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Abstract

The use of gas-liquid chromatographic (GLC) retention data to obtain sets of solute descriptors is outlined, with reference to the schemes
of Laffort and of Weckwerth. The method of Snyder and Dolan to obtain a set of solute descriptors from reverse phase high performance
chromatographic (RP-HPLC) measurements is described. The work of Abraham on the construction of solvation parameters, or descriptors,
from water—solvent partitions, GLC retention data and RP-HPLC data is considered in some detail. Acomparison is made between the schemes
of Laffort, Weckwerth and Abraham, and it is shown that the latter two yield exactly the same fits for a test data set of gas—methanol partition
coefficients, although the distribution of chemical information amongst the terms in the multiple linear regressions is not quite the same. A
comparison between the above ‘experimental’ descriptors and theoretical descriptors is made, and it is shown that the experimental Abraham
and the theoretical Klamt descriptors encode almost the same chemical information. It is concluded that for processes that entail transfer of
a solute from one phase to another, only a small number of solute descriptors, no more than five or six, is needed to provide a reasonably
accurate analysis of the process.
© 2004 Elsevier B.V. All rights reserved.
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Table 1
The five stationary phases used by Laffort et[a0,21]

1. Introduction

Because of the ease of use, the availability of commer- No. Phase
cial equipment, and the reproducibility of measurements, it 7 Zonyl E7
is not surprising that chromatographic methods have long ¢ Carbowax 1000
been used to obtain properties or ‘descriptors’ that charac-T Tricyanoethoxypropane

Polyphenyl ether (6 rings)
Diethylene glycol succinate

terize compounds. Both gas—liquid chromatography (GLC) P
and high-performance liquid chromatography (HPLC) can P

operate at very low compound concentrations and so, with
few exceptions, can yield descriptors for compounds as the
simple monomeric species.

The assignment of more than one ‘descriptor’ to a com-
pound was first based on the solubility parameter theory
of Hildebrand[1]. A number of multi-component systems
were developefR,3], that of Hansefd—7] being especially
comprehensive. Hansen characterized compounds in term
of partial solubility parameters: a dispersion solubility pa-
rameter,dq, a polar solubility parametesy, and a hydro-
gen bond solubility parametet,. The Hansen system has
found wide applicability in polymer chemistry, as described
by Barton[8], and was later extended by Karger ef{@J10].

Cramer[11,12]selected six particular physical properties,
viz. hydration energy, water—octanol partition coefficient,
boiling point, molar refraction, volume and vaporization en-
thalpy and through factor analysis obtained six characteris-
tic descriptors for some 500 compounds, denote®,as,

D, E andF. These six descriptors were later used to cor-
relate a number of biological properties with some success
[13,14] Unfortunately, the physical properties selected are
not ideal, because hydration energy and partition coefficient
refer to compounds as single monomeric species, wherea
boiling point and vaporization enthalpy refer to the bulk lig-
uids. Nevertheless, the work of Cramer showed clearly that
it was possible to derive useful compound descriptors from
physical properties.

2. Descriptors from GLC data

The earliest work on descriptors of solutes from GLC
data was that of Rohrschneidgr5,16] who used solute
factors to calculate Kovats retention indices; McReynolds
later extended the meth@@i7]. Weiner and Howery18,19]
used factor analysis on the GLC data of Rohrschneider
and McReynolds to obtain eight rather abstract solute fac-
tors. Somewhat later, Karger et §,10] applied their par-
tial solubility parameters to chromatographic retention, thus

[21]. In this paper, Patte et 4R1] generated their own GLC
retention data on five stationary phases and obtained the
five solute factors for 240 compounds. The five stationary
phases used are listed Table 1 and the five solute fac-
tors are shown irmable 2 Laffort and co-workerg21,23]

ysed the solute factors ifable 2to correlate a number of

physicochemical and biochemical properties. In general the
solute factors have not been widely used, although Voelkel
and Jana$24] characterized a number of GLC stationary
phases in this way.

Li et al. [25] used the retention data of Laffort and
co-workers[21] on the five phases shown ifable ] to-
gether with their own retention data for 53 compounds on
eight capillary columng26] and their own unpublished
retention data on six basic phases to set out scales of solute
dipolarity/polarizability, 722, and solute hydrogen bond
acidity, «xC2. Although Li et al.[25] used the correspond-
ing scales of Abraham (se®ection 4 as starting points,
the final values ofr,“2 anda,“2 differed appreciably from
the Abraham scales. A rather different method was used by

%i et al. [27] to construct a scale of solute hydrogen bond

asicity, denoted a@,C. Retention data, as Ildg were
determined on a fluorinated benzyl alcohol and the corre-
sponding fluorinated benzyl methyl ether, agf defined
as follows:

¢ logkALCOHOL _ jog kETHER 4 0,089 0.235,

p2 2.15

1)

In Eq. (1) &2 is a polarizability correction factor taken as
0 (aliphatic solutes), 0.5 (polyhalogenated solutes) and 1.0
(aromatic solutes).

In subsequent papers, Li et §4£8,29] used the above
solute descriptors in an equation for the characterization of
stationary phases:

logk = ¢ + 1log L8 + sm5°% 4 dsz + ac“® + bB°  (2)

demonstrating that non-chromatographic data could be usedrable 2

to describe chromatographic retention. The most convinc-
ing work on the calculation of solute descriptors solely from
GLC data was that of Laffort and Patt20]. These work-
ers first used the GLC retention data of McReynd2]

on 25 stationary phases and through factor analysis obtained

five solute descriptors for 75 compour{@8]. Note that the
numerical values of the solute descript¢2€] are not the
same as those in the later paper of Laffort and co-workers

The five solute factors of Laffort and co-workdf0,21]

Factor Interpretatiori20,21]

Apolar factor, proportional to volume

Orientation factor, proportional to

dipole moment for simple molecules

Electron factor, related to dispersion interactions
Hydrogen bond acidity

Hydrogen bond basicity

o
w

&
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Good correlations were obtained, although a number of 3. Descriptorsfrom HPLC data
strong bases were outliers and were omitted from the corre-
lations[29]. The Carr descriptors (Li et al.) have not been  The main physicochemical use of HPLC data has been
widely applied, however, and the recent work of Weckwerth in the determination of water—octanol partition coefficients,
et al.[30] describes the construction of new scales altogether. P y. Numerous workers have described HPLC systems,
Weckwerth et al[30] set out to obtain solute descrip- that, once calibrated, can be used to obtainFgg values
tors on the lines of those used kEy. (2) and of those of  just from retention factors, as lég Dross et al[32] have
Abraham, but which would correspond to chemically dis- surveyed some of the literature, but there are numerous other
tinct properties. The key equation relating chromatographic papers on this subje¢83—36] The use of HPLC retention
retention data to the solute descriptor&ig (3) where we data to construct scales of solute parameters has received
have used the superscript to avoid confusion with other  surprisingly little attention. Roses et §.7] have developed
descriptors. a one-parameter system that shows considerable promise in
the prediction of retention factors, as lbgalues, but the
3) only attempt to develop a multi-parameter system is that of
Snyder and co-workel[88-40]
Wilson et al.[38] start with retention factors, as légal-
The descriptors arg” the solute volumeP' the solute po- ues, for 67 varied solutes on ten different RP-HPLC station-
larizability, DV the solute dipolarityA¥ the solute hydro-  ary phases, all with 50% acetonitrile as the mobile phase.
gen bond acidity an@" the solute hydrogen bond basicity. They then reduced the 64 10 data matrix to a 6% 5 ma-
Weckwerth et al[30] used a data set of 53 compounds on trix, where all the solute information is compressed into five
seven stationary phases at various tempera{@Hds They descriptors. Wilson et aJ38] also examined large data sets
assigned values aP¥ = AV = 0 for cyclohexanepV = 1, of 86 solutes on five other columns, 61 of the solutes be-
AY = 0 for benzonitrile, andd¥ = 1 for phenol. The term ing different to the original 67 solutes, and so were able to
in bBY was redundant because the stationary phases had nextend the number of characterized solutes considerably.
hydrogen bond basicity. The calculation of the volume de- The final equation for log is:
scriptor was initiated by use of McGowan'’s volumg,see
Section 4.3 For the alkanedV = 6.56+ V.

The result of the calculations is a set of descriptdfs Wwilson et al.[38] write Eq. (4)slightly differently, but we

PY, DY andA” for 53 compounds. The cavity formation de- ;qe the form ofq. (4)because it shows the relationship to
scriptor\WV for homologous series is of interest because the Abraham’s equation, seBection 4 The independent vari-

CHa increment seems to vary from series to series, e.g. from ablesy, o', B anda’ are descriptors of the solute molecules
12.98 (benzene, toluene, ethylbenzene, and propylbenzeney, e neytral form. The descriptet, the ion-exchange pa-

to 16.82 (methanol, ethanol, and propan-1-ol). The descrip- s neter, refers to neutral compounds (that is non-acidic and
tors are claimed to be chemically distinct solute parameters. o b i compounds) as such, and to basic compounds in
Whether or not Weckwerth et gJ30] have achieved this i hrotonated form. The coefficierits S, A, B andC are
cannot be ascertained. Actually, this makes little difference o resn0nding properties of the stationary phase. The solute
to the usefulness dtq. (3)in the correlation and prediction descriptors were interpreted as showrTable 3

of GLC retention data, for which it is eminently suitable. In a second paper, Wilson et &89] investigated the re-

