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INFLUENCE OF ALKALINITY IN THIN-LAYER CHROMATOGRAPHY 
SYSTEMS FORTHESEPARATIONOFIMPURlTIESINCHLORPROMAZINE, 
PROMAZINE AND PROMETHAZINE 

. . 

StJhlMARY 

A study of the infurnce of silica gel layer alkalinity and solvent-system maria- 
tions on resolution and chromatospot definition in the thin-layer chromatogr3pliy of 
high concentrtttions of chlorpromazine hydrochloride, promazine hydrochloride and 

promethazine hydrochloride is presented_ The procedures utilized tkilitare the deter- 

mination of optimal thin-layer chroliinto~r~ipliic systems for separating these com- 
pounds tiom each other and from low levels of extraneous material. 

lNTRODUc-rlON 

The cor;venience and versatility of thin-layer chromatogrtlphy (TLC) has led 
to a number of oiticial pharmxeutical compendia utilizin g the technique as ;L limit 
test li>r impurities present in drug substances and hrmulations (see imu- cdicr refs. I-3)_ 
In these :lpplictrtions, the large amount of parent drug required in order to visualize 
Ihe law levels of impurities often gives rise to tailin g of the main cliromatospot with 
masking of impurities, poor separation, etc. 

Typical of the dilliculties is that found when hrgc amounts (a~. 200 ,@ of the 
phenothiazine derivatives chlorpromazine h_vdrochloride (CPZ). promazine hydra- 
chloride (PRZ) or promethazine hydrochloride (PMZ), must be separated ‘from low 
levels (ca 1 pg) of impurities and impurity-comparison stand. .ds. 1u order to over- 
come diiticulties in scztling up im:tl:ticrtl methods. a systematic Study wus mnde of 
some \-ariables that are important to his type of separation. 

Four types 01~ hyer. 250 !tm thick. were made ivith silica 
Ntlgel & Co.. Diiren. G-F-R_: M-N), usins srandard equipment. 

gel G F (Macher_\-. 
Neutral layers and 
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three strengths of alkaline layers were prepared \tith 0.1 K. 0.5 X and 1.0 X sodium 
&&oxide solutions, respcctivcly. In addition neutral silica gel Type 60 (E. Merck, 
Elmsford, N-Y., U_S_A.) layers, 250 ,om thick. axe preprrrcd in the standard manner. 
Lqers wxe air dried for I II, dried zt 105 fbr 2 11 and stored in open racks. The ia~ers 
were used as required without further precautions_ 

Commercially a\-ttilable prc-coated layers (250 jrm thick). as obtained from 
suppliers_ Lvere also ased. 

Diosane (10 ml) WEL?; mixed \vith absolute ethnol (15 ml). An_\- recluircd water 
or conccntratcd ammonium hydroside was zddcd. ~-c4o~ved_ 34th constant stirriq, 
by cyclolicsanc (70 ml)_ Solvents wxr’ prqxu-ed immtdi:itely helix-e usi‘ and utilized 
oncr‘ in titter-paper-lined tanks. The plate \v:ts dcvelopcd 15 cm f-rom tlw origin. 

C/~I~~~~~~OJIJ~I=~JI~- lICI_ proJrJoziJri~ - Iii7 UJI~ j~rrJJirrlirrr~ifJ~~ - iiCl_ Suliicicnt pliar- 
mttccuticrtl-grade CPZ_ PRZ and P&lZ xere each dissolved in methanol to atliwd in- 
dividual solutions each contxinin, 0 10 iii-~ml. Ten-rrl ~xi~ples 01‘ cacli \vcrt‘ spotted. ,” . 

Trucx4~1-d CDJII~OJILVIIS. Solutions uf 2-chloropl~snorlii~~~i~~~. plicnotliiazinc_ 
4clilorpromazine li~dracliloride. isoprom~tliazitie liydrocliloridc. trimtprxine tar- 
trate and le\-omrpr~,mrizine malratr \v\-trc prepared ic mcthar.01 lit concentrations ot‘ 
020 m*~!ml_ Fivqrl samples ot‘crrcll \vt‘t-r’ ttpplir-d to tlw layers as individual spots_ --_ 

