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INTRODUCTION 

Further paper-chromatographic data, to those already presented19 2 for approximately 
700 compounds mainly belonging to the series of phenol derivatives, hydrosylated 
heterocyclic compounds, e., d. indole derivatives, metabolites of aromatic amino acids, 
products of vegetable and mould origin and some compounds of pharmacological 
interest, are presented in this paper, 

As before, sis solvent systems were used throughout, but instead of ten standard 
colour reagents for identification purposes, the number of colour reagents was 
increased to twelve, including two Ehrlich reagents, in order to cover the colour 
reactions of a number of amino derivatives of the above-mentioned compounds studied 
in the present investigation. The systematic presentation of compounds is somewhat 
more heterogeneous than previously, the main reason being that some of the available 
sources have been eshausted. The data were obtained and recorded under as uniform 
working conditions as possible in order to be comparable with the information 
presented earlier. The main reason for this investigation, in addition to providing the 
characteristics of each compound in a given system, has been to evaluate more closely 
the connection between the chemical structure of the compounds and their different 
colour reactions, and the relationship between the structure and RR- values in different 
solvent systems. In general the values are in agreement with previous findings, with 
few exceptions so far, and the recorded data fit the picture fairly well, as regards the 
I,Z-, 1,3- and 1,4dihydric phenol derivatives, which give characteristic colour patterns. 
The chromatographic behaviour of monohydroxylated pyridines, quinolines and more 
comples ring systems such as phenothiazines and acridines show a typical maximum 
of RF values in solvent R, when compared with solvent A; this seems to hold as a 
general rule, The alkaloids investigated in the previous paper behave similarly in this 
respect. The RF values and the colour code provide a method for distinguishing 
between these heterocyclic types of compounds. 

* For previous papers in this series, see refs. I and 2. 

J. Chromalog., 13 (zgG4) 475-496 
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For one-dimensional descending chromatography rectangular glass jars of size 
20 x 30 x Go cm were used. Whatman No. I filter paper of dimensions 24 x 4s cm 
was used throughout the esperiments and the composition of the sis solvent systems 
is given in the section “Abbreviations used in the Tables”. 

S?ra_lf roqc9t ts 

The following twelve standard spray reagents were used to detect the compounds: 
Diazotized sulphanilic acid (obtained from Th. Schuchart Co., Munich) ; diazotizecl, 

4-benzoylamino-2,g-dimethosyaniline (Light Chemicals Co., England) ; diazotized 
o-dianisidine (Light Co.) ; p-nitrobenzenediazonium fluoborate (Eastman Kodak, 
U.S.A.) ; z,6-dibromoquinone-4-chloroimide (British Drug Houses Ltd., England) ; 

2,4-dinitrophenylhyd.razine ; ferric chloride ; phosphomolybdic acid: potassium 
permanganat e ; brornophenol blue ; $-dimetl~ylan~inobenzaldel~ycle ; and #-dimethyl-. 
aminocinnamaldehyde (Heidenheimer Chemisches Laboratorium, Heidenheim-Brenz, 
Germany). For the composition of these reagents, see the section “Abbreviations used. 
in the Tables”. 

For detection of indoles the following three reagents (Frinton Laboratories Inc., Vine-. 
land, N. J.) were tried out : $-N,N-bis(z-chloroethyl)-aminobenzaldehyde (abbre- 
viated as E3), 2-cl~loro-~-N,N-bis(2-cl~loroetl~yl)-aminobenzaldehyde (E4) and 4-. 
N,N-bis(a-chloroethyl)-amino-2-tolualdehyde (Es). The best results with respect 
to colour development were obtained by dissolving these compounds in cont. HCl.. 
Reagents E3 and Es behaved similarly giving red-violet or blue-violet colours,, 
although there were a few marked differences with certain compounds. Reagent E4. 
gives predominantly blue to green shades. A comparison of these reagents with the. 
reagents EH and DAC used earlier is given in Table XVI. However, some caution 
should be esercised in interpreting the colour differences as these reagents react very 
rapidly in this medium and in most cases ran through many shades in a few seconds. 
They should therefore be tested together with a number of known compounds, when 
applying them to unknown substances. Consequently, the values in Table XVI serve. 
only as guiding values among several other possibilities, it being almost impossible. 
to record them all. Reagent E4 should be prepared immediately before use, in order 
to avoid background colorization. When these three reagents were dissolved in I N 
HCl colour development was too slow. 

For detecting aldehydes, a number of aromatic amines were tested. The overall 
picture is presented in Table XVII. Primary aromatic amines are known to condense, 
in acidic solution with aldehydes forming coloured compounds, e.g. Schiff base&&‘. 
The formation of coloured Schiff bases was instantaneous in most cases, and an\: colour 
changes with time were recorded as indicated in the footnote to Table XVII. No. 
heating was required to develop the colours. The freshly recrvstallized amines were 
made up as a I-O/~ solution in 2 .N I-ICI prior to spraying.* In the cases ‘of benzidine, 
o-tolidine and o-dianisicline, saturated solutions in 2 N HCl were used. The following. 

* Caution in handling of aromatic amines, see ref. II. 

J. Clrromnto~., I3 (1964) +75-_1gG. 
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amines were used for the detection and recording of the colour sequences given in 
Table XVII : o-phenylenediamine, nt-phenylenediamine, $-phenylenediamine, 2,4- 
diaminophenol, p-anisidine, o-toluidinc, fi-toluidine, x-naphthylamine, /3-naphthyl- 
amine, benzidine, o-tolidine, dimethyl-+phenylenecliamine, p-aminoacetophenone, 
4-amino-antipyrine, r,z-diaminonaphtha1en.e and 2,7-diarninofluorene. Yellow, 
orange, red and brown colours were generally obtained. o-Yhtl~alaldel~yde gave 
predominantly grey and green colours, except with o-toluidine where a transient 
red-violet colour was observed. Another red-violet coloration was obtained when 
I ,2-cliaminonapl~tl~alene reacted with cinnamaldehyde. 

The following compounds were also tested under similar conditions, but are not 
recorded in the tables. However, some useful information is given below, when marked 
differences were noted. 

Plzmyll~ydrazine. This reagent gave green colours with terephthalaldehyde, cinna- 
maldehyde, salicylaldehyde, 3_hydroxybenzaldehyde, and 2,4-dihydroxybenzaldehyde 
and grey colours with piperonal and 4-methosybcnzaldel~ycle. 

rV-( r-lVa~1ztlzyl)-et/zyzylclzedianzilze. This reagent gave a red-violet colour with o- 
phthalaldehyde and was rose pink with cinnamaldehyde and o-veratraldehyde. 

Axobelzze~ae-ghhelayZ?~y~~~z~~acs~~~~~o?~~c acid. The reaction with 3-indolealdehyde 
and 2,4-clihydroxybenzaldehyde was green. 

1,5_Dianzi7207za~lt~za~c~ze. There was a rose-pink colour with coniferylaldehyde. 
2,3-Diallzi~oo72a~~~tj~a~e~ac. A brown coloration was given with 4-acetoxy-5-methoxy- 

isophthalaldehydc and 2,5-clil~yclrosyl~enzaldehycle. 
2,;;-Dianai7ao?za~hthale7ac. This reagent was green with o-phthalaldehyde, brown with 

terepl~tl~alalclehycle, and carmine with 4-acetoxy-5-methoxy-isophthalaldehyde. 
3,3’-DiaMai?aobe1z,-idi?ze. Orange colours were given with 3-indolealdehycle and 2,5- 

dihydrosybenzaldehycle; with coniferylaldehyde the colour was rose-pink and brown 
with cinnamalclel~yclc and 4-acetosy-5-methoxy-isophthaldehyde. 

2,G-Dibromoquinone-4-chloroimide (DB) reagent was found to be useful for the 
detection of phenylthiohydantoin (PTH) clerivatives of amino acids (Table XV), produc- 
ing red and brown colours, and ii1 some cases ii enabled one to distinguish between differ- 
ent PTH-derivatives, The sensitivity of the reagent seemecl to be acceptable; 
furthermore it wa.s ca?~y t-p 0 prepare, and the spots appeared almost instantaneously. 

