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1.0 ABSTRACT
During the first two months of investigation into the production of
anhydrous syrups from simple sugars, we studied the following reactions:
1. Sugar pyrolyais.
2, Sugar-formaldehyde reactions,
3¢ Sugar condenszations with nitro compounds,
4« Sugar reactions with polyols,
Thus far we have obtained our most promising results with dipropylene
and diethylene glycol reaction products with glucose. The pyrolysis exper=

iments have all led to the formation of glassy solids.
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2.0 PYROLYSIS OF SUGARS
2.1 Introduction

2.2

RESIN RESEARCH LABORATORIES, INC,
REPORY No.1 984

The objective of this phase of the project is to prepars liquid
products by pyreclyzing sugars under various conditions. Pyrolysis of
1,2,3

sugars results in the formation of anhydrides which readily tend

to polymerige; or in the formation of glycosides.
Discussion and Results
Anhydrides of sugers are prepared through the dehydration of sugars

by use of heat and acidic natalysts. Glycosides are prepared by the
condensation of the anomeric hydroxyl, the hydroxyl attached to C-1

in aldohexoses, with a hydroxyl of the same molecule or that of an

external molecule.

Pyrolysis of c=D=glucose could give the glycoside (I):

HyOH CH,OH i |
Hhoo 8 i H 0 " ‘
- —_— . H gy + H0 |

10 OH HO H !

(1)
The thermal dehydration of v~-and p-D=glucose yislde compounds of higher
molacular welght in the di- and tri-saccharide range, according tec the
work of C. D. Hurd.‘
Our attempts to prepare liquid products through pyrolysis were
unsuccesaful., In many cases glassy solids were obtained, In view of

the nature of these products, ho attempts were made to characterize them.
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2.3 Experimental

OW#\JNI—'F

Pyrolysia was carried out under the conditions listed in Tables

2.1 and 2.2,

Thermal Dehydration without Catalyst

Thermel Dehydration with Catalyst*

Thermal Dehydration under Nitrogen

Thermal Dehydration with Catalyst under Nitrogen
Thermal Dehydration under Reduced Pressure

Thermal Dehydration with Catalyst under Reduced Pressure

* p=toluenesulphonic acid (p-tsa)

Reaults

Glasay Solids

B S
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These experiments were conducted at different temperatures and
for different periods of time. In addition, the choice of apparatus
was varied. The use of a high-vacuum rotating evaporator was prefer=
red for pyrolysis under reduced pressure and a rubber=stoppered test
tube was found suff'icient for those at atmospheric pressure or under

nitrogen. Heating was accomplished by using an oil=bath,

s i it G,
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3,0 FORMALDZHYDE-SUGAR SYRUPS

These may be divided into two classes:

3.1 Acid-Catalyred

3.2 Base-Catalyzed

3.1.1

3.1.2

Introduction

An aldehyde may react with two hydroxyls of a carbohydrate
in the preaence of acid to give a cyclic acetal. For example,
glucose is known to react with formaldehyde to yield the syrupy

dimethylene glucose.5

Thus syrups can be prepared from the
reaction of simple sugars with formaldehyde in acidic media.

In the present work, methylal was used in efforts to prepare
the methylene derivetives of glucose, lactose, and sucrose.
Discussion and Results

Anhydrous conditions are required since acetals are hydro-
lyzed by water in the presence of acids. It is believed that
methylal, (GH30)2 CHy, reacts with cls secondary hydroxyls which
are § to each other forming methylene bridges through electro-
philic substitution. The eliminated protons are accepted by
methoxy groups and thus methanol is formed. This mechanism has
not been proved in the present work but theoretically it appears
convineing.

The reaction of glucose with an excess of methylal in the

presence of acld may f'ollow the scheme:
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CHOH CH,OH

o\H H
Hou) + 6(CHO)CH, diby @
HO H

0
CHR)-H +,CH,OH
H OH THJ

(11)

The exceas of mathylal is necessary to convert any
erystalline monomethylene gluccse that may be formed {nto
dimethylene glucose., Acid hydrolysis of the product and the
formation of methanol support the above equation. In addition,
the fact that at the end of the reaction the product is scluble
in the methanol-methylal mixture further convinces us that the
desired reaction has gone to completion.

