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(587) Abstract: The invention relates to biocidal polymers with a guanidine salt base, characterised in that they are representatives of
the series of polyoxyalkylene guamdines and their salts and in that they represent a product of the polycondensation of the guanidine
\& salt with diamines containing polyoxyalkylene chains between two amino groups. Apart from having a strong bactericidal effect,
I~ these novel polymer products have relatively low toxicity and high hydrophilicity, dissolve quickly and completely in water and have
\& high relative molecular mass values and distinctive characteristics of polymeric surface-active substances.

Al

(57) Zusammenfassung: Die Erfindung betrifft biozide Polymere auf Basis von Guanidinsalzen, die sich dadurch auszeichnen, dass
sie Vertreter der Reihe der Polyoxyalkylen-Gaunidine und deren Salze sind und ein Produkt der Polykondensation des Guanidinsalzes
mit Diaminen darstellen, welche Polyoxyalkylenketten zwischen zwei Aminogruppen enthalten. Diese neuen Polymerprodukte wei-
sen neben einer hohen Bakteriziditét eine relativ geringe Toxizitdt, eine erhohte Hydrophilie, eine rasche und vollstindige Auflésung
in Wasser, erhohte Werte der relativen Molekularmasse sowie ausgeprigte Eigenschaften polymerer oberflichenaktiver Substanzen

auf.

WO 01/85



10

20

30

CA 02408191 2002-11-06

BIOCIDAL POLYMERS BASED ON GUANIDINE SALTS

- The 1invention relates ¢to biocidal polymers based on

guanidine salts which are used as disinfectants in
medlcine, veterinary medicine, sewer treatments,
households, and all Dbranches of the economy which
require biocidal preparations. Additionally, the
invention relates to a process for producing such
salts.

The purpose of the present invention is the production
of a homogenous and pure disinfectant of a high
molecular weight based on guanidine salts Dbeing
provided with low toxicity but with a highly biocidal
activity, a greater relative molar mass, a higher
hydrophily, and the characteristics of surface active
substances.

This 1s attained in the guanidine derivatives being a
product of polycondensation of a guanidine acid
addition salt and diamines containing two amino groups
and polyoxyalkylene chains therebetween.

The production of this product occurs according to the
invention such that the liquid diamines are exposed to
the polycondensation with guanidine salts in a medium
of liquid diamines permanently being thoroughly mixed
from the beginning of the reaction to its completion at
a ralsed temperature and the duration of the
prolycondensation being in the range of 9 - 16 hours,
depending on the type of diamine used. '

According to the present invention the performance of
the reaction 1s ensured 1in a 1liquid phase under
permanent thorough mixing from the beginning to the
completion in the range of the synthesis. Thus, the
requlred homogenization of the systems, the observation
of the required mol relations of the reagents during
the process of the reaction, i.e., a high quality of
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the product, the facilitation of the technical
equipment for the process and a facilitation of the
security requirements demanded from such a process are
provided.

In particular, triethylene glycol diamine having a
relative molar mass of 148 and polyoxyalkylene diamines
of wvarious compositions are processed with the
guanidine acid addition salts. Here, a large number of
biocidal polymers of a polycationic nature can be
produced having a high activity and a low toxicity.
These polymers can be used practically as disinfectants
for various purposes.

Salts of 1i1norganic and organic acilds are examples for
the guanidine acid addition salts suitable for the
performance of the polycondensation reaction of
triethylene glycol diamine with polyoxyalkylene
diamines, such as hydrochlorides, dihydrogen
phosphates, carbonates, sorbates, nitrates,
hydroacetates, gluconates, citrates, and silicates.

The suggested diamines are liquids having a high level
of hydrophily, a low volatility, and a relatively low
vapor pressure ensuring that no diamine wvapors are
present during the reaction process, neither in the
reaction apparatus nor in the environment, and that no
changes in the molar relations of the reagents occur
during the reaction process. The utilization of the
listed diamines allows the thorough mixing in a liquid
reaction medium from the beginning of the reaction to
its completion, 1.e., an effective control of the

process.