For detecting hippuric acicl derivatives a 2 “/ solution of recrystallizeci~-diethyl- 
amfnobenzaldehyde (DAB) in acetic anhydride was usecl2,6 and the results are 
presented in Table XIII. In a few cases ,weak colorations were observed with com- 
pounds other than the hippuric acid derivatives described in this paper. Pale yellow 
colours were produced by: 3,4,5-trimethoxy-aniline, /3-3,+dimethoxyphenyl-ethyl- 
amine, 2,3diaminopyridine, 2-cluinoline-4-carboxylic acid, 3-indoleacetic acid methyl. 
ester, 5-methoxygramine and N-methylanthranilic acid. Compounds such as 5- 
hydroxy-3-indoleacetamide, N-methyltryptamine, N,N-dieth.yltryptamine, 5-fluoro- 
tryptamine, tryptophol, tryptophan methyl ester andergotamine, after treatment with 
DAB reagent, showed yellow colours only under U.V. light, 

The general paper-chromatographic procedure foll.owed essentially the same 
principles as described earlier 1. The colour reactions were recorded as numbers, 
foll.owing the “Derwent” coloured pencils indes of Cumberland Pencil Co., Keswick, 
England. The descriptions of these colours is found under the heading “Colour index 
for the Tables”. 

J. Chrowuzlog., 13 (1964) 47p.+gG 



The compounds listed in the tables, except the PTH- and DNP-amino acid 
derivatives, were mainly obtained from commercial sources. 

The hippuric acid derivatives listed in Table .X111 were synthesized by the author 
using the methods of SHEEHAN AND HESS; ancl I*ro AXD X\~EIIAXI~S~, wherebv glvcine I ” 
ester is condensed with an aromatic acid, in the presence of dicyclohesyl-carbodiimide, 
and the ester is then hydrolysecl to yield the corresponding aroylglycine. 

GUIDE TO TABLES I-XV 

Tables J-XIII prcscnt the infbrmation compiled for approsimatelv I 70 organic compouncls, 
investigated by the procedure outlined above. Tables SIV and SV give only the RI.* values for 
3.5 amino acid derivatives. The Rp values are recorded in six different solvent systems designated 
by I?, E, A, B, C and D. For the composition of these solvents, set the list of abbreviations given 
below. Under the heading “Dctcction” (columns 2-13) the colour reactions arc rccordcd for 
12 different reagents usecl for the identification of each compound; in addition, the colour produced 
in ultraviolet light is indicated in the first column under this heading. The amount of substance 
used in these experiments was 25-50 y per spot, which produced different colours when the reagents 
were applied. These colours are referred to by numbers, the explanation of which is found in the 
colour indes. Por abbreviations and the composition of the reagents, the rcadcr is rcfcrrcd to the 
following section. 

Table I Monohydric phenols and their derivatives. 
Table II I ,a-Dihydric phenols and their derivatives. 
Table III I .3-Dihydric phenols and their derivatives. 
Table IV I .4-Dihydric phenols and their derivatives. 
Table V Trihydric phenols. . 
Table VI Naphthalene ancl quinoline derivatives. 
Table VII Benzoic and phthalic acid derivatives. 
Table VIII Aromatic non-phenolic and heterocyclic monocarboxylic acids with the COOH group 

in the side chain, and their derivatives. 
Table IS Aliphatic and hcterocyclic amino acid derivatives. 
Table S Riologically active nitrogen compounds, e.g. biogcnic amines etc. 
Table XI Indolc derivatives. 
Table XII Miscellaneous compounds. 
Table XIII Hippuric acid derivatives. 
Table XIV 2,4-Dinitrophenyl derivatives of amino acids. 
Table XV I?%enylthiohydantoins of amino acids. 

Owing to the lack of space in the tables, the RI.- values have been m.ultiplicd by IOO and recorded 
as 12, 56, SS, but should be read: 0.12. 0.56, 0.5s etc. The colovrs produced by the reagent are 
recorded as numbers and the corresponding shades can be found in the colour index. The -sign 
indicates an uncertain reaction, which was too weak to cleservc colour estimation. Reactions with 
the rcagcnts Mn and Ind are only indicated by the signs: -, + or + +. The + + sign means 
that a positive reaction was obtained immediately. In the few cases where the colours are recorded 

by a number placed on top of another number, e.g. ;; 
1 
, this indicates that immediately upon 

spraying a violet spot (24 in the colour index) appears which, within a few seconds, turns to light 
brown (57 in the colour indes). Usually most colours are unstable and after some time talcc on a 
brownish tone; this is to some cstent caused by the chemical influence of other reagents used in 
the vicinity. This change in colour is not recorded in the tables, nor is there any column for those 
compounds that, at this low concentration, are visible on the chromatograms because of their 
own colourt 

The various compounds listed in the tables have been arranged as far as possible according 
to the following principles : 

(I) Fret phenols together with their mcthoxy- and alkyl-derivatives; (2) the corresponding 
amino- and nitro-derivatives ; and (3) further derivatives in the order: hyclroxymcthvl, lccto, 
aldehyde and finally monocarboxylic acid derivatives, derivatives with a carboxylic acid group 
in the side chain and dicarboxylic acids. 

J. Chronanlog., x3 (1964) 4.75-496 
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ABBREVIATIONS USED IN TABLES I-SVII 

Chronratographic solved systenls 

A = 1Mcthyl isobutyl ltctone-formic acid-water (I0 parts ltctone saturated with I part 4 Ok formic 
acid) 

13 = Chloroform-methanol-formic acid-water (IO parts of chloroform saturated with a, mixture 
of 1 part methanol and 1 part 4 o/o formic acid) 

C = Bcnzcnc-ethyl methyl It&one-formic acid-water (a misture of 9 parts bcnzcne and I part 
lcctone saturated with I part 2 oh formic acid) 

1) = Benzene-formic acid-water (IO parts bcnzenc saturated with I part a y0 formic acid) 
E = Ethyl methyl ketone-diethylarninc-water (921 : 2 : 77 parts by volume) 
F = Ethyl methyl lcctone-acetonc-formic acicl-water (40: z : I : G parts by volume) 

I?en.ge&s usecl fov detection 

U.V. = Ultraviolet light 
13 I = Diazotizcd sulphanilic acid (0.3 o/0 solution in diosane-water I : 2) 

132 = Diazotized 4-benzoylamino-z,5-dimctA1oxvanilinc (o.G o/o solution in dioxane-water I : 2) 

D3 = Diazotizccl o-clianisiclinc (0.6 y. solution i;l dioxane-water I: 2) 

I)4 = $-Nitrobcnzenecliazonium tluoborate (0.4 y. solution in diosanc-water 1 : 2) 

1.) 13 = 2,6-Dibromoquinonc-q-chloroimidc (0.5 o/0 solution in dioxanc-acctonc 4: I) 
DN = 2,.~-Dinitrophcnylhyclrazinc (cu. 0.1 o/o solution in I 1V I-ICI) 
LTC = Ferric chloride (2 o/o aqueous solution) 
MO = l?hosphomolybdic acid (2 o/o aqueous solution) 
Mn = Potassium pcrmanganatc (I y. aqueous solution) 
lnd = T3romophenol blue (ca. 0.05 y. solution in ethanol) 
El-1 = Ehrlich rcagcnt (I y0 p-dimctl~ylaminobcnzaldchycle in I N I-ICl) 
DAC = p-Dimcthylaminocinn~malclchyclc (0.1 oh solution in I N I-ICI) 
DAB = p-Dimcthylaminobcnzalclchyclc (2 o/o solution in acetic anhyclriclc) 

Special 1?eapats used fov detection 

E3 = p-N,N-Bis-(z-chlorocthyl)-aminobenzaldehyde (2 y. in cont. I-ICI) 
E4 = 2-Chloro-4-N,N-bis-(2-cl1loroethyl)-aminobcnzalclcl1yclc (2 y. in cont. EiCl) 
E-5 = ~~-N,N-Bis-(z-cl~loroeth~l)-amino-z-tolualdcl~yde (2 T/o in cont. FICl) 

The colours produced by the action o! cliffcrcnt reagents on the invcstigatccl compounds, prcscnted 
in Tables I.-SVIT, have been recordccl as numbers, according to the tollowing cocle: 

01 Zinc Yellow 
02 Lemon Caclmium 
03 Gold 
04 Primrose Yellow 
o-5 Straw Yellow 
00 Deep Cadmium 
07 Naples Yellow 
08 Middle Chrome 
09 Deep Chrome 
IO Orange Chrome 
11 Spectrum Orange 
r2 Scarlet Laltc 
13 Pale Vermilion 
I4 lkcp Vermilion 
I.5 Geranium Lalcc 
SG Flesh Pink 
17 Pink Madclcr Lake 
18 Rose Pink 
19 Madder Carmine 
20 Crilnson Laltc 
21 Rose Macldcr L,alce 
22 Magenta 
23 Imperial Purple 
24 Reel Violet T,alcc 

