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SUMMARY

Introduction: Medicines aims to improve the health of the population; for this
reason, pharmaceutical ingredients with a high purity level are necessary. In this
context, the impurity content is one of the premises in the manufacture of the phar-
maceutical ingredients; to comply with this parameter several unit operations can be
implemented. In this regard, the pharmaceutical salts can be used as an alternative in
the purification process to generate pharmaceutical ingredients with a high purity.
Purpose: This review will discuss in first instance, the importance of the impuri-
ties in the regulated environment (known, unknown impurities, genotoxic, residual
solvents, and elemental impurities). Continuing with the basis of the pharmaceutical
salts including functional groups that can form salts, basis of generation and hydro-
lysis and the main characteristic: the change in the solubility properties due to the
formation of the ionic bond. This part also includes general references of previous
works and compilations. The next part involves two methodological approaches
to purify pharmaceutical ingredients. The first approach is based in salt formation
extractions followed by salt hydrolysis. The second tactic is based on salt formation
and the solubility properties. Results: Some examples will demonstrate the advan-
tages of these tools. One interesting input is the compilation of several synthetic
method to form salts, including examples and alternatives for sensitives cases (water,
solid form, ion interchange, etc.). Finally, the salt structure determination will be

commented on including the main characterization methodologies.

Keywords: Pharmaceutical salts, impurity content, salt formation, salt hydrolysis,

purification, extractions, solubility change, synthesis.
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RESUMEN

Sales organicas como herramienta para la purificacién de
ingredientes farmacéuticos: revision bibliografica

Introduccién: Los medicamentos tienen como objetivo mejorar la salud de la
poblacién; por este motivo, son necesarios ingredientes farmacéuticos con un alto
nivel de pureza. En este contexto, el contenido de impurezas es una de las premisas
en la fabricacién de los ingredientes farmacéuticos; para cumplir con este pardmetro
se pueden implementar varias operaciones unitarias. Objetivo: En este sentido, las
sales farmacéuticas se pueden utilizar como una alternativa en el proceso de puri-
ficacion para generar ingredientes farmacéuticos con una alta pureza. Esta revi-
sion discutird en primera instancia la importancia de las impurezas en el ambiente
regulado (impurezas conocidas, desconocidas, genotdxicas, solventes residuales e
impurezas elementales). Continuando con la base de las sales farmacéuticas inclu-
yendo los grupos funcionales que pueden formar sales, base de generacion e hidré-
lisis y la caracteristica principal: el cambio en las propiedades de solubilidad debido
a la formacién del enlace idnico. Esta parte también incluye referencias generales
de trabajos y compilaciones anteriores. La siguiente parte involucra dos enfoques
metodoldgicos para purificar ingredientes farmacéuticos. El primer enfoque se basa
en extracciones de formacidn de sales seguidas de hidrélisis de sales. La segunda
tictica se basa en la formacién de sales y las propiedades de solubilidad. Resultados:
Algunos ejemplos demostraran las ventajas de estas herramientas. Un aporte intere-
sante es la recopilacién de varios métodos sintéticos para formar sales, incluyendo
ejemplos y alternativas para casos sensibles (agua, forma sélida, intercambio iénico,
etc.). Finalmente, se comentard la determinacién de la estructura de la sal incluyendo

las principales metodologfas de caracterizacion.

Palabras Clave: Sales farmacéuticas, contenido de impurezas, formacién de sales,

hidrolisis de sales, purificacion, extracciones, cambio de solubilidad, sintesis.

RESUMO
Sais orginicos como ferramenta para purificagio de ingredientes
farmacéuticos: revisao bibliogrifica

Introdugio: Os medicamentos visam melhorar a sadde da populagio; por esta

razio, sio necessdrios ingredientes farmacéuticos com alto nivel de pureza. Neste
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contexto, o teor de impurezas ¢ uma das premissas na fabricagio dos insumos
farmacéuticos; para cumprir este parAmetro diversas operagdes unitdrias podem
ser implementadas. Nesse sentido, os sais farmacéuticos podem ser utilizados como
alternativa no processo de purificagio para gerar ingredientes farmacéuticos com
alta pureza. Objetivo: Esta revisao discutird, em primeira instancia, a importincia
das impurezas no ambiente regulamentado (impurezas conhecidas, desconhecidas,
genotdxicas, solventes residuais e impurezas elementares). Continuando com a base
dos sais farmacéuticos incluindo grupos funcionais que podem formar sais, base de
geracdo e hidrolise e a principal caracteristica: a alteragio nas propriedades de solu-
bilidade devido 4 formagio da ligacio i6nica. Esta parte também inclui referéncias
gerais de trabalhos e compilagdes anteriores. A préxima parte envolve duas abor-
dagens metodoldgicas para purificar ingredientes farmacéuticos. A primeira abor-
dagem ¢ baseada em extracoes de formacio de sal seguidas de hidrélise de sal. A
segunda tdtica ¢ baseada na formacio de sal e nas propriedades de solubilidade.
Alguns exemplos demonstrario as vantagens destas ferramentas. Resultados:
Uma contribui¢o interessante ¢ a compilagio de diversos métodos sintéticos para
formacio de sais, incluindo exemplos e alternativas para casos sensiveis (dgua, forma
sélida, intercAmbio i6nico, etc.). Por fim, serd comentada a determinagio da estru-

tura do sal incluindo as principais metodologias de caracterizagio.

Palavras-Chave: Sais farmacéuticos, teor de impurezas, formagio de sal, hidrélise de

sal, purificacio, extracdes, alteracio de solubilidade, sintese.

