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My invention relates to improvements in the
nitration of sugars and their glycosides, and more
particularly relates to improved means for bring-
ing about the nitration of sugars such as cane

5 sugar, glucose, levulose, lactose, and the like, or the
glycosides thereof, with the production of products
having satisfactory physical characteristics and
also having satisfactory chemical characteristics
particularly with reference to stability. One of

10 the objects of my invention is to provide improved
means for the nitration of the various sugars and
their glycosides, and another of the objects of
my invention is to provide improved means for the
preparation of the nitrated sugars and their glyco-

15 sides in very pure condition. This application is
a continuation in part of my application S. N.
728,679, filed June 2, 1934. .

My present invention rests upon my discovery
that the nitrated esters of certain hydroxy acids

og dissolve nitrated sugar readily and produce mix-
tures which may contain-as much as 70% of
nitrated sugar, while still having such ‘physical
characteristics as will permit them to be purified
and stabilized by known washing and stabilizing

25 methods.
glucose, levulose, lactose, etc. are nitrated by the
ordinary methods known up to this time, thick,
gummy, pasty or very viscous nitrated products
are obtained which are very difficult to purify and

30 to stabilize. If such agents as glycerin, glycols,
and chlorhydrins are used as partial solvents,
thick solutions are obtained which, if’' they con-
tain more than 25% of nitrated sugar, are too
viscous to be treated by the usual washing and
stabilizing methods. -

As examples of the nitrated esters which I may
employ in the practice of my present invention I
will mention nitrated methyl glycollate, nitrated
ethyl glycollate, nitrated propyl glycollate, ni-
40 trated butyl glycollate, nitrated amyl glycollate,

nitrated methyl lactate, nitrated ethyl-lactate, ni-
trated propyl lactate, nitrated butyl lactate, ni-
trated amyl lactate, nitrated methyl tartronate,
nitrated ethyl tartronate, nitrated methyl malate,

45 nitrated ethyl malate, nitrated dimethyl tartrate,
nitrated diethyl tartrate, and the higher homo-
logues. When the purpose of the work is to pre-
pare the crystalline sugar nitrate I find the use of
nitrated butyl lactate is particularly advan-

50 tageous.

The nitrated esters may be used either directly
as such, or they may be produced in the same
nitration operation as is the nitrated sugar or
the nitrated glycoside, by the: addition of the

55 esters to the nitration mixture. :

o
Gt

It is well known that when cane sugar,

As sugars to be used in the procedure of my in-
vention, I may use cane sugar, glucose, lactose,
levulose, ete. and as glycosides, I may use methyl
glucoside, ethyl glucoside, methyl lactoside, ethyl
lactoside, ete.

As -examples of the application of my present
invention, for the purpose of illustrating its
general features, I give the following: )

Example 1—To 990 parts of mixed acid con~
sisting of 40% H2S0: and 60% HNO3; add 60 10
parts of dibutyl tartrate, keeping the temperature
below 30° C. Then add 60 parts of powdered
cane sugar, maintaining the temperature. below
30° C.; and preferably below 20° C. Stir continu-
ously.throughout the nitration. 15

At the completion of the nitration the nitration
mixture is settled and the solution of nitrated
stgar in the dinitrated butyl tartrate forms the
upper layer. The latter is separated, washed. in
dilute alkali, stabilized and settled or filtered to 20
remove moisture and mechanical impurities.

Ezample 2.-~To 150 parts of 98% HNO;3 cooled
to below 20° C., add 20 parts of methyl glucoside
with constant stirring and cooling. Then add 20
parts of butyl lactate, keeping the temperature 25
below 20° C. Then add 200 parts.of 105% oleum
to complete the nitration and to cause a separa-
tion of the nitrated products as a solution floating
upon the spent acid. 'The separated nitrated

glucoside solution is then washed, neutralized, 30

stabilized and settled or filtered to remove mois-
ture and mechanical impurities.

