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or tartaric acid, and, therefore, the salt formation with any of these counter-
ions was not feasible for this compound. However, BMS-181885 formed 
salts with stronger acids like H3P04 and HC1. 

It should be noted here that self-association of drug molecules in-solu-
tions may sometimes lead to deviations in pH-solubility profiles predicted 
from piCa and solubility. Nevertheless, the theoretical modeling can still ser-
ve as a useful method of predicting the feasibility of salt formation because 
a pHmax valué may be estimated within a reasonable range. Also, the self-as-
sociation often shifts pHmax in favor of salt formation. 

2.4. Feasibility of Disalt Formation 

, Eqns. 1-4 are applicable to compounds with only one pKa valué, and, 
therefore, the discussion in this chapter has so far focused primarily around 
the feasibility of salt formation for bases with one protonatable moiety and 
acids with one ionizable speciés. Such compounds can form only mono-salts 
(e.g., mono-hydrochloride, mono-sodium, etc.). In addition, a compound may 
have both basic and acidic moieties. Such a compound can also be classified 
as one forming a mono-salt, because only one of these groups can be used at 
one time for salt formation. In contrast, drugs can also be polybasic or poly-
protic, which might be able to form poly-salts. Examples of disalts, such as 
dihydrochloride, disodium, etc., are common in the literature. Some of the 
questions that arise for compounds with múltiple basic moieties or múltiple 
acidic moieties are: Should mono- or poly-salt be s-ynthesized for such com-
pounds? Is the formation of poly-salt feasible? If the synthesis of both forms 
of salts is feasible, which one is preferred for a particular drug candidate? 
Some of these issues are addressed below. 

2.4.1. Feasibility of Salt Formation for Dibasic Compounds 

Serajuddin and co-workers [20] [21] have demonstrated that the feasibil-
ity of salt formation for a dibasic compound can also be predicted from its 
pH-solubility relationship. As illustrated schematically in Fig. 8, the solubil-
ity of a free base increases with a decrease in pH, and, after the first pHmax 
(or pHmax ]) is reached, a mono-salt might be formed. The solubility of the 
mono-salt formed then increases because of the protonation of the second ba-
sic moiety, thus reaching pHmax 2- Below pHmax 2, a disalt could be formed. 
Depending on pH and counter-ions used to prepare salts, there could be three 
distinct solid phases (free base, mono-salt, and disalt) in equilibrium with 
aqueous solutions. The equations corresponding to solubilities of these three 
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Fig. 8. A schematic r.epresentation ofthe pH-solubiliry profile of a dibasic compound, show-
ing that solubilities ofthe base and its mono- and disalt forms can be expressed by three in-
dependent curves corresponding to three indepeñdent equations. The profile indicates that two 

pHmax valúes, pHmaXi i and pHmax 2, may exist for such a compound. 

(5) 

(6) 

(7) 

For the sake of simplicity, no consideration of the common-ion effect and the 
solubility product was made in deriving the above equations. It should also 
be mentioned here that distinct regions in the pH-solubility profile corre-
sponding to mono- and disalt forms may not be obtained if pKa and/or pHmax 

valúes of the compound are not far apart (ca. 2 units).. If two pHmax valúes 
are indistinguishable, only the disalt may be isolated in puré form. 

• Avitriptan (Fig. 7), a dibasic compound, was used as the test compound 
for salt formation. As shown in Fig. 9, protonation of the piperazine N-atom 
and the pyrimidine N-atom was responsible for pKa valúes of 8.0 and 3.6, re-
spectively, for the compound. By using HC1 to adjust pH, it was established 
that the compound could have two pHmax valúes, one at pH 5 (pHmaXj T) and 
the other at pH ca. 2 (pHmaX;2). This is shown in Fig. 10. It is evident from 

s T = [B H 2
+ + ] S + M 

= [BH2-]S(1 + KA,2/[H3OÍ) ^pHmax.2 

/ 
S T = [ B H 2 - ] + [BHÍS 

= [BH+]S(1 + [H30+]//<a>2} 
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phases are given below: 

At pH>pHm a x i : ST = [BH+] + [B]s 

= [B]s-(l + [H30+] /^ a j l) 

