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The Behavior of Pyrogallol Trimethyl Ether and 3,4,5-Trimethoxybenzonitrile toward
Grignard Reagents

By CHARLES D. HUurD AND H. E. WINBERG

Recently Haller and Schaffer! investigated the
course of reaction between isobutylmagnesium
bromide and 3,4,5-trimethoxybenzonitrile at the
refluxing temperature of toluene. In addition to
the expected 3,4,5-trimethoxyphenyl isobutyl
ketone there was obtained a phenolic ketone and a
second neutral ketone. On the basis of the reac-
tions of these compounds, analytical data, and the
known reactivity of the methoxyl group in the
4-position of trimethylpyrogallol derivatives, it
was suggested that they were 3,5-dimethoxy-4-
hydroxypheny! isobutyl ketone and a 3,5-di-
methoxy-4-butylphenyl isobutyl ketone.

At Dr. Haller’s suggestion we continued this
problem. We confirmed the observations of
Haller and Schaffer and have obtained additional
evidence for cleavage of the vicinal ether linkage.
By increasing the molar ratio of the Grignard
reagent from two and one-half to four-fold excess
and the reaction time from three to five hours at
a temperature of 110°, the yield of hydrolysis
products may be greatly increased at the expense
of the trimethoxy ketone. However, at 40° and
with the longer reaction period cleavage of the
ether linkage does not occur, the only product
being the trimethoxy ketone.

The cleavage of ethers by Grignard reagents
usually requires a reaction temperature of the
order of 200°% but with more active linkages as
in phenyl allyl ether cleavage occurs at 50 to
75°% In trimethylpyrogallol derivatives the
methoxyl group in the 4-position can be replaced
with hydrogen® or hydrolyzed by sulfuric acid®¢ to
the corresponding dimethoxy phenol. It may be
anticipated that at 110° Grignard reagents would
cause a cleavage of the activated ether linkage.

The structure of the phenolic product resulting
from the action of isobutylmagnesium bromide
on 3,4,5-trimethoxybenzonitrile was shown to be
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the suggested 3,5-dimethoxy-4-hydroxyphenyl iso-
butyl ketone by hydrolysis of 3,4,5-trimethoxy-
phenyl! isobutyl ketone with sulfuric acid to yield
the same phenol obtained from the Grignard reac-
tion. Oxidation of the phenol with chromic an-
hydride in glacial acetic acid produced the known
2,6-dimethoxybenzoquinone, showing the location
of the phenolic group. Several attempts were
made to oxidize the neutral ketone to 3,5-dimeth-
oxyterephthalic acid,” but only intractable tars
resulted.

The formation of a phenol is the characteristic
reaction in the cleavage of an aryl alkyl ether by
a Grignard reagent but in the case of trimethyl-
pyrogallol cleavage may occur at the aryl-oxygen
linkage, accounting for the formation of the neu-
tral ketone in which a butyl group has apparently
replaced the methoxyl group. When pyrogallol
trimethyl ether was heated at 110° with methyl-
magnesium iodide the only product was 2,6-di-
methoxyphenol, obtained in 849% yield. Possibly
an activating group in the para position is neces-
sary to sufficiently weaken the aryl-oxygen to
cause its cleavage.

Experimental

Trimethoxygallic acid was prepared in 919, yield by
methylation of alkaline sodium gallate with methyl sul-
fate.®# The acid chloride was prepared readily with phos-
phorus pentachloride by heating equimolar amounts of the
two reagents for fifteen minutes at 100°, whereas attempts
to bring about this conversion with thionyl chloride gave
far less satisfactory yields. In the former case, phos-
phorus oxychloride and unused pentachloride were dis-
tilled off at 18 mm. and an excess of concentrated ammo-
nium hydroxide was added to the residue. The amide, m.
p. 177°, was prepared in 819, yield. It was converted in
939, vield to 3,4,5-trimethoxybenzonitrile, m. p. 86-89°,
by heating in benzene solution with phosphorus penta-
chloride. Neither vacuum distillation nor crystallization
from aqueous alcohol was effective in raising the melting
point of this material, but isopropyl ether proved to be an
efficient solvent. After one crystallization from it, the
material melted at 90-92° (literature, 93°).

Reaction of 3,4,5-Trimethoxybenzonitrile with
Isobutylmagnesium Bromide

First Experiment.—Haller and Schaffer’s! conditions
were duplicated, starting with 19.3 g. of the nitrile (0.1
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mole) and 0.25 mole of isobutylmagnesium bromide
Refluxing in toluene solution, after displacement of the
ether as solvent, was for three hours. The yield of 3,4,5-
trimethoxyphenyl isobutyl ketone, b. p. 164-166° at 6
mm,, was 3.8 g. Haller and Schaffer reported its b. p. as
147-150° (1 mm.) aud did not observe its solidification.
On staunding, our product crystallized spontaneously.
These crystals melted at 37-39°. The yield of phenolic
product, 3,5-dimethoxy-4-hydroxyphenyl isobutyl ketone,
ut. p. 93-93.5°, was 4.6 g.

