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SUMMARY

A reversed-phase thin-layer chromatographic technique was used for the char-
acterization of 26 phenothiazine drugs. With two chromatographic systems having
the same stationary phase and phase volume ratio, but mobile phases of different pE*,
all but two of the compounds could be identified. R values in the different systems
were standardized by applying a reference compound to the plates next to each com-
pound under investigation; the corrected Ry values were calculated from the dif-
ferences in the R, values of the compounds and the reference compound, and the
theoretical R,, value of the reference. It was shown that Ry values for different chro-
matographic systems with the same stationary phase could be predicted with reason-
able accuracy. The pH* of the mobile phase, for which a maximum difference in R,
values was cbtained for pairs of compounds, could also be calculated and corre-
sponded well with the observed values.

INTRODUCTION

Numerous thin-layer chromatographic (TLC) procedures for the characteriza-
tion of phenothiazines have been described'—®. Most workers used adsorption chro-
matography on silica gel for these drugs and a few'® used cellulose-coated plates.
During reversed-phase thin-layer chromatographic (RP-TLC) experiments for the
determination of the relative partition ceefficients of some phenothiazines!?, it became
apparent that this technique could be useful for the separation and identification of
these drugs and possibly of other groups of drugs. Reversed-phase techniques for the
characterization of phenothiazines involving paper chromatography!'~!* and high-
performance liguid chromatography have been described!*!%, Some of the workers'?!*
pointed out the imporiance of the pH and composition of the mobile phase for the chro-
matographic behaviour of the drugs. In the work described here, the extent to which
the Ry values of phepothiazines can be predicted when a RP-TLC method is used,
in which disturbing adsorption phenomena have been proved to be absent, was in-
vestigated. ' )

'EXPERIMENTAL

. Materials .
Hydrochlondes of promazine, chlorpromazine, trifiupromazine and prometh-
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azine were cbtained from various commercial sources and recrystallized from iso-
propanol. All other phenothiazines in were gifts from manufacturers and were used
as supplied. Oleyl aicohol (Schuchardi, Munich, G.F.R.) containing $2-96 % of c¢is-9-
octadecen-1-ol was distilled (135-140°; 0.05 mm Hg) and passed through a column
of aluminium oxide (Merck, Darmstadt, G.F.R.). The density at 25° was 0.845 g/ml.
Dioxan (Merck, “‘reinst””) was freed from acid by passing it through a column of
basic aluminium oxide (Merck). Distilled water was used throughout. Kieselguhr G
(Merck) was used as supplied. All other materials were of reagent grade.

Thin-layer clzromatooraphp

The method used was as described previously?!®. Kxeselguhr G (24 g) was shaken
for 90 sec with a mixture of 1.259 (v/v) oleyl alcohol, 7 ml acetone and dioxan to 60
ml. Glass plates (20 X 20 cm) were coated with a 0.25-mm layer using standard equip-
ment. The volatile components of the solvent were allowed to evaporate at room
temperature for at least 16 h. Then 0.3%, solutions of the phenothiazines or their
salts in methanol were made (if impossible, saturated solutions were prepared) and
1 ul of the solutions was spotted on to the plates, in varying order, on a line 2 cm from
the lower edge of the plate, at 1.5-cm intervals. A migration of 10 or 15 cm was ob-
tained by cutting the layer at 12 or 17 e¢m, respectively, from the lower edge. Each
piate was placed in a chromatographic chamber that had been equilibrated for several
hours with the mobile phase, the temperature being maintained at 25° throughout.
The mobile phases were methanol-water mixtures. After development, the plates were
dried at room temperature for 15 min and then sprayed with V>* reagent® (650 mg of
ammonium vanadate 4 80 m! of concentrated sulphuric acid, water to 1000 ml) or
with Dragendorff’s reagent.

