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SUMNMARY

Ry values for eight penicillins have been measured by a reversed-phase thin-
laver chromatography system using #-octanol as the stationary phase. There is a
near perfect linear relation between the R,; values measured at pH 3 or pH 4 and
the logarithm of the partition coefficients of the penicillin free acids between 7:-octanol
and water.

The change of Ry with change in pH of the developing buffer is close to a
theoretical value for measurements at pH 3 and 4, but it is too low for measurements
at pH ¢ and 5.

Attention is drawn to an unusually low HaxscH 5z value for the methyl group
of phenethicillin.

INTRODUCTION

Several biological properties of penicillins have been shown!-® to be quantita-
tively or qualitatively related to their partition coefficients. B1ac1 ef al.l have used
R 3y values from a thin-layer chromatographic (TLC) system for correlation of anti-
biotic properties. BIRD AND MARSHALL? used calculated HaNscH 7z values? and, to
a lesser extent, measured partition coefficients, for correlation of the extent of serum
binding of many penicillins.

Biact et al® have recently presented R,y results from their system developed
with buffers of different pH and suggested that such studies might provide a model
syvstem for imvestigating penetration of penicillins through biological membranes.
We show in this paper that BIAGI's results are not in accord with theory and we pre-
sent an alternative reversed-phase TLC system for penicillins and compare results
from it with measured partition coefficients for the same set of compounds.

EXPERIMENTAL

T hin-laver chrowmatography
Glass plates, 20 X 20 cm, were coated with a 0.5 mm layer of Camag micro-

crystalline cellulose (67.5 g to 330 ml water) using a motorised spreader. The plates
were dried at room temperature overnight, heated in an oven at 110° for 1.5 h, cooled
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«on the bench for 10 min @amd tihen mmprepmated] witth 7-cctamell by develbping: im a
10 '% selution ©f m~ectand] in @cctone for 1 I in 2 dromatopraphic chamber previously
equilibrated with the odtand sdmtion. The m<octumell was purified] by successive:
washing with ditute HCL, water, dilute NeOH amd] watter befione: distillhtion. Acetone:
‘was ;allowed tto evapeoraite firom tire piluties @m e bencdh fiorr 135 mim afiter remowing:
them from the chamber.

Spots (T 424) of tthe pemicillin sdiutions (2 mg/mil i watien)) were: thiem applied!
:and the plates were placed in tihe dewdloping buffer 3o min affter remexall of the: plates:
from the octandl solution. Tihe buffer was @ @3 M sulattiom off G-aminehexoic: acidl ad-
justed to the chosen pH wiith ] amd sathmrated wiitih 2~-oxtanwll. The chromategraphic:
.chamber was equilibrated with buffer sulution in the meomumll wansy:.. Developmentt was:
«continued wuntil the sdlwent firemt meadhed tihe Tw-com memik (@hoatt 2 ). The: wett plates:
‘were placed in a tank saturated witth ammmmoniz wapomnr for 135, mim, diied], spraxedi
with T0'% acetic acid in @acetone amnd tien witth stamdh fiedine solintiom. The: penicillins:
appear :as white spots «on @ Hine badkgmommd.

Partition coefficients

“The partition coefficients wff tie pemiailiimn firee adidls etweem n~ectanwll andlwater
were deternmined by a modificatiion of Brivpsmion’s metived?. This i a capidl titm-
metric method in whidh @ meutrallised agusons wolluttiom off the sample is adjusted]
to :a «chosen pH tto give @ measonahile conuerttratiion off unromiked! sample;, the: onganic:
solvent is added and the wigarously-stimed mitstmmre is keptt att the chosem pHI by
titration, while equilibration ©f sampile betwesn tihe pihses cecuns:. The: pantitiom
coefficient iscalculated firom tHhe walmmes off e piveses amd ittt asedland] the: weightt
of sample taken. BRANDSIROV mseadl e mmetivod enlly for amimes;, batt we: hawve: applied!
it to:acids wsing Il as the titrantt. JEqm. 1 es been deniived] for acidls im the: same: wax:
:as BRANDSTROM s egn. 1o ffor bases.