INTRODUCTION

Medicine aims to improve the health of the population. Important data about the
medicines is that most of 50 % of the active pharmaceutical ingredients (API) are sold
as salts [1]. In this regard, the main objective of the use of a salt in an active substance
is providing better absorption of the pharmaceutical ingredient contrasted with the
parent drug. However, a less well-known application is the purification impact of phar-
maceutical salts to improve the content of impurities in a pharmaceutical ingredient
or intermediate. This alternative is not very known probably since this unit operation
is poorly described in several reported procedures (mainly in patents). Nevertheless, it
is a current synthetic step in the industrial manufacture of pharmaceutical ingredients
to purify active substances. In this tessitura, the impurity content is one of the most
important parameters evaluated in the pharmaceutical ingredients. Several byproducts
are assessed as a routinely part of the analysis of the pharmaceutical ingredients. In this
context the ICHQ3A defines an impurity as any component of the new drug subs-
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tance that is not the chemical entity defined as a drug substance [2]. In the same gui-
deline the impurity content in a pharmaceutical ingredient is limited to 0.10 % for the
unknown impurities and 0.15 % for the known impurities. Concerning the genotoxic
impurities, the limits are more restrictive (ICHM?7) [3]. In addition to this, the residual
solvents are persé considered as impurities and their content is limited by the ICHQ3C
[4]. Finally, elemental impurities are assessed and limited by the ICHQ3D [5]. The
reviewed approaches described in this compilation will be focused on the elimination
of the organic impurities because the genotoxic, residual solvent and elemental impuri-
ties in general are eliminated and evaluated following other specific approaches.

To obtain active substances with a pharmaceutical degree (less than 0.10 % of unk-
nown impurities and 0.15 % of known impurities) different unit operations have been
developed. The first approach used is the improvement of the reaction conditions;
this fact has as a consequence the control of the impurity generation iz situ [6]. A
second approach is establishing adequate quench conditions, maintaining ranges and
avoiding excursions [7]. Other unit operations currently used as purification methods
are: crystallizations, distillations, precipitations, solvent exchange, extractions, filtra-
tions, seeding, charcoal treatment, pH control, use of scavengers and salt formation
or hydrolysis. The last operation is a powerful tool to achieve pharmaceutical purity
degrees in active substances. This review will be focused on the pharmaceutical salts,
their use and application as a purification process. In addition, a perspective of their
synthesis and structure determination will be mentioned.

BASIC CONCEPTS

The solubility of a drug in aqueous systems is one of the characteristics required in the
development of drug substances, because many of the new drugs are insoluble in water
and this fact is not adequate for the absorption in the human body. Although there
are several pharmaceutical advances to improve the solubility of a drug [8], the modi-
fications using the salt formation approach is a rapid alternative to change the solubi-
lity properties without affecting the therapeutic effect. Historically, in 1950 Nelson
demonstrated than several weak acids were absorbed better than the corresponding
drug parents under a gastrointestinal pH [9], that fact attracted the attention of the
industry and the academy and in consequence several reviews have been written about
this topic [10-18]. But what it is an organic salt? In this context, a salt is defined as a
multicomponent system where protons are transferred from an acid to a base in an
ionic state [19]. This fact is possible because many of the approved drug substances
have functional groups like weak acids or weak bases and this characteristic could be
used for the preparation of pharmaceutical salts. Between the weak acid groups that
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can be mentioned are carboxylic acids, sulfonic acids, sulfonamides, phenols, etc. On
the other side, the weak bases can be aliphatic, cyclic, and aromatic amines, aminopyri-
dines, etc. These types of molecules are shown in the Figure 1 (own creation).

R R R R
O R-NH,
R NH
R on R OH Aliphatic amine
Carboxylic acid R R ROR
Phenol Cyclic amines
- R R R R
o Tonizables
O o
C i groups 7\
Rt R-$-on R _ NH, R NH,
i 2 \
o o R R R
S H Sulphoni id I
Sulfonamide ulphonic ac Amino pyridine Aroma tic amine
Weak acids | Weak bases

Figure 1. Functional groups that can form organic salts.

With the purpose of manufacturing an organic salt, it is necessary that the molecule
comply with two requisites. First, the molecule needs to have ionizable groups and
secondly, a compatible counterion it is necessary. Follow this idea, there are two pos-
sibilities for the salt formation: ) a pharmaceutical ingredient or intermediate with
an acid (ionizable group) that reacts with a basic substance (counterion: organic or
inorganic) (figure 2, figure a; own creation), and 7) a pharmaceutical ingredient or
intermediate containing a basic ionizable group which can react with an acid substance
(counterion: organic or inorganic) (figure 2, figure b; own creation).

Pharmaceutical Pharmaceutical
Ingredient —Acid  + Base—@ —— > Ingredient 7Acide@Base_®

Figure a / Intermediate / Intermediate
Salt formation
Pharmaceutical Pharmaceutical
] Ingtedient —Base + ACid—® —————>  Ingredient —Base®©Acid— R
Figure b / Intermediate / Intermediate

R = any functional group

Figure 2. Typical reaction of salt formation.

In relation to stability, theoretically it is necessary a minimum difference of two or
three units of pKa between the free base and the counterion to get a stable salt [20].

About the reactivity, the salt formation is a reversible reaction, so it is possible to pre-
pare a salt and then purify the product (filtering, washing the cake, drying, etc.). After
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these unit operations, the main compound could be recovered by salt hydrolysis. This
fact is the main advantage of this methodology, and it is very useful to develop purifi-
cation processes.

Regarding the solubility, in general for the neutral organic component (free acid or
base) the solubility in organic solvents is preferred instead of the water [21]. In the
opposite side, once the salt is formed the affinity for water is increased because an ionic
bond is formed and in consequence the affinity for organic solvent is diminished (figure
3; own creation). This intrinsic behavior can be used to develop specific purifications
to obtain pharmaceutical grades (high purity) in active substances or intermediates.
It is necessary to point out that in some cases the solubility is affected by the ratio of
hydrocarbon atoms presents in the parent molecule; this fact could affect the affinity
for the organic solvent even if the molecule is an organic salt.

Solvent separation

Organic Tonizable group
compound

Organic salt
(soluble in water)

Figure 3. General solubility behavior of an organic salt.

After carrying out the purification methodology, the organic salt can be hydrolyzed
using an organic or inorganic reagent with the opposite nature to the counterion and
it is possible to recover the neutral compound. Both possibilities are represented in the
figure 4 (own creation).

