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SUMMARY 

Relative partition coefficients (P) of 1,4_benzodiazepines were determined by 
a reversed-phase thin-layer chromatographic (RP-TLC) technique in the system 
oleyi alcohol-water, and by high-perfoi-mance liquid chromatography (HPLC) using 
several column packing materials. RsfW values, obtained by RP-TLC, correlated well 
with log P values determined directly in the system oleyl alcohol-water and with the 
literature values for the system I-octanol-water. The log k’, values from: the HPLC 
experiments could be determined with greater precision, but the correlations of log 
k’, with log POleyl nlcohol and log Poclanol were not as good as those found for the 
&_ values. 

INTRODUCTION 

Chromatographic methods have frequently been applied for the determination 
of relative partition coefficients (P) for use in quantitative strncture-activity relation- 
ships (QSAR). Probably the most widely used technique is reversed-phase. thin-layer 
chromatography (RP-TLC)‘-‘, but recently, the use of high-performance liquid 
chromatography (HPLC) with a chemically bonded stationary phase for this purpose 
has been described *-rO. It has been claimed* that HPLC with a chemically bonded 
apolar stationary phase yields retention data from which log Puce.,,.,, values can be 
calculated. In the work described here, the (relative) partition coefficients of 1,4- 
benzodiazepines were determined by a RP-TLC method that has been developed for 
this purposelX, by HPLC using several packin, = materials, and by shaking the com- 
pounds in an oleyl alcohol-water system. Comparisons are made between the relative 
partition coefhcients obtained by these techniques and with values from the literature’2. 

EXPERIMENTAL 

The chemial formulae of the 1,4-beuzodiazepines and their sources are sum- 
marized in Table I. 
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TABLE I 

A. HULSHQFF, J:M. PERRIN 

CHEMICAL FORMULAE AND SOURCES OF I ,CSENZODIAZEPiNES 

RI 

The drugs were supplied by Hofman-La Roche (HR; Mijdrecht, The Netherlands), B.V. Substantia 
(S; Mijdrecht, The Netherlands!;~~d Wyeth Laboratoria B.V. (IV; Amsterdam, The Netherlands), 
or purchased from commercial s&n-ces (C). 
- ___- 
Compound RI RI & Rc Rs % solm3? 

Mcdazepam -CH, 
Prazepam 

cHGH2 

’ /c=H5 
Flurazepam * -CH2CH2N 

\ 
C& 

Diazepam -CH, 
Chlordiazepoxide’ - 
Lcrazepam -H 
Oxazeram -H 
Temazepam -CH3 
Cionazepam -H 
Nitrazepam -H 
Fiunitrazepam -CH3 
Bromazepam -H 

-H 
=o 

=o 

=o -H - -CsHs -Cl c 
-NHCH3 -H -+O -C,H, -Cl HR 
=O -OH - -GHKl -a w 
=O -OH - -ChH_c -Cl w 
=o -OH - -GHS -a w 

=o -H - --C,H,Cl -NO2 HR 
=O -H - -C6H- -NO2 C 
=o -H - -<l&f: -NO2 HR 
=o -H - -CsH;N -Br HR 

-H _ -Cd-b 
-H - -CsHs 

-H - --C6HaF 

-Cl HR 
-Cl s 

-Cl HR 

l Supplied as the monohydrochloride. 

Oleyl alcohol (Carl Roth OHG, Karlsrnhe, G.F.K.), containing 98% of cis- 
9-octadecen-l-01, was distilled (b-p. 135-140”, 0.05 mm Hg:t, passed through a column 
of basic aluminium oxide (IMerck, Darmstadt, 6.F.R.) and used for some of the RP- 
TLC experiments and a11 of the direct measurements of t_ie partition coefficients. 

Dioxan (Merck, “reinst”), Kieselguhr G (MercQ, hexamethyldisilazane 
(HMDS) and trimethylsilyl chloride (TMSCl) (Merck, “ffir <ie Gaschromatographie”) 
and dichlorodimethylsilane (DCIDMS) (Merck, “zur S: nthese”) were used as sup- 
plied. Porasil C (3i-75 pm) and ClS/Corasil(37-50 pm) Iere purchased from Waters 
Ass. (Milford, Mass., ‘U.S.A.) and were silylated before use. Chromosorb P-NAW 
(30-60 mesh) was obtained from Chrompack (Vlissingen, The Netherlands). Distilled 
water was used throughout. All other materials were of reagent grade. 

