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Evaluation of KC for triamterene (Tr) yields val-

ues of x=0.5 for chloride, suggesting that one

proton solubilizes two molecules of the drug, i.e.

the complex is Tr2H*Cl.
With hydrochloride salts there is frequently an

‘overkill’ on acid strength, which leads to a very

low pH for an aqueous solution (Nudelman et al.,

1974) of the salt. This can then limit the utility of

hydrochloride salts in certain parenteral dosage

forms, or lead to packaging incompatibilities with

pharmaceutical metal containers (aerosols).

Other problems frequently arise as the result of

the polar nature of hydrochloride salts. Their high

hydrophilic nature, favouring wettability probably

as a result of the polar ionized groups being

exposed on the crystal surfaces, leads to water

vapour sorption (hygroscopicity) which on occa-

sions, may be excessive. This can result in

processing difficulties (e.g. powder flow) and re-

duce the stability of a hydrolytically unstable drug.

This latter effect is exacerbated by the resulting

very low pH of the loosely bound moisture.

These problems can be particularly acute with

dihydrochlorides (or disulphates). Also, the dif-

ference in the strength of the basic centres in

dihydrochloride salts can lead to a gradual loss of

one of the hydrochloride moieties by release of

hydrogen chloride gas (Lin et al., 1972) at elevated

temperatures or under reduced pressure (i.e.

freeze-drying). Also, their extreme polar nature

results in excessive hydroscopicity (Boatman and

Johnson, 1981) eventually leading to deliques—
cence.

Thus, progression of a hydrochloride salt should

be a first move, but if the problems with that salt
form arises due to some of the reasons outlined,
then the real selection issue for a salt form

emerges~what trends are available for guidance?

The pivotal issues for salt selection

Each drug and its associated range of dosage

forms will present different salt form require-

ments, and it is perhaps best to discuss salt selec-

tion further by outlining some of the trends in salt

properties that may facilitate selection.
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The pivot of melting point

A change in the development of a compound

from the free base to a salt may be promoted by a

need to moderate the kinetics and extent of drug

absorption, or to modify drug processing. Unfor-

tunately these desires may be mutually exclusive,

as the balance between these properties is fre-

quently pivoted around the melting point of the

salt form. For example, an increase in melting

point is usually accompanied by a reduction in

salt solubility (the ideal solubility of a drug in all

solvents decreases by an order of magnitude on an

increase of 100°C in its melting point), whereas

high melting crystalline salts are potentially easier
to process.

The increase or decrease in melting point of a

series of salts is usually dependent on the control-

ling effect of crystallinity from the conjugate an-

ion. This is exemplified by considering an experi-

mental drug candidate (UK47880) which has a

basic pKa of 8, and therefore gives access to a
wide variety of salt forms:

CH,

/CH,
s N

‘(J

Salts prepared from planar, high melting aromatic

sulphonic or hydroxycarboxylic acids yielded

crystalline salts of correspondingly high melting

point (see Table 2), whereas flexible aliphatic

strong acids such as citric and dodecyl benzene

sulphonic yielded oils. Thus, the comparative

planar symmetry of the conjugate acid appears

important for the maintenance of high crystal

lattice forces. This is shown by the melting point

of the conjugate acid being highly correlated with

the melting point of the resultant salt form (Fig.
2). Therefore the highly crystalline salts are in this

case best suited to reducing drug solubility.

Alternatively it should also be feasible to build

up crystal lattice forces of drugs with good hydro-

gen bonding potential, by considering symmetry

and hydrogen bonding potential of the conjugate
acid. One salt series of interest is that for

UK-47880
melting point. 74° C
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TABLE 2

MELTING POINT OF SALTS OF EXPERIMENTAL COM-

POUND (UK47880) AND THE CORRESPONDING CON-
JUGATE ACID

Melting point (° C) Legend

Salt Conjugate F13 2
acid

UK 47880; free base 74 A
pamoate (embonate) 235 280 G
4—hydroxynaphthalene-

1 —sulphonate 170 1 90 D
Salicylate 156 158 C
3—hydroxynaphthalene—

2-carboxylate 223 220 E

2—hydroxynaphthalene-1
—carboxylate 145 1 20 B

anthraquinone—3—sulphonate 234 225 F
dodecylbenzene sulphonate 20 — —
mesylate 113 20 —
citrate 20 153 —

epinephrine

HO—CHCH2NHCH3

i \OHOH

Salt form Melting
point ( ° C)

epinephrine 1 57
tartrate 149
maleate 182
malate 1 70
fumarate 103

where small highly hydrogen bonding acids such

as malonic and maleic gave higher melting salts,

whereas the larger bitartrate and presumably sym-
metrically unfavoured fumarate gave salts of lower

melting point.

Melting point and aqueous solubility

The trends in melting point (m.p.) and aqueous

solubility alluded to above are exemplified in the

salts of a high melting antimalarial drug (Aghar-
kar et al., 1976).
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Fig. 2. Plot of melting point of UK47880 salts vs melting point
of conjugate acids. Legend given in Table 2.
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Salt form m.p. salt m.p. acid solubility
(°C> <°C> (mg/ml)

Free base 215 7.5
HC1 331 13
DL-lactate 172 17 1850
L—lactate 192 53 925

2—hydroxyethane
sulphonate 251 620

Mesylate 290 300
Sulphate 270 20

The relationship between aqueous solubility

(SW) and melting point is shown diagrammatically

in Fig. 3, where log SW is correlated over a range
of salts with the inverse of the melting point.

Interestingly with this compound, the solubility of

the hydrochloride salt in water is only approxi-
mately twice that of the free base, whereas the low

melting DL-lactate provides a 200—fold advantage
over the free base in terms of solubility, which is a

result in part of the reduced lattice energy.

Melting point and chemical stability

The stability of organic compounds in the solid

state is intimately related to the strength of the

crystal lattice. Since the forces between molecules

in a crystal are small compared with the energy
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