Ezxample 3.—108 parts of ethyl lactate are run
into 1126 parts of a mixed acid consisting of
409, HM:80: and 60% HNO3; mantained at a 35
temperature below 30° C. Then.add 80 parts of
cane sugar, a little at a time, keeping the tem-
perature below 25° C. and preferably lower than
10° ¢. The nitration mixture is then allowed to
stand, when separation into two layers will occur. 40
The upper layer is the nitrated product and can
bé readily separated, and should then be washed,
filtered and neutralized according to the methods
well known in the art.

Example 4—1126 parts of a ‘mixed acid con- 45

‘sisting of 60% HNOs3 and 40% H250: are placed

in a suitable nitrating vessel and cooled to about
10° ¢. Then, with continued cooling, add 108
parts of ethyl lactate. This nitration step is very
readily controlled and takes place smoothly and
evenly. When all of the ethyl lactate has been
added, 88 parts of powdered, dried sucrose are
added in small portions, maintaining the tem-
perature below 10° C. The stirring is continued
for apout one hour after the feeding of the sugar 55
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-do not confine myself to these narrow.limits.
characteristic- part of my invention-is the pres-.

2

in order to complete the nitration.
time of nitration is often about four hours.

"The nitrated charge is then run to a settler
where the mixture separates into two layers.
lower layer is the spent acid and contains only
a small amount of nitrated products. The upper
layer consists of the nitrated ethyl lactate and
nitrated sugar. At times this upper layer has a
small amount -of crystailine nitrated sugar sus-
pended in it.

The upper layer is then drowned in tap water,

washed, neutralized by stirring in 29 sodium bi-

carbonate, washed with water and allowed to set-
tle. The lower layer is a mixture of nitrated ethyl
lactate and sucrose nitrate with some occluded

water. By settling overnight only a small amount
of water remains in suspension.. .

This lower layer is then treated with 5% ethyl
alcohol, while the mixture is being stirred until a
crystalline precipitate of sucrose octonitrate sep-
arates, Only enough alcohol is added to cause
this precipitation. ~The mixture is filtered, the
precipitate is ‘'washed with alcohol and dried-at
about 40° C. 'I’he yleld of crystals is about 145
parts.-

Ezample 5.-—1126 parts of a- mlxed acid con-
Sisting of 45% nitric acid and 50%. sulfuric acid
and 5% water are placed in a suitable nitrating
vessel and cooled to about 0° C.. Then, with con-
tinued stirring and cooling, add 108 parts of ni-
trated butyl lactate. When all the nitrated butyl
lactate has been added, add 130 parts of powdered
dried -sucrose, maintaining the temperature
around 0° C. " The stirring and cooling- is contin-

ued for about one hour after the feeding of the

sugar in order to complete the nitration.
The nitrated charge is handled in the manner

-as described in Example 4.

Instead of drowning the nitrated sugar mixture
in wafter, and thereafter extracting the nitrated
mixture with a solvent, it is of course possible to
drown the nitrated sugar mixture directly in a
mixture of ethyl alcohol and a hydrocarbon to
cbtain -directly, the prec1p1tated crystalllne ni-
trated-sugar.

‘While the above examples represent preferred
methods: of nitration, it should be noted:-that I
The

ence of g nitrated ester of a hydroxy acid in'the
nitration mixture at the time of the separation of
the nitrated sugar or glycoside from  the spent
acid, and'it- will readily be understocd that I may
vary the strengths and proportions of acids, the
temperatures of the components and the temper-
ature of nifration, the ratio. of nitrated ester to
sugar or to acids, the order of .addition of mate-
rials to be nitrated, etc. without departing from
the essence of this invention.