25 
26 

27 
2s 

29 

;‘: 
32 
33 
34 

;z 

,“z 
39 
40 
4 1 
42 
43 
44 
4.5 
46 
4 7 
4s 

Dark Violet 
T.ight Violet 
Rluc Violet Lalrc 
Delft Uluc 
Ultralnarinc 
Smalt Blue 
Cobalt nluc 
Spectrum Blue 
Light Slut 

Sky Blue 

Prussian Blue 
:Incligo 
Oriental Blue 
Kingfisher Rluc 

Turquoise 131uc 
Turquoise Green 
Jaclc Green 
Juniper Green 
Bottle Green 
Water Green 
Mineral Green 
Emcralcl Green 
Grass Green 
May Green 

49 
50 
5 1 
52 
53 
54 
5 5 
56 
57 
58 
59 
GO 

Or 
62 
63 
‘54 
65 
65 
67 
GS 
69 
70 

5: 

Sap Green 
Cedar Green 
Olive Green 
Bronze 
Sepia 
Burnt Umber 
Vanclylcc Brown 
Raw Umber 
Brown Ochre 
Raw Sienna 
Golden 13rown 
13urnt Yellow Ochre 
Copper Beech 
Burnt Sienna 
Vcnctian Red 
Terra Cotta 
Burnt Carmine 
Chocolate 
Tvory Black 
Blue Grey 
Gunmetal 
French Grey 
Silver Grey 
White = colourless 

J. Clr~wnrntog, 1 I3 (rg64) 475 -4.96 
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PAPER-CHRO>IATOGRAPHIC SEPARATION AND IDENTIFICATION OP SOME 

MONOWYDRIC PHENOLS AND THEIR DERIVATIVES 

- 1~1 121 63 ) 42 1 - - 27 30 ++ 

G4J G5 65 
56 - - + 03 53 - + GS ++ 
55 - - 0.1 07 - - - Gg ++ 

55 + 5S 55 5s 55 - Go ;; 

59 G3 G3 25) 55 ~2) - 55 55) +-t 

55 56 62 63 G4 - - - 03 ++ 
65 

70 OS 59 G5\ 59 - - 24 50’1 ++ 

94 

94 a,G-Di-tart.-butylphcnol 

30 o-Acctaminophcnol 

02 

00 $-Acetaminophenol 

00 

00 

OS 

p-i\Ietl~ylaminopl~enol 
4-Amino-3-metliyl.plicnol 
a-Amino-4-nitroplienol 

OS 2-Amino-5-nitroplienol 

70 4-Amino-z-nitrophenol 

=7 +.bisiclinc 

41 o-Dianisidine 

56 4-Nitro-o-anisidine 

56 g-Nitro-o-anisicline 
56 a-Nitro-fi-anisidinc 

22 g-Hyclrosyinclole 

ss 

GS 

a-Nitro-3-hyclroxyaccto- 
plicnone 
Salicylalclosin~c 

44 
GO 
2 _} 
71 

26 

1 5 

00 

Salicylamicle 
5-Bromosalicvlic acid 
5-Nitrosnlicyiic acid 
3-Hyclrosy-benzoic acid 
mctllyl ester 
3-Hyclrosy-4-nitrobcnzoic 
acid 
3,5-Dichloro-4-hyclrosy- 
bcnzoic acicl 
5-H~~clrosynnthranilic acicl 

S‘j. 
01 

o-Rlctliosyplicnylacctic acid 
wr-Hyclrosypl~cnylacctic acid 

03 

7G 
Gg 
00 

OS 

vrz-Hyclrosypl~cnylpropionic 
acicl 
o-Mcthosycinnnmic acicl 
w-Mctl~osycinnamic acid 
dl-~-Ilydrosymanclclic acid 

(‘i 
o-Mctl~osyninnclclic acid ‘;’ 

95 93 95 95 95 - -- 

95 93 94 95 95 - -- 

89 SS 54 75 64. 

57 s4 79 20 I7 

83 SI 72 og 07 

34 Sj 13 16 00 

4.0 s2 IO 12 03 

92 65 92 50 57 

94 Sg 92 5G 57 

91 s2 s7 SG 7s 

49 SO 27 79 24 

72 SS 4S 93 53 

- 03 -t- 

- - Go 

- 52 21 

- 07 21 

- OG 23 

- 

- 09 I9 

- 09 I9 
631 531 

56 63 - - .jG 50 - 53 ++ - J5\ 23 
201 G.=i 

92 90 94 90 9” Gj - - - - - - _- - + _._ 12’ 63’ 
25 

Gj_--_-__-_-- + _ oiIg 
1 

G4----57--- + - :[24\ 
92 91 95 91 92 
93 91 92 92 s9 

92 91 S7 43 59 

9G 53 94 93 S9 

95 9T 93 89 ss --- 63 - 031 - 

41 I 
33 07 OS Gj IO 41 - 

34------ 
2G-_--_-- 
- OS 62 63 12 43 - 

G5 I 
59 + OS 5G G3 4S - 

---- OS 40 - 

G3 I 
34 07 - 24 03 - - 

1 1 ,. F5 G4 
------- 

54 OS ++ - -- 

92 7g SG 76 Gg 
95 G5 93 SS 57 
93 G7 S7 7G 77 
S9 92 91 s4 S7 

92 OG 92 83 73 

94 93 93 74 70 

81 cl0 4s 00 00 

93 I4 S9 SS S7 
91 05 s7 19 22 

93 10 8s 37 41 

- 
- 

-t OS 

34 1 
-_ 

+ + - 57 

57 ++ + - - 

4 -t_ - OG 34 

-- 
= _- 

- - 

- OG 1 12.65 091 
- - 

33 ” 
05J 35 1 25 

-- - - - - - 

+ -- 

9.5 16 94 9* 90 
9.5 14 94 90 S-1 
55 04 57 02 02 

s7 02 7s 7G 39 

= 11 
+ - --T:,, 

++ - -LA 

33 _ -- - - -- - - - f _I_ 
- OS 12 - 03 71 + -1_ 

64 
-------- 5s - + 

-- ---.--._*_-- ..e-....----._I ---__ _ 

(cortlit~rrcri 011 p, @I) 

.I’. C?r~ot?rnfo,n.. I 3 (r:gG4) 475-49G 
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TABLE I (continued) 

lip vnlrtcs x 100 Detection 

F E A B G D 
Corrlporc7lds -- 

V.V. Dr D2 D3 D.j DB DN Fc MO nrn Ind EN DAC 
-- -._ 

go 18 7s OS 4G 05 
92 09 76 54. 35 04 
93 91 S9 75 G3 25 

91 IO gr 7I 53 II 

GS 57 20 01 00 00 

85 00 s3 00 00 00 

91 76 58 58 ss 87 

72 Cq 583 GS 24 15 

45 15 12 14 00 00 

,nz-~Mcthoxymandelic acid - - 
$-Mcthosymanclclic acid -- 
5-Hyclrosy-3-inclolylscetic - I7 
acid methyl ester 
j-Mcthosy-3-inclolylacetic - 03 
acid 
5-I-Iyclrosy-3-inclolyl- + G4 
acctamidc 
5-I-Iyclrosyisophthalic acid - 09 

a-Chloro-G-hyclrosypyridinc - - 
2-Mcrcaptopyriclinc G3 - 

4-iUercaptopyriclinc 03 05 

23 23 G4 
G5 1 

- 63 Go 

--- 
-- 62 - 

og II oG 

- Go 

GS - 

59 - 

-- 

’ 51 ++ 
G9 j 

- 2; 
I 

++ 

+++ - -- - 

- 
+ 

34 30 1 
26 1 :; 
27 30, 

TABLE II 

PAPER-CHROMr\TOCRAPlIIC SEPARATION AND IDENTIPICATION OF SOME 
X,2-DIHYDRIC PHENOLS ANI? THEIR DI%RIVATIVES 

Rp wlues x 100 Detect iorr 
Co,rt~>olrrtris _- 

F IT rl L3 C D U.V. DI Dr. D3 D4 DB DA’ Fc MO nrtc Ind EIi DAC 

94 94 92 56 56 GG 

93 69 93 SS S3 7-i 

go 04 s2 59 jz I2 

91 C-1 79 59 2S 05 

S7 ox 7G 13 05 oo 

1 \iO 00 25 00 00 00 

77 03 47 04 02 00 

7!! 03 4s 05 04 00 

4-IsopropylpyrocatcclIoi 

g-Nitropyrocatechol 

3-Mcthosy-4-hyclrosyphcnyl- 
ncctic acid = homovanillic 
acid 
3-I-Iyclrosy-d.-mctliosy- 
cinnamic acid 
3,4-Dihyclrosypl~cnyl- 
propionic acid = hydrocaffeic 
acicl 
dl-3,4-DiliyclrosyInanclclic 
acid 
3-FKyclrosy-,I.-nIctllosy- 
mantlelic ncicl 
q.-Nyclrosy-3-mcthosy- 
manclclic acid 

