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272 g. (b. p. 102-118° at 21 mm., mainly at 105-110°)
consisting of a mixture of phenyl propionate and ethyl
a-isopropyl propionylacetate. An ether solution (150 cc.)
of this mixture was shaken with ten 50-cc. portions of 109,
sodium hydroxide solution, the ether solution dried, and
distilled. The residue on fractionation through a twelve-
inch Vigreux column yielded 18.3 g. (589, yield based on
the sodium triphenylmethyl) of ethyl «-isopropyl pro-
pionylacetate, b. p. 107-109° at 21 mm, (b. p. reported in
the literature, 107-108° at 21 mm.1). An analysis (caled.
for CioH1303: C, 64.49; H, 9.74. Found: C, 68.24; H,
8.12) indicated that the 3-keto ester was still contami-
nated with phenyl propionate. The product (10.6 g.)
was hydrolyzed by refluxing for eight hours with a mixture
of 30 cc. of glacial acetic acid, 3 cc. of concentrated sulfuric
acid and 3 cc. of water. There was obtained 3.3 g. (509,
yield) of ethyl isobutyl ketone, b. p. 133-135°1% (semi-
carbazone, m. p. 128-129°1¢),

i-Butyl Cyanoacetate with Ethylmagnesium Bromide..—
t-Butyl cyanoacetate was prepared!” in 329, yield from i-
butyl a-bromoacetate and potassium cyanide in methanol
solution.

Anal
9.67.

t-Butyl a-bromoacetate was obtained in 709, yield by
treating f-butyl alcohol with a-bromoacetyl bromide in
the presence of dimethylaniline.!®

Sixteen grams (0.11 mole) of i-butyl cyanoacetate (b. p.
107-108° at 23 mm.) dissolved in 25 cc. of dry ether was
added, with stirring, during one hour to 0.25 mole of cold
(0°) ethylmagnesium bromide solution. At first, addition
of the nitrile caused the formation of a precipitate and the
evolution of gas. The mixture was stirred at room tem-
perature and then allowed to stand for twelve hours. On
working up the reaction mixture, the products obtained
consisted of a mixture boiling over a very wide range with
considerable tarry material.

Caled. for C;H;;O,N: N, 992, Found: N,

(16) Douris, Compt. rend., 187, 57 (1913).

{17) The procedure was similar to that used by Noyes for the
preparation of ethyl cyanoacetate, THIS JOURNAL, 26, 1545 (1904).

(18) For the preparation of {-butyl acetate by this method, see
Norris and Rigby, THis JournaL, B4, 2097 (1932).

ArrrED RusseLL anD W. G. TEBBENS, JR.

Vol. 64

Methyl Ethyl Ketone with Ethyl Carbonate.—Methyl
ethyl ketone (14.4 g., 0.2 mole) (b. p. 80°) was added to
0.2 mole of sodium triphenylmethyl solution cooled in a
bath at —5°. The color changed immediately to a light
orange. After twenty seconds 23.5 g. (0.2 mole) of ethyl
carbonate (b. p. 125.5-126°) was introduced. The bottle
containing the mixture was shaken vigorously and allowed
to stand in the cold bath, after which it was allowed to
warm up (1 hour) to room temperature (30°). The re-
action mixture was worked up in the usual manner, and
upon fractionation of the products, first at atmospheric
pressure and then in vacuo, there was obtained 2.4 g. of un-
reacted ketone (b. p. 75-85°), 11.7 g. (50% recovery) of
ethyl carbonate (b. p. 122-127°) and 3.9 g. of 3-methyl
heptene-3-one-5, b. p. 60-75° at 20 mm., mainly at 65-70°
(reported b. p. 66-68° at 20 mm.).! The ketone was con-
verted into the semicarbazone, m. p. 113-114°; reported
m. p. 114-115°'* The 65-70° fraction on redistillation
gave a small fraction which gave a positive ferric chloride
test indicating the presence of some 8-keto ester,

Summary

1. A study has been made of the use of
phenyl esters as reagents for the acylation of the
anions of certain alkyl esters.

