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DETECTION OF PRIMARY ARYLAMINES ON THIN-LAYER 

CHROMATOGRAMS BY DIAZOTISATION AND COUPLING 

COMPAREON OF A NEW REAGENT WITH EXISTING METHODS 

G. 1z. N. JONES 

(Iicccivccl October sth, 1972) 

Most primary arylamines can be conveniently detected by spraying with a 
stable mixture of pentyl nitrite (3% v/v) and formic acid (3% v/v) in dicthyl ether; 
subsequent coupling with z-naphthol in aqueous alkali gave colours ranging from 
orange-yellow to purple. Under these conditions the diazonium salts did not diffuse 
randomly on the plates. The specificity of this new modification was compared with 
existing techniques (examination in ultraviolet light ; glucose-phosphoric acid; 
vanillin ; salicylalclehyde ; salicylaldehydc-alkali ; Folin-Ciocalteu ; Polin-Ciocalteu 
and carbonate ; ferric ferricyanide ; acidified dichromate ; phenol-l~yl~ocl~lorite ; at- 
mospheric oxidation ; sodium I,z-naphthoquinone-+sulphonate and carbonate ; 
z,3,~,Wetracl~lorobcnzoquinone; l~l~tl~alaldel~ycle) ; in addition, the specificities of 
these and other methods for primary arylamines were reviewed. 

INTRODUCTION 

This study provided a background for the preparation and purification of cer- 
tain primary aromatic amines. These particular compounds, which are for the most 
part carcinogenic, are used as intermediates in the syntheses of pure tetrazolium salts 
for purposes of quantitative cytochemistry ; purification of the salts themselves or 
of the corresponding formazans may not be a straightforward process. The required 
standards of purity are necessarily high. 

Cl~romatograpliy has been valuable not only in revealing the presence of im- 
purities, but also in giving information regarding their chemical nature. The scope 
of such information is limited by the specificity of the reagents employed, An ex- 
tensive range of tests is available for the localization of primary aromatic amines, 
Some of these, such as esamination under UV light, can cletect a wide variety of 
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compounds (for esamplc, see refs. 1-4). Reagents which depend on osidising reactions 
(acidified dichromatc6; ceric sulphate”; silver-catalyscd l~ersull~liate7; ammoniacal 
silver nitratcF12; ferric ferricyaniclc2J3) fall in a similar category. Likewise, 2,3,5,6- 
tctrachlorobenzoquinone (chloranil) reacts with secondary and tertiary amines, 
phenol34Jfi and thiolslJ ; 4-dimctl~ylaminobenzaldehydc, in addition to giving colours 
with primary arylamines2~4J0-27, can react with substitutccl liydrosylaniincs21~za 
and hydrazincs2s122, indoles2°122J0, certain hydro.syindolcs22, ureides2O, azulencs and 
proazulencs”, pyrrolesz6J1, certain llydroxyphenolss and urca20, depending on the 
conditions, The high specificity for and sensitivity towards primary amincs offered 
by prior condensation with 1,4-dimcthosyfurfural is partially offset by the subsequent 
use of 4-din~etl~ylaminobenzaldehycle to detect the resulting pyrrolc derivative”2. 
The Folin-Ciocalteu reagent, followed by aqueous sodium carbonate22, also reacts 
with substituted hydrosylamines, N-llydrosyacylamides21, hydroxyphenols and rc- 
ducitig agents a2; z,g-dichloro-x,4-naphthoquinonc can react with secondary and ter- 
tiary arylanGiles26 and N-alkylvinylamincs”q; Rhodamine I3 also detects secondary 
and tertiary arylamines 28. Treatment with diazonium salts (prcparecl from z,4-dini- 
troaniline24, 4_nitroanili~le4,“,1~,12,“2,2D~22,2~.27, su]phani]ic acicl2,LA,20,22,22,211-nD or 4- 
anisidinedo) or tetrazonium salts (prepared from beneidinel or o-dianisiclinc2fl) can 
reveal a variety of compounds in addition to primary arylamines, depending on tllc 
clloicc of salt, Other reagents, of limitccl or little-known reactivity towards aromatic 
amines, include vanillin (for a few amino acid+; set also rcfs, I and 6) ancl the I;olin 
reagent sodium r,z-naphthoquinone-4-sulphonate”J7J6. The sensitivity, specificity 
and general applicability of some seven reagents in the detection of primary, seconcl- 
ary ancl tertiary alkyl- and arylamines have been thoroughly and carefully assessccl 
by BARNEY et al. 26; four (~dimetlq~laminobenzalclehyde, z,3-clichloro-r.,4-naphtho- 
quinone, salicylalcleh~de and furfural) were recommended, while three (cupric copper- 
carbon disulphide, 2-thiobarbituric acid, and o-toliclinc-bromine-cyanicle) were not. 
In addition, the reactivities of certain carcinogenic arylamincs and of some of their 
clerivatives towards the Folin-Ciocalteu reagent, ammoniacal silver nitrate, 4-cli- 
metl~ylaminobcnzalclellyde, z,G-dichloroquinonc chloroimidc, sodium amminoprus- 
side and ferric chloricle have been investigated21. 

