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ABSTRACT 

The RP-HPLC determination of drug 1ipophiHcity was cvnluatcd for its potency as G xubstitutc robt the determination of log Po,,_w 
values. The relation of log k, to log F,,np (= log Po,, _w at pli 7.4) is lincar for a test& including protonablc nitrogen bases. The 
method is rcproduciblc on different columns (with the Sitme brand and type of the stationnry phases) and needs no rcalibration then. 
Three scrics of substituted bcnzcnc homologucs (one hydrogen bond naeptor and two weak donor groups) demonstrate structut%-- 
rctcntion cffccts. 

INTRODUCTION 

Drug lipophilicity is an interesting molecular 
property, because in many instances it is correlated 
with the biological activity of a drug. A good mea- 
sure of lipophilicity is the octanoC-water partition 
coefficient, but its determination is prone to errors 
[I] and numerous alternative techniques have been 
suggested, as reviewed by Kaliszan f2]. 

Usually chromatographic data for similar organ- 
ic compounds correlate fairly well with the loga- 
rithm of the octanol-water partition coefficient, log 
pocr,w. The problems associated with the interpreta- 
tion of the reversal of elution order that sometimes 
occurs at different contents of organic solvent can 
be avoided by the so-called “polycratic” elution. 
Minick and co-workers [3,4] have described this 
technique and extended it to non-congeners by min- 
imization of solute-silanol interaction. The addi- 
tion of decylamine and octanoi (to mimic the octa- 

no\ hydrogen bonding activity) to the mobile phase 
in RP-HPLC resulted in a correlation coefficient of 
r = 0.9951 (n = 24) for log Po,,,w versus log kw. 
Log kw is the Iog k’ value extrapolated to zero or- 
ganic modifier content in the mobile phase. An eval- 
uation of this method seemed reasonable because it 
offered several interesting advantages: (i) rapid and 
accurate determination of lipophilicity; (ii) data 
concerning the hydrogen bonding ability of a drug; 
and (iii) the influence of partial protonation on the 
retention of protonable molecules. Additionally. 
the chromatographic data obtained are useful as a 
database for the future development of chromato- 
graphic methods. 

Corrc.qxwden~~~ to: K. Belsncr. Janssen Research Foundation. 
Institut fiir Expcrimcntcllc Mcdizin. D(W)-4040 NCUSS 21. Ger- 
many. 

The set of compounds studied included a group 
of phenones, a group of 4-alkylanilines and a group 
of alkylbenzenes, to obtain a well characterized 
control set with different hydrogen bonding proper- 
ties. With the same intention and to cover a broader 
range of polarity, a number of non-congeners were 
taken from the set published by Minick et al. [3j. 
Minick’s group [3,4] timited their investigations to 
relatively simply structured and almost exchrsively 
uncharged molecules in aqueous solution at neutral 
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and acidic pH, compatible with silica-based RP- 
HPLC stationary phases. Although this approach 
can be extended to alkaline environments using 
polymer-based supports, with respect to compara- 
bility and instrumental requirements it is favour- 
able to use a single column for organic bases and 
non-protonated compounds. The pH stability of sil- 
ica supports allows the determination of the exact 
partition behaviour over the physiological range of 
pH, which is of major interest in pharmaceutical 
research. Further, the investigation of some drug 
molecules with known pK* and log Poc,,w values 
should aliow a more generalized validation of more 
complex structure and charge et%cts. If the results 
of the reversed-phase HPLC method with a sihca- 
based support are in good agreement with the ion- 
corrected octanol-water partition coefficients, the 
problems associated with the use of different col- 
umns at different pH values of the etuents can be 
abolished. 

EXPERIMENTAL 

Two Beckmann M 114 pumps connected to a sys- 
tem controller were used for solvent delivery and 
blending of the desired methanol concentration. A 
25 mm x 4 mm I.D. cartridge filled with octyl- 
derivatized silica mounted between the static mixer 
(Lee Microsystems) and the injection valve served 
as a prcsaturator and to prevent column contam- 
ination by fines. Samples were injected by a Gilson 
autoinjector equipped with a Rheodyne Model 
7010 injection valve with a LOO-p1 injection loop. 
The injection volumes were varied from 1 to 5 id. A 
Perkin-Elmer diode-array detector was utilized for 
solute detection and to obtain low-resolution UV 
spectra for peak identification. A back-pressure reg- 
ulator (Altex) was connected to the detector outlet 
to circumvent bubble formation in the detector cetl. 
A 125 mm x 4 mm I.D. cartridge refilled with Hy- 
persil 3 Jlrn MQS (monooctylsilane) by CS-Chro- 
matographie Service served as the chromatographic 
column. The autoinjector provided control over the 
whole chromatographic system via connections to 
the Beckmann controflcr and to a Spectra-Physics 
Model 4270 integrator. Temperature was main- 
tained at 20°C by a laboratory-built Pelt&-type 
column oven connected to a laboratory-built pro- 
portional integral difkential (PID) regulator. 