Direct nreasuremeni of partition coejjkients. 
A 2- or 5-ml vofume of oleyl alcohoj, saturated with phosphate buffer, and 

5 or i0 ml of phosphate bufFer (pH = 7.4, ionic strength = 0.1 M), saturated with 
oleyl alcohol, were shaken together for I& h-at 25” (weighed amounts of chlordjaze- 
poxide hydrochloride, flurazepam hydro&loride and bromazepam were dissolved 
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in the btier solution; the other compounds were dissolved in the oleyl alcohol). 
After centrifugation, the concentration of the drug in the aqueous layer was deter- 
mined by measuring the ultravioIet absorbance, using a Perkin-Elmer Model 139 
UV-visible spectrophotometer. An equal number of blanks was carried through the 
procedure. 

The amount of drug and the portions of oleyl alcohol and bufTer were such that 
the absorbance of the aqueous iayer, measured at the wavelength of maximum ab- 
sorption (J,&) in a 0.5- or l-cm cell, was between 0.2 and 0.7. The partition coefficient 
of chlordiazepoxide was determined by adding (after centrifugation) 2 ml 0.22 N 
hydrochloric.acid to 2 ml of the aqueous layer and by measuring the absorbance of 
the resulting solution (pH = I). The same procedure was followed in some of the 
diazepam experiments_ En a!1 of the other experiments, the absorbance was measured 
directly in the phosphate buffer. In the flurazepam experiments, the pH of the aqueous 
layer was aiso measured after centrifugation. 

The partition coefFicients, P, were calculated from the equation P = C,,i/Cw, 
where C,,, and C, are the molar concentrations of the drug in the oleyl aIcoho1 and 
aqueous layer, respectively. 

Determination of the acid dissociation constant of frurazepam hydrochloride 
The concentration-dependent acid dissociation cons’ant of fiurazepam hy- 

drochloride was measured in water and in a 50% (w/w) methanol-water mixture by 
the titration method of Benet and Goyan13, in the manner described by Hulshoff 
and Perrin”. Solutions of flurazepam hydrochloride (5 - 10’ M; ionic strength = 0.1) 
were titrated at 25” against 0.1 Nsodium hydroxide solution. Titrations in aqueous so- 
lutions could be executed, although near the end of the titration the concentration of 
flurazepam (free base) exceeded its solubihty. The Aurazepam was not precipitated 
until after the titration had been completed. 

R.&TLC experiments 
The method used was as described previously by Hulshoff and Perrin”. The 

stationary phase consisted of a KieseIguhr G layer that had been impregnated directly 
with oleyl alcohol, by coating the glass plates (20 x 20 cm) with a slurry of Kieselguhr 
G in a mixture of oleyl alcohol, acetone and dioxan. The polar mobile phases were re- 
presented by methanol-water buffer solutions (ammonia and ammonium sait; pH* 
= g-9.5”; ionic strength = 0.1 &I) saturated with o:eyl alcohol. The methanol 
concentration in the mobile phase ranged from 7.5 to 55% (w/w)_ The developed 
plates were allowed to dry at room temperature and were then sprayed with acidified 
Dragendorff’s reagent (to 50 ml cf Dragendorff’s reagcnt15, 2 ml of 50% nitric acid 
was added). 

HPLC measurements 
The experiments were performed on a Waters ALC/GPC 202/6000 liquid 

chromatograph, with U6K injection system. Stainless-steel columns and pre-columns 
were used (2 ft. x l/8 in. I.D. and 2 ft. x 3/8 in. I.D., respectively). 