In theory, an icleal method of detection would involve diazotisation followecl 
by coupling to give a stable azodyc. This technique, with aqueous nitrous acicl as the 
diazotising reagent, has been used fairly estcnsivel> ~2,2,11,1.0,18-20,22,22,42, but does have 

certain drawbacks, First, some amines fail to give cliazonium salts. Ovtlro-substitutecl 
diamines yield lJenzotriazoles42-40, and therefore cannot form azodyes; morcovcr, 
aminonaphthalene sulphonic acids cliazotise with difficultyJo. Second, elution of amincs 
and diazonium salts by the initial reagent can occur 42. RATNEYQ~ attempted to over- 
come this problem by diazotising with nitrosyl fluoborate, but resorted to gaseous 
nitrogen dioxide, Despite their toxicity, nitrogen dioxide or nitrous fumes have been 
used bv other workers2*24*27, The aim of the present work has been to devise a cliazo- 
tising iolution of low polarity ancl toxicity, and to compare the specificity of the 
azodye method of detection with those of certain other techniques, some of which clo 
not appear to have been usecl extensively with primary arylamines. In the course of 
this study the high specificity of the glucose-plibsphoric acid reagent of I\rllCHElIL 
AND SCHWEPPE~~ has become apparent. 

It has not been an aim of this work to investigate optimal conditions for the 
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running of amines, bccausc tlic versatile petroleum ctl~cr-acetone21 and alcollolic 
ammonium liyclroxidc1~~~~30~~U systems have proved to be perfectly adequate. The 
question of separation has, moreover, been studied in detail by a number of investi- 
gators (for cxamplc, see refs. 2, 3, 17, 24, 27, 35, 48, and 4g), 

ESPERI?vIRNTAL 

Individual solutions of a total of thirty-four aromatic compounds (see Tables 
I and II) in ethanol or water Wcrc applied to commercially-prepared glass plates 
coated with Silica Gel FLG4 (DC-Fertigplatten Kiesclgel FzG,,; 12, Merck AG, Darm- 
stadt, G.F,R,) ; 3,3’-dicarboxybcnzidinc and 4-aminobiphenyl were dissolved in di- 
methylsull~lioxide and chloroform, respectively. Loadings were 200 & 50 ,ug per spot. 
In tile cases of chromatograms which were later run, the substances were applied 
along lines approximately 5 mm in length ; in other cases spots were applied as circles 
5 f 1 mm in cliametcr, Most primary arylamines were run on plates measuring 40 x 
50 mm in a misturc of light petroleum (40-Go” ft%ction)-acetone (7:3) (ref. 21). 
Greater or smaller &!J#’ values could be obtained by increasing or decreasing, respec- 
tively, the proportion of acetone in this solvent mixture. On the other hand, most 
compounds which bore carboxylic or sulphonic acid substituents showed a tendency 
to tail, and were run more effectively in a system composed of equal volumes of IZ- 
propanol, Wt.-butanol and 0.580 ammonium hydroside (compare rcfs. I, 24, 30, and 
39). 