Methanol (McOH) of HPLC grade was obtained 
from Merck (Darmstadt, Germany), octanol and 
diethylamine of analytical-reagent grade from Bak- 
er (Deventer, Netherlands), decylamine of analyt- 
ical-reagent grade from Fluka (Ncu-Ulm, Germa- 
ny), drug substances (see formulae) from Janssen 
(Beerse, Belgium) and 3-morpholinopropanesul- 
phonic acid (MOPS) from Sigma (Munich, Germa- 
ny). The water for HPLC was purified using a Mii- 
Ii-Q water-purification system (Millipore). Mobile 
phases were filtered through a Mitlipore Type FH 
fiftcr (0.5 /lrn pore size) and vacuum dcgasscd dur- 
ing sonication in a Transsonic TS 540 sonicator (El- 
ma). All other chemicals were of analytical-reagent 
grade and used as delivered. 
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The mobile phases were a stig!=‘:y modified vcr- 
sion of those dcscribcd by Minick et oi. 13): (A) 20 
mM MOPS buf&zr in water, containing 0.15% (v/v) 
rr-dccylaminc, pH 7.4 (adjusted with 1 1w NaON): 
(B) 94.75% (v/v) MeOH-5% (v/v) dicthylaminc 
stock solution. containing 3% (v/v) dicthyiaminc in 
water. pH 7.4 adjusted with acetic acid-O,2S% (v/v) 

The solutes were cIutcd isocratica\ly with several 
different mobile phase compositions and the corre- 
sponding retention indices were determined. A re- 
gression was calculated on the basis of a linear dc- 
pcndencc of log k’ on the mcthnnol content of the 

ardor 

mobile phase, ~~~~~~ The log k’ values were extra- 
polated to a mobile phase without methanol. The 
resulting abscissa is log kw and the slope is S. This 
procedure is “poiycratic” efution as outlined by 

_ Minick l a/ 1’31 e? . -. 
After some initial experiments the following con- 

ditions were formulated. A sufficient set of data had 
to contain at least four different concentrations of 
methanol and one Fr ’ value larger than 12. An ex- 
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I: 
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ception was made only for adeninc, with k’ c 12 at 
20% B. The concentration of methanol ranged 

H from 92,50/o (95% B) to 18% (v/v) (20% B). The 

cl concentration steps were 95%, 92.5%. 90% and 
then 10% increments of B. 

At each methanol concentration a large set of 
compounds were chromatographed, thereby reduc- 

CtDOY%;+ 

ing the time for equilibration. Every injection was 
repeated twice. The flow-rate was 1.0 ml/min in all 
experiments. During elutian the eluents were gently 

/ \ purged with helium to prevent redissolution of gas- 
- e5, 

The void volumes of the columns wet-c deter- 
mined by injection of uea or deuterated water at 
each eluent composition and monitored at 205 nm. 
All regression cakulations were performed using 
the natural Iogarithms of the k’ values. 
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Calculation qf* appatwtt pmritiott c~~~~~~~tlt.~, log 
P WP 

To correlate the lipophilicity parameter log kw 
achieved by HPLC at pH 7.4 with the correspond- 
ing octanol-water partition coefllcient of the ncu- 
tral molecule* the apparent octanol-water distribu- 
tion coefficients at PI-? 7.4 were calculated [5] on the 
b&s of published ion-corrcctcd water-octanol par- 
tition coefficients [S- 121: 

Eqn. 1 is the relationship between the pK,, of a 
monoprotic base and pH after introduction of the 
Henderson-Hasselbach equation into the distribu- 
tion equilibrium to calculate the fret base concen- 
tration. It is valid with the assumption that despite 
the fact that the distribution of a protonatable mol- 
ecule is the sum of the distributions of the charged 
and the neutral species, the partition coefficient of 
the neutral molecule is orders of magnitude greater 
than that of the charged molecules. Diprotic bases 
can be treated similarly by consideration of their 
second p&. 

Even higher protonation numbers can be handled 
in the same way, with correction terms for the re- 
sulting polyvalent ions. For completion additional 
terms to overcome the limits of the underlying Ar- 
rhenius faw can be introduced. Concentrations can 
be rcptaccd with activities (which ciccrcasc with in- 
creasing ionic charge) involving the influcncc of the 
ionic strength I according to Davies (see ref. 13). 

tog .f’ = KZ2 ( 0.21 - Jf- ._-_____-_ 
1 i- jri > (3 

4BW = .f’t BHO(BHIJ (3) 
where ai is the activity of the ion i and K 4 0.5 for 
water at 25°C. This can be the starting point for a 
thorough calculation of concentration corrections 
as published by Poncclet et al. [14]. A calculation 
without ion strength rcfincmcnt was applied to 
R-55349. a base with three potential protonation 
sites (pKa = 2.00.4.85. 8.32). The result is log P8,Trp 
= 3.02 at pH 7.4, if all protonation steps are in- 
cluded in the correction. The calculation using eqn, 
1 and treating R-55349 as a monoprotic base with 
PKa = 8.32 gives fog Papp = 3.00 (set Table III). 
Hence for polyprotic bases some simplifications arc 
applicable: (al pK’, values lower than 2 units below 

the pH of the aqueous phase contribute less than 
t % to the distribution coefficient and can be ne- 
glected; and (b) in dilute solutions with low ionic 
strength as used in our method the activity coeRi- 
cient nearly equals 1. 

