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SUMMARY

The radial chromatography of a wide range of indole compounds on form-
amide-treated paper has been studied. The Ry values and suitable methods for the de-
tection of approximately 150 indole derivatives are reported.

In general, the procedure gives excellent results with most indoles, particularly

with relatively non-polar compounds.

INTRODUCTION

The importance of many indole compounds in a wide- variety of biological
processes has long been recognized, but much of the progress that has been made in
the past 20 vears or so in plant, animal and microbial indole biochemistry has un-
doubtedly been due to the development and widespread use of various chromato-
egraphic techniques.

A vast number of publications on the paper chromatography of indole com-
pounds have appeared since some of the first papers on this subject were published
in the 1950s'-%. An extensive bibliography of publications dealing with indole chro-
matography can be found in the surveys by Macek and co-workers™°.

Widespread use has been made of various methods of moditying the properties
of the stationary phase in paper chromatography. A procedure that has proved to
be of significant value has been that of increasing the polarity of the surface with a
non-volatile highly polar solvent. Propylene glycol, dimethylformamide and form-

° Issued as NRCC No. 14145,

Some of the work described in this paper was carried out by the authors in the laboratories
of the Psychiatric Research Unit, University Hospital, Saskatoon, Saskatchewan. and was supported
at the time by grants from the Department of National Health and Welfare (Ottawa) and the
Saskatchewan Department of Public Health.
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Branch, Room 924, Brooke Clatton Building, Tunney’s Pasture, Ottawa, Ontario, Canada.
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amide have been widely used for this purpose. The development of such chromato-
erams is usually carried out with a non-polar solvent, saturated with the stationary
phase™-tt.

Some use has been made of svstems of this type for the paper chromatography
of certain indole compounds in the past both by the present authors and by other
workers™'>='**_ This paper reports the results of an extensive study of the chromato-
eraphic behaviour of a large number of indole derivatives on formamide-treated
paper using several different solvent systems. In view of the better resolution and short
development times which usually accompany the radial method of chromatography,
this procedure was emploved throughout the investigation.

MATERIALS AND METHODS

Ma:terials

Indoles. The indole compounds were purchased from commercial sources
whenever possible. In some instances. purification of the indole derivative by either
recrystallisation or high-vacuum distiliation was carrted out. after preliminary chro-
matographic examination of the product had indicated 1t to be impure. Where the
required compounds were not available they were prepared in our laboratories by
methods described in the literature. The commercial sources or appropriate literature
references are indicated in the tables of Ry values.

Solvenrs. Commercially available solvents of the highest quality were used in
all instances and. it necessary, were redistilled prior to use.

Formamide. The “pH™™ of the reagent-grade formamide used both for the
stttionary phase modification or solvent preparation was adjusted to 7 by the cautious
dropwise addition of either concentrated aqueous ammonia or 98° formic acid.

Paper chromarographic procedure

Appararus. A moditied Kaweraw (Shandon Scientitic Co., London, Greit
Britain) circular chromatography appariatus was emploved. The glass capillary sol-
vent feed supplied with the apparatus was found to be unsatisfactory and was re-
placed with a soft cotton varn (1/8-in.) wick (the cotton varn was washed with acetone
prior to use to remove fluorescent material). The solvent was contained in a 6-cm
petri dish.

Stationary phase. Whatman No. | paper dises (26 cm) were dipped in & 307
solution of formamide (“"pH™ 7. see above) In acetone: blotied free of excess formam-
ide solutior, and allowed to dry in air for 20-30 min prior 1o use.

Solvent systents. S,”", decalin (freshly distilled), saturated with formamide:
S.777, methyicvclohexane, saturated with formamide: S;™77, light petroleum (BDH,

xh X

Poole, Great Britain, AnalaR grade, b.p. 60-80°), saturated with formamide: S;*™7,

° Although the exact meaning of “*pH ™ for a4 non-aqueous syvstem may be in doubt, the procedure
used in this investigation ensures the approximate neutrality of the stationary phase.

*"S, and S: were saturated with formamide by adding a small amount to the sclvent, centri-
fuging the mixture (which separated out only with difficulty) several times and finally using the clear
supernatant laver.

“T7 S.. S.. S; and S,- were saturated with formaniide by adding a small amount to the solvent in
question, shaking the mixture vigorously, allowing it to stand and the clear supernatant Lkiver was
decanted and used.
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cyclohexane, saturated with formamide: S;7, carbon tetrachloride, saturated -with
formamide: S,. trichloroethylene, freshly distilled, containing 0.1, of formamide™":
S **, tetralin, freshly distilled, saturated with formamide: Sy, o-dichlorobenzene,
containing O. l‘,‘{, of formamide: S,, chloroform-benzene (1:1), containing 0.4%, of
formamide: S,,, benzene, containing 0.1 %] of formamide: S,,. ethyl acetate-chloro-
form (1:4), contaming 19 of formamide: S,.. l,1-dichloroethane, freshly distilled,
containing 0.25% of tormamide: S,;. 1,2-dichloroethane, containing 0.8%, of form-
amide: S,,. s-tetrachloroethane, freshly distilled. containing 0.2, of tormamide:
S,s. furan. freshly disiilied, contairing 0.1 7, of formamide: S,,. chloroform. contain-
ing 0.8 %, of formamide: S5, ethyl acetate-benzene (1: 3), saturated with formamide:

S.s» dichloromethane, containing 0.9%;, of formamide.

Chromogenic reagents

(a) Ehrlicl's reagent. p-Dimethyvlaminobenzaldehvde (1 g) was dissolved in
a mixture of concentrated hvdrochloric acid (30 ml) 2nd ethanol (30 m!) and the so-
lution diluted to 100 ml with water.