lvIctllods of dctL&ovt 
(I) Dinzotisatiola md cozc~l~vg. The cliazotising reagent consisted of a solution 

of 3% v/v freshly-prepared”0 pentyl nitrite in diethyl ether, to which 98% formic acid 
(3%) was added, Plates were liberally sprayed (I ml to IO sq. cm), and clried at room 
temperature in a current of air for nbout 10 min before cautiously spraying with the 
coupling reagent (1% z-naphthol dissolvccl in 5% aqueous sodium hyclroxide). 

(2) Ultraviolet light. Chromatograms were examined in light of wavelength 
254IlYll. 

(3) Glalcosc-~l~os~hovic n&l. Plates were sprayed with a solution of 0.2 g of glu- 
cose clissolved in a mixture of 4 ml elf water, 3 ml of ethanol, 3 ml of ?z-butanol and 
0.9 ml of orthophosphoric acid, sll,gr. 1~75, before heating at I:I$ for IO min (ref. 47). 

(4) VmriMn, The initial spray reagent was 274 vanillin in +propanol; after 
allowing to dry at room temperature the plates were sprayed with 1% ethanolic 
potassium hydroxide, and heated at IIOO for IO min (after CURZON AND GILTROWQ~), 

($2) Snlicylaldclcydc alom~ The chromatograms were sprayecl with a solution 
of 1% salicylaklehyde in ethanol which contained 1% glacial acetic acid (after refs. 
51 and 52), and heated at 115’ for IO min. 

(5b) SaZdcyZnlrlchyde and ~lkaCi, As (5a), with the modification that plates 
were sprayed with 1% ethanolic potassium hydroxide prior to heating. 

(f&z) FoCvbCiocnZtew dovlc. Chromatogrnms were sprayecl with the undiluted 
reagent (BDFI Chemicals Ltd., Poole, Dorset, Great Britain). 

(66) F&z-Ciocnbteti n?rd carbonate. As (Ga); plates were then air-clried before 
spraying with 20% aqueous sodium carbonate33. 
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TABLE I 

h?p VALUES OIF PRIMARY ARYLhlONOhhlINRS, t\*XTtI COLOURS GIVEN IN RPSl’ONSI% TO VARlOUS DB- 
TECTING AGENTS 

NC = no colour. S, = Light lxtrolcum (40~GO”)-iLCctOno (7 :3) ; SD = Al-propannl-(cvl.-tutnnol-0.8So 
nmmonium l~ydrositlc (I : I : r). .___. -_- _.._ _-__-_-.-_____ 

RF. Melhod of deleciiorl 
_-_ -.---- ..__-__- 
Sl s, - Dintolisdio~r ~lrtcose- Vmilli~r7 

ctrrd corcpIi,rg pliospllor~ic 
ncid 

_...._.__ -._ _ ____ --.-_- ._.._. -.- .._- _-_. .._._..,_ --_-~“__ _.---- ----_ ..- .-.._-.__.-_._-___ 

4-Aminoazobcnaono 
2-Aminobcnzoic acid 
4-Aminobcnzoic acid 
4-hminobiphcnyl 
4-Amino-4’-climcthyl- 

aminoilzoton2cnc 
4-Aminoclipl~cnylirniinc 

I -Amino-2-hvclroxv- 
nit],htlialo;lc-.1_4;Il'liotiic ncitl 

a-Aminophonol 
r-Aminopyrirlinc 

4-hnisitlinc 
r-Nnphthylnminc 

a-Nnphtl~vli~nlinc 
2-Nitrondlinc 
3-Nitroanilinc 
4-Nitronnilinc 
Sulphnnilic ncirl 
4-Toluidinc 