The Pnpp values of all solutes with more than one 
basic nitrogen were calculated with these simplifica- 
tions. For weak acids such as catechol or amphoter- 
ic molcculcs such as kctanserin with a weak acidic 
group with a plr(n > 9.4 the contribution to the oc- 
tanol-water distribution at pH 7.4 was also ncglcct- 
cd, 

H_wirog6vt bvttdittg chariti’tt~~~.~t~~.s 
As published by Minick crt d. [4], the slope of the 

regression of log k’ over (PM~~H, S, was analyscd for 
its hydrogen bonding dcpcndcncc. 

RESULTS 

The investigations were started using the same 
eluents as described by Minick et d. [3). Thcsc wcrc 
prepared without diethylamine (DEA) in clucnt B. 
At high percentages of B ( a90°~)) the long-chain 
4-alkylanilincs etuted as broad peaks. In this con- 
centration range the effective concentration of /I- 
decylamine is co.0 15% + Unfortunately, this long 
chain alkylamine is not suficicntly soluble in water 
to prepare a concentrated solution at pH 7.4 which 
could then be added instead of DEA to the organic 
phase. A high concentration of the amine stock so- 
lution is ncccssary to keep the content of water in B 
as low as possible, The addition of DEA cffcctivcly 
reduced the polar surface interactions of4-alkylani- 
lines at pcrccntages of B 390% and led to reason- 
able peak shapes for these compounds. The linear 
increase in log k’ with decreasing (plllcow for tetrade- 
cylanitine and decylaniline (I’ = 0.9996 and 0.9998). 
which were chromatographcd at mcthunol conccn- 
trations ranging from 78.4 to 90.2S% in five steps, 
and those for propylaniline (I’ = 0.9997) or acc- 
tophenonc (1 = 0.997) with scvcn or nine steps 
down to a methanol concentration of 68.9% indi- 
cates the absence or at icast the indcpcnce of sila- 
nol-solute interactions over that methanol conccti- 
tration range. 

The correct determination of the void volume of 
the column is essential for the linear correlation of 
log k’ values with the methanol content of the mo- 



TABLE 1 

CALIBRATION SETS 

Compounds of the homologous scrics used for struclurc-rctcntion invcsdgntion and the wlibrution xt used fnr the qrcssian cakula- 
tion wit vitlues of lag k,, - Sand tog f,,, K. loa-corrcclcd v&c for the Iiw h:tsc c&x~1111cd acconling to ref. 5. tog Pm_ from ref. 6 
unless sttntcd otherwise. 

-- -_llll--p- ~_I__ --___- 

Subrtilnce Log ii, 
_~ -.-.--..___-..- .-.- 

5.42 
6.Sh 
7.79 
9.06 

IO.15 
11.36 
i 2.76 
X.70 
I+.35 

2.59 
3.73 
5.11 
B.44 
7.71 

IO.27 
132 
14.91 
17.46 

2.49 
3.790 
2.74 
h. 5’) 
7.w.F 

IO.,% 
I I.26 
IXA? 
1R.36 

Lo!J P”,, w 

5.x! 

4.1 I 

1.73 
2.19 

1.39 

bile phase. The misintcrprctation of a peak ofa very peaks with the diode-array spcctrophotometer. 
polar solute instead of the refractive index as the Urea and dcuterated water are only detectable with 
“void VOhJme peak” Icads to a curve rather than R a UV spectrophotomcter by the refractivity change 
straight line of the graph of log h-’ t’~‘rsza q+,leOH. The of the solvent and therefore a UV spectrum regis- 
deviation from linearity can be cxponcntial if this tered at the maximum of the resulting peak in the 
contaminant itself clutes without additional ionic chromatogram only reflects the wavelength depend- 
interaction or more complex if ion-pair formation ence of the refractive index, a monotonic decline 
or exclusion arc effective. Therefore. it is desirable with increasing wavelength, in contrast to peaks of 
to obtain void volumes indcpcndent of the marker. polar contaminants washed out behind the urea or 
With urea and deutcrated water this was achieved DzO peak with UV maxima betwce:; 220 and 260 
after analysis of the spectra of the void voiumc nm. Thcsc peaks ;:re higher than than the refractiv- 