WWoWa
= —— (m))
o — Vs — ) ®)

where:

P isthe partition coeffidient of tive @mggamic acdidl;

W is tthe wolumne of agmeons plase ait aquikiboimmmn;;

Vo is the wolume «of HC (molarity 77)) eguivalemt to e waght off sample: acidl
wsed:;

IV, is the wolume of HC added to tihe meutmml] sampile soltiom to obtaim the:
working pH:;

WV piis the wolume of Hl adidied tho msimtaim e pil dinming equiiitratiom. This:
wolume is cormrected by dedmdtion of tihe wolhmme found] im 2 blhnk expeni-
mert, without sammyple;;

S iis the wolume of m~odtandl maedl.

I the working pH is bdlow 35, wdlhmmes 17, amd 17, mmsit he comrectied] bxy dedinc tiom

-of the velumeof :acidl required tho @dijust tihe mdiewamt wollmme of water alome to thatt pHIL.

‘Tihe corrected wolumes are:

g P <+ W)

Wi =Wy — —
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, lo—p}l
Vz = Vz([ - m )

where W’ is the initial volume of the aqueous phase.

Trial experiments with the method indicated that accurate neutralisation -of
the initial sample solution was critical for obtaining reliable results and caused con-
siderable difficulty. This step can be eliminated by including the ionisation constant

(K a) of the sample acid in the equation, as follows. The expression for K, after ad-
dition of ¥, ml HCl is

K, = H10—1)

Vi
Thus
e Vo _ Vo
K, o
1+ s
[H™]
Substituting for 17, in eqn. 1 gives
WV;,_O(

s|v(234) - ] “

Eqn. 2 can be used in two ways. If Ky is known P can be calculated direct.
If K, is not known then both Ky and P can be determined by a graphical method
using measurements at two or more pH values. Several values of P are calculated
from the measurements at any one pH, using various trial values of K,. A plot of
P against K, gives a curve the shape of which varies with the pH at which the
measurements were made, The point of intersection of these curves gives the P and
K, values for the sample. Measurements are needed at only two pH values provided
these are chosen so that the lines intersect approximately at right angles. The parti-
tion coefficients for penicillins reported here were determined using eqn. 4, either
graphically or by direct calculation with a pK, of 2.72.

RESULTS AND DISCUSSION

The mean log P values and Rjp; values for measurements at pH's 3, 4 and 5
are given in Table I. The TLC system gave clearly defined round spots with no tailing.
Regression analysis by the method of least squares gives the following equations:

. r

pH 3 Ry = 1.035 log P — 1.892 0.997 (3)
pH 4 Ry = 1.036log P — 2.628 0.998 (4)
pH s Ry, = 0.861 log P — 2.719 0.973 ' (5)

where 7 is the correlation coefficient.
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TABILIE O
THIE LOG 1P, By 205 ARy WALTES: FOR: EIGHT PENICILLINS
7 S,
RCONHECE-CHI CMez,
o] i
CO-XN CHCOO™
Pandiziflion r log: P» R AR g
PH 3: pH 4 PH 5 PH 3-3 pH 45
Qre:
4
MNietithiieillim (\ .13 —0.600 —I.3% < o.73 —_
(o) L)
Bl PHCHL~ .76 0.09: —0.66 -—I.2% 0.75 0.55
Pheporsymetiigdl  PHOCHL -~ 2.0m 0.3% —o0.37 —o0.87 o.7% 0.50
TPlhenetithiiciilhim TPHOCH- 2.3 0.50 —o0.2 —o0.05 0.73 o.72
I
MNe:
Phooypiicilliim FHOCH- 258 0.97 0o.21 —o0.52 0.76 0.73
i
En
Orsa@illim m ﬂ 2234 0.57 —0.15 —0.71 0.7 0.56
2.4 Q.77 V.OT —o0.64 o.70 0.65
2.83; 1.18. 0.4 —o0.23 .73 .67

a P was: determined! using eqmu. 2: and! the: graphical method with measurements at pH's 3
amdl 44, exsceptt forr ersacillin and! diclexacillin: whiere: measurements were at pH 4 only and a ph,
off 2 772 was used! im eqm. 4. The: gmphmall method gave piq values of 2.70—-2z.72 for all six penicillins
o wikicdh ittt was appiiedl. This; is: im good! agreement with literature values® from potentiometric
tithrzattiom., e Iegy 2’ waines fon the: first fice: penicillins listedi differ from those reported previousliy®.
e wosigintt,, rathven tham tie: wolume,, off #n-octanol! was. used in calculation of the latter results®

amxdl we: sulbsequentil renldised! thiat. most: literature  values of P are calculated with wjv concen-
tuttiioms.