- a--] 24 +) 2;) 25 + + 22) + + - I7 I7 

5G 071 63 65 GS - 45 Gg + - 03 5s 
I9J 09 

- - G3 33 - - Gg + + -- 

+ -- 

+ - - 

+ - - 

J. Clwowaiog., 13 (1964) 475-496 
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PAPER-CHRO~IATOGRRPHIC SEPARATION AND IDENTIPICATION 
I,3-DIHYDRIC PHISNOLS AND THEIR DISRIVATIVES 

OP SOhlE 

I. --- ---.-._---.---. - .---.--._- .____ _.___..___ _.__--__._-.._.._. _. _______________ - :.* 

I\‘J,. vnllcl~s x IO” 
>I 

Dcfrcfioir 
Corllportrlrls I__.-_.-- ___--.--_. --- 

1; B cl J3 c I’ U.V. DI Do D:j I>4 DB UN PC MO Mtr Illd BH DAC 
---_----.-~ ---- ..--..-.... ..-...-----. - ._.-_ - .._... ..-. -----.---------..__--- 

87 32 G7 IG TJ. 00 

64 05 32 17 04. 00 
89 so go ss 87 05 

94 20 92 3G 49 03 

94 35 94 92 90 iI 

92 24 S9 90 Ss 74 
5s 00 26 SI 04 04. 

62 oo IO oo oo oo 

4-Nitrosorcsorcinol 

2,4-Dinitrosoresorcinol 
2,4-Dihyclrosyprol~iopl~cnonc 

5-Bromo-2,4-dihyclrosy- 
bcnzoic acid 
4-Ethoxy-2-hyclro.sybcnzoic 
ncicl 
2,4-Dimcthosybcnzoic acid 
2,G-Dihyclrosypyriclinc 

2,G-Dihyclrosyisonicotinic 
acid 

SG ;g) a) 6s :;I -I- - - 69 + + - - - 

55 .jS 5s’ 59 + .j2 + 43 43 + + - - - 
34 ;;) 2:) 2;) “0’1 ;;) OG Q) ;;) + -I- - - - 

- oG) 19 24 12 - - 241 - ++ + - - 
59\ G3 G.j 1 ) ?-‘/I 

- 5G 02 G4 og - - 23 + + + - - 
I 

5, ;I x, z $12; q z E) Q-Y 2 21 i] 

40 OG 14 141 06 2.j - - -k + f - - 
OS I 021 

PAPER-CHROhYATOGRAPHIC rjEPARATION AND IDENTIFICATION OP SOME 

I,L~-DIHYDRIC PHENOLS AND THEIR DERIVATIVES 

94 Sg gz q.G 61 12 2-l3romohyclroquinonc -- +Go5g----_I 1 + --- 
69 

S7 S4 SI 93 S3 7s a,G-Dimcthoxy- I ,4-bcnzo- 57_-----_- - - __. 
quinonc 

92 SS 59 SS 8-j S3 2,5-Dimethoxybcnaoic acid +___-_--- _ ++__ 
73 OS 42 OS 04 02 3,6-Dihyclrosyl~hthalimiclc 40 07 II II Go 5G - jT cig\ ++ - - - 

031 

TABLE V 

PAPER-CWROMATOGRAPHIC SEPARATION AND IDENTIFICATION OF SOME 

TRIHYDRIC PHENOLS AND THEIR DERIVATIVES 

ajz volttrs x 100 D&cl iotr 
-.-- 

F E A B C D 
Corrrporrtlds 

U.V. Dr DA? Dg Dq DB DN Fc ITIO M 1) II& EH DAC 

75 08 62 oo 02 oo r,2,4-Trihydroxybcnzene 5G + + .sG ~6 SG 55 54 6S -1 + + - + 27 

Sg 3g SI 56 26 OG 3,4-Dihydroxy-5-methosy- - 57 59 60 59 43 1 og 70 :: 1 + + - - 2 
bcnzaldchyde 

85’ 4I 64 03 OI oo 2,4,6-Trihyclroxybcnzoic acid - IO 60 63) 25) 23 651 12 2G :I, - 25) 2$ ;I, 391 ++ ++ IS ] 23 30 ) 25 
:3S 03 77 75 2S 06 3,9-Dimcthosy-4-hydroxy- 3S v) G3 ~2) ~2) 25 - 21 + + + - 

cinnamic acid 
‘75 S3 52 94 5I ‘35 

= sinapic acid 
;;] 

3,4,5-Trimcthoxyanilinc 

--& 

+ 5s 55 6; 1 64 7r - - 52\ ++ - 07 Ig? 
G4 

(OS 
701 

00 00 00 00 00 Tctrahyclrosy-p-bcnzoquinonc + - 5s - - - - - 70 - - - - 

J. C/wo~fo~., 13 (1964) 475-496 
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TABLE VI 

PArER-CIIROhlhTOGRAPWIC SEPARATION AND IDYWTIPICATION OF SOME 

PiAPHTHALTtNE AND QUINOLINE DERIVATIVES 

.,,,F _--. ._. _.-.------ ---__ll__- -.-..._-_- _. 

IZli’ va111cs x ,on I~elcctiorr 

F G A -5 c 13 
Colrrpozcnds ____-_--_--__.__ 

U.V. 49x LJZ i33 J3q II.5 DN I;c MO rtln fnd EN DAC 
----~ -_---._----- __._.-_--- ..-. -_-_-__I- - 

95 94 S3 77 oG 04 I-domino-2-naghthol 
88 91 so fjjj 36 og z-Amino-j-naphthol 

93 09 90 53 37 01 2-X-Iyclrosy-G-napfithoic acid 

94 3G g2 33 3G 01 3,~-ll)il~yclrosy-2-naphthoic 
acid 

57 S5 29 5G 07 01 5-Nyclrosyisoquinoline 

84 GS GS 25 00 00 1,5-D~l~yclroxyisoc~uinolinc 

79 00 37 OS 0.5 00 2-Hydro.syquinolinc-q.- 
carbosylic acid 

57 Go .?xJ 56 56 - 23 5G 53 ++ - OG 64 
33 M) ;;) G5 %) %3) - 50 GS ++ - OS w) 

33 x3 :;I Z”,) ;;} $;j - Go 30 + 3 + - - 

OG M) 24 ;z) ;f) 63) - ;;) 2;) + + + O5 - 

34 =) 20 z;} %) ;;I - 71 GS + + - - - 

34 v) @) %) 25) 39 - 26 GS ++ - - - 

3‘p_L-_-__.--- + -- 

PAPl’.R-CWRO~lATOGRAPIiIC SEPARATION AND IDENTIFICATION OF SOME 

UENZOIC ACID DERIVATIVJEi 

85 84 
93 93 
Sl gr 

55 92 
93 g5 
92 SS 

Sa s4 
so 49. 

85 s3 
93 93 
74 GG 
7S 70 
93 92 
S7 SO 

39 
00 

84 G_j 2,G-I~ichlorobcnzoic acid 
24 0s fi-Hyclrazinobcnzoic acid 

nl-NitroLxxwyI aIcohol 
o-Aminoacctoplicnone 
9~z-~~rnino~~c~to~hcnonc 
Gil-r-\minobenznlclchycl~y~~ 
o-Nitrobenzalclchyclc 
Thiobcnzoic acid 

N-Mcthylnntlwanilic acid 

z-Amino-.t-Inct1;yl~cnzoic 
acid 
2-Amino-g-mcthylbcnzoic 
acicl 
3-t\mino-4-metI~yl~~n~oic 
acid 
4-i\mino-3-methylbcnzoic 
acid 
3,.i-Dimcth~~lantliranilic acicl 
3,4-Diaminobcnzoic acicl 

2,5-TXnitrobcnzoic acid 
3-Nitrophthnlic acicl 

f- 
OS 24 
06 Y.g 
OG 22 

04 23 
-- 

27 

35) 
57 
- 

+ 
- 

06 23 

-+ 
09 23 

25 
5S - 
A- 

91 
S9 

- 

39 

-- 
- 59 

-- 

G3\‘ - 
.+I 
r2\ OS 
GzJ 
G4 I2 

86 93 

92 57 

gr S‘l. 