Measurement of dissociation constants

The concentration-dependent (acid) dissociation constants, (K,°*, of a number
of phenothiazines in the 509 (w/w) methanol-water mixture were measured by the
titration method described by Benet and Goyan!®. This method was applied earlier!’
for six phenothiazines with satisfactory results. The pH* ** meter (Metrohm Prazisions
E510 pH meter) was standardised against methanol-water mixtures as described by
Bates!® and Bates ef al.?%, using a2 Metrohm (EA121) combination glass electrode. A
50-g amount of methanol-water mixture containing 0.1 M potassium chloride and
1073 M drug was titrated at 25.0 - 0.1° with the exclusion of light against 0.1-0.2 N
sodium hydroxide solution or, hydrochloric acid, in at least 15 portions. The titrant,
having the same methanol concentration as the test solution, was added from a 0.5-
ml Metrohm (E457) microburette calibrated to 0.0001 ml. Nitrogen was bubbled
through the magnetically stirred solution throughout the titration. The pH* was read
1 min after each addition. Free bases were titrated against 0.1 or 0.2 N hydrochloric
acid; hydrochlorides were titrated against 0.1 or 0.2 N sodium hydroxide solution. In

= The subscript indicates that a methanol-water mixture is involved. (K, is thus the disscciation
constant in a methanol-water mixture; the st_perscnpt ¢ indicates that the “‘constant” depends on the
conoentranon (ionic strength) in the solution.

** pH meter readouts of measurements in methanol—v.atet mixtures, after standardising the
meter against a methanol-water buffer solutxon of the same methanol content, are dencted by the
symbol pH*. -
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~.all other instances (maleates, etc.) the free base of the di'ug was prepared by extracting
an alkaline suspension of the drug with dichloromethane (DCM); after washing the
DCM layer with water it was filtered and evaporated under reduced pressure. The

ragidnal frea haca wace diccalyad in merthannl and ta an alinunt af tha methannlic
FCSiGuda: 3ICT vadt wads QissUnvoa il LiCwialiUl allu iU ail «iquil Ul il aalulaiiUsic

solution an’'equal weight of water was added and the mixture titrated against 0.1 or
0.2 N hydrochloric acid. The p(,K,°) value of dixyrazine was also determined in 309/
(w/w) methanol.

THEORETICAL

T
It was shown in a previous paper!® that under the conditions of the thin-layer
experiments as described above, adsorption of phenothiazines on the support
(Kieselguhr G) does not occur to any measurable extent; that is, the chromatographic
process is based entirely on partitioning of the compounds between the stationary
phase (oleyl alcohol) and the mobile phase (methanol-water mixtures). For a certain
methanol-water mixture as the mobile phase, the R;, of a basic compound can then

be expressed by° '

Ry =log ;P + log ;f + logr ' ¢y

where P = partition coefficient [= the concenfration in the statiopary phase (in
molefl, divided by the concentration in the mobile phase (in mole/i)], S = K ¢/
(K. + [H*],), the fraction of the drug present as the free base ([H*], = molal
concentration of protonated solvent), and r is the phase vclume ratio, which is a
constant for a given chromatographic system.
Substituting R,, = log (1/Rr — 1) in eqn. 1 yields, after rearrangement
Ry 1 1

T= R, —.Pr | ProKe ik @

Graphs of Rgf(1 — Rp) against [H™ ], should result in straight lines with élopes equal
to 1/.P-r- K,° and intercepis of 1/,P-r. Rg can also be written as a function of [H*],
by rearrangement of eqn. 2:

dp + al ) [H+]s
I +ay+ a-[H*]

R = 3) .
where @y = 1/ P-rand a, = 1/ P-r- K,°.

For two compounds A and B, the difference in their Ry values, AR, can be
expressed by

aOA + alA [H+]s aOB + als.[H+1s

1+ Qo -+ alA'[H+]s 1 -+ Qo =+ alg'[H+]s

ARF - RFA - RFB =

A maximum (or minimum) value of ARg, ARy __ . is reached for d(4R;)/d[H*], = 0.
[H*]; can be resolved from the resulting equatioa to give

e —Y £ YT _4AXZ
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where X = (a;,-a}, — Qin” 1A); Y=2a, a, -(at,B aoA), and Z- 2(a,A aaB e

Coy ala) ke azs Qsgn° agA v alA Cige )
The R,; valiie of the free base is a linear function of the methanol concentra—

_tion, C (9, v/v), in the mobile phase®~** and can be represented by

where & = constant and Ry, , = log P - log r (P = partition coefficient in the cleyl-alco-
hol-water system); Ry, can be considered as the R,, value with water as tbe mobile

phase.