2. Ethyl propionylacetate has been prepared
by the acylation of the anion of ethyl acetate with
p-diphenylpropionate.

3. m-Amyl propionylacetate and ethyl a-iso-
propyl propionylacetate have been prepared from
phenyl propionate and the anions of #-amyl ace-
tate and of ethyl isovalerate, respectively.

4. Unsuccessful attempts were made to pre-
pare {-butyl propionylacetate from ¢-butyl cyano-
acetate and ethylmagnesium bromide, and ethyl
propionylacetate from the sodium enolate of
methyl ethyl ketone and ethyl carbonate.

(19) Bodroux and Taboury, Compt. rend., [11] 149, 422 (1909).
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Chemical Constitution and the Tanning Effect. I.

Simple Esters and Polyesters

of Gallic Acid

By ALFRED RUSSELL AND W. G. TEBBENS, JR.

Leather is the imputrescible substance that is
obtained through treatment of easily putrescible
animal protein by various materials. The tan-
ning effect of certain metallic salts (chromium,
iron, zirconium, etc.), of aldehydes (chiefly for-
maldehyde), of various drying oils and, most im-
portant of all, natural organic tanning materials,
is well established. . However, up to the present,
no serious attempt has been made to relate the

characteristic leather forming properties of any of
these with their chemical constitution. It is now
proposed to investigate the relation between
chemical constitution and the tanning effect of the
natural organic tannins through the preparation
of relatively simple compounds of known consti-
tution that have tanning properties and produce
leather similar to “vegetable’’ leather in quality.
“Vegetable’’ leather is very distinctive in charac-
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ter and in the present work leather made with
pure gallotannin (tannic acid) will be used as a
standard for comparison. Emil Fischer! pro-
posed that pure gallotannin was penta-m-digalloyl
glucose (represented in the aldehyde form I).
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Incidentally, most natural tannins do not have
this structure? but are related to the natural plant
pigments—chalcones, flavones, anthocyanins, etc.

Using the gallotannin molecule as a model, it
is proposed to prepare various phenolic materials
of definite constitution and, through actual tan-
ning tests, to measure their tanning properties.
The present communication describes the prepara-
tion and testing of various simple esters (type
formula II) and polyesters (type formula III) of

gallic acid.
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The simple esters of gallic acid were prepared
from gallic acid and an excess of the appropriate
alcohol using anhydrous hydrogen chloride ac-
cording to the accepted procedure.®*3

The polyesters were prepared by condensation
of triacetylgalloyl chloride with the appropriate
polyhydric alcohol in the presence of quinoline
and chloroform, followed by cautious deacetyla-
tion with dilute sodium hydroxide.! The prepa-
ration of such compounds tested as are already
known is not included.

The results of tanning tests are as follows:
Very good tannage. Gallotannin. No fannage.
Gallic acid, methyl, ethyl, n-propyl, isopropyl, »-

(1) Emil Fischer, "’ Untersuchungen tiber Depside und Gerbstoffe,”
Julius Springer, Berlin, 1919.

(2) Russell, Chem. Rev., 17, 155 (1935).

(3) McKenzie and Muller, J. Chem. Soc., 98, 547 (1909).

(4) Sabalitschka and Tietz, Arck. Pharm., 269, 563 (1931).

(5) Christiansen, THIS JOURNAL, 48, 1385 (1926).
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butyl, n-amyl, n-hexyl gallates, ethylene glycol,
glycerol, d,l-erythritol, d-arabitol sorbitol. Poor
tannage. Ethylene glycoldigallate, glycerol tri-
gallate. Fair tannage. d,l-Erythritol tetragallate,
d-arabitol pentagallate, mannitol hexagallate, sor-
bitol hexagallate.