SUhStittlW 
__--- _ .- 

01lrtw 
Pvrirzolc” 
dihi:wcm 
VCrt\piUlBil 
Pr0pritnotol” 

Lidolliitins 
FlunurizinC 
tidwuinc 
hnthruccnc 
Quinolinc” 
Admit@ 
J-h~~lylpyridinc” 
9-Anthruccnc 
curb;ttdchydc 
Bcnz&ii&c 
Phenol 
Rcsorcinol 
Hydroquinnnc 
Aoridinc 
subcluxok 
R-56865 
Cinnarizinc 
Miollnzinc 
Y-Anttlctc~l~cmctf\annl 

- 0.07 
s 65 
4.30 
I.52 

I l*OY 
12.44 
3.07 
8.72 
3.40 

- I.30 
(1.15 
8.07 

3.24 
I .9x 
0.99 

- 0.06 
5.87 
s.3t 
8.X6 

Il.27 
ll.l4 
6.4‘I 

-s 
._- 

2.14 
7.13 
S.72 
I.fil 

12.83 
13.52 
&tio 
9.94 
5.29 
1.30” 
2 .(l(r 
935 

5.07 
3.72 
4.56 
3.42 
7.72 
9.98 
934 

12.25 
13.64 
x.32 

b3 p4m;w 

0.2tl 
2% [US 
3.27 p] 
3.56 
5.0 (71 
5.7H 171 
2.26 
4.4s 
2.03 
2.77 
Cl.54 

2.01 
I ,46 
O.HO 
0.52 
3.40 
4.61 (71 
5.37 171 
5.77 (71 
5% [?I 



ity peak and their retention is dependent on Y)M,KIH 
(volume percentage of methanol in the maMe 
phase), but can be d~scr~mjnat~d by this qtlalitative 
analysis. 

Tabtc I lists the set of compounds that were cho- 
sen to obtain a representative group for the com- 
parison of lipophilicity measured by HPLC with the 
corresponding apparent octanaf-water data. In Ta- 
btc II the log kw and the calcufatcd apparent log 
Pocvw (E fog Pa,,,,) valuecl [S] at pH 7.4 are given 
together with their p& :,alues, 

The rest& of the regression calculation for the 
vatucs of log kw and log Parr is shown in Fig. 1, For 
substances without a protonable nitrogen 1og POctlw 
is identical with log Pllyp. 

log PWF = 0.4197In ktv + OS136 (4) 
01 = 29; r = 0,988) 
(SD,: coefiicicnt = 0.0124, intercept = 0.266) 

A comparison of the the apparent log Pnpr cafcu- 
laced frum the reported log PoVtrw and the vatues of 

TABLE II 

APPARENT LOG Pocr.K AND LOG k,,, OF THE CALlBRA- 
TION SET 

Lag k, lT?xfS the apparent log PO,, \V at pN 7.4 = log Pilpp of 
mcmbcrs of the calibration set with protc~tahlc nitrogen 
a&m~s. Ail ~~~l~uh~~~~~n~ as dcscribcd in ref. 5. 
---_--_~--_ - -__-. “,.--_-_-.-_.” 

Suhst;tncc Log k, Lug 9,,, P&l ..-- --- -........ .._,____ _..__._ -._ ..-_.__._._ .__. 

4-Acctylppidinc 0. I s O*% 4.96 
Acridinc 5.87 3.40 S.58 
Adcninc - 1.30 -0.15 4. I2. 9.83” 
~ydr~~~~n~n~ - 0.06 0.55 10.35 
Lidocainc 3.07 2.09 7.90 
P~O~lXllOl0l t.52 I.56 9.32 
PkilOi t .48 I A6 9.89 
Quinoline 3.40 2.03 4.90 
Rcsoreinol 0.99 0.80 9.81 
p-Toluidinc 2.49 I.39 5.08 
FhtiWiZitt~ 12.44 5.30 7.71 
Vcrnpamil 4.30 1.92 x.73 
DiltiXCm s.frs 2.0s 8.Oh 
Cinnnrizinc Il.27 5.43 3.50. 7.47 
Lidoltnzinc Il.09 s.rn 2.M. 7.74 
Nioilnzinc Il.24 5.24 4.25,h.lO 
R-S6865 8.86 4.22 3.33, 8.52 
Sd3du~~3lc x.31 4.20 x40. 7.60 

---_--- .“.. _.._._~ ,____ _____ .._ -..-~“^-_-_“..___ - -- 
“ The villuc for hp P o1, w pubfishcd in ref. 4 was mcasurcd itt pM 

7.4 and taken. 

