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INTRODUCTION 

Since BATE-SMITH first developed the paper chromatography of phenols, several 
methods have been proposed for the separation of naturally occurring phenolic 
substances and coumcarinsl-25. 

Indeed, the discovery and identification of a wide variety of phenolics and re- 
lated compounds in animal organisms and in the plant kingdom, and the realization 
that these substances can be metabolically active, have furthered the need for 
adequate and improved identification techniques. Although a suitable paper chroma- 
tographic method may still be of great value in the analysis of phenolics, the fairly 
recent development of chromatostrip20-33 and chromatoplate technique@ and the 
subsequent standardization of the methods in what is now called thin-layer chromato- 
graphy32-3” have opened up new horizons in the field of micro-analytical separation 
and identification of phenolics, especially since these compounds are very often 
present in only small amounts in animal and plant material. 

In this connection it may be mentioned that BERNARD~~ studied the separation 
of coumarins on chromatostrips ; PASTUSKA~~, STAHL AND SCWORN~~, SUNDT AND 
SACCARDI~D, HALMEKOWSKI 4Qra1, COPENEIAVER AND CARVER~~ and MINAMIKAWA et aJ.43 
presented thin-layer methods for the separation of certain phenolics and (or) cou- 
marins on silica gel, while LYMAN et at.44 reported the separation of a variety of poly- 
hydroxy aromatic compounds that do not fluoresce but do absorb under ultraviolet 
light in the wavelength range z3o-,290 rnp,. 

However, the detection of phenolics and coumarins on silica gel layers is usually 
performed by examination of the plates under ultraviolet light for fluorescent and 
absorbing zones, both before and after spraying with a z N sodium hydroxide solution. 
Subsequently the plates are developed with a chromogenic spray, either diazotized 
benzidine, diazotized sulphanilic acid or stable diazonium salts such as diazotized 5- 
nitro-2-aminoanisole (Echtrotsalz B), diazotized I-amino-4-benzoylamino-2,5-di- 
ethylosybenzene (Echtblausalz BB) or tetra-azotized di-o-anisidine (Echtblausalz 
l3)3’. STAHL~~ also recommends Folin-Ciocalteu reagent as a spray for phenolics. 
Nevertheless, in none of the thin-layer methods mentioned above, is the detection of 
the phenolics completely satisfactory. This is mainly due to the low specificity and 
imperfect colour reactions obtained with diazotized reagents on silica gel layers, and 
the non-speciA.city of the inorganic fluorescing agent as used by LYMAN et a1.44 for the 
detection of the phenolics; it is also partly due to the relatively poor separatory power 
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of some of the systems used and their need for improvement. For all these reasons, 
and bearing in mind the advantages of thin-layer chromatography which offers a 
combination of high speed, sensitivity and powerful resolution, we have tried to im- 
prove the existing thin-layer techniques by preparing the plates with a mixture of 
50 yO silica gel and 50 % cellulose powder. In,many ways the advantages of thin-layer 
and paper chromatography are combined by such plates, The stationary phase of 
silica gel plates and silica gel-cellulose plates can be further improved by steaming the 
plates just before irrigation with the chosen solvent. This treatment usually results in 
a much better separation of substances having a slightly different polarity (partition 
chromatography). 

The method is described below and the results obtained from the investigation 
of the thin-layer chromatographic behaviour of 93 different compounds are given. 

METHODS 

Pmj3aration of chronzalograj!&c plates 

The thin layers, 250 ~_t thick, were prepared on 20 cm by 20 cm glass plates of 
uniform thickness with the Desaga applicator. For the preparation of silica gel plates, 
Silica gel G (Merck, Germany) was used as supplied, and was applied to the standard- 
ized glass plates as a slurry (30 g silica gel in 60 ml water)“G. For the preparation of 
silica gel-cellulose plates, Silica gel G and MN Cellulose powder 300, average particle 
size cu. IO p (Macherey, Nagel and Co., Diiren, Germany) were used. In order to 
prepare 5 plates of 20 x 20 cm, IO g Silica gel G and IO g cellulose powder were 
slurried in a beaker with 80 ml water. Before application of the mixture to the plates, 
it was thoroughly homogenized in a fast electric mixer. After waiting a few minutes 
(removal of air bubbles) the plates were prepared in the usual way. The thin layers 
were dried for about 6 h at room temperature before use. 

In certain experiments the internal water phase of the plates was increased by 
steaming the thin layers after spotting and before irrigation. 

The increase of the stationary water phase was best obtained by keeping the 
plates in water vapour escaping from an ordinary tea kettle .and continuing the 
steaming until the plates were uniformly wet. Wowever, this treatment requires care, 
since over-steaming of the plates can destroy the thin layers. After the steaming, the 
plates were allowed to dry for about 5 min at room temperature, before irrigation was 
started; immediate use of the steamed thin layer results in the formation of a double 
front. 

