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No.: 8668-00-WO METHODS FOR PRODUCTION OF ARGININE BICARBONATE AT LOW
PRESSURE CROSS REFERENCE TO RELATED APPLICATIONS [0001] This application
claims priority to U.S. Provisional Patent Application No. 61/287,843,
filed on 18 December 2009, which is incorporated herein by reference.
BACKGROUND [0002] Arginine bicarbonate has use in various industrial
applications, including use in personal care compositions, such as oral
care compositions. For example, U.S. Patent No. 6,524,558 describes the use
of arginine bicarbonate and calcium carbonate for preventing or treating
dental hypersensitivity. As the industrial requirements for arginine
bicarbonate increase, so will the need for improved processes and methods
for its manufacture. [0003] PCT published application W02009/100267
describes methods of production of arginine bicarbonate. [0004] Arginine
bicarbonate may be produced by bubbling carbon dioxide gas through a
saturated arginine aqueous solution at room temperature and pressure. U.S.
Patent No. 6,217,851 describes preparing arginine bicarbonate from arginine
hydroxide by bubbling carbon dioxide or by adding dry ice in excess into a
solution of arginine free base. However, the efficiency of the existing
process needs to be improved. The existing process is slow, requiring 24 to
48 hours to complete the reaction. Carbon dioxide has very limited
solubility in water, and releasing the gas into the solution produces a
maximum concentration of 1.2x10-5M at room temperature and its natural
partial pressure (3.5x10- 4 atmosphere). The solubility of arginine in
water is only 15% weight/weight at room temperature. Producing a
concentrated arginine bicarbonate solution (e.g.,40%) requires the
continual addition of arginine to the solution, thereby increasing
production time and requiring constant monitoring of the reaction. Thus,
there is a need to improve methods to manufacture arginine bicarbonate.
SUMMARY [0005] Methods for manufacturing arginine bicarbonate. The methods
represent a significant improvement over existing techniques, as
concentrated solutions of about 50%, and in certain embodiments 70% w/w of
arginine and bicarbonate anions may be produced in as little as  
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about 120 minutes (vs. about 24 - 48 hours to produce far lower
concentrations of arginine bicarbonate using the prior art methods),
followed by faster and easier recovery processes of arginine bicarbonate
salt from the solution. [0006] In one embodiment, a method of producing
arginine bicarbonate including contacting carbon dioxide gas having a
pressure of from 6895 Pa (1 psi) to 68947 Pa (10 psi) with a starting
slurry containing arginine at a temperature of 60C to 80C, to form a slurry
or solution including arginine and bicarbonate anion, contacting the
solution or slurry with carbon dioxide until the about slurry or solution
has a concentration of arginine bicarbonate above 50% and a pH below 9, and
recovering arginine bicarbonate from the solution. [0007] In another
embodiment, a process for producing arginine bicarbonate is disclosed that
includes contacting an arginine water slurry in a ratio of arginine to
water of 60:40 with carbon dioxide having a pressure of from 6895 Pa (1
psi) to 68947 Pa (10 psi), heating the arginine slurry to a temperature of
from 60 C to 80 C for the duration of the reaction until a slurry or
solution containing at least 50% arginine bicarbonate having a pH of less
than 9 is formed, cooling the resulting slurry or solution to 25 C, to form
a solution of arginine bicarbonate having a concentration of arginine
bicarbonate of about 50% by weight. BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Certain embodiments are described in the examples that follow and
illustrated in the figure appended hereto. [0009] Figure 1 illustrates a
pilot plant design for preparing arginine bicarbonate at low pressures.
DETAILED DESCRIPTION [0010] As used throughout, ranges are used as a
shorthand for describing each and every value that is within the range. Any
value within the range can be selected as the terminus of the range. In
addition, all references cited herein are hereby incorporated by reference
in their entireties. In the event of a conflict in a definition in the
present disclosure and that of a cited reference, the present disclosure
controls. In addition, the compositions and the methods may comprise,
consist essentially of, or consist of the elements described therein.