However, the present method cannot be u_s_ed to correlatéeniion of the 67 solutes as a function of temperature and
other processes such as watfar—solvent partl_t|ons and HPLG, jpile phase composition, and in the final paper of the se-
retention data, because the import&ftdescriptor cannot  joq40] a detailed analysis of the interpretation of the solute

be obtained from GLC retention data on non-acidic station- descriptors was given. It was pointed out that the hydropho-
ary phases. Weckwerth et 480] attempted to overcome  pjqiry gescriptoryy, increased with increase in carbon num-

thi; problem by using AbrahamB parameter in th_e COITe- her for a homologous series, as showTable 4 However,
lation of a number of processes. However, one might just as o appears to be not any strong connection with volume,

well use the complete equation of Abraham (Seetion 4, as can be seen ifable 4from the volumes of naphthalene
especially since the Weckwerth descriptors are available for

only 53 compounds whereas the Abraham descriptors are
known for several thousand compounds. I";‘lb'eRi HPLC Solte descrintors of Wison of al. (Snvda
Since the Laffort descriptors and the Weckwerth descrip- e R solute descriptors of Wilson et al. (Snyq8e)]

logk = ¢ + vV + pPY 4- dDY + aAY + bBY

logk = logkret + Hy' + So’ + AB' + Bo' + Ci’ 4)

tors have been obtained solely from GLC retention data, Descriptor Interpretatiofi38]
they should both be able to describe other GLC data better,, Hydrophobicity
than descriptors obtained more generally. It will be of in- o Steric parameter
terest to see if one set leads to better correlations than thef’ Basicity
other set, although the Weckwerth descriptors are preferred® Acidity (partly)
« Cation-exchange parameter

on the grounds that they are much easier to interpret.
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Table 4 in the fourth paper of the series by Gilroy et @3]. These
Some values of the hydrophobicity descriptgr,of Wilson et al. (Snyder)  \yorkers examined retention data for a particular subset of
[40] and the McGowan volumey 16 compounds on no less than 92 RP-HPLC systems, in or-

Solute n \% der to applyEq. (4) It might be argued that for a multiple
Benzene _0.434 0.716 linear regression equation with five independent variables, a
Toluene —0.213 0.857 data set of 16 is far too small. In the event, Gilroy ef48]
Ethylbenzene 0.000 0.998  found that the original descriptors required revision in order
Propylbenzene 0.240 1139 accurately to represent the lkglata. They achieved this by
E‘:tgr:ktf ;Zir;e _O%ggo 1.10'220 an iterative procedure in which the original descriptors were
Anthracene 0.353 1454 Used to obtain coefficients iEq. (4) the latter were then

used to re-calculate the descriptors; these were used to ob-

tain revised coefficients which in turn yielded re-calculated

and anthracene, so that the actual solute factors that deterelescriptors. Eventually a best fit of descriptors and coeffi-

minen’ are not very clear. cients were obtained. Not surprisingly, the final equation fits
The ¢’ descriptor is calculated relative to ethylbenzene of the logk data were very good. Gilroy et §43] suggested

(o’ = 0.000) and so can be positive or negative. Wilson et al. that the iterative procedure resulted in ‘minor revision’ of

[40] were careful to point out that steric selectivity might the descriptors. Values of the initial and revised descriptors

well be different from shape selectivity. are inTable 6 Bearing in mind the scale of the descriptors,
The B’ descriptor was characterispdd] as arising from many of the changes seem to be much too large to be classed

hydrogen bonding between solutes and non-ionized silanolsas ‘minor’. For the original 67 compoun(i38] the range of

in the stationary phase. (Rather oddly, the role of the 50% descriptors is 2.3855(), 1.988 ¢”), 1.113 §'), 3.679 &)

water in the mobile phase seems to be of no importance).and 1.658 £). But for 5,5-diphenylhydantoin, the original

Because of restricted access to silanglss very dependent  and revised descriptors differ by 1.258') and by 1.016

on steric effects of groups near to the basic site in the solute.(«'), substantial portions of the entire range for the 67 com-

Thus g is 0.89 (\,N'-dimethylformamide) but only 0.22  pounds.

(N,N'-dibutylformamide). However, this cannot be the whole  Of course, solute descriptors based on experimental data

story; the nitro group in 1-nitropropane and nitrobenzene is will always be subject to change. It remains to be seen if the

not sterically hindered, and yet theif values are less than  system of Snyder and Dolan will yield a set of descriptors

those of benzene or toluene, Sble Swhere a number of  that can be used in general to analyze RP-HPLC data, or

other hydrogen bond basicity values are lisi2@,41,42] whether variations in experimental procedures, such as mo-
Interpretation of thex’ descriptor presented some diffi- bile phase, stationary phase, buffers, etc will require a num-

culty [40], and it was suggested that more than one type ber of different sets of solute descriptors. There is clearly

of solute-phase interaction was involved, one of which was a trade off between sets of descriptors that are of general

probably the solute acting as a hydrogen bond acid towardsapplicability but which fit retention data less well, and sets

basic sites in the stationary phase. Finallys an interesting  that are of limited applicability but which fit retention data

descriptor that relates to ionic interaction between chargedin certain specific systems much better. Subsequent to the

solutes, specifically protonated bases, and ionized silanolsoriginal three papers, Wang and Cf4#] examined reten-

in the stationary phase. tion data on 22 solutes in order to derive global linear solva-
Whatever the interpretation of the new RP-HPLC descrip- tion energy relationships. However, they chose to work with

tors, they should more accurately describe RP-HPLC reten-the Abraham descriptors rather than wih. (4)

tion data than descriptors derived from several sources of

data, as pointed out by Wilson et §8]. This can only be

ascertained by using the determined descriptors to analyze4. The system of Abraham

new data sets, the latter then being ‘test’ sets. This was done

4.1. Introduction

Table 5

Some values of solute hydrogen bond strength We deal with this system separately, because it uses data

Solute o 5,Cb 5° 10 both from GLC and HPLC, as well as data on water—solvent
2

partition coefficients. A starting point is the solvatochromic
Benzene 0.013 0.10 0.14 015 solvent parameters developed by Kamlet and co-workers

If’,'\l“if}gﬁmpane %%%‘; %11; %‘13‘1 %12‘; [45-50] that were used as solvent parameters in a general
Nitrobenzene —0.009 0.21 0.28 034  equation[51] for the effect of solvents on a given solute,

a Refs. 38,40} Y = Yo+ d8 + s} + ay + bp1 + d(8y)? )

b The hydrogen bond basicity descriptor of Li et al. (C4&9)]. . . . .

¢ The hydrogen bond basicity descriptor of Abrahjt]. In Eqg. (4) Y is a property of a given solute in a series of

d The 1:1 hydrogen bond basicity descriptor of Abraham ef4d]. solvents and, nj, a1, B1, and 0H)? are the independent
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Table 6
Revised and original descriptors of Snyder and co-workeé8s-40,43]
Solute n o’ B o K
Acetophenone
Revised —0.744 0.133 0.059 —0.152 —0.009
Original —0.748 0.186 0.039 —0.047 —0.009
Benzonitrile —0.703 0.317 0.003 0.080 —0.030
—0.715 0.245 0.016 —0.020 —0.026
Anisole —0.467 0.062 0.006 —0.156 —0.009
—0.473 0.042 0.001 —0.052 —0.019
Toluene —0.205 —0.095 0.011 —0.214 0.005
—0.206 —0.133 0.004 —-0.014 —0.008
4-Nitrophenol —0.968 0.040 0.009 0.098 —0.021
—0.956 0.057 —0.034 0.217 —0.017
5,5-Diphenylhydantoin —0.940 0.026 0.003 0.568 0.007
—0.881 1.284 —0.046 —0.448 0.029
cis-Chalcone —0.048 0.821 —0.030 0.466 —0.045
—0.052 0.817 —0.024 0.066 —0.021
trans-Chalcone 0.029 0.918 —0.021 —0.292 —0.017
0.032 0.918 —0.030 0.179 —0.042
N,N-Dimethylacetamide —1.903 0.001 0.994 —0.012 0.001
-1.921 0.000 1.000 0.000 0.000
N,N-Diethylacetamide —1.390 0.214 0.369 —0.215 0.047
—1.341 0.402 0.409 0.097 0.065
4-n-Butylbenzoic acid —0.266 —0.223 0.013 0.838 0.045
-0.272 —0.280 0.015 1.024 0.044
Mefenamic acid 0.049 0.333 —0.049 1.123 —0.008
0.038 0.262 —0.039 0.917 —0.006
Nortriptyline —1.163 —0.018 —0.024 0.289 0.845
-1.169 0.059 —0.036 0.381 0.833
Amitriptyline —1.094 0.163 —0.041 0.300 0.817
—1.096 0.049 —0.030 0.321 0.834

variables, that is descriptors of the solvents, as follofvs: parametersy* andg. Although this was reasonable for com-

is an empirical polarizability correction termr; the sol- pounds that were unassociated as solvents, it was not valid
vent polarizability/dipolarityee; the solvent hydrogen bond  for compounds that were associated as solvents. In addition,
acidity, 81 the solvent hydrogen bond basicity arg)? the parameters for solids and gases could not be obtained in this

solvent Hildebrand cohesive energy density. This equation way. There was also a difficulty over the solute hydrogen
became known as the solvatochromic equation and is still bond acidity parameter, and a new descriptgr, had to be

one of the most widely used equations for the interpretation invented; the subscript ‘m’ refers to monomeric species in
of solvent effects. The same workers then reasosed the case of compounds such as water and alcokg|s(6)

that a similar equation could be used for the study of solute was successful enough to indicate that the general principles
effects, that is for a series of solutes in a given solvent. The were correct and so Abraham began the task of obtaining
independent variables would then be solute descriptors, andrue solute parameters that could be used in a similar-type
the equation could be written as, equation toEg. (6) The method of Abraham is now some
15 years 0ld53], and it is 10 years since a comprehensive
review was publishef#1], and so we give a rather detailed