The reaction preferably occurs at an original molar
relation of the reagents guanidine salt and DA of 1:1
under permanent thorough mixing at temperatures ranging
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from 140 °C to 190 °C depending on the type of the
diamine used. For the reaction a common, pure guanine
salt (99 % purity) 1s used. As a result, new polymer
biocides are produced on the base 0f guanidine salt,
the water-soluble polyoxvyvalkylene guanidine salts,
which are provided with an 1i1increased bactericidity and
a better level of hydrophily and prominent
characteristics of polymer surface active substances.
The value of minimum inhibitive concentration in % for
E.coli is 0.00008, i.e., 1t 1s considerably better than
for PHMG; the relative molar mass Mw = 13,500 is higher
than for PHMG, the toxicity 1is lower, namely LDsy =
3400 mg/kg for rats compared to PHMG having LDso = 2500

ng/kg.

The achieved results can be demonstrated using the
following examples with the examples 1 through 4 being
correspondent to the enclosed table:

Example 1:

At a room temperature of 20 °C, 25,28 (0.17 Mol) liquid
diamine - triethylene glycol diamine (TEDA) (H,N-CH,CH,-
O-CH,CH,-0-CH,CH,-NH,) 1s filled into a three-necked
piston having a capacity of 250 ml and being provided
with a mixing device and an air cooler. Subsequently,
16.34 g (0.17 Mol) of powdered guanidine hydrochloride
(GHC1) 1s inserted into the piston. Under permanent
thorough mixing the piston is heated to a temperature
of 150 °C for the duration of 5 hours. Depending on the
progression of the reaction, the viscosity of the
reaction medium 1increases parallel to the release of
ammonia 1in the form of a gas. A probe was taken from
the reaction apparatus in this state of the process.
This resinous, vyellow product 1s hydrophilic and
quickly dilutes 1n water in its entirety. The weighted-
in quantity of the dried sample of this product (sample
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la) was diluted in water and its characteristic
viscosity was measured using an Ubbelohde-viscosimeter.
The result [n] = 0.04 dl/g proves that, in this state
of the reaction already, a polymer product 1s formed
having an average weight of the relative molar mass Mw
= 2500. This product is already provided with biocidal
characteristics (see table) .

Subsequently, the heating continues for another 2 hours
at a temperature of 170 °C simultaneously nixing the
liquid reaction mixture thoroughly. Here, the gas
development and the increase of the viscosity of the
reaction medium continues as well. After the mentioned
reaction time of 9 hours at a temperature of 170 °C,
another probe No. 1 b) was taken from the reaction
system. The color intensity of the polymer probe
increased to a light brown. The measuring of the
characteristic viscosity of this sample 1 b) results 1in
a value [n] = 0.07 dl/g which correlates to an average
weight of the relative molar mass Mw = 5800, which
means that the relative molar mass increases during the
progression of the reaction. The  bactericidity
increases as well, see table. Since a gas development
can still be observed after an exposure for the
duration of 9 hours at a temperature of 170 °C, i.e.,
the reaction was not completed, the heating of the
reaction system was continued for another 4 hours at a
temperature of 170 °C. Subsequently, the development of

gas and the reaction were completed.

Finally, another polymer sample 1 c¢) was taken and its
characteristic viscosity values were measured, ([n] =
0.085 dl/g, which corresponds to a relative molar mass
of Mw = 9100. The product of the reaction quickly
dilutes in water in its entirety and is provided with a
considerable hydrophily.
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Determining the components o0f the separate elements of
the polymer product resulted in the following:

It was determined in %: C€C-40,4; 40,25; N-19,7; 19,85;
H — 7.4; 7, 456.

It was calculated for CsN30,Cl H;¢ in %: CcC-40,1; N-
20,04; H-7,63.

Thus, a new polymer product was produced which
corresponds 1n 1ts composition to polytriethylene
glycol guanidine hydrochloride. The final product of
the experiment described 1is produced in a quantity
yvield of 98.7 %. It 1s of low toxicity, the oral dose
for rats is LDsg = 3100 mg/kg, i.e., it 1is provided
with a considerably lower toxicity than PHMG (see
table) and a high bactericidal activity.