Fig. 1. Rchrtionship bctwccn mcnsurcd log f’,,, ,” UP cnlculatcd 

log pa,, nnd Tog k, dctcrmincd by HPLC for n scrics of non- 
cang~crs without scp~~r~i~i~3n into groups of high or low hydm- 
phobicity, 

log Penrc derived from the HPLC data using cqn. 4 
further cxcmplifics the usefulness of the rcportcd 
method, The group of substances selected for this 
purpose combines drugs and some other commonly 
available chemicals with known plc, vatucs and oc- 
t~~~o~-~rtitio~~ cocffcicnts arc fisted in Table III, 
The means of the corresponding log Pitpp and log 
Pcrtc were calculated (abcissa in Fig. 2) and plotted 
together with the deviation from this mean value, 
The averaged absolute deviation from tht: mean was 
0.13 (H = 28), The systematic deviation (bias) was 
0.059 and can bc neglected. The standard deviation 
(SD.) from the log r”,,, to log pValc group is 0.26, 
which is corresponds to the S.D. of thcz catibratian 
set. This demonstr~~t~s the ~~pp~i~~~bility of the t-c- 
gression results of the control group for the sub- 
stances in Table III, 

The ditrerenccs tn the retentions of reference 
compounds after 2000 injections caused by column 
agcing were in the range of the usual chromato- 
graphic inaccuracy, Thereafter the column was rou- 
tinely exchanged to prevent a sttddcn ioss of pcr- 
formance. Temperature-dependent variations of 
the retention times were successfully ~~~~nt~r~~t~d 
by the thcrmostating Pettier unit attached to the 
column. The measured tempcraturc fluctuations in 
the column compartment were ~0.1 K. 

Sfrliettrri~-~rcterttinrl ~~~rre~~li~~tt 
The parameter Sofa sofute, which is the slope of 

the line obtained by the tincar feast-squares fit of the 



TARLE It1 

VERlFICATlON WITH A TEST SEI‘ 

Results of the calculntion of log PCatr dcrivcd from log k, d&t wing rqn. 4 and comparison with the log Pew vntt~c~ nt p&l 7.4 dcrivcd 
from log Poc,j,V using cqn. I (II = 28). 
--- -__--..-^-- ._.., ___ - ._,____._ _- ._._. 

SlrustiInCC Log k, Lop. p<,,q Lag pa$Vr Lw pw w w, __I____.______ -----.-_-. __., ,. ,.... _-.__. .__.. ..- _ -..l__l_ _ _ ._- _.. ..-_ 
Alpwnolol 
Anisatdchydc 
Anisolc 
Atobcnrcnc 
Bcmoridun 
Ucnixnc 
Bcnzyt acohol 
Ci~tWh61 
Dictzccpam 
Imipraminc 
Kctanscrinc 

Lnfernmidc 
Lurcninidc 
Naphthalcnc 
Ncbivcrlol 
Nobivolol ISRRI 
Ncbivolol ( RSS) 
Nimodipine 
Nortryptylino 
Pimobcndan 
Promcthnzinc 
Quinidinc 

Quinine 

Rit.uwcrin~ 

R-14571 
R-51 I07 
R-553-W 

0.79” 
I.76 
1.w 
3X? 
2.39 
?.I5 
I.19 
1.01” 
?.Hh 
’ 5’ . . . - 
‘.HX 

S.bh 
1.12 
3.37 
2.91 
3.01 
.\.OlYL! 
4.43 
1.71” 
2.39 
3.02 
I.11 

I.41 

4.s-l 

R-%366 3.39 I .94 1 .Y2 

___- ..-- ~_. -._ .._._-. - 

” Tlrc published ViIluC was dctcrminrxi i\t I# 7.4. 

respective log k’ I’W.WS V)&ICoH, is linearly correlated 
with log k~ in the three series of homologues in this 
study. Figure 3 presents the plots of S and log kw 
for these groups. .S is discussed as a lipophilicity 
measure and at least partially as a hydrogen bond 
activity indicator [3]. 

The results of tho statistical evaluation arc shown 
in Table IV. The slopes for phenoncs and nlkylben- 
zencs are each outside their counterparts’ 95% con- 
fidence intervals 1151. The slope calculated for the 

4alkylanilines compared with the phenones is also 
outside the 95% confidence interval. In comparison 
with the aikylbenzenes. the slope for the 4atkylani- 
lines is clearly inside the 95% confidence interval. 
The intercepts of the phenones and alkylbenzenes 
group are inside of each others’ 95% confidence re- 
gion but with respect to this parameter the Calkyla- 
niline group is clearly outside the 95% interval. 
Hence all three regression lines are different with 
respect to their 95O/n confidence intervals. The lines 

9.SU 
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Fig. 2. Statistical :vulucttion of Ihe WI wwp (Tahlc III). On the 
abscissrt the mean of the corresponding iq P,,, :md log PCalc und 
on the ordinate lhc deviation from this mctln vuluc ilrc plotted. 
The avcmgsd absolute deviation kom the mam value of corrc- 
spending pairs was 0.130 (#I = 28). The systematic dcvktion 
fbius) was 0,059. The most prominent dcviutions arc found for 
nimodipinc and lopcmmide. 

