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This invention realtes to a method for prepar-
ing condensation products of the type of the
furylmethane derlvatives.

QOrganic compounds having a hydroxyl or
aminge group can be condensed with aldehydes,
for instance phenols can be condensed with form-
aldehyde, acetaldehyde, benzaldehyde, furfural
and hydroxymethylfurfural, and In many cases
the condensation can be satisfactorily carried
out in an acld medium, Where compounds of the
type of furfural and hydroxymethylfurfural are
being treated in an acid medium, however, there
Is a tendency for non-uniform products to be
ochtained and for undesirable side reactions to
take place. For instance, hydroxymethylfurfural
shows a tendency to form laevuline acid and
formic acid by opening of the ring and to form
complex compounds of the type usually ealled
humus substances.

Furane derivatives can also be formed from
carbohydrates by the action for Instance of
phlorglucinol and hydrochloric acid or resorcinol
and hydrochloric acld, according to the method
of Seliwanoff or Fiehe, and methods of detecting
pentoses and hexoses exlist based on such reac-
tions, which involve the Intermediate production
of a furfural body from the carbohydrate. How-
ever, it can be seen from Berichte 37, 304 (1804),
Zeltschrift filr Analytische Chemie 68, 134-7,

Cellulose Chemie 6, 61 and 81 (1925), and the &

textbook “Chemle der Zellulose” by K. Hess that
the normal condensation product of hydroxy-
methylfurfural with for instance phloroglucinol
is only partly soluble in alcohol and i1s not a
homogeneous substance.
the hydroxymethylfurfura! is formed from &
sugar in the reaction or is a pure substance pre-
viously prepared, and it seems that the hydroxy-
methylfurfural 1s partly decomposed in side re-
actions, leading, for instance to the formation
of humus substances.

This invention is concerned with a method of
producing, from carbohydrates and organic com-
pounds (especially aromatic compounds} having
one or more free or substituted hydroxyl or
amino groups, good ylelds of relatively homo-
geneous condensation products.

It has now been found that when forming con-
densation products of the furylmethane deriva-
tive type In this way In the presence of an acld,
improved results are obtained If the reactlon 1s
carried out in the presence of such a quantity of
the sald organic compound that an excess of
this compound relative to the furfural body 1s
present throughout the reaction.
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As Indicated above, the first stage of the re-
actlon consists in the formation of a furfural
body from the carbo-hydrate, this furfural body
then condensing with the organic compound hav-
ing one or more free or substituted hydroxy or
amino groups (which compound may be intro-
duced as such or in solution) and the rate of
formation of the furfural body in the first stage
of the process depends upon such considerations
as the temperature and the quantity of acld used
and its nature. The higher the temperature and
the greater the quantity of actd the faster is the
furfural body formed. Sulitable acids are the
mineral acids, including sulphuric acid, hydro-
chlorie acid and phosphoric acid, and strong or-
ganic acids, e. g. phenol sulphonic acid. Acid
compounds such as phosphorous oxychloride
(POCI3y) are sultable, and are included in the
term “acid” in the preceding paragraph. Mix-
tures of actds can be used.

In order to obtaln as high a yield of the furyl-
methane derivative as possible care should be
taken that there is no local formation of too
much of the furfural body relative to the orgdnic
compound with which it is to be condensed,
which would reduce the excess of thils organic
compound locally, and hence homogeneous con-
ditions throughout the reactlon mixture are de-
sirable., There is then little loss of the furfural
body by undesirgble side-reactions.

One way of ensuring that the required excess
of the organic compound containing one or more
free or suhstituted hydroxy or amino groups Is al-
ways present Is to Introduce at the beginning of
the reaction so much of the organic compound
that an adequate quantity of it remalns at the
end of the reaction. Another way is to carry
out the reaction in such 4 manner that the rela-
tive proportions of the furfural body and the said
organic compound present in the reactlon mix-
ture remain approximstely the same as the re-
action proceeds, this proportion belng such that
the desired excess of the aromatic compound s
presenf. The rate at which the furfural body is
formed depends upon the ratip of the acid to
the carbohydrate, and in the second of the above
two cases the amount of the organic compound
present with which the furfural body Is to be
condensed therefore depends upon this ratio.

Examples of carbohydrates which may be used
are sucrose, glicose, mannose, dextrine and
starch and mixtures of these, and the hexoses
and polyhexoses (i, e. di and polysaccharides con-
taining hexose units) are especlally suitable.
Other carbohydrates can, however, be employed
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provided of course that they can be converted
into furfural bodies. It must be remembered that
all the carbohydrates do not change to the fur-
fural bodies at the same speed, and this must be
taken into consideration in calculating the ex-
cess of the organic compound which must always
be present during the reactlon.