56 s&j 06 - j, 1 33 94 

OS - 7S 50 

7S 52 

33 94 f il. 

IS 33 06 - G2 OS GO - 5s 30 -I--+ 94 

fj,t t 2 90 66 

SS 68 

G.\ 00 

231. 59 
5Gl 
-- 

S9 92 
33 oG 

- 
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TABLE VIII 

PAPER-CHJZOMATOGItAPI~IC SEPAIZATION AND IDENTItZICATION OF SOME AROMATIC NON-DHENOLIC AND 

EIlXCEROCYCLIC MONOCARBOSYLXC ACIDS ~\\‘fTH THE coo13 GROUP IN THE SIDE CHAIN, AND THEIR DERtVATtVES 

-.--- ____--_-__-__-_- --.--_--- I- ,:I,. 
Rp vnlztcs x 100 Dclccliotr .::.J,o 

C0~~lpOtU;fk -. ,...-_- 

P B A l3 c u U.lj. UI Ur D:g i., 013 DN 
-- 

I;c MO MIl Itrd EN I>AC 1 ---_I_--_- _.-_-- ___.-__ - --.. _.---_ .*a ‘__. __-- ---- ._-- -,-_ 

94 39 93 90 88 s2 4-Chlorocinnamic acid 
4-BromomancleIic acid 
3-Methyl-3-pllcnyl~Iutaric 
acicl 
3-Pyriclylacctic acicl 
4,5-Imdazole-clicarlroxylic 
acid 
Imiclazole-4-acetic acid 

--- 

: 
+ 

-- 

I-Methylimidazolc-4-acetic 
acid 
Dihyclrourocanic acid 
Pyrrolc-2-carbosylic acicl 

3-Inclolylsccctic acicl methyl 
ester 
3-Inclolylglyosylic acid 

3.Indolylpyruvic acid 

93 42 91 73 G7 12 
88 OG go 79 6x IS 

34. 01 07 34 00 00 
00 03 00 00 00 00 

05 00 00 00 00 00 

OG 00 00 00 00 00 

OS 00 00 00 00 00 
87 73 52 44 34 09 

93 94~ 54 ss 87 84 

88 08 86 rS 24 05 

91 07 00 23 25 04 

--- - 
- 

---_ I_ 

;_---- I 

-- 
--- -- 

34 15 62 
GO 1 

-- -t- 

0s - - - - - 

65 1 +_-_--_ - 
+ 

65 
23 

-- 

Oi__---- - 

z”, 1 -- 62 - + 

08 - - - - -f--t_ 

-- 

;; 36; I 1 
rY 24 

1 1 69 2.5 
-- 

Go 

++ 

+ 17 23 
G5 I 

---- .._ ,. ._.._.-_.. ..__ ~__ .-__._-_~- ..-.__.... --.-.I~ l._ll._” __.. * .._ .__- 

TABLE IS 

PAPER-CHROMATOGRAPHIC SEPARATION AND IDENTIFICATION OF SO&II3 

ALIPHATIC AND HETEROCYCLIC AMINO ACID DERIVArlVES 

08 00 

02 00 

20 01 

00 00 

87 55 
38 00 

05 00 

00 00 00 

00 00 00 

00 00 00 

00 00 00 

Go IO 01 

01 00 00 

00 00 00 

ix-y-Aminobutyric slcii 
DL-Mothioninc sulfosil. ,inc 
DL-Ethionine 
Cyst&c acid 
Na-Acetvikynurcninc 
Hyclantdn-j-acetic acid 
N-hcetyl-L-histidine 

00 00 N-Acetyl-L-glutamic acid 

-------_- _ 04 - 
3g--------_~ + $ OS 23 
--------_ _ -- 
- 62 68) 07) - - -- - - 3” - -- 

*+I 24l 
we------- - + -- 59 00 07 04 

.- - 

J. Chwrrnto~., 13 (1964) 475-496 
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TABLE x 

PAPER-CHROMATOGRAPHIC SEPARATION AND IDENTIIrICATION OP SOME 

RIOLOGICALLY ACTIVE NITROGEN COMPOUNDS 

85 82 73 52 ;?I 05 

06 15 00 00 00 00 

00 02 00 00 00 00 

52 82 04 25 oo oo 

87 94 G3 94 47 30 
42 85 07 II 05 02 

12 69 00 00 00 00 

23 05 02 03 00 00 

21 07 00 00 00 00 

27 04 00 00 00 00 

15 71 00 00’ 00 00 

36 x4 00 00 00 00 

IL 02 00 00 00 00 

49 33 13 02 00 00 

35 25 08 03 oo oo 

N-Acetyltyraminc 

N-Acetylhistamine - 

I-Mcthylhistsmine 
dl-Dcsoxyephedrinc* 
Cinnamylephcdrinc * 

phenyl)-Lchylamine 
p-(3,4-Dimcthoxyphcnyl)- 
ethylamine 
Noradrenslone 

07 Go 64 23 
) 

- - - 68 

;g) &3 %) ;;I - - - - 

- 57 54 + - - - - 
72------- 
-----__-- 
58 Go 07 08 - -- 58 

) 1 

58 
G4 63 71 1 

I7 59 59 58\ - - - G8 

- - -- 
- -- 
- -- 

33 20 Go ) 14 
- -- 

- 05 57 
08 ) 

- 05 62 

dl-Metanephrine 

dl-Normetancphrine 

2,3-Disminopyridine 

3-E-Iydroxy-N-mcthyl- 
piperidine 
Thiourea 
Biurct = carbamylurea 

%j 12’ z;) ;;) 35 - 71 30 

35 Y - 30 

23 - Go Gg - OG 23 

- - I7 

-- Go 58 21. - - 7x 
--_-____ 

-- 05 - 
- 05 I7 

- 
- 

* Detected-by Iii- DiI, reagent, set ref. 2. 

- - 

TABLE XI 

PAPER-CHROMATOGRAPHIC SEPARATION AND IDENTIFICATION OF SOME INDOLE DERIVATIVES 

Rp VnLlrcs x I00 Dctcctiorr 

U.V. Dx I>,_ D3 Dq DB DN Fc MO dlt, Iud EH DAC F B A I3 C D 

37 35 00 00 00 00 Indican --- 55 08 25 

92 gr 87 43 59 22 5-Hydrosyindole 1, G4 2;) v) 2;) 23 

5g 08 07 07 oo oo Gramine-N-oxide --- G4 07 + 

48 86 02 OI oo oo 5-Mcthoxygramine ---- 08 23 

go 88 87 85 G7 45 N-Acctyltryptamine 33 57 - - ro - 

51 80 03 oo oo oo N-Mcthyltryptamine A-- 13 oS + 

!$.S g2 05 05 02 OI N,N-Dimcthyltryptamine - - - 58 $L; -- 

--- + - 63 

23 
rG 55 ;; I + + - 23 

26 i 
4; 

17 58 59’ I’ + 33 58 71 22 ) 24 

--- + 33 04 26 ) 
00 - 30 + + - 08 ) zfi. 