o.Go 

0.73 

0054 
os4.5 

0.48 
0.25 

0.52 

G.fi.5 

0.59 
o&5 
061 
0.51 

o.GG 

0.50 
O,.@ 

Cnrminc 
I~ctl 
lid 
Liccl 
Brownish 

mauve? 
Ulack 

0.40. 
0,45’S 

Ncgligiblc 

Urown 
NC 

0.45 

Mauve-reel 
13rownish 

purple 
I3rownisli reel 
Ornngc 
Orange-yellow 
Orange-red 
Omngc-reel 
Orange-red 

iicrl 
Rrown 
Brown 
Pnlc brown 
Pink 

Drownisli 
m-y 

Pnint purple 

Light brown 
NC 

Light brown 
Light brown 

Yellow 
Very faint 

vcllow 
IGint vcllo~ 
NCgli&JlC 

Light brown Ibint yellow 
13rown NC 
Brown NC 
Brown Ncgligiblc 
Brown Yellow 
Rrown Yellow 

Light orflngc 
YCllOlV 
YCllOlV 
NC 
Ornngc 

Ornngc 

Ncgligiblc 

- _--- _-_.----- -1--_1.- --^_-_I_ 
R This particular sample contirinccl two major spots. 
b As the hyclrochloriclo, 

(Gc) Cavbortalc a& Fol~iw-Ciocallezl, Clnomatogranis were sprayed with zoo/, 
aqueous sodium carbonate, air-dried, and sprayed with the lrolin-Ciocalteu reagent 
diluted to one-quarter strength with watcrfl. 

(7) Ferric f~ric~.~~ide. Equal volumes of 0.1 M aqueous ferric clrloridc and 
0.1 M aqueous potassium ferricyanide were mixed just before use, and sprayed di- 
rectly2. 

(8) Dicltrolrlate-szcl~~~~~~c acid. Plates were sprayed with a solution of 5% 
potassium dicbromatc in 400/ sulphuric acidG. 

(9) Plcc~rol-l~~~~ocItlovile. T11e plates were sprayed with 5% ctbanolic phenol, 
followed by 0.2% sodium bypocblorite in 15% aqueous sodium byclroxidelu. 

(IO) Atntosjhvic o.wilntio~, Cllromatograms were allowed to remain on the 
bench . 

(II) Folz’~ rengelrt. After spraying wit11 a frcsbly-prepared solution of 0,020/ 
sodium z,z-naplltboquinone-4sulplronate in 5% aqueous sodium carbonat&Gs, 
chromatograms were heated at 115~ for 5 min. 

(12) 2,~,~,G-Tctmclllorobellzoqa~~~~o~a~, The spray reagent consisted of 0.20/, 

quinonc in l~lorloclllorobcnzenel4. 
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.%lliC?/l- 

ntdeliyde 

NC 
Yellow 
NC 
Yellow” 
IWO pink 

Mown 

NC 

Ncgligiblc 
NC 

Ycllo\v’J 
1,ight brown 

L.ight brown 
NC 
NC 

Esi 
Yellow 

NC 
Yellow 
Palo yellow 
NC 
NC 

13rown 

Ibxl 
Paint grcc~i 
Ncgligiblc 
Ncgligiblo 
Ihxlclish 

brown 
BlW 

C1livu green 13lllC 
Dirty grcy 131uc 
Dirtv grq 13ll.w 
Ncgiigilh hint blue 
Dirty green Xcgligiblc 

Dark blue ‘131llC 

Yellow 
Ncgligiblc 

Yellow 
NC 

C’iLlC yclto\v 
NC 
NC 

El 
YCllOW 

Ncgligiblc 

Grcy 
NC 

I3lllC 
Mll(? 

stcc1 blue 

Es: 
NC 
NC 
Grcy 

Ncgligiblo 

Dirty gram 
Pnlc yellow 

Dark blue 
NC 
NC 
NC 
NC 
Blue 

131llC 

Blue 
NC 

Purple 
T3lUC 

131LlC 

:: 
NC 
NC 
Blul? 

