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flasks were immersed in a constant temperature bath which
maintained the temperature within 0.5°.

Although experiments had shown the equilibrium to be
independent of catalyst concentration, nevertheless, uni-
form quantities, consisting of 100 cc. of hydrocarbon, 30 g.
of aluminum chloride, and 1 cc. of water, were used in each
experiment. At each temperature studied, simultaneous
experiments were made to approach the equilibrium from
both sides.

In the preliminary experiments it was also noted that the
reaction undergoes an induction period. If the aluminum
chloride, water, and hydrocarbon are mixed and allowed
to stand at room temperature, refractive index measure-
ments indicate very little reaction, even after several days
of standing. If, however, the reaction mixture was heated
to boiling, reaction started within fifteen minutes. In view
of this fact, the reaction flasks were always boiled for a few
minutes after the reactants were mixed to initiate the reac-
tion. Samples were withdrawn at the end of the boiling
period, and refractive index measurements made to make
certain that the reaction mixtures were still far removed
from the probable equilibrium. The reaction flasks then
were placed in the constant temperature bath. Periodi-
cally, samples of the reaction mixture were withdrawn by
inserting a glass tube down through the reflux condenser.
The samples immediately were washed, dried, and analyzed
by means of refractive index measurements. The reac-
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tions were continued until the refractive indices reached

and maintained a constant value. Constant values were

reached in about two hours at the boiling point, but three

or four weeks were required at the lower temperatures.
The data obtained are presented in Table I.

Summary

1. The reaction of cyclohexane or methyl-
cyclopentane in the presence of anhydrous alu-
minum chloride promoted by water results in an
equilibrium mixture consisting principally of the
two hydrocarbons. In the case of cyclohexane,
the side reactions amount to approximately 5%
based on the quantity of cyclohexane isomerized.

2. The equilibrium constants for the isomeri-
zation reaction have been determined at 10° in-
tervals from 25° to the boiling temperature
(77.4°).

3. From these data, values of the free energy
change, heat of reaction, and entropy change for
the isomerization reaction have been computed
and compared with values calculated from heat
capacity data.
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The Reduction of di-Erythronic Lactone to di-Erythrose!

By J. W. E. GLATTFELD AND B. D. KRIBBEN

For some years past, work on the preparation
and study of the eleven C,-saccharinic acids has
been carried on in these Laboratories.? The
work, which is now completed, was done in order
to provide data on the constants and properties
of these acids that might be useful in detecting
them in, and separating them from, reaction
mixtures produced by the action of alkalies on the
tetroses.

The next step in the program is the synthesis
of the dl-tetroses themselves. A source of one of
these tetroses, dl-erythrose, has been found in
dl-erythronic lactone which is prepared by the
oxidation of the lactone of vy-hydroxy-isocrotonic
acid, obtained as a by-product in the synthesis
of one of the Cy-saccharinic acids.® The oxidation

(1) This article is condensed from a dissertation presented by B.
D. Kribben in partial fulfilment of the requirements for the degree
of Doctor of Philosophy in the University of Chicago.

(2) Glattfeld and co-workers., THIS JOURNAL, 42, 2314 (1920):
48, 2675 (1921); 47, 1742 (1925): 49, 2309 (1927); 88, 3164 (1931):
55, 1114 (1933): BB, 3663 (1933); 60, 415 (1938).

(3) Glattfeld, Leavell, Spieth and Hutton, ¢bid., 53, 3164 (1931).

is achieved with osmium tetroxide-activated sil-
ver chlorate* according to the equation

H HH
3HC—C=C— |=O + AgClO; + 3H,0 —>

o—
Lactone of y-hydroxy-
isocrotonie acid

H H H
3HC—C —-C—C=0 + AgCl
‘ 0 0O
H H
[

dl-Erythronic lactone

Some success has been attained in the conver-
sion of the di-erythronic lactone so obtained into
dl-erythrose. This paper gives an account of the
work.

