran. It was converted H

normally in the cyclic reactor <

and the reagent 11 was obtained

in yields of about 809%. The

presence of a coupling product, probably 1,2-bis-

(2-methyl-3-benzofuryl)-ethane, was demonstrated

by isolation of the picrate. Small amounts of

2,3-dimethylbenzofuran were also present in all re-

(1) Central Research Department, Monsanto Chemical Co., Day-
ton 7, Ohio.

(2) “Isoarvmatic’’ is used to refer to a structure with adjacent
quaternary and doubly bonded carbon atoms in an otherwise aromatic
nucleus.
benzofuran is “‘aromatic,’’ although it must be granted that this nuc-
leus undergoes many reactions typical of arylethylenes.

(3) R. Gaertner, THIS JOURNAL, T4, 2901 (1952).

(4) R. Gaertner, ibid., 74, 4950 (1952).

(J) R. Gaertner, ibid., 78, 4400 (1951).
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acetic acid (III), could be isolated; III was also
prepared for comparison from I zi¢ the nitrile.
The main product of carbonation, and the sole acid
product isolated from the reaction of I with ethyl
chlorocarbonate followed by alkaline hydrolysis,
was 2-methyl-3-methylene-2,3-dihydro-2-benzo-
furoic acid IV. The structure of this compound has
not been unequivocally established but any other
appears to be inconceivable in view of the mode of
its formation and its reactions.

The acid, IV, or its ethyl ester, absorbed very
ncarly one mole of hydrogen over platinum oxide,
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giving 2,3-dimethyl-2,3-dihydro-2-benzoturoic acid
(V). 1V was also reduced by lithium alumninam
hydride to the alcohol VI, which was hydrogenated
to VII, the alcohol also obtained by reduction of the
ester of V with lithium aluminum hydride.

Both the unsaturated acid IV and the correspoud-
ing alcohol VI were significantly unstable to heat.
IV melted with dec omposition (11 110-111°, evolv-
ing a gas. The product was 2,3-duncthylbenzofu-
ran, obtained in 837, vield by h(nlmg a solution of
the acid in pyridine. To the author's knowledge no
other B,v-unsaturated acid can be decarboxvlated
under such mild conditions; the reaction is analo-
gous to the behavior of B-keto acids, since in both
cases a cyclic intermediate, depicted for I'V, is prob-
ably involved.
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Presumably the promoting factor in this example is
the simultaneous restoration of the aromatic benzo-
furan nucleus. Further attempts to prove these
structures by oxidation of the double boud or cleav-
age of the ether linkage were fruitless.

Experimental”

3-(Chloromethyl)-2-methylbenzofuran.-—In the best rund
7.5 g. of 2-methylbenzofuran was added dropwise to a rap-
idly stirred solution below 30° of 4.5 g. of trioxane in 100
ml. of concentrated hydrochloric acid. After being stirred
for 90 minutes, the mixture was extracted with ligroin (30—
60°). 3- (Chloromethyl) 2-methylbenzofuran (7.1 g., 69,5 )
was a_colorless mobile liquid, b.p. 85-86° (0.2 mm.},
n¥p 1.5779. It slowly decomposed to a black resin.

Anal. Caled. for C,H,CiO: C. 66.49; H, 5.02.

C, 66.25; H, 4.91.

2-Methyl-3-benzofurylmethylmagnesium Chloride.—-
Using the cyclic reactor?® the highest yield was 81.7%,. With
a freshly amalgamated column of magnesium turnings,
yields of 809, were obtained consistently.

Reactions. Carbonation.—I'rom « solution (85 ml
containing 0.0269 mole of reagent was obtained a mixture nf
acids which was recrystallized from hexane. A total of 2.

g. ('30%) of the less soluble compound separated as CO]()YI(,S":
prisms, m.p. 110~112° (with evolution of a gas). Recrys-
tallization from hexane-acetone with a minimuwmn of heating
did not improve the nelting point and was attended by de-
composition; 2-methyl-3-methylenc-2,3-dihydro-2-henzo-
furoic acid decomposed too readily to oblain a pure sample.

Anal.  Caled. for CyH;Oy: C, 69.46; 11, 53.30. Found:
C, 70.00, 70.12; H, 5.79, 5.85.

The liquid remaining after decomposition had the odor
of 2,3-dimethylbenzofuran.