At pH < p.HraaXi x and > pHmax, 2: 
5 T = [BH^] + [BH+]S 

= [BH+]S • (1 + [H30+]/Za i2) 

At pH < pHmaXi 2: 5 T = [ B H n s + [B+] 
= [BHr] s - ( l+^ a , 2 / [H 3 0 + ] ) 
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Fig. 9. Protonatiort of avitriptan corresponding to its two pKa valúes 

Fig. 10. pH-Solubility profile of avitriptan at 25 °C where HCl was used to adjust pH, indi-
cating two pHmax valúes. Solubility profile at pH above 5 is shown in the inset: 

Fig. 10 that both mono- and dihydrochloride salts can possibly be prepared 
for avitriptan; the monohydrochloride salt would be the equilibrium species 
at pH between 2 and 5, and the dihydrochloride salt would be the equilibri-
um species at pH below 2. Among various acids used by Lakkaraju et al. [20] 
to form salts with avitriptan, only HCl could lower the pH of a saturated av-
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formation and thus increased hydrophilicity. This salt formation also gives 
the pharmaceutical ehemist and formulation scientist the opportunity to mod-
ify the physicochemical (e.g., melting point, hygroscopicity, chemical stabil-
ity, dissolution rate, solution pH, crystal form etc.) and mechanical {e.g., 
hardness, elasticity etc.) characteristics of the potential drug substance and to 
develop dosage forms with good bioavailability, stability, manufacturability, 
and patient compliance. 

For weakly basic drug substances, salís of an inorganic acid {e.g., hydro-
chloride, sulfate or phosphate), a sulfonic acid (mesylate, esylate, or isethion-
ate), a carboxylic acid (acetate, maleate, or fumarate), a hydroxy acid (citrate 
or tartrate), or possibly an amino acid (arginine or lysine) could be consid-
ered. In the past, hydrochloride salts have often been the first choice for 
weakly basic drugs, sirice, as a consequence of the low counter-ion p s a l t s 
can nearly always be formed, and recrystallization from organic solvents is 
normally straightforward. However, the potential disadvantages of hydro-
chloride salts include unacceptably high acidity in formulations (e.g., paren-
teral products), the risk of corrosion of manufacturing plant and equipment, 
less than óptima! solubility due to the risk of salting out, and the potential for 
poor stability, if the drug is acid labile and hygroscopic [2]. 

Historically, prior t.o the severe regulatory constraints that abound today, 
it had been possible to develop the neutral species (free acid or free base) to-
gether with one or more different salts. These different chemical forms were 
often used for specific purposes. An excellént example of this concerns the 
phenothiazine drug substance, prochloiperazine. The free base was used in 
suppositories, as it was the most lipophilic form, the mesylate salt was used 
in injections and in sachets for the preparation of an oral solution, whilst the 
less soluble maleate was used for the manufacture of tablets. 

Occasionally, salts were also prepared in former times to decrease drug 
substance solubility for use in suspensión formulations where very low sol-
ubility is necessary to prevent 'Ostwald ripening', for taste masking (e.g., 
dextropropoxyphene napsylate suspensión), or to prepare an extended release 
product. Embónate salts have been used in suspensión formulations to in-
crease the duration of action (e.g., chlorpromazine embónate). On some oc-
casions, the selection of a salt with only modest aqueous solubility may be 
more suitable for use in tablet products prepared by wet granulation, since 
the use of highly soluble salts can be detrimental to the granulation pro-
cess. Depending on the dose required, aqueous solubilities in the range of 
0.1-1.0 mg/ml wíll normally be sufficient to satisfy the dissolution require-
ments for standard, solid, oral dosage forms of drugs with good-to-moderate 
potency. However, for parenteral solution products, higher solubilities, per-
haps 10 mg/ml or greater, depending on the required dose and dose volume, 
may be required. For parenteral formulations, the pH of solution (normally 
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and hot-stage microscopy are also used in the evaluation process. Most of 
these studies can be accommodated, if care is taken, on 20 -25 mg of sam-
ple. 