Experimental

The siinple esters of gallic acid were made by passing
anhydrous hydrogen chloride into a solution of gallic acid
in an excess of the appropriate alcohol until saturated.
The mixture was then refluxed for four hours, after which
time the excess alcohol was removed under reduced
pressure. The residue was then extracted with anhydrous
benzene and the product recrystallized from the same
solvent.?~7 An alternative recrystallization procedure for
the lower esters was extraction of the residue with hot
acetone and addition, with mechanical stirring, of the
acetone extract to a large excess of ice-water. The crystal-
line product so formed contained water of hydration.

n-Amyl Gallate.—Prepared in 589, yield from 100 g.
of pure anhydrous gallic acid and 466 g. of redistilled n-
amyl alcohol. The ester formed fine, white plates after
being recrystallized twice from anhydrous benzene, m. p.
127°, It was soluble in benzene, chloroform, acetone,
alcohol and ether, and very slightly soluble in water. A
blue-black color was given with ferric alum solution.
Anal. Caled. for C;pHyisOs: C, 60.0; H, 6.71. Found:
C, 59.9; H, 6.77.

n-Hexyl Gallate.—Prepared in 489, yield from 94 g.
of pure anhydrous gallic acid and 511 g. of redistilled »-
hexyl alcohol. The compound gave white plates from
anhydrous benzene after two recrystallizations, m. p.
92°, The ester was soluble in benzene, chloroform, ace-
tone, alcohol and ether and was insoluble in petroleum
ether. The ester gave a blue-black coloration with ferric
alum solution. A#nal. Caled. for Cy3Hyis0;: C, 61.4;
H, 7.14. Found: C, 60.8; H, 7.21.

The polyesters were prepared by the method developed
by Fischer! from the appropriate anhydrous, finely
powdered polyhydric alcohol and triacetylgalloyl chloride
in chloroform and quinoline. The acetyl derivatives
paralleled those of Fischer in all cases.

Triacetylgalloyl Chloride.—The method used for the
preparation of triacetylgallic acid paralleled that of
Fischer.! The acid chloride was made in 909, yield by re-
action of the anhydrous acid with a 109, excess of freshly
distilled thionyl chloride. The product, after removal of
the excess thionyl chloride by distillation, was recrystal-
lized twice from carbon tetrachloride, m, p. 104°.

Penta-(triacetylgalloyl)-d-arabitol.—6.08 g. of an-
hydrous, finely powdered d-arabitol was taken up in
28.4 g. of freshly distilled anhydrous quinoline and 75 cc. of
freshly distilled anhydrous chloroform. 69.0 g. of triacetyl-
galloyl chloride was added with cooling and the whole
shaken for two days at room temperature. The reaction
mixture was washed in succession with water, cold 19,
sulfuric acid and then with water until neutral to litmus.
The chloroform solution was dried over anhydrous sodium

(6) Hamburg, Monatsh., 19, 594 (1898).
(7) Biddle, TH1is JoUurNaAL, 85, 96 (1913).
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sulfate. After filtering, the solution was taken to dryness
on a steam-bath under reduced pressure and the residue
was taken up in anhydrous acetone, filtered, and again
reduced to dryness. The tan friable solid which weighed
57.4 g. (93%) was finally dried in an Abderhalden pistol at
57° over phosphorus pentoxide and paraffin at 1 mm.
pressure for five days, m. p. 72° (sintered). The acetyl
compound was tasteless and odorless. It gave no color
with ferric alum solution and was insoluble in water. Anal.
Caled. for CioHg:Og0: C, 54.5; H, 4.05. Found: C, 54.4;
H, 4.08.

d-Arabitol Pentagallate.—30.8 g. of penta-(triacetyl-
galloyl)-d-arabitol was taken up in 60 cc. of acetone and an
oxygen-free stream of nitrogen passed into the solution
while 330 cc. of 1 NV sodium hydroxide solution was added
with mechanical stirring at such a rate that the reaction
temperature was maintained at 0° (ice-salt-bath). The
gummy mass which separated was brought into solution
by the addition of 100 cc. of acetone. Stirring was con-
tinued under a nitrogen atmosphere for two and one-half
hours at 0°, 330 cc. of cold 1 NV sulfuric acid was added,
and the acetone was removed from the solution under re-
duced pressure. The residual solution was extracted with
neutral ethyl acetate and the solvent layer dried over
sodium sulfate, filtered, and concentrated to dryness under
reduced pressure. The golden colored, friable hygroscopic
glass produced was suspended in chloroform and then
filtered. Repetition of this suspension gave 20 g. of a water
soluble product. After drying at 37° over phosphorus
pentoxide and paraffin at 1 mm. pressure for five days the
color was a very pale tan, m. p. 83° (sintered). This
product gave a blue-black color with dilute ferric alum
solution. Anal. Caled. for CiHsO2: C, 52.6; H, 3.53.
Found: C, 52.5; H, 3.52.