* pH meter readouts of measurements in methanohvater mixtures are denoted by the symbol 
$-If_ 
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The dead volume, outside the columns between then injection system and the 
ultraviolet detector was measured and a correction for this dead vo!ume was made 
when calculating the retention times. Samples were dissolved in. methanol-water 
mixtures (0.05-0.1%) with the same methanol concentration as in the mobile phase; 
the sample sohrtions were saturated with oleyl alcohol when columns filled with oleyl 
alcohol-coated Porasil C as the stationary phase were used. Volumes of 2-25 ~1 of 

t the sample solutions were injected. The eiution time (&J of a non-retained Component 
was regarded as being equal to the elution time of potassium nitrate, which was added 
to all of the sample solutions (OS-1 %). 

The drugs were eiuted with buffer solutions of ammonia and ammonium 
sulphate in methanol-water mixtures (pH* = 9; ionic strength = 0.1 &f), at the rate 
of 0.9-l mi/min. When using coiumns packed with oleyl alcohol-coated Porasil C, 
the mobile phase was saturated with oieyl aicohoi by passing it through two pre- 
co!umns which were filled with ofeyl afcohoi-coated Chromosorb P-NAW, and placed 
between the pump and the injection system. Ail of the sample solutions and the mobile 
phases were filtered before use (pore size 0.2-i-2 pm). The temperature of the mobile 
phase and the temperature in the column and pre-columns were maintained at 25”. 

Siiylation with hexanzethylciisilazane and trimethyIsiIyr chloride 

The method as described by McCall6 was used for the silyiation of Porasil C 
and C 18,ICorasil. 

Silylation with dichlorodimethylsiicne 
Porasil C (25 ml) was dissoived in 100 ml of a 5% solution of DCiDMS in 

toluene. The solution was degassed by reducing the pressure over the solution. After 
standing for 30 min at room temperature, the siiyiated product was collected and 
thoroughIy washed with methanol. The material was dried by gentle heating (40-507 
under a stream of nitrogen_ 

Impregnation of &orasil C and Chomosorb P-NA W with oieyl alcohol 

Porasii C (siiyiated) and Chromosorb P-NAW were impregnated with oieyl 
alcohol by the solvent evaporation technique r6. Weighed amounts of the support 
were immersed in a methanolic solution of oleyl alcohol (3 or 5 % (w/w) of the amount 
of siiyiated Porasii C, and 30 % (w/w) of the amount of Chromosorb P-NAW). 

After gentle mixing of the slurry, the methanol was evaporated under reduced 
pressureIand the powder was further dried under a stream of nitrogen. The coiumns 
were filled with siiyiated (H-MDS + TMSCI) CiS/Corasil, with siiyiated (DClDMS) 
Porasil C impregnated with 3 and 5 % (w/w) oleyl alcohol and with siiylated (HMDS 
L- TMSCi) Porasil C i_mpregnated with 5 % (w/w) oieyi alcohol. The pre-coiumns were 
filled with Chromosorb P-NAW that had been imprebated with 30% (w/w) oieyi 
alcohol. The finest particles of ail packing materials were blown off by passing a stream 
of nitrogen through a giass@e, in a vertical position, containing the packing mate- 
rial. The columns and the pre-columns were dry-packed by the tap+Xl method. A 
column packed with non-silyiated CiS/Corasii by the manufacturer (Waters Assoc.) 
was also used. 
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RESULTS AND DISCUSSION : 

Reversed-phase chromatography of very IipophiIic compounds cannot be 
performed with. I-octanol as the stationary phase”,. because the methanol concen- 
tration in the. mobile phase, necessary for obtaining measurable retention times, would 
solubilize the l-octanol. For this reason, oleyl alcohol was chosen as the stationary 
phase in all of the chromatographic experiments, and in the direct measurements for 
comparison purposes. 

The ultraviolet characteristics of the benzodiazepines of which the partition 
coefhcients were directly measured in the oleyl alcohol-phosphate buEer system are 
presented in Table 11, together with the log PO,,,, ~icohol values. At pH = 7.4, all of 
the compounds except flurazepam are present in the neutral form”. Log P for fluraze- 
pam, mentioned in Table 11, is the logarithm of the true partition coefficientis (P) 
calculated from the apparent partition coefficient (PJ (measured at pH = 7.4) and 
the apparent dissociation constant (K,‘; pK,’ value determined to be 8.43). The parti- 
tion coefficients in the system oleyl aicohokphosphate buffer were correlated with 
the I-octanoI-phosphate buffer partition coefficients of Miiller and WolIertlz, using 
a CoIIander-type equatioxGQ: 

log Pokyl alcohol = a 1% pocrano1 + b 

where a and b are constants. 
A gbod linear correlation was found between log P,I,,l alcohol and log PoEtnnol (Table 
VI, eqn. 1). 

