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CHROhlATOGRAPHY OF SOME INDOLES ON FORMAMIDE-TREATED 
PAPER* 

R_ A_ HEACOCK” 

SUMMARY 

The radial chromatography of a \vide range of indole compounds on form- 
amide-treated paper has been studied_ The R, values and suitable methods for the de- 
tection of approximately I50 indoie derivatives are reported. 

In general. the procedure gives escellent results with most indoles, particularly 
\virb relatively non-polar compounds_ 

INTRODUCTION 

The importance of mmy indole compou~~cis in a wide variety of biological 
processes has long been recognized. but much of the progress that has been made in 
the past 20 years or so in plant. animal and microbial indole biochemistry has un- 
doubtedly been due to the development and widespread use of various chromato- 
srtiphic techniques. 

A vast number of publications on t$e paper chromatography of indole com- 
pounds have appeared since some of the first papers on this subject were published 
in the 1950~‘-~_ An extensive bibliography of publications dealing with indole chro- 
mntn~raphy can be found in the surveys by Macek and co-workersim9_ 

Widespread use has been made ofvarious methods of modi@ing the properties 
of the stationary phase in paper chromatogaphy. A procedure that has proved to 
be of si_gnificant value has been that of increasing the polarity of the surlke with :I 
non-volatile highly polar solvent. Propylene glycol, dimeth;ll~rmamide and form- 

-- 
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amide have been widely used For this purpose. The de\-elopment of such chronxtto- 
~~rtims is usuallv carried out \\ith a non-polar solvent. saturated with the rttitiontiry C 
phasP-“_ - 

Some use has been made of systems of this type for the paper chromato~_raplty 
of certain indole con-r~ounds in the past both by the present authors and by other 
~~orkcrst’-‘~-‘h. This pltper reports the results of an extensive study of the chromato- 
cxtphic bebaviour of a large number of indolc derivatives on l~~rmttmide-tre3te~ 2 
paper using several diKerent solvent systems. In view ot-the better resolution and short 
development times \?hich usually accompany the radial method of chromrrto~r:~pl~~~~ 
this procedure \\as employed throughout the investigrttion. 

MATEKIXLS AND hlETHODS 

Itzd&_s_ The indole compounds were purchased from commercial sources 
whrn~~cr pnssi’oIe_ In some instacctx purifictltion OT tile indole derivtttke b>- either 
recr?;stallisation or hi+vacuum distilltttion \k:is carried out, :tfter prelimitian, cliro- 
matographic examination of the product bad indicated it to he impure. Where the 
required compounds were not av-silablc they were prepttrcd in ottr labortttories by 
methods described in the literature. The commercial sources or appropriate litcratur~ 
rcferenctx are indicated in the tables of RF values_ 

Suir~wrs_ Commcrciull~ Etv~ilablc solvents of the highest quality were used in 
all instances and. if necessary, were redistilled prior to use. 

F&w~r~~~:icl~~. The --pH”’ of ille reagent-grade formamidc used both for the 
stationary pbasc modiiication or solvent preparation ux rtdittsted to 7 bv the cautious 
dropwise addition of either concentrated aclueous ammo& or 9s ‘I,, f&rmic xid. 

_-Q~~w-crr~rx A modiiied Ka\xerau (Sbandon Scientilic Co., London, Great 
Britain) circular chromato~rrtpli~ apparatus was employed_ The ~ ~~lass ctipilltiry sol- 
vent t&d supplied with the apparatns N;LS found to be unsatislktory and \~as re- 
placed xvith a soti cotton yarn (l/S-in_) \vick (the cotton yarn \VBS wtshed \vitb acetone 
prior to use to remove fluorescent material)_ The solvent \vas contained in a 6-cm 
petri dish. 

SUrriun~r_t- ~~/t~z.sc. Whatman No. I paper discs (26 cm) 3:ere dipped in 2 30“,, 
s&ttian of formamide (“pH” 7_ see above) in xetone: blotted free of cxccss formam- 
ide solution, and allo\ved to dry in air for 20-30 min prior to use_ 

Solrtwt ~l3-rt’ills_ s,“, decalin (freshly distilled), saturated with formamide: 
S2--*, mcthylcyclohesane, saturated with formamide; S,“‘, light petroleum (BCH. 
Poole, Great Britain, AnalaR grade, b-p_ 60-SO;), saturated \\ ith formamide: SJff*, 

_ -Although theesact meaning of”pki-’ for a non-aqueous system ma\- lx in dnubt. the proccdurc 
used in this inwsrigaltion ensures the approximate ncutraIity of the st&nary phase. 