- I'have discovered that when a sugar’is nltrated
in the presence of " a nitrated hydroxy acid the
resulting nitrated mixture is capable of being
separated to give the pure nitrated sugars in
higher purity and in better yield than can be ob-
tained by methods previously known, and this can
be-accomplished withcut the use of repeated ex-
tractions or fracticnations. "I have discovered,

for example, that the nitration products made in

accordance with my. present invention may be

extracted- with such solvents as ethyl alcohol or

propyl -aleohol, or with such soclvents as pro-
pane, butane, heptane, pentane, hexane, benzene,
or ordinary commercial gasoline, or with mixed
solvents such as pentane, hexane, etc. with chlo-

roform or carbon tetrachloride, or with: mixed

The
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solvents such as an alcohol and a chlorinated hy-
drocarbon, all of these solvents and solvent mix-
tures possessing.greater solvent action: for the
nitrated hydroxy acid esters than they do for the
nitrated sugars. I have discovered, for example,
that by the method herein described I can obtain

_sucrose octonitrate in the form of crystals from

the nitration mixture of nitrated butyl lactate

.and cane’ sugar,: without any recrystallization
‘wihatever, using in this case either ethyl alcohol

or pentane as the-differential solvent for dissolv-
ing the nitrated hydroxy acid ester and thus sep-
arating it from the insoluble nitrated sugar, and
that these crystals, by a simple stabilizing treat-
ment such as stirring them in a two percent solu-
tion of bicarbonate.of soda, or by first stirring
them in a two percent solution of bicarbonate of

soda, and thereafter washing them in a one per-

cent solution of ammonia, may:-be obtained as the
pure sucrose octonitrate having substantially the
theoretical nitrogen content, and possessing sub-
stantially the same stability as the sucrose octoni-
trate previously obtained as the result of exten-
sive recrystallization and stabilization treatments.

As many modifications may he made within the
limits of the disclosure of my invention as herein
set forth, it is to be understood that the examples

-herein given are for purposes of illustration and

the figures therein given are not to be considered
as limitations, and no limitations should be placed
upon the scope of my invention except-such as are

-indicated in the appended cla!ms

“Iclaim:

1. The process of nitrating a member of. the
group consisting of a sugar -and a sugar glycoside
in the presence of a nitrated alkyl ester of a satu-
rated hydroxy aliphatic carboxylic acid, said car-
boxylic acid containing not more than two car-

‘boxyl groups. -
2. The precess of nltratlnvr cane sugar in the .

presence of a nitrated. alkyl ester of a saturated
hydroxy aliphatic: carboxylic acid, said carboxylic

- acid containing not more than two carboxyl
- groups.
3..The process of mtraulng methyl gluceside in .

the presence of a nitrated alkyl ester of a satu-
rated hydroxy aliphatic carboxylic acid, said car-

boxylic acid containing not more than two car-.

boxyl groups..

4. The process of nltratmg a sugar in the pres-
ence of a member-of the group consisting of ni-
trated methyl glycollate, nitrated ethyl giycollate,
nitrated propyl glycollate, nitrated butyl glycol-
late, "nitrated .amyl glycollate, nitrated methyl

lactate, nitrated -ethyl -lactate, nitrated propyl :

lactate, nitrated butyl lactate, nitrated amyl lac-
tate, nitrated methyl tartronate; nitrated ethyl
tartronate,
methyl tartrate and nitrated diethyl tartrate.

5. The process of nitrating glucose in the pres-

"ence of -a member of the group consisting of ni-

rated methyl glycollate, nitrated ethyl glycollate,

“nitrated ethyl malate,” nitrated di-

20

25

60

nitrated propyl.glycollate, nitrated butyl glycol- -

late, nitrated amyl glycollate,- nitrated  methyl
lactate, nitrated ethyl lactate, nitrated propyl
lactate, nitrated butyl lactate, nitrated amyl lac-
tate, nitrated methyl tartronate, nitrated ethyl
tartronate, nitrated ethyl! malate, nitrated di-
methyl tartrate and nitrated diethyl tartrate.

