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Summary 

For 108 compounds of diverse chemical character (including drug molecules) 
isocratic reversed-phase liquid c~omatograp~c retention parameters have been used 
in modifications of the Hildebrand-Scott equation to estimate compound aqueous 
solubility. The relationships found are valid for both liquids and crystalline solids, as 
well as for stronger (pK, > 6.5) bases that are chromat~~aphed in a partially 
ionized state. It is observed that there is a significant constant difference in 
behaviour between acid and alcohol molecules and neutral and base molecules. This 
difference can be empirically corrected for during solubility estimations. Compari- 
son of the use of octan-1-al/water distribution coefficients in these equations shows 
that the use of isocratic ~hromatograhic retention parameters lead to signi~cantly 
better estimations of compound aqueous solubility. 

Since ~alkows’ y and Valvani (1979, 1980) demonstrated a semi-empirical re- 
lationship between organic non-electrolyte aqueous solubility and a linear combina- 
tion of solute octan-1-al/water distribution coefficient and (for crystalline solids) 
melting point, a number of similar findings have been reported (Armstrong et al., 
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1979; Chiou et al., 1982; Mackay et al., 1980; Treiner et al., 1982). Recognized 
drawbacks in both determining or estimating liquid/liquid distribution coefficients 
have lead us to propose (Hafkenscheid and Tomlinson, 198la and b) that the 
reversed-phase high-performance capacity factor using pure aqueous eluents. 
(k’,,,)-since it is shown theoretically to be a measure of the non-ideal behaviour of a 
non-electrolyte in aqueous solution (as given by its activity coefficient, ( yw))-can 
be used to replace the octan-I-al/water distribution coefficient in the Yalkowsky- 
Valvani equation. Recently other workers (Whitehouse and Cooke, 1982) have 
supported this suggestion by publishing similar correlations relating hydrocarbon 
aqueous solubilities to reversed-phase HPLC retention data and (for the case of 
solids) melting points. In addition, Bruggeman et al. (1982) have shown that 
reversed-phase thin-layer chromatographic data can have a similar use. 

Direct determination of k; is difficult due to excessive retention. and in most 
cases is estimated using extrapolation techniques. The simplest approach for doing 
so is that due to Snyder et al. (1979) where the logarithm of the solute capacity 
factor, K, is related to eluent organic modifier volume fraction, +, by 

K=K u - JN (1) 

where K is the logarithmic form of the capacity factor; B is a constant, being 
characteristic of the organic modifier and solute under study. Using methanol-water 
mixtures as eluents, we have shown (Hafkenscheid and Tomlinson. 1981 b) for 
0.3 < + < 0.9, with 32 solid and liquid aliphatic and aromatic model compounds, 
that Eqn. 1 describes retention well, and that derived K,,, values can be used 
successfully in the Yalkowsky-Valvani equation. Similar agreements with Eqn. 1 
have been reported by Miyake et al. (1977) for a limited series of penicillins and 
cephalosporins, and recently by Hammers et al. (1982) for a variety of apolar 
aromatics. However, in attempting to extend the set of compounds studied to 
include complex drug molecules, we have found considerable deviations from 
linearity according to Eqn. 1. Although the quadratic relationship between K and Q 
pr-7posed by Schoenmakers et al. (1979). i.e. 

K = K,v + a+,’ - b+ (2) 

where a and b are constants depending on the solute and organic modifier. could be 
used to adequately fit the experimental data, such quadratic relationships used for 
extrapolation purposes require a larger number of K vrtlucs to be determined. 
particularly at low values of 4. since the unc\ rtninty in K,,, becomes greatly increased. 
ln view of this probtzm. and considering the redson for attempting to estimate 
aqueous solubitities using readily obtainable chromatographic data. we have now 
studied the possibility of using isocratic retention data in the Yatkowsky-Valvimi 
equation. This present contribution reports our findings for 108 solids and liquid 
solutes of varying physicochemical character. having a large range of aqueous 
sotubilities. and studied using two isocratic reversed-phase systems. 
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Materials and Methods 

