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The use of electron-acceptor reagents for the non-destructive 
some phenothiazine derivatives on thin layers* 

detection of 

During tlic past quarter of a century plienothiazincs have become increasingly 
important in mcdicinc due to their antihistaminic and psychotherapeutic activjtyl. 
Numerous methods for tl\c qualitative and quantitative analysis of these compounds, 
which have been described in the literature, have involved the use of colorimetry~-4 
and many of tllese mcthocls have been adapted for use in thin-layer and paper cllro- 
matograpliy. 

The phenothiazines can be dctccted on developed thin-layer cllromatograms 
by virtue of their absorption in UV light and by the use of numerous chromogenic 
reagents including the classical alkaloid reagents sucll as Dragendorff’s reagent” and 
the iodoplatinate rcagcnt0~7. Other reagents that have been used are those containing 
strong acids such as the FPN reagent 4Aglu (ferric chloride, perchloric acid and nitric 
acid), aqueous or ethanolic sulfuric acid]“-1” , n pl~ospl~omolybclic acid, ferric chloride 
hydrochloric acid nlixttlre13, potassium perchlorate in phosphoric acidId, Polin- 
CiocalteuA, followed by 50 y0 sulfuric acid lG. I;urtlier esamples of tlic use of this type 
of chromogenic reagent for the detection of phenothiazines can bc found in some 
rcvicw articles (CA refs. IG-19). Other chromogenic reagents which have been used 
for the pllenothiazines include bromine vaporzr~21 and a bromine-aniline? reagent. 

Plieiiotliiazines, being strong clcctron donors, have been lcriow~i for some 
time to form highly colored charge-transfer compleses with electron-acceptor rc- 
agcnts2?-2ll, Mn~.wxn~z has utilized the electron-acceptor fi-lxmzoquinone for the 
detection of phenotlliazincs, on thin layers after chromatograplly, by using a chro- 
mogenic reagent system consisting of $-bcnzoquinonc in the presence of hydrochloric 
acid gaslR*2T. The colors formecl were attributed to the formation of cation radial 
ionslse27, Tile abilitv of phenothiazines to form charge-trnnsfer compleses with iocline 
has also been made-use of by GASCO AND BODRATO, who reported that such complexes 
run as distinct spots on silica layers using a solution of iodine in chloroform as solvenP. 

Recent work carriccl out in these laboratories on the utilization of electron- 
acceptor reagents for the chromatographic detection of indole@-“1 has led to an 
cvnluation being made of their possible use as chromogenic reagents for other com- 
pounds of pharmacological interest. This communication reports the results obtained 
by studying the interaction of nine different electron-acceptor reagents with thjrteen 
common phenotlliazine derivatives, several of which are wiclely used clinically, 

Phc~cotltichzcs~ Chlorpromazine base, promethazine base, mcthotrimeprazine 
base, prochloroporazine base, methiomcprazine base and trimcprazine tartrate were 

l lssuccl ml sncc No. 1zgro, 
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gifts from Foulenc Ltd. Promazine llyclrocl~loride was a gift: from John Wyeth and 
Brother (Canada) Ltd. Triflupromazine llyclrocl~loridc (Vcsprin) was a gift from E. 12. 
Squibb and Sons Ltd., and Stclazine was a gift: from Smith, Kline and I;rcnch (Canada) 
Ltd. Phenothiazine base, z-cl~loropl~enoll~iazine base, 2-n~etllosypl~enotlliazine base 
and 2-trifluoromethylpllcrlotlhzine base wcrc obtained from the Aldrich Chemical Co. 

Where necessary the pllcnothiazinc free base was obtained by decomposing 
the salt with 20 Y0 aqueous ammonia solution and estracting tile liberated free base 
wit5 ether, 

C/zro~tto~c~tic rcqe&s. The following reagcth wcrc used, all freshly prepared 
directly before use : 

TCNE - A solution of tetracyanoetl~ylcnc (I g) in acetonitrilc (IOO ml). 
TNF - A solulion of 2,4,7-trinitro-g-fluorenonc (I g) in acetonitrile (100 ml), 
CNTNI? - A solution of g-dicyanomctl~ylenc-2,4,7-trinitrofluorcne (I g) in 

ncetoniPrile (zoo ml), 
TeeNI? - A solution of 2,6+,5,7-tetranitro-+luorcnonc (I g) in acetonitrile (100 

ml). 
Cliloranil - A solulion of cl~loraiiil (I g) in acelonitrile (100 ml). 
TCNQ - A solution of 7,7,S,S.tetracyanoquirlodimetllane (I g) in acctonitrilc 

