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SUMMARY

Amino acids and derivatives, peptides, tryptamine and its derivatives were
studied on layers of ammonium tungstophosphate (AWP) and on plates of silanized
silica gel untreated or impregnated with detergents, and eluted with aqueous solutions
of ammonium nitrate or nitric acid and with acetic acid-methanol-water mixtures
respectively. The changes in the carboxylic group have a significant effect on the
retention on AWP layers; on plates of silanized silica gel, only the methyl or ethyl
derivatives have different affinities towards the stationary phase. The distance be-
tween the -NHZ group and the carboxylic group or groups in oligomers of the
different amino acids determines the retention on AWP layers in the case of neutral
(Met, Val, Tyr, Phe) and acidic (Glu) amino acids; on Sil C,5-50 the differences
between the oligomers of neutral amino acids, which are correlated to their hydro-
phobicities, can be pointed out. The trends in Ry versus the number of amino acid
residues are reported and discussed both on AWP and silanized silica gel layers.
Interesting separations of closely related compounds were carried out. The AWP
layers are particularly suited to the separation of the methyltryptophan isomers.

INTRODUCTION

Ammonium tungstophosphate (AWP) has proved to be very useful for the
rapid separation of nitrogen-containing organic compounds, such as amino acids?,
primary aromatic amines?, dinitrophenyl-amino acids®, peptides* and their diastereo-
isomers® and aliphatic mono- and polyamines®. It has been pointed out that, in the
case of aliphatic diamines and of glycine and alanine oligomers, the affinity sequence
is closely correlated to the distance between the two -NHJ3 groups involved in the
exchange reaction, or between the -NH3 group and the carboxylic group. The steric
hindrance of a methyl group on the same carbon atom bonded to the exchanging
-NH3 group plays an important rdle in the retention (cf., alanine and glycine, and
1,2-diaminopropane and 1,2-diaminoethane?+4).

It was therefore of interest further to elucidate the retention mechanism, and
to examine the behaviour of amino acids, their esters and other derivatives, of hy-
drophobic (Met, Val, Tyr and Phe) or strongly polar (Glu) amino acid oligomers
and of tryptamine and tryptophan derivatives containing a methyl group directly
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bonded to the nitrogen atom or at different distances from the amino group. The
behaviour of these compounds has also been studied on ready-for-use plates of sil-
anized silica gel (Sil C,4-50 and OPTI UP-C,,) untreated or impregnated with an-
ionic and cationic detergents in order to test the usefulness of reversed-phase chro-
matography.

EXPERIMENTAL

The standard solutions of amino acids, their derivatives and peptides (1-2
mg/ml) were prepared by dissolving the compounds in water-methanol (1:1). The
amount deposited on the layer was between 0.2 and 0.5 ug in the case of Sil C,5-50
(Macherey, Nagel & Co., Diiren, F.R.G.) and between 0.5 and 1 pg for ammonium
tungstophosphate (2 pg for Phe,). The compounds were visualized by spraying the
layers with a 1% ninhydrin solution in pyridine-acetic acid (5:1) and heating the
plates for 5 min at 100°C. N-Methyltryptamine, gramine and N-methyltryptophan
were detected by spraying a 1% p-dimethylaminobenzaldehyde solution in concen-
trated hydrochloric acid-methanol (1:1) and heating the layers at 50°C for 20 min.
The AWP and its layers were prepared as described previouslyl-?, Only a AWP +
CaSO, - 1H,0 mixture in the 4:2 ratio was used.

In order to obtain reproducible Ry values, the plates must be used within 24
h of their preparation. The Sil C,s-50 plates were impregnated with N-dodecylpyr-
idinium chloride (N-DPC) or with dodecylbenzenesulphonic acid (HDBS) as pre-
viously described”. The migration distance was 6 cm for the ready-for-use plates and
10 cm in the case of the inorganic exchanger. The chromatographic measurements
were carried out at 25°C.

The following abbreviations are used: -NHOH = hydroxamate; ~-NHNH,
= hydrazide; -OMe = methyl ester; -OEt = ethyl ester; (OMe), = dimethylester;
~(OEt), = diethyl ester; Trm = tryptamine; Glu-NH, = glutamine.

RESULTS AND DISCUSSION

Ammonium tungstophosphate layers

Layers of AWP + CaSO, - $H,0 in the ratio 4:2 were employed since these
have been found to give the best results both in terms of the compactness of the spots
and the resolution power!-2. The eluents used were aqueous solutions of ammonium
nitrate at different concentrations and 0.5 M nitric acid (see Table I). With all the
eluents the formation of a double front is observed. The first front merges with the
second one at increasing concentrations of the salt or of the acid*. The data of Table
1 show that as the salt concentration in the eluent is increased the affinity sequence
of the different compounds generally does not change.