Materials 
Solutes studied (Table 1) were obtained from various sources and were generally 

of analytical or synthetical grade purity. Other solutes were of the highest available 
purity and were used without further purification. N,N-Dimethylaminododecane 
was from Fluka (Buchs, Switzerland) and was of 95% purity. Stationary phase 
material was Hypersil ODS (5 pm) from Ahrin, Rijswijk, The Netherlands. Eluents 
were volumetrically made up from combinations of analytical grade methano: (from 
Baker, Deventer, The Netherlands) and, (depending on the type of solute chromato- 
graphed): (i) double-distilled water, (I); or (ii) pH 2.15 ammonium phosphate buffer 
containing 80 mmol - l- ’ NH:, (II); or (iii) pH 7.00 ammonium phosphate buffer 
containing 80 mmol - l- ’ NH:, (III); or (iv) pH 7.00 ammonium phosphate buffer 
containing 80 mmol - I - ’ NH: and 0.8 mmol - I- ’ N,N-dimethylaminododecane. 

(IV). 

Proccdwes 
Chromatographic equipment consisted of an Altex 110A single-piston pump. 

(Altex, Berkley, CA, U.S.A.) with additional dampening, a model 7125 injection 
valve (Rheodyne, Berkeley, CA, U.S.A.) and Waters 440 UV and R401 refractive 
index detectors (Waters, Milford, MA. U.S.A.) arranged in tandem. Peak recording 
was achieved with a Kipp BD 41 flatbed potentiometric recorder (Kipp and Son, 
Delft, The Netherlands). Eluent reservoir and the column were kept at 20.00 T 0.01 “C 
by immersion in a Hetotherm 02PT 623 thermostat waterbath (Heto, Birkeriid, 
Denmark). The eluent reached the injection valve via a 1 ml coil immersed in the 
waterbath. Solutes were dissolved in eluent, generally in submillimolar amounts. 
Retention times were measured at 20.00 f 0.01 “C at a flow rate of 0.5 ml - min ’ 

using a microsplit stopwatch, and were corrected for residence times in end connec- 
tions (except for very large retention times which were measured from a calibrated 
recorder output). Corrected retention times used for calculation of k’ were averaged 
from at least 5 determinations, and had a coefficient of variance of less than 0.4%. 
Column dead times were determined using a dilute solution of water in eluent, and 
were continuously monitored. 

Solubility values were generally taken from the literature (sources being: Breon 
and Paruta. 1970; Kabasakalian et al, 1966; Martindale, 1979; The Merck Index, 
1976; Stephen and Stephen, 1963; The United States Pharmacopeia, 1980; Valvani 
ct al.. 1981; Yalkowsky and Valvani, 1980; Yalkowsky and Morozowich, 1980). or 
were determined by us at 2OOC. (duplicated 72 h shake-flask equilibration, followed 
by filtration, centrifugation and analysis). 

D.tta processing was carried out using a standard computer program for multi- 
variate data har dling. 
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Results and Discussion 

Model 
Hildebrand and Scott (1964) have argued that for regular solutions. soiuhility 

may be given by 

- log x = log yS” + ~[+-I]_25[+,]+%RIqog.+ 

where X is the mole fraction solubility; y“” the solute activity coefficient in 

saturated solution; AS,, R and AC,, the entropy of fusion, gas constant and 
difference in heat capacity (at constant pressure) of solid and supercooled liquid 
solute; and T,,, and T are the solute melting point and temperature, respectively. 
Hollenbeck (1980) has proposed two methods for simplifying Eqn. 3 for use with 
real solutions. That is: 

(i)AC, = 0, which gives 

(4) 

Yalkowsky (1979) has suggee,ted AS, to be approximately constant. so that Eqn. 4 
becomes 

- log x = log y\i’l + c + - 1 

[ 1 

where C is a constant 

(ii) AS, = AC,; from which Eyn. 3 becomes 

Assuming AC,, to be approximately constant then Eqn. 6 becomes 

- log X = log y Ii” t- D log+ (7) 

Both simplifications (i.e. Eqns. 5 and 7) have been ~xmI~re:d in this prcscnt study 
bq’ substituting for log yhi” a term of the form (A - ti -t Ii). 