_RESULTS

The pherothiazines were chromatographed with a series of methanol-water

TABLE 1

Rr x 100 VALUES OF PHENOTHIAZINES FOR THREE METHANOL CO\ICENTRATIONS AND
VARIOUS pH* VALUES OF THE MOBILE PHASE

Compound pH?* of the mobile phase® using 33% (w|w)} methanol pH* of ihe mobile phase™*
7.09 729 7.50 §69 801 809 868 10.63 710 732 751 776

Thiopropazate 6 5 4 4 4 3 .22 16 12 9
Thiethylperazine 9 7 5 4 3 3 26 20 15 - 11
Trifluoperazine 10 7 5 4 3 3 32 23 16 12
Prochlorperazine 14 9 8 5 4 3 39 27 20 15
Butaperazine 1 13 10 7 s s 47 - 34 26 21
Fiuphenazine 23 18 15 11 9 8 5 57 44 32 29
Triflupromazine 26 19 14 8 5 4 1 60 47 31 22
Thioridazine 32 28 17 11 5 4 1 64 53 37 27
Perphenazine 33 22 21 14 11 11 8 62 48 39 34
Chlorpromazine 36 32 22 14 7 5 i 68 56 40 29
Perazine 40 33 26 19 13 12 6 70 58 45 38
Dixyrazine 43 34 31 22 17 15 10 72 61 50 44
Diethazine 49 37 31 21 11 8 4 75 69 49 39
Profenamine 55 41 34 24 13 g 3 79 73 55 43
Pecazine 55 44 37 23 13 10 4 79 68 55 45
Levomepromazine 56 44 36 24 14 1¢ 5 80 70 55 43
Promethazine 57 45 37 25 15 12 6 3 78 69 52 41
Alimemazine - 57 45 37 25 i4 i1 5 78 71 54 43
Thioproperazing 70 63 58 45 36 30 25 87 78 73 68
Methepromazine = 71 64 58 43 26 21 11 3 87 80 72 62
Promazine 71 64 57 43 26 21 10 3 86 g0 71 62
Acetophenazine 77 76 70 60 52 48 44 88 82 80 78
Aminopromazine 78 73 71 61 40 35 19 5. 89 g6 81 76
" Propericiazine 84 83 75 59 44 36 30 20 92 87 82 77
Mesoridazine %0 . 87 87 81 70 63 4 ° 29 92 91 90 88
Oxomemazme 95 94 94 88 &3 . 81 74 60 95 94 .92 92

* 0.5 M solutions were used at pH* = 7.09, pH* = 7.29 and pH* = 7.50; 0.2 M solutions at pH* = 7.69;
at all other pH* values 0.1 M solutions were used.
** 0.5 M solutions were used at pH* = 7.10; 0.2 A so!utxons at pH* = 7.32, p 7 51 D = 7.76 and
pH* = 8.01; at all other pH* values 0.1 Af solutions were Lsed
*** 0.5 Msolutxons were used at pH* = 6.84, pH* = 7.12 02Msolut10ns at pH‘ = 748 DH‘ = 761 at
all other pB* values 0.1 M solutions were used. ) i
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rmxtures as. the mobile pha.se. The methanol concenfrations were 30, 4C and 509
(w/w). At each methanol concentration, 2 number of ammonia—ammonium chloride

buffer solutions with different pH* were used as the mobile phase. At “low” pH*
vnlnpq 2.5 or 0.2 M ammonia—ammonium chloride solutions were !:S‘Sd while at

hjeher pH* values 0.1 M solutions were used. pH* values of about 10.6 were reached
by adding 6 N ammonia (in the same methanol-water mixture) to a 6.1 M potassium
chloride solution.

At least four different chromatograms were obtained of the phenothlaz:;nes
with each mobile phase. The mean ARy (= R-100) values are shown in Table I. In
Fig. 1 the AR values of three compounds are plotted against the pH* of the mobile
phase [50% (w/w) methanoi].

The concentration of ammonium chloride in the buffer solutions has, at lower
pH?* values, a marked influence on Rz. Running chromatograms with mobile phases