As regards the amino acid derivatives, the behaviour of the y-substituted com-
pounds of glutamic acid is very interesting. On this exchanger, Glu-y-NH,, Glu-y-
NHNH, and Glu-y-NHOH can easily be separated by eluting with 1 M ammonium
nitrate (see Fig. 1), whereas Glu-y-OMe and Glu-y-OEt exhibit the same chroma-
tographic behaviour. All these five y-substituted derivatives have Ry values smaller
than that of glutamic acid. Therefore the retention seems to be affected both by the
kind of substituent group and by the negative charge due to the carboxylic group.
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TABLE I

Rr VALUES OF AMINO ACIDS AND PEPTIDES ON THIN LAYERS OF AWP + CaSO, - }H,0
AND Sit C;5-50 WITH DIFFERENT ELUENTS

n.d. = Not determined. Me = methyl; Et = ethyl.

Compound AWP + CaSO0, - H,0 : Sil Cyg-50
Acetic acid-methanol-water

1 M NH,NO; 2 M NH,NO, 0.5M HNO, (1:20:79)

Glu 0.60 0.72 0.33 0.96
Glu-NH, 0.49 0.58 0.16 0.95
Glu-y-NHOH 0.40 0.57 0.04 0.95
Glu-y-NHNH, 0.57 0.64 0.21 095
Glu-y-OMe 0.46 0.55 0.18 0.90
Glu-y-OEt 0.46 0.55 0.18 0.79
Glu-(OMe), 027 0.35 0.08 0.43
Glu-(OEt), 027 0.35 0.08 0.34
Glu, 0.35 0.47 0.13 0.96
y-Glu-Glu 0.45 0.54 0.20 0.96
y-Glu-Glu-NH, 0.30 0.40 0.06 0.96
Glu, 0.03 0.08 0.00 0.96
Asp 0.67 0.74 0.40 0.96
Asp-8-NHOH 0.61 0.68 0.31 - 0.95
Asp-(OMe), 0.37 0.45 0.10 0.52
Gly 0.66 0.74 0.40 0.96
Gly-NHOH 0.56 0.65 - Q.25 0.90
Gly-OMe 0.51 0.60 0.2 0.70
Ala 0.69 0.77 0.49 0.96
Ala-NHOH 0.63 0.72 0.35 nd.
Ala-OMe 0.52 0.60 0.21 0.66
p-Ala 0.52 0.60 0.23 0.96
B-Ala-NHOH 047 0.56 0.16 0.91
B-Ala-OMe 0.41 0.50 0.12 0.79
Met 0.50 0.58 0.21 0.84
Met, 0.14 0.22 0.05 0.60
Met; 0.04 0.08 0.02 0.40
Val 0.67 0.78 0.46 0.90
Val, 0.49 0.58 0.20 0.73
Val, nd. n.d. n.d. 0.34
Tyt 0.57 0.64 0.27 0.76
Tyr, 0.23 031 0.11 0.49
Tyrs 0.06 0.10 0.06 0.19
Phe 0.53 0.58 0.19 0.65
Phe; 0.14 0.23 0.05 0.19
Phes 0.03 0.04 0.00 0.02
Phe, 0.00 0.00 0.00 0.00
Tyr-Gly - 0.30 0.43 0.10 0.72
Tyr-Gly-Gly. 0.15 0.27 0.03 0.72
Tyr-Pro-Phe-Pro 0.01 0.03 0.00 0.05
Tyr-Pro-Phe-Pro-Gly 0.01 0.03 0.00 0.07
Trp 0.26 0.36 0.07 0.43
N-Methyl-Trp 0.15 0.19 0.0t 0.45
7-Methyl-Trp 0.23 0.34 0.07 0.28
6-Methyl-Trp 0.32 0.41 0.11 0.28

(Continued on p. 496)
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TABLE I (continued)

Compound AWP + CaSO, - +H,0 Sil Cy3-50
Acetic acid-methanoi-water

1 M NH,NO; 2M NH.NO; 05 M HNO; (1:20:79)

5-Methyl-Trp 0.21 0.29 0.04 0.28
5-Methoxy-Trp 0.17 0.25 0.02 0.35
5-Hydroxy-Trp 0.32 0.43 0.11 0.61
Trm 0.06 0.11 0.02 0.30
N-Methyl-Trm 0.05 0.09 0.00 0.31
Gramine 0.00 0.00 0.00 0.34
5-Methyl-Trm 0.07 0.15 0.00 0.20
5-Methoxy-Trm 0.04 0.07 0.00 0.27

The behaviour of the dimethyl and diethyl esters of glutamic acid, which are more
strongly retained than the corresponding monoderivatives, further supports this as-
sumption.