As described in Materials, different methanolic aqueous cluents have ken used 
( I-IV). dependent upon the physicochemicnl character (mainly pK u ) of the solute(s) 
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studied. ‘I”he~ We%! ~d~td by observing the solutes’ chr~matographic characteris- 
tics (peak shape and dependence of k’ on the amount of solute injected). Non-ioniz- 
able salutes (e.g. bmzent), very weak acids (e.g. phenol, barbitone) or very weak 
bases (e.g. p-nitroaniline, phenacetin) were readily chromatographed using non- 
buffered eluent (I). Weak acids (e.g. benzoic acid, phenylbutazone) were chromato- 
graphed in their undissociated form using ehrent made with buffer of pH 2.15 (II), 
and weak bases (aniline, codeine) were chromatographed using eluent with buffer of 
pick 7.00 (Ill). For some of the bases, addition of N,N~i~thyIamin~od~ane to 
the eluent (IV) was found to be necessary to obtain g-i peak shape and to 
minimize the dependency of k’ on the amount of solute injected. (As discussed by 
W~hlund and ~o~wskj (1978) the effect of this aliphatic hydrophobic amine 

to be due to the elimination of the effect of stationary phase residual silanol 

Results obtained for all solutes are presented in Table I, together with their 
relevant physicschemical parameters; solutes 1-66 are model compounds, solutes 
Q7- 108 are drugs. The absence of some k’ values is due to the fact the they were 
either too high for proper detection (e.g. benziodarone or decanoic acid at Q, = 0.50) 
or too low (e.g. chlorothi~de at Q, = 0.75) to be measured with certainty. 

~.~r~~~~i~~ C# uguaous ~~~~~~~~ 

btimations of solute aqueous solubility (i.e.- log X,, where the subscript w 
refers to water as the solvent} have been obtained using multiple linear regression 

: 
sis of the data given in Table 1. For liquids. where T, =Z T a dummy value of 
was used for [(T,/T) - I] and Iog(TJT). Eqns. 8- 11 are the found relation- 

ships a~ording to Eqns. 5 and 7 viz: 

-log x, = 3.70 f 2.53 K{, 75 + 3.46 [(TJT) - I] (8) 
(0.96) (0.09) (0.16) 

( gz= 1%: r = 0.956: F = 547) 

-logX,- 3.62 + 2.51 ~~~~~ + IQ.7 log(T,/T) 
(0.07) (0.08) (0.49) 

-I0gX, 2.Q8 + 1.77 Y,,, $4, + 9.62 tog(T,,,./T) 
jO.08) (0.06) (Q-W 

(10) 

tw 

Cn= lO6;r-0,%2:F-645) 



0 2 4 8 10 
Fig. 1. Fig. 2. 

Fig. I. Relationship between observed aqueous solubilities, - log XzF , and those estimated, ( -log X::‘). 
using isocratic (4, = 0.75) capacity factors and the: (a) [(T,,,/T)- I]-Eqn. 8: and (b) iog(T,,,/T)-Eqn. 
9-approximations for all solutes studied. Key: closed datum points neutrals and bases, open datum 
points acids and alcohols. 

Fig. 2. Relationship between observed aqueous solubilities. -log XE!‘. and those estimated, ( -log Xc’). 
using isocratic ( c&, = 0.50) capacity factors and the: (a) [(T,,/T)- I]-Eqn. 10: and (h) log(T,,/T)--Eqn, 
I i ---approximations. Key as for Fig. 1. 