24 25 

-- + -t 33 I7 ) 71 23 i 25 
- 58 52 + + - 58 ) 23 

23 

J. Clwomalog., 13 (igG4) 475-496 
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TABLE XI, (con&wed) 
I 

RF valzrcs x ,100 DatcctZor~ 
I- Corrt~ovtids 

F 6. A B C D U.V. DI Do Ds D4 DB DN r;% MO Mtt Itrd EN DAC 

68 q3 04 oG oo oo 

67 87 04 00 00 00 

08 00 00 00 00 00 

52 83 02 oa 00 00 

83 82 60 18 01 oo 

90 k8 78 84 48, 28 

94 93 93 93 92 92 

N,N-Diethyltryptamine 

g-Fluorotryptamino 

Psylocybin 

N-Acetyl-5-hydroxy- 
tryptamine 
N-Acetyl-5-,ni+hoxy 
tryptamine = melantonin 
Indole-3-carbinol 

--- i-08 -k--_-o + 33 1723 
23 ) 

---VW - - 58 - - - 17 24 

I 
-- ------ 70 - - ix& z; 

1 
- 06 - 60 08 - 7 - 70 -j--j- - 26 27 

- 17 24 25 18 -t_ - - 30 -I- 
) 

- Gg “,“o 
I 

60 43 I 
- 06--08---_-o-j-+ - 26 2s\ 

281 
57 - - 64 og - 58 1 24 

17 
go 88 go 81 72 59 

51 84 01 or 00 00 

93 19 92 72 68 ‘.15 

94 
95 

9s 

94 

93 

68 

91 

86 

42 

52 ‘88 02 12 oo oo 

o9 Qo 63 51 15 
.94 84 88 87 84 

77 65 so 19 07 

08 86 18 24 05 

$3 92 93 92 88 
93 93 94 92 92 

07 GO 23 28 04 

08 91 66 50 14 

91 89 75 63 25 

57 20 or 00 00 

10 91: 71 53 11 

74 63 54 1s 05 

.45 00 do 00 00 

62 88 05 15 oo .oo 
80 gr 16 47 oo oo 

Tryptophol 

L-Tryptophsn methyl ester 

5-Chloroindolc-2-carboxylic 
ticid 
Indole-g-carbokylic acid 
3-Indolylacetic acid methyl 
ester 
3-Indolylac&nmide 

3-Indqlylglyoxylic acid 

3-Indolylglyoxylsmide 
3-Indolylglyoxylclimethyl- 
amide 
3-Indolylpyruvic acid 

3-Indolylacrylic acid 

5-Wydroxy-3-indolylacetic 
a&i rlzethyl ester 
5-Hydroxy-3-indolyl- 
acetamide 
5-Methoxy-3-indolylacctic 
acid 
g-Motlioxy-3-indolyl- 
acetamide 
Harms101 

I-larmine 

Warmane 
Ergotamine 

34 58 - - 08 24 70 - .71- -j--f- - 03 
631 

23 
25 

---- 0823----‘-+-I--J- 33 03 23 25 I 
34 OG 24 25 og\ - - 57 - - -I- - 26 

631 
3ooG 59’64 10~-- 57 -t--!-i- -i- 23 30 
-I--- 606008------j--t-$- - 

- 06 - 58 oq--- 44 -l--l- - 
I 

;; z; 
) 1 

--- 56 - Jr’ 03 G4 :J - -l--l--- 
72 I 

----_V 07-- Jr - - =7 
-_---- o7-- Jr 33 --l- 

03 58 62 63 -I- 63 - 24 69 -I- + 77:;; 

34;41; 24); 23 58 63 70-l-G ? ‘::: z; 

__-_ - 

+ 64 23 2;) 64 68 - 7o 71 -I- -I- 

- 03 - -I_, 07 - 60 26 I 44 ) +-I_ 
23 71 

---- 07----_I + 

39 V) 64 V) 64 G) - - 71 - 

32 - - - - - - 57 03 ) - 

33__--_---_ _ 

27j 
- 51 25 

28 1 

-I- - 
- -- 

- -+ 

- -- 
- 26 -i- 

70 ) 

. 
. 

J. Ciwotvaalog., 13 (1964) 475-496 
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TABLE XII 
PAPER-CHROMATOGRAPEIIC SEPARATION AND IDZNTIFLCATION OF MISCELLANEOUS COMPOUNDS 

__ 
Rp vnlrrcs x loo Detect ion 

-- 
P E n B C D, 

Con+mtdJ 
U.V. DI Do” DJ D4 DB DN PC MO Mrc Ind EH DAC 

.- 

17 65 00 01 00 00 

28 77 04 23 oo oo 

38 80 04 22 oo oo 

95 03 00 94 00 00 

95 00 00 95 00 00 
IO 00 00 00 00 00 

92 go 87 74 63 11 

64 63 60 23 14 00 

70 91 I7 29 46 00 
81 64 42 88 22 15 

88 80 73 92 53 33 

76 90 70 95 79 73 

79 42 03 00 00 00 

47 92 01 07 00 00 

4-Aminopyridine --- 60 59 - - 

2-Amino-4-picolinc 34 _. - 62 _ - - 

2-Amino-G-picolino 34 06 58 62 og ‘-t_ - 

59 

57 

58 

07 - 
72 ) 

33 58 64 

71 -t- - 

06 17 
. ,23 ) 

- 22 

Bilirubin 

I3ilivcrdin 
Folic acid 
7-Nydroxycoumarin 

58 64 41 
25 

34 - - 
44 - - 

39 II 18 ) 23 
o5 - 59 

2;: I - ‘48 - 

- - 71 - 
Go--- 

-- 

- I7 
-- 23 ) 59 - - 

63 
65 03 ) 55 - 

64 
-___ 
- 60 52 - 

Isoniazid = isonicotinoyl- 
hyclrazine 
Dromoran 
Chlorpromazine 

- og - 
39 - - =7 

41 

03 

Phenothiazine-5-oxide 

Acricline 

2-Ethoxy-G,g-diamino- 
scridine = rivanol 
Atebrin = quinacrinc 

----B_ 42 

07 58 - - + - - 

48 og 64 63 62 - - 

03---64-- 

711 
- -I-+ 

TABLE XIII 

PAPER-CHROMATOGRAPRIC SEPARATION AND lDENTIPICATION OF SOME RIPPURIC ACID DERIVATIVF,S 

RF vnlrrcs x xoo Dctcctiorr 

FEABCD 
Cor,lpolrrlds 

U.V. Dr DB D3 D4 DB DAB*Pc MO hfta Ind EIJ DAC 

86 06 76 83 34 05 
85 05 76 10 05 oo 

84 04 62 02 OI oo 

76 02 43 og OI oo 

fig 02 24 00 00 00 

76 02 45 13 OI oo 

85 05 65 34 08 OI 

92 89 87 92 77 67. 

g1 08 84 18 OI oo 

85 05 73 26 07 oo 
77 03 28 OI oo oo 

91 06 74 14 03 00 
go 07 87 82 58 IO 

o-Methoxyphenaceturic acid 
z,3-Dihydroxyhippuric acid 

2,5-Dihydroxyhippuric acid 

Vanilloylglycine 

Caffeoylglyc$w 

Feruoylglycinc 

Anthranylglycine 

o-Aminohippuric acid methyl 
ester 
3-Hydroxyanthrsnylglycine 

Indole-3-acetylglycinc 
5-Hydroxyindolc-3-acetyl- 
glycine 
Indole-3-acrylglycinc 
Quinsldylglycinc 

----- 
08 62 62 IO 28 

05-- - 
13 28 68 -I_+ 

70 
12 

13 ) 
50. 30 + 

10 71 70 ++ 08 - 65 08 28 
65 

- 63 58 OS 

;;) ;;) ii) :: 
) 

+ 

25 

-- 56 08 - 

-A- OG - 

-- 

17 03 I 69 ++ 

17 5’ 69 ++ 
15 
13 ) - - ++ 
17 ‘* 
OG-- + 

-+- -- 

-+ 33 -- 

+ 07 22 

06 22 

33 

33 

3s -- 17 58 43 06 56 4$ 

--- 07 - - - - ++ 
63 24 25 - 59 70 ++ 

OG 63 23 58 - 17 - 70 ++ 
-----_--22-m + 

28 27 
711 30 
281 33 
C3 23 
-- 

- 
- 

34 
34 

“DAB= hippurid acid reagent. DN reagent gave no reaction with the COTQJOU~~S listed in this table. 
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TABLE XLV 

PAPER-CWROMATOGRAPNLC SEPARATION OB SOME 2,+DINtTROPHENYLAMINO ACIDS 

Rn valrrcs X JOO Dctm! iow 
Corrr$Jorords -- 

F E A B C D U.V. 

g4 g2 83 35 
93 :i 87: 82 3; 
;: 29 

tz; 
00 92 00 91 00 00 4.6 

88 :; ZJ 03 02 00 
z”; 01 14 53 02 10 00 24 ‘00 00 

go I.2 68 05. 04 00 
gz 26 gx 48 73 08 
87 58 oo oo .oo 00 
91 G5 92 92 91 55 
92 5G 92 92 90 43 
92 68 92 92 91 56 
92 57 92 92 91 51 

;3 $ 93 93 92 84 91 72 0.5 49 
92 24 88 cb 24 01 
93 85 93 92 go 33 

DNP-alanine 
DNP-/kktninc 
DNP-fl-sminobutyric acid 
DNl?-argkline ?- 
DNP-aspsragino 
DNP-aspartic acid 
DNP-citrullino 

