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acidity measured. These data of initial free acidity and
also the results of hydrolysis at 100° and at 40° C. are shown
in Table I.

The qualitative solubilities of some resins and gums in
levulinic acid esters have been observed by treating approxi-
mately 0.5 gram of the substance with the 5-cc. portions of
the esters. As these solubilities are similar for each group
of isomers, the esters (Table II) are grouped in their re-
spective serles—methyl, ethyl, the propyl (Cs), butyl (C,),
and amyl (C;) esters.

TasLe II. QuariTaTIivE SorLuBILITY OF COMMERCIAL Guwms
AND REsiNg IN THE ESTERS oF LevuriNic Acip

MeTaYL? EreyL Cs Cy Cs

REsIN

x-Manila
Montol
Kauri X
Pontianac chips
Rosin
Bone-dry shellae
Bakelite (viscous)
Rezyl
Sarpee .
Ester gum, unoxidized
Ester gum, oxidized
Albertol copal
Albertol
Amberol
Cumar
Dammar
Varnish type glyptal
Vinylite 80
Urea formaldehyde

a 4 = completely soluble; — = insoluble;

X | 81 XXX )
«

AR S XX

XA L XX

»
o]
o
o]

@

P b b+
PO Xt b 1 XX

[
I e
@
9]
o]
I
Q

X = partially soluble.

In general, it was found that the esters are completely
miscible with the simple alcohols, immiscible with ethylene
glycol and glycerol, and miscible with ethers, aldehydes,
ketones, esters, acids, chlorinated aliphatic hydrocarbons,
aromatic hydrocarbons, the Cellosolve group, and fatty
oils. Methyl levulinate differs from the above generalization
in being completely miscible with ethylene glycol and im-
miscible with fatty oils. Ethyl levulinate is also immiscible
with ethylene glycol.

The tolerance of levulinic acid ester solutions of 1,/2 second
nitrocellulose for dilution with (1) toluene, (2) N-butyl
aleohol, and (3) Kemsoline (a commercial petroleum-dis-
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tillate diluent) have been determined by the Hercules Powder
Company’s method for dilution ratios (3). These data are
given in Table III.

TasLe III. Divurion Ratios oF SonuTions oF 1/2 SEcoND
NITROCELLULOSE
ALRYL LEVULINATE TOLUENE BuryL ALcoHOL KEMSOLINE
Diln. % Nitro- Diln. % Nitro- Diln. 9% Nitro-
ratio cellulose ratio cellulose ratio cellulose
Methyl 2.40 7.8 2.35 8.2 Immiscible
Ethyl 2.85 7.2 3.25 7.4 0.45 6.
N-propyl 3.00 7.3 3.85 8.0 0.75 5.9
Isopropyl 2.80 7.8 5.05 6.1 0.60 6.3
N-butyl 3.15 7.7 6.40 6.4 1.0 5.3
Isobutyl 2.95 8.0 6.00 6.8 0.85 5.6
sec-Butyl 2.75 7.7 5.85 6.5 0.85 5.7
N-amyl 3.25 7.4 7.50 7.2 1.15 5.1
Isoamyl 3.00 8.2 7.50 7.6 1.0 5.3
Methylpropylearbinol 2.80 9.7 7.75 6.5 0.93 5.5
Diethylearbinol 3.10 7.9 8.00 6.5 0.85 5.6
2-Methylbutyl 3.00 8.0 7.85 7.5 1.0 5.3
Mixed amyl 2.80 8.0 7.25 7.5 1.1 5.0

Discussiox or Resurts

An examination of the various data pertaining to the
properties of the esters of levulinic acid reveals that the
better characteristics for most present commercial uses of
such materials are found in the members of the butyl and
amyl series. Generally these esters are more stable toward
water, have lower solubility relations to water, and better
dilution ratios of nitrocellulose solutions than the lower
homologs. Their solvent powers seem to be as good as
those of the lower esters.
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Technology of Sucrose Octaacetate and Homologous Esters

GeraLp J. Cox, Joun H. Fercuson, axp Mary L. Dobbs

HE fact that sucrose has

I been considered prima-
rily as a food, condiment,

or confection by the layman,
or as an example of an abundant
disaccharide by the chemist,
has in most cases far over-
shadowed its possible use as a
polyhydric alecohol. The pro-

A simplified convenienl method for the prepara-
lion of sucrose ocladcelale in high yield is de-
scribed, logether with analogous processes for
making sucrose octapropionale and sucrose
octabufyrate. Properlies of value in the indus-
trial application of these esters of sucrose are
given.

of similar compounds of
suerose.