Pharmaceutical ) . Acid—R Pharmaceutical e i
Figurea Ingredient ACid@‘tBase—\\R) ——— Ingredient ~—Acid + ®—Acid“ %ase—@)
/ Intermediate / Intermediate
Salt Hydrolisis salt of counterion
Pharmaceutical .
y Pharmaceutical ~ XS

3 edie Base—( R - va, .
Figureb lngredient  Bago @6 pcig— R 22N Lty Base 4 (R)—Base” ‘Acid—(R)

/ Intermediate / Intermediate

X Salt Formation
R = any functional group

Figure 4. Typical scheme of salt hydrolysis.

Vis-a-vis of the counterions, it is possible to use different type of molecules to prepare
pharmaceutical salts, in this context and from a biological point of view for pharmaceu-
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tical ingredients Pfankuch ez 4/ had divided the counterions in three categories [22]:
i) First class: the salt formers which are physiologically ubiquitous ions or that occurs
as metabolites in biochemical pathways including the hydrochloride and sodium salts.
Their use is considered unrestricted. 7) Second class of salt formers: those that are not
naturally occurring but that have found common application and have not shown sig-
nificant or tolerability issues, for example sulfonic acids. In this context Elder ez a/. [23]
recently reported a review showing the advantages of sulfonic acids as counter ions. In
the same line, Snodin reported an article about the regulation of alkyl sulfonates in
sulfonic salts which is a very important concern in the use of this kind of counterions
[24]. iii) Third class: These salt formers which are used in special circumstances to solve
a particular problem. They are not naturally occurring in common use.

In the figure 5 (own creation), some examples of salt formers are shown. On the other
hand, Paulekuhn ez a/. have reported the counterion trends for the manufacture of
salts until 2007 [25]. Also usable as a counterion are the generally recognized as safe
(GRAS) molecules [26]. In this context, in 2011 Tilborg ez al. reported a review about
the amino acids used as counterions. Amino acids are attractive counterions because;
they are GRAS molecules that have interesting solubility properties. In this review seve-
ral examples of amino acids used as counterions in active pharmaceutical ingredients
are shown [27]. On the other hand in 2013, Saal and Becker reported a summary on
doses of salt former from the Orange book [28]. One important information extracted
from this report is that the first choice in the use of counterions are the hydrochlori-
des and sodium salts. However, in the synthesis of intermediates theoretically there
are no restrictions and even lithium can be used as a counterion although there is not
the case for a final active pharmaceutical ingredient (API) in which case a different
counterion is previously established. Recently, Bharate reported a compilation about
the FDA approved carboxylic acids used as counterions in Pharmaceutical salts from
1939 until 2020. In this review the technical advantages of using carboxylates over
other counterions are discussed. The most useful carboxylic acids in salts are: acetate,
maleate, tartrate, fumarate and succinate [29].

From a physicochemical and biological point of view, Gupta ¢t a/ recently have
published a review of pharmaceutical salts. This article describes succinctly the use of
pharmaceutical salts in the preparation of pharmaceutical dosage forms [30]. Finally,
Fujinuma ez a/. have described the triboelectric effect in a salt series and their respec-
tive counterions [31], this effect is very important in the commercial manufacture of
actives substances in which hundreds of kilograms of final product are manufactured.
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Figure 5. Some examples of counterions.

In general, the best choice for the purification of a molecule is applying the salt for-
mation methodology using the simplest, accessible, and non-expensive reagent. For
example, aqueous sodium hydroxide and hydrochloric acid are the first options. Two
additional advantages are that the byproducts generated are easy to eliminate and the
reagents have a low cost.

On the other hand, if the final product is salt, other criteria must be taken into account.
For instance, solubility, crystallinity, toxicity, hygroscopicity, polymorphism and
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manufacturability, etc... It is important to remark that if the molecule does not have
ionizable groups is not possible to form salts, for this kind of molecules is necessary
other approaches (cocrystals or polymorphs, etc.).

The main impact of the transformation of an organic compound by a salt is the solubility
modification; this fact generates a sudden and radical change in the affinity for other
solvent. An example that demonstrated the improvement of the solubility using salts in a
pharmaceutical ingredient has been reported for the Sunitinib (antineoplasic). This drug
substance is known to be a poorly soluble drug, such as the solubility of this API is
0.048 mg/mL in deionized water while the marketed Malate salt has a solubility of
25 mg/mL. In this study several examples of Sunitinib salts were prepared and their
solubility was evaluated [32]. The data (Table 1) showed that the use of Adipic acid
dramatically increased the solubility in deionized water and demonstrated the impact
of the counterion in the solubility properties. The solubility in deionized water
is improved until 272 mg/mL, this data is almost eleven times the solubility of the
marketed salt and 5667 times vis a vis of the free base. This change in the solubility
could suppose “like to work with other molecule with different physical properties”
This modification in the solubility properties make it possible to develop purification
strategies using this procedure because it can use a mixture of solvents to eliminate in
a specific way the contaminants from the product (active ingredient or intermediate).

Salts as a purification method in the synthesis of pharmaceutical ingredients and

intermediates

When a pharmaceutical ingredient is manufactured, it must comply with a specifi-
cation including some parameters like titration, residual solvents, water content, and
identity, among others. In this tessitura, the impurity profile is one of the most impor-
tant parameters to get a safe pharmaceutical active substance because the impurities do
not have therapeutic effect. Although sometimes the use of chromatographic purifi-
cation methods is affordable, not always it is possible to apply this type of technology
in a commercial way, mainly due to the complexity of the facilities and the high cost.
Moreover, the solubility changes furnished by an organic salt represent one impor-
tant alternative to achieve this task. One example of purification via salt formation /
salt hydrolysis has been reported by Ley and Yates in 2008 [33]. In this work it was
demonstrated that the purification methodology of the 2,4-dichloro-benzoic acid
using a-methylbenzylamine to furnish the corresponding salt and then hydrolyzing
them. The goal of this study was to purify the 2,4-dichloro-benzoic acid from some
isomers with a higher content than 0.5 % and after the purification process the content
was less than 0.05 %. The main advantages of this procedure were: 7) to procure a pro-
duct with a high quality, i) be reproducible, 77i) low cost of the starting materials, and

iv) easiness of the process.
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Table 1. Solubility of different salts of Sunitinib reported by Sangwan ez a/. [32]
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The summary of the purification process from Ley e 4/. is depicted in the figure 6.
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counterion

Individual impurity content less than 0.05%
Impurity content up t0 0.5% impuriti I

Figure 6. Purification of 2,4-dichloro-benzoic acid via salt formation-hydrolysis reported by Ley
and Yates [33].