It is also, clear that the Rp values of the phenolics and coumarins must be very 
much dependent upon the water content of the plates. This means that in order to get 
reproducible RF values, steaming and drying of the plates must always be carried out 
under the same conditions and for the same length of time. More reproducible results 
would be expected by developing the thin layers in a tank with an above normal but 
constant atmospheric moisture content. Experiments in such tanks are under way. 
Nevertheless, steaming of the plates is very useful and very handy since the incon- 
venience of the poor reproducibility of the RF values can be overcome by spotting 
known test substances adjacent to the unknown mixtures. 
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Develo$ing solve?& and chromatogra$hy 
The development of the chromatograms was carried out at room temperature 

in two different solvent systems: 
,System I : Toluol-ethyl formate-formic acid (5 : 4: I) (T.E.F.), 
System II: Chloroform-acetic acid-water (4: I : L) (C.A.W.). 
The system utilized was placed in the bottom of a rectangular tank, the inner 

walls of which were lined with a disposable paper wick saturated with the developing 
solvent in order to saturate the chromatography chamber uniformly with the solvent 
vapour. The plates were removed when the solvent had ascended to a distance IO cm 
from the start. The time required for developing the different plates in either solvent 
is given in Table I. 

Z‘ABLE I 
TIME FOR DEVELOPMENT OF THE SILICA GEL AND SILICA GEL-CELLULOSE PLATES TO A WEIGHT Olr 

IO CM WITH T.E.F. AND C.A.Mi. 

Room temperature ca. 22”. I 

-- 

Ca.rr*ier Approximate time for solvent (min) 

X.E.F. C.A .FV. 

Silica gel I6 33 
Steamed silica gel 15 26 

Silica, gel-ccl1 ulose 30 

Steamed silica gel-ccllulosc ‘?7 

Detection of tie com$omtds 
The compounds were detected by examination of the plates under U.V. light 

(2537 A) both before and after spraying the thin layers with 2 N sodium hydroxide. 
After this, the position of the phenolics and coumarins was revealed by spraying with 
diazotized fi-nitroaniline Q6. This chromogenic spray was prepared by mixing 5 ml $J- 
nitroanilind (0.5 oh in a N HCl) and 0.5 ml NaNO, (5 Oh, w/v), and adding 15 ml 
sodium ‘acetate (20 %, w/v) to this mixture 23. Since the thin layer was frequently 
sprayed only lightly with NaOH and then rather heavily with the acetate buffer, a 
final spray with sodium carbonate (5 %, w/v) was normally used to return the plates 
to an alkaline condition. 

Most of the compounds also react positively with a spray3j consisting of I y. 
potassium permanganate in 0.1 N H,SOg. Certain acids could only be detected with 
an indicator-spray made by mixing 0.04 g bromcresol green with IOO ml of g6 y. 
ethanol., 0.1 N NaOH was added to the reagent until a green colour resulted3s. 

MATERI,ALS 

Most of the phenolic acids and related compounds and some coumarins were 
purchased from Fluka A.G., Buchs (Switzerland). 

The phenolic acid /3-glucosides were prepared according to KRATZL AND BILLEI@. 
The phenolic acid tetraacetylglucoside was deacetylated by dissolving it in IO parts 
of methanol in which 0.3 oh sodium metal had been previously dissolved. After 
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standing for 24 h at room temperature, a little water and a few drops of hydrochloric.. 
acid were added and the glucoside was filtered off and purified by recrystallization 
from ethanol”‘. The phenolic acid methyl esters were prepared according to VOGEL<*. 

The authors are indebted to Dr. A. C. NEISEI, Atlantic Regional Laboratory, 
Halifax, Canada, for the gift of 3,4-dihydroxy-5-methoxybe~x&dehyde, 2,3-di- 
methosybenzaldehyde, 2,5-dimethosybenzaldehyde, 2,3-dihydrosyphenylpropionic 
acid, 3,4,5-trihydroxycinnamic acid (syringic acid) and 6,7-dihydroxycoumarin (es- 
culetin) ; to Dr. L. MARION, National Research Council, Ottawa, Canada, for the gift 
of 6-methosy-7-hydrosycoumarin (scopoletin) ; to Prof. Dr. H. SCI-IMID, University of 
Zurich, Switzerland, for the gift of 4-methyl-5-acetosy-7-methoxycoumarin, 4- 
methyl-5,7-dimethoxycoumarin, peucedanin, oreoselon and marmelosin; to the Dow 
Chemical International, Midland, Mich., U.S.A. for the gift of 3-carboxycoumarin; to 
Parlte-Davis and Co, Detroit, Mich., U.S.A., for the gift of 5,7-dihydroxy-4-methyl- 
coumarin ; to Dr. BALTZL\*, Welcome Research Laboratories, Tuckahoe, N.Y., U.S.A., 
for the gift of 7-hydrosycoumarin-3-carboxy1i.c acid, 7-methosycoumarin-3-carboxylic 
acid ethyl ester, 7-propoxycoumarin, 7-propoxycoumarin-3-carboxylic acid, 6,7-di- 
mzthosycoumarin-3-carboxyli; acid ethyl ester ; to Dr. R. T. WILLIAMS, St. Mary’s 
Hospital Medical School, University of London, England, for the gift of 3-hydroxy-, 
4-hydrosy-, 5-hydroxy-, 6-hydroxy- and &hydrosycoumarin ; to DR. PEW and Dr. 
M. SEIKEL, Forest Products Laboratory, United States Department of Agriculture.. 
Madison, Wise., U.S.A., for the gift of $-methoxycinnamaldehyde, 3,4-dimethoxycin- 
namaldehyde and vitexin; to Drs. 0. I-1. EMERSON, A. N. BOOTH and J. E. CORSE, 
Western Regional Research Laboratory, Albany, Calif., U.S.A., for the gift of 
o-hydrosyhydrocinnamic acid, o-coumaroylglycine and 3-0-feruoylquinic acid.; to 
Dr. T. KOSUGE, University of California, Davis, Calif., U.S.A., fcr the giki: of 
o-hydrosycinnamic acid P-glucoside ; to Dr. K. R. HANSEN, Connecticut Agricui- 
tural Esperiment Station, New I-raven, Conn., U.S.A., for the gift of z-O-cinnamo- 
ylquinic acid and 3-0-cinnamoylquinic acid; to Dr. A. H. WILLIAMS, Long Ashton 
Research Station, University of Bristol, England,’ for the gift of 3-O-$-coumaroyl- 
cluinic acid; to Dr. E. SOND~~IMS~R, State University College of Forestry, Syracuse 
University, Syracuse, N.Y., U.S.A., for the gift of an isochlorogenic acid sample. 