Before measuring the reiative partition coeflicients of the benzodiazepines by 
the RP-TLC method, the possible adsorption of the compounds on to the support 
phase during the migration was investigated. RF values of eight benzodiazepines were 
measured using 39% (w/w) methanol-water buffers as the mobile phase and with 

TABLE II 

WAVELENGTHS OF MAXIMUM ABSORPTION &,sx) AND MOLAR ABSORPTIVITIES 
(E) OF BENZODIAZEPINES IN PHOSPHATE BUFFER (pH 7 7.4) AND LOG Po,.r, l,c.,ho, 
VALUES 

s = star.dard deviation; R = number of determinations (of P) 

Cornpound ~mLu (nm) E logP s n 

PfazePam 228 30,050 3.50 0.02 8 
Flurazepam 231 33,390 3.11” 0.0s 12 
Diazepam 230 35,330 

2.64 0.03 10 
285’ 13,910’ 

Chlordiazepoxide 245 l 34,700’ 2.25 0.02 10 
Lorazepam 228 3s,soO 2.02 0.07 14 

Temazepam 232 35,600 190 0.06 15 
Nitrazepam 259 17,050 1.89 0.06 19 
Bromazepam 23.5 33,490 1.18 0.02 11 

_. 

* Va!ues in 0-i N HCI. ! 

l * The true partition coescient is calculated from the vaiiies of the apparent partition coetkient 
(PJ rnea~ures? at pH 7.43. 
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TABLE III 

VALUES OF l/R, OF BENZODIAZEPINES FROM RP-TLC EXPERIMENTS WITH THE 
SYSTEM OLEYL ALCOHOL -30% (w/W) METHANOL, AND THE VALUES OF THE INTER- 
CEPTS (a) AND SLOPES (@ OF THE GRAPHS OF i/& AGAINST C,, 
k,, is the perentage (v/v) of i5leyl alcohol in the impregaating mixture. n = number of determi- 
nations; s,, and sb =‘ltmdard deviations of a and b, respectiveiy. 

Cornpound OieyI alcohol 9; ( v.! v) 0 xa b Sb n 
-- ____~_.. - 
1.25 2 3 4 6 

Diazepam 
Chlordiazepoxide 
LorazepBm 
Temazepam 
Cionazepam 
Nitrazepam 
Flunitrazepam 
Bromazepam 

-____ 
2.33 3.01 3.91 5.38 7.06 0.971 
1.77 2.11 2.63 3.32 4.38 0.965 
1.51 1.66 1.99 2.42 3.03 0.978 
1.48 1.64 1.95 2.35 2.91 1.012 
147 1.61 1.93 2.30 2.86 0.994 
1.41 1.53 1.80 2.16 2.60 1 .oQi 
1.36 1.47 1.72 2.03 2.41 1.022 

l.i9 1.30 1.41 1.57 1.013 

0.127 1.031 
OX!65 0.572 
0.043 -0.34.5 
0.040 0.319 
0.035 . 0.314 
0.03 1 0.271 
0.025 0.236 
0.012 0.095 

0.032 48 
0.016 48 
0.011 48 
0010 44 
0.009 48 
0.008 48 
0.006 48 
O.W3 47 

varying amount@& oleyl alcohol in the impregnating mixture. If the RF values of 
compounds in Beversed-phase chromatography are determined exclusively by par- 
titioning between the stationary phase (oIey1 alcohol) and the mobile phase (methanoi- 
water .mixtures), then a linear correlation exists between the R, value and the oleyl 
akohol concentration (C,,,) in the impregnating mixture: 