The y-substituted derivatives of glutamic acid containing nitrogen atoms are
less strongly retained than the methyl and ethyl esters, eluting with 2 A/ ammonium
nitrate. This trend is common to the hydroxamates of aspartic acid, glycine and
alanine. The Ry sequence is always as follows: amino acid > hydroxamate > ester.
This behaviour allows the separation of aspartic acid, glycine and alanine from their
derivatives (see Fig. 1).
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Fig. 1. Thin-layer chromatogram on AWP + CaSO, - ${H,0. Eluent: 1 M NH/NOQ;. Compounds:
I = Glu-y-NHNH;; 2 = Glu-NH;; 3 = Glu-p-NHOH; 4 = Asp; 5 = Asp-f-NHOH; 6 = Asp-(OMe).;
7 = Gly; 8 = Gly-NHOH; 9 = Gly-OMe; 10 = Ala; 11 = Ala-NHOH; 12 = Ala-OMe. m; = Mixture
of 1-3; m; = mixture of 4-6; m; = mixture of 7-9; m, = mixture of 10-12. S.P. = Starting point; S.F. =
solvent front.



TLC OF AMINO ACIDS AND PEPTIDES 497

The hydroxamates and the dimethyl derivatives of aspartic and glutamic acids
can easily be separated from each other, while the free amino acids can be separated
only with difficulty. The same behaviour is observed in the case of glycine and alanine
hydroxamates, and suggests the use of this exchanger in the separation of amino acid
derivatives. It is interesting to note that the eluents are weakly acidic salt solutions
and can be used also with unstable derivatives.

The distance between the amino group and the carboxylic group plays an
important role in the retention of the oligomers of glutamic acid, methionine, valine,
tyrosine and phenylalanine. The retention of these compounds increases with increas-
ing number of amino acid sub-units. A typical example is that of the glutamic acid
oligomers. Glus is more strongly retained than Glu, which is more strongly retained
than Glu, notwithstanding the increase in the number of carboxylic groups on chang-
ing from Glu to Glu, and Glu,. On the basis of the number of carboxylic groups the
affinity sequence of the three compounds should be the opposite of that observed.
The structures of the compounds and, particularly, the disfances between the
-NH7{ group and the two nearest carboxylic groups, support the experimental se-
quence; in fact, the carboxylic group in the y-position gives rise to a constant con-
tribution while the other, whose distance from the -NHj group increases with in-
creasing number of the amino acid residues, determines the affinity of the oligomers
towards the stationary phase. The affinity sequence is not affected by the degree of
dissociation of the carboxylic group which is the same when eluting with ammonium
nitrate or with 0.5 M nitric acid (see Table I).

The smaller retention of y-Glu-Glu with respect to Glu, indicates the higher
influence of the carboxylic group in the «- than in the y-position in decreasing the
affinity towards the stationary phase. The sequence of the Ry values of the glutamic
acid oligomers including y-Glu-Glu-NH,, is as follows: Glu > y-Glu-Glu > Glu, > -
Glu-Glu-NH, > Glu;. The separation of these five compounds with 2 M ammonium
nitrate as eluent is shown in Fig. 2. The separation of Tyr, Tyr-Gly and Tyr-Gly-Gly
(see Fig. 2) is a further confirmation of the high selectivity of this exchanger towards
compounds which differ in the distance between the -NH3 group and the carboxylic
group. Fig. 2 also shows the simultaneous separation of tyrosine and phenylalanine
oligomers. _

As regards the valine oligomers; it should be noted that Val, cannot be detected
even at the 2-ug level; this demonstrates the limits of this exchanger in the case of
compounds with numerous and/or long aliphatic side-chains®-S.

The chromatographic behaviour of tryptophan, tryptamine (Trm) and their
derivatives demonstrates the influence of the substituent group and of its position on
the retention of these compounds. The introduction in the tryptophan molecule of
a -CHj;, -OCH;3 or ~OH group (5-position) results in the following Ry sequence
-OH >-CH3 >-OCHj; which has also been found in the case of methyl and methoxy
derivatives of tryptamine and does not fit with that predicted on the basis of the
substituent polarity.