(b) 24-Dinirrophenvyilhvdrazine reagent. 2 3-Dinitrophenvihyvdrazine (1.0 g)
wias dissolved in concentrated hvdrochloric acid (30 ml) and the solution diluted to
1000 ml with methanol.

(c) Gibb's reagenr. N.2.6-Trichloro-p-quinonecimine. (2 g) was dissolved in
cthanol (160 ml).

{d} Diazorized p-nitroaniline. A 0.3, solution of p-nitroaniline in §°,) (w)v
hydrochloric acid (25 ml) was diazotized with sodium sitrite solution (1.5 nil nl i 5, '
solution) immediately prior 10 use.

{e) Nitrose recgent (ie.. nitrite:nitric actd reagent). Sodium nitrite (1 ml of a
59, aqueous solution) was added to a solution of concentrated nitric acid (3 ml) in
acctone (45 ml) and the mixture was used directly.

Procedure
Suitably sized spots® and adeguately intense colour reactions could usually

be obtained by applving ca. 10-20 pd of solutions (1 mg/ml) of the indole derivatives
(in diethyl ether, chloroform or methanol) to the origin of the formamide-treated
chromatographic papers. The chromatography was carried out at room temperature:
the solvent migrated ca. 10~12 cm radially in approx. 25-33 min. In most instances;
the spots due to the indole compounds could be located either by viewing the develop-
ed chromatograms in ultraviolet light or by spraying them with Ehrlich's reagent. In

cases where the compounds were neither coloured nor fluorescent or did not react
with this particular chromogenic reagent, one of the other reagents described above
was used.

* S, was saturated with formamide by adding a small amount to the solvent: the mixture was
shaken, allowed to stand. and the clear lower laver separated and used directly.
°* In all instances. the percentage of formamide indicated as being added to the solvent is mea-
sured by volume. ’
“** See tootnote "7 on p. 250,
# See footnote “77 on p. 230.
#3 In radial chromatography, the “spots™ usually appear as arc-shaped zones.
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RESULTS AND DISCUSSION

The Ry values (radial) obtained for approximately 150 indole compounds in
eighteen difterent solvent syvstems on formamide-treated paper are given in Tables
I-V1. Each R; value reported is the average of at least six determinations.

The indole compounds have been classified into groups according to certain
chemical characteristics. Table I gives the R, values of 45 neutral indoles: Table 11,
the R, values of 37 mono- and dihydroxy- and acetoxyindoles: Table Lil, the R,
values of 13 indole acids and their derivatives: Table 1V, the Ry values of 23 indole
bases. including some indole alkaloids: Table V, the R, values of 14 tryptophan deriv-
atives: and Table VI, the R, values of 14 indoxyls, oxindoles and isatins. The poor
reproducibility of Ry values on impregnated papers sometimes observed when this
chromatographic technique is employed®” was not encountered in this investigation.
This was undoubtedly due to the caretul and meticulous use of standardized tech-
niques when 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 ! that most simple neutral indoles run very well on
formamide-treated paper, the R values of individual compounds increasing, as ex-
pected, with polarity of the developing solvent. For example, indole itself has an
Ry value of ca. 0.4 in non-polar saturated hydrocarbon solvents while it has an R,
value of ca. 1.0 in relatively polar solvents such as furan or dichloromethane. In
general, alkyl substitution increases the Ry value of the indole compound in all the
solvent systems mvestigated, whereas indoles with polar groups such as hydroxyl,
formyl (i.e. aldehyde). amino or ester groups have lower R, values than the corre-
sponding unsubstituted indole. Table 11 indicates that mono- and dihydroxyindoles
can be chromatographed satistactorily in this type of system provided that reasonably
polar developing solvents are used : as would have been expected, the 3,6-dihyvdroxyin-
doles are slower running than the corresponding monohydroxy compounds. An N-alkyl
group increases the R, value of the dihvdroxyindole, the effect increasing with the size
of the substituent on the nitrogen.. As would have been anticipated. the less polar
QO-acetvl derivatives have higher R, values than the corresponding hydroxy compounds.

Preliminary investigations had shown that a number of indole acids and their
derivatives can be chromatographed satistactorily on formamide-treated paper,
provided that reasonably polar solvents are used'?, as these compounds do not
migrate n saturated hydrocarbon solvents and non-polar chlorinated solvents such
as carbon tetrachloride. The present investigation has considerably extended the range
of indole acids and running solvents.studied with this type of system over those re-
ported earlier's.

In Table IV, the results obtained with a number of basic indole compounds,
including a number of indole alkaloids, are given. In general, the results were not as
good as those obtained with the acidic or neutral indoles. The best resulis were ob-
tained with chlorinated hydrocarbon solvents: problematical amounts of streaking
were sometimes observed when benzene-containing solvents were used.

The best results for the lysergic acid derivatives. including the well known
hallucinogen LSD, were obtained with solvents S;., S;5, Sz and Sy, This type of
system had been successfully employed previously for chromatographic studies with
other ergot alkaloids and lvsergic acid derivatives®!.
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Table V indicates the results obtained with tryptophan and a number of trypto-
phan derivatives: while these systems gave satisfactory resulis with tryptophan esters
and some acyltryptophans, the results obtained with tryptophan itself and certain
hydroxytryptamine derivatives were not very satisfactory. -

As can be seen from Table VI, chromatographic systems of this type are suit-
able for the chromatography of a number of simple indoxyls, oxindoles and isatins
and their derivatives. These chromatographic systems were not particularly useful
for the chromatography of the highly fluerescent 5,6-dihydroxyindoxyls such as
noradrenoiutin and adrenolutin, as slow decomposition of the compounds appeared
to take place during the chromatogruphic separations.
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