Example 2:

The same original ingredients are 1inserted 1into the
reaction piston in the same amount and in the same mol
relation as 1n example 1. Under permanent thorough
mixing, the reaction occurs from the beginning to the
completion at a temperature of 150 °C for the duration
of 25 hours until no more ammonia 1s released. The
reaction product achieved 1s water-soluble, has a light
brown color, and a yield of 99.1 $%. The reaction
product corresponds in the composition of its elements

to polyethylene glycol guanidine hydrochloride.

Composition of the elements:
It was determined 1in %: C-40.7; N-19.65; H-7.6

It was calculated 1in %: C-40.01; N-20.04; H-7.63.
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The characteristic viscosity of this sample (sample 2)
was measured in [n)] = 0.11 (Mw = 11800). This sample 1is
provided with a higher bactericidal activity and a
lower toxicity than PHMG (see table.)

Example 3:

In a three-necked piston having a capacity of 250 ml
and being provided with a mixing device and an alr
cooler, 48 g (0.208 mol) 1liqulid polyoxypropylene
diamine is inserted at a room temperature of 20 °C
having the following structure:

H,N-CH-CH, [O-CH,—-CH ]} x\NH;

| |
CHj; CH; X=2.606

has a molar weight of 230 and an equimolar amount of
powdered guanidine hydrochloride (GHCl1l) of 19g (0.208
mol). Under permanent thorough mixing, the mixture 1is
heated, first for the duration of 2 hours at a
temperature of 150 °C, and then for the duration of 9
hours at a temperature of 170 °C. In this state, the
sample 3 a) is taken from the reaction mixture, a
hydrophile, sticky product of a light brown color, and
its characteristic viscosity 1is measured: [n] = 0.045
dl/g which corresponds to a molar weight Mw = 3000.
Furthermore, the heating is continued for the duration
of another 9 hours at a temperature of 170 °C until no
more ammonia is released, 1.e., to the completion of
the reaction. The yield of the final product 1s 98.9 3%.

According to the data of the analyslis of the separate
elements, the final product corresponds to the required
formula of polyoxypropylene guanidine hydrochloride.

It was determined in %: C~50.85; N - 13.35; H - 9.0
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It was calculated in %: c - 50.4; N - 13.57; H -
| 5 €9 | S |

The characteristic viscosity of the final product of
the reaction, the sample 3 b) was determined [(n] = 0.12
which corresponds to a molar weight Mw - 12500, i.e.,
it 1s higher than in the case of PHMG.

The determination of the bactericidity (E.coli: stock
No. 2590) for sample 3 b) has shown a higher biocidal
activity and a lower toxiclity in relation to PHMG (see
table) .

Example 4:

In a three-necked piston having a capacity of 250 ml
and being provided with a mixing device and an air
cooler, 124.8 g (0.208 mol) ligquid diamine -
polyoxyethylene diamine / polyoxypropylene - with a
molar weight of 600 1is 1inserted at a room temperature
of 20 °C having the following structural formula:

CHs- CHs; CHj

| | |
H,NCHCH,~ (OCHCH;) .~ (OCH,CH,) ,— (OCH,CH) .~NH;

atc=2.5, b=8.5
and 19g (0.208 mol) guanidine hydrochloride (GHC1).

Furthermore, the reaction mixture was heated for the
duration of 25 hours at a temperature of 150 °C under
permanent thorough mixing. During the progression of
the reaction a release of ammonia and an increase of
viscosity o©of the reactional system occurred. After
heating for the duration of 25 hours no more ammonia




CA 02408191 2002-11-06

Example 5:

Production of ©polytriethylene glycol - guanidine

dihydrogen phosphate.