RSSULTS AND DISCUSSION 

Tables II and III show the results obtained. In Table II the & values of 93 
compounds on silica gel plates (A), silica gel-cellulose plates (C), steamed silica gel 
plstes (B) and steamed silica gel-cellulose plates (D), developed with either toluol- 
ethyl formate-formic acid (T.E.F.) or chloroform-acetic acid-water (C.A.W.) can be 
found. Table III shows the fluorescence (2537 A) of some of the compounds before and 
after NaOH treatment and also the colour reaction with diazotized $-nitroaniline. 
The colours found in the table were standardized and matched against the “Derwent” 
colour pencil* shades. 

Table III also indicates the positive or negative reaction of the compounds with 
I O/~ potassium permaiiganate in 0.1 N sulphuric acid. 

{&. ‘,’ Thin layers made by mising 50 y. silica gel and 50 y0 cellulose powder show the 
following characteristics : 

* “Derwcnt” colour pencils, series No. 19, The Cumbcrlancl Pencil Co. Ltd., I<eswick, England. 
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TABLE II 

Rp VALUES OF TNE COMPOUNDS STUDIED 

On (A) silica gel, (B) steamed silica gel plates, (C) silica gel-cellulose plates, and (D) steamed silica-gel I 
cellulose plates 

Conq!aounds X.E.F. C.A .w. 

Silica gel Cellulose- Silica gel Cellaclose- 
silica gel silica gel 

A Z3’ C D* A B* C D* 

IO 

II 

12 

13 
14 

15 

16 

I7 
18 
I9 
20 

21 

22 

23 
24 
25 
26 

27 
28 

“,: 

31 
32 
33 
34 
35 
36 

;z 

39 
40 
41 
42 
43 
44 
45 
46 

Benzoic acid 
o-Hydroxybenzoic acid 
m-Hyclroxybenzoic acid 
p-Hydroxybenzoic acid 
p-Hydroxybenzoic acid methyl ester 
2,4-Dihydroxybcnzoic acid (/?-resorcylic acid) 
2,5-Dihydroxybenzoic acid (gentisic acid) 
2,6-Dihydroxybenzoic acid (y-resorcylic acid) 
3,4-Dihyclroxybenzoic acid 

(protocatechuic acid) 
S,s-Dihydroxybcnzoic acid (ec-rcsorcylic acid) 
S-Mcthoxy-q-hydroxybenzoic acid 

(vanillic acid) 
3,4,5-Trihydroxybenzoic acid (gallic acid) 
o-Hydroxybenzalclehyde 
2,+Dihydroxybenzaldehyde (P-rcsorcyl- 

aldchyde) 
S,4-Dihydroxybenzaldehyde (protocatechuic 

aldehyde) 
3,4-Dihydroxy-5-methoxybenzalclehydc 
2,3-Dimethoxybenzaldehycle 
2,5-Dimcthoxybenzaldehyde 
3,4-Dimcthoxybenzaldehyde (v’eratraldehyde) 
S-Hydroxy-2-aminobenzoic acid (S-hydroxy- 

anthranilic acid) 
Phenylacetic acid 
o-I-Iydroxyphenylacetic acicl 
p-I-Iydroxyphenylacetic acid 
3,6-Dihyclroxyphenylacetic acid 
Mandelic acid 
S,4-Dihyclroxymandelic acid 
S-Mcthoxy-+hydroxymandelic acid 
I?1ienylpropion~c acid 
wz-Hydroxyphenylpropionic acicl 
p-Hydroxyphenylpropionic acid 
2,3-Dihydroxyphenylpropionic acid 
Phdnylpyruvic acid 
p-Hyclroxyphenylpyruvic acicl 
Phenyllactic acid 
o-I-Iyclroxypl~enyllactic acid 
$-Hydroxyphcnyllactic acid 
Cinnamic acicl 
o-Hydroxycinnamic acid (o-coumaric acid) 
p-Hydroxycinnamic acid (p-cournaric acid) 
wz-I-Iydroxycinnamic acid (w-coumaric acid) 
o-Hyclroxyhydrocinnamic acid 
o-Hyclroxycinnamic acicl methyl ester 
+Hydroxycinnamic acid methyl ester 
o-Coum’aroylglycine 
o-Hyclroxycinnamic acid p-glucosidc 
+Hydroxycinnamic acid /3-glucoside 