1 
- = I + ,P-k-C,,I 
Rf 

Where =P* is the partition coefficient in the system oleyl alcohol/methanol-water 
mixture and k is a constant. Graphs of l/RF values against CO, shouId then result in 
straight lines with intercepts of unitjr and slopes of .P-k. Values of l/RF for different 
oleyl alcohol concentrations are presented in Table III, with the calculated slopes 
and intercepts of the graphs. It is clear (Table III, Fig. 1) that the graphs are indeed 
straight lines and that the intercept on the l/R, axis does not differ significantly from 
unity for any compound. The 30% ( w w methanol-water mixtures that were used / ) 
as the mobile phase in these experiments usually contained ammonia and ammonium 
chloride (as in all further RP-TLC experiments)_ In some of these experiments other 
ammonium salts were used, and aIso the pH* of the buffer was changed (7 < pH* < 
9.5); these variations did not cause any change in the RF values of the compounds. 
There was also no change in the chromatogtaphic behaviour of the compounds when 
purified. oleyl alcohol (Schuchardt, Munich, G.F.R.) was used instead of that ob- 
tained from Roth: 

It can be concluded that, under the conditions used, partitioning of the benzo- 
diazepine drugs is the sole process that governs the RF values. The relative partition 
coefkients of ‘&e benzociiazepines in the oleyl alcohol-water system were then deter- 
mined by measuring the R_w values of the compounds with various methanol concen- 
trations in the mobiie phase, using Kieselguhr G plates that had been impregnated 

l The subscript indicates that a meihanol-water mixture is mvolved. 
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3 

Fig. 1. l/RF as a function of the oleyl aIcoho1 concentration (C.,) in the impregnating mixture 
(RP-TLC) for five benzodiazepines. 1 = Diazepam; 2 = chiordiazepoxide; 3 = lorazepam; 4 = 
fhmi~pam; 5 = bromazepam. 

Fig. 2. Efkt of the methanol concentration of the mobile phase on the R.w values of benrodiazepines 
[RP-TLC; 1.25 % (v/v) oley! dcohol]. 1 = Medazepam. , 2 = prazepam; 3 = fiurazepam; 4 = diaze- 
pam; 5 = chlordiazepoxide; 6 = lorazepam; 7 = temazepam; 8 = bromazepam. 

with 1.25 and 4 “/, (v/v) oleyl alcohol in the impregnating mixture, and by extrapolating 
the graphs of R,, against methanol concentration to zero methanol concentration. 

Fiurazepam is a stronger base than the other benzodiazepines whose & 
values were determined. The p(,K,=) of flurazepam in 50% (w/w) methanol-water 
was found to be 7.35, while in water pKLIc = 8.43. The p(,K,r) values of fluiazepam 
at other methanol concentrations were estimated by assuming a linear decrease of 
P(,K.,~) with increasing methanol concentration*. The pH* of each mobile phase ~2s 
at least 1.5 pH units higher than the estimated p(,K,3 value of flurazepam at that 
methanol concentration (it was found that the RF vaIues of fiurazepam remained 
constant at higher pH* values). 

R%i=* varies linearly with the volume fraction of the organic solvent in the mobile 
phase’O*“. This can be represented by*i 

R, = Rhrw t b’C 

where R,, is the value of RAM at zero methanol concentration, b’ is a constant and C is 
the methgnol concentration (%, v/v). Graphs of Rskf against C are shown in Fig. 2. 
The calculated slopes and intercepts of the _gphs for both series Cl.25 and 4% (v/v) 
oieyl &ohol] are shown in Table !V. The correlation between the Rlcfw values of the 

* Aithough the p&K,3 value does not change line&y with methanol concentration”, the errors 
introduced by ignoring this non-linearity are small and of no consequence in the pment investiga- 
tions. 

l * RM = log (I/& - 1) = log P + log r (where r is the phase volume ratio). 
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+ABLE IV 

SLOPES AND &ERCEPI-S OF GRAPHS OF Rs AGAINST THE ME?XIANOL CONCEN- 
TRATION OF THE MOBILE PHX%FROM RP-TLC EXPERIMENTS WiTH 1.25 AND 4% 
(v/v) ALCOHOL IN THE IMPREGNATING IMIXTURE 

n = total number of RM values; s = standard deviation; Rsr, and b’ = intercept and slope, respec- 
tive!y, of the graphs Rd = R.W, -!- b’C, where C is the methanol concentration (%, v/v). 

