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SUMMARY 

A method for introducing sulphonic acid groups on to a microparticulate 
silica is described. This involves formation of a mercaptopropyl bonded phase 
followed by oxidation to the corresponding sulphonic acid. The packing material so 
prepared displays cation-exchange properties and has been used to separate pheno- 
thiazines. 

INTRODUCTION 

The strong cation-exchange materials used in high-performance liquid chro- 
matography (HPLC) are mainly based on styrene-divinylbenzene copolymer beads 
that have been sulphonated, or alternatively utilise microparticulate silicas which 
have ion-exchanging groups (usually aromatic sulphonic acids) chemically bonded 
to their surface’-3. A reaction that does not appear to have been used to introduce 
sulphonic acid groups on to silica is the oxidation of a thiol group. This type of 
reaction proceeds very rapidly at room temperature and, as this paper will show, can 
provide the basis for preparing a bonded strong cation-exchanger for HPLC. 

To study the properties of the cation-exchanger it was used to separate pheno- 
thiazines. These compounds, used as psychosedative drugs, contain a phetiothiazine 
moiety with various side-chains attached to the nitrogen atom an3 in some cases sub- 
stituents in the 2-position. Some of these compounds are very difficult to analyse by 
gas chromatography, and HPLC separations based on adsorption ion-pair partition, 
ion-exchange, and reversed-phase partition processes, have been described. The 
methods appearing before 1977 have been reviewed-‘s5 and since that time there have 
been few papers dealin g with phenothiazine separation6*‘. 

EXPERIMENTAL 

An amount of 50 g of microparticulate silica of 5 jtm nominal particle size 
(Partisil 5, Whatman, Maidstone, Great Britain) was dried for 24 h at 150”. The dried 
material was added to 250 ml of hexane in a conical flask and 2 ml of water added. 
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The flask was stoppered and shaken for about 3 h to equilibrate the contents; 
25 ml of 3-mercaptopropyltrimethoxysilane was added and the mixture was heated 
under reflux for 1 h. The product was filtered through a glass sinter, washed several 
times with hexane and finally with acetone and was then dried in a vacuum oven. 

20 g of the dried product was transferred to a beaker containing 100 ml 
of 1 M sulphuric acid and stirred magnetically_ A filtered, saturated, solution of 
potassium krmanganate in 1 M sulphuric acid was then slowly added until in 
slight excess. The excess permanganate was removed by adding a saturated solution of 
oxalic acid in 1 M sulphuric acid until the solution became colourless. The resulting 
cation-exchange material was filtered, washed several times with 0.1 M nitric acid 
and then with water until the washings were neutral. After a final wash with acetone 
the product was vacuum dried. 

The ion-exchange capacity of the product was determined by titrating with 
0.1 hf sodium hydroxide, the product havin g been suspended in a 5 ‘A solution of 
sodium chloride. The level of organic material was determined by ashing at 600”. 

The chromatographic properties of the packing material were determined by 
packing it into 25 cm x 5 mm I.D. stainless-steel columns terminated with ZDV (Zero 
Dead Volume) endfittings (l/4 to l/l6 in.). The separation of solutions of phe- 
nothiazines was studied using methanol-aqueous ammonium nitrate mixtures of 
different ionic strength, pH, and ratios of organic to aqueous phase_ The eluent was 
monitored at 254 nm using a variable wavelength UV detector (Cecil 212, Cecil In- 
struments, Cambridge, Great Britain). Injections were made using a stop-flow in- 
jection technique. 

RESULTS AND DISCUSSION 

The reaction described above was found to be reproducible, giving rise to a 
mercapto bonded-phase material with about 10.5% organic loading. The resulting 
cation-exchanger was found to contain about 9.17; of organic loading and had 
an ion-exchange capacity of about 0.S-0.6 mequiv./ g_ The idealised reaction (assum- 
ing a non-polymerised mercapto layer) can be considered to be: 