In the same way, in 2011 Anson and coworkers reported the use of this methodology for
the purification of the first synthetic step in the synthesis of the one S1P1 agonist [34].

For a neophyte it could be a trivial procedure, but the perspective could change if
it is necessary to purify several tons of an organic compound in a productive Plant.
Furthermore, the salt preparation or hydrolysis is a unit operation largely used in the
manufacture of pharmaceutical ingredients and intermediates.

As it was pointed out previously, in our context the main property of salts is the dif-
ferent solubility versus the free base, this property is applied in two approaches which
are used in the synthesis of pharmaceutical ingredients to obtain good impurity pro-
files. The first approach is: salt formation, followed by extractions and salt hydrolysis.
In a second instance with the aim to recover the product other unit operations can
be applied. For example: salt hydrolysis, crystallization or precipitation, filtration and
drying of the product. Normally in this case the free base is obtained as a final product.
The second approach is: salt formation followed by crystallization. In this case the solid
is isolated by crystallization or precipitation. In this case usually a salt is obtained.

Both approaches are shown in Fig. 7 (own creation).

Counterion,
solvent

Extraction

Counterion,

Salt formation, water

Extraction, hydrolysis

approach

Free base -
Salt Formation
(Water solubilized)

in organic Extraction Free base
solvent (aqueaous phase) Hydrolysis (Organic phase)

=

Counterion,

solvent or Antisolvent - — — 9

|
Salt Formation Crystallization or Centrifugation Organic salt
Water solubilized precipitation

Crystallization water

precipitacion approach

Free base

Figure 7. Purification approaches with salts.
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Salts formation, extractions, salt hydrolysis

During the synthesis of an intermediate or pharmaceutical ingredient, in only a few
cases the starting material is transformed to a product in a quantitative yield. In gene-
ral, in the process a percentage of byproducts are generated and mixed with the pro-
duct. For this reason, it is necessary to purify the procured intermediate. In many cases
a chromatographic purification is not affordable at an industrial level. The alternative
tool to eliminate impurities is the salt formation or salt hydrolysis. This approach is
based on the solubility differences between a salt versus the neutral compound. This
methodology works as follows: A reaction is started and monitored and after reaching
the desired transformation (in process-control, etc.), the reaction mixture must be
quenched. At that point, the compounds in the reactor are: 7) product (with ionizable
group), i) inorganic impurities, and /i) organic impurities (Fig. 8A)

With the aim to purify the mixture it is necessary to prepare an organic salt. As a gene-
ral methodology a counterion is added to the reactor mixture followed by water, the
result is the formation of an organic salt in a biphasic system (Fig. 8B). The organic
salt and the inorganic impurities have affinity for the aqueous phase, while the organic
impurities have affinity for the organic phase. A separation of the organic layer elimi-
nates the organic impurities from the reaction mixture. The product and the inorganic
impurities stay in the aqueous layer (Fig. 8C). The next step is to add a new counterion
with the opposite nature to the first counterion added. A second requirement is the
use of a clean organic solvent that must be immiscible with water. In this step the free
base is recovered by hydrolysis of the organic salt (Fig. 8D). The desired compound is
soluble in the organic phase 2 and the inorganic impurities stay in the aqueous phase
2. A second layer separation furnished the free base with a high purity in the organic
phase 2 (Fig. 8E). Finally, this compound is recovered from the organic phase 2 by crys-
tallization or precipitation (Fig. 8F). This methodology is depicted in Fig. 8.

The formation and hydrolysis of a salt is a very suitable tool in the development of a
process in the pharmaceutical industry to obtain acceptable impurity content, specifi-
cally for the purification of intermediates and pharmaceutical ingredients. Some exam-
ples reported in the literature will demonstrate the advantages of this methodology.
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Figure 8. Typical scheme using salt formation/hydrolysis in the pharmaceutical industry (own

creation).

Through the synthesis of the Omeprazole magnesium (inhibitor of the proton pump)
a sodium salt was prepared by the reaction between Omeprazole and sodium hydro-
xide at a laboratory scale (0.1 g). After the salt formation reaction, the Omeprazole is
insoluble and become soluble when it is transformed to the corresponding sodium salt.
The residual starting material (Omeprazole) is insoluble in water. So, for the elimina-
tion of this residual compound methylene chloride was added to the reaction mixture.
In this binary system, the Omeprazole was solubilized in the organic phase and the
Omeprazole sodium salt was solved in the aqueous phase. A separation phase elimina-
tes the organic impurities and starting material unreacted (Omeprazole) in the organic
phase. To the generated Omeprazole sodium salt (aqueous phase) magnesium chloride
is added; this reagent furnishes the Omeprazole magnesium by cation interchange. The
magnesium salt precipitates in the aqueous medium because the product is an Ome-
prazole dimer (high organic ratio vs the ionic bond). The residual inorganic impurities
were eliminated in the mother liquors (water). After centrifugation and drying, the
optical purity for the isolated Magnesium salt was 98 % (Entry 1, Table 2) [35].
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In the scale-up development of a new process for the manufacture of Quetiapine hemi-
fumarate (antipsychotic), a problem regarding the impurity profile was found. To solve
this inconvenience one hydrochloride salt was prepared. The salt procedure started by
toluene dissolution of the intermediate which was treated with hydrochloric acid and
the corresponding salt was generated. This intermediate was isolated in the aqueous
phase and the organic impurities were eliminated in the organic phase (toluene). Then
the pH of the aqueous phase was adjusted to 9 / 10 units with sodium carbonate. This
change hydrolyzed the salt and furnished the free base which has been isolated in
methylene chloride. The aqueous phase was eliminated with the inorganic impurities.
After this separation the solvent of the second organic phase was distilled and the free
base was solved in ethanol. In the next step the free base was reacted with fumaric
acid generating the pharmaceutical ingredient with a good impurity profile (99.9 % of
purity) (Entry 2, Table 2) [36]. In this example two approaches are combined, first the
purification by extraction / salt formation and in a second place the salt formation and
crystallization.