In parallel with these studies, a preliminary HPLC method is developed 
within ca. one weelc, and, after completion of minimal validation, it is used 
to give an estimate of the purity of the original sample, whilst IR and other 
spectroscopic techniques may be used to define the salt and the stoichiome-
try. Knowledge of the approximate purity is important at this stage, as the 
presence of high levels of some impurities can often hinder crystallization 
by 'poisoning' crystal growth or promote the formation of a specific poly-
morphic form. Immediately after the development of this HPLC method for 
use in the ássessment bf the main manufacturing impurities, the análytical 
chemists turn their attention to the development of the corresponding stability-
indicating method. The development and partial validation of this method in-
volves the use of degraded solutions of the drug substance produced in ac-
celerated stress studies. This method takes ca. three weeks to complete and 
can then be used in the early stability evaluation of salts, their solutions and, 
ultimately, simple formiilations. 

Thüs, by carefully planned studies using a small quantity of drug sub̂ -
stance, it is possible to identify quickly the possibilities for the chemist to in-
vestigate, once larger quantities of drug substance are made. These studies 
may point to a small group of potential salt formers for initial evaluation; 
they also give the chemist ideas on possible recrystallization solvents that can 
be tried. 

3. The Salt-Optimization Process - First Phase 

3.1. Choice of the Salt Former (Counter-Ion) 

The choice of salt former (counter-ion) depends on several factors. Ob-
viously the primary factor is that it should yield a crystalline salt. Crystallin-
ity in a salt affords a means of purification and removal of unwanted impur-
ities. Lack of crystallinity (Le., the salt is amorphous) normally would be ex-
pected to lead to severe problems and uncertainties, if the product intended 
to be developed is a solid, oral dosage form. The prospect of unexpected and 
uncontrolled crystallization at some stage with just one batch, creating a 
product recall, is something that the Quality, Regulatory, and Marketing 
groups could not live with. Absence of crystallinity is often less of a prob-
lem if the dosage form intended is a liquid. 

The choice of salt is also governed largely by the acidity or basicity of 
the ionizable group, the safety of the counter-ion and the drug indications. 

Yeditepé Ü f t ^ é f ó ^ 
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8.1. Acids for Salts of Organic Bases 

8.1.1. Hydrochloric Acid 

This acid is the.most widely used acid for formation of salts both for the 
isolation of synthetic intermediates and for the final pharmaceutical dosage 
form. It is a very strong acid and so forms salts with most bases. However, 
loss of the volaíile HC1 can give rise to long-term stability concerns with very 
weak bases. 

Chlorides and hydrochloric acid can cause stress corrosion/pitting in 
stainless steel equipment particularly at low pH. On a large scale, this neces-
sitates use of glass lined vessels or equipment such as centrifuges and pres-
sure filters being fabricated from special resistant alloys (e.g., Hastelloy). 

Hydrochloric acid is conveniently used as the 36% (wlw) solution in wa-
ter. If, however, water interferes with the formation and isolation of a solid 
crystalline product, it is possible to use the anhydrous gas from cylinders. 

8.1.2. Sulfuric Acid 

This strong acid has also been widely used both for isolation of inter-
mediates and as the final pharmaceutical salt form. The dibasic acid can give 
either neutral (Le., two moles of base to one mole of sulfuric acid) or acid 
salts. It is important, therefore, to ensure that the correct stoichiometry is 
used in the formation of a sulfate salt. * 

8.1.3. Hydrobromic Acid 

Retrospectively, hydrobromic acid is the íhird most frequently used acid 
for final pharmaceutical producís, but, because of the potential of adverse re-
actions to bromide ions, it is becoriiing íess favored for new producís. 

It is síill widely used for isolation of intermediaíes, since hydrobromides 
are ofíen of lower solubiliíy and beííer crysíalliniíy íhan íhe corresponding 
hydrochlorides. 

Hydrobromic acid is also volaíile and aííacks síainless síeel. Ií is used 
boíh as the anhydrous gas and as a 48% (wlw) solution in waíer. 

8.1.4. Maleic Acid 

Many pharmaceutical final producís are isolaíed as maleaíes because of 
high crysíalliniíy of íhe salís. lis íwo carboxyl groups may form boíh neutral 
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1. Introduction 

The preparation of pharmaceutical salts is usually not a matter of univer-
sity teaching, and most of the organic chemists are not trained to prepare 
salts. For this reason, it appeared useful to the authors to collect some prep-
aration methods from the literature and to present them in this chapter as pos-
sible models. Most of the 'recipes' stem from the patent literature and, there-
fore, are not optimized. Nevertheless they illustrate the state of the art and 
sometimes propose several variants for the preparation of a given salt form. 