0.67 0.80 
0.59 0.90 

0.44 0.37 
0.46 0.47 * 
0.58 0*54 
0.50 0.34 
0.4.7 0.40 

0.45 0.30 

0.40 0.28 
0.39 0.20 

0.51 0.52 
0.32 0.18 
0.69 - 

0.55 0.85 

0.39 0.67 

0.44 0.40 
0.65 - 
0.66 0.98 
0.50 0.70 

0.20 0.24 
-- 

0.48 OS33 
0.44 0,2g 
0.30 0.30 
0.26 0,24 
0.23 0,25 
0.22 0.24 

0.49 0,25 
0.38 0018 

0.47 0.40 
0.46 0.33 
-- 

0.43 0.39 
0.26 0.32 
'0.24 0.05 
0.23 0.20 
0.67 0.87 
0.49 0.65 
0.48 0.57 
0.53 0.50 
0.50 0.59 
o-54 0.58 
0.50 0.55 
0.58 0.28 
0.65 - 
0.50 - 

0.83 0.77 
0.73 0.81 
0.51 0.34 
0.50 0.24 
0.66 0.73 
0.49 o-44 
0.50 0.26 

o-44 0.33 

0.36 0.24 
0.26 0.24 

o*55 0.35 
0.12 0.08 
0.82 0.95 

0.61 0.73 

0.33 0.33 
0.46 0.24 

0.75 - 
0.74 0.91 
0.63 0.85 

0.13 0.21 
0.89 0.85 

o-47 0.41 

o-43 0.36 
0.23 0.41 
0.56 0.28 
0.20 0.20 
0.24 0.21 

0.57 0.40 
0.31 0.26 
0.50 0.41 
0.46 0.22 
-- 

0.45 0.35 
0-62 - 
0.18 0.12 
0.25 0.22 
0.84 0.83 
0.56 0.47 
0.50 0.3.5 
0.58 0.49 
0.53 0.59 
0.65 0.76 
0.65 0.75 
0.30 - 
0.48 - 
0.4' - 

0.90 o-99 
0.78 0.75 
0.30 0.24 
0.29 o-34 
0.55 0.42 
0.31 0.34 
0.28 0.13 
0.03 0.07 

0.09 0.00 
0.02 0.00 

0.70 o-54 
0.04 0.00 

0.73 - 

0.55 0.81 

0.14 0.22 
0.38 0.55 
0.88 - 
0.98 0.98 
0.98 0.92 

0.Y.g 0.20 
-- 

0.37 0.41 
0.27 0.29 
0.03 0.02 
0.27 0.42 
0.00 0.02 
0.03 0.05 

0.45 0.62 
0.32 0.65 
0.50 0,50 
0.30 0.23 
-- 

0.17 0.29 
0.18 0.43 
0.06 - 
0.00 0.03 
0095 0.99 
0.35 0,65 
0.34 OS.53 
o-45 0.71 
0.50 0,GI 
0.88 0.68 
0.61 0.47 
0.66 - 
0.52 - 
0.70 - 

0.99 0.99 
0.90 0.88 
0.42 0.33 
o-47 0.50 
0.82 0.76 

o-44 0.22 
0.30 0.13 
0.03 0.05 

0.08 0.05 
0.03 0.00 

0.90 0.84 
0.02 0.00 
0.85 - 

0.68 0.84 

0.22 0.16 
0.50 0.48 
0.98 - 
o,g8 0.99 
0.80 0.90 

0*33 o-54 
-- 
0.52 0.64 

0044 0.30 
0,04 0.00 
0.49 0.51 
0.00 0.00 
0.10 0.05 
0.57 0.68 
0.73 0.70 
0.58 0.60 
0,40 0.27 
-- 

0.41 '0.41 
0.76 0.65 
0.21 0.21 

0.05 0.02 

0.99 '0.99 
0.62 0.65 
0.55 0.62 
0.55 0.73 
0.69 0.80 
0.97 0.94 
0.87 0.8.~ 
-- 
-- 
I- 
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TABLE II (co?zlinued) 

Comn$oun.ds 
.__. 

