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CHROM. 4625 

Bragendorff reactions for visualization of amino acids and amino acid 
derivatives separated by paper or thin-layer chromatography 

Modifications of the Dragendorff reagent are being widely used for detection of 
alkaloids separated by paper1 and thin-layers chromatography. One of these con- 
taining ethyl acetate is of particular importance, since it has been shown that the 
specificity, and especially the sensitivity of the reactions of this reagent may be con- 
siderably increased in both PC and TLC”*4 by spraying the chromatogram with dilute 
sulfuric acid. The advantages of this reagent and the method of sensitization have 
been exploited for the specific detection of certain other basic compounds which are 
not alkaloids, such as adeninec, choline and betaineo. With betaine, similar results 
could also be obtained if the chromatogram was sensitized by spraying with dilute 
perchloric acid instead of dilute sulfuric acid. 

Furthermore, in an earlier communication7 we described a characteristic re- 
action of e-N-trimethyllysine [Me,-Lys] on thin layers with Dragendorff reagent. 
The results obtained with this lysine compound with its dual characteristics of an u- 
amino acid and a quaternary amine, have led us to study the Dragendorff reactions 
of amino acids and their derivatives under PC and TLC conditions in general. 

Materiak and methods 
The samples of amino acids used and their derivatives, were commercially 

available, the &-N-methylated lysines were synthesized690 and several samples were 
donated. The chromatographic paper used was Schleicher & Schtill 20431~; the sor- 
bents were cellulose powder MN-300 (Macherey, Nagel & Co., Dtiren, G.F.R.) and 
Silica Gel G (Merck AG, Darmstadt, G.F.R.). Solvent I: consisted of chloroform- 
metl~anol-zg”/o ammonia (4:4:1) and solvent z of vt-butanol-glacial acetic acid-water 
(4:1:5). 

The polychromatic ninhydrin reagent was made by dissolving 0.5 g of ninhydrin 
in acetone and then adding o.o~jO/~ cadmium chloride. The Dragendorff reagent con- 
taining ethyl acetate was prepared by the method described in earlier communi- 
cations3-s. For PC, the reagent was diluted to twice its initial volume, and for TLC 
it was diluted 4-6 times, 

After spraying with the polychromatic ninhydrin reagent, the thin-layer plates 
were heated at 90” for IO min and allowed to stand at room temperature for 12 11. 
After spraying with the Dragendorff reagent, the papers or the cellulose layers were 
dried and then sprayed with 0.1 N H,SO,, or HClO,. When using silica gel 1.0 N H,SO, 
or HClO, was used. 

Results and discussion 
The Rp values of the amino acids and their derivatives studied under various 

TLC conditions are given in Table I together with their reaction to the ninhydrin and 
modified Dragendorff reagent, It appears from this table that only a few of the amino 
acids or their derivatives give a positive Dragendorff reaction and that many of these 
are uncertain and short-lived, Those amino acids and their derivatives which give 
lasting and even specific reactions with the ethyl acetate-containing Dragendorff 
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TABLE I 

COLOR REACTIOSS AND RI.* X IO0 VALUES OF AMINO ACIDS AND THEIR DERIVATIVES 

Sorbcnts: KG = Srhca Gel G (Merck) ; MN-300 = MN-cellulose powder 300 (Machercy, Nagel & CO). 
Solvent : cl~loroform-mcthanol-z~~O ammonia (4 :4 *I). 
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Sigma Chemical Co., St. Louis, lM0 , U S.A. 
Gift of Dr. MITSUO EI~ATA, Shlonogi ant1 Co., I_.tcl., Osalrn, J<~pan. 

reagent when treated with dilute sulfuric acid will be discussed in detail below. It 
is worth noting that, for most of the compounds, the sensitivity of the Dragendorff 
reagent, like that of the ninhydrin reagent, IS greater on Silica Gel G than on the 
cellulose layer. In turn, the sensitivity on the cellulose layer is greater than that on 
the chromatograpbic paper (see Table II), The compactness of the spot is also greatest 
on the silica gel layer. 

Lysine and its a-h7 and .z-LV-mctl@ated devsvat~vcs. Lysine, tile three E-N-methyl- 
ated lysines and Mea-Lys all give a ninhydrin-positive reaction. While the intensity 



346 

TABLE II 

THIN-LAYER CHROMATOGRAPHY 017 AMINO ACIDS 

NOTES 

Ammo acad Scnsalivaty (pg) 
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0.03 
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0.05 
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of the reaction of Me&-Lys is approximately the same as that of Lys, the reaction of 
Me@,-Lys, and especially of Mee,- Lys, is significantly lower. On the other hand, with 
the Dragendorff reagent Mee,- Lys gave the most characteristic and most intensive 
reaction, and the order of sensitivity is as follows: 

Mea,-Lys > Me8,-Lys > Me=-Lys > Mea-Lys > Lys. 