From the mother liquors, by first heating to 150° to de-

Found:

(8) See, concerning the evidence for such intermediates in the de-
carboxylation of g-keto acids, F. H. Westheimer and W. A. Joues, ib1d.,
63, 3283 (1941).

(7) Melting points, but not boiling points, are corrected. Micro-
analyses were by Micro-Tech Laboratories, Skokie, lllinois. The
obvious mixture melting points were performed without noticeahle
depressions.

(8) The pure 2-methylbenzofuran used in this run was obtained by
ring-closure of o-allenylphenol and its derivatives.? In larger prepara-
tions (25-50 g. of starting material), the less pure’s compound obtained
by the method of R. Adams and R. E. Rindfusz, THis JOURNAL, 41,
648 (1919), gave 45% and lower yields. Hydrogen chloride was
evolved during heating prior to distillation of the product, leaving a
tarry residue; although the chloride from these runs decomposed
more rapidly in storage, it was otherwise equivalent to that described
above.

(9) See, for procedures, R. Guertner, ibid., 78, 3034 (1051).
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stroy a trace of the above compound, then recrystallizing
from hexane and subliming twice was obtained (.10 g. of 2-
methyl-3-benzofurylacetic acid, m.p. 95-97°

From the neutral material was isolated 1.66 g. (b.p.
105°) of 2,3-dimethylbenzofuran.

Ethyl Chlorocarbonate.—From 10.8 g.
hydrolysis of the crude ester, was obtained 5.52 g. (49%) of
2-methyl-3-methylene-2,3-dihydro-2-benzofuroic acid (m.p.
110-112°), but no trace of 2-methyl-3-banzofurylacetic
acid. The neutral material yiclded 0.6 g. of 2,3-dimethyl-
benzofuran. The non-volatile neutral gum did not crystal-
lize and was dissolved in ethanol saturated with picric acid;
1.48 g. of 1,2-bis-(2-mmethyl-3-benzofuryl)-cthane dipicrate
separated as yellow ncedles which were recrystallized from
ethanol-acectone, m.p. 150-150.6°.

Anal. Caled. for C:;gHuNeOw:
Found: C, 51.64; H, 3.44.

If the crude mixture obtained in the reaction with ethyl
chlorocarbonate, after hydrolysis of the excess reactant, was
distilled, 26.7 g. of the chloride gave 13.6 g. (429,) of ethyl
2-methyl-3-methylene-2,3-dikydro-2-benzofuroate, b.p. 90~
06° (0.3 mm.). Al fractions rapidly developed a red to
purple color in air; redistilled twice, the middle fraction
1o longer beecame colored, but it was still impure; b.p.
01-92° (0.3 mm.), n¥p 1.5445.

Anal, Caled. for C;3HuO;:
C, 72.53; H, 6.69.

Combined small samples of 2,3-dimethylbenzofuran®®
were redistilled; b.p. 101-102° (19 mm.), »¥p 1.5537.

Anal. Caled. for CoHuO: C, 82.16; H, 6.90. Tound:
C, 81.68; H, 6.98.

The picrate Sepdratcd from ethanol in canary yellow
needles, m.p. 91-93°.

Aﬂ(ll. Caled. for CmHmNsOsZ CI,
Found: C, 51.32; H, 3.57.

2-Methyl-3-benzofurylacetonitrile. —A mixture of 5.0 g
of the chloride, 10 g. of powdered potassium cyanide and 30
ml. of a 59, potassium iodide solution in acetone was stirred
and heated under reflux for 12 hours. The nitrile (3.56 g.,
75%) distilled principally at 115-118° (0.3 mm.), #¥p

08~

of chloride, by

C, 51.34; H, 3.238.

C, 71.54; H, 6.47. Found:

51.20; H, 3.49.

1.5643. It was not pure but could not be purified by dis-
tillation.
Anal. Caled. for CyHNO: C, 77.17; H, 5.30. Found:

C, 76.46, 76.37; H, 5.53, 5.36.
2-Methyl-3-benzofurylacetic Acid.—A solution of 3.1 g.
of the nitrile was heated under reflux for 18 hours with excess
alcoholic potassium hydroxide. A total of 2.44 g. (71%) of
felted colorless needles separated from hexane; m.p. 96.6-

O7.6°.  Sublimation at 90° (0.1 mm.) did not improve the
melting poiut.