The optically active forms of the aldotetroses
seem to be fairly well known, the constants of the
threoses® resting, perhaps, on a somewhat firmer

(4) (a) Hilmeyer Cohen, Ph.D. dissertation, University of Chicago,
1928; (b) Géza Braun, THis JOURNAL, 81, 235 (1929).
(5) Hockett, Deulofeu, Sedoff and Mendive, bid., 60, 278 (1938).
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basis than those of the erythroses.® As far as
the authors are aware there is found in the
literature only one report of the isolation of these
sugars in the racemic form.®

Two previous attempts to reduce dl-erythronic
lactone to dl-erythrose in this Laboratory proved
to be unsuccessful. Hutton’ tried sodium and
other amalgams and reported a maximum yield
of 2.59% of the aldehyde. Miss Stack® attempted
the reduction of both the lactone and the butyl
ester, with hydrogen in the presence of platinum
black. At both high and low pressures she ob-
tained 60-709%, yields of erythritol and found no
evidence of aldehyde formation. These results
indicate: (a) the rate of reduction of the aldehyde
to erythritol is so much faster than the rate of
formation of the aldehyde, that the concentration
of the latter in the mixture is always very small;
or (b) that, under the conditions of the experi-
ment, the formation of the aldehyde is not a step
in the mechanism by which the alcohol is formed.
The former assumption seems the more probable
in view of the high reactivity of the furanose type
of aldose in general.

A more circuitous method of reducing sugar
acids to aldehydes has been reported recently by
Cook and Major.? They prepared pentaacetyl-
gluconic acid, converted it to the acid chloride
and successfully reduced the latter to pentaacetyl-
glucose by means of hydrogen in the presence
of palladinized barium sulfate according to the
procedure of Rosenmund.® The yield was al-
most quantitative. Mochell! and Straitiff!?
have recently applied this procedure to the re-
duction of two of the Cs-saccharinic acids to the
corresponding aldehydes and the method showed
promise of being adaptable to the reduction of
dl-erythronic lactone to dl-erythrose.

The first step to be accomplished was the prepa-
ration of dl-triacetyl-erythronic acid. Nef!® had
prepared the diacetyl and dibenzoyl derivatives
of dl-erythronic lactone, the former as a sirup
and the latter as a crystalline solid. During the
course of the work herewith reported, the diacetyl
lactone was obtained in almost quantitative

(6) Felton and Freudenberg, THis JournaL, 67, 1837 (1935).

(6a) Ruff, Ber., 34, 1365 (1901).

(7) Donald Hutton, Ph.D. dissertation, University of Chicago,
1930.

(8) Glattfeld and Stack, THiS JourNaL, 59, 753 (1937).

(9) Cook and Major, ibid.. 58, 2410 (1938).

(10) Rosenmund, Ber., 81, 585 (1918).

(11) Glattfeld and Mochel, THis JoUurNAL. 60, 1011 (1938).

(12) Glattfeld and Straitiff, :bid.. 60, 1384 (1938).

(13) Nef, dnn., 857, 250 (1907).
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yield as a crystalline solid which melted at 52.0-
52.5°. It was hoped that, by the use of cata-
lysts or higher temperatures, the lactone bond
could be opened during acetylation and the tri-
acetyl acid obtained. The use of acetic anhy-
dride with pyridine, zinc chloride and hydro-
chloric acid as catalysts in the acetylation pro-
cedures did not bring this about. This failure
showed that it would be necessary to break the
bond previous to acetylation attempts, if the tri-
acetyl acid was to be obtained. The simplest
method for breaking the lactone bond proved to
be conversion to a salt.

The calcium salt was prepared according to the
method of Snoddy* but attempts to acetylate it
proved unsuccessful. The sodium and potassium
salts were then prepared. Attempts to crystal-
lize these salts from water were unsuccessful.
However, when the lactone was dissolved in ab--
solute methyl alcohol and the solution treated
with alcoholic alkali at low temperatures, white
crystalline products were obtained. The sodium
salt was very hygroscopic; the potassium salt
much less so.

The sodium salt reacted with acetylating
agents with great violence but the potassium salt
was acetylated smoothly at low temperatures by
means of acetyl chloride. Potassium chloride
precipitated during the reaction with the potas-
sium salt. After removal of this salt and the
excess acetyl chloride, followed by concentration
of the solution, there remained an almost color-
less sirup that could neither be distilled without
decomposition nor induced to crystallize. The
neutralization equivalent of this sirup indicated
that it was composed to a large extent of the tri-
acetylated dl-erythronic acid. This conclusion
was confirmed by the preparation and analysis
of the calcium salt. The triacetylated acid, upon
treatment with highly purified thionyl chloride,
was converted into the acid chloride. It is in-
teresting to note that some workers'! have re-
ported difficulties in the preparation of the acid
chlorides by means of thionyl chloride and have,
therefore, preferred phosphorus pentachloride as
the chlorinating agent. These difficulties were
encountered in this work, when a supposedly
pure commercial grade of thionyl chloride was
used. However, carefully purified thionyl chlo-
ride proved to be satisfactory.