4 kw 

for phenoncs have different slopes to those for bcn- 
zenes and anilines. The tines for the anilines and the 
benzencs are nearly parallel but have different in- 
tercepts. The regression yielded nearly identical in- 
tercepts for the benzencs and phenones. 

To answer the question of whether S or log kw is 
the better choice for lipophilicity determinations, 
nineteen substances were randomly chosen and 
chromatographed on two columns containing dif- 
ferent batches of the same stationary phase (Table 
V). Both columns were routinely refilled one time 
by the same supplier, The criteria for the choice of 
the elucnt composition were the same as for the 
group of analytcs in the rcferencc group, so at the 
extreme positions acctylpyridine, hydroquinone 
and adcnine were chromatographed in buffer A 
with 20% B and flunarizine with a maximum con- 
tent of 9S%B z 92S”/n methanol. The resulting S 
(Fig. 4) and log kw values (Fig. 5) for both columns 

t*.‘~,.~~~r....1.*.., 
OO 5 10 15 20 

log kw 

Oo- 5 
I . . ..I . . . . , ., , *, 

10 15 20 
log kw 

I....‘....‘....L....l Oo 5 10 15 20 
log kw 
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TABLE IV 

STRUCTURE AND RETENTION 

131 

Stntidcnf evaluntim~ of the rc8rcssion of log k, nnd - S for three series of’ suhstitutcd bcnzcncs ror structure-rctcntion elucidation. 

ClWS SlOpC Abscissa 
with 9S% confidcncc with 95% confidence 

Alkylhcnzcncs 0.884 2.061 0.9999 
0.876-0.892 1.989-2.134 w 

4-Alkylnnilincs 0.88? 2.385 0.9999 
0.874-0.898 2.278-2.493 (61” 

Phenancs 0.898 2.124 0.9999 
0.888-0.908 2.022-2.226 (7P 

Combined 0.891 2.191 0.9992 
(8)” 

1 Numhcrs in pnrcnthcscs :trc the numhcrs of the rc8rcssiw cquntions. 

were statistically analysed. A linear regression 
yicldcd r = 0.979, intercept 0.249 and slope = 
0.9625 for S and r = 0.996, intercept 0.182 and 
slope = 0.980 for the log kw values. The difference 
from unity of the slope is greater for the S than for 
the tog J& values and the same is observed for the 
corresponding intercepts. The mean difference be- 
tween the two series is - 0.0797 for log h-W and 0.05 
for S. The corresponding S.D. values are 0.38 and 
0.68. Hence 95% of all measured fog X-W values will 
tend to appear in the region of two standard devia- 
tion f 0.76 on the log kw scale of the mean value of 
two determinations with different columns, hence 
USC of log kw is favored in measuring lipophilicity 
by RP-HPLC. 

The time consumption for the determination of 
iog kw and -S values depends to some extent on 
the problems associated with the solubility of the 
compounds of interest in organic solvents. For sim- 
plicity dissolving the sample in methanol was tried, 
thereafter another solvent was chosen that does not 
interfere with the chromatographic process. With 
the equipment described under Experimental one 
person can easily measure the HPLC data of 20-30 
new substances in one week. 

CONCLUSKINS 

Every HPLC method based on the use of reten- 
tion indices is sensitive to errors in the determina- 
tion of the column void volume. Care must be taken 
not to detect polar and IN-absorbing contami- 
nants as the void volume peak. otherwise the in- 

terpretation of the alteration of log k’ with the 
methanol content may be complicated by artificial 
non-linearities. Contaminant peaks co-eluting with 
the void volume at high methanol concentrations 
can be misinterpreted as an increase in void volume 
when the methanol content is decreased and the 
contaminants are slightly retained. The use of a 
diode-array detector to identify the contaminants 
was helpful in this instance. Hence our results are 
independent of the void volume test compound. 

The test set used in this investigation covers a 
broad range of lipophilicity from log Pocc,,v = 
- 0.16 to far above 6. The observed high correla- 
tion of log PoctiW and log kw found in these experi- 
ments (eqn. 4) confirms the results and conclusions 
presented by Minick and co-workers f3,4]. The ad- 
dition of diathylamine to the mobile phase effective- 
ly extends the upper range of tipophilicity to a log 
PaPP of cu. 8.3 (see tetradecylanilinc, Table I), if a 
linear extrapolation to this region is allowed. This 
offers the possibility of avoiding the manual deter- 
mination of partition coefficients of such highly li- 
pophilic substances in a water-octanol solvent sys- 
tem. Especially for these compounds the log FW,W 

determination is prone to errors. Although the test 
sets chosen by Minick and co-workers [3,4] cover a 
broad range of polarity. they are mainly restricted 
to relatively simply structured and small molecules. 
For use in pharmaceutical drug research, the meth- 
od had to be improved to accommodate molecules 
as large as Runarizine or larger and containing at 
{east partially protonated nitrogen atoms. In Table 
I:I some examples with known pK, and tog Poct,w 
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TABLE V 

COLUMN TO COLUMN COMPARABILITY 

A: &knrr et al. / J. Chmtatogr. 629 (1993) 123-134 

A test set of ninctcen different substances measured with two different columns [I and 2) conlaining the smnc stationury phase WC 
Experimental). The linear regression coefkients (r) for log k’ over ~~,~o,, arc given. 