Compound_ I.2_5% (v/v) oiey1 aicohol 4% (vf v) ofeyl aicohl 

n Rw, S 6’ S II &I. S b’ S 

Medazepam 96 2.75 0.027 -0.043s o.ooos 
P-Pam 148 2.19 0.019 -0.wo7 0.0004 

FILK2XpariI 180 1.65 0.025 -0.0357 o.c?cO5 
Dkzepam 196 1.26 O_GO8 -0.031s o.uoO2 
Chlokszepoxide 204 0.80 0.006 -0.0258 0.0002 
Lo_mzep2m 156 0.71 0.008 -0.0291 0.0003 
Clonazepam 156 0.68 0.008 -0.0289 0.11603 
Temazepam 156 0.47 0.008 -0.0228 o.c#3 
Fiunitrazepam, 144 0.44 0.009 -0.0241 o.ooo3 
Nitrazepam 156 0.43 0.009 -0.0235 O.WO3 
Brom2zepam 80 -0.25 0.013 -0.0165 o.ocO7 

92 2.18 
132 1.76 
2@% 1.31 
180 1.25 
201 1.13 

20? 0.89 
204 0.88 
132 0.22 

0.027 
0.021 
0.010 
0.012 
0.011 

-0.0365 
-0.0317 
-0.0268 
-0.0308 
-0.0284 

o.ooos 
0.0004 
o.OOQ2 
0.0003 
o.oQo3 

0.011 
0.011 
0.019 

-0.0250 
-0.0235 
-0.ot75 

o.@OO3 
0.0006 
o.aao5 

two series proved to be very good, as well as the collelation between I&,,, (1.25 % oIeyl 
alcohol) and log JLtyl slcohol (Table VI, eqns. 2 and 3). The value for the intercept on 
tie RAW, (4 %) axis (Table VI: eqn. 2) is 0.46. As RM w (4 %) = log P f log re and RLWW 
(1.25 %) = Li log P t log r1.25 (where r, and r I_25 represent the phase volume ratios for 
4 % and 1.25 % oleyl alcohol, respectively), this intercept is equal to log r4/rI_zS. The 
term r changes IinearIy with the oleyl alcohol concentration (C,,) in the impregnating 

25 30 35 40 4.5 50 55 Go G5 
Metbanol concentration (%,%I 

Fig. 3. Effect of the methanol concentration of the mobile phase on the log k’ values of beuzodi- 
azepines @-iPLC, ClS/Corzsil with HMDS -i- TMSCl). 1 = Medazepan; 2 =-fl~pam; 3 = 
pnzepam; 4 = diazepan; 5 = chlordiazepoxide; 6 = temzzepam; 3 = lorazepsm; 8 = oxazepam; 
9 = flunitra~p~n; 10 = clonazepa~~; 11 = nitrazepvn; 12 = bromazepun. 
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mk&e?’ and therefore log r&L.25 = log 4/1.25 = 0.51. This value is in good agree- 
ment with the experimentally found value for the intercept. Apparently the RI?-TLC 
technique is very suitable for the determination of the relative partition coefficients 
of the benzodiazepines. The technique had already been shown to give good results 
for the phenothiazines”. Differences in &,, values (A I&,,) of the compounds are equal 
to ALog P,l,r I~coho~y and as the dlog Porrvl arco& values are almost equal to the log 
P octano:2 ( or z va ues that are normally used iin QSAR studies, this RP-TLC tech- ) 1 
nique is a good substitute for the direct measurement of the i-octanol-water partition 
coefficients. 

A drawback of the RP-TLC method is the necessity for carrying out large 
numbers of determinations in Order to obtain accurate Rhr, values with low standard 
deviations. This disadvantage is largely overcome by the use of HPLC, because tog X-’ 
values, obtained with a thermostated column, are much more precise than R,* values 
from RP-TLC experiments *. 