A synthetic step using a salt was included during the optimization of a new process for
the synthesis of Raloxifene hydrochloride (estrogen receptor modulator). The depro-
tection of the two phenols groups was carried out with potassium hydroxide and the
bis-potassium salt was provided as an intermediate. Once the reaction was finished,
the pH of the reactions was changed until 11 units and the product was isolated by
filtration. The inorganic impurities were eliminated in the aqueous phase. After the
solid was solved in methanol water was added, after the decoloration with activated
charcoal the product was filtered. Then the pH of the filtrate was modified until to 2
units with hydrochloric acid and heated to a temperature of 65 °C. The Piperidinium
salt was isolated as intermediate. To precipitate the entire product additional water was
added and then the reaction mixture was cooled. The product was isolated by filtration
and after drying the isolated compound furnished a purity of 99.9 %. Although the
product is a salt, probably it was precipitated in water because the organic ratio of the
molecule is clearly bigger vis 2 vis of the ionic bond. In addition, it is necessary to point
out that this molecule has two acid groups (phenols) and a basic one (Piperidine) that
make it possible to use both sides of pH scale to prepare salts. (Entry 3, Table 2) [37].

For improving the manufacturing process of Gemfibrozil (antihyperlipidemic agent) a
sodium salt was prepared starting by the isobutyl ester intermediate. The hydrolysis of
the ester moiety generated the sodium salt. This compound was prepared in a mixture
of water and toluene using sodium hydroxide as a counterion. After reaction comple-
tion, the Gemfibrozil sodium salt was isolated in the aqueous phase (140 g scale). The
organic impurities were removed from the organic phase (toluene). Then the pH of
the aqueous phase was adjusted to 8.8 to 9.2 pH units and the aqueous solution was
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filtered to eliminate foreign particles. Finally, the free base was obtained by pH adjust-
ment to 2.8 to 3.2 pH units with hydrochloric acid. The product precipitated in the
reaction mixture and then filtered; the inorganic impurities were eliminated in the
mother liquors. After drying, the product was obtained with a purity of 100 % (Entry
4, Table 2) [38].

Another example was reported for the procurement of Venlafaxine Hydrochloride
(antidepressant) free of impurities at large scale. During the reduction step with Raney
Nickel of an intermediate at a 60 kg scale, the acetate salt was generated. The solvent
of this reaction (acetic acid) was distilled, and the residue was solubilized in water.
Toluene was added and the phases were settled, the aqueous phase (containing the
product) was kept and the organic phase which contains the organic impurities was
eliminated. Then the pH of the solution was adjusted to 7.5/8.0 with aqueous ammo-
nia and then ethyl acetate was added. A settlement of the phases was executed, and the
aqueous phase was eliminated. The solvent of the organic phase was distilled, and the
residue was solved in acetic acid. After heating and cooling, the product was isolated by
centrifugation and the product was dried generating the acetate salt. This compound

showed a purity of 99.3 % by HPLC (Entry 5, Table 2) [39].

The methodologies discussed in this section were chosen because they reflected the
approach of the salt preparation, extraction, and salt hydrolysis. This purification sys-
tem is very common in the commercial manufacture of pharmaceutical ingredients but
sometimes is not adequately detailed in the reports because it is part of the industry
expertise. However, after to understanding the easiness of the methodology it is possi-
ble to use this purification in many organic compounds having the adequate functional
groups. In addition, there are no restrictions to prepare salts of intermediates because
after the purification process, the counterion could be eliminated.
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Table 2. Examples of Purification with pharmaceutical salts in intermediates and active substances
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Salt formation/hydrolysis followed by crystallization to generate the product with a

high purity

The intermediates or final product solubility changes under the influence of an ionic
bond (salt formation) and could have an important impact in the crystallization, speci-

fically in the impurity profile. So,
properties in the product and is

the creation of an ionic bond generates new solubility
virtually like to work with another compound with

totally different solubility properties. This solubility behavior can be used to crysta-
lize the product and eliminate byproducts. As it was mentioned, the most important
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advantage of this methodology is the reversibility of the reaction because the original
molecule can be recovered with a hydrolysis reaction without affecting the impurity
profile. It is also important to point out the use of seed to induce the desired charac-
teristic in the final product. This type of purification process is currently applied at
industrial level in the manufacture of intermediates and pharmaceutical ingredients.
Several examples will demonstrate the impact of this methodology in the purification
of intermediates.

During the improvement process for the manufacture of Solifenacin succinate (anta-
gonist of the muscarinic receptors) a salt was used in the last step of the synthesis. The
Solifenacin crude (diastereomeric mixture) was purified using racemic succinic acid.
The diastereomeric crystallization was optimized, taking in account several parameters
(temperature, solvents, counterion ratio, etc.). The final report described the reaction
of the Solifenacin isomer mixture and succinic acid in ethyl acetate, the mixture was
seeded with the Solifenacin Succinate and stirred to 25/30 °C for 8 hours. The purity
at this point was 98.75 % and the chiral purity 93.69 %. Two additional crystallizations
generated the Solifenacin succinate with a chemical and chiral purity of 99.9 %. As a
result of this procedure, the salt solubility was different between the diastereomers,
this fact made possible the resolution to obtain the Solifenacin succinate with a con-

tent of the non-desired diastereomer of 0.06 % (Entry 1, Table 3) [40].