In Eq. (6) SP is a property of a series of solutes (for example account.

log Po,w) and the descriptors now refer to properties of the

solutes)V being the solute volumézq. (6)was successfully  4.2. General principles

[52] applied to several physicochemical and biochemical

processes. One important drawback of the method was that The first step was to consider processes in which the only,
the solvent parameters; and g1 had to be used as surro- or main, step was the transfer of a solute from one phase
gates for the (then) unobtainable corresponding true soluteto another. Partitions between solvent phases, expressed in

SP=c+d§ + st* + aa + b8 + vV (6)
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Gas Phase Table 7
Notation of the Abraham descriptors
Descriptor Old symbol New symbol
w s Excess molar refraction Ry E
LogK LogK Dipolarity/polarizability oM S
Overall hydrogen bond acidity TapH A
Overall hydrogen bond basicity »BM B
¢ t McGowan volume Vx \
Gas-hexadecane partition coefficient 13§ L
Water LogP ™% Solvent

_ there will be a number of solute—solvent interactions, all of
Fig. 1. Transfer of a solute from the gas phase to water and a solvent, which, in principle, should be related to given solute proper-
and from water to the solvent. ties. In practice, it is not possible to separate out exactly the

various interactions, especially those due to dipole and in-

terms of a partition coefficien®, could be regarded as the ~duced dipole effects, and the solute properties or descriptors
resultant of two gas—solvent partitions, defined in terms of finally used are given iffable 7 both the old complicated

an equilibrium constank, as shown irFig. 1 notation and the new notation are shown.
) The descriptors shown ifable 7were combined into two
_ _conc of solute in a solvent @) linear equationsEqs. (9) and (10)The former was designed
conc of solute inthe gas phase to deal with transfers from the gas phase to a condensed

Then the factors that influence the partition between two phase, and the latter for transfers from one condensed phase

solvent phases can more easily be expressed in terms of th&0 another.
factors that influence partition between the gas phase and agp_ . 4+ eE+SS+aA+bB+IL )
solvent, because we have that:

Here,KS is an equilibrium constant for partition of a solute N Ed. (9)the dependent variable, SP, can beKégas shown
from the gas phase into a given solvent, &4 the equilib- in Fig. 1, or can be GLC retention data for a series of solutes
rium constant for partition of the same solute from the gas Such as log(rel) or logVg or I, wheret(rel) is the relative
phase to water. There a number of methods of separating ouftention time,Vq the retention volume and the Kovats
such factors, one of the most popular being the cavity the- rétention index. Ireq. (10) SP can be log or logk where
ory of solution[54] which is an integral part of Pieriotti's K IS the HPLC retention factor, etc. The coefficieni, s,
scaled particle theory of solutiofs5]. In this theory, see @& D, andl or v, can be found by standard procedures for
Fig. 1, the solution of a gaseous solute is composed of three Multiple linear regression analysis.

terms:

. ) . . 4.3. TheE, V and L descriptors
(a) A cavity of suitable size to accommodate the solute is

created in the solvent. This step involves the endoergic  the gefinition ofE is straightforward56]. It is the molar
breaking of solvent-solvent interactions; these will be (etraction of the compound calculated using McGowan's
proportional to the size of the cavity and hence to the \5jyme, MRy, less the molar refraction of an alkane with

size of the solute. _ _ the same McGowan volume. The molar refraction itself is
(b) The solvent molecules round the cavity are reorganized yofined as

into their equilibrium position for interaction with the
solute. The Gibbs free energy of reorganization is neg-
ligible. However, the enthalpy and entropy of reorgani-
zation may be large. _ o
(c) The solute is inserted into the reorganized cavity, and Wheren is the refractive index of the compound as a pure
various solute—solvent interactions are set up. These in-liquid at 20°C, andV is in units of (cnt mol~1)/100. MRy

teractions are exoergic and aid the processes of solution thus has units of (cﬁmolfl)/lo. For compounds that are
solid at 20°C a refractive index for the liquid at 2@ can

Considerable simplification is effected if the solvent phase pe calculated by the ACD softwa[&7]. It is interesting that
is constant, and only the solute changes. Then solvent propmolar refraction is one of the few properties that is the same
erties need not be considered at all, and only relevant prop-for gaseous solutes as for liquid solutes, even for associated
erties or ‘descriptors’ of the solute need to be devised. In |iquids such as water. (MRaianeis given by,
step (a) either the solute volumé, or theL descriptor (see
later) was taken as the solute ‘size’ parameter. In step (c) (MRx)alkane= 2.83195/ — 0.52553 (12)

(11)

2 _
MRy = 10[('7 1)} v

% +2)
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and soE is computed as, Li et al. [63] have also shown thdt values can be ob-

tained from GLC retention data on rather non-polar columns
E = (MRx) — 283195/ + 0.52553 13) & temperatures between 60 and 120 along the above
lines. Mutelet and Rogalskb4] used conventional packed
columns with hexatriacontane and pentacontane stationary
phases at 100 and 15G to obtainL values up to 10.7,
and confirmed a number of largevalues up to 10.7 deter-
mined by Abraham and co-workef80—62] previously. A
very novel approach was also reported by Mutelet and Ro-
galski [64] who used a temperature gradient method with
a DB-1 capillary column operated between 40 and 320
Reduced retention times were related tealues for stan-
dard compounds through a fitting equation,

The units of E are the same as those of MRthat is
(cm®mol~1)/10. A computer program, VR, is available
from the authors to calculatk. It requires as input the
solute molecular formula and the number of rings in the
molecule (to calculat®¥) and the refractive index at 2C.

E has been found to be very nearly an additive property,
and so another method of obtainigis through addition

of fragment values.

The McGowan volume can simply be calculated from
atomic fragments and the number of bonds in a molecule,
all bonds being counted as one, no matter whether single, f(tr)
double or triple. It is not necessary actually to count the L =ex [_}
number of bondsB,,, in complicated molecules because the

algorithm of Abrahanf41] can be usecEq. (14) whereN, Because DB-1 is slightly polar, different fitting equations
is the total number of atoms arRl the number of rings are needed for different series of solutes, which may be

The VR program, above, calculatésising as input only the non-polar or moderat_ely polar. O_nce_ this is done, the method
compound molecular formula, and the number of rings in €N Pe used to obtain extraordinarily largevalues, up to
the compoundN;, is of course obtained from the molecular 18.7, very quickly indeed.

formula.

(16)

4.4. The S A and B descriptors

Bﬂ :Na_1+Rg (14)

o ) ) Eq. (14)can be used to correlate GLC retention data for
The excess molar refractioh, is derived from the refractive  ggutes on non-polar phases such as squalane or OV-101
index function, and hence gives a measure of the polarizableg; 100°c. However. if the stationary phase is polar, then
glectrons in a molecule. SE can.be taken as an indica- Eq. (14)will apply only to non-polar solutes such as alka-
tion of the solute—solvent interaction that arises through the o5 For polar compounds that have no hydrogen bond acid-
presence of polarizable electrons in the solute. The soluteity' one additional descriptor is needg@D—62] that refers
volume,V, was set up as a measure of the cavity effect, that 4 the dipolarity/polarizability of the solute, that is descrip-
is the endoergic effect of disrupting solvent—solvent bonds. 1oy 5 Thus for relative retention times(rel), of solutes

However, solute volume is always well correlated with mo- o gin-propyl tetrachlorophthalate at 9G, Abraham and
lar refraction and with polarizability58], and so will in- Whiting [61] found,

clude not only the endoergic cavity effect but also exoergic
solute—solvent effects that arise through solute polarizability. 1097(rél) = —3.433+-1.6405 + 0.618L 17

The L descriptor is definef41] as the logarithm of the A arge number of equations of this type, or equations with
equilibrium constant irEq. (6) where the solvent is hex-  ha additionak descriptor, were used to obteBulescriptors,
adecane at 25C; L = logK (gas to hex.adecane).. Abraham mostly for reasonably volatile solut¢80—62]
et al.[59] showed _thaL could be obtained _by direct mea- GLC phases that are polar are invariably also hydrogen
surement of retention volumes by GLC, using a hexadecanep,ng bases, for example the dialkyl phthalates. Then if the

stationary phase thermostatted at’@5 Since then, Abra-  gq|ytes that are studied on such stationary phases are not hy-
ham and co-worker§0-62]have shown that GLC data, SP,  4ragen bond acids, equations suctEas (18) or equations
for solutes on a non-polar stationary phase, usually at€00 i, g g andL, will suffice to correlate retention data, SP.

or higher, can be correlated through the simple equation, yowever, if the data set includes hydrogen bond acids, then

SP=c+eE+IL (15) any correlation equation will require also tidedescriptor
[56,60-62] as shown irEq. (18)
Once the phase has been calibrated with solutes of knownSP: ¢t eE L sStaAtll (18)

SP,E andL values, then othek values can be obtained

for further solutes for which SP ard are known. In this Then in order to obtaii\ values for compounds, not only
way, L values for hundreds of solutes withvalues up to must the stationary phase be calibrated, but values of SP,
7.71 (decylbenzene) were obtained. The determination of E, S and L must be known. The actual scale Afvalues

L through equations lik&q. (15)is a very simple direct  was constructed by using 1:1 hydrogen bond acid[tég
experimental method. Again, althoughmay be regarded  as provisional values in order to set up a scale, but the final
as another ‘size’ parameter, it will also include exoergic obtained values constitute a new scale. This GLC stepwise
solute—solvent effects, just as thledescriptor does. procedure was the original method of obtainifagand also
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Table 8 Table 9

Hydrogen bond basicities for ‘variable basicity’ solutes Water—solvent partition systems for which the alternaBYedescriptor is
appropriate

Solute B BO pprop

Water—wet alcohols

An|||ne. . 0.41 0.50 Water—wet diethyl ethér

m-ToIgldlne . 0.45 0.55 Water—wet diisopropyl ether

N,N-Dlmethy_lanlllne 0.41 0.47 Water—wet ethyl acetdte

m-ChIoroanlInjg 0.30 0.36 Water—wet butyl acetate

m-Methoxyaniline 0.59 0.70

Pyridine 0.52 0.47 a Dibutyl ether is a borderline case.