In a three-necked piston having a capacity of 250 ml
and being provided with a mechanical mixing device and
an air cooler, 47.5 g (0.32 mol) 1liquid triethylene
glycol diamine (relative molar mass 148) are 1inserted
at room temperature. Subsequently, 50.24g (0.32 mol)
powdered guanidine dihydrogen phosphate (relative molar
mass 157) is inserted into the piston, 1i.e., 1n the
molar relation of the reagents 1:1. The piston with the
liquid reaction mass is inserted into an oil-bath with
a temperature regulator. The reaction mass 1s heated
within of 11 hours to a temperature of 170 °C,
permanently being mixed. From the first minutes of the
mentioned thermal regulation on, an intensive release
of ammonia occurred (coloration of 1indicator papers)
proving the Process of the reaction of
polycondensation. During the progression of the
reaction, the reaction mass becomes thickened and a
foam formation can be visually observed. The reaction
mixture gradually changed into a resin having a white
color with its volume exceeding the volume of the
original liquid mixture. As soon as the release of
ammonia gas 1is completed this reaction concludes as
well. After the piston has cooled, the polymer resin 1s
removed from the piston with the aid of a spatula and
is ground into powder by means of a mortar, providing a
higher hydrophoby in relation to polyoxytriethylene
glycol guanidine hydrochloride, but simultaneously
being quickly soluble in water. The experiment resulted
in a yield of approximately 84.5 g of the final polymer
product. The characteristic viscosity of the produced

polymer was measured: 0.4 N in an aqgueous
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sodiumchloride solution at 25 °C. The viscosity 1s [n]
= 0.056 dl/g.

Analysis of the elements of the produced polymer:

Calculated for C;N3O¢PH;g: C - 30.99 %, N - 15.49 %, O -
35.42 %[ P = 11.44 %{ H =

6.64 %

Discovered: C - 31.38 %, N - 15.25 %, P - 11.67 %, H -
.49 %.

The analysis proves the consistency of the produced
polymer with the required structure.

The biocidal characteristics of the produced polymer
were examined. For two types of bacteria the value of
the minimum inhibitive concentration in the unit
(ng/ml) was determined. In case of E-coli bacteria the
value is 2.1 wng/ml; in case of Ps aeruginosa - 6.2
ng/ml. This confirms the high 1level of bilocidal
activity of the produced polymer. Some toxicological
characteristic values of the polymer were examilned as
well, the wvalue LDso (oral dose) for rats was
determined. This value is 3200 mg/kg which proves the

low toxicity of the polymer.

Example 6:

Production of polytriethylene glycol guanidine

carbonate.

In a three-necked piston having a capacity of 1 1 and
being provided with a mechanical mixing device and an
air cooler, 148 g (1 mol) 1liquid triethylene glycol
diamine and, subsequently, 121 g (1 mol) powdered

guanidine carbonate are inserted at room temperature.
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Under permanent thorough mixing, the piston 1s heated
in an oil bath; here, a rather homogenous mixing of the
reagents occur. An intensive reaction with a release of
ammonia starts at a temperature of 140 °C. The original
mixture is maintained at this temperature (140 °C) for
the duration of 15 hours. Subsequently it thickens and
transforms into a light yellow mass in the shape of a
foam having a volume that considerably exceeds the
volume of the original reaction mass. After the piston
has cooled, the polymer resin is removed therefrom with
the aid of a spatula and is ground in a mortar into a
powder having a light color which is provided with a
rather high level of hydrophoby. As a result of the
experiment, approximately 232 g of a limitedly water-
soluble polymer - polytriethylene glycol guanidine
carbonate was produced having a characteristic
viscosity of [n] = 0.065 dl/g (measured at 25 °C in a
0.4 N aqueous NaCl-solution).

Analysis of the elements of the produced polymer:

Calculated for CgN3;OsH;7: c-40.85 %, N-17.87 %, O -
34.04 %, H - 7.23 %

Discovered: C - 41.31 %, N - 17.65 %, H - 7.03 %.

The analysis proves that the results of the experiment

correspond to the calculations as desired.

The value of minimum inhibition concentration (pg/ml)
for E-coli-bacteria was determined for the produced
polymer - polytriethylene glycol guanidine carbonate.
The value of minimum inhibition concentration 1s 20

mg/ml confirming the biocidal activity of the produced

polymer.