"6. The process of nitrating methyl glucoside
in the presence of a member of the group consist-
ing of nitrated methyl glycollate, nitrated ethyl

“glycollate, nitrated propyl glycollate, nitrated
- butyl glycollate, nitrated amyl glycollate; nitrated
- methyl lactate; nitrated ethyl lactate, nitrated
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propyl lactate, nitrated butyl lactate, nitrated
amyl lactate, nitrated methyl tartronate, nitrated
ethyl tartronate, nitrated ethyl malate, nitrated
dimethyl tartrate and nitrated diethyl tartrate.

7. The process of nitrating a sugar which:com-
prises the addition of the sugar and of the alkyl
ester of a saturated hydroxy aliphatic-carboxylic
acid containing not more than two carboxyl
groups, to a nitrating acid and the separation of
the products of nitration from the spent acid.

8. The process of nitrating cane sugar which
comprises the addition of an alkyl ester of a sat-
urated hydroxy aliphatic carboxylic acid contain-
ing not more than two carboxyl groups, to a mixed
acid consisting of approximately 60% HNO3; and
409 H2S04 followed by the addition of the cane
sugar, maintaining the temperature of the mix-

- ture below 30° C. and separating nitrated products

from the spent acid.

9. The process of nitrating cane sugar which
comprises the addition of ethyl lactate to a mixed
acid consisting of approximately 60% HNOs and
409 H2804 followed by the addition of the cane
sugar, maintaining the temperature of the mix~
ture below 30° C. and separating nitrated prod-
ucts from the spent acid.

10, The process of nitrating a sugar which
comprises the addition of the sugar and the alkyl
ester of a saturated hydroxy aliphatic carboxylic
acid containing -not more than two ‘carboxyl

groups, to a nitrating acid, the separation of the .

products of nitration from the spent acid, the
drowning of the nitrated sugar-nitrated hydroxy
acid ester mixture in water, the separation of
the nitrated sugar-nitrated hydroxy acid ester
mixture from the excess of water, and the solu-
tion of the nitrated hydroxy acid ester in a
solvent in which nitrated sugar is substa.ntia,lly
insoluble.

11. The process of nifrating cane sugar which
comprises the addition of the sugar and the alkyl
ester of a saturated hydroxy aliphatic carboxylic
acid containing not more than -two carboxyl
groups, to a nitrating acid, the separation of the
products of nitration frem the spent acid, the
drowning of the nitrated sugar-nitrated hydroxy
acid ester mixture in water, the separation of the
nitrated sugar-nitrated hydroxy acid ester mix-
ture from the excess of water, and the solution of
the nitrated hydroxy acid ester in a solvent in
which nitrated sugar is substantially insoluble.

12, The process of mnitrating glucose which
comprises the addition of the sugar and the alkyl
ester of a saturated hydroxy aliphatic carboxylic
acid containing not more than two carboxyl
groups, to a nitrating acid, the separation of the
products of nitration from the spent acid, the
drowning of the nitrated sugar-nitrated hydroxy
acid ester mixture in water, the separation of the
nitrated sugar-nitrated hydroxy acid ester mix-
ture from the excess of water, and the solution
of the nitrated hydroxy acid ester in a solvent in
which nitrated sugar is substantially insoluble.

13. The process of niftrating methyl glucoside
which comprises the addition of the sugar and
the alkyl ester of a saturated hydroxy aliphatic
carboxylic acid containing not more than two
carboxyl groups, to a nitrating acid, the separa-
tion of the products of nitration from the spent
acid, the drowning of the nitrated sugar-nitrated
hydroxy acid ester mixture in water, the separa-
tion of the nitrated sugar-nitrated hydroxy acid
ester mixture from the excess. of water, and the
solution of the nitrated hydroxy acid ester in a

3
solveht in Whlch nitrated sugar 1s substantially
insoluble, -~

14. The ‘process of mtratlng a sugar which
comprises the addition of the sugar and the alkyl
ester of g saturated hydroxy aliphatic carboxylic
acid containing not- more than two carboxyl

‘groups, to 4 ‘nitrating acid, the separation of the

products of nitration from the spent acid, the
drowning of the nitrated sugar-nitrated hydroxy
acid ester mixture in water, and the solution of
the nitrated hydroxy acid ester in a solvent se-
lected from the group of ethyl alcohol, propyl al-

_cohol, propane, butane, pentane, benzene, gaso-

line, hexane, heptane, carbon tetrachloride and
chloroform.