where the values in parentheses beneath the regression coefficients are observed 
standard deviations values for the coefficient; and n, r and F are the number of data 
values used, the multiple correlation coefficient and the variance ratio value, 
respectively. Figs. 1 and 2 are representations of Eqns. 8-l 1 in which estimated 
- log X, values are plotted against observed solubility values. It is dell~onstrated by 
these Eqns. and figures that non-ionic solute aqueous solubilities can be well 
estimated using isocratic reversed-phase HPLC retention data incorporated in the 
simplified forms of the Hildebrand-Scott relationship, with between 91% and 93% of 
the variance in the solubibty data being accounted for by the models used (all 
coefficients are significant above the 99.9% confidence level). HowevCr, no signifi- 
cant difference can be observed between the two models where either [(T,,,T) - I] or 
~~~g[(T,~,~T)] have been used to account for inter~llolec~llar forces in the cryst~~llin~ 
state. Thus either of the two simplifications described in Mod.4 can he used with 
equal success. 

Since pH 7 is close to the upper yH limit attainable with silica-based chemically- 
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bonded stationary phases, higher eluent pHs have not been used in this present 
study, which means that using eluent III, bases with a pK, > 6.5 have been 
chromatographed in a partially dissociated form. For relatively insoluble ( - log X, 
> 2) monoprotic bases, (B), the degree of ionization in a saturated aqueous solution, 
(I, ), is given by: 

where [EH+] is the concentration of the protonated base. Since 

[BH’jZ 
.!+$L X, _ [BH+] = K, = 10-‘4/K, (131 

where K, and K, are the ionitation constants of the base, then I, may be expressed 
as (Ha~enscheid and Tomlinson, 1983) 

I 
10- 14 (1 + 222. 10’41i,x,)“2 - 1 

=- w 
K, I 

111x, 1 (14) 

For bases with a pK Q less than 10 and with reasonable solubilities ( - log X w less 
than 6.5), I, will be considerably lower than the degree of solute ionisation at 
pH = 7.0, (IP,r=,). which is given by 

These general effects are graphically represented by Fig. 3, which shows both 1, for 
different values of X,. and I at pH = 7 as a function of solute pH,. It is seen that 
these bases are generally more dissociated at pH 7 than in a saturated aqueous 

60 

55 

t 1 1 I 

7 8 9 ’ 
6 

Fig. 3. Relationships between the degree of ioni~tion in a saturated aqueous solution. lW. I@n. 12). as a 
function of solute pK, @qn. 14) for monoprotic bases of different aqueous solubilities, and the solute 

fraction ionized, (1). at pH = 7 versus pK,. 
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solution, and, for the present study, should lead to log k’ values that give rise to 
estimate - log X, values being lower than observed values. However, application of 
Eqns. 8-11 reveals that estimated -log X, values for ‘stronger’ bases such as 
cyclizine (pK a = 8.16; Perrin, 1972) and chlo~rot~xene (pK, = 7.6, Hansch and 
Leo, 1979) are in good agreement with observed values. This may be explained by 
the influence of methanol on ionic equilibria in the mobile phase, and by the fact 
that phosphate anions present in the buffered eluents can act as pairing ions for the 
solute cations, which will thus be chromatographed as the more hydrophobic ion 
pair. 

(c) Liquids 
For solutes that are liquid at 20°C, using 0.000 as a dummy value for either 

[(TJT) - l] or log(T,,,/T), then Eqns. 5 and 7 will reduce to 

-log x, =A.K+ E (16) 

and where the values of A and E should approximate to those found in Eqns. 8- Il. 
For the 33 liquids here (Table 1). linear regression of the data shows this to be true. 
as given by Eqns. 17 and 18, i.e. 

-log XL = 2.75(0.23)~,,.,, -t 3.58(0.05) 

(n = 33; r = 0.972; F = 532) 

and 

(17) 

(n=33;r=0.977;F-651) 

where superscript 1 denotes liquids; r is the correlation coefficient and the values in 
parentheses next to the regression coefficients are their standard deviations. Thus. 
for liquids there is a direct relationship between log X, and log k’ obtained using 
isocratic reversed-phase systems. 

Whilst examiniIlg differences between estimated (Eqns, X- 11) and observed 
solubility values (i.e. A( - log X, )). it has been found that acidic solutes generally 
yield a positive value. For example, applicati~~n of Eqn. 10 yields positive A( - log X ,, ) 
vafues for 25 out of 32 acids, with a Sign-test showing this number of positive 
deviations to be significant above the 99% confidence-level, 

The same phe~lomenon may be observed also for alcohols, (including hydroxy 
titeroids); application of Eqn. 10 yielding a positive d( - log X, ) vwlw for 10 out of 