This reaction proceeds rapidly at room temperature_ 
The ion-exchange capacity of the material was very similar to that obtained by 

the suiphonation of a 2-phenylethyl bonded-phase silica’. However, by using 
additional water in the primary reaction with the mercaptopropyl si!ylating reagent, 
it is possible to build up a thicker layer of organic material on the silica and it is to 
be expected that this would, in turn, give rise to ion exchangers having a greater 
capacity. Another unusual feature of the preparation is that it produces an ahphatic 
sulphonic acid, whereas virtually all the other methods of making strong c&ion- 
exchangers produce a sulphonated aromatic species. Although no direct comparison 
has been made. it is possible that the packing material described here will give slightly 
different separations from those achieved on packings containing aromatic sulphonic 
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acids; for few separations rely solely on one mechanism and, if hydrophobic inter- 
actions play a part in addition to simple ion-exchange, it is to be expected that an 
rr-propyl chain and an aromatic ring system will display different lipophilic properties. 

The chromatographic properties of the cation exchanger were good. Column 
efficiencies for phenothiazines measured at 1 ml/min ranged from N = 7000 to 
11.000 depending on factors such as the phenothiazine used for measurement, and 
the solvent composition. Thus the plate heights, i.e. from 0.036 tp 0.022 mm, compare 
very favourably with those achieved on other cation exchangers. The retention time 
data for various phenothiazines (see Table I for the chemical structures), as a func- 
tion of pH, ionic strength and the methanol content of the eluent, are shown in 

TABLE I 

STRUCTURES OF THE PHENOTHIAZINES STUDIED, ARRANGED IN THElR ELUTION 
SEQUENCE 

Phenotiduzines 

Parent compoands 
Diethazine 

Proquamazine 

Trimeprazine 

Pecazine 

Dimethoxanate 

Promazine 

Methdilazine 

Pcrazine 

Derivatives of‘perrr=iue 

Trifluperazine 

Thiethylperazine 

Butaperazinc 

Prochlorperazine 

Thiopcrazine 

_ ._.~ 
X Y 

c~2cF2xic, i‘& H 

CiiZGi[::(CHj12] CH2’I(CHJ)* H 

Cl+2CHKHJ)CR2N(Cr1312 H 

Cti2 H 

COOC~2CH20CH2CH2:.;(CHJ)2 H 

1 . 
CH2CH2Ch2N(C!-3)2 H 

/\F?C!+ Ckl2CH2CH N CF, 
“L/ 3 

\NCH CU2CH2CHzN 
w3 

CH CH CH d---&i; 
2 2 2u 3 

/Xc9 CH,CH,CU N 
2u 3 

n cki2cti2c!i* N~C”, 

_____ .I-- -~ 

SCH?CHA 

COCHICHFH, 

Cl 

SO&(CH3)2 

_._~~__ ___..____- 

I Conrinaed on p- 266) 
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TABLE I (contimed) 

Phenothxazines 

B. B. WHEALS 

______ 

X Y 

Derivatives of promazine 

Triflupromazine CH,CHrCH2N(CH,)r CF, 
ChIorpromazine CH>CH#ZH2N(CH& Cl 
Methoxypromazine CH,CHrCH2N(CH& OCHJ 
Acetylpromazine CH2CHrCH2N(CH& COCH, 

Derivatives of pherzazine 

Fluphenazine 

Perphenazine 

n 
CH2CHZCH2 NdCHzCH20H CF, 

n 
Cl-$C~CH, N_KH&OH Cl 

Carphenazine n 
~H2CYCt4 “u NCP&t$OH COCH2CH3 

Acetophenazine Ck$CFi&H, N /Ct-$CqOE COCH, 

kfisceUaneoris phenothiazines 

Piperacetazine ,n Cti*CH2Cir*ku CH2 Cli201+ COCH3 

Pericyazine 

Thiopropazate Cl 

Dimethothiazine G-i Cl+3 2 ‘3 ),\(CH : 
32 

SO,N(CH,), 

Thioridazine ECH3 

Propiomazine CH2Cii(CH3)N(CHj)Z COCH>CHa 

Methotrimeprazine C.‘;2CHI(CH3)CHZN(C~3)2 OCH, 

Pipamazine CA2CH,W2N 
3 

CONRZ kl 

Metopimazine 

kfesoridazine 

CHaC% CH2 N 
3 

CONHZ SOrCH, 

CH3 

cyw, SCH, 

Tables II-IV. These variables, together with temperature, which was not studied, are 
the major factors infiuencing ion-exchange separations_ Ammonium nitrate’was 
used to vary the ionic strength although this is not really an ideal material, for the 
nitrate ion displays appreciable UV absorption and is a poor buffering agent. 
Nevertheless, it has a high solubility in methanol which is not the case with phos- 
phate buffers. 
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TABLE II 