using 40% (wlw) metharol pH?* of the mobiie phkase*™* using 50% (w|w) methanol

‘801 823 864 10.60 684 712 748 76! 790 8.20 838 878 9.02 1050

9 9 47 40 30 29 27 25 25 25
7 6 56 48 30 27 22 20 19 18
9 6 63 54 35 34 25 22 22 20
10 8 68 58 36 34 27 24 24 22
14 11 72 a3 44 42 35 32 31 31
22 19 74 66 55 54 48 47 47 46
10 5 4 79 73 49 49 30 22 18 16 14 13
9 5 1 80 75 55 53 33 22 19 11 9 8
27 22 80 74 57 56 50 47 47 47
12 7 4 .81 76 55 54 34 25 21 17 14 14
26 21 83 79 61 59 50 47 47 45
3 28 84 79 66 64 57 54 54 53
18 10 5 87 84 64 63 41 3t 27 19 17 16
19 9 3 88 85 68 67 45 33 27 18 13 12
21 13 6 89 86 69 66 47 37 32 25 21 21
22 i3 . 7 89 87 68 68 47 37 33 26 23 22
23 16 it 82 85 65 65 47 40 36 32 3t 29
22 13 7 %0 86 68 68 47 37 32 25 23 20
57 52 91 87 83 82 76 74 74 : 75
38 25 12 92 30 80 80 63 54 48 49 36 36
37 24 10 22 91 80 79 62 52 45 37 33 33
72 ’ 68 23 92 87 83 82 82 82 . 83
57 39 13 92 g0 88 86 76 68 63 51 44 43
61 54 47 95 93 88 86 79 74 74 71
.78 68 48 95 93 94 922 86 82 80 74 70 70

88 82 36 26 96 94 92 9 90 91
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7 ) 5. © =
pH

Fig. 1. Effect of pH* of the mobile phase [50% (w/w) methano!] on the ARy values of mesoridazine
(), methopromazine (A) and butagerazine ({1). Each point represents the mean value of at least
four ARy measurements. The curves have been drawn to fit eqn. 3 using the values of 4, and a, from
Tablevll.

consisting of 0.1 A ammonia—ammonium chloride buffers in 509, (w/w) methanol
with pH* values lower than 7.6 resulted in 1{,.— values lower than the theoretical
values'. Increasing the buffer concentration to 0.2 M or, at the lowest pH* values,
to 0.5 M gave more reproducible Ry values, which corresponded well with the
theoretical vaiues (eqn. 3). The reproducibility of the R, Ry and AR,, values was
investigated using for mobile phases 309, (w/w) methanol buffer solutions of low
pH* (7.09) and of high pH* (10.6), and a 509; (w/w) methanol-buffer solution of
high pH* (10.5). The results are shown in Table II.

For a number of phenothiaz'nes the dissociation constants in methanol-water
mixtures were calculated * (eqn. 2) from the values of the intercepts and the slopes of
the graphs of R¢/(1 — R;) against [H*],. The results for 509, methanol are shown
in Table II1, together with the p(.K,) values that were found by titration. Plots of
RF/(I — Rp) against {(HY ], for three compounds with 30 (w/w) methanol are shown
in Fig. 2.

The time needed for a migration of 10 cm was about 45 min for all of the
mobile phases. Detection limits were estimated to be 0.5-1 zg. About 100 zg chlor-
promazine, after apphcatxon to the plate, was chromatographed with 509/ (wiw)
methanol (pH* = 10.5). After development the chlorpromazme zZone was collected

* Only Ry values between 0.1 and’'0.85 and pH* values between p(,K.9) + 1.5 were included i in .
the calculations. [H+1, was calculated from pH¥, using values for the activity coefficients of [H*] that’
ware calculated with th° extended Debv&Huckel equatxon” with the necessary constants from refs.
24-26. , -



“TLC OF PHENOTHIAZINES — ' , | 255

) TAB;.._. I

VALUES OF ARF, Ry AND ARy, AND THEIR STANDARD DEVIATIONS (s) FCR SOME
"PHENOTHIAZINES
The compounds given in italics were applied. next to each other on the plates.

30% (wlw) methanol, pH* = 7.09°°

Compound n* hRg s Ry s 4AR,¢ s

Prochlorperazine . 8 13 2.1 0.81 0.072 ~ 091 0.059
Butaperazine . 8 17 29 0.69 0.085 0.78 0.029
Perphenazine 14 33 54 0.31 0.107 0.44 0.036
Perazine 8 40 53 0.19 0.095 0.29 0.048
Alimemazine 14 57 1 6.8 —0.13 0.122 0.00 0.060
Promethazine 14 57 - 6.6 —0.12 0.118 0.01 0.019
Promazine 14 71 43 —0.40 0.093 —0.27 0.039
Mesoridazine 8 90 1.9 —098 0.102 —0.87 0.046

30% (w/w) methanol, pH* = 10.63"""

Compourd n* hRg 5 Ry s ARy, 88 s

Dixyrazine 12 10 0.8 0.54 0.034 0.84 0.012
Propericiazine 12 20 0.8 0.60 0.022 0.50 0.017
Mesoridazine 12 29 0.9 0.40 0.029 0.30 0.021
Acetophenazine 12 44 1.7 0.10 0.029 0.00 0.0600