*- St and ST were szturtlted xvith formamide bv adding ;1 smaI1 amount to the sotvenr, ccnrri- 
fuzzing the mixrurr (which separated out onl~~ with tkliculty) several times and finally using rhe clear 
supemakmt laxer_ 



CHROMATOGRAPHY OF INDOLES ON FORMAMIDE-TREATED PAPER 251 

cycIofwsantl saturated with formamide: S5*, carbon tetrrtchforide, svturated witf: 
fornianiide: S,. trichforoeth_vfene, freshly distilled, containirrgO.1 y:, of f~mlian~ide”: 
ST***. tetrafin, freshly distilled, saturated 11 ith I~ormamide: Sx, o-dicfiforobenzene, 
containing 0. I >i, of formamide: S,,, cf?forot~~mm-benzerie ( 1 ri). containing 0_4’.‘,;; of 
fornxmide: S,,; benztxe, containin% 0.1 76 of formamide: S,,, ctf~yl acctate-chforo- 
form ( I ~4). containing I >i, of li~nnamide: S,,, I ,I-dichforocthane. tiesilly cfistiffeJ, 
containing 0.25 :>(, of formamide: S,+ f,2-dichloroet:lane, conthing 0-S y!.i, of form- 
amide: S,,_ s-tetracf~foroetf~ane, tiesf?f; distilled. containir;g O.?‘.?,‘, of timnamicft: 
S,,. fumn. freshly distilled, contair?ing 0. I y;; of fonnamide: S:,. chforothrm. cantain- 
ing 03 T;; of formamide: S,7s, rthyf acetate-benzene (I : 3), stituratcd with l~~rnit~niide: 
SIs, dicfiforomctfiane, containing O-0 I?:, of fornianiidc_ 

C/n-omo~cnic r-~w~cwr_x 
(u) E/w/ic/r~_s rtw~cwr. p-Dimetf~~famin~~f~e~~~~~f~fef~~de ( 1 g) \vx dissolved in 

a rnisture of concentrated f~ydrocf~foric a&f (30 ml) :::lci ctf~~~~i~~f (30 ml) :rnd the so- 
lution diluted to 100 1111 \vith \v;iteT_ 

(hj .?.-I- I~irliti-o~~l~c~iI~~il~~~i~-~~=it~~~ rcu_ycnt_ Z.;f-Dinitr~~,pfie~~~ff~\-iirazinc ( I .O tz) _ _ 
nxs dissolved in conccntratcd fiydrocfiforic acid (30 nil) and the 50fution diluted 10 
1000 nil with nietfi~inof. 

(c-1 Gihh‘s r~_ycm. N.2.6-Trichf~~,ro-~~-~f~1i~~~~~~ei1l~i~~e (2 2) x1?; diswf\-cd in 
ct11a1101 ( 100 ml)_ 

fd) l3irr3ri:id I’-iiirr-lmtlilillc_ A 0.3 “,, solution ot‘ /I-nitrcx:nifInc in S ‘I,; (\v, v) 
fi~drocliloric acid (25 ml) mxs di:tzotized with soJiLm t:itritc solution ( I .5 ml 01‘3 5 y,, 
solution) inmediatcfy prior to use. 

[c*j Xmiri-m-c+ wc_q~wt (i_c., ~~ilt-ilc:~~iIric~ m-id rcqynt) _ Sodium nitrite ( I nil of 3 
5:‘;, arfucous solution) \viis added to a safution 0T c~~ncet:tr;lted nitric xid (5 ml) i!i 
acetone (IS ml) and tllc niisturc \v:is used dircctfy. 

PlYl~~i&ll~ 

Suitably sized spots”* and adtquatcfy intense cofoi~r rcacrions c~wfd usu::ff~ 

hc obtained by applying CCI. IO-20 ,uI of solutions ( I nl,, ~~irnf) of the indofe derivative5 
(in diethxf ether, cfiforoforni or nietfirinof) to the ori$n of the li,rliiamide-trcatrci 
cfiromstogr~tphic papers. The cflrom3toSr~tpfi_v was carried out at ro~~111 tcnipemtum I 
tile solvent migrated CU. IO-11 cm radially in appros. 25-33 min. in most instances. 
the spots due to the indofe compounds cc~~~fd be lowted eitfler by vie\ving the devcfop- 
cd chromatogrr1ms in uftmviofet figfit or by sprayin, c~ them with Ef~rfich‘s reagent. In 

cases \vhere tile compounds \v\‘cTe neither cofoured nor tluorescsnt or did not rertct 
\vith this particular chromogenic reagent, one of tile other reagents described above 
was used. 
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RESULTS AND DISCUSSION 