4-Methylpyridine 0.54 0.43 b Not the esters olive oil and PGDP.

Quinoline 0.54 0.51

Isoquinoline 0.54 0.47 . . .

Indole 0.22 0.31 4.5. Descriptors via water—solvent partitions

Imidazole 0.78 0.50

Pyrazole 0.45 0.34 The above methods for the determination of descriptors
Purine _ 1.08 078 were worked out before equations for many water—solvent
B:the;:i:zﬂ:gi:gg g:gg 8';2 partitions had been developed. Now that a large number of
Triphenylphosphine oxide 1.50 132 such systems have been characterized thrdemh(10) it

is possible to determine descriptors throughHoglues for
a given solute in a number of water systems. As shown in
E, SandL values). As will be outlined later, much more Section 4.3the descrip_torE andV can _readily be obtained,
elegant methods are now available. and so on!y the descripto§ A andB in Eq. (10)need to
There are very few GLC stationary phases that have beenP€ determined.
examined that are significant hydrogen bond acids, and al- N Principle, if logP values are known for a compound
most no such phases are commercially available. This meand” three water—solvent systems which have been character-
that the above GLC step by step method cannot be extended?€d Py Ed. (10) then we have three equations and three
to the determination oB values. Abrahanj66] therefore ~ Unknowns § A andB) and so the unknowns can be eval-
turned to the use of water—solvent partition data, asPlog Uatéd. In practice, this procedure will only work satisfacto-
values, in order to establish a scale of hydrogen bond ba-“!y if the coefficients in the three equat!ons are substantially
sicity. The equation used was the fel. (10) where SPis  different. Two stratagems can be applied.
now logP. Firstly, logP values in a large number pf water—solvent
Once again, equations could be established for solutes thafYSeMs may be known or may be determined. Thegthe
were not hydrogen bond bases, for several water—solvent2dB values that lead to best reproduction of the fogal-
partitions. Then provisional values & were assigned to ues can be evgluated. Th_|s is |Ilustrateqrable 10for the
solutes, using the 1:1 hydrogen bond basicity s¢42 as case of ephedrine, for which Icfgvalues in a large _number
an approximation. By a process of iteration, a second set of©f Systems have been determined and recorded in the Med-
equations was established, new solute basicities were calcuChem data basgsg]. The Medicinal Chemistry database,
lated, a third set of equations was established, etc. Finally, a°r9anized by Leo, is a most valuable source of experimen-
self-consistent set of equations aBdalues was obtained. (@l data that can be used in the determination of descrip-
During the course of this work, it became apparent that tors. FromTable 10 with E = 0.916 an(_jv = 1.4385, Fhe
for certain solutes in certain water—solvent systems, the so-10109P values could be reproduced with SB0.13 using
lute hydrogen bond basicity was not constant. This phe- 5 = 079, 4 = 0.27 andB = 1.18 units. It is often the
nomenon had been observed previously by Leahy §63].

who identified some solutes containing theGGand PO Table 10 _
groups as possessing variable basicity. It seems that not alfPPserved68] and calculated values of Idyfor ephedring
solutes containing these groups behave in an anomalous waynvater—solvent system Observed Calculated
and inTable 8ar.e listed anomalous solutes. Note that sul- -~ 112 118
fongs, sulfon_a_rmdes, sulfonates anq phqsphates do not shoWentanol 1.37 1.41
variable basicity. In order to deal with this problem, Abra- Hexanol 1.22 1.17
ham[66] identified other types of variable basicity solutes Decanol 0.94 0.88
such as anilines and pyridines, and assigned an alternative’ichioromethane 0.62 0.70
) . . . . Trichloromethane 112 1.27
hydrogen bond basicityg”, to variable basicity solutes in Heptane _0.77 _0.64
water—solvent systems where the organic_la_yer contains coN-yciohexane _0.48 _0.69
siderable quantities of water, s@éable 9 It is important to Benzene 0.45 0.27
note that these variable basicity solutes behave quite nor-Diethyl ether 0.30 0.39

mally in other water—solvent partitions, and in all gas-solvent  a with £ — 0.916, v = 1.4385 and assigned values 6f= 0.79
partitions, where the usu8 descriptor can be used. A =027 andB = 1.18.
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Table 11 (b) An in-house program similar to Solver, denoted as

Calculation of descriptors for the variable basicity solute, methyl phenyl ‘Descfit’.

sulfoxide (c) The use of multiple linear regression equations for each

Water—solvent system Observed Calculated of the three descriptors.

Octanol 0.55 0.55% (d) The use of three simultaneous equations, TripleX.

Trichloromethane 1.41 1.32 . -

Hexane _1.49 _1.48 The _Solver and Descfit methc_>ds are very similar and can

Cyclohexane _1.29 _1.28 work with any number of equations, not just four. Both of

Dibutyl ether —0.86 —-0.91 them calculate lo values using combinations of values for

PGDP —-0.41 -0.37 S, A andB, and the combination that leads to the smallest

Gas phase - 737 standard deviation between observed and calculate® log
3 With £ =1.104, S = 1.73, A = 0.00, B = 0.88, V = 1.0795. values is taken. The multiple regression method is quite
® With B% = 0.71. different, and involves setting up separate equation§,far

andB in terms of the four lodP values. Zissimos et a[71]
chose 47 varied compounds for which either the fourRog

case that one or more I&gvalues are out of line, and val-  values were known, or for which they were measured. The
ues in the water isobutanol (observed 1.18, calculated 1.44)equa’[i0n5 for required descriptors were found to be:

and water-toluene (observed 0.40, calculated 0.09) systems

were left out. S = 0.049— 0.092 logPo/w + 0.229 logPch

For compounds with variable hydrogen bond basicity, the —0.713l0gPcyc + 0.625 log Py 19
position is more complicated, and IBgvalues in several +0.355E — 0.188V (19)
wa_lter—solvent systems are required for any rigorous anal- N=47 R?2=0916 SE=0152 F =730
ysis. As an example we take methyl phenyl sulfoxide, for
which logP values are available in seven water—solvent sys- 4 — 0,108+ 0.261 10gPo)w — 0.155 logPep
tems[68]. Knowing E = 1.104 andV = 1.0795, only two  0.248100Poye + 0.171 l0gP
descriptorsSandB, need to be determined because= 0. ‘ 9feye + 9. 9l (20)
With § = 1.73 andB = 0.88, logP values in six of the —0.049E — 0.097V
systems are fitted very satisfactory, with SB 0.06 log N =47, R?=0964 SE=0058 F =1772
units, se€Table 11 However, for one of the solvent systems
that appears ifable 11 viz. the water—octanol system, the B = —0.089— 0.033logPo,w + 0.338 logPch
calculated value for log, —0.04, is far away from the ob- +0.178l0gPeyc — 0.587 log Py
served value of 0.5%68]. The latter value can be taken as 1+ 0.137E + 0.595V (21)

reliable because it is a designated ‘starred’ value in the Med-
Chem data basf8], and because it is exactly the same as
the calculatedClog P value, also 0.5%69]. If we then take
E = 1104,V = 1.0795,A = 0, andS = 1.73 as found
in Table 11 the alternativeB® value of 0.71 is required to
reproduce the 0.55 value for |6g,w.

The second method is to use a small number of systems,(log P — €E — vV) = sS+ aA + bB (22)
but to select them carefully so that the corresponding equa-
tions are as different as possible. Many years ago, Taylor

et al. [70] argued that four water—solvent systems, if care- :
fully chosen, were sufficient to encapsulate the information be solved for the three unknowssA andB. There will be

contained in the varied water—solvent systems available. four combina'tions of the three simultaneogs equations, and
They suggested that octanol, an alkane, chloroform andthe four_solutlons can be averaged. The TripleX method can
an ester (propylene glycol dipelagronate, PGDP) was abe applied to anynumberofwater—solventsystems,although
suitable quartet of solvents. Zissimos et [@1] chose a some type of computer program is needed when the number

slightly different quartet of solvents: octanol, cyclohex- of combinations becomes very large.

ane, chloroform and toluene, partly because PGDP is not Zis;imos et aI[7.1] fF’P”d that the method of multiple re-
commercially available. They then examined a number gression (c) was significantly worse than the other three. In

of mathematical procedures to extract the three requiredtﬁrm457Of ease of use, mEtEOdi(a) anc(ij(b()jv(\;ere_ p_referred. l;or
descriptors for a compound which had Bgalues mea- the training compounds the standard deviations on ob-

sured in the four water—solvent systems. These procedureéerved and calculated values using methods (i) or (ii) were:
were: S (0.16), A (0.07) andB (0.16). For a test set of 13 drug

compounds lofcyc was predicted with SB= 0.06 and 29
(a) The use of the ‘Solver facility in the Microsoft Excel varied logP values were predicted with SB 0.48 log units.
spreadsheet. Some of the results of Zissimos et f11] are collected in

N =47, R?>=0881 SE=0137 F =492

In the final method, TripleX, the five parameteq. (10)is
reduced to a three-parameter equation, because the¢Brms
andvV are known,

Four such equations are constructed, inRggy, logPchl,
log Peyc and logPyl. Then any three of these equations can
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Table 12
Determination ofS, A andB using logP values in four water—solvent systems
Solute Solver/Descfit Preferred val@es