350% (wlw) methanol, pH* = 10.50™""

Compound n* kERe s Ry s ARy 898 s
Triflupromazine 8 13 09 084 0.037 " 090 0.025
Butaperazine 12 31 1.3 0.35% 0.025 0.40 a.021
Perazine 12 . 45 19 0.08 0.032 0.13 0.015
Dixyrazine 12 53 20 —0.05 0.035 0.00 0.0600
Propericiazine 12 71 1.9 —0.3 0.039 -0.34 0.011
Mesoridazine 12 70 1.8 —0.43 0.039 —0.38 0.022
Acetophenazine 12 83 1.3 —0.68 0.038 —0.63 0.011
Oxomemazine 8 91 1.0 —1.02 0.058 —0.98 0.029

* 1 = number of determinations.
“* 0.5 M bufier solution.
“** 0.1 M buffer solution.
¥ ARy = Ry of the compound minus R, of alimemazine.
88 AR, = Ry of the compound minus R,, of acetophenazine.
8282 ARy = Ry of the compound minus Ry of dixyrazine.

and eluted with 0.1 N hydrochloric acid. The suspension was centrifuged and the
resulting clear solution was made alkaline and shaken with DCM. The DCM layer
was washed with water and extractied with 30 ml of 0.1 N hydrochloric acid; the ultra-
violet absorbance specirum of the aqueous layer had the ultraviolet absorbance
characteristics of chlorpromazine.

DISCUSSION

- Differences between the RF values of the phwnothxaanes in reserved-phase
chromatography are caused by differences in partition coefficients or in p(;K,%)
values, or both. It can be seen (Table I) that the Ry values of all 26 pheaothiazines are
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TABLE I
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SLOPES AND INTERCEPTS OF GRAPHS OF R/l — Rp AGH AINST [H*], AND THE p(sK )
VALUES IN 509%; (w/w) METHANOL FROM CHROMATOGRAPHIC AND "TI'RI\&ETRIC

DATA

ayand g, = mtercept and slope, r&spectnely, of the p!ots of R;/(l — Re) versus [H*).:s = standard
deviation; n' = number of measurements; four chromatograms were obtained for each compound

with all mobile phases

misor:dazme (), thxopropﬂrazme (A) and dixyrazine (E.)