The R, values (radial) obtained for approximately 150 indole compounds in 
eighteen dillkrent solvent systems on formamide-treated paper are given in Tables 
I-VL Each R, value reported is tfle average of at least sis determinations_ 

The indole compounds have been classified into groups according to certain 
chemical chrrracteristics- Table I gives the R, values of45 neutral indofesr Table If, 
the RF values of 37 mono- and dihydrosy- and acetosyindofes; Table III, the RF 
values of 13 indofe acids and their derivatives: Table IV, the RF values 01-23 indofe 
bmes, including some indofe alkaloids: Table V, the R, values of 14 tryptophan deriv- 
atives: and Table VI, the R,- values of 14 indosyfs, osindofes and isatins;. Tfle poor 
reproducibility of RF values on impregnated papers sometimes observed \vfien this 
chromatographic technique is employed” \vas not encountered in this investigrttion. 
This w\‘;ts undoubtedly due to the careful and meticulous use of standardized tech- 
niques \vhen the impregnation and drying of the papers was carried out and the use ._ 
of a standardized purified impregnant and pure solvents throughout. 

It can be seen from Table 1 that most simple neutral indoles rem wry well on 
ti>rmamide-treated paper, the RF values of individual compounds increasing-, 3s es- 
petted, with polarity of the developin g solvent_ For esampfe, indofe itself has an 
R,- value of CCI. O-4 in non-polar saturated hydrocarbon solvents while it has an R,- 
due of CCL 1.0 in refativefv polar solvents such as furan or dichloromcthanc. In 
general, rtlkvl substitution increases the RF value of the indofe compound in all the * 
solvent systems investisrtted, \vhereas indofes with polar = q-oups such ~1s hydros~f, 
formyf (i-e_ aIdehyde), amino or ester groups hve Iower R, values than the corrc- 
spending unsubstituted indole. Table II indicates that mono- and dihydrosyindofcs 
cxn be chromatograpfled satisfactorily in this type of system provided that reasonnbf_v 
polar developing solvents are used: as would have been espected. the 5,6-dihydrosyin- 
doles are sfo\ver running than rhccorrespondingmon~~,h?-drosv compounds.An N-aikyl 
‘*roup increases the R,vafue of the dihvdrosvindofc. the ell‘ect increasing \\-ith the size 
zf the substituent on the nitrogen. As would have been anticipated. the fess polar 
O-acetyl derivatives have higher& values than thecorrespondins hvdros~compounds. 

Preliminary investi&ons had shown tfltlt a number of‘ indole acids and their 
derivatives an be chromatogaphed satist~xtoril~ on t-ormamide-tr~~teri paper. 
provided that reasonably polar solvents are used”. as these compounds do not 
migrate in saturated hydrocarbon solvents and non-polar chlorinrtted solvents such 
as carbon tetrachforide_ The present investigation has considerably estended the range 
of indofe acids and running solvents-studied with this type of system over those re- 
ported earfier’J_ 

In Table IV, the results obtained with a number of basic indole compounds, 
including a number of indofe afkaioids, are given. in gcneraf, the results were not as 
c*ood as those obtained with the acidic or neutral indoles_ The best results were ob- = 
tained with chlorinated hydrocarbon solvents: problemtttintf miounts of streaking 
were sometimes observed when benzene-containing sofxnts were used. 

The best results for the lysergic acid derivatives_ including the well known 
hnlfccinogen LSD, \vere obtained with solvents S12, SIs, SC7 and S,,. This type of 
system had been successfully employed previously for chromato~raphic studies with 
orher ersor rtlkaioids and Ivser@c acid derivative?‘. 
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Table V indicates the results obtained with tryptophn and a number oftrypto- 
phan derivatives: while these systems gave satisfactory results with tryptoplian esters 
and sonw acyltryptophans, the results obtained with tryptophn itself and certain 
hydrosytryptamine derivatives were not very satistktory. 

As can be seen from Table VI, chronwtographic systems of this type are suit- 

able for the chromatography of zt number of simple indosyls, osindoles and isatins 
and their derivatives. These chromatograpliic systems were not particularly useful 
for the chromatography of the highly fluokescent 5,6-dihydnxyindosyls such as 
noradrenolutin md adrcnoiutin, 3s slow decomposition of the compounds appeared 
to take place during the cliromato~ruphic separations. 
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