The position of the methyl substituent results in a Ry sequence: 6-CH; > 7-
CH; > 5-CH;3 > N-CHj;. The strong retention of compounds with a methyl group
bonded to the nitrogen atom, which has also been found in the case of the N-methyl
derivatives of tryptamine, may be explained on the basis of the higher affinity of the
N-alkylammonium ions with respect to ammonium ion towards the tungstophos-
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Fig. 2. Thin-layer chromatogram on AWP + CaSO, - $H,0. Eluent: 2 M NH,NO;. Compounds:
1 = Glu; 2 = Gluy; 3 = Glus; 4 = y-Glu-Glu; 5 = y-Glu-Glu-NH;; 6 = Tyr-Gly; 7 = Tyr-Gly-Gly;
8 = Tyr; 9 = Tyry; 10 = Tyrs; 11 = Phe; 12 = Phe,; 13 = Phe;. m; = Mixture of 1-5; m, = mixture
of 6-8; m; = mixture of 8-13.

Fig. 3. Thin-layer chromatogram on AWP + CaSQ, - $H,0. Eluent: 4 M NH,NO;. Compounds:
= 6-methyl-Trp; 2 = 7-methyl-Trp; 3 = 5-methyl-Trp; 4 = N-methyl-Trp; 5 = Trp; 6 = Trm; 7 =
N-methyl-Trm. m; = Mixture of 1-4; m, = mixture of 4 and 5; m; = mixture of 6 and 7.

phate anion®. The lower solubility of alkyl- and arylammonium molybdophosphate
with respect to the ammonium salt is also known?.°.

Gramine is more strongly retained than N-methyltryptamine; this is a further
demonstration that an increase in the number of alkyl groups bonded to the nitrogen
atom results in an increase in the affinity towards the inorganic exchanger. The af-
finity sequence is therefore as follows: -N-CH; > -N-CH; > -N-H. The separations

I I |

CH; H H
of the four isomers of tryptophan containing a methyl group and of tryptophan and
tryptamine from their N-methyl derivatives are shown in Fig. 3.

Trends in Ry versus the number of amino acid residues. The influence on the
chromatographic behaviour of the number of amino acid residues may be demon-
strated by plotting the Ry, values as a function of this number for the different oli-
gomers. Fig. 4 shows such a plot for methionine, tyrosine, phenylalanine and glu-
tamic acid oligomers. In the case of neutral amino acid oligomers, straight lines are
obtained in agreement with a previous study concerning glycine and alanine oligo-
mers®,

The slopes of the straight lines (see Fig. 4), being remarkably steeper than
those obtained for alanine (~0.2) and glycine (~0.3), show that the retention de-
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Fig.«4. Plot of Ry versus number of amino acid residues on layers of AWP + CaSO4 - H,0. Eluent: 2
M ammonium nitrate. ], Phe (0.72); O, Met (0.63); @, Tyr (0.61); A, Glu. The numbers in parentheses
refer to the slopes of the straight lines.

Fig. 5. Thin-layer chromatogram on Sil C,-50. Eluent: acetic acid-methanol-water (1:40:59). Com-
pounds: 1 = Phe; 2 = Phe;; 3 = Phey; 4 = Phey; 5 = Gluy-OMe; 6 = Glu-y-OBt; 7 = Glu-(OMe),;
8 = Glu-(OEt);; 9 = Tyr-Pro-Phe-Pro; 10 = Tyr-Pro-Phe-Pro-Gly. m; = Mixture of 1-4; m, = mixture
of 5-8; m3 = mixture of 9 and 10.

pends on the kind of amino acid residue. In particular, the retention of the different
oligomers increases with increasing affinity of the constituent amino acids towards
the exchanger. The trends for the glutamic acid oligomers never fit straight lines,
regardless of the ammonium nitrate concentration in the eluent (from 1 to 4 M). This
behaviour can be ascribed to the acidic characteristics of the amino acid which in-
volve, on changing from Glu to Glu, and Gluj, an increase in the number of car-
boxylic groups.

Plates of silanized silica gel

Table I (column 5) lists the Ry values of amino acids and peptides on layers
of Sil C,5-50 eluted with acetic acid-methanol-water (1:20:79, v/v). Even when the
eluent contains very little methanol, most polar amino acids and derivatives run with
the solvent front. Furthermore, the hydroxamates can be detected only with diffi-
culty. Therefore these plates are ill-suited for the separation of such compounds.
Similar results are obtained on OPTI UP-C,, plates eluted with aqueous solutions.