S A B E \ S A B
Benzoic acid 0.94 0.68 0.35 0.730 0.9317 0.90 0.59 0.48
Phenol 0.91 0.60 0.30 0.805 0.7751 0.89 0.60 0.30
p-Toluidine 1.02 0.06 0.56 0.923 0.9571 0.95 0.23 052
Aniline 0.98 0.19 0.52 0.955 0.8162 0.96 0.26 0.50
Resorcinol 1.32 1.02 0.50 0.980 0.8338 111 1.09 0.52
Benzene 0.51 0.00 0.15 0.610 0.7164 0.52 0.00 0.14
Toluene 0.45 0.00 0.16 0.601 0.8573 0.52 0.00 0.14
Salicyclic acid 0.65 0.72 0.42 0.890 0.9900 0.84 0.71 0.38
Phenylacetic acid 1.07 0.58 0.59 0.730 1.0700 1.01 0.59 0.61
1-Naphthol 1.10 0.63 0.37 1.520 1.1441 1.05 0.60 0.37
Ibuprofen 0.45 0.57 0.85 0.860 1.7771 0.59 0.59 0.81
Lidocaine 1.34 0.02 1.38 1.010 2.0589 1.50 0.12 1.21
Procaine 1.58 0.42 1.23 1.135 1.9767 1.68 0.44 1.23
2-Chlorophenol 0.38 0.38 0.41 0.853 0.8975 0.88 0.32 0.31
4-Nitrophenol 1.65 0.94 0.22 1.070 0.9493 1.72 0.82 0.26

a These are the values for ti8¥ descriptor. TheB descriptor was calculated as 0.52 fwtoluidine and 0.45 for aniline.
b The values forp-toluidine and aniline are for the descriptB?. The B descriptor is 0.45 fop-toluidine and 0.41 for aniline.

Table 12 Results for the Solver and Descfit methods are so that is as orthogonal as possible, using non-linear map-
similar that we give the average values. For comparison, we ping [74-76] The systems are listed ihable 13 In or-
give in Table 12the preferred descriptor values, as deter- der to standardize the gradient elution procedure, the ex-
mined from all the available information. The two sets of perimental lod’ values were converted into the chromato-
descriptors are in reasonable agreement, with the exceptiorgraphic hydrophobicity index, CHI, values as described by
of 2-chlorophenol. For the 15 solutes Tlable 12 the SD Valko and co-workerg74—76] CHI values for 80 com-

between the Solver/Descfit values, from the fourfomea- pounds, of known descriptors, were determined on all seven
surements, and the preferred values are 070,07 @) systems.

and 0.07 B). We shall carry out a more detailed analysis  The 80 compounds were divided into a training, or fitting
later. set, of 40 compounds, and a test set of 40 compounds. Then

If the descriptorsS, A andB are required for use in equa- usingEq. (9) with SP= CHI, the seven systems were char-
tions of the type a€qg. (10) then determination through acterized using the 40 compound training set. Five mathe-
logP measurements is probably the most convenient matical methods were then used in order to predict descrip-
method. Either a well-chosen restricted set of water—solventtors for the 40 compound test set. These methods were the
systems can be used, asTiable 12 or a large set of sys- same as those used previously, see a—d above, with the ad-
tems can be used, as shownTiable 10 In either case, the  dition of a modified regression method. The unmodified re-
MedChem collection of lo@ values is an indispensable aid gression equations were as follows, with the systems desig-

to the determination of descriptors. nated as inrable 13 In the equations, under ‘System 1’ for
example would be entered the CHI value for a given solute
4.6. Descriptors via HPLC measurements measured in system 1.

As for logP data, HPLC retention data are best analyzed S = 0-673—0.013System ] + 0.008System 2

throughEq. (10) ThusE andV are calculated first, an§, — 0.050(System 3 + 0.015(System 4
A andB remain to be determined. The same principles ob- +0.023(System 5 — 0.019System 6 (23)
tain as for descriptors via Idg values. If a small number +0.013System F + 0.273 + 1.398V

of HPLC systems are used, then the corresponding calibra- 5

tion equations must be as far apart as possible. Plass et alN =40, r~=0950 SE=0212 F=6303

[72] obtained descriptors for a number of tripeptides us-

ing RP-HPLC gradient elution data on five systems. Zissi- A = 1.499+ 0.010(System } — 0.001(System 2

mos et al.[73] carried out a much larger analysis, on the +0.002(System 3 — 0.011(System 4

same lines to that on descriptors via Bgneasurements.

They first characterized seven HPLC systems operated in — 0.02XSystem 3 + 0.026System & (24)
the reverse phase mode with fast gradient elution. These ~ — 0-007(System7+0.149F —0.369V

seven systems were chosen to be as different as possibleN =40, r2=0.896 SE=0.136 F = 2858
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Table 13

The RP-HPLC, gradient elution systems studied by Zissimos ¢73].

No. Stationary phase Mobile phase

1 Luna Gg(2) 50 x 4.6 mm (Phenomenex) Ag. acetonitrile

2 Luna Gg(2) 50 x 4.6 mm (Phenomenex) Aqg. methanol

3 Luna Gg(2) 50 x 4.6 mm (Phenomenex) Ag. trifluoroethanol

4 Perfluorooctyl silica 50« 4.6 mm (ES Industries) Ag. trifluoroethanol

5 PLRP-S-100 50x 4.6 mm (Polymer Labs.) Ag. acetonitrile

6 Develosil CN 50x 4.6 mm (Phenomenex) Aqg. methanol

7 Develosil CN 50x 4.6 mm (Phenomenex) Ag. acetonitrile

B = 0.103+ 0.001(System } — 0.007(System 2 torsE, S A, B andV have been determined via I&gval-
+ 0.008(System 3 + 0.002(System 4 ues, then the water-hexadecane partition coeffickagf,and

the gas—water partition coefficieriV, can be calculated

—0.009System 3 — 0.020(System § (29) through the well known equationg,7,78]
+0.012(System 7 + 0.09E 4 0.788V w

+4.841B — 0.869v (26)
The various equations, set up with the 40 training set of

compounds, were then used to predict descriptors for the 40
compound test set that had not been used to construct the®9 P16=0.087+ 0.667F — 1.6175 — 3.5874
equations. Results of predictions of the teat set using Solver —4.869B + 4.433v (27)
or Descfit were identical, as observed for the Bogalcula-
tions, and use of the more soundly based modified regres-
sion instead of the original unmodified regression actually
made very little difference. Details are Table 14 where log P1s = L — log KW (28)
Eg?s Satig(iﬁred‘sree\;:ea;trlgcri]’sdzrsecrtiftt(\)l\g.en the predicted descrip Eence knowing logW and logPs it is possible to estimate
There is very little difference between the Solver/Descfit
method and the regression method; both are somewhat bet-4 8. Descrintors from solubilities
ter than the TripleX program. Details for the same 15 com- P
pounds that are iffable 12are given inTable 15 we shall
discuss these values later. For correlations with RP-HPLC
data, theB® descriptor is prefered t®. Hence for ‘vari-
able basicity’ solutes, a system of equations that are all for
RP-HPLC data will yield tha8® descriptor.

Now logk"W and logP1¢ are related td_ throughEq. (28)
cf. Eqg. (8) as can be seen froffig. 1

Abraham, Acree and co-workeg9—-85]have shown that
solubility data for a given solute in water and solvents can
also be used to generate descriptors. The partition coefficient

Table 15

Determination ofS, A andB using CHI values in seven RP-HPLC gradient
4.7. Estimate of the L descriptor from log P data elution systems

In Section 4.3it was shown how thé& descriptor could Solute Solver/Descfit
be obtained experimentally through determination of GLC S A B
retention data. In some cases, it may not be practical to genzoic acid 0.73 0.66 0.47
carry out such determinations, but it is possible to obtain Phenol 1.05 0.49 0.39
an estimate of through logP values. The use of 0@ val- p-Toluidine 1.03 0.02 0.60
ues cannot lead directly to the determination of thde- Aniline 1.20 0.00 0.64
. e Resorcinol 0.77 1.06 0.69

scriptor, because the definirigy. (10)for logP usesV as Benzene 0.45 ~0.30 0.29
the size descriptor and nat However, if the five descrip-  Toluene 0.41 —0.09 0.14

Salicyclic acid 0.93 0.84 0.32

Phenylacetic acid 0.86 0.59 0.64
Table 14 1-Naphthol 1.39 0.73 0.17
Standard deviations of the predicted descriptors for a 40-compound test|pyprofen 0.63 0.60 0.84
set by the HPLC methof’3] Lidocaine 0.99 0.29 1.27
Method s A B Procaine 1.89 0.57 1.10

2-Chlorophenol 1.00 0.69 0.17
Solver, Descfit 0.29 0.15 0.15 4-Nitrophenol 1.78 0.68 0.24
_I?r?gl;e;swns Oggo 02'115 O.(])-.SZLZ @ The values forp-toluidine and aniline in the last column are for the

descriptorB°.
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of a solute between water and a solvent can be obtainedthe solvent is saturated with water (and the water is saturated

from the ratio of solubilities in watelSy, and the solvent, with the solvent).