Hexa-(triacetylgalloyl)-sorbitol.—The method employed
by Fischer! for the corresponding mannitol derivative was
applied to sorbitol. The white, odorless tasteless product

CrLaubk Scuwos witH J. E. BIEGNER, K. ]. CarsoN anp G. V. Scorr
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gave no coloration with ferric alum, m. p. 106° (sintered).
After drying in an Abderhalden pistol as described for the
derivative of d-arabitol it was converted to the gallic ester.

Sorbitol Hexagallate.—18.5 g. of hexa-(triacetyl-
galloyl)-sorbitol was treated by the method employed by
Fischer! for the production of mannitol hexagallate to give
8.6 g. of gritty, white solid which was dried in a pistol as
indicated above (m. p. 76° sint.). It has an astringent
taste, was soluble in water and in neutral ethyl acetate,
but was insoluble in petroleum ether. It gave a blue color
with ferric alum. Anal. Caled. for CisHisOs: C, 52.5;
H, 3.49. Found: C, 52.6; H, 3.51.

The experimental tannages were carried out on pickled
calf-skin using the following standard procedure. A piece
of selected pickled calfskin (8" X 47, wt. 25-35 g.), covered
with three times its weight of 4% aqueous sodium chloride
was treated with 25%, of its weight of the material to be
tested and the whole was rotated slowly in a bottle for
from twenty-four to forty-eight hours. The piece of skin
was now washed with water to a pH of 4.5, dried and com-
pared as to color, feel, texture, flexibility and fullness with
a similar piece tanned with gallotannin.

Summary

A number of simple esters and polyesters of
gallic acid have been prepared and tested for
leather forming properties. None of the simple
esters showed any such properties. However.
leather forming properties were shown by the
polyesters of gallic acid with various polyhydric
alcohols. The leather forming properties of the
members of the latter series were poor but
definite, and seemed to improve on ascending the
series.
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The Catalytic Properties of Charcoal.

IV. Factors Influencing the Indophenol

Reaction'?

By CLAUDE ScEWOB, WITH JOHN E. BIEGNER, KENNETH J. CARSON AND GEORGE V. ScoTt

The indophenol reaction has been used in this
Labotatory to investigate the oxidase and peroxi-
dase action of charcoal.®* In this reaction indo-
phenol is formed by the oxidation of a mixture of
p-phenylenediamine and a-naphthol by oxygen or
hydrogen peroxide in the presence of charcoal.
It was found that when equimolar amounts of p-
phenylenediamine and a-naphthol are used, the
vield of indophenol diminishes after the first

{1) Paper II1, TB1S JOURNAL, 60, 2483 (1938).

(2) Presented in part at the 102nd meeting of the American
Chemical Society, Atlantic City, N. J., September, 1941.

(3) Schwob, Tais JournaL, §8, 1115 (1936).

‘4) O Brien, Tkac and Schwob, ihid.. 60, 2480 (1938;.

minute. Moreover, in later work, considerable
difficulty was encountered in duplicating results.

In an attempt to clear up these points, and in
order to gain further knowledge of the mechanism
of the reaction, four modes of attack were em-
ployed: (a) variation in the concentrations of the
individual reagents, (b) study of the pH during
the course of the reaction, (c) effect of catalyst
poisons and (d) study of the factors affecting the
recovery of indophenol.

1. Reagent Concentrations.—Previous evi-
dence* indicated that excess reagents are respon-
sible for the drop in the vield of indophenol after