$ 

DNP-glutamine 
DNP-glycino 
DNl?-histicliuc z 
DNP-isoloucinc 
DNP-mcthioninc : 
DNP-norlcucino -I- 
DNP-norvaline 
DNP-ornithine :: 
DNl?-phenyldaninc 
DNl?-scrine 
DNP-tyrosinc 

: 
-!- 

TABLE XV 

PAPER-CWROMATOGRAPRIC SEPARATION OF PHENYLTHIOHYDANTOIN DERIVATIVES 
OF SOME AMINO ACIDS 

91 
92 
G5 
85 
91 
83 
84 
92 

92 
93 
93 
92 
92 

, 94 

92 

90 
91 

g= go E 88 83 PTH-alanine x8 
=7 92 50 IO PTH-/3-amin!Jbutyric acid I 8 
;; G”z, :: 00 00 00 18 I8 

J: 88 56 05 J; 

PZH-hspawgine l?TH-arginirle 

63 37 02 00 PTH-citrullinc P’.‘?H-asy;aztic rccicl 18 18 

80 ‘68 54 IL 01 PTH~Sqlutamine I8 
92’ 91 59 35 Y.0 PTH-glycino 62 

18 
92 91 85 82 64 PTW-I) ydroxyproline G4 
92 92 93 93 89 PTH-ia:oleucine 58 
92 92 92 90 90 PTH-1e:ucine 58 
91 92 92 93 88 PTH-I ncthionine 
55 91 85 33 02 PTH-o.rnithino 

58 
I8 

93 ,92 92 80 16 PTH-pliqnylalanine 62 I I8 

go go 81 59 IO PTH-proline I8 
:; g2 88 

58 I 
57 84 3G 80 07 29 PTH-serine PTH-tyrosine 62 G4 

J. Ch~owzlo~., 13 (x964) 4.75-496 
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TABLE XVI 

COMPARISON OF COLOUR REllCTIONS FOR SOME INDOLE DERIVATIVES 
WIT11 DIFFERENT MODIFIED EEIRLLCEI REAGENTS 

Detection 

EN DAC 

in I iv UC2 

IIldOk? + 

z-Methylindolc * 

5-Mcthylindolc* 

Indoxyl acetate* 

Indican = indoxyl-3-sulplratc ester 

5-Hydroxyindole 

5-Methoxyindolc* 

+l3enzyloxyindole* 

Isatin * 
Indole-3-carbinol 

Tryptophol = indolc-3-ethanol 

3-Indolcaldchyde* 

5-Methoxy-3-indolecldehydc* 
a-(3-Indolyl)-acetic acid* 

3-Indolylacetic acid methyl ester 

3-Indolylacetamide 

slj-Hydroxy-3-indoly!acetic acid * 
.+Methoxy-3-indolylacetic acid 

5-Hydroxy-3-indolylacetamide 

5-Methoxy-3-inclolylacetamide 

5-Chloro-2-carboxy-indolo 

5-Methoyy-2-carboxy-indole* 

Indole-S-corboxylic ‘acid 

3-Indolylglyoxylic acid 
/J-(3-Indolyl)-propionic acid* 

>‘-(3-Indolyl)-&Lyric acid * 

DL-2-(3-Indolyl)-lactic acid* 

3-Indolylpyruvic acid 17 

3-Indolylacrylic acid 40 

24 

22 

22 

57 

G3 

23 

24 
20 I 
18 
22 1 
- 

58 
=7 I 
07 
G3 I 
2G 

26 
GO 

70 1 
18 

G9 I 
26 

G9 I 
G8 
2G 

;7 
1 

26 

27 
- 

2G 

25 
23 

- 

23 
71 

;: I 
26 

28 
33 
3s 
2.5 1 
23 
28 1 
23 

28 1 
40 

:: 
1 

24 

24 
25 I 
23 
2.5 1 
24 

9: 
2.5 
28 i 
27 
24 1 
26 

70 

30 

- 

23 

23 

25 

:; 1 
23 

19 
23 
=5 
22 1 
-I- 

23 

Go 

23 

23 

19 

- 
G2 

G.5 
51 1 
-I- 

G5 
51 1 
23 

G9 
2.5 
28 I 
G9 
43 1 
25 
28 I 
22 
24 1 
25 
G9 I 
22 

- 

;: I 
24 

23 
39 
- 

62 

65 

19 

-i- 

‘3 

51 

23 

23 

23 

G 
5G 

GS 

4G 

2; 

6.5 
68 1 
42 

43 
28 

42 

;: I 
41 

28 
70 1 
23 

:: 

41 

;s 
4G 

4G 

19 

19 

59 

;: I 
52 
23 I 
23 

23 

23 

‘31 

GS 

:3 
1 

E”; 1 
23 

70 
25 
28 I 
Gg 

2.5 
28 I 
I7 
26 I 
23 
27 I 
22 

1 
::. 

3: 1 
24 
71 1 
23 

z 

62 

62 

62 

+ 

23 

34 

5G 

Gz 

G3 

- 
Go 

58 

+ 

$ 

58 

- 

43 
57 

58 

-I- 

- 

+ 

+ 

:: 

- 

- 

-I- 

s8 

(coniinrrcd on p, 490) 
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TABLE XVI (conZinucrE) 

L-Tryptophsn* 

DL-Acotyltryptophan * 

i-Tryptophsn methyl ester 

DL-4-Mcthyltryp )oPhan * 
oL-4-Hydroxytryptophan * 

DL-5-Methyltryptophan * 

DL-5-Wydroxytryptophan* 

Gramine * 
Gramine-N-oxide 

g-Mcthoxygramine 

Tryptamine* 

N-Acetyltryptamine 

g-Fluorotryplaminc 

g-Wydrckytryplamine = sorotonino * 

g-Mothoxytryptaminc 

N-Acotyl-g-hydroxytryptamine 

N-Acetyl-5-mcthoxytryptamine = mclantonin 

N-Methyltryptaminc 

N,N-Dim&l~yltryptamine 

N,N-Diethyltryptamine 

Bufotenine = 5-hydroxy-N,N-dimethyl- 
tryptamine* 
Psylocybin 

Indolo-3-acetylglycinc 
Indolc-3-acrylglycine 
5-I-Iydroxyinclole-3-acetylglycine 

,’ 

57 

GO 

2G I 
03 

- 

71 

- 

- 

04 

71 

26 

G9 

26 

;i 1 

23 1 
17 
23 1 
27 
71 I 
16 

26 I 
28 
I3 
71 
28 

23 

25 
22 
23 
25 J 
23 
26 
52 1 
23 
25 1 
2G 

22 

22 

24 I 
26 

71 1 
23 

24 
25 I 
24 
27 1 
26 

27 

3”o” 
1 

1 43. 
25 
28 I 
23 
25 1 
23 

23 

30 
25 I 
27 

27 
23 

% 

23 
I 4O. 

;: I 
23 
41 I 

:z 

- 

28 

2: 
1 

Go 

- 

;s I 

;s 1 
23 

25 
51 1 
28 
41 1 
23 

23 
40 

:z 
G9 

28 

251 
28J 
25 

1: 
1 

4G 

44 

38 

4G 
Jr 

44 

28 

28 

-I- 

41 

28 

42 

28 

25 

25 

25 

4G 

5: 
42 23 - 
46 Go - 
4G 70 58 

23 - 

f; - 

23 

44 1 

- 

:: -t- 

- - 

25 1 -I- 
28 
62 
Go T 

- - 

23 -I- 

23 -I- 

G2 - 

25 + 

23 
25 1 

04 

23 - 

23 I Go 
25 
23 1 - 

30 
;z 1 58 

;; 1 -. + 

18 - 

For compqunds marked with an asterisk (*) other chromatographic data can be found in 
ref. 2, while for the others further data, ,arc given in Tables XI and XIII of this paper. 
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RESULTS AND DISCUSSION ._ 

AS mentioned earlier, the number of standard reagents has been increased to twelve, 
including two Ekrlich reagents. This provides information as to the possible inter- 
ference from compounds which are not usually expected to react with Ehrlich reagent 
and yet give ‘some unusual colour reactions. ln Table II we find two of the pyro- 
catechols, which show a light but -definite reaction. Further exceptions are : 2,6- 
dihydroxypyridine (Table III), 1,2,4-trihydroxybenzene and 2,4,6-trihydroxybenzoic 
acid (Table. V!, and isoniazid and phenothiazine-N-oxide (Table XII). 2,4,6-Tri- 
hydroxybenzzolc acid gives shades very similar to indole compounds, e.g. red-violet 
~dblue; the others, however, have different red and brown colours. The colour forma- 
tion of Ehrlich reagent with phloroglucinol has been observed earlier by STEELNII?; 
some resorcinol derivatives .with free ‘4 or 6 position give purple Ehrlich reactionro. 