The reduction of the triacetyl acid chloride was

(14) Snoddy, S.M. dissertation, University of Chicago, 1934.
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carried out in a manner prescribed by Rosen-
mund.!® Hydrogen was bubbled into a xylene
solution of the acid chloride in which was sus-
pended palladinized barium sulfate. After a
short induction period, the evolution of hydrogen
chloride began, and the reaction proceeded
smoothly until it was about 859, completed when
the rate became extremely slow. The course of
the reaction was followed by determination of
the amount of volatile acid and chloride entrained
by the excess hydrogen as it bubbled through the
reaction mixture (see Experimental Part). Both
the acid and chloride were determined because
it was found that hydrogen chloride was not the
only volatile acid produced and the true extent
of the reduction could be ascertained only by the
determination of the chloride content of the
effluent gases. The results of these analyses are
given in the table below.

TaBLE I
REDUCTION OF THE ACID CHLORIDE
Acid chloride 30.0 g.
Pd-BaSO; catalyst 2.0 g.
Dry xylene 100.0 cec.
Redn, caled. from
N NaOH N AgNO; NaOH AgNOs
Time, consumed, consumed, consumed, consumed
min, cc. ce. A %
5 0.83 .. 0.77
8 1.66 .. 1.55
10 2.50 . 2.32
14 4.99 .. 4.65
19 8.31 . 7.72
24 12.5 .. 11.6 ..
43 24.9 21.9 23.2 20.4
60 37.4 32.2 35.9 29.3
79 49.9 43.0 46.5 40.2
102 62.4 54.0 58.1 50.4
118 70.6 61.4 66.0 57.2
147 83.1 72.5 77.5 67.5
172 91.5 85.5
187 95.8 .. 89.1 ..
204 100.0 87.5 93.7 81.5
231 104.0 90.8 96.8 84.3
275 108.2 93.0 100.7 87.5
Caled. 107.2 107.2

After removal of the catalyst and the xylene,
the reaction mixture was fractionated at reduced
pressure. The analysis of the main fraction
which boiled at 126-129° at 2 mm. showed
that reduction of the acid chloride to the alde-
hyde had been accomplished but that a dia-
cetyl- instead of a triacetyl-erythrose had been
produced. This unexpected result was verified
by the preparation and analysis of the 2,4-di-
nitrophenylhydrazine derivative of the product.
The compound produced was apparently the di-
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nitrophenylhydrazone of neither triacetyl- nor
diacetyl-erythrose. It contained 45.70% of car-
bon and 14.829, nitrogen instead of the 45.079,
carbon and 13.15%, nitrogen which are theoretical
for the dinitrophenylhydrazone of triacetyl-
erythrose and the 43.759, carbon and 14.589%, ni-
trogen which are theoretical for the dinitro-
phenylhydrazone of diacetyl-erythrose. While
these results are not close enough to either set of
figures to prove the identity of the compound,
they do indicate that one acetyl group was lost
either in the reduction step or the subsequent
fractionation. That this loss took place in the
reduction step is indicated by the fact that acet-
aldehyde was present in the alkali solutions
through which the hydrogen was passed after it
left the reaction flask.

But the loss of one acetyl group and replace-
ment by a hydrogen atom alone would not give
a product of the correct composition for an
analysis such as was obtained for this dinitro-
phenylhydrazine derivative. This change to-
gether with the loss of one molecule of water,
however, would do so as the data in the following
table show. The agreement in the nitrogen
figure is not good but, because of the difficulties

THE DINITROPHENYLHYDRAZINE DERIVATIVE

A . B
Triacetyl- Diacetyl-
d.ihnitr?- dLnitrtln-

hydrasene  hudrasone B-H:0

C1sHisNsOww  CuHigN4Os  CuHuNiOg Found
C 45.07 43.75 45.90 45.70
H 4.22 4,17 3.83 3.62
N 13.15 14.58 15.30 14.82

inherent in nitrogen determinations by the com-
bustion method in compounds of this type, the
low figure obtained is perhaps not surprising.

