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16 
Predicting Water Solubility 

I. EMPIRIC METHOD 

\Vu havii 110\\' revie\ved the 1najor functional groups that 1night be 
nxpBc!ed in drug rnolnculos. II \Vi 11 soon btH:onH1 obvious to vnu that 
llH~ 1najority of thr~ drugs discussed nre not si1npln 1no11ofunc!ional 
n1olecult!S hut instead are polyfunc!ional 1noleculns. i\-lost drugs \viii 
be found to contain l\\'O, three, four, or 111ore of th1! organic func
tional groups \Vithin a single che1nir:al unlily. l\o\v then dot~s Of\(! 
predict physical and che1nic11I properli1~s of these 111oro co1npl1:x 

111o!ecules'( i\s 111entionod throughout thf~ book. OIH~ 11111sl rocognize 
tht! individu;i\ fllllCtiO!li!J grollpS \\'ilhin thn ll10l'll LOlllplnX S\J'U!'.

\Urt~S. ()net> this is donH, thl! cl1e111ical propnrlins, narntdy, in \·itro 
<>!<iliilit~· <ind in vivo stability. an~ t~asily pr1·dii·tt~d. TliP cl11~111ic<1l 
p1rq1r~rtiPs nl ti !unctional group ;nc usually not i!l'h:(·\cd by tln· pr1~s-
1~11ct· td ;111nth1!r !unctioniil group \\'ilhin 1h~; n1o!ccull!. Th('n~ror('. 

Pach functional group can b1~ ln 1at1'd i11dc1 \H~1H!P11tl~· ol thP olher 

functionn! groups present. 
If \Vt~ cn11sidc~r the in1porlant physical propc~rly of \\'atcr .<-ol11bility. 

it is follnd lh<ll polyf11nctiona! 111ol1~cu]Ps lH'lnn·1~ sonH~\vhal differ· 
i·ntly !h1tn n1onofu11ctional n1olec11lns. 1\ si1nple sun111101tion of thP 
\\'illl!r-snlubilizing properties of each functional group \Viii usually 
not lnild tn" succPsslul prediction of \Valt~r solubility fur lhe 111orLo 

coinplt~x syst1:1ns. \Vhen one looks at tlu: \V<i\l~r-solubilizing propnity 
of d single functiooal group, there~ is no possibility of intra1nolt~t:ul.:1r 
bonding. that is, bonding \\'ithin th1? n1oh~cule. bf!causn no second 
func:tion;il group is p1esont. Cln the other hand, \Vith polylunction<d 
inoleculos, inlrJ1nolcculnr bonding 1nay beconH~ a significant in
teraction. \'\'ith the individual functio1101l groups. the solubilizing 
potential of the groups tuuk in lo cunsiduralion inter111olecnlar bond
ing. As an exan1ple1 an Hlcohol functional group in a 1nolecule such 
as hexanol binds to a second 1nolecule of hexanol through dipole. 

I I :l 
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dipo\1: bonding. This bonding rnust ht! broken in ordnr to disso\\'P 
11H~ hf:\all()l 111 \\'nti~r. \\'ht'!I 01H' stat(';, that ;in ;1]c{)ltol fHnl:tio11al 

grotql solubiliz1~s 11pprn.\i111cdn[\- si\ 1:;1rlion atorn!-'., this sl<1lH1111~lll 

!ook into co11sid(~l'il1inn inh~rnuih·culi!r h11nding of this t~'pt!. Hut 
\\·hat about lht~ pol~·h111clio11a! 1nolr:c:ul()s·: Tin~ i11ltffn11il1:c:ular bond. 
ing bn\\\'n1n1 likl~ lunctional grrHtps t:an still occur, bul no\\' a llP\\' 

typu of bonding is possib!P, thu i11lrtirHolt-~c11!ar bond. Bonding inav 

11ccur lu.'l\\'OHll dissi111il<lr lunctional groups, and thes!~ !ypPs (Jf 
intnrrnulucular and i11\ra1nu!ecular bonding 1nuy bl'. quilt~ strong. In 
order !or ;i n1olnct1h! In dissolve in \\'alr~r. thB intrarnol(:cular and 
i11lt~rn1u!ecular bnnding 111usl first bt! hrokc~n so that the \\'dtor ino!i?· 
culus c1111 bond to the functional group.'>. 