Ss, provided that a number of conditions are met: Once a series of log values have been obtained through

Eq. (29) then exactly the same procedure as used for

(@) The solute in equilibrium with the two saturated solu- ‘practical’ logP values is set up. A number of dry solvents
tions must be the same species. This means that neithefgye been characterized \Eay. (10)and also viaEq. (11)
hydrate nor solvate formation should occur. the characteristic coefficients areTables 16 and 17

(b) The secondary medium activity coefficient should be  The analysis of solubilities has been carried out for a va-
near unity for the solute in the two saturated solutions. riety of solutes, such asans-stilbene[79], Buckminster-

In pre_lctice, this means that the solubility should not be fullerene[80], diuron[81] and other pesticidd82], polyaro-
too high. matic hydrocarbon§83] such as fluoreng84], benzil [85],

(c) For ionizable solutes such as strong proton acids or gn ferrocend86]. trans-Stilbene[79] is a straightforward
base_s, the solubilities must refer to the unionized example, and iTable 18are given solubilities, as o8, and
Species. the corresponding log values based on lo§jy = —5.80

whereSy is in mol dnt 3. The value ol is easily calculated

as 1.5630 andt estimated as 1.45 from known values for

benzene and styrene. With the descriptors giverainle 19

S obtained through the Solver method, the variousHogl-

pP= Sw or logP = logSs — log Sw (29) ues were calculated as shownTable 18 A value of logKw

was also available, and so a whole series of9ggvalues

Of course P will refer to the particular state of the solvent, could be calculated, and fitted to the set of descriptors used

which nearly always will be the dry solvent, and not the wet in Eq. (9} in this way a value of 7.525 fdr was obtained.

solvent as found in practical partitions. It is therefore very ~ The solubility method is therefore a very powerful way

important to distinguish equations on the lineskaf. (10) of obtaining descriptors. It complements the GLC method
that refer to ‘hypothetical’ partition between water and a dry because it is applicable to very involatile compounds. The
solvent, and those that refer to ‘practical’ partitions, where use of HPLC data is probably more convenient than the

Granted that conditions (a—c) are met, the partition coef-
ficient is given by,

Table 16

Characteristic coefficients iRqg. (10)for partitions between water and dry solvents

Solvent c e s a b v
Methanol/dry 0.329 0.299 -0.671 0.080 —3.389 3.512
Ethanol/dry 0.208 0.409 —0.959 0.186 —3.645 3.928
Propan-1-ol/dry 0.148 0.436 —1.098 0.389 —3.893 4.036
Butan-1-ol/dry 0.152 0.438 -1.177 0.096 -3.919 4.122
Pentan-1-ol/dry 0.080 0.521 —-1.294 0.208 —3.908 4.208
Hexan-1-ol/dry 0.044 0.470 —1.153 0.083 —4.057 4.249
Heptan-1-ol/dry —0.026 0.491 —1.258 0.035 —4.155 4.415
Octan-1-ol/dry —0.034 0.490 —1.048 —0.028 —4.229 4.219
Decan-1-ol/dry —0.062 0.754 —1.461 0.063 —4.053 4.293
Ethyleneglycol/dry —0.269 0.586 —0.522 0.712 —2.492 2.708
TFE/dry 0.395 —0.094 —0.594 —1.280 —-1.274 3.088
Propanone/dry 0.335 0.349 -0.231 —-0.411 —4.793 3.963
Acetonitrile/dry 0.413 0.077 0.326 —1.566 —4.391 3.364
Hexané 0.361 0.579 —-1.723 —3.599 —4.764 4.344
Heptané 0.325 0.670 —2.061 -3.317 —4.733 4.543
Octané 0.223 0.642 —1.647 —3.480 —5.067 4.526
Nonané 0.240 0.619 -1.713 —3.632 —4.921 4.482
Decané 0.160 0.585 —-1.734 —3.435 -5.078 4.582
2,2,4-Trimethylpentarfe 0.318 0.555 -1.737 —3.677 —4.864 4.417
Hexadecarfe 0.087 0.667 -1.617 —3.587 —4.869 4.433
Cyclohexang 0.159 0.784 -1.678 —3.740 —4.929 4.577
Tetrachlorometharie 0.260 0.573 —1.254 —3.558 —4.588 4.589
Trichloromethan® 0.327 0.157 -0.391 —-3.191 —3.437 4.191
Toluené 0.143 0.527 -0.720 -3.010 —4.824 4.545
Benzené 0.142 0.464 —0.588 —3.099 —4.625 4.491
Chlorobenzerfe 0.040 0.246 —0.462 —3.038 —4.769 4.640
Carbon disulfidg 0.047 0.686 —0.943 —3.603 -5.818 4.921
Octan-1-ol/wet 0.088 0.562 —1.054 0.034 —3.460 3.814
Gas—water —0.994 0.577 2.549 3.813 4.841 —0.869

a For these solvents, practical and hypothetical partitions are regarded as the same.
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Table 17

Characteristic coefficients iRq. (9) for partitions between the gas phase and dry solvents

Solvent c e S a b |
Methanol/dry —0.004 -0.215 1.173 3.701 1.432 0.769
Ethanol/dry 0.012 —0.206 0.789 3.635 1.311 0.853
Propan-1-ol/dry —0.028 —0.185 0.648 4.022 1.043 0.869
Butan-1-ol/dry —0.039 —0.276 0.539 3.781 0.995 0.934
Pentan-1-ol/dry —0.042 —0.277 0.526 3.779 0.983 0.932
Hexan-1-ol/dry —0.035 —0.298 0.626 3.726 0.729 0.936
Heptan-1-ol/dry —0.062 —0.168 0.429 3.541 1.181 0.927
Octan-1-ol/dry —0.120 —0.203 0.560 3.560 0.702 0.939
Decan-1-ol/dry —0.136 —0.068 0.325 3.674 0.767 0.947
Ethylene glycol/dry —0.898 0.217 1.427 4.474 2.687 0.568
TFE/dry —0.092 —0.547 1.339 2.213 3.807 0.645
Propanone/dry 0.154 -0.277 1.522 3.258 0.078 0.863
Acetonitrile/dry —0.007 —0.595 2.461 2.085 0.418 0.738
Hexané 0.292 —0.169 0.000 0.000 0.000 0.979
Heptané 0.275 —0.162 0.000 0.000 0.000 0.983
Octané 0.215 —0.049 0.000 0.000 0.000 0.967
Nonané 0.200 —0.145 0.000 0.000 0.000 0.980
Decané 0.156 —0.143 0.000 0.000 0.000 0.989
2,2,4-Trimethylpentarfe 0.264 —0.230 0.000 0.000 0.000 0.975
Hexadecarfe 0.000 0.000 0.000 0.000 0.000 1.000
Cyclohexan& 0.163 —-0.110 0.000 0.000 0.000 1.013
Tetrachlorometharfe 0.282 —0.303 0.460 0.000 0.000 1.047
Trichloromethan® 0.168 —0.595 1.256 0.280 1.370 0.981
Toluené 0.121 —0.222 0.938 0.467 0.099 1.012
Benzend 0.107 —-0.313 1.053 0.457 0.169 1.020
Chlorobenzerfe 0.053 —0.553 1.254 0.364 0.000 1.041
Carbon disulfid@ 0.101 0.251 0.177 0.027 0.095 1.068
Octan-1-ol/wet —0.198 0.002 0.709 3.519 1.429 0.858
Gas—water -1.271 0.822 2.743 3.904 4.814 —-0.213

2 For these solvents, practical and hypothetical partitions are regarded as the same.

use of solubility data, however. The HPLC method requires 4.9. A general method for the determination of descriptors
much smaller sample sizes, and has one other important

advantage. In the determination of logr CHI values, the There is no reason why the determination of descrip-
purity of the sample is not normally an issue. However, in tors should be restricted to GLC data or to P glata or
the determination of solubilities, small amounts of impurities to HPLC data. Now that numerous GLC, IBgand HPLC

may lead to considerable experimental errors. systems have been characterized throlgh. (9) and (1Q)
any combination of data can be used to deternmeé\
Table 18 andB, or S A, B and L. For example, inTables 12 and

Log P values fortrans-stilbene obtained from solubilities, and IBgalues 15are given results obtained by using Bgata in four sys-
calculated from the descriptors Table 19 [79] tems or RP-HPLC data in seven systems. But we could com-

Solvent logSs logP logP (calc) bine all the data and analyze the eleven systems together.
Methanol/dry _132 4.48 4.40 The most convenient methods are Solver or Descfit, which
Ethanol/dry -1.27 453 4.70 again lead to almost identical descriptors. The method is as
Octanol/dry —-1.10 4.70 4.76 before:E andV are known or can be calculated, and values
TFE/dry —2.04 3.76 3.70 of S, A andB are calculated that best reproduce the eleven
Acetonitrle/dry —0.74 5.06 °.09 i | log and CHI values. However, care has to be
Hexane ~1.14 4.66 458 experimental log : ,

Heptane —-1.13 4.67 4.65

Octane -1.12 4.68 4.79 Table 19

Nonane ~1.11 4.69 4.69 Descriptors fortrans-stilbene[79]

Decane' -111 4.69 4.64 Descriptor Value
2,2,4-Trimethyl-pentane -1.32 4.48 4.54

Hexadecane -1.13 4.67 4.65 E 1.45
Cyclohexane —0.90 4.90 5.10 S 1.04
Tetrachloromethane —0.40 5.40 5.38 A 0.00
Toluene —0.26 5.54 5.62 B 0.34
Benzene —0.18 5.62 5.65 \% 1.5630
Chlorobenzene -0.16 5.64 5.58 L 7.525
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Table 20 Table 21
Determination ofS A andB using logP values in four systems and CHI Standard deviations between calculated and preferred values of descriptors
values in seven RP-HPLC gradient elution systems for series of solutes
Solute Solver/Descfit Data set Ssby SD@ SD@®