[0011] Unless otherwise specified, all percentages and amounts expressed
herein and elsewhere in the specification should be understood to refer to
percentages by weight. The  
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given are based on the active weight of the material. The recitation of a
specific value herein is intended to denote that value, plus or minus a
degree of variability to account for errors in measurements. For example,
an amount of 10% may include 9.5% or 10.5%, given the degree of error in
measurement that will be appreciated and understood by those having
ordinary skill in the art. The method involves a surprisingly simple
reaction to produce a high concentration of arginine bicarbonate salt by
reacting a source of gaseous carbon dioxide and an arginine slurry under
elevated temperature and low pressure to form an arginine and bicarbonate
anion solution, wherein the salt is then recovered from solution. The
initial reaction is faster than existing methods, 90 minutes vs. over 24
hours, and yields a more concentrated solution of arginine and bicarbonate
anion (above 50%, and in certain embodiments 70% or above, vs. 40%). [0012]
In one embodiment, a method of producing arginine bicarbonate including
contacting carbon dioxide gas having a pressure of from 6895 Pa (1 psi) to
68947 Pa (10 psi) with a starting slurry containing arginine at a
temperature of 60C to 80C, to form a slurry or solution including arginine
and bicarbonate anion, contacting the solution or slurry with carbon
dioxide until the about slurry or solution has a concentration of arginine
bicarbonate above 50% and a pH below 9, and recovering arginine bicarbonate
from the solution. The expression "solution or slurry" is used because as
the reaction proceeds, the slurry gradually becomes a solution as more and
more arginine is dissolved and arginine bicarbonate is produced. As
described in more detail below, the reaction is completed when little or no
arginine remains in slurry and the solution becomes clear or colorless.
Accordingly, during the process of making arginine bicarbonate, the slurry
containing arginine will eventually become a solution containing arginine
bicarbonate. [0013] In another embodiment, a process for producing arginine
bicarbonate is disclosed that includes contacting an arginine water slurry
in a ratio of arginine to water of 60:40 with carbon dioxide having a
pressure of from 6895 Pa (1 psi) to 68947 Pa (10 psi), heating the arginine
slurry to a temperature of from 60 C to 80 C for the duration of the
reaction until a slurry or solution containing at least 50% arginine
bicarbonate having a pH of less than 9 is formed, cooling the resulting
slurry or solution to 25 C, to form a solution of arginine bicarbonate
having a concentration of arginine bicarbonate of about 50% by weight.  WO
2011/075472PCT/US2010/060266 Attorney Docket No.: 8668-00-WO [0014] In one
embodiment the arginine slurry includes arginine and a solvent, in certain
embodiments water, wherein the slurry is from 10% to 90% by weight arginine
in free base or salt form. In a certain embodiment, the arginine water
slurry is in a ratio of 60:40 w/w arginine to water. In some cases,
subsequent portions of arginine may optionally be added until the ratio of
arginine to water is in excess of 1.8:1, in certain embodiments in excess
of 1.9:1, and in other embodiments in excess of 2.5:1. [0015] The arginine
used in certain embodiments is selected from L-arginine, D-arginine, or a
mixture thereof. The arginine also can be provided by arginine hydroxide,
arginine hydrochloride, or a mixture thereof. [0016] In the methods, the
carbon dioxide can be provided to the reaction as a gas under pressure as
from 6895 Pa (1 psi) to 68947 Pa (10 psi), in certain embodiments from
34474 Pa (5 psi) to 68947 Pa (10 psi). [0017] In another embodiment, the
bicarbonate ion can be generated by providing sodium bicarbonate to the
slurry. In another embodiment, the arginine slurry and carbon dioxide gas
are maintained under elevated temperature from 90 minutes to 120 minutes.
Those having ordinary skill in the art will appreciate that while the
reaction can proceed for as little as 90 minutes for lab or pilot scale
production of arginine bicarbonate, commercial quantity scale production of
arginine bicarbonate typically will take longer, up to 5 hours. The
arginine slurry and carbon dioxide therefore can be maintained under
elevated temperature for 90 minutes to 5 hours, in certain embodiments from
90 minutes to 4 hours, and in other embodiments from 90 minutes to 2-4
hours, for commercial scale production. 