T.E.F. C.A. W. 
.-_ _-_ 

Silica geE Cellulosc- Silicu ged CezEulose- 
silica gel silica get 

-- .____- - 
A B* C D* A 13” C D* 

_- 

49 

50 
5= 

;J 
;; 
57 

55 

2: 
GI 
62 

G3 
G4 
G5 
66 

G7 

G8 

* 69 
70 

5: 

73 
74 
75 

7G 
77 
7s 

s7: 
81 
82 

83 
84 

2 

z 
89 
90 
91 
92 
93 

3,4-Dihydroxycinnamic acid (caffeic acid) 
3,4-Dihydroxyhydrocinnamic acid (hydro- 

caffeic acid) 
3-Mcthoxy-4-hydroxycinnamic acid (ferulic 

acid) 
3-Methoxy-4-hydroxycinnsmic acid &glucoside 
3,4-Dimethoxycinnamic acid methyl ester 
3,4,5-Trihydroxycinnamic acid (syringic acid) 
3,5-Dimethoxy-4-hydroxycinnamic acid 

(sinapic acid) 
Cinnsmalcle1~ydc 
+Methoxycinnamaldehyde 
3,4-Dimethoxycinnamaldehyde 
3-Methoxy-4-hydroxycinnamaldehycle 

(coniferylalclchycle) 
Coumarin 
3-Hydroxycoumarin 
3Carboxycoumarin 
4-Hydroxycoumarin 
g-Hydroxycoumarin 
G-Hydroxycoumarin 
7-I-Iyclroxycoumarin (umbclliferone) 
7-IIydroxycoumarin-3-carboxylic acid 
7-I-Iyclroxycoumarin-3-carboxylic acid 

ethyl ester 
7-Methoxycoumarin-3-catboxylic~acid 

ethyl ester 
7-Propoxycoumarin 
7-Propoxycoumarin-3-carboxylic acid 
El-Methoxycoumarin (herniarin) 
G,7-Dihydroxycoumarin (esculetin) 
G,7-Dihydroxycoumarin-G-,3-glucoside (csculin) 
7,S-Dihydroxycoumarin (daphnetin) 
G-Methoxy-7-hydroxycoumarin (scopolctin) 
G,7-Dimcthoxycoumnrin-3-carboxylic acid 

ethyl ester 
4-Methyl-5-acetoxy-7-methoxycoumarin 
4-Methyl-5,7-climethoxycoumarin 
4-Methyl-5-methoxy-7-hyclroxycoumarin 
Peuccdanin 
Oreoselon 
Marmclosin 
Quinic acid 
3-O-P-Coumaroyl-quinic acid 
r-0-Cinnamoyl-quinic acid 
3-0-Cinnamoyl-quinic acicl 
Chlorogenic acid 
Isochlorogenic acid 
3-0-Feruoyl-quinic acid 
I?hloridzin 
Quercetin 
Quercitrin 
Rutin 
Vitexin 

0.40 

0.40 

0.50 

0.49 
0.50 

o-43 

0.45 0037 
0.67 - 

0.63 0099 
o-54 o,g8 

0.51 0.92 

o-55 0.96 

0.55 0.93 
0.47 0.80 
0.75 0065 

0.45 o-79 
0.43 0.63 

0.45 o-43 
0.4G 0.30 

0.44 o.Gx 

0.50 0.93 
0.65 0.95 
0.60 0.94 
o-55 0.97 
0.28 0.28 
0.04 0.13 
0.42 0.36 
0.42 0.67 

0.46 0.77 
0.48 0.59 
0.53 0.92 

0.47 o-57 
0.56 0.88 
0.62 0.84 
0.61 o.G7 
0.02 0.20 

0.04 0.17 
0.15 0.30 
0.16 - 

0.02 0.17 

0.45 0.25 
0.07 0~18 
0.09 0.27 

0.43 0.28 
0.10 0.27 
0.00 0.00 
0.04 0.00 

o*34 

0.23 

0.74 
- 

0959 
0.48 

0.35 0.25 

0.39 0.14 

0.56 0.44 
-- 

0.75 0.81 
0.54 0.65 

0.46 0.40 
0.80 - 
0.69 0.93 
0.64 0.85 

0.59 0.79 
o.GS 0.93 
0.65 0.88 

0.59 0.66 

o-54 0.51 
0.52 0.52 

0.44 0.68 

o-44 O,GI 
0.49 0.39 

0.53 0.59 

0.63 0.92 

o-74 0.95 
0.67 0.92 
0.94 0.95 
0.40 0.43 
0.05 0.10 
OS44 0034 
o.4G O-54 

0.55 0.88 
0.60 0.86 
0.65 0.99 
0.41 0.79 
0.63 0.97 
o-73 0.95 
0.72 0.98 
0.02 0,05 
o.og 0.20 
0; 19 0.15 
0~24 ON20 
0.05 oi.14 
0.42 - 
0.10 0.12 
0.07 0.20 
0.30 0.20 
0.07 0.20 
0.00 0.00 
0.05 0.18 