I1 alcohols-which is significant at the 98% level. This coliective deviation in acid 
and alcohol solubiiity estimation can also be observed in the recent study by 
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Amidon and Williams ( 19821, who used an extended form of the Yafkowsky-Valva~i 
equation to estimate sofubifity. 

Since data for acids and alcohols have been incorporated in the original regres- 
sions, this will lead to some error in the estimation of - log X, for other solute types 
using the regression coefficients of Eqns. 8- 11. To examine in more detail the 
possibility of a relative variance in acid and alcohol behaviour, and in an attempt to 
adjust for any such effect, data for 38 neutral model compounds (Table 1) have been 
used to obtain fog Xz (sic) as a function of K and [(TJT) - l] or Iog(T,/T), and 
then to use obtained regression coefficients for estimating the solubifities of other 
solute groups. Thus: 

-togx:= 3.71 + 2.50~()75 + 4.34[(T,/T) - f ] (191 
(0.07) (0.14) (0.29) 

(n=38; r = 0.984; F = 523) 

-fog x:. = 3.67 + 2.49~~.,, + 12.9 log(TJT) 
(0.07) (0.14) (0.87) 

(n = 38; r = 0.984; F= 522) 

-foe,X:: = 2.31 + 1.68~,,_~~ + 3.96[(T,fT) - I] 
(0.08) (0.06) (0.21) 

(n=38;r= 0.992: F= 1056) 

-1ogx;= 2.28 + 1_69~~~ + f 1.6 fog(T,,‘T) 
(0.09) (0.07) (0.73) 

(201 

(27,) 

(n = 38; r = 0.992; F = 1050) 

Fig. 4a and b illustrate the very highly significant relationships given between 
observed solubilities and isocratic chromatographic retention data for neutral model 
compounds, these are slightly more significant than shown previously (Hafkenscheid 
and Tomfinson, 198 1 b) for similar regressions performed using K, data (by extrapo- 
lation using Eqn. 1) for methyl, chforo and nitro mono- and disubstitut~ benzenes. 

Taking Eqn, 21 as the most significant correlation found for the neutral model 
solutes, solubifities have been estimated for the 43 acids and alcohols and for 56 
neutrals and bases given in Table 1; thus for (i) acids and alcohols: 

- fog xp p: -0.85(0.#) fog Xc’ - 0.1 i(O.21) (23) 

(II= 43; r = 0.952; F= 400) 
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(ii) neutrals and bases: 

- log x;bs = -0.98(0.02) log Xc’ + 0.04(0.10) (24) 

(n = 56; r = 0.988; F = 2192) 

Statistical analysis reveals that the slope coefficients for Eqns. 23 and 24 differ 
significantly from unity at the 99.9% confidence level and the 50% confidence level, 
respectively, and that the intercepts do not differ from zero at the 50% confidence 
level. Although both intercepts are not dissimilar (at the SO% confidence level), the 
slope coefficients for Eqns. 23 and 24 are found to be significantly different from 
one another (at the 99% confidence level). These features are illustrated by Fig. Sa 
and b. 

Such an exercise confirms the observations suggested by the Sign-tests that acids 
and alcohols behave significantly differently from other solute groups, and it can be 
suggested that, for example, using Eqn. 21 as the basic regression equation, then for 
acids and alcohols a simple multiplication factor, (i.e. X 0.85) can be used to correct 
estimated solubility values. 

Fig. 4. 
I log xz Fig. S. 

Fig. 4. For neutral model compounds (‘Tuhle I) relntionships hctwecn &served ;~qucous soluhdttie~ zm(l 

those estimated using: (a) isocratic K (+,,,, = 0.75) and log(T,,,/T) terms-- Eqn. 20; und (h) ilrwrutio K 

(+,, = 0.50) and [(T,,,/T)- I] terms- Eqn. 21. 

Fig. 5. Soluhility estimations using the regression ccwfficicnts of Eyn. 21 for: tn) all nwttul und h,bt~ 

solutes- Eqn. 24; ;md (b) itll acids and itlCAols..- Eyn. 23 (Tahlc I ). The dwhrd lint of Fig. 5b h:rs 41 

slope equal to unity and intercept of mu. (Key: hcs i\rC indicktrtrd hy triunglca). 
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The differentiation between various solutes according to their physicochemistry 
used in this paper has included monofunctional and multifunctional solutes with one 

strongly do~nating function. However. some compounds (Table 1 j are not readily 
classified because they either have a particular structural peculiarity or do not have a 
clearly dominant functionality. The solutes falling into these groups (Fig. 6) are now 
treated in more detail. 

(ij CycMEWW?&?. Using Eqns. 19-22, cyclohexanone yields - log X, values 
considerably higher (2.24-2.39) than that observed ( 1.75). However, cyclohexanone 
is not a neutral compound since it is known to be weakly acidic due to keto-enol 
tautome~sm (pK, - 11.3). 

(ii) Proge~terone~ Progesterone behaves not as a neutral compound (Fig. 6), but 
in a manner similar to the other ‘aicoholic’ steroids studied; (estimated -log X, 