[0018] In another aspect, the arginine slurry can first be heated to a
temperature within the range of from 30 C to 80 C, in certain embodiments
from 60 C to 80 C for the duration of the reaction, then cooled to a
temperature within the range of from 0 C to 40 C, in certain embodiments
from 0 C to 25 C after completion of the reaction. The arginine slurry used
in certain embodiments has a pH of from 10 to 14. By utilizing the methods,
arginine bicarbonate solutions are provided having a pH from 7 to 10, in
certain embodiments from 8.3 to 8.5 (or from 7.0 to 9.0). That is, the
reaction is believed to be substantially completed when the pH of the
resulting solution containing the arginine bicarbonate is below 9.0. In one
embodiment, the arginine bicarbonate can be recovered from the solution by
evaporation or precipitation.  WO 2011/075472PCT/US2010/060266 Attorney
Docket No.: 8668-00-WO [0019] The present method in certain embodiments
begins with the formation of an arginine slurry comprising arginine and a
solvent, in certain embodiments water. As arginine free base is only
slightly soluble in water at room temperature, the addition of arginine to
water forms a slurry, wherein a majority of the arginine is insoluble. Any
form of arginine may be utilized to form the slurry, e.g., arginine free
base (in D or L form, usually L-form), or an arginine salt. It is
understood that various arginine salts, e.g., hydrochloride, and
pharmaceutically acceptable salts, may be substantially more soluble in
water than arginine free base, and this may allow for the production of
more concentrated arginine and bicarbonate anion solution. Thus, salts may
be used or mixtures of free base and salts may be used in combination to
form the slurry. [0020] The slurry is produced by the addition of 10% to
90% weight of arginine to the solvent, e.g., 20% to 80%, 30% to 70%, 40% to
60%. The slurry may then be agitated to create a homogenous mixture. The
initial pH of the slurry is generally 12 for arginine free base, e.g., 10
to 13. [0021] In one embodiment, the arginine water slurry is in a ratio of
60:40 by weight. In one embodiment, the slurry may be heated to 30C to 80C,
e.g., to 40C to 50C, to 55C, to 60C, to 65C, or to 70C to increase the
solubility of the arginine in the solvent, which is in certain embodiments
water. In one embodiment, the arginine water slurry is first heated from
60C to 80C. [0022] The reaction between carbon dioxide in gaseous form and
water is well known in the art, wherein carbonic acid is initially formed,
and disassociates into bicarbonate and hydrogen ions. The bicarbonate then
further disassociates into carbonate and an additional hydrogen ion. Carbon
dioxide is added to the arginine slurry in a pressurized vessel to form
bicarbonate anions, resulting in a protonated arginine cation and a
bicarbonate anion solution. [0023] The equilibrium of carbon
dioxide/carbonic acid and arginine is set forth in Reactions 1 and 2 below,
respectively. When carbon dioxide is purged in to water, it will form
carbonic acid and bicarbonate, and then react with the very basic arginine
molecule to form argininebicarbonate, as shown in Reaction 3. (1) -1025  
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[0024] The solubility of carbon dioxide into the slurry may be increased by
decreasing the temperature of the solution; however, this decreases the
solubility of the arginine. Thus, it is desired that a careful balance be
maintained between solubility of both components. Thus, in one embodiment,
the pressurized vessel may be temperature controlled. One method of
increasing the solubility of the carbon dioxide into the slurry is to
provide the carbon dioxide at a lower temperature than that of a slurry,
for example, by introducing carbon dioxide as dry ice, or a cooled gas. In
certain embodiments, carbon dioxide gas is used. Additionally, direct
cooling of the slurry may be carried out. [0025] The solubility of carbon
dioxide into the slurry may be increased by increasing the partial pressure
of the carbon dioxide in the reaction vessel. Thus, the reaction between
the carbon dioxide and the arginine slurry may occur at higher pressures,
although higher pressures are not selected for all embodiments. If a higher
pressure were used, the reaction may occur from 34474 Pa (5 psi) to 1034214
Pa (150 psi), e.g., 344738 Pa (50 psi), to 413685 Pa (60 psi), to 482633 Pa
(70 psi), to 551580 Pa (80 psi), to 620528 Pa (90 psi), to 689476 Pa (100
psi), to 758423 Pa (110 psi), to Pa 827371 Pa (120 psi), or to 965266 Pa
(140 psi). [0026] In one embodiment, the reaction between the arginine
slurry and gaseous carbon dioxide was conducted at a pressure from 6895 Pa
(1 psi) to no more than 68947 Pa (10 psi) in order to meet safety
conditions of good manufacturing processes and utilize equipment that did
not require a high pressure permit. In certain embodiments the pressure is
from 34473 (5 psi) to 68947 Pa (10 psi). [0027] The reaction between the