Ncgligiblc NC 
Faint brown Pale grcy 
Faint purple NC 
Purple NC 
NC Light brown 

13111c Brown 

NC Brown 

PUrplC 
NC 

Rrown 
Ncgligiblc 
Ncgligiblc 
Ncgligiblc 
Faint purple 
Purple 

131uisli brown 
NC 

NC 
NC. 

FE 
NC 
Fnlc pink 

’ .’ 

(13) PlrllrnlaZtTcl~~d~. Plates were sprayed with 1% l~hthalaldchydc in xylcnc, 
and heated at 110’ for 10 min (after TunNm ANI3 CVIGIUWANG~). 

RILSULTS AN11 DISCUSSIOX 

The behaviour of each compound wit.11 the more useful reagents for detection 
is shown in Tables I and II. Not all substances were run on chromatograms: for those 
that were, RF values are stated iri”the tables. These compounds were each tested with 
procedures (I), (z), (3), (4), (Ga) and (Gb), (7), (8) and (IO), both as test spots and 
after running on chromatograms; the other techniques were only used on test spots 
which had not been run. 

(I) Dinzolisaliovz awl coupliwg. In the elaboration of this technique, the concen- 
trationsof formic acid and pcntyl nitrite in the diazotising reagent were varied from 

. 1-4”/” and I-5%, respectively; initially, the coupling solution was 1% 2-naphthol 
clissolved in 2O/” aqueous sodium hydroxide, Most of these diazotising mixtures work- 
ed effectively, but dye formation was not always satisfactory at the higher concen- 
trations of formic acid; the wet plates were sometimes acidic to pIi paper even after 



I?101 VALUES 01’ CI3lZ’PAIS AnOJlATIc COXlFOIlNl>S, WI’l’lI c01.0u12s GIVlSN IN IZISSI’ONS15 TO VAl~IOUS I>ft- 

TECTINC; AGIZSTS 

NC = no colour. S, = T&lit pcdrolcum (+s-OoO)-ncctonc (7:3) ; S, = rr-proJ~~~nol-lrul.-butir~~ol-o,Y80 
ammonium hyclrosiclc ( 1 : I :I), 

--_ -----..-.-..-_____.___-- _..--. -..-__________._.__ 

I? ,e’ i~~cthod of dclecliorr 
----__ ---- ___--._--.-__._ 
s, s, Dimoliscttiou Glr~cose- t’cJJzizli~JJ 

aJJd couplirrg p~JOS/JJJOViC 

acid 

.-~-.._ --.-_-..-_._____ __...--...--_ ..___.- - - . . . . .___ -- ,._- 

Dinrrritres 
Bcnxiclinc 
o-Dinnisiclinc 

3,3’-Dicarboxybclizitliuc 
o-Pl~cnylcncclinmit~c 
P-l-‘henylcnerlianiillc 

0.30 
0.35 

0.~2 
o.53 
0.20 

Stc.bs/ilfrled Jtydrati~rrs 
z,z’-Dicnrbosyhydraaobcnrcnc 0.07 
Hyrlrasobonecnc 0.71 

Phcnylhydmeinc lly~lrocl~loridc 

Seco,rdnry amims . 
Diphcnylaminc 
Monomctliylanilinc 

NC 
NC 

‘Terlinry avrirres 
Dirnethylnnilinc 
~,a’-Dipyriclyl 
S-I-Iyclroxyquinolillc 
Tctramcthvltlinliiino- 

bcnaoquinonc 

NC 
NC 
Ncgligiblc 
NC 

PJJCJIO~S aJrd ~rrnpJrtJrols 
z-Nqhthol Ncgligiblc 

Orcinol NC 
Rcsorcinol Dirty green 

Dirty ninuw 
Purple 

Iyurplr 
J..ight brown 
J3rowniuli 

rnnuvc 

Ncgligiblc 
Ncyligiblc 
Very palc 

brown 

Light brown 
J3rown 

&own 
Light brown 
JAght brown 

Light brown 
Urown 
Ncgligihlc 

Light grcy 
NC 

NC 
NC 
NC 
NC 

Ncgligiblc 

Ncgligihlc 
NC 

YCllOW 

Yellow 

13ricJc reel 
Yellow 
Yellow 

Onrngc-reel 
Ncgligiblc 
NC 

Ncgligiblc 
NC 

-___--_.--_--.-.-. ..-... -. - . .-. -- .__ _- .._..___._ _ . .._- -_---~ ._---_.. - ____. .___ -_.l 