Compound @ s a, s n plK.) -
Chromatography Titration
Mesoridazine 244 0.099 2.18- '10‘-’, . L1107 24 8.0 8.22
Pecazine 0.i7 0059 4.61-1%~ 1.2-105 36 8.4 - 8.30
Prbpericiazine 2.31 0.667 6.60-107 - . 6.4-10° 16 7.5 746
Thioridazine 0.11. 0038 2.19-107 6.8-10° 28 8.3 8.62
Butaperazine 040 0.037  8.80-10° 3.2-10° 24 7.3 7.23
Dixyrazine 1.09 0094 1.77-10° 7.9-10° 24 7.2 7.15
Perphenazine - 079 - 0.1i08 1.35-107 9.5-10° 24 7.2 7.01
Prochlorperazine .23 0.051 7.95-16% 4.3-10° 24 7.5 7.23
Chlorpromazine 0.14 0.029 2.33-10° 5.6-10° 32 8.2 8.24"
Promazine 041 0079 7.54-107 3.1-10° 28 8.3 8.37*
Triflupromazine 011  0.032 1.95-107 6.2-10° 32 8.2 8.13"
Methopromazine 048 0092 17.61-107 3.6-10° 28 8.2 8.20"
Levomepremazine  0.25 0.049 4.00-107 1.9-10° 28 8.2 8.29
Promethazine 0.39 0.042 3.24-107 1.6-10% 28 7.9 7.94
Diethazine 0.16 0.037 3.44-107 1.4-10° 28 8.3 8.31
Profepamine 0.12 0.043 4.23-1¢7 1.7-16° 28 8.6 8.69
* Results from ref. 17.
03 05 0p 12 1.5
Hlgxi07 ‘
Fig. 2. R-/(1 — Rp) as a linear function of [H*1, of the mobile phase [30"/ (w/w) methanol] for
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highly dependent on the pH* and methanol concentration of the mobile phase. There
is no mobile phase with which all of the phenothiazines have different Ry values.
‘However, the combination of 309/ (w/w) methanol (pH* = 7.09) and 509, (w/w)
methanol (pH* = 10.5) makes identification within this group possible for almost
all compounds. Three drugs (pecazine, levomepromazine and alimemazine) were dif-
- ficult to separate for ali compositions and pH* of the mobile phase. Obviously, these
compounds have about the same partition coefficients and p{(.K,°) values. Of these,
levomepromazine is characterized by the blue colour after spraying with V5+ reagent;
the other two give an orange spot. Therefore, only alimemazine and pecazine are dif-
 ficult to distinguish from one another by these two svstems. Their separation could
possibly- be achieved by using another stationary phase of different polarity, for
instance an n-alkane. Methopromazine and promazine were also very close together on
almost all of the chromatograms, but, like the levomepromazine-alimemazine pair,
methopromazine gives a blue spot and promazine an orange spot with V5* reagent.
This analogy is not surprising: methopromazine is promazine plus a CH;0 group at
the C, position and levomepromazine is alimemazine plus a CH;O group at the C,
position. For both compounds the difference in Ry values is greatest with 50 %] (w/w)
methanol (pH* = 10.5). From the values in Table II, it is clear that the reproducibility
of Ry values is better for mobile phases with higher pH* values and that in zll in-
stances the reproducibility is best for extreme R values. The standard deviations of
the R,, values also are lower for mobile phases with higher pH* values, but for a
given chromatographic system there is no significant difference in the standard devia-
tions of R, values of very different magnitude. Variation in the R,, values of a com-
pound obtained from different chromatograms must therefore be the result of plate
to plate differences in the chromatographic system that cause a change in Ry, that is
equal in magnitude for all compounds. At high pH* values, variability in R,, may be
caused by a variation from plate to plate in the phase volume ratio. At lower pH*
values, a second source of error is probably the dissociation equilibrium of the drug
in the mobile phase. The chromatographic conditions for compounds on one plate,
however, seem to be much less prone to variation, because the standard deviations
of the AR,, values™ are much smaller than the standard deviations of the R, values.
The error in the 4R,, value of two compounds can be decreased even more by ap-
plying these compounds next to each other on the plates, as can be seen from Table
II. The best characierization of the chromatographic behaviour of compounds in
RP-TLC therefore appﬂars to be obtained when a plate reference compound is used;
this compound should be applied next to each of the compounds under test and the
ARy, values, between the compounds under investigation and this reference com-
pound, determined. Addition of 4R, to the (standard) R,, value of the reference com-
pound gives the corrected R,, values, from which the corrected R values (R corc.)
can be calculated. Promethazine for 509/ (w/w) methanol, methopromazine for 409
(w/w) methanol and dixyrazine for 309/ (w/w) methanol were chosen as reference
compounds. The Rp values of these compounds, at different pH¥* values of the mobile
phase, do not become extremely high or low at exiremes of pH*; also, their chroma-
tographically determined p(;X, °) values are in excellent agreement with those ob-

b AR‘, valu&s are defined here as the differences in R., values of pairs of compounds on the
.- same chromatogram i
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tained by titration (T able IV) The theoretxcal (standard) RF, RF/(I —-RF) and Ru
- values (calcula;ed by using egns. 2 and 3) at dxﬁ'ﬂrent pH* values for each of these
compounds are presented in Table IV,

From the Rg/(1 — Ry) values of the drugs, "..a!culated fmm the corrected Ry

values obtained with two mobile phases of different pH¥s, the values of the slope (a,)

and intercept (a,) of the graphs of Rg/(I — Ry) against [H*]; can be calculated, as
well as Ry values for all mobile phases thta have the same methanol concentration but
different pH* valuds. Examples are given in Table V. The calculated AR values, ob-

TABLE IV

CALCULATED VALUES OF IkRr, Re/(1 — R AND R, OF THE REFERENCE COMPOUNDS
FOR THREE METHANOL CONCENTRATIONS

I = ionic strength (molality scale).