THE INFLUENCE OF ELUENT pW ON THE RETENTION OF PHENOTHIAZINES ON AN 
ALKYL SULPHONIC ACID STRONG CATION EXCHANGER 

Eluent: Methanol-l IU ammonium nitrate (9:l). The ammonium nitrate solution was adjusted to the 
pH shown Before dilution with methanol. The solvent was pumped at 1 ml/min. 

Phenothiazines Elation volmne (ml) 

pH 10 PHI PH6 PHI 

Parent compowds 
Diethazine 
Proquamazine 
Trimeprazine 
Peeazine 
Dimethoxanate 
Promazine 
Methdilazine 
Perazine 

Derivatives of‘perazirre 
Trilluperazine 
Thiethylperazine 
Butaperazine 
Prochlorperazine 
Thioperazine 

Derivatives of promazine 

Triflupromazine 
Chlorpromazine 
Methoxypromazine 
Acetylpromazine 

Derivatives of phenazine 
Fluphenazine 
Perphenazine 
Carphenazine 
Acetophenazine 

Miscellaneous phenothiazines 

Piperacetazine 
Pericyazine 
Thiopropazate 
Dimethothiazine 
Thioridazine 
Propiomazine 
Methotrimeprazine 
Pipamazine 
Metopimazine 
Mesoridazine 

- 8.7 9.8 9.5 
5.0 9.3 9.9 10.1 

- 8-7 10.1 9.9 
4.2 9.9 11.2 11.2 
4.8 10.8 11.7 11.9 
4.4 10.9 12.0 12.3 
5.2 12.0 12.6 13.2 
4.2 9.6 15.0 16.3 

4.0 7.3 9.2 11.9 
- 8.7 11.1 11.9 
- 8.0 11.1 11.9 
- 8.7 11.9 13.2 

3.8 9.1 12.2 13.6 

- 8.2 9.0 9.2 
- 9.6 10.6 11.0 

4.2 10.3 11.2 11.2 
4.4 10.9 11.8 12.0 

3.8 
- 
- 

5.7 6.7 9.0 
6.4 8.8 10.3 
6.4 8.9 9.6 
6.7 9.6 10.9 

- 7.2 7.8 8.1 
- 7.6 9.2 9.8 
- 7.5 9.6 9.6 
- 7.4 9.6 10.6 

4.7 9.5 9.7 10.2 
- 8.4 9.7 9.7 
- 8.4 9.7 9.6 
- 7.9 10.4 10.9 

4.1 9.6 11.1 13.7 
4.9 12.6 13.6 13.9 

The data in Table II show that the retention of all the phenothiazines is 
strongly pH-dependent over the range 10-4 and is at a maximum in the region of 
pH f&4. This type of behaviour is what would be expected of a strongly basic group 
of compounds. In addition to causing greater retention, increasing the acidity of the 
eluent also gives rise to minor changes in elution order. 

The tabulation sequence for each group in Table I is identical with the 
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elution sequence of the drugs at pH 6.0 and it enables some correlation to be made 
between the nature of the chemical substituents and the degree of retention. For the 
parent compounds, the diversity of substituents in the lo-position (Le. on the tertiary 
nitrosen) prevents any simple conclusions, although the long retention time associated 
with the piperazinyl side-chain is notable. Substitution of the phenothiazine ring in 
the Z-position gives rise to compounds which elute more rapidly than the parent 
drugs, and from the limited range of compounds available, the influence of each sub- 
stituent group on the retention decreases in the following order: -HP=--COCH,> 
-S02N(CH&> -OCH, > -COCH&H, > -Cl > -SCH2CH, > -COCH2CH,- 
CH, > -CF,. In the absence of suitable compounds it was not possible to assign 
methylthio, methylsulphonyl and methylsulphinyi groups into the above sequence 
although the miscellaneous compounds yield the following information: -SCH, > 

-SCH3 and SO&H, > -Cl. I 
6 

As would be expected of an ion-exchange process, a decreasing ionic strength 
leads to longer retention of all compounds and this pattern of elution can *be 
observed in Table III. 