CA 02408191 2002-11-06

_..12_

Table

Characteristics of synthetic polyoxyalkylene guanidine

hydrochlorides

Bactericidity { Toxicity
Oral dose LDsgg
mg/kg (for

Sample No. | Characteristic | Average

minimum

viscosity [n] weight of
= dl/g
measured 1n
0.1 n NaCl-
solution at 25

°C

the relative | inhibition

molar mass — | concentration | rats)

Mw =

in § (E-colj,
stock 2590)

0.0007
0.003
0.0015
0.001
0.0003
0.002
0.0001
0.00007

Prototype
1l a)
1l b)

1 ¢)
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CLAIMS

A biocidal polymer guanidine derivative based on
diamines which 1nclude two amino groups and
oxyalkyl <chains therebetween, characterized 1in
that the guanidine derivatives are a product of a
polycondensation of a guanidine acid addition salt
with diamines which 1nclude polyalkyl chains
between two amino groups.

The Dbiocidal polymer according to claim 1,
characterized 1in that representatives of a number
of polyoxvalkylene guanidine salts are such that
have triethylene glycol dliamine (relative
molecular mass 148), polyoxy propylene diamine
(relative molar mass 230), and polyoxyethylene
diamine (relative molar mass 600).

A process for producing polyoxyalkylene guanidine
salts using diamines which are included between
two amino groups in a liquid medium, characterized
in that the liquid diamines are exposed to the
polycondensation with guanidine salts in a medium
of liquid diamine under permanent thorough mixing
from the beginning to the completion of the
reaction at an 1increased temperature and at the
duration of the polycondensation of 9 - 16 hours
depending of the diamine used.

The process according to claim 3, characterized in
that the polycondensation reaction is performed at
an original mol relation of the reagents of 1:1.

The  process according to claim 3 or 4,
characterized in that the polycondensation
reaction is performed at temperatures between 140
~ 190 °C.
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A process for producing polyoxyalkylene guanidine
hydrochlorides, characterized in that the reaction
of the polycondensation of guanidine hydrochloride
and liquid diamines with the polyoxyalkylene group
and the two amino groups occurs at an original mol
relation of reagents of 1l:1 in a liquid reaction
medium (in the medium of liquid diamlne) under
permanent thorough mixing from the beginning to
the completion of the reaction at temperatures of
150 - 170 °C and at the duration of the
polycondensation of 18 - 25 hours depending on the
diamines used. |

The process according to claim 6, characterized in
that the reciprocal effect of guanidine
hydrochloride with triethylene glycol diamine
having a relative molar mass of 148 occurs at
temperatures: from the beginning at 150 °C for the
duration of 5 hours and subsequently at 170 °C for
the duration of 13 hours, or at a temperature of
150 °C within of 25 hours.

The process according to claim 6, characterized in
that the reciprocal effect of guanidine
hydrochloride with polyoxypropylene diamine having
a relative molar mass of 230 occurs at a
temperature of 150 °C within of 2 hours and,
subsequently, at a temperature of 170 °C within of
18 hours.

. The process according to claim 6, characterized

in that the reciprocal effect of guanidine
hydrochloride occurs with polyoxyethylene diamine
having a relative molar mass of 600 at a
temperature of 150 °C within of 25 hours.
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10. Biocidal polymers produced according one of the

claims 3-9.

11. Biocidal polymers according to claim 10,
charakterized in that the polymers having a
charakteristic viscosity n between 0,056 and 0,13.

12. Biocidal polymers produced according claim 6.

13. Biocidal polymers according claim 12,
charakterized in that the polymers having a
charakteristic viscosity n between 0,085 and 0,13
and a average weight of the relative molar mass Mw
between 9100 and 13500.

14. Biocidal polymers according claim 12 or 13,
charakterized in that the polymers having a
minimum inhibition concentration in % (E.coll,
stock 2590) between 0,001 and 0,00007.

15. Use of biocidal polymers according claim 1, 2 and
10 to 14 as biocides with low toxicity.
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