Second Experiment.—The points of difference in pro-
cedure were a greater excess of Grignard reagent and a
longer period of refluxing. The mixture of 19.3 g. of ni-
trile and 0.4 mole of Grignard reagent (from 55 g. of iso-
butyl bromide) was made in ether as before, then the
solvent ether was replaced by toluene, and the mixture re-
fluxed for five hours. Only 1.50 g. of 3,4,5-trimethoxy-
phenyl isobutyl ketone was isolated, but 10.0 g. of 3,5-
dimethoxy-4-hydroxyphenyl isobutyl ketone was formed.
From the toluene solution there was obtained 6.18 g. of oil
boiling at 163-167° (53 min.) and 1.58 g. boiling at 167-177 "~

(5 mm,). This is presumably 3,5-dimethoxy-4-isobutyl-
phenyl isobutvl ketone. Its semicarbazone wmelted at
183-184°.1

Third Experiment.-— By carrying out the reaction at
407 only the trimnethoxy ketone was obtained. To the
Grignard reagent prepared from 17.1 g. (0.125 niole) of
isobutyl bromide in 65 cc. of ether und 3.04 g. (0.125 mole)
nf magnesium in 100 cc. of cther was added 19.3 g. (0.100
inole) of the nitrile dissolved in 200 cc. of dry toluene.
The mixture was maintained at 40° for five hours. It was
then poured onto ice containing 30 cc. of concentrated
hydrochloric acid. The organic layer was separated,
washed with water, and dried over sodium sulfate. Evapo-
ration of the solveuts gave 9.26 g. of the unreacted
nitrile.  The water laver was refluxed for ftwo hours,
cooled, and thien the resulting oil extracted with ether.
The extract was washed with 5% sodium hydroxide, with
water, and dried over sodium sulfate. After removal of
the solveut the residue boiled at 163--168° (7 mm.) and
solidified at room temperature. ‘The yield was 10.7 g.
The sodium hydroxide extract contained no alkali-soluble
material; hence, hydrolysis to 3,5-dimethoxy-4-hydroxy-
phenyl isobutyl ketone had not taken place during the
reaction.

Oxidation of 3,5-Dimethoxy-4-hydroxypheny! Isobutyl
Ketone to 2,6-Dimethoxybenzoquinone.—To 0.5 g. of the
phenol dissolved in 20 cc. of glacial acetic acid was gradu-
ally added 1.25 g. of chromic anhydride. After the re-
action had subsided, the solution was heated on the water-
bath for fifteen minutes, cooled, and 35 cc. of water was
added. The resulting solution was extracted tliree tines
with chloroform and the extract dried over sodium sulfate.
After removal of the solvent, the oil was treated with a
small quantity of ethier and the insoluble material removed
by filtration. The precipitate was recrystallized from
glacial acetic acid; m. p. 253-254°. When mixed with an
authentic sample of 2,6-dimethoxybenzogquinone” ther:
was no depression of the ineltiug point.

3,5-Dimethoxy-4-hydroxyphenyl Isobutyl Ketone from
3,4,5-Trimethoxvphenyl Isobutyl Ketone.—One gram of
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the trimethoxyphenyl isobutyl ketone was dissolved in
4 cc. of concentrated sulfuric acid. The solution was
maintained at 3540° for twenty hours and then poured
onto ice. The resulting mixture was extracted with ether
and the extract washed with 5% sodium hydroxide. The
alkaline solution was acidified, then extracted with ether
and the ether solution dried over sodium sulfate. Evapo-
ration of the ether gave 0.80 g. of the phenol. After one
recrystallization from 509, ethanol, it melted at 93°. A
mixed melting poiut with the phenol obtained from the
Griguard reaction on the nitrile showed no depression.

Reaction of Pyrogallol Trimethyl Ether with Methyl-
magnesium Jodide.—To the Grignard reagent prepared
from 85.2 g. (0.60 mole) of methyl iodide in 110 cc. of
ether and 14.6 g. ,0.60 mole) of magnesium in 175 cc. of
ether was added 25.2 g. (0.15 mole) of pyrogallol trimethyl
ether dissolved in 200 cc. of dry toluene. The reaction
mixture was then heated in an oil-bath and the ether
removed by distillation, toluene being added gradually to
maintain the original volume. After all of the ether had
been replaced with toluene, the mixture was refluxed for
ten hours with constant stirring, The reaction mixture
was then poured on ice containing 80 cc. of concentrated
livdrochloric acid. The organic layer was separated, the
water saturated with sodium chloride and extracted with
cther. The combined organic solution was extracted with
5% sodiunt hydroxide and dried over sodium sulfate.
Evaporation of the solvents left no residue. The alkaline
extract was acidified, the water saturated with sodium
chloride and extracted with ether. After drying over
sodium sulfate, removal of the ether gave 19.4 g. of 2,6-
dimethoxypheuol, b, p. 106-108° (4 mm.). When re-
crystallized from butyl ether the melting point was 55-56°.
Wheun treated with benzoyl chloride in pyridine the phenol
gave a benzoate!® nielting at 116-117 © and with picric acid
formed a picrate!! melting at 61°.

Summary

In the reaction of isobutylmagnesium bromide
and 3,4,5-dimethoxybenzonitrile, the yield of ab-
normal products (3,5-dimethoxy-4-hydroxyphenyl
isobutyl ketone and 3,5-dimethoxy-4-isobutyl-
phenylisobutyl ketone) is favored by a 4:1 excess of
Grignard reagent and by a prolonged reaction time
at 110°. At 40°, only the normal product (3,4,5-
trimethoxyphenyl isobutyl ketone) was obtained.

The structure of 3,5-dimethoxy-4-hydroxv-
phenyl isobutyl ketone was established by oxi-
dizing it to 2,6-dimethoxybenzoquinone.

Conversion of 3,4,5-dimethoxyphenyl isobutyl
ketone into 3,5-dimethoxy-4-hydroxyphenyl iso-
butyl ketone was effected by the action of sulfuric
acid.

Methylmagnesium iodide reacted with pyro-
gallol trimethyl ether at 110°, to yield 2,6-di-
methoxyphenol.
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