0.14 0.09 

0.17 O.‘IO 

0.63 0.98 
0.70 -- 

0.90 0.99 
o-79 0.55 

0.76 0.97 
0.98 --:I, 

0.98 0.9'9 
0.98 "$9 

o-79 0.68 
o-75 0.96 
0.70 o.'g8 

0.60 0.98 

0.27 Oat3 
0.30 0.92 
0.25 ~$6 
o-44 
O.&O A 

0.47 
0.41 
:.: 

o-37 o.hG 

0.8G 
r;i * 

0.98 

0.92 oi$9 
0.83 o!g7 
0.80 o$G 
0.08 0$4 
0.00 0.00 
0.20 o;T&j 

0.6G oj84 
., 

0.85 o’.‘b 8 
0.82 o;a3 
0.81 ol.98 
0.35 oY72 

0.91 
0.93 

0.98 
?:99 

0.89 0:99 
0.00 OS:00 
0.00 0:oo 
0.04 9.17 
0.02 o:43 
0.00 o:oo 
0.52 --- 
0.00 0;05 
0.00 0.00 
0.00 0.00 
0.00 0;00 
0.00 0';oo 
0.00 0'00 

0.13 0.12 

0.21 0,os 

0.75 0.99 
-- 

0.99 0.99 
0.90 0.90 

0.92 0.94 
-- 

0.98 0.99 
0.97 0.99 

0.90 0.94 
0.98' 0.99 
0.96 0.92 
0.88 0.99 
0.59 0.93 
0.72 0.76 

0.49 0.65 
0.61 0.56 
0.26 0.38 

0.45 0.99 

0.89 0.99 
0.97 0.98 
0.90 0.99 
0.98 0.99 
0.15 0.15 
0.00 0.00 

0.35 0.36 
0.83 0.96 

0.91 0.99 
0.90 0.94 
0.98 0.99 
0.80 0.94 
0.98 0.99 
0.98 0.95 
0.98 0.99 
0.00 0.00 
0.00 0.00 
0.04 0.19 
0.05 0.68 
0.00 0.00 
0.84 - 
0.02 0.04 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 Q*OO 
0.00 0.00 

* Colums B and D refer to the steamed plates. 
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.\i’l’l. \I< \‘;i I,. f#THE COMPOUNDSSTUDIED IN C.V,LXGHT AND APTERSPRAYINGW~THDXAZOT~ZED~-NITROANXrri9E 
.-e.. . - ". .-_- _ ̂ . .~ _I...,__ __ .l___-_-.-_--ll- ---__-I_ 

2 c,-~-l~(lr~)xyl~cnzoic acid 
3 lit- I-1 phwxybenzoic acid 
4 pHytlroxybcrmAc acid 
5 p~l~~tlroxytcnzaic acid methyl ester 
6 L..J-H~drrrxybenzoic acid @rcsarcylic acid) 

r,5-I)ihvllroxy~nzoic acid (gcntisic acid} 
: r,(,-l)il~j’~lroxybCn~oic acid (y-rcsorcylic acid) 
C) 3.4-l)ih~clroxy~nzoic acid (protocatcchuic 

acitl) 
JO 3,5-l)ihytlroxybcnzoic acid (c+resorcylic acid) 
I I 3-Jlctl,l,xS’-.l-hydroxybcnzoic acid (vanillic 

;tcicl) 
I I 3~~,5-‘l”rih~tlrc)xvbcnzoic acid (gallic acid) 
13 o-tl~tlr~~s~~l~c~nzaldch~de 

‘4 a,~-I~it~ytlrox~benza)dchydehyde (/&rcsorcyl- 
aldeh~tle) 

15 3,~-l)ihyrlrr)x~bcnzaldehyde (protocatcchuic 
nltlchvtl~~) 

16 3,4-l)ih~clrclxy-5-methoxybcnzaldehyde 
I 7 ~,3-l)inlc~thox~bcnzaldchyclc 
in r,5-l~im~thoxybcnzaldchydc 
JO 3*4-l )in~c~tl~ox~bcnzaldchyde (vcratraldehytle) 
20 3’tj~rlrtlxs-L-;lminobenzoic acid (3-hydroxy- 

;lnthr;lnilic~ acid) 
1 I I’henyl;tc(*tic. ;icid 
1 o- t~I\~lroxvl~llt~rrylacctic ;lci(l 
23 p-f It.~lrc,s.l’}“,n~lacctic acid 
‘J 3,0-l )ihv~lrc~\ I I)hcnylacctic acid 
25 ~Ii\ll~l~'liC ;lf ill 

91 j,.l-t)ih\~lr~,x~ tnimtlclic iicitt 

27 3”M~‘thr)xy-q-Il~r~roxymandelic acid 
zH I’hcnylprr,l)ir,r~Ic acid 
29 tlz-Hydroxypt~~~nylpropionic acid 
3o p-M~droxyph~~r~ylpropionic acid 
31 a,3-L)ihydrux\,l,henylpropionic acid 
32 I’hcnylpyruvi( acid 
33 p-Hydroxyl>lll~~tylpyruvic acid 
34 l’hcnyllactic atid 
35 n-N~tlroxyph((ltyllactic acid 
36 P-~iydroxyphcllyllactic acid 
37 C’innamic acid 
38 o-Hydroxycinn lmic acid (o-coumaric acid) 
39 In-Hydroxycinramic acid (m-coumaric acid) 
40 P-Hydroxycinn tmic acid (p-coumaric acid) 
4 I (,-H!.droxyh~tlrncinnamic acid 
42 ,,-I~~rlroxycinn;,mic acid methyl ester 
43 P*Hydroxycinnamic acid methyl ester 
44 o-~ouma**ylglycine 
4.5 o-Eiydroxycinnamfc acid /5glucoside 
46 P-Hydroxycinnamic acid /$glucoside 
47 3,4-Dih:~droxycinnamic acid (caffcic acid) 

.^.. - --.. I _. .._. “..--. I- --.-- ,---__. 