The reaction, using the three sugars separately, yielded
heavy syrups. Reaction data, physical properties, and evidence

of reaction may be found in Table 3.1.
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3.1.3 Experimental
The following procedure for the preparation of dimethylene
glucose (I1) ia representative of the methods used for the reactions
described in Table 3.1.
3.1.3.1 Preparation of Dimethylene Glucose

In a 1 1. four=necked flask equipped with stirrer,
condenser with drying tube, thermometer, dropping funnel,
and nitrogen inlet tube were placed 180 g. (1.0 m) anhydrous
glucose and 456 g. €6.0 m) anhydrous methylal. To the
stirred mixture, ;hder nitrogen, were added drop-wise 25 ce.
(0,14 m) cone. sulfuric acid. After the addition of acid,
which typically took 10 minutes, the reaction mixture was
heated to 45°C and allowed to reflux for 7 hrs.

The mixture was then transferred to a 2 1. Erlenmeyer
flask, made slightly alkaline (pH 7.5) by the addition of
sodium methoxide in methanol and filtered through a Buchner
funnel. The filtrate was transferred to a tared 1 1. round-
bottom flask and connected to a high-vacuum rotating evapor-
ator to remove the methanol-methylal mixture. The product
(207 g.) obtained was a light=brown, heavy syrup.

3.2.1 Introduction
Reactions of sugars with formaldehyde in the presence of bases
are not reported in the literature, but there is reason to believe

that aldose and ketose sugars should react with formaldehyde in

- et R ey
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2.2.2

aldol-type condensations. It is the purpose of this phase of our
work to prepare syrups from such reactions.
Discussion and Results

Sinse some sugars contain hydrogens a to the carbonyl group,
they should condense with formaldehyde. It seems reasonable
to expect a variety of products from such a condensation.

Besides the possibility of the formation of diastereolsomers
from the creation of new asymetric centers, we can expect the
sugars to condense with themselves.

Sucrose cannot undergo an aldol=type condensation since it
is not a reducing sugar, but on hydrolysis gives glucose and
fructose, which readily do. When this was attempted, heavy syrups
were obtained. Because of the possibility of the formation of
various mixtures of products from any one of these reactions,
we found it impractical to charactsrize these reaction=-products.
However, we felt that some proof of reaction was warranted.

In this respect, it was observed that the reaction-mixture

consisted of a solution shortly after the addition of the sugar to the

mixture of paraformaldehyde and sodium methoxide in methanol.
Further proof was obtained by making the 2,4 - dinitrophenyl=-
hydrozone of the syrup and comparing its melting point with that
of the same derivative of the starting reducing sugar. The
specific reaction which we checked by this method yielded a

derivative with a decomposition temperature above 210°C

e a b e e it s =
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compared to the glucoae derivative which melts at 88°C.
The ketoheptose (III) could be prepared from the reaction
with the open~chain representation of fructose according to the

following schemet

008 08
=0 He G- on
| -c=0 =24
HOo=C-t + H=(F0 > c=0
( # |
Ha=C=0H HO - C - K
|
H=0C-0OH C - OH
I )
CH,OH C - OH
\
CH,,0H
(111)

Aldol condensations were run using glucose, and on the
hydrolysis products of lactose and sucrose. In general, light-
brown syrups of extremely high vizcosities were obtaineu.

3.2.3 "Experimental

The following procedurs for the preparation of syrupy
products from the reaction of glucose~fructose with formaldehyde
was used for the reactions listed in Table 3.2.
3.2.3.1 Freparation of Syrups from GLUCOSE~FRUCTOSE and

Formaldehyde

In a 2 1. four-necked flask equipped with a stirrer,

powder-addition funnel, condenser topped with drying tube,

L g et e,
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nitrogen inlet tube and thermometer, containing €50 ml.
of freshly prepured O.14 M codium methoxide in methanol
under nitrogen, were added 100 gms. of paraformaldehyde.
The mixture was heated to 30°C and the sugar was added in
10 g. portions over a peried of 1 hr. After the addition of
sugar, the temperature was gradually increased to 51=53°C
anéd maintained within this range until all had reacted.