values (Eqns. 19-22) being 6.35-6.88). Progesterone exhibits keto-enol tautomerism 
which makes it behave as a weak acid. (Although this could be influenced by the 
presence of silanol groups on the surface of the stationary phase, with a large 
moltxule like progesterane this is unlikely due to steric effects.) 

(iii) ~~/~ru~~~enic~ Using Eqns. 19-22, -log X, values of 3.88-4.37 are 
calculated compared to an observed value of 3.86. Since chloramphenicoi is an 
essentially neutral solute with ‘alcohohc’ functionalities, it appears that in such 
circumstance one can use the neutral model compound regression equation (Eqn. 
21) with the correction term for acids or alcohols. 

tic?) Haloqeridol. Although haloperidol is a relatively strong base?, (pK, = S-66), 
and has a hydroxy moiety (Fig. 6), it does not behave like chloramphenicol, rather it 
has estimated - log X, values that are lower (5.79-5.99) than is observed (6.17). 
This may be explained by Fig. 3 which, as discussed above, shows that k’ values 
lower than expected will arise unless the protonated form of the base tends to form 
ion pairs with eluent phosphate anions. 

3. O,N 

;--‘“---s 
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(u) Droperidof. Unlike its analogue, droperidol behaves as an ‘acidic’ compound, 
with its estimated -log X, values (5.77-6.43) being considerably higher than the 
observed value of 5.32. Such behaviour is explains by -CO-NH- keto-enol 
tautomerism in the benzimidazol-2-one ring system (similar to its thione 
analogue-pK, 9.18--Serjeant and Dempsey, 1979). Droperidol as a base has a 
lower pK, (7.64) than haloperidoi, which may partly explain the large difference in 
behaviour due to less ionization at pH 7.00 (Eqns. 14 and 15). 

@it C~ei~e. This compound introduces a further degree of complexity, since, 
apart from being a relatively strong base (pK,, = 8.21) with a hydroxyl moiety, it is 
known to exist (Biihme and Hartke, 1976) as a hydrate with T,, = 333’K. This form 
will lead to a decrease in intermolecular forces in the crystalline state (anhydrous 
codeine has a T,,, of 426’K). Interestingly, although using a T,,, value of 426’K yields 
- log X, values of 4.47-4.72, use of the lower hydrate T,, value of 333% yields 
values of 3.23-3.34,which are close to the observed value of 3.31 (notwithstanding 
the presence of a hydroxyl-group). 

(vii) Chlortetraqvcl~ne. This antibiotic is a relatively strong base (pK, = 9.31) 
with both acidic and alcoholic functionalities. At a pH of 7.00, the basic group will 
be fully ionized, whereas the acidic phenol (pK, = 7.47) will be only partly ionizcz. 
At a pH = 7.00 chlortetracycline may thus be chromatographed in a numher of 
states (ie. cation, zwitterion and/or ion pair). Although the - log X, estimated 
using the regression coefficients derived using the neutral model solutes (Eqn. 21) is 
4.78, (compared to an observed value of 4.65), it may not be concluded that 
chlortetracycline is chromatographed in a ‘neutral’ state, since it is uncertain from 
the literature as to the form in which this drug’s solubility was obtained. 

Extrapolated K values 
It has been an aim of a number of groups, including ourselves, to determine 

whether a chromatographic retention scale to describe solute hydroph~bicit~ (sic) 
could be developed, and which would be as useful as the Pomona liquid/liquid 
distribution coefficient data base (Hansch and Leo, 1979). Early attempts (Tomlin- 
son, 1975) to use thin-layer chromatography data were thwarted by low reproduci- 
bility of values, and initial use of HPLC techniques were unsuccessful due to the. 
then, usage of reversed-phase silica-based stationary phases having high residual 
silanol groups (Tomlinson et al., 1981). Arguing that only stationary phases with low 
residual silanol groups can be used in such studies, we have developed (Ha~enscheid 
and Tomlinson, 1981 b) a chromatographic retention term, ti,, , using cxtrapolatiou of 
k’ data (using Eqn. 1) with 0.3 < (p,, < 0.9 eluent compositions and Hypersil ODS as 
the station~~ry support. Alth~~ugh this appr~ch resulted in an excellent c~~rreli~ti~~1~ 
between K,, and octan- I-al/water distribution coefficients using 32 model com- 
pounds, this present study indicated that this approach is not possible when drugs 
are considered. However, the excellent reproducibility of isocratic data N,, 5. and 
~~~~~~ and the similarity in significance of, for example:, Eyns. I9 and 2 I, etc., indicate 
that these two values could be coInbilled to generi~te an ~xtri~pl~l~~ted chr~~n~i~tl~- 
graphic term which may be used in such approaches as the Yalkowsky-Valvalri 



