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Predicting Water Solubility

1. EMPIRIC METHOD

We have now reviewed the major functional groups that might be
expected in drug molecules. It will soon become obvinus to you that
the majority of the drugs discussed are not simple monotunctional
molecules but instead are polylunctional molecules, Most drugs will
be found to contain two, three, four, or more of the organic fune-
tional groups within a single chemical entity. How then does one
predict physical and chemical properties of these more complex
molecules? As mentioned throughout the book. ane must recognize
the individual tunctional greups within the more complex stroce.
tures. Unee this is done, the chemical properties, namely, in vitro
stabitity and in vivo stability. are casily predicted. The chemical
propoerties of a tunctional group are usually not aftected by the pres.
ence ol anather tunctional aroup within the molecule, Therelore,
cach functional group can he treated indopendently ol the oihoer
functional groups present,

It we consider the important physical property of water solubility,
it is tound that polytunctional molecules hehave somewhat differ-
ently than monofunctional motecules, A simple summation of the
water-snlubilizing properties of each functional group will usually
aot lead o a suceessful prediction of water solubility for the more
complex systems. When one looks al the water-solubilizing property
of & single functioval group, there is no possibility of intrmnoelecular
bonding, that is, bonding within the molecule. because no second
funcltionat sroup is present. On the othee hand, with polyfunetional
molecuies, intramolecular bonding may become a signiticant in-
teraction, With the individual funclional groups, the solubilizing
potential of the groups took into consideration intermolecular bond-
ing. As an example, an alcohol functional group in a molecule such
as hexanol binds to a second molecule of hexanol through dipole-
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dipole bonding, This bonding must be broken in order Lo dissolve
the hexanol tnowater, When one states that an aleohol fanctional
group solubilizes approximately six carhon atoms, this stalemient
teok into consideraiion intermolecular bonding of this tvpe. Bul
what about the polvfunctional molecules? The intermuolecular hond-
ing between like functional groups can still ocour, bul now a new
type of bonding is possible, the intramolecular bond, Bonding may
veear betwoen dissimilar functional groups, and these tvpes of
intermelecutar and intramotecular bonding may be quite strong, In
order for 4 molecule to dissolve in water, the intramolecular and
intermolecular bonding must firsl be broken so thal the water mole.
cules can bond to the functional groups.
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An excellent example of the tmportance of intramolecuiar bond-
ing is scen with the amino scid tyrosine. ‘This motecule has thyee
tunctionat groups present, a phenal, anamine, and a carboxvlic acid,
By o simple summation of the wuter-solubilizing potential of each
functional group, one would predict that the phenol would sol-
ubilize 6 to 7 cacbon wtoms, the amine 6 to 7 carban atoms, and the
carboxyl § to 6 carbon atoms, giving a total solubilizing potential of
17 to 20 carbon atoms. Tyrosine contains % carbons, vet the molecute
is soluble to the extent of 0.5%. The explanation Tor this jack of water
solubility can be understood if one recognizes the possibility of
intramolecular bonding, The amine acid can exist as a zwitterion
(Fig. 16--1). The charged molecule exhibits intramolecular fon-ion
bonding. As a resull, this destroys the ability of these two functional
groups 1o bond lo water. The phenol is not capable by itselt of dis-
solving the molecule, {f the intramolecular bonding is destroyed by
either adding sodium hydroxide or bydrochloric acid to the amino
acid, the resulting compound hecomes quite water soluble,

Although less dramatic, most funclional groups are capable of
showing some intra- and intermolecvlar hydrogen bonding, which

=X

dacreases the potential for promoting wader solubility. How munch
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Figo i1 Solubilization of tyrosine in agueoits base or agueots acid

weight should be given to each such interaction for individual fune-
tional groups? This is a ditficult question to answer, bud as a general
rule, if one is conservative in the amount of solubilizing potential
thal is given to cach functional group, one will find that fairly wecu-
rate predictions can be made tor polyfunctional moleceles,

In Table 16-1, the various tunctional groups that have been dis-
cussed are listed with the solubilizing polential of cach group when
present in a monofunctional molecule and the solubilizing potential
when present in a polyfunctional molecule. This fatter value will be
the more useful value, since most of the molecules that we discuss
will be polyfunctional,

Several examples will help demonstrate this method of predicting
water solubitity. in the [irst molecule (Fig, 16--2), one should recog-
nize the presence of two tertiary amines. If the maore liberal solubiliz.
ing potential for an amine is used, it might be expected that each
amine would have the capability ol solubilizing np to 7 carbon
atorss, leading Lo a total potential of dissolving 14 carbon aloms in
the molecule. Since the wolecule containsg 13 carbon atoms, ane
would predicl that the molecule would be solubhe Using the more
conservalive estimate and allowing 3 carbons warth of solubility to
each antine, a prediction ol insolnble would resuti. I turs out that
the molecele is water soluble. The use of the more liboral estimate in
arder to obtain the correct results is acceptable in this case since the
molecule contains only amines that act alike. not creating any new
inter- and intramolecular bonds,

With para-dimethylaminobenzaldehyde {Fig. 16-21 a nine-
carbon molecule, the liberal estimate would predict solubility, since
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