arginine slurry and carbon dioxide in certain embodiments is allowed to
proceed for 10 to 120 minutes. The completion of the reaction may be gauged
by  WO 2011/075472PCT/US2010/060266 Attorney Docket No.: 8668-00-WO
monitoring the presence of undissolved arginine in the slurry, as arginine
in the presence of bicarbonate anions are highly soluble compared to the
arginine slurry. Another method to monitor the reaction is to measure the
pH of the solution in the reaction vessel directly, or sample the solution
and measure its pH in an open container at room temperature. [0028]
Depending on the completion of the reaction, in certain embodiments, no
solid arginine remains, and the arginine and bicarbonate anion solution is
clear and colorless, and the pH is less than 9.0. Optionally, additional
carbon dioxide may be added to the reaction vessel. Following the
production of the arginine bicarbonate solution, the arginine bicarbonate
salt may be recovered by any means known by those of skill in the art. In
one embodiment, the solvent is evaporated, e.g., by heating, spray drying,
or freeze drying. In another embodiment, the salt is precipitated from
solution by the addition of alcohol. Alternatively, the arginine
bicarbonate solution can be used as is, as a concentrated solution, without
recovering the arginine bicarbonate. Upon completion of the reaction, the
arginine bicarbonate solution in certain embodiments has a final
concentration in excess of 50%, in certain embodiments in excess of 60%, in
other embodiments, in excess of 65%, in other embodiments in excess of 70%,
by weight, based on the total weight. [0029] The present methods may be
utilized to produce arginine bicarbonate in single batches, or may be used
in a continuous process, such as in continuous stirred tank reactors,
fluidized bed reactors, and plug flow reactors. Those skilled in the art
will be capable of carrying out the methods described herein in single
batch or continuous processes, using the guidelines provided herein. [0030]
In one embodiment, in order to ensure turbulent conditions that facilitate
and increase the reaction speed, a compressed air blower can be utilized to
recirculate the carbon dioxide gas present in the reaction vessel. [0031]
As used throughout, ranges are used as shorthand for describing each and
every value that is within the range. Any value within the range can be
selected as the terminus of the range. In addition, all references cited
herein are hereby incorporated by reference in their entireties. In the
event of a conflict in a definition in the present disclosure and that of a
cited reference, the present disclosure controls. It is understood that
when formulations are described, they may be described in terms of their
ingredients, as is common in the art, notwithstanding that these
ingredients may react with one another in the actual formulation as it 
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stored and used, and such products are intended to be covered by the
formulations described. [0032] The following examples further describe and
demonstrate illustrative embodiments within the scope of the present
invention. These examples and other embodiments described herein are
exemplary and not intended to be limiting in describing the full scope of
compositions and methods of this invention. Equivalent changes,
modifications and variations of specific embodiments, materials,
compositions and methods may be made within the scope of the present
invention, with substantially similar results. SPECIFIC EMBODIMENTS EXAMPLE
1 [0033] A slurry of pH 12 containing 50% L-arginine by weight and 50%
water by weight is prepared by mixing 85 g of L-arginine with 85 g of water
at room temperature. The slurry is heated to 55 C under gentle agitation.
Approximately 50% of the L-arginine is determined to be dissolved by visual
observation. EXAMPLE 2 [0034] Twenty-five (25) grams of dry ice particles
are added to the slurry produced in EXAMPLE 1, and the mixture is
transferred to a pressurized vessel. The dry ice is allowed to sublime in
order to purge atmospheric air from the vessel, and then the vessel is
sealed. Pressure in the vessel is allowed to increase to 551580 Pa (80
psi), and the solution is 



maintained under pressure for 3 minutes. The vessel is opened, and a small
amount of unreacted arginine is observed at the bottom of the vessel.
EXAMPLE 3 [0035] The solution of EXAMPLE 2 is stirred with a spatula to
make a suspension. Ten (10) grams of dry ice is added to the vessel, and
the vessel is sealed. The pressure is allowed to increase to, and
maintained at 620528 Pa (90 psi). The vessel is opened after 3 minutes, and
a thick clear colorless solution is observed without precipitation. The
solution had dropped to 12  C producing an arginine bicarbonate solution of
60% concentration, and a final pH of 8.8. Arginine bicarbonate salt is
recovered by freeze drying. EXAMPLE 4 [0036] A plant scale up process as
illustrated in Figure 1 is designed to produce arginine bicarbonate.