Phenol 

Tyrosine 

Solubility irl wate1· 0. '15 ~/ 1000 11il (_' 2s 0 c 

:\11 1:xc1:lli~nt i'X<1111p!t~ ol th1' in1portilnt:f' of i1ilr<Hnolt!t:lllilr hond
i11g is sc1:n \\·ith !lit! ;1111i11n ;icid tvrosint~. 'J'liis 1nnlt:culc• lias thn~i: 
functional groups pn!snnl. ;1 pln:nol. an <1111inc_~. <1nd a c;1rln)x.vlic ;1cicL 
By a sin1pln sun1111ntio11 ol thu \\'at1~r-sulublli1,ing potential of each 
functional group, one \\'tiuld predict thnt the phenol \\·ould sol
ubilizr: n to 7 carbon atu1n~:. th1) an1i1u~ O lo 7 carbon aton1s, and thu 
c:arhoxyl 5 to ti cnrhon ato111s, giving a tot;1I su\uhiliz.ing potentinl of 
17 to 20 c<Jrbon aton1s. T~'rosine contains n cnrbons, yet tlie 1nolecul1: 
is sol11bl(~ lo the extent nf O,;i(}; •. ·rhe u:xplnnation for this lack of \vatHr 

solubility CHI\ Jin und1:rslood if Oil!~ f{)COgllii'.l~S t111: possibility nr 
intra1noh~culnr bonding. ·rhe n1ninn acid c;111 nxi."I ns a Z\vitluriun 
(Fig. Ill·- J ). The charged 1nolr~cult~ 1~xhihits inlran1olt~cu!ar ion-ion 
bonding. As a result. this destroys thi~ nhilit~: of th use t\vo funclioll<1l 
groups lo bond to \Vnter. ·rho phnnol is not capable by ilsL~lf of dis
solving the 111olccule. If the intra1nolr:culnr bonding is dPstro~·od by 
either adding sodiu1n hydroxith~ or hydrochloric acid lo ll11: arninu 
ncid, the resulting c:o1npound l1t~con1es quite \Valer solubln. 

/\ltho11gh less dra1natic, 1nos1 functional groups arc~ capabl1_1 of 
sho\vi11g sonH~ intra- and inlern1olecular hydrngun bonding. \\'hich 
di~crc;is(~S the polentinl for pron1oting \\'Hll~r so!ubilit~·· !lo\\' n111cli 
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\Vcigh! should he giv1nl In t!ach such interaction for individual func
lional grnups'! '!'his is a difficult qUl~stion lo ans\ver. but as a gunend 
ruli~, if onn is conservative in tl11; a1nount of soiubilizing potential 
that is givi>n to nach functional group. one \viii find that faidy accu
rate prodictions con be n1ade for polyfunction:il 1nolecules. 

In ·rabln IH--1, the various functional groups that ha\'(~ been dis
cussed are listed \\'ilh the solubilizing poln11lial of uach group \Vhen 
prnsenl in a 1nonofunctional 1noloculc and the so!ubilizing potential 
\Vhnn present in a polyfunctional 1nolecule. 'J'his lallor valun \Viti be 
thn n1orn u:-;eful value, since n1osl of the 111olcculos thnl \Ve discuss 
\viii he polyh1nclionnl. 

Scvurnl exa1nplus \Vil! help do111onstralo this 1ntdhod of predicting 
\\'<lier solubility. Jn the first 1nolncule (Fig. IG--:n. one should recog· 
nize the pri!sence of fn'o tertinr~' a111ines. If the n1nrn liberal soluhiliz
ing pute11tial for <lll a111i11e is usnd. ii rnight be t~XJH~ct1)d thnt f!<H:h 
il!HilH~ \\'ouJt\ !Ja\'H the Capability uf S(]!U\ii[izi11g l!jl tu 7 Carbon 
;itn1ns. lt!i!ding !11 n tot;il pntnnti;il of dis'..;nl\·ing l·I t:11rllon <1\0111s in 
th1• 111o!!'cul<'. :--ii net~ thD ninl(:cul(• contains l :i c;irh\lll ;ihnns. 1J!l!' 

11·011ld pn~dicl th;!t the 1nol(~cule 11·nu!d lu~ sol11hl1~. l_~.si11g th(~ lll!lri_' 

c:o11sPr1·<1ti\'(~ t)slirnate and illln1vi11g :l c:arhons 11·<.1rth ol S(llubilil~' lo 
1~;1cli an1i11t), a prediction ol in:;oluhl1~ \\·ould r1~stt!! I! turns out that 
the 111o!t~cuh! is \Vl!lnr .soluble. '/'ht~ use of tlii~ n1ore lib(!rill t~stin1afi~ in 

order to obtain tht! correct results is nr:ccptable in this cast~ since !hn 
111ult?culo r:onl<Jins only a1nin1~s that acl alike. not cn!ating nny lit!\\' 

i11tcr- and inlr<unolecular horHLs. 

\\'ith porn-di1nethyl<1111i11obcnzaldeliyd1? (Fig. lli-.. ~), a nint~
c.irhon 1nuh!cult~. the lihf-~ral nstiinati~ \\101ild prt!dict solubility, since 
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