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3 Claims.

The present invention relates to water-soluble
complex compounds of aliphatic polyhydroxy
monocarboxylic acids of iron and alkali-earth
metals suitable for therapeutic use and to a
process of preparing the same, said invention be-
ing & further development of the invention de-
seribed and claimed in the copending U. S. ap-
plication Ser. No. 500,434, filed December 5, 1830,
which has issued as Patent No. 2,066,742.

This patent generally describes complex com-
pounds of metals with aliphatic polyhydroxy
carboxylic acids, said complex compounds may
contain alkali metal or nitrogen bases as neu-
tralizing agents,

In accordance with the present invention com-
plex compounds of particular therapeutic value
hitherto not described are obtained, when in the
production of neutral water-soluble complex
compounds of aliphatic polyhydroxy monocar-
Loxylic acids with base metals, the atomic num-
ber of which is at least 22, but which do not belong
to the alkali or alkaline earth metal series, basic
compounds of calcium or strontium or equivalents
thereof as hereinafter stated are used for neu-
tralization of the said metal complex compounds.
In this manner it becomes possible to combine
compounds of the base metals of an atomic num-

ber of at least 22, with the exception of metals of

the alkali or alkaline earth metal series, with
calcium or strontium to yield products, soluble
in water with a neutral reaction; this result is
an advance in the preparation of media, especially
for therapy by injection. The new metal com-
plex compounds, as compared with similar com-
pounds already described, display in any cases
the further advantage that they can be applied
not only without causing irritation, but in con-
tradistinction to the corresponding alkali metal
or amine salts without involving pain as the re-
sult of subcutaneous injection. ’
The production of the new complex compounds
is carried out by the customary methods. Thus,
for example, the oxide, hydroxide or salt of a
metal of the type above specified can be caused
to react with the solution of an aliphatic poly-
hydroxy monocarboxylic acid or of a water-
soluble salt of such an acid with the addition of a
quantity of a basic compound of calcium or stron-
tium required for the formation of the neutral
caleium or strontium salt of the metal complex
compound. In particular it is possible to employ
the calcium or strontium salts of the aliphatic
polyhydroxy monocarboxylic acids as starting
materials. As basic compounds of calcium or
strontium can be used for example, the oxides,

(CL 260—11)

hydroxides or carbonates. The simultaneous use
of a calcium or strontium salt and a basic com-
pound of the alkali metals has -been found to be
equivalent to the direct use of the basic com-
pounds of calcium or strontium above indicated.

Suitable polyhydroxy monocarboxylic acids
capable of forming complex compounds are par-
ticularly the aliphatic hydroxy monocarboxylic
acids of at least 5 carbon atoms and containing
at least 3 hydroxy groups bound to 3 adjoining
carbon atoms. We prefer to use the acids ob-
tainable by the oxidation of sugars for example,
arabonic acid, the acid of the formula

HOOC—C(CH3) OH.CHOH.CHCH.CH:0H

gluconic acid, galactonic acid and lactobionie
acid, but also polyhydroxy monocarboxylic acids
obtainable by other methods, for example, gluco-
heptonic acid and mannoheptonic acid may be
advantageously employed. The use of lactones
of the polyhydroxy monocarboxylic acids is
equivalent to the acids themselves, because it is
known that these lactones are changed into their
corresponding acids by the afore-mentioned neu-
tralization. For this reason the term “poly-
hydroxy monocarboxylic acid” used in the ap-
pended claims is intended to include the lac-
tones of these acids.

The metals can be combined with the complex-
forming polyhydroxy monocarboxylic acids in
different relative amounts, and it therefore ap-
pears that the reaction is not confined to stoichi-
ometric proportions.

Tn' the examples mentioned below we have de-
seribed the production of complex compounds of
those metals which compounds are of especially
high interest for the medicinal use in this com-
bination, that is to say, iron, tin, antimony, lead.
Furthermore arsenic, copper, lanthanum are also
mentioned. In the same manner as described in
the examples water-soluble, neutral metal com-
plex compounds of thallium, cobalt, manganese,
titanium, vanadium, nickel and the like-may be
prepared, displaying a similar behavior as ‘the
products described in the examples and being
characterized by the metal used in each indi-
vidual case. In each case it is essential that the
final reaction of the complex compound is made
about neutral. From the agueous reaction mix-
ture the complex compounds formed may advan-
tageously be separated by pouring the solution
into an alcohol, preferably methyl alcohol, and
washing the precipitate formed with an alcohol,
for example, and about 80 t0-100% methyl alco-
hol. : :
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The composition of our new complex com-
pounds may vary within wide limits and is not
restricted to stoichiometric proportions. More-
over, particularly those compounds which .do not
correspond to simple atomic proportions, often
display especially  good therapeutic - properties.
In this connection it may be emphasized that the
purpose of the present invention is not to:provide
metal complex compounds.of a definite chemical
composition which would be of a more. scientific
interest but to provide valuable medicinal media.