Compound Column Log k, -S r 

Acctylpyridinc 

Acridinc 

Adcnine 

Acctophcnone 

Anthraccne 

9-Anthrticcnemcthanol 

9-Anthraccnecarbatdchydc 

Flunarizinc 

Hydroquinonc 

Nebivolol 

Phenol 

Quinolinc 

Resorcinol 

R-47623 

R-58214 

R-60078 

R-60654 

R-6093 I 

R-66678 

2 
I 

2 
I 
2 
I 
2 
I 
2 
I 
2 

2 

2 

2 

2 

2 

0.0953 2.0634 
0.1538 2.0634 
4.7136 6.1018 
5.8706 7.7216 

- 0.9204 2.8303 
- I .2934 I .2996 

2.4268 4.12ou 
2.5930 4.3976 
8.5610 9.8772 
8.772 I 9.943 1 
5.9545 7.9085 
6.4421 X.3274 
X.0584 IO.OW 
8.0656 9.8516 

12.4954 13.8210 
12.4364 I f.hllO 

- fL3587 2.5703 
- 0.0663 3.4241 

5.2604 7.0lXS 
s.Sl04 7.2056 
2.1297 4.3362 
I.9817 3.7273 
3.4570 5.704? 
3.3971 5.2x97 
0.72Ol 3.7864 
0.Y9.18 4.55X8 
3.8262 4.5694 

3XKSS 4.bfkYY 
IO.5948 I I .7OYZ 
9.8161 10,6#99 
6.9630 8.6186 
6.8968 8.3050 
7.34 X.6513 
7.2653 8.7267 
6.5418 X.2845 
6.6194 x.2337 

I I .3287 I I .6x)4 
I I.2134 I I .39%X 

--. - 

values demonstrate the applicability of the method 
to this group of substances. When the apparent par- 
tition coefficient for the octanol-water system, log 
P aPP* is taken into account, the data for organic 
bases correlate well with the retention log kw or log 
Pcarc, which can bc calculated from log kw using 
eqn. 4. The small deviations of the log Pap,, values 
fi-om their counterparts’ log Pcalc in Table III in- 
dicate that the retention in this cxpcrimental set-up 
is favourably due to the relative amount of the free 

- 0.9903 
- 0.9996 
- 0.9920 
- 0.9999 
- 0.9132 
- 0.9283 
-0.9910 
- 0.9977 
- 0.9992 

0.9997 
- 0.9972 
- 0.9996 
- 0.9499 
- 0.9999 
- 0.9997 
- 0.9998 
-0.9501 
- 0.9999 
- 0.92199 
- 0.9961 
- 0.9 ‘29 
- 0.9YY9 
- (3.9476 
- 3.999 
- 0.9nso 
- 0.009 
- 0.9959 
- O.YYSJ 
- 0.9909 

0.9990 
- 0.9972 
-0.9956 
- 0,998 I 
-0.994x 
- 0.9Y73 
- 0.9963 
- 0.9971 
- 0.9996 

hasc or of the ion with the lowest positive charge, as 
Yor R-24571 with its quaternary nitrogen. Acidic 
compounds suffer from ion-pairing effects (data not 
shown), but can bc chromatographed with mobile 
phases without basic modifiers. 

For further USC. one must remcmbcr that without 
an exact value for ph;‘,, the results of HPLC cxpcri- 
ments only rcftcct the partition cocfhcicnt of it sub- 
stance in an environment with the pH of the mobile 
phase. The good correlation of log Pi,PP. derived 
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Fig, 4, Rcpruducibility of the chromntogrnphic rctcntion pitrum- 
ctcr Son two columns rctillcd with the snmc st:ctionary phase but 
mrtnufucturcd from diffcnt b:ttch numbers of the latter. 

from log Poct,w for the actual PI-I, with the corre- 
sponding log Pcatc. calculated From log kw. SCCMS to 
justify the application of the latter as a lipophilicity 
paramctcr. It will be easy to model closely the dc- 
pcndcncc of the partition and the pH over the 
(patho)physiological range when additional mca- 
surcmcnts at various PI-I values arc pcrformcd. 