At the end of the reaction, the mixture was neutrale
ized with glacial acetic acid, filtered, and the filtrate
was then transferred to a 1 1. round-bottom flask connected
to a high=vacuum rotating evaporator, and the methanol and

excess {ormaldehyde removed under reduced pressure.
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4.0 CONDENSATIONS OF SUGARS WITH NITRO-COMPOUNDS

These may be grouped in two classes:
4.1 Condensations with Nitrocalkanes
4e2 Condensations with Nitroalcohols
4¢1.1 Introduction
Nitroalkanes containing at. least one hydrogen a to
the NO, group readily undergc base=catalyzed condensations

with compounds containing carbonyl groups.6

For example,
nitromethane reacts with 2,4-benzylidene=1-xylopyranose
in the presence of methanclic sodium methoxide to give the

nitro-aleohol (IV).

?HO c':n(on)cnzno2
0-C-H 0-C=H
C.H.CH H-é-mi mﬂ% cncf”/’H-é-m
65\ | 65\ |
0-C -k -0cH, 0-C-H
|
HO = C = HO - C - H
" |
CH,0H oH, 0t

(1v)
It suggests possibilities for lengthening the chaln
of a reducing sugar and simultaneously introducing a nitro=~
group, which enhances the reducing power of the sugar.
In view of thias, efforts were made to prepare syrupy
substituted sugars from the base~catalyzed condensation of

sugars with nitroalkanes.
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4.1.2 Discussion and Results

4¢1.3

Since nitroalkanes undergo aldol condensations with
carbonyl compounds in the presence of base, they should,
therefore, react with reducing sugars under similar
conditions. A carbanion, which is believed to be formed
from the action of the base on the nitroalkane, is a
powerful nuclecphile, and should attack the carbonyl carbon
to produce the nitroalcchol. Here again, a new pair of
diasteraocisomers is introduced and the products ars expected
to be syrupy.

The equation for the reaction presumably is as follows:

Hafns©O

cs CH,NO,
) =0CH i
Ha=C=0OH + CHNO, —CH, H-C=OH
| (
R H-C«~0H
t
R
()
Experimental

Except for minor changes, the procedure used for the
reaction of nitroalkanes with sugars in the presence of base
was similar to that daseribed in 3.2.3.1.

Reaction data and physical properties of products are
glven in Table 4.1.

% i st
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4¢2.1 Introduction

The reaction of nitroalecohols with sugars is not reported in
the literature; however, these alcohols can react with sugars in
the presence of acid to give glycoaides.

A mixture of the glycoside and nitroalcochol might be syrupy
and the presence of the nitro group in the sugar molecule would
enhance its reducing power.

4e2,2 Discussion and Results
The reaction between glucose and 2-nitro=l=butanol may give

the glycoside (VI):

CH.,OH H,,0H
. 20 " g2 g
OH + cHBGHch(mz)cnzoﬂ B'L) H
H cmzcn(mz)cﬂz,cﬂ3
H OH

0

(v1)

An excess of nitroalcohol is necessary for the reaction to go
to completion. Hence, the nitroaleohol must be a liquid in order
that the products be syrupy. When condensations were run, solid
products were obtained in cases where the molar ratio of supar to
nitroalechol was 1:1 and 1312, A syrup was prepared when the ratio
was 1l:4. Although no tests have been run as yet, it is felt that

proof of reaction can be found in any of three ways. Water is

IR SOV
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4e:3

formed in these reactions and thus a quantitative check is
possible, The second involves the isolation and purification
of the glycoside so that the presence of the nitro group may be
detected, both gqualitatively and quantitatively. Thirdly, the
reaction mixture may be tested for the presence of a carbonyl
group.
Experimental

The above condensations were run in tared 1 1. round=bottom
flasks connected to high vacuum rotating evaporators. The [lasks
were immersed in oil=baths at 10025°C and rotated for a period
of lhr, under reduced pressure.