W JEaclh My i e meam off betnvween: 5, and! 1o spots.on 3. to 5 plates. Each plate had at least
amne: sppott off encln pendcillim.

< Attt piHl nrethiciilin ram wery close: to: the sclvent front so that an accurate Riyy value
aonilld mott he: cibtainedl.

Botth Ry amdl 7 have: beem measured with n-octanol as the organic phase so
it Im am idieall systemm the: slope: of tlhese correlation lines would be exactly 1.000.
Tlhe reswiltts att pHl 3; amd! 4 shhowea slope quite close to .one and a near perfect correlation.
We have: mo explamatiom of the: slight deviation of the slope from one. Possibly it is
mellatted] to the differemtt concentrations: of salts in"the aqueous phases used for the
Ry amdl 77 mneasuremnents; or to some: interaction: of the penicillins with the cellulose
im tihe TILC systemm. The: resulits: att pH 35, sliow considerably more scatter than those
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at the lower pH values. This is probably due to the diffficulty of muakimg accurate
measurements of the more ClOGEﬂV-'S)pELOG(ﬂ. spotts att this pH (all sewvem pemicillins byadl
Rp values between 0.6 and 0.935). Such inaccuracies are probably at least a partial
cause of the considerably lower slope at pH 3. Howewer, some of the scatter is mott
due to experimental inaccuracies. Thus at pH 3 ]p!lnaenmettllnmcm]lllnnn has a lower Ry them
phenoxymethylpenicillin. This is contrary to what is expected, becanse imtroduction
of a methyl group should increase hydrophobic character, amd it is the opposite of
the results at pH 3 and 4. The result at pH 3 was chedked mamy times with differemt
samples of the two penicillins. We can think of mo explamatiom of tiis amom:aly.

The ARjy; values (i.e. the difference between Ry values for the same pemicillim
at two pH values) in Table I show a mear constamt wvalue fior pH 33—y witlh = meam of
0.73. and a much more variable value for pH 4—35 with a meam of ©.63. A theoretical
value of ARy can be calculated as follows. For am adid of jonisatiom comstamt Ky,

’ 1 Kn \

where Rj,s is the value observed on a reversed-phase thim-layer chromatogram de-
veloped with a buffer of hydrogen ion concentration [H* |; amd Ra;” is the pH imdepem-
dent value of Ry for the unionised form of tire :acidl.

Eqn. 6 is derived in the same way as :an analogous equation for bases givem
by BicHI AND FRESEN?, assuming that the iomised acid is imsoluble im te ongamic
phase..

AR 3y values can be calculated from eqmn. 6 as follows:

4R, = (RyatpH,) — (RyatpH,) = — Il@g((u +- |[£] ))-4— llm;g(( [£] ) (©))

To a first approximation the ionisation comstants of all pemicillims witiomwt @mm
ionising group in the side-chain are the same, so ARy should be @ consttant for mea-
surements at any pair of pH values. An average value for &Ky of pemicillims of 1.9~ 10—
(pKa of 2.72) has been found in this and other® worl. With this valwe fior Ky, eqm. 7
gives a ARy of 0.84 for pH 3-4 and 0.98 for pH 4—3. Thus the obserwed ARy values
are too low. There are two obvious possible explanatioms of tirese discrepancies.
Either the effective pH of the TLC system is mot the same as tie bulk pH of the de-
veloping buffer or the assumption in the derivation of eqmn. ® is mot walid.. We do mott
have enough evidence to choose between these possibilities.

Derivation of eqn. 6 assumes that only the unionised form of the pemicillin
partitions into the octanol phase. There may lbe some solution of ijomised pemicillinm
in the octanol as an ion pair, either with the buffer cation or with @ metal catiomn.
It seems likely that the effect of such behaviour would become morme obwvions as the
pH increases because a small amount of penicillin dissolved as am iomn pair womld have
a greater relative effect at higher pH walues where the comcemtration of pemicillin
in the octanol is lower. Thus this effect would probably e im tie commect dlimectiom to
account for the greater discrepancy between observied and theoretical ARy values as
the pH increases.