In view of the complicated composition of the
new products proved by analysis we are not able
to give structural formulae which would define
the products of the present. invention in a gen-
eral and more easily visible manner.
in order to indicate more clearly which types of
compounds are presumably formed by the present
process the following. probable formula of one
compound, - that is- the ecalcium fernc -I1X-glu-
conate

[Fez<OCHz (CHOI—I) 4. COO>5]Ca3

may give some idea of our new products. Inthis
case two atoms of: trivalent iron are combined

- with hydroxyl groups of six molecules of gluconic
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acid, the ecarboxylic acid groups of which have
been neufralized by three calcium atoms. The
reaction - is most probably performed accordlng
to the following equation

3Ca.[CH2.0H.(CH.OH) 4+.COO]12-2FeCls+4-
3CaCO0s3=[Fe2<<OCH2.(CHOH) +.CO0>s1Caz
: “4-3CaCla+-3C024-83H20

In many cases. complex compounds of another
composition have proved especially good proper-
ties, whereby the complex bound metal may be
combined with the aliphgtic . polyhydroxy car-
boxylic acid in: other proportions, the metal ap-
parently being bound to the:hydroxy groups of
different molecules of the aliphatic polyhydroxy
carboxylic acid in another proportion.

The metal is bound in the new complex com-
pounds in complex-like linkage.  'This follows
from the fact that these metals are mnot pre-
cipitated by dilute caustic alkali lyes or dilute
hydrochloric acid. The complex-like linkage of
the metal, the solubility of the complex com-
bounds in water with about neutral reaction and
the simultaneous content of the complexly bound
metal and of calcium or strontium are the im-
portant characteristics of our new products.

The new compounds are white to colored pow-
ders, this depending on the-metal used for the
complex compounds. These compounds decom-
pose on heating without distinctly melting and

yield neutral aqueous solutions which are suit-

able for injection purposes in the medicinal prac-
tice.

The invention is further 111ust1 ated by the
following examples but is not restricted thereto.
The parts are by weight.

Erzample 1.—8.6 parts of calcium gluconate,
2.7 parts of crystallized ferric chloride (6H20)
and 40 ccs. of water are heated until solution has
occurred. The solution is boiled together with 2
parts of calcium carbonate until the evolution of
carbon dioxide has ceased. The solution is fil-
tered and the filtrate poured into methylalcohol.
A light yellow amorphous powder, readily soluble
in water, is obtained in a good yield, possessing
an iron content of about 8%. The composition
of the calcium iron-gluconate corresponds ap-
proximately to the formula:

However, -

“tent .of about 11.5%.
‘mains clear on the addition of dilute hydrochloric
‘acid or dilute caustic soda. Oxalic acid precipi~

2,097,235

[Fea<OCH2.(CHOH) +.C00>61Cas3

The aqueous solution is not precipitated: by
means of dilute caustic soda; oxalic acid pre-
cipitates calcium oxalate.

In the above described. process calcmm car-
bonate can be replaced by calcium hydroxide as
neutralizing agent.

Ezxzample 2--9.52 parts of anhydrous strontlum
gluconate, 2.7 parts of crystallized ferric: chlo-
ride  (6H20) and: 40 ccs.: of -water are heated
until solution has occurred: and the: solution is
boiled with 3 parts of strontium carbonate until
evolution of carbon dioxide has ceased. The so-
lution is filtered ‘and the filtrate ‘poured into
methylalcohol. ' A light yellow amorphous pow-
der, readily soluble in water; is obtained in-a good
yield having an iron content.of about 7.3%.  The
composition of the strontium iron-gluconate pre~
sumably corresponds to:the formula: :

[Fe2<OCHz.(CHOH) +.CO0>¢18r3

.. Exzample 3.-~-A solution of: 8.6. parts of ‘calcium
gluconate and 4 parts of ferrous chloride (4H>0)
in about 40 ccs. of water is neutralized with milk
of lime and 'the filtrate is poured into methyl-
alcohol. | ~After separation and drying a green
amorphous powder. is obtained, which is readily
soluble in water.

Ezxample 4—A solution of 10 parts of calcium
gluconate in about 60 ccs. of water is boiled with
5 parts of arsenious acid until almost the whole
is-dissolved. - The filtrate is poured into methyl-
alcohol.  : After separation and -drying a white
non-hygroscopic powder-is -obtained in . a good
yield, which is readily soluble in water in:con-
tradistinetion: to the - calcium . gluconate used.
The arsenic: content «of the calcium arsenic-glu-
conate amounts to about 20%. - Likewise calcium
gluconate of vanadium can be prepared by treat-

ing vanaditm tetroxide with ealcium gluconate:

or with gluconic acid lactone and calcium hy-
droxide.

- "Example §—8.6 grams of calcium gluconate are
added to a solution of 2 grams of lanthanum car-
bonate in 20 ccs. of N-hydrochloric acid and 25
ccs. of water after the evolution of carbon dioxide
has ceased, then heated until solution has oc-
curred and boiled with 2 grams of calcium car-
bonate and filtered. The clear solution is poured
into methylalcohol, while stirring, the precipitate
formed is filtered by suction, washed with methyl-
alcohol -and ether and dried. The calcium lan-
thanum gluconate forms a white powder, readily
soluble in water, of a lanthanum content of
about 10%.