In the last step of the manufacture of Saxagliptin hydrochloride (antidiabetic) a salt was
used. The salt was formed simultaneously after the hydrolysis of a carbamate function.
Then the carbamate intermediate was solved in ethyl acetate and aqueous hydrochloric
acid was added. The salt was precipitated in situ, isolated by filtration, and washed
with additional ethyl acetate. The purity for the Saxagliptin hydrochloride was 99.9 %
by HPLC. As a note, the previous intermediate had a 94.36 % purity, so the inorganic
and organic impurities were eliminated in the mother liquors (Entry 2, Table 3) [41].

A salt was used during the improvement of the process for manufacture of Dronedarone
hydrochloride (antiarrhythmic drug). Hydrochloric acid was used after a sequence of
reaction (reduction of nitro group and protecting the generated amine with a methane-
sulfonyl group) at a scale of 4.5 kg. The process was reported as follows. The advanced
intermediate was washed with diluted aqueous hydrochloric acid at 10%. The organic
phase was kept, and the residual water was distilled until 1 % to avoid loss of product.
The Dronedarone hydrochloride was isolated from the reaction by cooling the mixture
to 0°C. The purity of the API at this stage was 99.7 %. An additional crystallization in
isopropanol furnished the API with a purity of 99.8 % (Entry 3, Table 3) [42].
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Due to the difficulty to obtain pharmaceutical grades of Montelukast sodium in a sca-
le-up plant an organic salt using isopropylamine as a counterion was developed. In this
context, to a toluenic Montelukast dissolution (free base) was added isopropylamine
and acetonitrile. The scale for this reaction was 0.95 kg executed in a scale up plant.
Then to start the precipitation of the product a small quantity of heptane was added.
After 1 hour of the reaction, the addition of more heptane completes the precipitation
of the amorphous solid. After 1 hour of ageing, the product was isolated by centrifuga-
tion and the cake was washed with toluene / acetonitrile. The product was crystallized
twice in isopropanol and once in toluene. After analysis the final purity by HPLC was
99.7 %. Furthermore, it is important to mention that in the preliminary screening seve-
ral Montelukast salts were evaluated, basic counterions furnished amorphous solids.
Between the studied amines it can be mentioned n-propylamine, tert-butylamine,
benzylamine, a-methylamine, dicyclohexylamine, diisopropylethylamine, etc. This
fact emphasizes the relative easiness in the preparation of pharmaceutical salts (Entry

4, Table 3) [43].

During the development of a scalable synthetic route to manufacture Clopidogrel
bisulfate (antiplaquetary agent) and hydrochloride salt was prepared. Several para-
meters like addition time, reaction time, base, hydrochloric acid, and solvent ratio,
etc., were studied to improve the impurity profile. The author reported and industrial
procedure with 100 kg of starting material. In an advanced intermediate in toluene
solution was added aqueous hydrochloric acid and the resultant salt was precipitated
spontaneously in the reaction mixture. The salt was isolated by filtration and then the
solid was further purified in acetone / hydrochloric acid. The product was isolated
and washed with acetone and dried. Finally, the hydrochloride intermediate furnished
a chemical purity of 99.9 % and a chiral purity of 99.6 %. This is a remarkable result
because it was evaluated for the two synthetic steps (Entry 5, Table 3) [44].

As it was demonstrated with these examples, the pharmaceutical impurity level can
be reached using the salt formation procedure in an adequate solvent. This methodo-
logy is very simple and furnishes very good results. This reaction can be used from a
laboratory scale working with a few grams until several tons in a commercial scale in a
Good Manufacturing Practice (GMP) environment. It is necessary to point out, that
some requirements, using this methodology are necessary. For example, the purity of
the counterion to avoid related impurities, the hydration level, or the polymorphism
because these kinds of parameters could impact the desired characteristic of the pro-
duct and could have a relevant importance if the final product is the active pharmaceu-
tical ingredient.
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Table 3. Examples of purification with pharmaceutical salts in intermediates and active substances.
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To synthesize pharmaceutical salts several approaches are available; the main diffe-

rence depends on the final use of the compound to be generated. For example, for

the manufacturing of an active pharmaceutical ingredient (API) the conditions must
be strictly controlled following the GMPs. This fact following batch records with
well-established unit operations in a regulated environment (ICHQ?7). The generated

product must comply with the current specifications for the final active ingredient or

intermediate including parameters such as polymorphism, particle size, impurity pro-
file, foreign particles, water content, etc. [45]. It is important to remark that the use of

a counterion in this step requires a high quality of the reagents (low impurity content).

On the other hand, if it is not necessary to comply with a GMP environment, the salt

could be prepared easily. Basically, by mixing the free base and the counterion in an
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adequate solvent. The generation of the ionic bond changes the solubility properties of
the molecule, for instance if the free base is soluble, in general the corresponding salt is
insoluble doing the isolation feasible by crystallization or precipitation in the reaction
media. In both cases, the generation of the pharmaceutical salt is the objective, and the
difference is the unit operations, scale or the GMP environment. Several examples will
demonstrate the easiness of this methodology.

If the main objective is to modify the salt physical properties for example; the solu-
bility, dissolution rate, permeability, stability, mechanical properties, polymorphism,
flow properties, compaction properties, etc., some modifications in the counterion can
be applied [46]. In this context, Gross ez al. was reported a decision-tree format in order
to choose the better counter ion in drug candidates [47]. By his side Fernandez-Casa-
res studied the in-situ salt screening, with two methods: the saturated solution and
the high-throughput method over two active substances (Aripiprazole, antipsychotic
and Desvenlafaxine, antidepressant). In this study the first approach furnished better
results [48]. Sometimes, the salt formation is an easy procedure, this fact is exemplified
by a series of 28 different salts derivatives of Olanzapine (antipsychotic) reported by
Keltjens in a study to improve the properties of the pharmaceutical ingredient [49]. Or
the 3600 trials reported by Remenar ez /. that it will discuss furtherly [50].