15, The process of nitrating cane sugar which
comprises the addition of the sugar and the
alkyl ester of a saturated hydroxy aliphatic car-
boxylic acid containing not more than two car-
boxyl groups, to a nitrating acid, the separation
of the products of nitration from the spent acid,
the drowning of the nitrated sugar-nitrated hy-
droxy acid ester mixture in water, and the solu-
tion of the nitrated hydroxy acid ester in a sol-
vent selected from the group of ethyl alcohol,
propyl alcohel, propane, butane, pentane, benzene,
gasoline, hexane, heptane, carbon tetrachloride
and chloroform.

16. The process of nitrating glucose which coms
prises the addition of the sugar and the alkyl
ester of a saturated hydroxy aliphatic carboxylic
acid containing not more than two carboxyl
groups, to a nitrating acid, the separation of the
products of nitration from the spent acid, the
drowning of the nitrated sugar-nitrated hydroxy
acid ester mixture in water, and the solution of
the nitrated hydroxy acid ester in a solvent se-
lected from the group of ethyl alcohol, propyl al-
cohol, propane, butane, pentane, benzene, gaso-
line, hexane, heptane, carbon tefrachloride and
chloroform.

17. The process of nitrating methyl glucoside
which comprises the addition of the glucoside
and the alkyl ester of a saturated hydroxy ali-
phatic carboxylic acid containing not more than
two carboxyl groups, to a nitrating acid, the sep-
aration of ‘the products of nitration from the
spent acid, the drowning of the nifrated sugar-

‘nitrated hydroxy acid ester mixture in water,

and the solution of the nitrated hydroxy acid ester
in a solvent selected from the group of ethyl al-
cohol, propyl alcohol, propane, butane, pentane,
benzene, gasoline, hexane, heptane, carbon tetra-
chloride and chloroform.

18. The process of nitrating a sugar in the
presence of a nitrated alkyl ester of a saturated
hydroxy aliphatic carboxylic acid, said carboxylic
acid containing not more than two carboxyl
groups.

19. The process of nitrating a sugar which
comprises the addition of an alkyl ester of a sat-
urated hydroxy aliphatic carboxylic. acid con-
taining not more than two carboxyl groups, to a
mixed acid consisting of roughly 60% nitric acid
and 409% sulfuric acid followed by the addition
of the sugar, maintaining the temperature of the
mixture. below 30° C. and- separating nitrated
produects from the spent acid.

20. The process of nitrating a sugar which
comprises the addition of ethyl lactate to a mixed
acid, roughly 60% nitric acid and 40% sulfuric
acid, followed by the addition of the sugar, main-
taining the temperature of the mixture below
30°-C., and separating nitrated products from the
spent acid.
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21, The process of mnitrating a sugar which
comprises the addition of the sugar and an alkyl
ester of a saturated hydroxy aliphatic carboxylic
acid containing not more than two -carboxyl
groups, to a nitrating acid, the separation of-the
products of nitration from the spent acid,:the
drowning of the nitrated sugar-nitrated hydroxy
acid ester mixture in water, and the solution of
the nitrated hydroxy acid ester in a solvent se-
10 lected from the group of ethyl alcohol, propyl

2,094,693

alcohol, propane, butane, pentane, benzene, gas-
oline, hexane, heptane, carbon tetrachloride and

chloroform. .
22. The process of nitrating a member of the
“group consisting .of cane sugar, glucose, levulose,

lactose, and their glycosides in the presence of an
alkyl ester of a saturated -hydroxy aliphatic car-
boxylic acid containing -not more than two car-
boxyl groups. :

[+
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