Ezxample 6.~—60 grams of calcium gluconate
are suspended in 250 ccs. of water. The suspen-
sion is heated and a solution of 11.5 grams of
antimony trichloride in a. little methylalcohol is
added. Then 2N-milk of lime is added until a
neutral reaction has been attained, the solution
is filtered and the still 'hot filtrate is poured into
methylalcohol, ‘while stirring; the complex salt
formed is filtered by suction, the mother liquor
containing sodium chloride is advantageously
washed out with 80% methylalcohol and the salt
is dried in air. . The calcium antimony-gluconate
is cbtained as a. colorless powder, soluble in wa-
ter with a neufral reaction, of an antimony con-
The aqueous solution re-

tates calcium oxalate, sulfuretted hydrogen pre-
cipitates“antimony sulfide from acid solution.
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Soluble calecium antimony complex salts can
likewise be obtained when different proportions
are used in the above example, for instance, 40
grams of calciura gluconate.

In a similar manner can be produced soluble
calcium antimony complex salts, for example, of
glucoheptonic acid.

Ezample 7.—A solution of 6 grams of gluconic
acid, 2.7 grams of crystallized ferric chloride
(6H:20) and 1.7 grams of anhydrous calcium chlo-
ride in 20 ces. of water is neutralized with 5N-
caustic soda. The solution is precipitated by
pouring into methylalcohol. After separation and
drying the calcium iron-gluconate of the prob-
able formula

[Fea<OCH2.(CHOH) 4.CO0>51Caz

is obtained as a light yellow powder, readily solu-
ble in water with a neutral reaction. Oxalic acid
precipitates calcium oxalate from the aqueous
solution. In an analogous manner calcium man-
ganese gluconate can be prepared.

Example 8.—4.9 grams of anhydrous calcium
glucohepionate, 1.35 grams of crystallized ferric
chlcride and one gram of calcium carbonate are
boiled in 20 ces. of water until the evolution of
carbon dioxide has ceased. The solution is fil-
tered and the caicium iron-glucoheptonate of the
probable formula,

[Fes<CCH2.(CHOH)5.CO0>;51Cazs

formed is precipitated by pouring info methyl-
alechol. After separation and drying the calcium
iron-glucchepionate forms a yellow powder which
is readily soluble in water.

Exzample 9—To a solution of 36 grams of glu-
conic acid lactone and 18 grams of lead acefate
in water 2N-milk of lime is added until the mix-
ture remains neutral. After standing for some
time the solution is filtered and the calcium lead
gluconate formed is precipitated by pouring into
methylalcohol. The precipitate is separated and
dried. A whitish powder which is readily soluble
in water with neutral reaction is obtained. From
the solution of the lead complex compound lead
sulfide is precipitated by means of hydrogen sul-
fide, ammonium oxalate precipitates calcium oxa-

3

late. The content of lead amounts to about 17
per cent. When other quantities of the compo-
nents are applied, products with another lead
content with analogous properties are cobtained.

In an analogous manner a complex compound
may be obtained when glucoheptonic acid lactone
is used as complex-forming starting component.

Ezxample 10—To 2 solution of 54 grams of glu-
conic acid lactone and 22 grams of stannous chio-
ride in water 2N-milk of lime is added while heat-~
ing on the water bath until the reaction of the
mixture remains neutral. The mixture is then
cooled, filtered, the calcium tin-gluconate formed
is precipitated by pouring into methylalecohol, the
precipitate is filtered with suction, washed and
dried in vacuo. A whitish powder is obtained
which is soluble in water with a neutral reaction.
The content of tin amounts to about 13 per cent.

In an analogous manner corresponding complex
salts, for example, of tetravalent tin when start-
ing with tetravalent tin compounds or of copper
or of titanium with gluconic acid or glucoheptonic
acid or lactobionic acid or galactonic acid are
cobtainable.

We claim:

1. Neutral complex compounds of iron with an
aliphatic polyhydroxy monocarboxylic acid of at
least 5 carbon atoms and containing at least 3
hydroxy groups bound fto 3 adjacent carbon
atoms, said complex compounds being neutral by
their content of an alkaline earth metal selected
from the class consisting of calcium and stron-
tium and being whitish powders, soluble in water
with about neutral reaction.

2. Neutral complex compounds of ircn with an
aliphatic polyhydroxy monccarboxylic acid of 5
to 7 carbon atoms and containing at least 3 hy-
droxy groups bound to three adjacent carbon
atoms, said complex compounds being neutral by
the content of calcium, being whitish powders,
soluble in water with about neutral reaction.

3. Neutrai calcium ferric-gluconate, being a
white powder, containing about 8% of iron, being
soluble in water with about neutral reaction.

HANS SCHMIDT.
HEINRICH JUNG.
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