Resction data are listed in Table 4.2,
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5.0 REACTION OF SUGARS WITH POLYIIYDROXYL COMPOUNDS

5.1 Introduction
Very little work is published on the condensation of sugars with

polyols although such reactions take place readily. The condensation
of a reducing sugar with a polyol iz a conveniert way of adding more
hydroxyl groups to the sugar molecule.

It was felt that the reaction products would undoubtedly be
syrupy and their viscositi;i could be varied, dopending on the choice
and concentration of the polycl. In fact, the desired glycoside could
be constructed as a model And then synthesized.

5.2 Discussion and Results
A reducing sugar may react with polyhydroxyl compounds in the

presence of acid to form glycosides of the type (VII):

H%?H ) C 2OH
L] + clenon), By Kon
Ho 1 01 o OCH,C (CH,OH) 5
OH it OH

(viI)
The fact that this reaction does not take place in the absence of
catalyst was demonstrated in several preliminary experiments in which
mixtures of polyol and sugar, with and without catalyst, were run under

identical conditions. No conclusive evidence of reaction was obtained in
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5.3

the uncatalyzed runs.

A second, third, or fourth molecule of sugar can further react with
the glycoaside. However, when the ratio of sugar to polyol was greater
than 131, semi=golids were obtained.

Evidence of reaction can be found in the fact that water is elimine
sted in the reaction. Thus, if this water is collected, a quantitative
yield may be calculated. Tests on the purified rroduct for the presence
of a carbonyl group further indicate that the reaction takes place.

In addition, physical changes in the reaction mixture give further proof
of reaction.

An exotherm was found in the condensation of one mole of diethylene
glycol, (HO cﬂz Cﬂz)zo, with glucose.

It was not sufficient, however, to maintain the reastion-mixture at
the desired temperature and for the desired time.

Experimental

Several techniques were used for the preparation of gluccsides.
The following procedure was found to be optimum.

Required molar quantities of polyol and sugar were mixed with 5%
p-toluenesulfonic acid and charged to a tared round-bottom flask which
was lhen connected to a rotating evaporator. The rotating flask was
immersed in an oil bath at 100:5°C for 1 hr. under (27i5mm) reduced
pressure. At the end of the reaction, the flask with product and the

distillate were weighed.
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Reactions carried out at atmospheric pressure were run either in
test tubes or reaction flasks with necessary equipment.

Experimental details are summarized in Tables 5.1-5.
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6.0 FEASIBILITY EXPERIMENTS

In order to determine whether the syrups prepared by the reaction of
dipropylene and diethylens glycol with glucose would burn, several small i
charges were made up in anti=dim cans with red=-dye simulant and potassium |
chlorate. These experiments are summarized in Table 6.1. : l

Our results indicate that the syrups will burn sufficiently well for |
use in pyrotechnic devices for dispersion of agents., We have prepared
samples of syrup for further studies to be carried out by Army Chemical

Center.
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7.0 CONCLUSIONS AND FUTURE WORK

At this point in our investigation of anhydrous sugar syrups for
pyrotechnic use our most promising results have been with the polyol-
sugar glycoside reactions. Fourmaldehyde=sugar reaction products have
besn too viscous for test thus far and the nitro-alechol reactions have
not yet been investigated to a great extent., Changes in technique and
reactant combinations may possibly yield useful syrupy products in the
future,

In the next bimonthly period we will continue to inveatigate the
foregoing reactions to produce syrups of acceptable viscosity and
burning characteristics for pyrotechnic uses. It is expected that a
close liaison will be established with Army Chemical Center to test
promising syrups at Edgewood as they are produced.

We plan to begin investigation of reactions of the syrups to yield
crosslinked pyrotechnic mixtures that will show no tendency to flow in
storage or due to recoil forces that may be encountered in some munitions.
Likely candidates for crosslinking hydroxyl groups include:

le Aluminum chelates

2. Organo titanium compounds

3. Dliacid chlorides
4+ Dialdehydes

5« Diisocyanates
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