TABLE III 

THE INFLUENCE OF ELUENT IONIC STRENGTH ON THE RETENTION OF PHENO- 
THIAZINES ON AN ALKYL SULPHONIC ACID STRONG CATION EXCHANGER 

The eluent used consisted of methanol-aqueous ammonium nitrate pH 6.0 (8020) and was pumped 
at 1 ml/min. 

Clv~lpoIlld 

Trifluperazine 
Perazine 

The effect of varying the methanol content of the eluent is shown in Table 
IV. It gives rise to some complex phenomena. Not only does the proportion of 
methanol infiuence the retention of the phenothiazines, it also acts on the peak shape 

I.0 ‘\I 0.YIIf 0.25 M 

6.7 10.0 15% 
8.3 i3.1 21.6 

0.125 iu __~_~ __ 
76.0 
37.0 

TABLE IV 

THE IKFLUENCE OF THE METHANOL CONTENT OF THE ELUENT ON THE RETEN- 
TION OF PHENOTHIAZINES ON AN ALKYL SULPHONIC ACID STRONG CATION EX- 
CHANGER 

The aqueous portion of the eluent \vas 0.5 .\I ammonium nitrate adjusted to pH 6.0. The eluent 
\vas pumped at 1 mI,:min. 

._ ____-.. .__ 
Col~lppolulri Einrion volume (ml) ar various methanol concentrations 

900, 800, 700, 6OD0 400, 

Triflupromazine 12-O 8.6 7.0 9.2 9-s 
Promazine 15.6 10.7 8.4 10.4 11.0 
Prrazinr 2-l.1 132 9.8 13.5 14.8 
Pressure drop (psi.) I350 1650 1900 2350 ; 2300 
Number of theoretical plates. :xr 

(for promazine) 10,400 7300 57s 1 603 670 
~__~~~ 
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and the background UV absorption. Most of the drugs can he efficiently eluted at 
methanol concentrations in the range 90-70 oA but at lower concentrations apprecjable 
peak-broaden& (J occurs, presumably because of the low water-solubility of the free 
base form of the drugs. In the case of perazine and its derivatives there was some 
tendency for double peaking to occur at the higher methanol conct~~ti~-~ti~~~, but a 
good peak shape could be attained with eluents containing 80-70°A of methanol. 

With so many variables it is almost impossible to assign optimum separation 
conditions for the phenothiazines as a whole but some typical results are shown in 
Figs. 1-3. In Fig. 1 it can be seen that several of the drugs having different substit- 
uents in the IO-position are separable_ Figs. 2 and 3 illustrate the separation of a 
series of promazine and perazine derivatives. Columns packed with the zlkyl sulphonic 
acid cation exchanger were found to be stable in performance and provide a useful 
means of separating phenothiazines. 

a 

J 
e 

! 3 

l %- - 

d 

I I I I I 1 I I I 
tOmin 

1 I I I I 1 I 
10 min 

a c 

b 

L. 
Fig. l_ A separation of phenothiazines on an alkyi sulphonic acid strong cation exchanger_ Cd~mn: 
25 cm :I 0.5 cm I.D.; eluent: methanol-l &f ammonium nitrate (pH 6.0) (9:l); flow-rate: 1 mI/min; 
pressure: 1350 p.s.i. Detection: UV at 254 nm. Compounds: a = proquamazine; b = pecazine; c = 
promazine; d = methdilazine; e = perazine. 

Fig. 2. A separation of promazine and related compounds on an aikyl sulphonic acid strong cation 
exchanger_ Conditions as in Fig. 1. Compounds: a = triflupromazine; b = chloipromazine; c = 
methoxypromazine; d = promazine. 

Fig. 3. A separation of perazine and related compounds on an alkyl sulphonic acid strong cation 
exchanger_ Column: 25 cm ic 0.5 cm I.D.; eluent: methanol-O.5 M ammonium nitrate (pH 6.0) 
(4:l); flow-rate: 1 ml/min; pressure: 1750 p.s.i. Detection: UV at 254 nm. Compounds: a. = tri- 
Ruperazine; b = butaperazine; c = perazine. 
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