The structure of the compound under discus-
sion has not been determined. Mr. E. M. May
of this Laboratory has suggested that the loss of a
molecule of water might have occurred as indi-
cated.

e
e
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H —C=N—N—CH3(NO:); —>
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Dinitrophenylhydrazone
of diacetyl-erythrose

H H H
HC—S—C—CxN—N——CoHs(Noz)a + H,0
0
Ac Ac
L

A pyridazine derivative
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The structure indicated has been
accepted tentatively. An at-
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NEW PRoODUCTS FROM d/-ERYTHRONIC LACTONE
(CH,CO):0

H H H

of the diacetyl-erythrose with

tempt to prepare a derivative l
phenylhydrazine resulted in the H H H
C
O

KOH
N Gmom o]
[ o8 oH]

dl-Erythronic lactone '

H HH
formation of an oil that could HC—C C—C= HS;I—SES;I—%?O
: (0]
not be crystalll?ed. ' L Ac Ac ‘ d-Potassium
The hydrolysis of the diacetyl- —O0—- . erythronate
erythrose was accomplished by dl'D‘ace"ﬁ;gﬁhmmc lCH@OCl
warming a mixture of it with an HH H CaCO; H Ié I—é
equal volume of water to 70° and H8_8"8—C|=0 HS—O—O_SITO
holding the mixture at that tem- Ac Ac Ac O—Ca Ac Ac Ac
il th d had 2
p.erature until . s compot'm . di-Calcium triacetyl- dl-Triacetyl-
dissolved. If either alkali or acid erythronate erythronic acid
g | socl
was ac?ded or if the temperat.ure HHEHH 20 H H H H 4, HHEL 2
was raised to hasten the reaction, y¥C—C—C—C=0 <«—— HC—C—C—C=0 <— HC—C—C—C=:0
H i OH OH OH O 0 O 0O 0 0 Q
the solutllon rz-_).plfdly tu;nded l?rov:}rll. 3 A A A o
The acet%c acid formed during the dl-Erythrose dl-Diacetyl- dl-Triacetyl-erythronyl
hydrolysis was removed to a large erythrose chloride

extent by repeated extraction
with chloroform. The distribution coefficient for
acetic acid in chloroform-water mixtures is un-
favorable to removal of acetic acid by this proc-
ess at low concentrations of acetic acid and the
separation was not very complete. Evaporation
of the extracted solution at reduced pressure over
phosphorus pentoxide left a light yellow sirup.
Attempts to crystallize this product from methyl
and ethyl alcohols proved to be unsuccessful.
The sirup reduced cold Fehling’s solution and,
upon condensation with phenylhydrazine in the
usual manner, gave a small yield of an osazone
which, after recrystallization from benzene, melted
at 162-165°. Fischer,!' who prepared di-eryth-
rosazone by treatment with phenylhydrazine
of a reaction mixture obtained by the oxidation
of erythritol, reports a melting range of 166-168°.
The chart scheme summarizes the work re-
ported in this paper beginning with the starting
product di-erythronic lactone. It shows the
compounds new to the literature that were pre-
pared in the course of the work and indicates how
they were prepared.

Experimental Part

Preparation of dl-Diacetyl-erythronic Lactone.—
Seventy-five grams of freshly-distilled acetic anhydride
was poured into a Claisen flask, Dry hydrogen chloride
was passed into the liquid until an increase in weight of 2
g. was observed. The flask was stoppered and fitted with
a calcium chloride tube at the side-arm. The contents
were cooled in ice and, when a temperature of 0° was

(13) Fischer, Ber., 20, 1090 (1887).

attained, 20 g. of di-erythronic lactone was added. The
mixture was shaken intermittently and allowed to warm
to about 20°, After the lactone had dissolved, the solu-
tion was allowed to stand at room temperature for three
hours. The excess acetic anhydride was removed by dis-
tillation under reduced pressure finally at 100°, the tem-
perature of the bath raised to 200° and the residue frac-
tionated. The major portion distilled between 172-176°
at 9-10 mm. Upon standing this fraction slowly crystal-
lized; yield 31.5 g., 93% of the theoretical, calculated as
the diacetyl-lactone. .

The crude material melted at 47-50°. After two re-
crystallizations from hot water the melting point of the
product was found to be 52.5-53 °.