2. Preparation of Salts of Basic Drug Substances 

2.1. Hydrochlorides , 

Hydrochlorides do sometimes require strictly anhydrous conditions to be 
prepared (e.g., HC1 gas in anhydrous diethyl ether (Et20)), at other times they 
require stoichiometric amounts of H 2 0 to be present in order to yield hydrat-
ed crystals:. A typical procedure is to dissolve the organic base in the mini-
mal amourtt of hot isopropanol (i-PrOH) and to add the calculated volume of 
concentrated HC1 (85 ml = l mol). If, after cooling, crystallization does not 
occur, it cambe induced by progressive additions of Et20. Only if both pro-
cedures fail,isalt fbrmers other than HC1 should be envisaged. 

Cyclopentciinine Hydrochloride CH3 
Clopane® (Lilly) ^^-^NH hc| 

Procedure [LJ V - J CH3 

Dissolve ; 141 g (1 mol) of 3-cyclopentyl-7vr-methylpropan-2-amine in 
500 mi of dry Et20, and pass dry HC1 into the solution, until the weight of 
the mixture ahd container has increased by 36 g. During the addition of the 
HC1, the HC1 salt of 3-cyclopentyl-A/'-methylpropan-2-amine precipitates as 
a white powder. The salt is filtered off and washed with dry Et20. 3-cyclo-
pentyl-A/-methylpropan-2-amine hydrochloride thus prepared melts at ca. 
113-115 °C. The yield is practically quantitative. 

Caution! • \ 

When this procedure is performed on a small scale, it is often observed 
that the initially formed hydrochloride re-dissolves. This is due to the fact 
that an excess of gaseous HC1 in anhydrous Et20 produces the very polar di-
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ethyloxonium chloride, which solubilizes the initially precipitated hydrochlo-
ride. 

Cytcirabine Hydrochloride 
Cytosar® (Upjohn) 

Procedure [2] 

A solution of 250 mg D-l-/3-arabinofuranosylcytosine in absolute metha-
nol (MeOH) was warmed and stirred with decolorizing charcoal. The mix-
ture was filtered through a bed of filter aid, and the filter bed was washed re-
peatedly with absolute MeOH. The combined fíltrate and washings were palé 
yellow. The solution was diluted to faint cloudiness with anhydrous Et20, 
and an excess of anhydrous HCl was iritroduced. Crystallization began at ca. 
25 °C and further crystallization was induced by chilling at 0 °C for 14 hóurs. 
The crystalline product was collected on a filter, washed with anhydrous 
Et20, and dried in air. There was thus obtained 180 mg of palé yellow D-1-
/3-arabinofuranosylcytosine hydrochloride melting at 186 to 189 °C. 

The palé yellow product was dissolved in warm, absolute MeOH, and 
after treatment with decolorizing charcoal the solution was filtered through a 
bed of filter aid. The filter bed was washed with warm absolute MeOH, and 
the combined methanolic fíltrate and washings were warmed and diluted with 
anhydrous Et 2 0 to incipient crystallization. The Me0H/Et 20 mixture was 
kept at ca. 25 °C for ca. 1 hour and then chilled, first at 0 °C, and then at 
-20 °C. The resulting colorless needles were collected on a filter, washed 
with anhydrous Et20, and dried at 85 °C, yieldirig 100 mg of D-l-/3-arabino-
furanosylcytosine hydrochloride with a melting point of 186 - 1 8 8 °C. 

Fendiline Hydrochloride 
Sensit® (Thiemann) 

Procedure [3] 

The freshly distilled base, 25.38 g of l,7-dihydro-l,3-dimethyl-7-{2-[(l-
methyl-2-phenylethyl)amino]ethyl}-2H,6ií-purine-2,6-dione is dissolved in 
134 mi of 96% EtOH, whereupon 26.8 mi of concentrated HCl and 201 mi 
of hot H 2 0 are added while cooling with ice-water. The precipítate is filtered 
off and dried in vacuo at 100 °C: 22.98 g of hydrochloride salt are obtained. 
M.p. 200-201 °C. On recrystallization from 285 mi of a 2:1 mixture of H 2 0 
and 96% EtOH the melting point remains unchanged. 