The investigation to be re-
ported, therefore, is concerned
with some of the phases of pro-
duction of the most promising
member of the series—i. e.,
sucrose octadcetate—together
with the properties that might

duction of esters from this

compound, utilizing as it does these same alcoholic properties,
therefore seemed to offer a starting point for the development
of a group of industrially useful organic products.

The comparatively low cost and high available tonnage
of sucrose obtainable in such a high state of purity as is
commonly found upon the consumer’s table also contributed
to the belief that such a source material or some of its de-
rivatives could be used both extensively and advantageously
in industrial processes.

With this idea in mind, and cognizant of the extensive
commercial use of the esters of allied substances—for ex-
ample, cellulose acetate—the lower saturated aliphatic
acids were considered as possible reactants for the production

apply commercially to its use.
Mention is also made of the properties of the two next
highest members of the homologous series—i. e., sucrose
octapropionate and sucrose octabutyrate.

Schutzenberger (3) was the first to acetylate sucrose but
was able to obtain only a gummy mass from the process.
Later Herzfeld (7) was able to obtain a crystalline product
and likewise listed some of its physical characteristics.
The octapropionate and octabutyrate are new compounds.

SUcROSE OCTALCETATE

Laree-ScaLe LaBoraToRY PropucTioN 1N Grass. The
preparation of sucrose octafcetate in 6- to 8-pound lots
was carried out, using the apparatus shown in Figure 1.
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The Liebig con-
denser, 4, is ground
into the neck of a 12-
fHter balloon flask, B.
Through the 2-inch
{5-cm.) condenser runs
sleeve () carryving
stirrer D turned by
motor E through the
rubber-tube universal
joint, F. The sleeve
is made of heavy glass
{(4-mom. wall), braced
at & with three glass
points, and supported
at H by a clamp and
rubber stopper. The
flask is heated by oil
bath J snd electric
plate K.

¥Your thousand
grams of commercial
acetic anhyride (90 per
cent) and 180 grams
of freshly fused sodium
acetate were placed
in the 12-liter Hask
and heated to bhoiling
with stirring (145° C.
oil-bath temperature).
The electric plate was shut off as the reaction was rapid and
exothermic. Fifteen hundred grams of granulated suerose were
added down the condenser at the rate of shout 100 grams per
mimste. After all the sucrose
had been added, the eleetric
plate was again turned on to
continue rapid boiling of the
resction mixture. More avetic
anhydride (500 grams) was
poured down the eondenser to
wash info the reaction vessel
any sucrose that had adhered to
the sides. Boiling of the mix-
ture was then continued for
10 minutes and the ecurrent
again shut off. When refluxing
ceaged (in about 15 minutes)
the solution was heated with 75
rams of decolorizing ¢arbon
Nuehar} and filtered while hot
into a 12-liter flask. 'FThe solu-
tion was evaporated ¢n vacuo in
a boiling water bath until the
distillate eame over onky in
oecasional drops,  The hot sirup
was poured into about 12 liters
of tap water contained in
“a 24-liter stoneware jar
and stirred vigorously
with o heavy paddle.
The water was poured off
and renewed, and stirring
was continued until the
sucrose acetate became a
stiff mass. By allowing
this mass to stand over-
night in water, it became
erystalline,

After the crystalliza-
tion, the water was poured
off and the hard mass was broken and ground in & mortar.
It was then washed with tap water on a 12-inch (30.5-cm.}
stonewsre vacuum filter until the washings were entirely
neatral to litmus paper.  The final product was then dried
in air,

ReFNEry

Freure 1, APPARATUS FOR
PrEPARATION OF Stcress
OCTAKCETATE

The yield secured in this process was 2600 to 2730
grams, or 88 to 92 per cent of thecretical.

Sem-PLaNT PropucrioN. The compound was also
made successfully on a semi-plant scale, using a copper
still of 20 gallons capacity. The amounts of reactants
were proportionately the same as those used in the labo-
ratory production, The working up of the product,
however, was slightly different.  After the reaction was
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complete and after
the distillation of
acetie acid had been
made, the sirup was
dissolved in toluene
and heated to bolling
with solid hydrated
lme, All free aeid
was completely neu-
tralized by this
method before the
hotling point of the
solution was attained.
The mixture filtered
readily, and practi-
cally all the color was
retained in  the
residue, leaving the
toluene solution a
very light amber
color. It is possible
either to use this solu-
tion directly in order
to ingorporate the
compound into other materials of a resinous nature, or by
eoncentration of the toluene solution to crystallize and use
the acetate as a solid. Although the acetate 15 of crystalline
form, it was found to change into a elear, transparent, color-
less glass after fusion and cooling, This property alone
suggests its use in plastics, resins, and like materials, together
with a variety of possible combinations in various specialized
commereial processes,

The melting point of the crystalline solid was found to be
68° to 69° C,, although the observation varied considerably
with the rate of heating, owing to the high viscosity of the
compound at its melting peint. Decomposition and subse-
quent charring occurred at about 285° C., but the compound
has been distilled unchanged at 260° C. in the vacuum
produced by a Cenco Hyvae oil pump. The density using
the glagslike resinous form was found te be 1.28 at 20° C,
Tts viscosity at 100.2° C. was equal to 20.54 poises.