excessive spraying wit11 tlic coupling rcagent. Tl~e problem was overcome by incrcas- 
ing the concentration of sodium l~ydrosiclc to 5%; however, if the plates were over- 
sprayed with this solution, very slight leaching of those azodyes which bore carbosylic 
groups took place, The final concentrations of formic acid and pentyl nitrite sclectcd 
for the diazotising reagent were each 3%. Dipping plates in this mixture gave good 
results with most compounds, but tllc simpler monoamines displayed a limited ten- 
dency to run; the procedure is not generally recommended, The reagent is stable for 
at least two months. Tile solution of z+naphtl~ol, however, tends to discolour, and is 
best prepared at monthly intervals. 

All primary arylamines tested reacted strongly to give azodyes in a multiplicity 
of colours, with the exception of I-amino-2-hyclroxynaplltl~alex~c-+sulphonic acid, 
which reacted weakly, tile refractory 2-aminopyridinc, wllich failed to react at all, 
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.SUliC_Vl- Snlic;F+ Foli,r- Foliw Fevuic Uiclwornnle- Plienol- 
nldcJryde ccldelrydo Ciocrrllcic Ciocallcic jbwicya2rido sulplrtrvic Jiy$ocJrlovilc 

nud allrnli CdO~W agld acid 
‘,,” , cavborl41le 

__-._-- _.____” --- 

l’ak! yellow 
Yullow 

13rown 
Yullow 
NC 

NC MEL11v0 
Orimgc- 13rownish 

yellow maw0 
Orange Deep blue 
IWc ornngc Purplu 
Orange, 131uu 

fluorcuccnt 

Orange-brown Pnlc brown Steel-blue 
NC NC Stcol-blue 
&NC NC I3lllC 

NC 
NC 

Grcon 
Ncgligiblc 

NC NC Lieht bloc 
NC 
NC 

NC 
NC 

p.z‘iic YC~~OW 
NC 

NC NC NC 

&NC 

NC 
NC . 

NC IWC blue! 

Pstlo brown Light grcy 
NC Light grcy 

Dnrlc blue 
Dark Mu0 

Dirty purplu Yellow 
Dirty purplo Reel 

Dark bluu BlUc! 
Dark grcun DtLrlc bl uc 
Dark tluo DlUc? 

Dnrlc blue 
Stx!cl-blue 
l3lUC 

Hluc 
RIUC 

BlUC 
ucllow 
Blue 
Greenish 

blue 

Pnlc 1Auish 
mnuvo 

Blue 
Darlc blue 

Dirty yullow 
Purple 
NC 

Fnint blue 
l3luc 
Uluo 

Brown 
Dirty yellow 
Pnlc brown 

Blue 
Blue 

I31uc 
Faint brown 

Blue 
Pinlc 
BILW 
l3luo 

Fnint brown 
Ncgligiblc 
Light brown 
Ncgligiblc 

Rluc 

Blue 
Blue 

Dirty blue 

Brown 
13rown 

Dirty mnuvc 
Mauve 

Palo purpla 
I3rown 
Purplu 

NC 
NC 

Blue 
NC 
NC 
NC 

NC 

Brown 
Olive grcon - 

-.- _._l_._.. ._.____-._- _____.___-,________-_ . . -. _.. .,__.________-.. -----se-. 