Process conditions are determined in order to produce arginine bicarbonate
at a WO 2011/075472PCT/US2010/060266 Attorney Docket No.: 8668-00-WO low
capital investment based on plant suitable equipment availability and
safety conditions that did not require a high pressure permit. 85% pure
L-arginine and deionized water are added via lines 25 and 30 respectively
to a 50 gallon vessel 100 equipped with a mixer. CO2 gas is added via line
20 to the slurry and allowed to react. The initial temperature of the
reaction vessel is increased from about 60C - 65C (140F - 150F) to about
70C -75 C (158F - 167F) and then cooled to a final temperature of about 25C
- 30C (77 F - 86F). The pressure in the reaction vessel is maintained at
68947 Pa (10 psi) based on lower inlet pressure. A blower connected to line
10 is used to recirculate the carbon dioxide gas in order to increase the
reaction speed. A vent 40 also is provided. The reaction is allowed to
proceed and the estimated batch completion time is about 89-91 minutes. The
final pH of the arginine bicarbonate solution is from about 8.3 to about
8.5. The amount of carbon dioxide gas required for full 1:1 conversion of
60 kg of L-arginine water slurry is about 15.15 kg. An arginine bicarbonate
solution of 70.65% by weight is obtained via product line 50. 



This example illustrates a low pressure, high temperature economical
process of preparing an arginine bicarbonate solution in about 70% yield by
using equipment that did not require a high pressure permit.  WO
2011/075472PCT/US2010/060266 Attorney Docket No.: 8668-00-WO CLAIMS WHAT IS
CLAIMED IS 1. A method of producing arginine bicarbonate comprising:
contacting carbon dioxide gas having a pressure of from 6895 Pa (1 psi) to
68947 Pa (10 psi) with a starting slurry containing arginine at a
temperature of 60C to 80C to form a slurry or solution including arginine
and bicarbonate anion; contacting the slurry or solution with carbon
dioxide until the slurry or solution forms a solution having a pH below 9;
and recovering arginine bicarbonate from the solution. 2. The method of
claim 1 wherein the arginine slurry comprises arginine and a solvent
wherein the slurry comprises 10% to 90% by weight arginine in free base or
salt form. 3. The method of any preceding claim, wherein the solvent is
water. 



4. The method of any preceding claim, wherein the arginine water slurry is
in a ratio of 60:40 w/w arginine to water. 5. The method of any preceding
claim, wherein the arginine is selected from the group consisting of
L-arginine, D-arginine, and mixtures thereof 6. The method of any preceding
claim, wherein the arginine is selected from the group consisting of
arginine hydroxide, arginine hydrochloride, and mixtures thereof 7. The
method of any preceding claim, wherein the carbon dioxide gas has a
pressure from 34474 Pa (5 psi) to about 68947 Pa (10 psi). 8. The method of
any preceding claim, wherein the arginine slurry and carbon dioxide are
maintained under pressure for 90 minutes to 5 hours. 9. The method of any
preceding claim, wherein the arginine slurry is first heated to a
temperature of from 30 C to 80 C for the duration of the reaction, then
cooled to a temperature of from 0 C to 40 C after the slurry or solution
has a pH below 9.0. 10. The method of any preceding claim, wherein the
arginine slurry is first heated a temperature of from 60 C to 80 C for the
duration of the reaction, then cooled down to a temperature of from 40 C to
25 C. 11. The method of any preceding claim, wherein the arginine slurry
has a pH of 10 to 14. 12. The method of any preceding claim, wherein the
arginine bicarbonate solution has a pH of from 7 to 9.  WO
2011/075472PCT/US2010/060266 Attorney Docket No.: 8668-00-WO 



13. The method of any preceding claim, wherein the arginine bicarbonate
solution has a pH from 8.3 to 8.5. 14. The method of any preceding claim,
wherein the arginine bicarbonate is recovered from the solution by
evaporation or precipitation. 15. The method of any preceding claim,
wherein sodium bicarbonate is provided to the slurry. 16. The method of any
preceding claim, wherein the arginine bicarbonate is produced under
turbulent conditions. 17. A process for producing arginine bicarbonate
comprising: contacting an arginine water slurry in a ratio of arginine to
water of 60:40 with carbon dioxide having a pressure of from 6895 Pa (1
psi) to 68947 Pa (10 psi); heating the arginine slurry to a temperature of
from 60 C to 80 C for the duration of the reaction until a slurry or
solution containing at least 50% arginine bicarbonate having a pH of less
than 9 is formed; and cooling the resulting slurry or solution to 25 C, to
form a solution of arginine bicarbonate having a concentration of arginine
bicarbonate of 50% by weight. 