A sample of the produet was recrystallized from alcohol
five times and its optical rotation measured in chloroform.
The average result was {o]d = +58.79°. In comparison
to this result is the value @]y = 3-59.6° given by Hudson

CenrriFueal, MacniNes
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Tasre 1.

Svcnosg OcTa- Bucrosr Qora-
PROPIONATE HUTYRATE

SBveross Gora-
SOLVENTS ACBTATES®

Methy] aleobol +
Ethyl aleohol N
Partial

-
+

Buty! aloohol
Isobutyl aloohol
Isopropyl aleekol 4
Izonmyl aleohol +
Mixed amyl alechols Partial
Dizcetone aleohol

bbb

Diethyiene glycol —b
Propylene glyeol 2
Acetone

a o

+

Methy!lacetate
Ethyl neetate

Butyl acetate

Amyl acetate

Mixed amyl acetates

Ethyl ether
Iseprepyl ether
Dichlorethyl ether
Dioxan

Ceilosolve
Methyl cellosolve
Diethyl celiosolve
Butyl cellosolve

B I = e o e I S e = S S S

R R R R,
Ak bbbt bbb R

and Johnson (#). The refractive index of the fused form of
the substance was »% = 1.4660,

Some electrical properties of sucrose octaficetate are as
follows:

60 Creues 193 CycLes 10t CroLga
Dielectric const. 4.3 £.5 4.7
Power factor, % 1%.3 5.8 1.7

Resistivity = 1.5 X 10® megohm-cm.

The amount of free acid (acetic} contained in the crystals,
after washing and drying, averaged in most cases about
0.03 per cent. The stability of the compound to water, made
by boiling one gram with water for one hour, showed by
titration that 0.25 per cent of all available acetic acid was
split off by hydrolysis. In water at 40° C. for 5 days the
hydrolysis amounted to 0.20 per cent of the available acetic
acid, The solubility of the compound in water was (1,14 per
cent., It is intensely bitter; between 0.001 and 0.002 mg,
in one ce. of water can be detected by taste. The solubility
in other solventsis listed in Table L.

SycrosE OCPAPROPIONATE AND OCTABUTYRATE

Sucrose octapropionate and the octabutyrate were pre-
pared in a somewhat similar manner. The first, a low-
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SovusiniTies oF SucrosE OcrAicerars, OcTAPROPIONATE, AND OCTABUTYRATE AT 25° C,

Suveroas Ocrar  Buckoss Ocra- Bocross Ocras

BoLvexTs ACETATEY PROPIONATE BUTYRATE
Butyl carbitol 4 4 +
Benzene + + +
Xylene + + +

. Teluene 4 4o +
Mixed amyl chlorides +
Chioroform ¢ I T T
Ethylene dichloride o+ i +
Ethylene chlorhydrin + + ES
Chietobenzene + By +
Benzyi ehloride o+ R 4
Castor oil Ppts. - 4+
Cod liver nil - Partial +
Cottoneeed o - Pariial -+
Boiled linseed vil - Partial -+
Turpentine - R +
Gasoline - Puartial +
Benzyi bensonte -+ 4 +
Benzaldebyde + -+ “+

# 4 = completely soluble;
b Swails.
¢ Erulsifies,

—. = insoluble.

melting erystalline solid, was found to form, after fusion, a
gemi-hard glass readily crystallizable when submerged in
water, although its solubiiity in this selvent was less than
(.01 per eent, Its melting point was 45.4° to 45.5° C. and
its viscosity measured at 48.9° C. was 47.8 poises. The
density at 207 was 1.1849.

Sucrose actabutyrate, which is an uncrystallizable viscous
sirup, exhibited a decidedly oily character. Its viscosity
measured at 25.9° C. was 32.7 poises. The Saybolt viscogity
at 210° F. (98.9° C.) was 120 seconds, and at 100° F, (37.8°
(1), 2400 seconds. The density measured at 20° C. was
1.1232. TIts solubilify in water was similar to that of the
octapropionate—i. €., less than 0.01 per cent.

The solubilities of the esters of sucrose previcusly men-
tioned, as shown in Table I, were found by observing the
hehavior of 0.5 gram of solute in 5 ce. of solvent,

Further investigations on the properties and applications
of these compounds are being undertaken,
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