The best results are achieved in the case of methyl and ethyl esters and of
peptides formed by hydrophobic amino acid residues. The chromatogram in Fig. 5
shows the separatiofi of the four phenylalanine oligomers, of the methyl and ethyl
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esters of glutamic acid and of the two peptides Tyr-Pro-Phe-Pro and Tyr-Pro-Phe-
Pro-Gly eluted with acetic acid-methanol-water (1:40:59). The high percentage of
methanol (40%) accounts for the separation of the last two peptides and of Phe;
from Phe, which could not be effected under the eluent conditions given in Table I.

The affinity sequence of the glutamic acid esters is as follows: Glu-
(OEt); > Glu-(OMe); > Glu-y-OEt > Glu-y-OMe which agrees with the hydrophobic-
ity sequence of the compounds. The influence of the hydrophobic characteristics of
substituent groups on the retention is also seen from the comparison of the 5-sub-
stituted derivatives of tryptophan and tryptamine, whose Ry sequence is: ~OH >
~-OCH;>-CHs. In contrast to the behaviour on AWP + CaSO, - 1H,O layers, the
position of the methyl substituent in the molecule does not affect the retention (see
5-, 6- and 7-methyltryptophan). The presence of a methyl group directly bonded to
the nitrogen atom (see tryptophan and N-methyltryptophan; tryptamine, N-meth-
yltryptamine and gramine) does not involve large changes in the Rf values, apart
from a slight decrease in retention. Such behaviour is not correlated to the degree of
dissociation of the carboxylic group; in fact, on eluting with 0.1 A ammonia in 40%
methanol, tryptophan, N-methyltryptophan and S-methoxytryptophan have Rp =

(A} (B)
+2F +t25

he (0,93}
Phe (0,62
R 8(0,62)

+1} +1f

Tyr (0.54)

Val {0.41)

Met (0,48)
Tyr(0,36)

Metioga) | | 0a2)
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Fig. 6. Plots of Ry versus number of amino acid residues on sil C,4-50 plates. Eluents: A, acetic acid-
methanol-water (1:20:79); B, acetic acid-methanol-water (1:40:59). The numbers in parentheses are the
slopes of the lines.
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TABLE 11

SEPARATIONS OF AMINO ACIDS AND DERIVATIVES ON LAYERS OF Sil C,5-50 + 4% HDBS
ELUTED WITH ACETIC ACID-METHANOL-WATER (1:20:79)

Me = methyl; Et = ethyl.

Mixture Ry

Glu-y-OMe/Glu-y-OFt/Glu-(OMe),/Glu-(OEt),  0.89/0.65/0.15/0.04

Gly/Gly-NHOH/Gly-OMe 0.95/0.61/0.21
Ala/Ala-NHOH/Ala-OMe 0.95/0.60/0.30
p-Ala/p-Ala-NHOH;$-Ala-OMe 0.92/0.56/0.30

0.66, the three methyl derivatives Rr = 0.54 and 5-hydroxytryptophan R = 0.81.
Tryptamine and its derivatives, on the contrary, remain at the starting point.

Ry versus number of amino acid residues. Fig. 6 reports the trends in Ry and
the number of amino acid residues for the oligomers of valine, methionine, tyrosine
and phenylalanine when eluted with acetic acid—methanol-water in the ratios 1:20:79
(A) and 1:40:59 (B). In both cases straight lines are obtained, similarly to the cases
of column chromatography of alanine oligomers'® and of the oligo-y-glutamates of
phthalic acid'*. The slopes increase on changing from valine to phenylalanine (see
the numbers in parentheses in Fig. 6) and are closely correlated to the different hy-
drophobic characteristics of the amino acid residues. An increase in the percentage
of methanol in the eluent results in a smaller difference of the slope values as ex-
pected.

Layers of Sil C13-50 impregnated with anionic and cationic detergents

These layers have been employed in order to determine whether the impreg-
nation would result in a stronger retention of polar compounds which on plates of
silanized silica gel alone run with the solvent front. On plates impregnated with 4%
N-DPC, eluted with 0.5 M sodium acetate in water-methanol (20%), slight differ-
ences are observed with respect to the untreated layers. More interesting results are
achieved on Sil C,5-50 plates impregnated with 4% HDBS and eluted with acetic
acid-methanol-water (1:20:79). Besides a more marked retention of the esters of
acidic and neutral amino acids, a higher affinity of the hydroxamates towards the
stationary phase is observed. Under these experimental conditions, glycine, alanine
and f-alanine can be separated from their derivatives (see Table II).
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