S A B logP, 15 compounds 0.17 0.07 0.07

HPLC, 15 compounds 0.23 0.18 0.11

Benzoic acid 0.92 0.63 0.40 Combined systems, 15 compoufds 0.16 0.09 0.08
Phenol 0.99 0.53 0.35 logP, 47 compounds 0.15 0.07 0.16
p-Toluidine 0.83 0.13 0.60 HPLC, 40 compounds (training) 0.24 0.13 0.13
Aniline 0.78 0.27 0.63 HPLC, 40 compounds (test) 0.29 0.15 0.15
Resorcinol 118 0.97 0.57 HPLC, regression meth8d 0.24 0.13 0.11
Benzene 0.35 -0.11 0.26
Toluene 0.30 0.00 0.18 8 The same 15 compounds.
Salicyclic acid 0.86 0.77 0.35 b Average of the training set and test set results.
Phenylacetic acid 1.00 0.51 0.65
1-Naphthol 1.18 0.73 0.27 ) )
Ibuprofen 0.59 0.56 0.84 be calculated simultaneously. Occasionally, the gas—water
Lidocaine 1.25 0.14 1.30 partition coefficientk", is available. This is a very valuable
Procaine 1.80 0.47 115 piece of information in its own right, but also because it leads
2-Chlorophenol 0.88 0.48 0.24

to values of gas-solvent partition coefficienks, through
Eq. (8) Once logk® values are known, thé descriptor

a These are for th&° descriptor. Values for th& descriptor are 0.55 becomes available throudty. (9)
(p-toluidine) and 0.44 (aniline). An example of a calculation in which Idg values,
RP-HPLC data and GLC data were all used in the deter-

taken because for any given solute, the average value &f log mination of de_scriptors is the solute_octanoic acid[87]
is very much less than the average value of CHI. IfRog _(Table 2_3. In this cas_eE_couId be obtained from the exper-
and CHI values are used as such, then Solver/Descfit will imental liquid refractive index and the calculated valu&/of
minimize the differences in calculated and observed CHI LOgP values in six ‘practical’ water—solvent systems were
values with little regard to the I0@ values. Some method ~ available[68], and a log<" value of 4.09 was estimated by
of weighting therefore has to be used. We use the averaged'ial-and error. This enabled the corresponding sixi8g
values of the dependent variable as a guide to a weightingvalues to be deduced, viag. (8) In addition, log values
scheme. In the present case, the CHI values are about 20Vere available in two RP-HPLC systems for which coeffi-
times the logP values. We therefore divide all the coeffi- Cients inEq. (10)were known, and Kovats retention indices
cients in the CHI equations and all the CHI values by 20 in Were known in eighteen GLC systems, see [87]. Be-
order that the CHI equations do not have an undue propor-ause the absolute values of the'Kovats mcﬁces are so much
tional weight in the minimization procedure. Iarger than those of log or I_ogk, it was again essentl_a_l to
As an example, we use the compoundJables 12 and weight the GLC data by dividing all the system coefficients
15 and calculateS, A and B on this basis. Results are in @nd all the indices by a factor of 1000. With gas-solvent
Table 20 Note that the total set of eleven equations includes Partition coefficients available as well as water—solvent
equations irB° and inB; it is possible to determine both of ~ Partition coefficients and the GLC and RP-HPLC data, no
these basicities for variable basicity solutesTables 12, 15  |€ss than 34 systems could be considered. Knowing that
and 20we have listed Descfit calculated valuesa and £ = 0.15, andV = 1.3102, the remaining descriptors were
B for the same data set of fifteen compounds obtained from détermined ass = 0.65, A = 0.62, B = 0.45, andL =
four logP values, seven CHI values, and a combined set of 4.6_80 which reproduced the 34 data with an SD of 0.098 log
the total eleven systems. Although the Descfit method is not UNIts. o
quite as good as the regression method for the RP-HPLC ~AS well as numerous |nd|V|duaI' solu'tes, §evera| Iarge
systems, it is useful to compare the SD values of calculatedSets of solutes have been examined in this way, using
and preferred descriptors from all three sets. These are listecchromatographic data from GLC and RP-HPLC as well
in Table 21 together with SD values for the larger data sets. 8 Water—solvent partition data. These sets include 35
Rather surprisingly, results from the combined Pognd N-nitrosodialkylamineg88], and all the 75 polychloron-
HPLC systems for the 15 common solutes are almost the @Phthalenegd9].
same as for the results for the IBgsystems alone. From
Table 21it seems as though the IBgmethod is somewhat
better than the RP-HPLC method in the determination of 5. Comparison of descriptors from GLC data
solute descriptors, as regards SD values.
Such a procedure as used for theRygus HPLC systems, There are two comprehensive sets of solute descriptors
can greatly be extended, especially if GLC data are available.obtained solely from GLC retention data, those of Laffort
Then in principle, the four descriptoi§ A, B andL can and co-worker$21,23]and those of Weckwerth et §80].

4-Nitrophenol 1.38 0.98 0.22
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Table 22

Calculation of descriptors fon-octanoic acid87]2

System SP SRic SPops
Water—octanol lo® 2.948 3.050
Water—trichloromethane [ 2.062 2.170
Water—hexane loB 0.644 0.660
Water—heptane log 0.852 0.630
Water—hexadecane 16y 0.529 0.560
Water—benzene o] 1.711 1.670
Gas—water lotkw 4.153 4.090
RP-HPLC 50% methanol Idg 1.177 1.288
RP-HPLC 75% methanol ldg 0.125 0.177
Gas—octanol lol 7.103 7.140
Gas—trichloromethane ldg 6.209 6.260
Gas—hexane lol§ 4.848 4.750
Gas—heptane lag 4.851 4.720
Gas—hexadecane [:] 4.680 4.650
Gas—benzene Id¢ 5.877 5.760
Gas—water logl 4.225 4.090
GLC-PA 1/1000 1.117 1.162
GLC-PB 1/1000 1.238 1.266
GLC-PC 1/1000 1.290 1.312
GLC-PD 1/1000 1.281 1.305
GLC-PE 1/1000 1.419 1.445
GLC-PF 1/1000 1.664 1.674
GLC-PG 1/1000 2.090 2.106
GLC-WS 1/1000 2.210 2.072
GLC-FFAP 1/1000 2.016 2.042
GLC-MLT 1/1000 1.145 1.172
GLC-DON 1/1000 1.861 1.966
GLC-GTA 1/1000 1.122 1.194
GLC-GTB 1/1000 1.108 1.165
GLC-CARB 1/1000 2.104 2.298
GLC-DEGS 1/1000 2271 2.179
GLC-POLY 1/1000 1.015 1.265
GLC-TCEP 1/1000 2.520 2.447
GLC-Zonyl 1/1000 1.406 1.471

a with E = 0.15, § = 0.65, A = 0.62, B = 0.45, vV = 1.3102,
L = 4.680.

In order to compare their efficacy in fitting data, it is imper-
ative that a set of data, not used in the construction of the
solute descriptors, should be used. Unfortunately, the Laf-
fort set includes only 240 solutes, and the Weckwerth set
includes even fewer, 52 solutes only. It proved very difficult
to identify a new set of GLC data that included enough of
the Laffort and Weckwerth data sets to be statistically sig-
nificant. We therefore resorted to recent published {0

on the gas—wet ether partition coefficieKETHER This is
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important[90], and so there is no need to augment the Vitha
descriptor set to include a basicity parameter.

The Abraham equatiorEq. (8) with SP= log KETHER
when applied to values for 114 solutes resulteéin (30)
All the required data is given in refo0].
log KETHER — 0,206 — 0.169E + 0.873S

+3.4024 + 0.882L

N =114 R?2=0981 SD=0.262
F =14740

(30)

The Weckwerth descriptors were available for only 23 com-
pounds out of the 114 and result ky. (31) For compari-
son, the Abraham equation for the same set of compounds
is given asEq. (32)

log KETHER — 0.88 — 0.03VV + 0.41PY

+2.39D" + 3.454Y (31)
N =23 R?=0959 SD=0242 F =823
log KETHER — 0,25 — 0.70E + 1.02S + 3.444

+0.90L (32)

N=23 R?2=0959 SD=0242 F =823

Comparison of the two Abraham equations shows that the
23 data set is not a very representative subset of the 114 data
set, but that does not prevent a useful analysiEas. (31)
and (32) First of all, the statistics are (amazingly) exactly
the same. Thus for this very limited set of solutes, the Weck-
werth descriptors and the Abraham descriptors both perform
reasonably well. What is of more interest is how the various
solute—solvent interactions are distributed amongst the four
terms. The coefficients themselves are not enough, the en
tire terms have to be calculated for particular solutes. This
is done with the Weckwerth descriptors for the solutes ben-
zene, ethyl acetate and methanol, $able 23 The largest
interaction, on this scheme, is due to solute polarizability.

On the system of Abraham, thk term includes both a
cavity term and general dispersion interactions. The only
way to separate these effects is through a separate calculation
of the cavity term, as was carried out by Abraham ef7d]
for transfer from the gas phase to water. We adopt the same
stratagem and use scaled patrticle theory, SPT, as outlined
by Pierotti[55]. In order to derive the required interaction

a gas solvent system and so should be amenable to analysiparameterg/k, and hard sphere diameter,for ether solvent
through descriptors that are obtained from similar processeswe calculated the values of I¢gER for a number of

namely gas-stationary phase. The gas—wet ether system hagon-polar solutes for which onb/k ando were needed (and
also an advantage that solute hydrogen bond basicity is notwere available). Details are ifable 25

Table 23

Solute—solvent interactions for solution of gaseous solutes into diethyl ether in termskafdftgr Weckwerth et al[30], seeEq. (31)

Solute Cavity Polarizability Dipolarity Acidity Total Total observed
Benzene -2.35 4.02 0.43 0.00 2.98 3.08
Ethyl acetate —-2.25 3.44 0.93 0.00 3.00 3.06
Methanol —0.88 1.29 0.60 1.07 2.96 2.89
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Table 24 than the Laffort system. The latter is not so easy to interpret.
Determination ok/k ando for solvent diethyl ether; interaction and cavity | particular, it seems strange that there is a substantial term
effects are in terms of o values in solute hydrogen bond basicity in the Laffort equation. It

Solute o ek Cavity Interaction Total  loggETHER would be of considerable value if Weckwerth descriptors
Argon 340 122 -216 2.00 _016 —022 were available for a much larger set of solutes, in order to
Methane 3.82 157 —2.55 2.61 0.06  0.02 pursue these various comparisons.