Concerning the synthesis, usually is easy to prepare a salt, basically mixing the com-
pound with the adequate functional group and a counterion in a solvent, nevertheless,
when other parameters are important to meet it is possible to use alternative metho-
dologies in order to control specific characteristics in pharmaceuticals salts modifying
once of the following parameters: solvent hydration level, availability of the reagents,
counterion type, solvent, temperature, reagent ratios, etc.

For example, when the solvent hydration level can affect the final product by hygros-
copicity or solubility (impact in the yield) it is possible to use an anhydrous solvent
and the appropriate counterion avoiding the use of water. Hydrogen chloride in seve-
ral solvents for instance isopropanol [51], dioxane [52], or trimethylsilane chloride in
methanol [53], acetyl chloride in methanol [54] or ethanol [55]. Also, in the case of
Zabofloxacin D-aspartate (antibiotic) was used D-aspartic acid in anhydrous ethanol
to prepare the correspondingsalt [56]. All these procedures are alternatives reported in
the literature for the procurement of anhydrous salts.

As a counterpart if no anhydrous conditions are required, the use of aqueous disso-
lutions of hydrochloric acid or sodium hydroxide are available for the preparation
of salts, this method is extended used in the synthesis of pharmaceutical ingredients
because these reagents are readily available and not expensive. As an illustration, it was
reported their use in the synthesis of a sodium salt of Tenatoprazole (inhibitor of the
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proton pump) using aqueous sodium hydroxide [57]. The lithium hydroxide also was
used in the hydrolysis of an ester moiety and subsequently salt formation in the syn-
thesis of antiviral compounds. In this case the free base is solved in methanol and the
counterion is solved in water and then added over the API methanol solution. The
hydrolysis generated the lithium salt which is purified by extractions. In this case, the
free acid is recovered by salt hydrolysis with hydrochloric acid [54]. The use of aqueous
hydrochloric acid also was reported in formation of Raloxifene hydrochloride after the
procurement of the Raloxifene through a Diels Alder reaction, in this case methanol
was used as a cosolvent [58]. In a study to improve the synthesis of a potential antide-
pressant pharmaceutical ingredient it was used the 2N hydrochloric acid in order to
form the corresponding salt, the mixture was refluxed and the hydrochloride salt was
isolated by filtration. This salt was re-disolved and the salt was hydrolyzed with sodium
hydroxide then concentrated hydrochloric acid was added and the product purified by
filtration in order to get the pharmaceutical purity [59]. In another example, the free
base was solved in isopropanol and then the hydrochloric acid was added. The hydro-
chloride salt was isolated by cooling the suspension [60].

Different counterions can be used to prepare a salt. In this context, magnesium hydro-
xide was used for the generation of Omeprazole magnesium directly in a Pilot Plant
scale. The free base was solved in tetrahydrofuran and the magnesium hydroxide was
solved in water. The magnesium salt was formed and then isolated by precipitation
in cyclohexane. The product was purified in methanol and then in ethyl acetate [61].
In another example metallic magnesium also was used to obtain the same salt. The
metal was dissolved in methanol and dichloromethane then this solution was added to
a solution of Esomeprazole in methanol [62].

Polymorphism plays crucial role in the manufacture of an active pharmaceutical ingre-
dient because polymorphism can impact the solubility of the API in the human body
or because the solid forms can be intellectual restrictions. In this context, there are
several methods to obtain different solid forms. In this regard, Remenar ez 4/. reported
high-throughput experiments with the Sertraline (antidepressant) in this report 3600
crystallizations were executed to identify and characterize 18 crystalline salt forms of
the pharmaceutical ingredient [50]. The counterions used in this study were mono
ionic acids (acetic, hydrobromide, benzoic, benzenesulfonic, ethanesulfonic, lactic,
methanesulfonic) and also di and tri acidic salt formers (citric, fumaric, maleic, malo-
nic, sulfuric and succinic acids). The authors demonstrated that even minor differences
in the salt formers can deeply impact the effect of the number of polymorphs and sol-
vates of a salt [50].
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In alaboratory approach, Elati ez a/. describe several methodologies to obtain polymor-
phs exemplified with the salt formation of Donoprezil (a drug for treating Alzheimer
and senile dementia) [63]. These approaches are: 7) reacting the drug parent with the
counterion in an aqueous media, 77) crystallizing the pharmaceutical salt in several sol-
vents, i77) crystallizing the pharmaceutical salts in different mixtures of solvent systems,
iv) precipitating the pharmaceutical salt in different mixture of solvent anti solvent
combination systems, v) suspending the pharmaceutical salt in several solvents or mix-
ture of solvents, and v7) dissolving pharmaceutical salts in different solvents followed
by evaporation.

Moreover, to these approaches, it is possible to evaluate the impact of a seed. The seed,
which is a sample of the final product that contains all the suitable characteristics in a
pharmaceutical ingredient to induce a well-controlled crystallization (saturation, coo-
ling, etc.) in a solution of the pharmaceutical salt and obtain a specific solid form. A
pair of examples has been reported for the manufacture of Prasugrel hydrochloride

(platelet aggregation inhibitor) [64] and Palbocyclib (anticarcinogenic) [65].

Although a crystalline form is the first choice in the pharmaceutical salts, sometimes it
is necessary to manufacture amorphous compounds in this case the salt is prepared in a
solution and then an antisolvent is added. The inverse procedure also can be used. One
example of this method has been reported for Montelukast sodium (antiasthmatic) [66].