Anal.  Caled. for Cpyli 0 C, 69.46; H, 5.30. Found:
C, 69.38; M, 5.16.

Reactions of 2-Methyl-3-methylene-2,3-dihydro-2-benzo-
furoic Acid.—A solution of 1.50 g. of the acid in 5 ml. of
pyridine was heated under reflux for 4 hours. After aspira-
tion of the solvent, 0.96 g. (83%) of 2,3-dimethylbenzofuran
distilled at 95-105° (24 mm. ), #%®p 1.5556. The picrate was
prepared, m.p. 91-03°.

A solution of 0.70 g. of the acid in ethanol slowly absorbed
1059, of the theoretical volume of hydrogen over two suc-
cessive portions of platinum oxide. Similarly the redistilled
ester (4.93 g.) took up 97%, of the hydrogen required for one
double bond. A total of 4.74 g. (959,) of ethyl 2,3-di-
methyl-2,3-dihydro-2-benzofuroate was isolated; b.p. 81—
83° (0.2 mm.). The 82° cut was analyzed; »#2p 1.5098.

Anal. Caled. for C3HisO;: C, 70.88; H, 7.32. Found:
C, 70.82; H, 7.47.

The saturated ester was hydrolyzed with alcoholic potas-
sium hydroxide. 2,3-Dimethyl-2,3-dihydro-2-benzofuroic
acid (quantitative yield) distilled at 112-114° (0.3 mm.),
solidified and melted at 80-90°. Recrystallization with
loss from hexane gave colorless flat needles, m.p. 98-99°.
They were sublimed at 90° (0.1 mm.) for analysis.

Anal. Caled. for C;iH1:0;: C, 68.73; H, 6.30. Found:
C, 68.92; H, 6.37.

Attempts to oxidize the unsaturated ester or acid with

(10) R. Viadesco, Bull. soc. chim, France, [3] 6, 807 (1891), prepared
this compound by cyclization of 3-phenoxybutanone but gave few
characterizing data.
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potassium permanganate, or performic acid followed with
lead tetraacetate, resulted only in the recovery of small
amounts of the starting materials. Attempts to cleave the
ether linkage of the saturated acid with hydrobromic acid
gave inconclusive results.

The unsaturated acid (6.90 g.) was reduced with lithium
aluminum hydride in ether. A total of 4.98 g. (78%,) of
colorless crystals separated from hexane; m.p. 65.5-67.5°.
Further recrystallization and sublimation at 50° (0.3 mm.)
gave pure 2-methyl-3-methylene-2,3-dihydro-2-benzofuryl-
carbinol, m.p. 67.6-68.8°. Overheating caused decomposi-
tion.

Anal. Caled. for CyH;:0,: C, 74.97; H, 6.87. Found:
C, 74.78; H, 6.94.

A solution of 4.20 g. of the alcohol in ethanol absorbed

1,4-DIMETHOXY-5-METHYL-0- AND 1,4-DIMETHOXY-5,5-DIMETHYL-6-TETRALONE

5321

1039, of the theoretical amount of hydrogen over platinum
oxide. The product (3.76 g., 89%), 2,3-dimethyl-2,3-di-
hydro-2-benzofurylcarbinol, also obtained (829, yield) by
reducing the saturated ethyl ester with lithium aluminum
hydride in ether, was a viscous colorless liquid, b.p. 81-89°
(0.5 mm.). The 84-85° cut was analyzed; »%p 1.5383.
The best of three samples, it was still impure.

Anal. Caled. for CnHuO:: C, 74.12; H, 7.92. Found:
C, 73.54; H,8.11.

An attempt to convert the alcohol to the bromide with
phosphorus tribromide gave only a trace of recovered alco-
hol; similar results were observed upon treatment with
thionyl chloride, alone or with an equivalent of pyridine.