and o-phenylcneclianline (Tables I and II). On treatment with pentyl nitrite, the latter 
compound turned light brown, probably forming benzotriazolea4946; the brown colour 
remained unaffected by the coupling reagent. Differentiation was readily made on 
the basis of colour; in general, monoamines formed red dyes of various shades, while 
the diamines yielded purple colours of clifferent hues. These colours are stable, chang- 
ini only slightly over a period of months. One minor aesthetic drawback is that 
within a day a light brown speckled background sometimes developecl; this dicl not 
interfere with recognition of the spots. The specificity of the technique is high, Of 

,$.‘“” the other compounds tested, only two yieldccl colours, Dimethylaniline gave a 
green colour on treatment with pentyl nitrite, but this was discharged by alkali; 
similarlv, resorcinol gave a brown colour, which was turnecl by the coupling agent to 
an atydical green. 
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(2) Ullvaviokk? b&/rl. All conilxxmcls sl~.~ecl up as l~url~lisll-blue spots against 

a greenish-yellow fluorescent background. 

(3) Glzlcosa-~hos~lroric rick?.. This reagent is highly sl>ecific (TalAes I and II). 
Apart from cliplienylarnine, which initially gave 8 weak reaction, darkening to blue 

with tirnc, and the l~ydrazobcnzcncs, only primary amines reacted positively. It was 

felt that conversion of liydrazobcnxcnes to lxnzidines might occur on the chromato- 
grams as a result of heating to 1x5” in tlic presence of phosphoric acicl. The possibility 
was investigated by spraying samples of tllc compounds spotted on to plates with a 
clummy reagent from wliiclr glucose had been omitted, heating, and testing with tlie 
diazotisation-coupling technique, This rcvcaled that treatment with tlie l~liosl~lioric 
acid rcagcnt had effectively gcncratecl primary arylamino groups from both hyclra- 
zobcnzene and, z,z’-clicarbosyllydrazobcnzcnc. No colour was obtainccl wit11 z-amino- 
pyridinc. The spots fadccl slightly after a wcelc or so; certain other compounds, nota- 
bly dipl~enylan~ine, phenyll~ydrazine nncl orcinol, slowly clevelopecl colours within the 

same period of time. 

(4) Vnuilli~t. This reagent is known to give a positive result with a very limitccl 
number of amino acicls”i, but its use INS been suggested for the cletcction of primary 
arvlamincs**“. Although the three nitronnilines ancl +amiuobiphenyl failed to react, I 
most primary amines sl~owccl up strongly. No other compound gave a colour, except 
2,2’-clicar1~oxyliyclra~obenzene, whicli was surprising, since liyclrazobenxenc itself 
failccl to react. When the clicnrboxy derivative was subjectccl to a dummy run from 
which vanillin liacl been omitted, and tlicn tcstecl by cliazotisation ancl coupling, it 
was found, not surprisingly, that the procedure liacl failecl to gcneratc primary aryl- 
amino groups within the molecule, The colours proclucecl by this tcclmique were 
stable, but somewhat difficult to see wllcn only trace amounts were present. Only 
six amines gave colours in the cold. 

(5) Snl~c_vln~~ci?ydc. RIILUNfi2 n&ccl that while all classes of aliphatic amincs 
reacted with salicylnlclcl~yclc, conclcnsation with primary aliphatic amines took place 
only in the prescncc of acetic acid. For this mason the reagent contained 1% of tile 
acicl. Colours were ohtaincd with less than half the amines testccl, and also with 2,2’- 
clicnrl~osyl~yclrazol~cnzene (Tables I mcl II). Trcatmcnt with alkali would appear to 
offer no substantial actvantage, As in tllc cast of vanillin, cliffcrentiatiou on the hasis 
of colour is difficult : the value of the technique for arylamincs appears to be limited. 