Retention times, tR, of the benzodiazepines were measured by HPLC using 
5 different column packing materials. Graphs of log k’ against the methanol concen- 
tration were plotted, as in the RP-TLC experiments**. The resulting straight lines 
for a column packed with silylated ClS/Corasil are shown in Fig. 3. The calculated 
slopes and intercepts of these graphs, with the five column packing materials, are pre- 
sented in Table V, the general equation being 

log k’ = log k', + b”C 

where log k’, is the value of log k’ at zero methanol concentration, 6” is a constant and 
C is the methanol concentration (‘A, v/v). The log k’, values for the columns that were 
packed with Porasil C, which had been silylated with DCIDMS and impregnated with 
3 and 5 % (w/w) oleyl alcohol, showed an excellent correlation’ (Table VI, eqn. 5). A 
very good correlation (Table VI, eqn. 6) was also found betweenithe log k’, values on 
Porasil C silylated with DClDMS and impregnated with 3% (w/w) oleyl alcohol 
and the log k’, values on Porasil C silylated with HMDS f TMSCl and impregnated 
with 5% (w/w) oleyl alcohol. The absolute vdues of the slopes of the graphs of log 
k’ against C, obtained with the latter column, where larger than those found for the 
two DClDMS silylated columns (Table V). With all three Porasil C columns, how- 
ever, the absolute values of the slopes of these graphs were much larger than those 
found in the RP-TLC experiments. Also, the log k’, values of the benzodiazepines 
obtained with the sily!ated and oleyl alcohol-coated Porasil C columns did not corre- 
fate very well with the Iog I’,,,,, a,coho, values and the Rnflv (1.25% oleyl alcohol) 
values (Table Vi, eqns. 7 and 8). These differences may be due to adsorption of the 
benzodiazepines on to the residual silanol groups of the Porasil C surface. 

Log k’, values, obtained with a cohtmn that is packed with an oleyl alcohol- 

l Using an o!eyI &oh01 (SO/,fcoated Pomsil C (silylated) column and 50% (w/w) methanol- 
water mixture as the mobile phase, the mean log k’ for diazepzm was found to be 0.055, with a stan- 
dard deviation of 0.009; in an RP-TLC experiment [six plates, 1.25 % oleyl aiwhol, 30% (w/w) 
methanol-water] the mean R.,, value for diazepam, which was spotted twice on each plate, was 0.124, 
with a standard deviation of 0.030. 

tR - to 
l * idg k’ = Iog tn = logP f logr. 
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coated Kieselguhr G (of low surface 2~2) will possibly give a better correlr$on with 

log Porevi alcohol 2nd Rx, values from RP-TLC. The only advantage of the use of 
such a column over the PR-TLC technique would be the possibility of obtaining more 
precise values of the relative partition coefficients. The &, values from RF-TLC 
measurements, however, can be determined with a precision that is sufficient for most 
QSAR studies, as the measurements of the biological activity of the compounds 
usually have much larger standard deviations than those of the physicochemical 
constants. A definite drawback of the use of column packing materials, which are coated 
with a solvent to serve as the stationary phase, is the need to use pre-columns, coated 
with that solvent. Without pre-saturation of the mobile phase, the stationary phase 
would soon be stripped off the column. The lifetime of an oleyl aIcohol-coated sup- 
port phase is limited even when rigorous precautions are taken to prevent “bleeding” 
of the column because of oxidation. The flow-rate must be low, otherwise -some of 
the stationary phase might be removed. These disadvantages are overcome by the 
use of chemically bonded stationary phases. 

Cl8/Corasil and ClS/Porasil B, both consisting of silica gel particles to which 
ocmdecyl chains have been chemically bonded, were used as the stationary phase in 
reversed-phase HPLCs-*o. In the present investigation, a commercially available ClS/ 
Corasil column was used (filled with non-silylated ClS/Corasil), as well as a column 
packed with ClS/Corasil that had been silylated with HMDS _t TMSCI. According 
to McCall’, it is necessary to silylate the ClS/Corasil packing in order to block active 
silanol sites that might interfere with the desired liquid-liquid partition process. This 
seemed to be coniirmed by the present investigations. The log k’, value and the slopes 
of the graphs of log k’ against methanol concentration in the mobile phase are pre- 
sented in Table V. Graphs of log k’ against C (siiylated ClS/Corasil) are shown in 
Fig. 3. The silylated ClS/Corasil column yielded log k’, values that correlated better 

with log Poiey, nlcohof than the log k’, values from the untreated ClS/Corasil coiumn 
(Table VI, eqns. 10 and 11). However, log k’,%. values from the silylated ClS/Corasil 
column did not correlate as well with log Polcyl rlcohol and log Poctanol as did the Rhf,” 