EUGENE, OREGON
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1,4-Dimethoxy-5-methyl-6-tetralone and 1,4-Dimethoxy-5,5-dimethyl-6-tetralone

By T. R. LEwis, WiLLIAM B. DICKINSON AND S. ARCHER
RECEIVED JUNE 7, 1952

The adduct obtained from benzoquinone and 2-ethoxybutadiene upon aromatization and methylation furnished 6-ethoxy-
1,4-dimethoxy-5,8-dihydronaphthalene (VI) which isomerized on recrystallization from ethanol in the presence of Darco to

yield the conjugated 7,8-dihydro derivative, VIIIL.

gave a ketal, X, when recrystallized from methanol in the presence of Darco. \
Hydrolysis of all the above aromatic ethers gave 1,4-dimethoxy-6-
Alkylation of this compound with methyl iodide and sodium sand gives a mixture of three compounds: the

tained by refluxing the ketal in acidified methanol.
tetralone,

In the methoxy series the adduct yields V. This 5,8-dihydronaphthalene

The true 7,8-dihydro compound, VII, was ob-

tetralol, XIII, the dimethyltetralone, XI, and the monomethyltetralone, XII.

Grob and Wicki! condensed 2-methoxybutadiene
with benzoquinone in petroleum ether and ob-
tained in 587, yield the adduct, III, which they
aromatized and methylated in alkaline medium.
The resulting dimethyl ether was isolated in 659,
yield and melted at 80-82°. It was originally
assigned structure V, but in a later paper? it was
pointed out that the ultraviolet absorption spec-
trum exhibited two maxima, one of which was due
to conjugation of the double bond with the ben-
zene ring. On this basis the substance was assigned
structure VII.

When 2-ethoxybutadiene® (II) was condensed
with benzoquinone in ethanol the desired adduct
(IV) was obtained in 859, yield.* Grob’s pro-
cedure for converting the adduct to the dimethyl
ether proved to be unsatisfactory in our hands.
By suitable modification of his procedure we pre-
pared VI in 799, yield. On hydrolysis this com-
pound furnished the tetralone IX.> It showed a
maximum at 284 my in the ultraviolet. Absorption
at this wave length was attributed to the presence
of the substituted benzene ring since the tetralone,
IX, absorbed at 289 myu (see Table I).

When a sample of VI was recrystallized from
ethanol with the aid of a small amount of Darco,
the melting point of the recovered material dropped
markedly. The compound that was isolated was
isomeric with VI, hydrolyzed to the tetralone, IX,
and in contrast to VI, showed two peaks in the
ultraviolet, one at 274 myu and the other at 312
mu, The conjugated structure, VIII, is com-
patible with these properties.

(1) C. A. Grob and H. Wicki, Hely. Chim. Acta, 81, 1706 (1948),

(2) C. A. Grob, N. Jundt and H. Wicki, ¢béd., 82, 2127 (1949).

(3) H. L. Holmes and K. M. Mann, THIS JOURNAL, 68, 2001 (1947).

(4) This compound was first prepared by Dr. R. L. Clarke of this
Lab y;: purifi and analyses will be reported by him,

(8) C. A, Grob and W, Juandt, Helv. Chim. Acic, 81, 1681 (1948).

In view of these results it was thought advisable
to reinvestigate the methoxy series. Methoxy-
butadiene (I)* and benzoquinone were refluxed
in methanol for three hours to furnish the adduct,
111, in 529, yield. It was converted to an aromatic
ether, m.p. 80-81°, by the procedure used in the
ethoxy series. The tetralone, IX, was obtained on
hydrolysis and the ultraviolet absorption spectrum
revealed only one maximum at 284 myu (Table I).
This is the same wave length at which the 5.8-
dihydro isomer in the ethoxy series (VI) absorbed.
Accordingly, the ether was assigned structure V
in contrast to Grob's later claim.?

When a dry methanol solution of V was refluxed
in the presence of Darco a new substance was
formed, the analysis of which agreed well with
structure X. In harmony with this formulation
were the facts that the compound hydrolyzed to
yield IX and showed a maximum only at 286 mu
(Table I). This ketal was probably formed by the
addition of a molecule of methanol across the double
bond of V.

In an attempt to prepare an authentic specimen
of X the tetralone, IX, was treated with methyl
orthoformate. The reaction mixture was resolved
into two components by means of chromatography
on alumina. The minor product proved to be the
desired ketal X. The substance present in major
amounts was an isomer of V. The tetralone, IX,
was formed on hydrolysis of this isomer and the
ultraviolet absorption spectrum revealed two
maxima, one at 274 mu and the other at 312 muy.
Thus this new ether must be the conjugated com-
pound, VII. It was prepared from X by simply
refluxing a methanol solution containing a small
amount of hydrogen chloride for a few hours.

(8) Reference 1 gives the pertinent litetature on the preparntion of
this diene.