Flztorescence in U.V. liaht Colouv reaclion Reaction with 
(2537 ‘4 ) 

Before 

SaOH 

wifh dinzotized rob KMnO,in 
_. .---._-- p-nitvoaniline 0.1 N H,SO, 

After (Celluloselsilica (Silica Eel 
SaOH & phksj piales) - 

- - - -I- 
- - middle chrome + 
- blue crimson lake 
- beige crimson lake : 
- absorbs pale vermilion + 
absorbs absorbs deep chrome + 
blue blue raw umber + 
absorbs absorbs deep chrome + 

absorbs 
.- 

absorbs 
purple 

,- 
.-- 
gre! 

absorbs 
grev 

raw umber 
deep chrome : 

imperial purple + 
brown ochre -5 
middle chrome + 

blue gre Y 

absorbs absorbs 
ab?iorbs absorbs 

- -- 
biW blUC 

ycllou grq 

Van Dyke brown -+ 

raw umber 
brown ochre :: 
.-- 

grq grq 

_- : 
.- + 

raw umber 

;1 t,nctrt,s 

illJh0rIlS 

absorbs 
absorbs 
absorbs 
_.-_ 
._. 

blllc 
-- 

-- 

absorbs 
_. 

b!uc 
blue 
dark violet 

a tthorl,s 

a t~sorbs 

&3OTbS 

absorbs 
- 
absorbs 
I _ 

grey 

.- i- 
dark rlkJkt 

red-violet lake r 
-t 
-I- 

crimson Inkc 
dark violet 5 
red-violet lake + 
crimson lake + 
r-cd-violet lake + 
raw umber + 
- - 
red-viaict lake + 

.I 

grt! 
absorbs 
yellow 
- 
- 
blue-green 

- 

green 
yellow 
blue 
. .- 

~CllOW 

blUC 

yellow 
_- 

_- 
red-violet lake + 
imperial purple + 
- --_ 
imperial purple + 
crimson lake -4 
blUf2 -t- 

raw umber + 
red-violet lake -i- 
red-violet lake + 
deep vermilion + 
- 

- 

absorbs 

^ . -.--_ -.. --._ - _-.-. 

- : 
raw umber + 

_.- _ -... ----___ __._._“_, _ 
(continued on p. 55) 
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Bcfove 
NaOH 

-__..- --. LL_ 

s5 

NaQN ,@I plates) &ales) - 
--___---_-__- -yl_l_ ___-- -- 

48 

49 

50 

5’ 
52 
53 

54 
55 
9 
s7 

j.4-ll)ill~clroxyhydrocinnamic acid (hydro- 
csrfe~c acid} 

3dlctkoxy-~-hq_drox?‘cirlnnmic acid (fcrulic 
acid 

3-~Iethox3--~-hydroz;ycinnamic acid 
@-glucosidc 

3,4-Dimcthoxycinnamic acid mcthvl ester 
3,4,j_Trih?rdroxvcinnamic acid (sviingic acid) 
3,5-Uirnethox~-~-hsdroli!-cinnaln~ic acid 

(sinapic acid) 
Cinnamaldchydc 
Ir-~~tIcthos~cinnamaIdch~de 
3,-l-J~imethox~cinna~naldcl~~~l~ 
3-.\Irtho~~-j-h~dr~~~cinnamald~i~~~i~ 

(coniferyla1drhyde) 
Coumarin 
3-Hvdrox~~oumarin 

ss 
59 

j-Ci&bnz~~coumarin 
.+-Hydrosycoumarin 
g-H~drosycoumarin 
G-Hydroxycoumarin 
7-M~droxycoumarin (umbcllifcronc) 
7-Hycirox!*coumarin-3-carbox$ic acid 
~-ll~dro.u~coutna~in~3-carboxS_lic ncid 

C41Vi CRtfr 
~-~l~thns~courllarin-j-carbox!-lit acid 

ethyl rster 
;-l’rol”‘s~c’)urnarin 
;-I’ropos~-coumarin-3-car~~(~s~lic noi< 
~-~lc~thos!-coumarin (hcmiarin) 
G.7-l,ih!-drox!.coumarin (csculctin) 
c),T-l~il~~drox~coumarin-G-~~g~uct (csculin) 
;,X-l~ih\clros~~coum;lrin (tlaphnciin) 
~-Muthos~-7-hydrox~coumarin (scopotctin) 
G,7-J~inlethox~coumarin-3-car~ox~lic acid 
~j-~J~th~l-s-acctox~-7-nlcthoxvcoumarin 
.i-~Icth~l-g,7-dimcthox~coulnarin 
4-~Icth?l-5-m~thux~-~~~~droxycoun~~r~n 
Pcuccdanin 
Oreoselon 
Marmclosin 
Quinic acid 
3-<)-p-Coumaroyl-quinic acid 
I -O-Cinnamoyl-yuinic acid 
3-O-Cinnanlovl-quinic acid 
Chlorogcnic acid 
Isochlorogenic acid 
3-O-Fcruoyl-quinic acid 
Phloridzin 
(Quercetm 
Qucrcitrin 
JiUtill 
Vitexin 