The procurement of a salt by ion substitution also has been used; the Omeprazole mag-
nesium has been prepared with this procedure [35]. A similar case was reported for the
Montelukast (antiasthmatic) using isopropylamine salt [67] has been interchanged by a
sodium atom using sodium methylate. During the development of a purification method
for Palladium from the Ceftolozane (antibiotic) a cation interchange of triflluoroacetic
acid by ammonium hydrogen sulfate in a 30 kg scale was reported [68]. Choline also was
used as a counter ion for some anti-inflammatory carboxylic acids. In a recent synthesis
of the Avibactam (antibiotic) a couple of salts were prepared. The first salt was prepared
using as a counterion an aqueous solution of tetrabutylammonium acetate in n-butyl ace-
tate. This ammonium salts were reacted with sodium 2-ethyl hexanoate in ethanol and by
an ion interchange the Avibactam sodium was reached [69].

Another methodology to prepare salts is the grindstone method [70]. A case was des-
cribed for the preparation of salt synthesis of several carboxylic acids without solvent
only using the mixture of the carboxylic acid and the counterion. During this proce-
dure it was observed an increase of the temperature during the salt formation. The cou-
nterions used in this approach were salicylic, oxalic, tartaric and citric acid. Evidently,
this approach cannot be used from a commercial point of view but is a good example
of green chemistry (non-solvent used).
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Concerning the salt hydrolysis normally an adequate solvent and counterion is used to
obtain the free base which is insoluble in the media. The product is isolated by filtra-
tion and then dried furnishing the free base. An example for the antidepressant Tra-
zodone and Sertraline hydrochloride (antidepressant) hydrolyses was reported. The
hydrochloride salt was dissolved in water and then aqueous sodium hydroxide was
added. The free base was insoluble in water and isolated easily [71]. In addition all the
examples cited in the section of salt formation / salt hydrolysis can be consulted.

Furthermore, the salt formation can be executed in a telescopic way, the following
three examples will demonstrate this fact.

During the development of a ERK inhibitor, a one pot synthesis of a besylate salt was
developed. In this case the benzensulfonic acid served by one side as a catalyst for the
desililation reaction and in a second place as a counterion for the salt formation. One
interesting data is the use of tetrahydrofuran/water addition in order to control the
generation of the methyl benzenesulfonate impurity [72].

The methane sulfonic acid was used for the preparation of a chloropurine salt which is
a potent HSP90 inhibitor (anticarcinogenic) [73]. The salt formation was carried out
after a benzylation process in a telescopic way. Basically, the substrates were reacted
with potassium carbonate in dimethylacetamide after reaction completion the product
(soluble) was cooled and filtered. The filtrate was reacted with the methanesulfonic
acid and then methyltertbutyl ether was used as an antisolvent. The purity by HPLC
of the corresponding salt was 99.3 % to 99.6 %. This product was scaled up until the
obtention of 220 kg. Malic acid was used to make a resolution of the building block
R-3,5-bis(trifluoromethyl)-a-methyl-N-methylbenzylamine. This salt was formed
after the deactivation of an imine reduction reaction. The solvent used was ethyl ace-
tate, after adding the counterion heating and then cooling and seeding the product was

isolated by filtration [74].

Another example of the use of hydrochloric acid in isopropanol was reported recently.
The salt formation was executed after a debenzylation reaction, the corresponding salt
was isolated directly by filtration [75].

Finally, Mithu ez a/ reported a review with advanced methodologies to salt synthesis
(antisolvent crystallization, spray dryer, freezed drying, supercritical fluid, mechano-
chemical grinding) [76], these approaches are under development.

In summary, all these procedures demonstrate the easiness of this transformation and
open the alternatives to procure high purity in the synthesis of intermediates and final
pharmaceutical ingredients. In figure 9 (own creation) it is shown the main procure-
ment methods for the manufacture of pharmaceutical salts.

206



Organic salts as a tool for pharmaceutical ingredient purification
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Figure 9. Methods of salt formation

Determination of salt structure

The choice of the adequate solid form has an imperative importance for therapeutic
eflicacy, toxicity, bioavailability, pharmaceutical process, stability and intellectual pro-
perties. In the pharmaceutical industry there are several alternatives for the final solid
form of an active pharmaceutical ingredient. Some of these are: polymorphs, solva-
tes, hydrates, cocrystals, amorphous, salts and mixtures of them [77]. The pharmaceu-
tical salts also shown polymorphism or can exist as solvate or hydrates, so different
solid forms must be characterized. There are several methodologies in order to deter-
mine the structure and solid state. The main analytical tools used for determination
of salt structure are: differential scanning calorimetry, X-ray diffraction, microcalo-
rimetry, thermal gravimetry mass spectroscopy (TG-MS) and infrared spectroscopy.
Some examples can be consulted in the review of Giron. Although the structures are
not shown the characterization of these salt is very illustrative [78]. Moreover, some
interesting examples of synthesis and salt characterization has been reported for the
Perphenazine Fumarate (antipsychotic). In this example two salts were prepared and
characterized by several techniques (differential scanning calorimetry, powder X-ray
diffraction, Fourier infrared spectroscopy and scanning electron microscopy coupled
with energy dispersive X-ray diffraction). In addition the improvement in solubility
versus the parent drug was demonstrated [79].
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CONCLUSIONS

The impurity content is one of the main parameters to control during the synthesis of
the intermediates and active pharmaceutical ingredients. The use of salt formation /
hydrolysis methodology is a powerful tool to achieve this goal. The synthesis of salts
from pharmaceutical ingredients or intermediates is an easy operation and the rever-
sibility of the reaction is the main advantage of this methodology. Once the salt is
formed, the ionic bond confers new solubility properties to the molecule, these modi-
fications could be used for the development of purification strategies as well specific
crystallizations. These advantages permit to afford pharmaceutical ingredients with
excellent impurity content. An important characteristic is that the change does not
affect the main structure and the reaction is reversible. However, these kinds of pro-
cesses are underestimated because sometimes it is no easy to recognize their use and
these procedures are not well described in the publications because they are part of
the know-how of the manufacturing companies. In addition, the synthesis of organic
salts is easy to achieve and depends on the final objective of the project (GMP s or
laboratory). For these reasons the organic salt represents a very useful tool to furnish
pharmaceutical impurities profiles in pharmaceutical active ingredients.
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