Anal. Caled. for diacetyl-erythronic lactone, CsH,Os:
C, 47.50; H, 4.98; neut. equiv., 67.3. Found: C, 47.48;
H, 5.06; neut. equiv., 67.5.

In the preparation of the diacetyl lactone, acetyl chloride
may be substituted for the acetic anhydride-hydrogen
chloride solution with equivalent yields. The pure product
obtained by either method is an odorless, white, stable,
crystalline material. It is readily soluble in alcohol and
ether and may be recrystallized from water. A water solu-
tion of the diacetyl lactone slowly develops the odor of
acetic acid.

The use of other catalysts such as zinc chloride, sodium
acetate, or pyridine did not cause the opening of the lac-
tone bond. In every case, the only product recovered was
the diacetyl lactone. The presence of these catalysts
made the recovery of the diacetyl derivative more difficult.

The Preparation of dI-Potassium Erythronate,—A
solution of 118 g. (1 mole) of di-erythronic lactone in 350
cc. of methyl alcohol was poured into a large evaporating
disli and cooled to 5°. Fifty-six and one-tenth grams (1
mole) of pure potassium hydroxide dissolved in 400 cc. of
methyl alcohol was added slowly to the lactone solution,
with constant stirring, and at such a rate that the tempera-
ture of the solution did not rise above 10°. After all the
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alkali had been added a gummy precipitate began to sepa-
rate. The gum was triturated in the solution until it hard-
ened to a cake. After about two hours the precipitation
seemed to bhe complete. Most of the reaction solution was
decanted, the cake was loosened from the sides of the
dish and ground to a paste in the presence of a small
amount of the solution. The paste was transferred to a
Biichner funnel, the solid washed thoroughly with methyl
aleohol, and dried in a vacuum desiccator: yield 132 g. of
a stable wlite crystalline powder, 76%, of the theoretical
calculated as potassium erythronate.

Anal. Caled. for CH,O;K: C, 27.56; H, 4.05; K,
22.45. Found: C.27.76; H, 4.03; K, 22.47.

The Preparation of d/-Sodium Erythronate.—This salt
was prepared in exactly the same manner as the potassium
salt. The yield in the case of this salt was lower, about
60%. The product was a very hygroscopic white powder.
Unless it was kept in a desiccator it soon turned into a
greenish-brown sirup.

Anal. Caled. for C;H;O;Na: C, 30.38; H. 4.43; Na,
14.46. Found: C, 30.52; H, 4.48; Na, 14.37.

The Preparation of di-Triacetyl-erythronic Acid (herein-
after called the triacetyl acid).—To 245 g. of freshly dis-
tilled acetyl chloride in a wide-mouthed Erlenmeyer flask
was added, in small portions, 100 g. of potassium erythro-
nate. Hydrogen chloride was evolved copiously and time
was allowed between additions for the foam to subside.
After all the potassium salt had been added and the evolu-
tion of hydrogen chloride had practically ceased, the flask
was attached to a reflux condenser and the reaction mixture
was heated on a boiling water-bath for one hour. At this
point the mixture was a viscous sirup in which the potas-
sium chloride was held in colloidal suspension. Addition
to the sirup of six volumes of dry ether caused the coagula-
tion and precipitation of the salt. The precipitate was
removed by filtration and the filtrate treated with 2 g. of
activated carbon. After removal of the carbon, the ether
solution was evaporated at reduced pressure to a viscous,
almost colorless sirup. The sirup was moderately soluble
in water. quite soluble in ether and alcohol, and insoluble
in chloroform, ligroin, and benzene. It did not crystallize
from any of these solvents: yield 128 g., or 74%,

Amnal. Caled. for the triacetyl acid, C;eHuOs:
equiv., 65.5. Found: neut. equiv., 66.1.

neut,

Attempts to distil the sirup at 2 mm. resulted in rapid
decomposition. A small fraction was recovered between
156- 160 ° and later identified as the diacetyl lactone. Ace-
tic anhydride was shown to be present in the distillate.
Most of the material in the distilling flask was converted
into a black tar.