equation. Defining such a term as 

K 
e-1 = go so -i” 2bo.50 - KO.76) w 

then replacing uo.so and ugfZ values in the appropriate significant Eqns. described 
above (i.e. Fgns. 8- I I, 17, 18, 19-22. and 23, 24), we abtain, respectively: 

X, J” 0.78 c 1.1 lw,, + 7.42 Iog(T,,,/T) (26) 
(0.1 I) (0.04) (0.48) 

(ll= 104; r = 0.958: F= 558) 

-fog xt. = I .~(0.05~~~, + 0.81~0.13) 

(n= 33; r=0.968; F=461) 

-togx: = I .22 += l.Ohc,, + 3.72[(T,/T) - I] 

(0.10) (0.03) (0.19) 

(n= 38; r = 0.994; F = 1385) 

and using the coefficients of Eqn. 28 we further obtain for 
(i) acids and alcohols: 

- log XLh’ = -6.8l(O.Q3) log XC‘ - 0.13(0.17) 

(27) 

(29) 

(n= 41: r=‘= 0.970: F=611): 

( ii) neutrals illld bases: 

- log rjzhx = -- 1.~~0.02) log XC’ - o.os(o.t2) (301 

(n- 56; r = 0.9S6; F = 1832). 

(Eqns. 29 a!~: r~ct) have slope coefficients which are significantly different from each 
other above the 99.99% confidence level,) 

In all cases (Eqns. 26-30) it is seen that the use of the KC,-term does not alter the 
statistical significance of the corresponding relationships derived using ~~~~~ and 
K(, fs data, #nd hence can be used successfully in the Yalkowsky-Valvani equation. 
Of particular interest is that the magnitude of the K,, coefficient approximates to 
unity, which may suggest a physical relevrtnce of K,, and which requires further 
study. Further, use of x,, lcads to similar observations of the difference in behaviour 
bctwccn neutral and basic compounds and acidic and alcoholic solute. 