50% (w|w)} methanol, promethazine*

ph" I hRF “RF/I —_ RF' RM

6.84 05 - 854 8.453 —0.927
7.12 0.5 82.2 4.629 —0.666
7.48 0.2 67.3 2.060 —~0.314
7.61 0.2 61.9 1.628 —0.212
7.0 0.1 492 0.968 0.014
8.20 0.1 404 0.677 0.16%
8.38 0.1 36.6 0.578 - 0.238
8.78 0.1 ‘316 0.462 0.336
9.02 0.1 30.0 0.429 0.368

10.5 0.1 279 0.387 0.413

40% (w|w) methanol, methopromazine**

pH* I AR  Re/l — R Ru
710 €5 876  7.040 —~0.848
732 02 798  3.952 —0.597
751 02 724 2618 —0.418
776 02 608 1.554 —0.191
8.01 02 489 0.958 0018
8.23 0.1 38.3 0.620 0.208
864 0.1 263  0.357 0.448

10.60 0.1 16.0 0.191 : 0.719

30% (wiw) methanol, dixyrazine™**

7.09 05 43.4 0.767 ' 0.115
7.29 0.5 34.8 0534 - 0.272
7.50 05 27.6 06.382 0.418
769. 02 22,0 0.281 0.551
8.01 - 0.1 17.1 0.206 0.686
8.09 0.1 16.0 0.191 ] 0.720
8.68 0.1 - 131 0.151 0.822
10.63 GC.1 12.1 - 0.137 0.863

* Re/(1 — Re) = 0.385 + 3.242-107; p(.K.) — 7. o3 {p(,K:) by titration — 7.94].
** Ref(1 — R = 0.189 + 5.266-107; pGRLS) = 845 {p(,K,‘) by titration = 8.44]".
© " Ref(1 — Ry) = 0.137 + 4.885-10°; p(,K.*) = 7.5 [p(:K,") by titration — 7.59].
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: tamed wx;h a thxrd mobiie phase correspond reasonably well with the experimentally
- determined and corrected ARy values, and the p(,K,) values, calculated from @, and
" a;, are in good agreement with those in Table HI. For a certain mobile phase, the
pH* at which AR, for two compounds will be maximal (AR,.-mx) can be calculated
.- from eqn. 4. The necessary values of g, and a, of both compounds can be determined.
by obtaining two chromatograms of the compounds {and the reference) with mobile
phases of different pH*. For instance, using the corrected 2R values (Table V) of
pecazine and prochlorperazine with 509 (w/w) methanol (pH* = 10.48 and 7.38), 4,
and g, for bothcompounds were calculated ; for pecazineg; = 0.206and g, = 4.22-107,
-and for prochlorperazine ¢, = 0.256 and @, = 7.36- 105 Inserting these values in
"eqn. 10 yields [F1*], = 6.90-107%.. For a 0.5 A& ammoma—ammomum chloride buffer
solution in 30 % (w/w) methano- the activity coefficient of H* is 0.58; the pH* of the
mobile phase at which AR will have a maximum value is therefore 7.40 and the cal-
culated 4Ry at pH* 7.40 is 0.38. The observed ARy value at pH* = 7.38 (Table V)
is 0.37. At pH* = 7.12 ARy is 0.28, and at pH* = 7.48 AR is 0.33 (Table I). The
calculated values of ARy __. and the pH* at which 4R _,_is reached correspond
with the observed values.

ARy, for two compounds can thus be calculated from the corrected Rg
values on two different chromatograms. However, when several compounds are to be
separated on the same chromatogram, the use of eqn. 4 for all of the pairs of com-
pounds would be cumbersome. It is then much more convenient to calculate the Rp
values of each compound at different pH* values, again by inserting in eqn. 2 the Rp
values of the compound on two different chromatograms. The most suitable pH* for
the separation of the compounds can then be determined from the well known Ry
versus pH graphs.

" Another question is whether or not the Ry value of a compound can be esti-

mated at other methanol concentrations in the mobile phase, after having measured

- Rp with a mobile phase of a given methanol concentration. R, values of very lipophilic

compounds decrease at a higher rate with increasing methanol concentration compared
with R,, values of less lipophilic compounds.

1t has been found experimentally?’ for a series of phenothlazmes and benzodi-
azepines that the slope, b, of the lines Ry, = R,,, + bC (eqn. 5)” is a linear function
of the R, value at a certain methanol concentration:

b=§+5RM ©)

where a and § are constants whose values depend on the methanol concentration of
the mobile phase. At zero methanol conceniration the equation becomes

b=oqa+ BRy, a
(the R, values were obtained by extrapolation of the lines Ry, = Ry, + bC to zero
methanol concentration).