RESljLTS AED DISCUSSIOX 

Phenothi:wine derivatives, in cwn~nlm \vith other organic bases. havtra tcndcncy 
to gkr rise to tailins during TLC on silica gel IS_\-srS. I‘0 overcome this;. \varkws have 

used alkaline solvents (see iirrcv- diu ret>. 4-7). alkaline support I;lJXX~. cnmhinations 
of the twd-*I’. pH gradient Ia>-crs” ;: nJ soivmt 5ystcm.s cc>nI:iiIli:lg relativA>- high 
concentrations of water” wller, cllromatagiapllin, ‘= s:implcs in tlicz order of 510 !fg_ 
Ho\\cver_ \vhen 2OO;rrg sru~~ples must be esatnincd in order to detect low Icvcls 01 im- 
purities. tailing tlgttin becomes a serious problem bccrtusr o,Ttlw limited linex capacity 
of the laker”. Since the need to be able to csaminc pharmaceutic;l!s at hi@ chromate- 
graphic concentrations. in order to detect low-lcvcl impurities for quality coGtrc)l pur- 
poses. has bcccimc greater. t-acile procedures iiw scaling u p an+Gxil methods I-or this 
type of application ;xc’ required. Bccxuse of their ~vidcsprrad use. import::nce :md 
Lnawn high incidence of impurities”_ CPZ, PRZ ::nd PMZ, together ~1 ith impurities 
lix.md in titese drug substances and formulations as well as impurity-limit rckrencc 
standards (Table I). wcrr &own to dcrcrnCtw whether separation variables c~~uld be 
controlled so that scaling up could be readily axomplished. 

A mixture ofc~clohesanr-diostlne-ethtlnoi (7020: 15) can be used to scparatc 
lo\\- levels of tlzesc phenothiazine bases (Table I ), and this was chosen as the fi~ndo- 

mental or “dntum- solvent s_\-aem. This system. modified by the addition of water or 
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TABLE I 

PHENOTHIAZINE COMPOUNDS EXAMINE13 

R3 

Cl I-I x 
I-1 H 
Cl Cl : 

t-1 H 1) 

OCH., H II 

Cl t1 I- 

CI ii G 

Ii - ti I-i 

H C! I 

TABLE II 

SOLVEST SYSTEMS XSD L.A\XII COMBINATIOSS USED 
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Figs_ I-4 demonstrrtte RF values for all compounds and variations in chronxtto- 
spot character observed with CPZ, PRZ and PMZ, in the diSkrent TLC solvent and 
IaFer combinations esnmined_ In all cases the low-level components ttltbrded wil- 
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Fig. 2. Self-made siiicx gel (M-N) Iayers prepared with 0-I N NaOH. Letters refer to the compounds 
lisrcd in Table I_ 0-0. No rding; l -- --- 8. extensive tailing; O-0. tailing: l - - -0, slight tailing. 
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Fig. 3_ Self-nude silica gel (hl-N) Ia_\.~‘rs prepared \vith 0.5 S 
listed in Tahlc I. a---Q. No tailing: a- - -0, slight tailing. 
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Fig:. 4. Self-made silica gel (&l-N) Iayers prepared \vith I _0 I\’ NnOH. Letters r&r to the conqwunds 
listd in Table I. 
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less stron& basic layers. even with water in the datum solvent. did not eliminrtte 
tailing f?o~~all compdunds (Fip. 2 tlr.d 3)_ On the other hand. the presence of03 ml 
of concentrated ammonium hydroxide in the datum solvent with the neutral and 
alkaIine layers elitninared tailin g of the high-concentration chronxktospots (CPZ, 

PRZ and PMZ)_ Tailing from chromatospots is not due to the spots being composed 
of mistures of free bases and salts, owing to the presence of residual acidity in the 
layer or double spot formation *‘? since TLC of the free bases from 200 ,+ of each of 
PCZ_ PRZ and PIMZ on alkaline (and neutral) layers in the datum solvent also gave 
rise to chromatospots with tt;iling_ 

The obsemed apparent increase in the capacity ofTLC layers in the presence 
ofamrnoniun~ hydroside or appreck~ble quantities of~water on alkaline layers appears 
to be the result of both deactivation of the layers and increased polarity of the sol- 
yent15* 

Water is not an eff‘rctive layer deactivator in the cases being discussed here. 

TLC of free bases liom ZOO-jcg quantities or CPZ, PRZ and PMZ on neutral layers 
in the datum solvent containin 2 \vater gives rise to chromatospots with estensive 
tailins which can he attributed to displacement of water from the silica se1 active 
sites by the organic bases. Hvdroside and mnmonitl bind more srrongly to active 
sites so that at sufticient concentration they extend the capacity of the Iaye?‘_ These 
laxer-deactivating species hvc LL wis basicitv in the datum solvent similrtr to most of‘ 
the compounds esaminedain thk* study so that cmnpounds C to I inclusi\-e exhibit 
simiizr R, patterns_ 2-Chlorophenothiazinc and pkcnothittzine, compounds A and I3 
respectively, which have pKI values markedly behv that of- the other organic bases 