(1.25% oleyl alcohol) values from the RP-TLC measurements with log P,,,,, nrc&oi 
and log J’actrnoi (Table VI, eqns. 11, 12 and 3,4). The larger deviations, when compar- 
ing the graph of log k’, (silylated ClS/Corasil) against log P,,,,, aIcahol with the graph 
of Rhfw (1.25% oleyl alcohol) against log Polevl slcohol, are clearly visible in Fig. 4. 
Again, the presence of residual surface silanol groups may cause adsorption of the 
benzodiazepines on &o the support phase, and also some adsorption may occur on 
the bonded phase itselfZ. ft should also be noted that the silyl ether terminating the 
octadecyl chain where it is bonded to the Corasil surface is less polar than the hy- 
droxyl group of an alcohol and (probably more important) has no hydrogen bond 
donating properties as do the alcohols. Correlations between log k', and log Poctanal 
can therefore be expected to be less good when compounds with hydrogen bond do- 
nating as well as compounds with hydrogen bond accepting properties are included”. 
This is the case for the benzodiazepines in the present investigation_ McCall’ cal- 
culated log Poctsnol values of minoxidil analogues directly from the log k”values of 
these compounds using a silylated ClS/Corasil column and 1% triethylamine (TEA) 
in water. The log Poctano, values were calculated by adding a term log K to the log k’ 
values, log K being equal to the difference between the values for benzene of log 
Poccanol and log k’ (1% TEA in water). However, when the slope (a) of the Collander 
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Fig. 4. Graphs of R,, and Iog k’, against log P oleyf alcah,,l for eight benmdiazepines. The R,, values 
are those found by RP-TLC with 1.25% (v/v) oleyi akohol in ‘&e impregnating mixture. The log 
k’, values were obtained with si!ylated ClS/Corasil. 

equation correlating log k’ with log P,,tc=nol is not equal to unity, log K will not have 
be constant but will depend on the value of G and the log k' value: 

log k’ = a log Poctano, + b 

and therefore 

b3 ~Ocranol - lo,0 k’ = log k’ 

When an aqueous mobile phase is used with littIe or no organic solvent added to it, 
the value of a will be close to unity2z (see also Table VI, eqns. 11 and1 2). Serious de- 
viations can be expected when mixtures of water and an organic solvent are used as 
the mobile phase, because the differences in the log k’ values of the compounds, and 
therefore the value of a, have a tendency to become smaller at higher concentrations 
of the organic solvent (Fig. 3). When dealing with the more Iipophilic minoxidil 
analogues, McCall* measured their k’ values using 1 oA TEA in 40 oA methanol-water. 
The k’ value for the I % TEA solution in water were calculated by measuring k’ of 
one “calibrating” .compound with both mobile phases, and by subsequently multi- 
plying the k’ values of the other compounds measured in the 40 % methanol-water 
mixture by the ratio of the k’ values of the calibrating compound. When applying 
this procedure, it was assumed by McCalP that this ratio would be constant for a 
class of closely related compounds. The graphs of log k’ versus methanol concen- 
tration of the mobile phase are thus expected to be parallel. It is clear (Fig. 3) that this 
assumption is. not valid for the (closely related) benzodiazepines. It would seem to be 
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safer, therefore, to determine log k’ values at dXerent methanol _con&ntrations (c) 
and to extrapolate the graphs cf log k’ against C to zero methanol concentration. 
This .procedure has also been recommended by Tomlinson’ anh Siagi ef QZ.~. From 
the results of the present investigation, it is clear that the &P-TLC. technique, with 
oleyi alcohol-coated Kieselguhr G, is the method of choice when one is interested in 
obtaining d R]H values, comparable with .&g Pactanor values, for use in QSAR studies. 
Chemically bonded stationary phases for HPLC experiments can possibly be develop- 
ed with a hydroxyl group in the alkyl chain; such phases might yield log k’, values 
that correlate better with log Poctanol than those presently obtained with octadecyl 
chains. 
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