The colour patterns with diazonium reagents for x,2-, 1,3- and r,4dihydric 
phenol derivatives (Tables II-IV) do not appear as ciearly as they did earlier. $ut 
since only a few of these compounds have been listed this time, results obtained 
previously should be taken into consideration when evaluating these patterns. The 
general picture still holds, even for these compounds, indicating three distinct colour 
patterns. Hyclroxylated naphthalenes and also 5hydroxyisoquinoline (Table VI), 
show typical strong coloured patterns with d&zonium reagents, as observed before, 
From Table XIII it seems that glycine-conjugates with nitrogen-containing hetero- 
cyclic carboxylic acids have a tendency to give strong red to magenta colours with 
hippuric acid reagent. The example quoted here is quinaldic acid glycine-conjugate; 
earlier it was nicotinuric acid. 

In Table XV the DB reagent has been used to detect amino acid phenylthio- 
hydantoins. The colours produced varied between pink ardbrown. I% has been noticed 
that certain thio-derivatives, such as thiosalicylic acid, thiobenzoic acid and mercapto- 
pyridines, give similar types of colours including yellow, orange and brown shades, 
thus a characteristic difference between hydroxylated aromatic and heterocyclic com- 
pounds is established. The latter compounds have variations only in red-violet, violet, 
blue and green shades. 

Data obtained by spraying indole derivatives with five modifications of Ehrlich 
reagent are collected in Table XVI. It is obvious that these values can only serve as 
guide, because a variety of colours were observed in several cases. The main feature 
seems to be that purple and red-violet colours are produced with indole derivatives 
substituted in the 2- or 3-position (the J-position being free). Blue shades appear to be 
-more dominant with 5-hydroxylation or methoxylation. However, there is some 
overlapping in the case of. N-alkylated tryptamines ,which also give blue colours. 
Indican, indole-3-carbinol, gramine, gramine-N-oxide and indole-3-acrylglycine tend 
to show brown spots. A column was also included in Table XV1 in order to demonstrate 
that untreated spots became visible after one week and were coloured owing to the 
oxidation of the compounds in the air. 

InTable XVII the results of colour reactions with aromatic amines-were recorded 
for 47 aromatic aldehydes. The colour. development at room temperature was in most 
cases instantaneous. However, on standing, a slow increase in the intensity of the 
colours was observed. Yelloin; to orange colours,dominated the overall picture, but in a 
few compounds red and violet colours occurred. The best reagents were: +phenylene- 
diamine, p-anisidine, o-dianisidine, /3-naphthylamine, benzidine, dimethyl+-phe- 
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nylenediamine, $-aminoace2ophcnone and z,@.iaminofluorene. Among the aldehydes 
tested o-phthalaldehyde showed green and grey colours; other compounds which 
were relatively mdre reactive :yere ci,nnamaldehyde, z,~dihyd.roxybenzaldehyde and 
+acetoxy-5-methotiyisophthalaldehyde. The last three aldehydes in Table XVII are 
constituents of Ehrlidh reagents, ‘consequently ‘the code is’ also useful for detecting 
aromatic amines by spraying ,with Ehrlich reagents EII, DAC ‘and +Chloro-EII (ai 

abbreviated in this paper). 
As regards the distribution of the RF values in the solvent systems; it is virorth 

noting the interesting behaviour of the pyridine derivatives. Follotiing the RF values 
in the order as presented in the tables we find two maximum values for ‘these 
derivatives, one for solvent E (or F) and another for solvent B according to the distri- 
bution criterion RF in E > RF in A < RF in B. This double peak is more clearly dem- 
onstrated if the values are visualised in a diagram. This regularity has been 
observed earlier2 and has occurred when monohydroxy ,derivatives of nitrogen- 
containing heterocyclic compounds were involved. Pyridines,’ cluinolines,. isoquino- 
lines, but not indoles and imidazoles, seem to belong to this group; of the more 
complex ring structures, alkaloids behaved in the same way. In this paper 2-I and 
+mercaptopyridines (Table I), z,6-dih~droxypyridine (Table III), $-hydroxyiso; 
qiinoline (Table VI), 3-pyridylacetic acid (Table VIII), z-amino-&methylpyridine and 
z-amino-6-methylpyridine (Table XII), follow this rule, together with other hetero- 
cyclic compounds like chlorpromazine, phenothiazine-s-oxide, acridine and atebrin 
(Table XII) and harmine, harrnane and ergotamine (Table XI). Of the approximately 
60 simple indole derivatives investigated by this procedure, only N:acetyl-5-methoxy; 
tryptamine shows that a similar distribution of the RF values in the solvents is due to 
the RF-elevating effect of methylation in solvent B ‘of the parent ,compound N-acetyl; 
hydroxytryptamine. The similar effect is also noted in the case of $-anisidine’and’ 
o-dianisidine which are the exceptions, since the non-methoxylated corresponding 
amino phenols behave normally, gradually lowering the RF values towards the solvents 
A, B, C and D. 3-Indolepyruvic’acid, which shows another maximum Rl;l value in C is 
not considered to interfere in this reasoning, it even satisfies the distribution of RF 
values according to E > A < B. It is also interesting to note an addition to the 
group of compounds which show a jump of RF values between solvent B and sol- 
vent C (RF in B < Rp in C), viz. g-hydroxyindole, which was found to behave like 
some of the resorcinol and hydroquinone derivatives. 

In general the RF values were in accordance with previous observations giving 
low values for free phen,olic carboxylic acids in solvent E and high. values in F,and A 
slowly decreasing the values in solvents B, C and D. Amino ‘derivatives of phenols 
showed. relatively high values in solvents I?, E and A; thereafter much lower values 
iu B, C and. D. Aromatic amines have, as a rule, low to,medium values in solvent F, 
followed by a maximum value in solvent E, continuing rapidly to,low values in A, B, 
C and D. N-Acetylation has an elevating effect on all values, except those from solvent 
E. Imidazole derivatives are practically immobile in these solvents. 

In Tables XIV and XV the RF values are recorded for some z ,+dinitrophenyl and 
phe~~ylthiol~y~~~tol;~ derivatives of amino acids. Although the solvents are not very 
suitable for the separation of these compounds, causing the spots to diffuse, they 
migllt be used. in some cases. The RF values should be regarded as approximate and 
merely as indicators of their relative rates of movement. 
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~ ,; ,_, ,. ‘i ” ,’ ,-, SUMMARY :’ ., 

,,:, . ! ; , ‘. : ,’ (I .; 

‘PaperYchromatographic data are presented for an additional approx. rjo,compouncls 
in. sip solvent systems together with. thejr colour reactions, with twelve standard 
reagents. The main .types. of comp.ounds presented ,in 15 ,tables are.: mono-, $i- and 
trihydrjc phenol, $erivzat&es, naphthaieno,. derivatives, ,biogenic i amines, indole 
d+vative,s, ‘and, hippuric ac$ds. Thirte,en hippuric : acid ,derivatives were synthet&ed 
for; this pm&se. The relat,ionship between’ the colour reactions ax!d the. chemical 
structure of the; compoiqds oh the. one hand, and the, connection ,.between the J+ 
va$es. and. chemical structure, on the other:.hand, is discussed. ,Special attention was 
devoted. ‘to “the detection and characterisation of ,"aromatic aldehydes and indole 
derivatives,. whereby an additional number of reagems. was, used. For .indoies the 
follotiing reagents .were founcl,~ to, be useful in distirq@shmg between different. com- 
pounds :with the,.sanie & value: $-N,N-bis(z-chloroethyl)~aminoben~ald.ehyde, 2- 

~l~lor~-~~N,N-bis(2_chlor~ethyl)-ami~oben~aldel~yd~~ and 4-N,N-bis(z-chloraethyl)- 
amino~~~tolualdehyde. For ,detection of ,RTH-amino acid derivatives DJ3, reagent 
(2,;8_dj:~~ornocluinone~4~clllor~~rnide) was found suitable, producing red and brown 
colours., ! ,. ; ..’ 
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