While Mee,-Lys gives a characteristic betaine reaction (orange-red) with the 
Dragendorff reagent in visible light, the reaction of the Dragendorff reagent with 
Mee,-Lys and Mee-Lys is less marked and only gives a pale yellow color. The same 
may be said about Mea-Lys. The reaction of Lys in visible light is quite weak and 
hardly perceptible. After spraying with dilute sulfuric acid or perchloric acid, all 
three e-N-methylated lysine derivatives give a characteristic purple color, provided 
that, before spraying with the Dragendorff reagent, the solvents and any traces of 
salts have been thoroughly removed from the layers. Sensitivities are of the order: 
Men,-Lys > Mee2-Lys > Mes-Lys. After spbaying with the dilute acid, the reaction 
of Met-Lys, and especially of Lys, fades within a few minutes. 

The positions of Lys and its e-N-methylated derivatives together with other 
proteinogenic amino acids on a two-dimensional chromatogram are shown in Fig. I. 
The modified Dragendorff reagent (together with dilute acid) may be advantageously 
used here for the identification of e-N-methylated lysines on thin layers, since the 
other proteinogenic amino acids, with the exception of the methylhistidines, give no 
permanent reactions. 

Methyl h&id&es. Both I-Me-His and S-Me-His give marked Dragendorff re- 
actions which are more pronounced and lasting after spraying with acid. The color 
of these reactions is easily distinguishable from the colors of the c-N-methylated Lys 
reactions. The &7 data in Table III show that the methylated histidines can be sepa- 
rated quite clearly from the methylated lysines on thin layers, 
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Fig. r, Two-dimensional thin-Iayer chromatogram of protcrnogcnm ammo acids. Sorbcnt * ccllu- 
lost powder MN-300. Solvent systems. I 
development) ; 

= n-bu tsnol-glacial acetic acrcl- water (4 I * 5) (cloublc 
2 = chloroform-mcthanol-25°/0 ammonia (4 4 *I). Whrtc spots are nmhydrm 

positive: black spots are ninhydrm- and Dragcndorff (plus dil. H,SO,)-posttivc. 

Ergothioneine, as an a-N fully methylated histidine-like compound, cannot 
participate in protein formation and thus does not interfere with the examination of 
the components of protein hydrolysates. It is also shown in Table I that under TLC 
conditions this compound is easily separated from both methylated histidines and 
methylated lysines. 

Creatigze and creativtine md other a-amiw acid gztanidiw devivativcs. Me-Arg, and 
to a lesser degree Homo-Arg, are considered to give positive Dragendorff and Saka- 
guchi reactions. The Dragendorff reactions, however, are fairly weak and fade within 
a short time after treatment with sulfuric acid. 

Rf.* X 100 VALUES 01’ AMINO ACIDS 

AMEZ~O ad 

_-- -- -____ 

MN-300 SaZaca C&Z G 
- P-p - _^1__1_ 
SO~VC~ Ia SoZvcnl 21’ Solveltt I .~olzpcI:t 2 

---l_l_ --_ __-__^____- _  

L-Lysinc 57 IO 14 G 

DL-N&kthyllysme 69 15 12 5 
DL-NE-Dimcthyllysinc 89 13 32 
DLL-N&-Trimcthyllysinc 

4 
4g 0 

L-Histiclinc 15 5g : 
L-r-Methylhist~linc 2: r6 SO 5 

L-3-Mothylhrstrdrne 70 I8 G6 3 
-_--_ - ^- _----_-- _ 

8 Chloroform-methanol-25 o/0 ammonra (4 4 I). 
b n-Uutanol-glacial acetic aclcl-water (4 : I 5). 
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171g. 2. Thin-layer chromatogram of sevcrnl urlnc samples Sorbent* Sll~ca Gel G Solvent . n- 
butanol-glacial acctlc aclcl-water (4 : I 5), Rcagcnt ethyl acetntc-contatnlngl~ J_~ragcnclorff reagent 
(plus clil. I-I&SO,). C = crcatlnlnc (5 j(g), r-7 = urlnc snmplcs (I0 itI) 

The behavior of the two guanidine derivatives, namely of creatine and creati- 
nine, deserves special at tent ion. Creatinine gives a characteristic reaction with the 
Dragendorff reagent which remains and even deepens after treatment with dilute 
sulfuric acid. Creatine gives no such reaction. Fig. z shows the thin-layer chromato- 
grams of human urine when treated with the ethyl acetate-containing Dragendorff 
reagent followed by spraying with dilute sulfuric acid. IO--20 ~1 samples were ap- 
plied. The test can be carried out without preliminary desalting, since none of the 
other components give this reaction. The Joffe reagent, on the other hand, reacts 
with the other components of urine as welllo. 

Summing up, it seems that the positive Dragendorff reaction with certain 
amino acids and their derivatives in PC and TLC could be developed into an identifi- 
cation method for these substances. 
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