" Values of ¢ and f§ at different methanol concentrations are shown in Table VI.
- From the corrected AR, values of a certain compound, obtained for instance with two

* Ry and Ry, in eqn. 5 have been calculated from the Ry values of the non-protonated drugs,
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: TABLE Vi - . . .
g COEFFICIENTS AND STATISTICAL ‘DATA OF THE CORRELATIONS b = c + 5 Rse

" 5q and sa = standard deviations of « and ﬁ reepectxvely, r = number of compounds whose R
- values are fmecluded; r = correlation coefficient; s = standard deviation of correlation. .

Methanol ( %, wiw) e - Sa 5 755 : n r s

0 T -00208 00006 —00089 06002 26 0991 00015
30 . —00306 00005 —00131 00005 26 0983  0.0021
49 C - —0.0361 0.0005 —0.0152 0.0007 26 0.973 0.0027
50 —00435 00007  —0018¢ 00011 26 0966  0.0032

50%, (w/w) methanol buffers [57.98 9 (v/v)] of different pH#* values, the AR values
with a 309, (w/w) methano! buffer [36.209; (v/v)] can be estimated by calculating a,
and ¢, for that compound at 509, (w/w) methanol. The (corrected) R" value at high
pH* can then be inserted in the equation (Table VI)

b — —0.0435 — 0.0184 R,

Substitution of the values of # and R, in eqn. 5 gives the value of R, , and the R,,
value of the free base with 309 (w/w) methanol can be calculated. From g, and ¢,
at 509 (w/w) methanol, p(.K,°) in 509, (w/w) methanol can be calculated. The dif-
ference between p(.K,°) in 50 % (w/w) methanol and pK,° in water for phenothiazines
has been found!”-*® (Table III) to range roughly from 0.9 to 1.2, with a mean value of
1.1. Assummg, as a first approximation, a linear decrease in p((K;°) with the methanol
concentration”, the p(,K,°) value of the compound in 309 (w/w) methanol can be
estimated by addmg 0.4 to the p(K;°) value in 509, (w/w) methanol. From the R,
value at high pH* and p(,K,°) [both in 30% (w/w) methanol] the value of &, for 309,
(w/w) methanol can be calculated, and with the values of g, and a, so obtained the
R values of the drug for 309 (w/w) methanol at different pH* values can be calcu-
lated (egn. 3). Examples are given in Table V. For most compounds, the estimated
ARy values are close to the observed hRF values. In some instances, it may be heipful
to change the phase: volume ratio, r, in order to obtain a better resoiution for two
compounds. Changing log r of the chromatographic system (by changing the cleyl
alcohol concentration in the impregnating mixture) results in an equal absolute
change in the R,, values of both compounds. Changes in R,, will cause a maximal
shift in R at R,, values around R,, = 0 (R = 0.5). For instance (Table I), in the
~ system oleyl alcohol [1:259% (v/v) in the impregnating mixture]-30 % (w/w) methanol
(pH* = 7.29), the AR values of propericiazine and mesoridazine are 83 and 87,
_respectively. Increasing log r by 0.75, that is, making the oleyl alcohol concentration
in the impregnating mixture about 7% (v/v)™, results in R,, values of 0.06 for

* It was shown!” that p(K,<) doss ot change linearly with the methanol concentration; how-
ever, the error that is made by ignoring this non-linearity will in most instances be small compared
‘with the ervor that is introduced by assuming a difierence of 1.1 between p(.K.°) in 50 (w/w)

: methanol and pX.© in water for every compound.

: ** It is reasonable to assume that r = k- C,; (ref. 10), where C,, is the concentration of oleyl
~aleohol (%, v/v) i in the impregnating mlxture and % is a constant. A change in log Co. therefore
'results in an equa.l ‘change in !og
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propenmazme and —0.08 for mesoridazine. The kR,.- values are then 46. 5 and 54.5,

respectively, and ARF will have become twice as great. However, it was found ‘that -
the detection is less sensitive at higher phase volume ratios. A considerable advantage -
of the reversed-phase method, as described above, is that two chromatograms of
each compound under investigation and a reference compound are sufficient to predict
with reasonable accuracy the Ry values for the compounds in chromatographlc systems
that have the same stationary phase (but not necessarily the same loading) and any.
mobile phase consisting of methanol-water mixtures of a certain pH*. It is also pos-
sible"to predict for which pH* of a certain mobile phase the maximum difference in
Rp is obtained. This same procedure should be applicable to any group of acidic or
basic drugs for which adsorption on the support phase has been proved to be absent.
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