(6) Folio-Ciocnbtefc. Tlic Folin-Ciocalteu pliospliotungstic acicl reagent, wlien 
used on its own (a), detected most amines, giving strong stable colours, mostly blue, 
against a light yellow background. Tile solution is well knowu for its capacity to re- 
act with other classes of compounds, notably phenols. When used in conjunction 
with ZOO/~ aqueous sodium carbonate (b), a few more spots appcarecl and certain col- 
our changes occurred. However, hot11 definition and the weaker spots tendecl to lx 
lost; moreover, the colours were less stable, ancl a blue background of variable intcn- 
sity developed. When the order of reagents was reversed ancl the Folin-Ciocnltcu 
reagent was diluted (c)O, the results were quite useless; the colours were notably less 
intense, and tendecl to dissolve out of the chromatograms. 

(7) Ferric fewicymritle. Apart from the nitroanilines, 2-aminopyridine and sul- 
phanilic acid, all compounds gave a strong positive reaction. (Tables I ancl II), 
Overspraying proclucecl a blue backgrouncl, which deepened on exposure to light. 
Although the reaction appears to llave been used largely to iclentify primary aryl- 
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amines2, a good case for using the rcagent to detect other categories of compounds 
might be made on. the basis of the present results. 

(8) niclrronznle-szrl~lturic ncid. In general, whero compounds reacted positively, 
the colours were faint and blotchy, and tended to alter rapidly with time. IMoreover, 
4-aminoazobcnzenc, 2-aminopyridine and the nitroanilines gave reactions only after 
24 11. It is perhaps unfair to criticisc this technique on the basis of these unsatis- 
factory results because the original suggestion” was that the reagent be used on paper, 
and that the chromatograms be hcatcd to 150’. However, alipliatic acids have been 
found to react well under the present conclitions in the absence of heaths, 

(9) Plreltol-/?ypocl/Zo~itc. As in the case of salicylalclel~yde, only about half the 
amincs gave a positive reaction (Table I), but the two hydroxyphenols also yielded 
colours (Table II). 

(IO) A~mos~l~vic 0wXatio~r. Most amines which had been run on chromato- 
grams tended to develop colours on standing. Spots were often faintly visible after 
24 h, and well marked in some cases after a week. This teclmiquc is not recommended 
for stanclard use on account of the time involved. 

The separate USC of sodium r,2-naphthoquinone-4-sulphonate, 2,3,5,6-tetra- 
chloroquinone, and phtllalaldehydc was disappointing in all cases. Too small a pro- 
portion of the amincs rcactecl; the specificity of the reagents was poor; in addition, 
with a few exceptions the colours were not well marked. The application of heat in 
the case of sodium I ,a-naphthoquinonc-q-sulphonatc was not recommended by the 
original author 5a, but produced colour changes in a few indiviclual cases. These were, 
however, insufficient to reclccm the usefulness of the reagent. Phthalalcleliycle has 
been used successfully in the detection of alkylamines54; modifications of this tech- 
nique have also proved useful with histaminefi0. 

CONCJ.USION * 

A few gcncral points emcrgccl in the course of this stucly. First, certain amincs, 
once appliccl to the plates, cliffusccl rapidly of tlieir own accorcl. This was especially 
true of the tncthylanilines and 4-toluidine; aniline hacl been selected as a test com- 
pound in early cxpcrimonts, but its use was soon discontinuccl because the extent of 
diffusion was unacceptable. Detection procedures which involved heating tended to 
produce somewhat more cliffuse spots than those carried out at room temperature. 
Second, the colours obtainecl were not cntircly reproducible in all cases. Various 
factors arc thought to be responsible; these include subjectivity on the part of the 
cxpcrimentalist, and variations in loncling and in the extent of spraying;. On occasion, 
dcpcncling on the rcngcnt and the compound, colours were found to have alterecl 
overnight, or on prolongccl keeping. Changes of this kind have not been described in 
detail because, in most investigations, emphasis is laicl on the rapid location and identi- 
fication of spots. For the same reason, the stabilities of the colours proclucecl by dif- 
ferent reagents have been mentioned only in broad outline. Third, the recommenda- 
tion is made that at least two chemical cletection procedures be used, preferably in 
conjunction with the non-specific but sensitive method of examination under UV 
light, because not all primary nrylamines gave positive reactions with any one single 
chemical test, 
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