esmnined. exhibit RF patterns clearly dift‘erent t-mm the stronger br~sts. 
While ammoniun~ hydroside solution has proven to be an elkctive layer dc- 

acti\--ator_ water is not necessary in the solvent for the elimination of‘ tailing m CPZ, 
PRZ rind PMZ chromatospots. When the three compounds \vcrc chromato~r~tphcd 
on neutral silica gel F6O (h4erck) lavers in the drttum solvent into which rumnonia gas 
had been bubbled, all compounds rttl-orded precise round chromatospots without 
evidence of tailing or fronting_ RF values found were simiktr to those observed \vith 

aqueous amnonium hydroxide in the datum sol\.ent_ 
In order to determine the generality 01~ observations on chromato~raphic 

s_vstcm variations, 200;lrg samples of CPZ, PRZ and PMZ alon, 0 with I-jcg samples of 
artihcts were chromtltographed on four types of pre-coated Ia-rr and on self-made 
silica gel 60F (Merck) lnvers_ The datum solvent containing 0.X I.0 and 2.0 ml of 
concentrated- tlmmoniutll-l~~droside was used. In all instances, CPZ. PRZ and PM2 
(and low-level components) Sorded chrotnatospots without visible tailing (Figs. 5- 
IO). Although R, patterns generttllv \vere sin~ilrrr to those observed \\ith the self- 
prepared layers discussed above. there were dilhxccs on ~tbra~i~,n-r~sistaut pm- 
coarcd layers. 

Friable la_\-ers (self-made neutral and alkaline M-N, hlcrck T>-pc 60 and 
Analttu-h (Newark, Del., I_!_S_A.) pre-coated silictl gel Gr Figs. I, 5 and 0) Ihai con- 
tained calcium sulphs as binder, all aithrded similar R, vend patterl;s, but abrasion- 
resistant pre-coated layers (Merck 60F, M-N Sil G151. and Analtech MH and HL) 

._ 
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Fig. 5. SrlT-made sikrt gel Typo’ 60 thlerck) Ic~ycr?;. L~\ttws r&r to the con~pouu~is listed in E~hle 1. 

Fis. h_ R-e-coatctl silicx _ccl Ci (Anakch) layers. Lettcrs rckr to the conipot~nds lisrcrl in Tabtc 1. 
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Fig_ 9_ Prrcoatd silica gel MH (AnaitLwh) layers. Letters refer to the compounds listed in Table I_ 

Fig. IO. Prc-coated silk& gel HL (Andtczh) lrt_vers_ Lcttcrs refer to the cwnpounds listed in Table I_ 

fulncss’ of the layer. Free base from CPZ nxs run on layers with the datum solvent 
containing 0.0. 0.5, 1.0 and 2.0 ml of concentrated ttmmonium hydroside_ in the 
datum solvent alone tailing was apparent at levels of 5 ,US_ HoLyever, in all solvents 
containing ammonium hydroxide the linear capacity and the limit of practical use- 
fulness extended beyond 7500 fig_ Trace-level impurities running behind the main 
chromatospot were not masked. The salt, CPZ, on layers with ruiltnoniuni hydro.side 

in the solvent afforded lolyer sample capacities’. This probably is due to the elt‘ective 
concentratiorr of ammonizt beins significantly reduced by h_\tdrochloric acid released 
from CPZ. Thus in the datum solvent containing 0.5 ml of ammonium hydroside 750 
!lg ofCPZ was the maximum quantity that could be chromtitogrsphed without tailing 
althou& the linear capacity did not appear to have been exceeded. Datum solvent 

\\-ith 2.0 ml ot~ammonium hydroxide enabled over 4000,~g of CPZ to be run elEctively_ 

COKC-LUSlOKS 

It is apparent from this study that in the TLC of high levels of CPZ, PRZ and 
PMZ and related compounds in the datum solvent. there is no nesd LO employ combi- 
nations of both alkaline silica gel layers and alkaline solvent systems to obtain good 
sepxations bet\veen high- and lo\;.--level components_ These particular compounds 
can be readily chromstographed on neutral silica gel with datum solvent containinS 
zlmmonium hydroside. From the data presented one can rationally choose the opti- 
mum solvent combination for the analysis of the drug substance and relntcd com- 
pounds_ 

Studies ;lre being extended LO ascertain thr senertllity of this type oftlpprouch 

* --Prdctical limit of usefulncus” and “samplr capacity” of the support laser here refer to the 
remount of compound that can br chrmnatographed without evidenw of spot tailing or ~r~x.sl\: 
-asymmetric chrwnaospots. 
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for the separation of other basic drugs with emphasis on the separation of low-level _ 
components_ Particular attention will be given to the role of ammonia as a silica gel 
&XKtiViltOP. 
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