The alternative explanation of the discrepancies comoems the effective pH of
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the TLC system during development. Throughout our work we have checked some
developed plates for the presence of pH variations by spraying with universal in-
dicator or with other indicators chosen to show a pH change in the region of interest.
With the cellulose—aminohexoic acid system the indicators gave a very uniform colour
over the entire plate, apart from a very small zone near the solvent front. This was
the main reason for our choice of the aminohexoic acid buffer system. When #-octanol-
coated cellulose plates were developed with citrate or phosphate buffers, definite pH
gradients were observed. Nevertheless, this check does not provide absolute con-
firmation that the pH during development is exactly that of the developing buffer.
Consequently an effect of the thin layer on the buffer pH cannot be eliminated as
a possible cause of the AR s discrepancies. This effect would not need to be very large,
at least for the pH 3 and 4 measurements where an actual pH difference of 0.9 unit
would give a calculated ARz of 0.73, in agreement with the observed value.

Bi1AGI ¢t al.5? give Ry values for ten penicillins on a silicone oil-coated Silica
Gel G layer developed with a sodium acetate~veronal buffer at pH 2.6, 7.4, and 9.4.
The mean AR;r values are 0.2z for pH 2.6—7.4 and o0.31 for pH 2.6-9.4. The corre-
sponding theoretical values from eqn. 7 are 4.43 and 6.43 respectively. Thus this
system exhibits behaviour which is very far from ideal. This is very probably due to
the use of Silica. Gel as the solid support. BiicHl AND FRESEN? state that sodium ions
can interchange with hydrogen ions on silica gel plates and they recommended cel-
lulose as a more inert support. The very low AR s values found by B1AGI ¢f al. suggest
that the effective pH during development has not changed anywhere near so much
as the bulk pH of the buffer; 7.c. the silica gel exerts a buffering effect on the system.
By spraying with indicators we have observed pH gradients, or fronts where the pH
changes, on silica gel plates coated with n-octanol or silicone oil and developed in
various buffers at various pH values. These results, and the low ARz values of B1aG:
et al., indicate that silica gel is not a suitable support for TLC studies where develop-
ment at a known pH is important.

A desirable feature of a TLC system for measurement of R, values for use in
structure—activity correlations is that it should be capable of covering a wide range
of hydrophobic character in the samples. This can be achieved in the system presented
here by development at various pH values to give convenient Rp values. Results for
the set of compounds under investigation can then be made comparable by calcu-
lating the Rjs values appropriate to a single pH by the use of measured 4R s values.
However, this TLC system does not give meaningful results from the very lipophobic
penicillins, ampicillin and carbenicillin (¢-amino- and «-carboxy-benzylpenicillins,
respectively). These compounds ran very close to the solvent front at all pH values
studied. This is a realistic result because the presence of an ionised group in the side-
chain makes it very unlikely that any significant amount of these penicillins would
partition in to the octanol phase. BiAGI ¢ al.5:? obtained measurable Rz values from
these two penicillins. We feel that there must be some doubt as to whether this in-
dicates a genuine partition in to the organic phase in view of our results and the
presence of an ionised group in the side-chain.

The = values which can be deduced from the measurements reported here
require some comment. The HANSCH substituent constant = is defined! as log Py —
log Py, where Py, and Py are the partition coefficients between #-octanol and water
of the substituted and parent compounds, respectively.
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Thus =z fior tive metibhyll gromp is .18 fromn phenethicillinn and! phenoxymethyl-
penidillin and @39 firom pooypicillim wmd pibemetihicillim. These: walues;. especially the
fonmer,, ame low compramed witth tihe wallne: of 0.5 wihici has: heen found?? for the methyl
«or metihylene groump im werny mamy compoummnds:.. Possibly tie: geometry of the penicillin
molecule is sudh tivat e mmetihyl gromp is partlly shielded! from the: solvent and so
cammot esertt iits fulll hrydimorpihoihic: effiect.. The: onlly- otlher metliyl group 7z values below
.4 tixat wie kmow of wene meported™ for some: benzotthiadiazine: derivatives.. Cloxacillin
giwes ax valme for tie ortho dillorime of o.10 while: the: second! ortho chlorine in di-
dloxadillim, kas @ = of ®.3g. These walltes; are: lowe compared with those reported4 12
flor dhllorime im @-«Jdhllomeplhemoll, amilime amd phemoxyacetic: acidl.. Howewver, we have
found that = for dhikorime im e-cdhllbromitrolbenvzene: is; ov4o. This: is: 2 more- meaningful
stamdard for companisom bacunse hotih the nitiro and! 3r-isoxazolyl groups: are electron
wiittihdrawwimeg.
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