OH 

o 

CH3 
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Use and Examples 

Remarks 

Bromides are frequently obtained from 
quaternization of ferí-amines by means of CH3Br: 
ambutonium, bibenzonium, homatropine 
methylbromide, clidinium, etybenztropine, 
fenpiyerinium, glycopyrronium, octatropine 
methylbromide, oxitefonium, oxypyrronium, 
pinaverium, pipenzolate, pirfinium, propantheline, 
propyromazine, rocuronium, tropenziline, 
xenytropium. 
Hydrobromides: butopiprine, citalopram, 
dextromethorphan, fenoterol, galantamine, 
rimiterol, scopólamine (=hyoscine), tigloidine; Li. 

In the past, bromides have been used as sedative. 

Hydrochloric Acid 

P^a 

Properties 

Safety, Toxicology 

Salt 

Use and Examples 

Remarks 

HC1, Mr 36.46 

Estimations: —6.1 to - 3 (A) (25 °C). 

Colorless gas, hygroscopic and corrosive. 
Aq. solutions: -38% (fuming); 20.22% 
(constant boiling azeotrope, b.p. 108.58 °C). 

Acid: LD50: mouse i.p., 40 mg/kg; rabbit oral, 
900 mg/kg. 
Sodium salt: LD5Q: rat oral, 3 g/kg; mouse oral, 
4:g/lcg; i.p., 2602 mg/kg; s.c., 3 g/kg; i.v., 
645 mg/kg; LDLo: man oral, 1 g/kg; dog i.v., 
2 g/kg; rabbit oral, 8 g/kg; i.v., 1100 mg/kg; 
guinea pig, 2160 mg/kg; i.v., 300 mg/kg. 

Hydrochloride, chloride. . 
Note: 'Hyclate' is a contracted term used for the 
hydrochloride hemiethanolate hemihydrate of 
doxycycline. 

No examples are shown here, since almost half 
of all salts of basic drug substances are 
hydrochlorides or chlorides. 

Because of the easy availability and for 
physiological tolerability, the hydrochlorides and 
chlorides have been by far the most frequent choice 
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for salts of basic drugs; 650 out of 1346 salts. are 
hydrochlorides. Hydrochloride salts of the drugs 
frequently exhibit less than desirable solubility in 
gastric and other physiological fluids because of 
the abundance of chloride ion in such media [17] 
[18] due to the law of mass action (so called 
'common-ion effect'). 

(+)-L-Lactic Acid, (±)-DL-Lactic Acid 

OH 

H3C COOH 

P^a 
Properties 

Safety, Toxicology 

Salt 

Use and Examples 

Remarles 

C3H603 , Mr 90.08 

3.86 (A).(25°C) 

(+)-L: m . p . 5 3 ° C 
(±)-DL: m . p . 16.8 °C 
Supplied as aq. solution in various concentrations, 
up to ca. 90%. 

Acid: LD5Q: rat oral, 3543 mg/kg; mouse oral, 
4875 mg/kg; rabbit skin, >2g/kg; guinea pig oral, 
1810 mg/kg; LDLo: rabbit oral, 5 g/kg. 
Sodium salt: LDS0: rat i.p., 2 g/kg; i.v., > 1 g/kg; 
mouse i.v., 2190 mg/kg. 
~L-Potassium salt: LDS0: rat i.v., 299 mg/kg; 
mouse i.v., 245 mg/kg. 
Calcium salt (2:1): LDLo: mouse i.v., 140 mg/kg. 
Magnesium salt (2:1): LDLo: mouse i.v., 45 mg/kg. 

Lactate 

Amoxicillin, ethacridine, haloperidol, isoxsuprine, 
prenylamine, trimethoprim. 

1. Otherwise sparingly soluble and weak bases 
could be dissolved by means of lactic acid [22]. 

2. Aq. lactic acid solutions contain varying 
amounts of lactoyllactic and higher polylactic 
acids as intermolecular esters of lactic acid. The 
quantities depend on the concentration and age of 
the solution. Aq. solutions as weak as 6.5 wt-% 
will contain ca. 0.2 wt-% lactoyllactic acid; an 
88 wt-% solution contains ca. 60% free lactic 