Radon  4.36 290 —-3.10 4.21 111 111

Ethane  4.40 236 —3.14 3.84 070  0.85

Cavity and interaction terms calculated withk = 500 ando = 5.42 for 6. Comparison with theoretical calculations

diethyl ether. ) .
There have been several studies that seek to determine the

Onces/k ando were obtained for diethyl ether, then the Nnumber of ‘indicators’ or ‘factors’ that are necessary to ac-
calculations given ifable 24could be carried out. Compar- ~ count for GLC retention data of a selection of solutes on a
ison of Table 25with Table 23shows that there is remark- Selection of stationary phases. Of course, for solutes that are
able agreement between the two systems as regards the gerYery similar, or for stationary phases that are very similar,
eral size of the various effects On both the Weckwerth and only few factors are needed. However, a number of stud-
Abraham systems, the largest solute—solvent interactions fori€s have dealt with a range of solutes and stationary phases;
the three listed solutes are general interactions, regarded adll have concluded that very few factors are needed. For a
dispersion interactions by Abraham et al. and as polariz- Fange of solutes with sets of non-acidic stationary phases,
ability interactions by Weckwerth et g80]. The only real  ©only three major factors seem to be neces$aty-93} Pos-
difference is that on Abraham’s system cavity effects, as Sibly, if acidic stationary phases were included, the number
calculated by SPT, are more negative than on Weckwerth’s ©f factors might increase to four, but this is still a small
system, and consequently general interactions are more postumber. Other work also suggests that only a small num-
itive. Indeed, cavity effects on Weckwerth'’s system are only ber of factors is required. Lucic et 484] used the software
about half of those calculated by SPT. Why this is so is not Program CODESSA to calculate 296 descriptors for each of
clear. It maybe that Weckwerth et al. have not fully sep- 152 compounds, and then used these descriptors to analyze
arated out cavity effects and polarizability effects; further retention data on a given stationary phase. They suggest that
examples are needed to come to any definite conclusion. @ Mmultiple linear regression (MLR) equation with only seven

The Laffort descriptors can also be used to analyze the descriptors was a reasonable model.
logKETHER data. Equations were constructed using exactly ~ Katritzky and Tatham[95] also used data of Abraham
the same data set for both the Laffort and the Abraham €t al.[96,97] on gas to methandb6] and gas to ethanol

descriptors: [97] partitions for analysis by the CODESSA method. These
ETHER gas to solvent partitions are quite analogous to gas to sta-
log K =119+ 0.81x + 0.300 tionary phase partition in GLC. Katritzky and Tath4@b]
+0.86¢ + 1.077 + 1.448 (33) started with 550 calculated descriptors for each compound,
N =34 R2=0969 SD=0251 F =1416 but the final MLR equationsigs. (35) and (36)ncluded
only four descriptors. We have abbreviated the symbols for
log KETHER — 0,31 — 0.18E + 0.90S the descriptors somewhat, but a list isTiable 26
+3.334 + 0.89L (34) log K(MeOH) = —1.113+ 0.0532P + 29.163HDCA
N=34 R?>=0992 SD=0122 F =7568 +0.4195.4 + 0.8871IC (35)

The statistics for the Laffort equation are considerably worse N =87, R? = 0.9446

than those for the Abraham equation. Further work is needed

fully to compare statistics for the Laffort and Weckwerth log K(EtOH) = 2.1110+ 0.0523P + 0.6732
systems, but using the Abraham equations as a yardstick, + 0.0497HASA+ 0.2081HOMO  (36)
in this one instance the Weckwerth system performs better y — 61, R? = 0.9686

Table 25

Solute—solvent interactions for solution of gaseous solutes into diethyl ether in termskqfdfter Abraham et al.

Solute Cavit§ Dispersiof Dip/PoF Acidity Total Total observed
Benzene —4.23 6.43 0.45 0.00 2.86 3.08

Ethyl acetate —4.41 6.59 0.54 0.00 2.93 3.06
Methanol —2.80 3.61 0.38 1.46 2.86 2.89

a Calculated by SPT.
b Obtained asdE + IL) — cavity term.
¢ Dipolarity/polarizability.
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Table 26
Descriptors used by Katritzky and Tathgab]

Symbol Descriptor

P a-Polarizability

m Solute dipole moment

HDCA A hydrogen bond donor descriptor

IC A topological zeroth-order average information content
HASA Hydrogen acceptor surface area

HOMO Energy of the highest occupied molecular orbital

For comparison, the equations of Abraham e{%6,97]
are given asEgs. (37) and (38)There are fewer solutes
in the Katritzky equations, because descriptors for the rare
gases could not be calculated by the CODESSA program.

log K(MeOH) = —0.004— 0.215F + 1.173§

+3.701A + 1.432B + 0.769L (37)
N=93 R?2=09952 SD=0.13 F =3681
log K (EtOH) = 0.012— 0.206E + 0.789S
+3.6364 + 1.311B + 0.853L (38)
N =68 R2=09966 SD=0.14 F =3534

What is interesting is that, once again, only a small num-
ber of solute descriptors is required in order to obtain rea-
sonably good fits of data for gas to solvent phase transfers
in agreement with previous work on GLC retention data
[91-93]

Although many calculational methods produce hundreds
of solute descriptors, those of Famini e{@B], and of Klamt
et al. [99] are quite different in that only a small nhumber
of descriptors are calculated. The procedure of Famini and
Wilson leads to six descriptors for each solute. These are
closely related in principle to the descriptors used by Abra-
ham et al. and by Weckwerth et al. in that they include vol-
ume, two basicity descriptors, two acidity descriptors, and a
dipolarity/polarizability descriptor. The Famini and Wilson
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et al.[100] have compared the solute descriptors of Abraham
et al and of Klamt.

Zissimos et al[100] obtained five Abraham experimen-
tal descriptorsk, S A, B andV, and calculated the five
COSMO-RS descriptors for a varied solute set of 470 com-
pounds. They showed that the information content of the
two sets of five descriptors is very nearly the same, with
the E descriptor incorporating a small amount of extra in-
formation. However, the chemical information is distributed
differently amongst the descriptors, so there is no 1:1 corre-
spondence between the descriptors (except between the two
‘size’ descriptors/ and CSA). There were a number of inter
correlations that might be useful in calculating descriptors
of one set from descriptors in the other set. The best corre-
lations were:

A = 0.042+ 0.00084Sig2— 0.00639Sig3
+0.0777Hbdon3} 0.0688Hbacc3
— 0.00025CSA

N =470, R?>=0928 SD=0074 F =1200

(39)

Sig2 = 8.438— 6.004E + 28.365S + 38.687A
+ 37.034B + 3.040V
N =470, R?=0930, SD=6.941 F =1224

(40)

'However, the most important finding was that the five ex-

perimental descriptors of Abraham and the five theoretical
Klamt descriptors encode almost the same chemical infor-
mation. This work, together with considerable evidence from
experimental descriptors, from theoretical descriptors and
from data analysis, suggests that only a small number of de-
scriptors, probably no more than five, are needed to represent
a very large number of physicochemical processes, includ-
ing GLC and HPLC. These processes are all what may be
referred to as ‘transport’ processes, in that they have as the
only, or main, step, the transfer of a solute from one phase
to another.

theoretical descriptors have been used to correlate several

physicochemical properties through MLR equations.

The Klamt method, known as COSMO-RS, yields five
descriptors as shown ifable 27 There is an almost exact
match between the Klamt descriptors and those of Abraham
et al. and of Vitha et al., and so it appeared interesting to
see if the information content of these sets of descriptors is

the same. There are not enough characterized solutes in thé

Weckwerth set to carry out a rigorous analysis, but Zissimos

Table 27
The solute descriptors of Klamt et d09]

Symbol Descriptor

Sig2 Polarity/polarizability
Sig3 Polarity/polarizability
Hbdon3 Hydrogen bond acidity
Hbacc3 Hydrogen bond basicity
CSA Surface area

7. Conclusions

In general, processes in which a solute is transferred
from one phase to another are selective, in that they re-
pond to changes in solute properties, but they are not
very specific. Thus 3- and 4-hydroxybenzyl alcohol have
quite similar (but not identical) CHI values, as do 3-fluoro-
and 4-fluorobenzoic acidi73]. The partition coefficients
for transfer of conformational isomers between solvents or
between the gas phase and solvents are almost the same,
unless the conformational isomers have different internal
hydrogen bonding or have different dipole moments. Thus
for the transfer of the conformational isomers of fluoro-,
chloro- and bromo-cyclohexane, there is almost no dif-
ference at all in partition coefficients between solvents
[101,102] as pointed out by Eliel and Martii02].
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The number of types of solute—solvent interaction that scriptors by solubility measurements, and to Colin Poole for
control such general transfers is limited. It is therefore not his help and advice generally, and particularly on gas chro-
surprising that all the investigations on the determination matography.
of sets of descriptors from chromatographic data have re-
sulted in not more than five descriptors in each set. These
include descriptors from GLC data by Laffort et al. and by References
Weckwerth et al., descriptors from RP-HPLC data by Sny-
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