The Preparation of 4/-Calcium Triacetyl-erythronate.—
Fifteen grams of the triacetyl acid dissolved in 40 cc. of
809 methyl alcohol was warmed to 40° and 2 g. of calcium
carbonate added. After the evolution of carbon dioxide
had ceased the solution was cooled, the precipitate was
allowed to settle, and the supernatant liquid decanted.
The precipitate was dried on a water-bath and thoroughly
washed with ether to remove any unchanged acid. The
precipitate was then treated with 50 cc. of water and the
excess calcium carbonate removed by filtration, The cal-
ciurn salt in the filtrate was again precipitated by the addi-
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tion of 50 cc. of methyl alcohol. The precipitate was re-
moved by filtration, washed with ether, and dried over
phosphorus pentoxide; yield 6.3 g. or 37%. The product
was a stable white powder moderately soluble in water.

Anal. Caled. for calcium triacetyl-erythronate
CooH0y5Ca: C, 42.66; H, 4.62; Ca, 7.13. Found: C,
42.60; H. 4.66; Ca, 7.21.

The Preparation of d/-Triacetyl-erythronyl Chloride.—
Twenty-five grams of the triacetyl acid and 25 g. of puri-
fied thionyl chloride (see below) were mixed and the mix-
ture allowed to stand overnight in a flask fitted with a re-
flux condenser and protected from atmospheric moisture
with a calcium chloride tube. The following day the niix-
ture was refluxed on a water-bath until the evolution of
hydrogen chloride had practically ceased (about four
hours). Very cold water was circulated through the re-
flux condenser to prevent the loss of thionyl chloride. The
1esidue was distilled at reduced pressure. The main frac-
tion boiled between 115-130° at 2 mm. This fraction was
again distilled at 2 mm. and from it there was obtained 21
g. of a mobile colorless liquid which boiled at 114-116°; a
799% vyield calculated as triacetyl acid chloride. The sub-
stance fumed in moist air and possessed a sharp odor simi-
lar to that of hydrogen chloride.

Anal. Caled. for the triacetyl acid chloride, Cy;H;:0;Cl:
C, 42.77; H, 4.67; Cl, 12.64; neut. equiv., 55.9. Found:
C. 42.77; H, 443; Cl, 12.77; neut. equiv., 56.1.

The Purification of Thionyl Chloride.!—Two hundred
grams of thionyl chloride was mixed with 30 g. of quinoline
and distilled through a Schneider column. The fraction
which boiled at 74-78° was mixed with 30 g. of boiled lin-
seed oil and again distilled through the Schneider column.
The fraction which boiled at 75-76° was colorless and re-
mained so when kept in the dark. It was this fraction
which was used in the preparation of the acid chloride.

The Reduction of di-Triacetyl-erythronyl Chloride.—
Thirty grams of the acid chloride was dissolved in 100 cc.
of dry xylene and 2 g. of palladinized barium sulfate (5%
Pd) catalyst added.'®* The flask which contained the solu-
tion was attached to a reflux condenser and the mixture
was heated to 135° in an oil-bath. Hydrogen, purified and
dried by passage through 5% solutions of silver nitrate and
potassium permanganate, then through concentrated sul-
furic acid and copper gauze at dull red heat and finally
through soda lime and phosphorus pentoxide, was intro-
duced into the solution at such a rate as to keep the cata-
lvst in uniform suspension. After a few minutes the evolu-
tion of hydrogen chlolide began and proceeded smoothly,
gradually lessening as the reaction approached completion,
The effluent gases from the reflux condenser were conducted
into a solution which contained a known amount of alkali
and a few drops of phenolphthalein. When the alkali
solution changed color. the effluent gases were conducted
immediately into another solution of known alkali content.
By noting the time at each color change and consequently
the time required for the production of a known quantity
of hydrogen chloride, both the rate and extent of the reduc-

(18) H. Meyer and R. Turnau, Monaish., 28, 153 (1907).

(17) H. Meyer and K. Schlegl, ibid., 34, 569 (1913).

(18) Gattermann and Wieland, **Laboratory Methods of Organic
Chemistry,” 22d edition, The Macmillan Co., New York, N. Y,
1634, pp. 369-370.
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tion of the acid chloride were followed (see Table I). The
chloride in these solutions was estimated by titration with
a normal solution of silver nitrate with dichlorofluorescein
as the indicator. The chloride content of the solutions,
calculated as hydrogen chloride, did not account for all of
the acid present. Attempts were made to identify this
additional volatile acid but they were unsuccessful. It
was noticed that the solutions used for the estimation of
the chloride had a distinct odor of acetaldehyde. This
aldehyde probably was produced by the reduction of the
acetyl group that was lost from the triacetyl acid chloride
during the reduction process (see analysis below). When
the chloride determination indicated that the reduction
was 859, complete, the rate of reaction had become very
slow and the reduction was discontinued in order to pre-
vent thermal decomposition of the product obtained.