The orgahle compound contalning ohe or more
free or substituted hydroxy or amino groups
may, for instance, be an aromatic or hydro-aro-
matic substance, e. g. phenol, resorcinol, phloro-
glucinol or dimethylhydroaniline, or may he
an agliphatie substance, for Instance mannitol er
other polyalcohol.

The invention 15 illustrated by the following
examples,

Ezxample 1—4 gram molecules of resorcinol
are dissolved in 25 ~ 35% hydrochloric acid or
30 - 35% sulphuric acld. 1 gram molecule of
fructose or glucose Is then added In very finely
powdered form to the solution in the cold and is
dissolved with continued stirring. The solution
1s then heated to 50 — 90° C, when a red sold
gradually separgtes. This substance appears to
be g diphenyl furylmethane compound formed
from two molecules of the resorcinol with one
molecule of hydroxymethyl-furfural which has
been formed by the action of the acid on the
sugar, which seems to be converted almost quan-
titatively into the diphenylfurylmethane com-
pound. The solid substance is then filtered off
and washed.

The product appears to be completely soluble
in alcohol or acetone, but not in benzene, and
1s also soluble In agueous inorganic bases. It
can be converted Into & resinous substance of the
thermo-setting type by condensing it with form-
aldehyde In the presence of an alkall or with
hexamethylentetramine, The product can also
by careful sulphonation be converted into a
water-soluble compound sultable for use as a
tanning substance in tanning leather and ag ¢ol-
ouring means for use with cotton and other ma-
terlals.

Example 2—0.5 to 0.75 or 1 gram molecule of
concentrated sulphuric acid of specific gravity
1.84 {5 added to 4 to 8 gram molecules of phenol.
The mixture 1s heated to & temperature between
110 and 170° C with contlnued stirring and 1
gram molecule of glucose in finely powdered form
is gradually added in small quantities. The mix-
ture Is then kept for cne to two hours at the
selected temperature with continued stirring, and
the acld concentration Indicated above ensures
a sufficlently rapid reaction. Water vapour and
phenol vapour evolved can be condensed in the
usual way. On completion of the reaction the
excess of phenol 1s removed, for instance by ex-
traction with benzenhe, and the reaction product
is washed free from acld by means of water.

The product appears to have heen formed in
the same way as Indicated In Example 1, two

14

15

20

30

35

40

60

309,683

molecules of phenol having condensed with one
molecule of hydroxymethylfurfural which has
been formed almost quantitatlvely from the
carbo-hydroxide, The product has slmilar prop-
erties to that of Example 1.

Ezample 3.—A. reaction product similar to that
of Example 2 can be cbtained under conditlons
similar to those described in Example 2 by add-
ing 1 gram molecule of sucrose to & mixture at
least 5 gram molecules of phenol and a quantity
of concentrated sulphuric acid, for instance 0.05
to 0.1 gram molecules.

Ezample 4.—Under reaction conditions sim-
ilar to those described in Example 2, one gram
molecule of very finely powdered fructose is
added at a temperature of 110-120° C o 8 gram
molecules of phenol and a quantity of sulphuric
acld, for Instance one third gram molecule,

The purified reaction product has properties
an'gla.r to those of the products of Examples 1

Example 5~In this example, phenol suiphonic
acid previously prepared is used instead of & mix-
ture of phenol and sulphuric acid, Thus the
carbohydrate, e. g. glucose or sucrose, can he
gradually added In a very finely powdered form
to the phenol sulphonic acld at a temperature of
110 to 120° C, or there may be added to the
phenol sulphonic acid first a guantity of phenol
and then, at 110 to 170° C, the finely powdered
carbohydrate, in small quantities.

Example 6—20 grams of phosphorous oxy-
chloride (POCIl3) are mixed with 100 grams of
dimethylaniline and 18 grams of sucrose or glu-
cose In a very finely powdered form are very
gradually added to the mixture. On completion
of the reaction the acid Is neutralized, the ex-
cess of dimethylaniline Is removed, for Instance
by steam distillatlon, and the reaction product
is dried.

The product is completely soluble In dilute
aclds and in alcohols, acetone and other solvents.
The product is analogous to the leucobases of
malachite green, and by careful oxidation in for
example an acld medium can be converted into
a dark blue pigment of hieh colouring power.

Ezample 7.—Example 6 is repeated, except that
100 grams of dimethylhydroaniline are used in-
stead of the 100 grams of dimethylaniline, and
20) grams of phosgene are used Instead of the 20
grams of phosphorous oxychloride.

Example 8—1 gram molecule of hexose or 0.5
gram molecule of sucrose In finely ground con-
dition Is very gradually added to a mixture of 6
gram molecules of mannitol and 0.1 to 0.5 gram
molecules of sulphuric acld, at a temperature of
160 - 170° C,

The reaction product Is a resinous substance
completely soluble in the usual solvents and sub-
stantially free from humus substances,
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