The close correlation of log Pcalu and log PiIpV 
strcngthcns the evidence for the similarity bctwccn 
the factors governing the retention mechanism in 
this HPLC environment and the factors of the octa- 
no1 --water equilibrium. In dilute solution these arc 
mainly hydrophobicity. hydration cffccts, charge 
distribution and hydrogen bond affinity. This is rc- 
fleeted by the results in Tables II and III. A differ- 
cntiation according to hydrogen bond J$; and other 
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Fig. 5. Rqxwducihility ttl’t he ckromatolrrnplrio rctcntion p;trilm- 
wr lq k,v on two colu~nns with the smnc stntiowtry phase but 
manuf:tcturcd from diircnt h;ttch numhcrs of’ ~frc ktttcr. 

structure effects of molecules seems possible and 
will be part of future work. 

In Table III nimodipine and lopcritmidc are obvi- 
ously far less retarded in HPLC than could be cx- 
petted from their log Pocr,~ values. I3oth stem to be 
examples for the influence of steric effects. These 
molecules have a stiff central region and polar sub- 
stituents at the molecular periphery, which can bc 
covcrcd by water molecules. Hence their central li- 
pophilic parts are shielded and cannot not interact 
with hydrocarbon chains, which are fixed to the 
support surface, in contrast to liquid-liquid parti- 
tion where neither of the butk phases is ordered. 

The analysis of the data found for the three dif- 
ferent butylbenzenes shows a decrcasc in log Poctlw 
from fr-butylbenzcnc to &rr.-butylbcnzcnc corre- 
sponding to the decrease in tog k,v. Interestingly, 
the change in log kw is proportional to the change 
in S (Fig. 3). A plot of log kw against the side-chain 
carbon nutnber reveals as cxpccted that SW.- and 
rcrt.-butylbcnzene are not members of the tt-alkyl 
scrics. On the other hand, the tltrec straight-cltain 
homologucs (Fig. 6) show a step-width in log kw for 
each chain increment of 1.22 (SD. = 0.01). 

The responsibility of proton donor or acceptor 
cKccts for the position relative to similar com- 
pounds in the log k w WI’SXS S plot [3] can only be 
interpreted qualitatively. Each series of hotnologues 
rcprcsunts a single straight line. The weak hydrogen 
bond donors (alkylbenzenes, alkylanilincs) arc 
found on parallel lines and the line for acceptors 
(~llkylphc~~oncs) has the same S for log kw = 0 as 

20 

15 
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9 
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the other monosubstituted phenyl derivatives but a 
different slope. The variations of both the intercept 
and slope between these groups are significant but 
small. Additional data sets containing more donor 
and acceptor series are needed for quantitative cal- 
culations, For example, the S values can be calcu- 
lated using eqn. 5 and the log kw and the difference 
of the calculated value to the measured S can be 
used to construct a dS scale as a parameter in struc- 
ture-activity investigations or as a measure for hy- 
drogen bonding affinity [3]. Therefore, the proposal 
of Braumann et al. [ f 61 to use chromatographic da- 
ta in QSAR studies gains further support. Possibly 
this will give access to protein binding constants 
[4,17]. 

The question of whether log lit” or S is the better 
choice for the comparison of data from different 
columns (with the same stationary phase) without 
recalibration is answered in favour of log kw. The 
reproducibility of log kw on different columns (with 
the same stationary phase) allows ths calculation of 
log PCJIE with deviations smaller than or equal to 
those found for octanol-water partition coefiicient 
data in the literature and which can be quaIi!ied as 
“reliable” [deviations lower than 0.3 in compliance 
with good laboratory practice (GLP) guidelines]. 
The control group mentioned above can serve to 
minimize the differences and as a quality assbancc. 

Small structure effects can bc substantiated by 
chromatography of binary mixtures of solutes in 
the described manner. This is possible with shakc- 
flask techniques only, when an additional chro- 
matographic step is added [lSJ or if molecules la- 
belled with two different isotopes are synthesized. 

Therefore we would like to recommend chroma- 
tography as a substitute fot the log PoCt.w dctcrmi- 
nation. For routine use a reduced set of compounds 
for calibration is sufficient, containing some of the 
polar. tipophilic and intermediate members of the 
current test set. In order not to lose the effects of 
more complex molecular structures, solutes such as 

the dihydropyridincs can be included. A possible set 
of compounds are marked pi in Table I. This will 
reduce the inevitable standardization ovcrhcad. A 

conversion to the octanol-water scale to establish 
comparability with literature data can easily bc 
done at any time. 

K. B&w et al. I .I. Chrotttrtto~r. 629 11993) 123-134 

Another prospect is chromatography at different 
pH values to model more closely the bchaviour of 
the solutes under (patho)physiologicaI conditions 
and to obtain information concerning the approxi- 
mate p& data for basic organic molecules, especial- 
ly because the aproximate elution times can be 
roughly proposed using a first-guess p&. lnterlab- 
oratory comparability of the data is possible if the 
same packing material and the same control group 
are used. 

Questions concerning the correlation of the re- 
sults obtained with diffcrcnt stationary phases will 
be the subject of a future publication. 
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