S&bili~y wimarriott us&g octtwt-I -ol/ wuter distribtctitm coefficients-a comparison 
Y~~lk~~~sky and Valvani (1979) have argued that since the solubility parameter of 



most drugs is similar to that for octan-l-01, then solute liquid/liquid distribution 
coefficients between water and octan-l-01 can be used to replace the y”“’ term of the 
Hildebrand-Scott equation (Eqn. 3). Our arguments (Hafkenscheid and Tomlinson, 
1983) and those of others (Hammers et al., 19821, are that RP-HPLC retention data 
mimic aliphatic alcohol/water distribution coefficients more than those determined 
using alkane/water systems. 

Considering the finding of this present study that use of RP-HPLC values in the 
Yalkowsky-Valvani equation reveals significant differences in behaviour of acids and 
alcohols and neutrals and bases, then it should follow that similar behaviour shows 
when octan-1-al/water solute distribution coefficients, (K,), are used. Hence, for 
those compounds for which K, data are available (Table I), we find 

-log x, = 1.22 + 0.99 log K, + 2.84[(T,,,/T) - 11 (311 
(0.16) (0.05) (0.21) 

(n = 86; r = 0.912; F = 206) 

(for which the corresponding equation using RP-HPLC data hcts the legend) 

(n= 86; r = 0.955; F- 424). 

(n = 86; t-=0.955; F=424). 

- log X; = 1.24 + 1.04 log K, + 3.69[(T~Tf - l] (32) 
(0.09) (0.03) (0.21) 



Using EZqn. 32 in a similar manner to Eqns. 21 and 28 we obtain for 
(i) acids and alcohols: 

-log XZ!‘ = -0.86(0.07) log Xe;’ - 0.16(0.33) (33) 

(n = 37; r = 0.907; F= 162); 

(ii) neutrals and bases 

- log x$3 - 0.98(0.03~ log Xe;$ -f O.~(O. 14) (34) 

(n = 43; r = 0.981: F = 1048). 

For Eqns. 33 and 34 slope coefficients are significantly different from each other 
above the 80% confidence level, and the slope coefficient of Eqn. 33 is shown to be 
significantly different from unity above the 90% level. The relationships embodied in 
Eqns. 33 and 34 are illustrated by Figs. 7a and b, which, together with the statistical 
relevances of Eqns. 31-34 show that although in all cases use of K, values lead to 
poorer correlations. the difference in behaviour of these two groups of solutes is 
again in evidence. 

For over 100 compounds, including simple mono- and polyfunction~ solute and 
drug molecules of different physicochemical type, the use of isocratic RP-HPLC 
capacity factors in the Yalkowsky-Valvani simplification of the Hildebrand-Scott 
equation for describing aqueous solubilities has been shown to give excellent 
estimations over a wide solubility range (1.4 < -log X, < 10.5). In addition, the 
correlations obtained have a higher statistical significance than those obtained using 
octan-I-al/water distribution coefficients. Although we have argued that due to 
ionization and buffer effects (Eqns. 12- 15; Fig. 3), k’ values of bases should lead to 
lower estimations of their solubilities, this is found not to be the case (which may 
indicate that during chromatography protonated bases are either eluted as weakly 
formed ion pairs, or that there is salting out effect taking place-both of which lead 
to higher k’ values). 

Finally, a significant finding of this study is that using isoeratic k’ values there is 
a significant difference in behaviour between acids and alcohols, and neutrals and 
bases, with a constant overestimation of solubility for the former group which may 
be easily corrected for. These effects are also shown when octan-1-al/water distribu- 
tion coefficients are used (though at a less significant level), and appear to be 
inherent in the use of the Yatkowski-Valvani equation-an effect which requires 
further study. 
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