(100 ml). 
TNB - A solution of I,3,5-(rinitrobenzcllc (I g) in acctonitrilc (I00 ml). 
HNS - A saturaled solution of 2,2’,4,q’,G,G’-lies~~~litros~ilbcnc (a gift from the 

Ministry of Aviation, U. I<. Government) in acclonitrile. 
TACOT - A solution of tetranitrodibcnr.o-I,3a,4,Ga-tetraa~a~~en~~~lcne (0.01 g) 

in acetonitrile (IOO ml), The letrnniixo compound was prepared by nitration of diben- 
zo-1,3a,4,Ga_tetraaxapentalenc (a gift from E. I, clu PonC de Ncmours and Co. Ltd.1 
by the melzllod of CAR~ONI et nZ.32. 

NO2 
TACOT 

Colov ddvclob;rrtc&. The pllcno~l~iazincs wcrc applied in OJ, 0.5, 1.0, 3.0, 5.0 and 
Io.o-/lg quantities from benzene solution (IO mg free base in IO ml benzene) lo 
Eastman-Kodak “Cliron~agrani” non-iluorcscent silica gel (6061) sheets. The plates 
were sprayed with one of the various chromogenic rcagcnts mentioned above. The 
initial color development and any subsequent: clxmgcs in the color of tllc spots or 
any background color were noted. The detection limits were also dctcrmincd. 

~vnss s$ec&o~rcchy. Mass spectra were detcrmincd using a DuPonl/C.E.C, ZI- 

IIOB instrument. 

li%?sacl?ts mad discacssiolt 
The colors obtained from the pllcnothiazines on Silica Gel G by tllc action 

of several different electron-acceptor reagents are sllown in Table I, Although the 
colorp produced were not very well differenCiated from compound to compound (e,g. 
the TNF reagent, with one exception, gave grey colors with all the phcnothinzines 
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c01.01~ IZBACTIONS OF SOME I’Ils~No’rFrl,\%INISs OS SILICA GEL I’LA’PISS 

Tllc colors rcportccl arc those obscrvccl by viewing the clcvclol~ccl clwoaintoyratns (aftcr spraying) in 
daylight, The initial color proclucccl by the pnrticulnr reqqont is rcportcrl togctlwr with sutscquont 
mnlor color chitngcs. Abbrcvi:Ltions for colors: Gr = green; Gy = grcy: Y = ydlow; l3r = brown; 
I? = pink; LGr = Linic green ; 1 = light; cl = clarlc; - = no color, 
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studied and one reagent, chloranil, only gave weak colors which were slow to develop), 
the detection limits which were as low as 0.1 pug in some cases were very good and 
in the same order as some of the best of the more conventional reagents. The electron- 
acceptor reagents are useful for the detection of plienothiazines not only because of 
their sensitivity, but also because of their non-destructive action, The formation of 
electron-donor-acceptor complexes enables differential mass spectrometry to be car- 
ried out on the complex, the phenotbiazines being more volatile than the complexing 
agents used. The mass spectra of the pbenothiazine component can clearly be obtained 
(cf the use of this type of reagent to detect certain aromatic ethers”3). The crystalline 
electron-donor-acceptor complexes which form by the interaction of phenothiazine, 
its 2-methoxy derivative and CNTNF and those that form between TNP and 2-meth- 
oxyphenothiazine (or 2-chlorophenothiazine) were prepared and examined by mass 
spectrometry. In all cases differential sublimation of the complexes occurred and in 
each case the mass spectrum of the phenothiazine derivative was seen at lower tem- 
pcratures (x50-1800), whilst at higbcr temperatures (200-230~) the mass spectrum 
showed either the presence of ions _dne to both species of the complex, or those due 
to the electron-acceptor reagent alone. 

In an attempt to find some even less volatile electron acceptors, two temper- 
ature-insensitive high explosives (c$ ref. 34), which are both polynitro compcrdnds 
and which should be good electron acceptors (WINS and TACOT) were investigated. 
Roth compounds in question were quite suitable as spray reagents; TACOT in par- 
ticular was quite sensitive to the phenotlliazines which appear as pink spots on a pale 
yellow highly fluorescent background. The relatively low solubilities of I-INS and 
TACOT in non-polar solvents meant, however, that only relatively dilute solutions 
of these reagents could be used. This fact, together with evidence that some reaction 
occurred between the phenothiazines and the TACOT, indicated that further work 
will be needed to fully evaluate the utility of these two new potentially valuable 
electron-acceptor spray reagents. 
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