The xylene was removed by the introduction of the reac-
tion solution dropwise into a small Claisen flask, evacuated
to 10 mm. and heated to 100°. Attempts to distil the re-
action mixture at reduced pressure in the ordinary manner
caused so much foaming that serious mechanical loss re-
sulted. The residue was fractionated at 2 mm., A small
fraction which distilled between 114-120° proved to be un-
changed acid chloride. The main fraction distilled be-
tween 125-140°. A second fractionation of this portion
yielded 14.5 g. of a mobile, colorless liquid which boiled at
126-129° at 2 mm,, a yield of 209, calculated as diacetyl-
erythrose. The product possessed a mild aromatic odor
and gave no test for chloride. It quickly reduced boiling
Fehling’s solution.

Anal.  Caled. for diacetyl-erythrose, CgH:Os: C, 47.03;
H, 5.92; neut. equiv., 102. Found: C, 47.20; H, 5.80;
neut. equiv., 99.3.

The Reaction of di-Diacetyl-erythrose with 2,4-Dinitro-
phenylhydrazine.—Two grams of the diacetyl-erythrose
was dissolved in 50 cc. of a saturated solution of 2,4-dinitro-
phenylhydrazine in ethyl alcohol and the mixture was
boiled for two minutes. Upon the addition of 5 drops of
concentrated hydrochloric acid the solution immediately
turned from orange to bright yellow. The solution was
stored overnight in the icebox during which time a crop of
bright yellow, needle-like crystals formed; yield 0.3 g.
These were removed by filtration and recrystallized twice
from a small quantity of methyl alcohol; m. p. 172-173°.
Further recrystallization did not raise the melting point.

Anal. Caled. for CiH1N4Os (see above): C, 45.90;
H, 3.83; N, 15.30. Found: C,45.70; H, 3.62; N, 14.82.

The Hydrolysis of dl-Diacetyl-erythrose.—A mixture of
10 g. of the diacetyl-erythrose and 10 cc. of water was
heated to 70° and held at that temperature until all the
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aldehyde had dissolved. The solution was extracted with
ten 10-cc. portions of chloroform to remove the acetic acid
formed during the hydrolysis. It was then evaporated
over phosphorus pentoxide in a vacuum desiccator to a
light colored viscous sirup; yield 2.4 g. or 41%. The odor
of acetic acid was still quite noticeable in the sirup but at-
tempts to remove it by further extraction with chloroform
were unsuccessful. The sirup readily reduced cold Feh-
ling’s solution.

Preparation of dl-Erythrose Phenylosazone.—To a
solution of 2 g. of the sirupy di-erythrose in 3 cc. of 95%,
ethyl alcohol were added 2 g. of freshly-distilled phenyl-
hydrazine and 2 g. of glacial aceticacid. The solution was
allowed to stand in the dark for twelve hours. During
this time a small quantity of brownish-yellow crystals had
formed. They were separated by filtration and recrystal-
lized from benzene; m. p. 162-165°.

Summary

1. dl-Diacetyl-erythronic lactone was pre-
pared in almost quantitative yield by the acetyla-
tion of the lactone. It was a crystalline solid
which melted at 52.5-53°. It has been reported
heretofore only as a sirup.

2. The potassium and sodium salts of di-
erythronic acid as well as dl-triacetyl-erythronic
acid and its calcium salt are reported for the first
time.

3. Triacetyl-erythronic acid was converted
into the corresponding acid chloride in high
yield. This acid chloride was reduced according
to the method of Rosenmund as modified by
Cook and Major. Diacetyl-erythrose, instead of
the expected triacetyl-erythrose, was obtained.

4. A crystalline product was obtained by the
action of 2,4-dinitrophenylhydrazine upon the di-
diacetyl-erythrose. The analytical data showed
that two molecules of water had been eliminated
in the course of the reaction and the compound
has been characterized tentatively as a pyridazine
derivative.

5. di-Diacetyl-erythrose was hydrolyzed to di-
erythrose, which was recovered as a light yellow
sirup.
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