-- -- 

blue-grc& 

blue 

- 
weak blue 
absarbs 

grcy 
- 
- 
grc>. 

absorbs 
- 
- 
gtc? 
grcy 
grcq’ 
whjtc-blue 
b1l.K 
purple 

blllC 

- 

-- 

yellow-grow absorbs 
grc> grc) 
blue blue 
.qT) &sorbs 
yclluw-green brown 

- 
spectrum blue 

olive green 
imperial purple 
venetkm red 
imperial purple 
brown ochrc 
Van Dvkc brown 
\-an I);~l-~~\~rou~~ 
I’an L>\ ’ (rl\-n 
xwwt_l;ltl I 

lemon cadmium 

terra cotta. 
raw sicnna 
spcctru~n orange 
raw umkr 
imperia! purple 
gun metal 
- 
raw u m’ocr 
- 
light vicht 
raw sienna 
raw skrn i 
dclft blLh 
orange c -ame 
middle c’ romr 
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Fig. I. Separation of phenolic acids and coumarins by thin-layer chromatography on: (I) silica gel 
plates dried at room temperature for 6 h; (II) steamed silica gel plates; (III) silica gel-cellulose 
plates dried at room temperature for 6 h ; (JV) steamed silica gel-cellulose plates. Solvent : T.E.F. 
I = p-Hydrosybenzoic acid: 2 = y-resorcylic acid; 3 = o-hydroxycinnamic acid; 4 = coumarin; 
S = g-hydroxycoumarin ; 6 = umbelliferonc ; 7 = scopoletin ; 8 = chlorogenic acid ; M = mix- 
ture. 
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Fig. z. Separation of phenolic acids and coumarins by thin-layer chromatography on : (I j silica gel 
plates dried a+ room temperature for 6 h; (II) steamed silica gel plates; (111) silica gel-ccllu10s~ 
plates, dried a: mom temperature for 6 h ; (IV) steamed silica gel-cellulose plates. Solvent : (‘. A.W. 
I = m-Hydroqbenzoic acid: z = @esorcylic acid ; 3 = protocatechuic acid: 4 = o-hydroxy- 
cinnamic acic’; 5 = caffeic acid ; 6 = ferulic acid: 7 = g-hydroxycoumarin; 8 = umbcllifcronc; 
M ‘I mixture 
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(I) They possess a greater stability than the plates made from silica gel only. 
The silica gel-cellulose plates do not disintegrate as easily as the silica gel thin layers 
(addition of I % starch even increases the stability). This is a very important factor 
when autoradiograms have to be made from the chromatograms or when a quantita- 
tive estimation has to be performed from the compounds on the thin layer. 

(2) The development of the plates with diazotized &nitroaniline gives rise to the 
same pronounced colour reactions with the phenolics and coumarins as on paper 
chromatograms. This result is of great significance in the identification of unknown 
substances, especially since the colours obtained with the same spray reagent on 
silica gel plates are not very much differentiated, all the phenolics and related sub- 
stances producing a similar, more or less brown tint. 

In many cases, there is the advantage that a somewhat smaller amount of the 
compound can be applied on the silica gelkcellulose plates than on the silica gel plates, 

Silica gel plates Silica gel -cellulose plate5 Silica gel - cellulose plates 
(: unsteamed) (unsteamed) (steamed) 

ractically no stationary Adsorption chromatography,: Increased stationary water 
‘ater phase present. but also partition phase j more partition than 
lore adsorption chromato- chromatography adsorption chromatography 
raphy 

n adsorbent in mobile phase in atatlonary 

Scale : l/4 

Concn. in mobile phase 
t7E.R) 

Ad&iiption Isotherm Partition isotherm Partition isotherm 
(a) (ti Ic 

via. 3. Simplified scheme, explaining the better thin-layer separation of equal amounts of vanillic 
acid ax&d coumarin on steamed silica gel-cellulose plates, wi.th T.E.F. (5 : 4 : I) as solvent. The better 
separation cf b9.h compounds on steamed silica gel-cellulose thin layers is compared to the 
separation obtainea on silica gel and silica-cellulose plates. The scheme refers to the ideal situation 
(linear adsorption and p:+tition isotherms). 
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because the substances tend to spread a little more (diffusion) on the former than on 
the latter thin layers. However, this fact is not of much significance because 0.25 pg 
spots still show a positive colour reaction on silica gel-cellulose plates with diazotized 
fi,-nitroaniline. 

Several of the fluorescent compounds can even be detected in as low a consen- 
tration as 0.02 pg on silica gel-cellulose plates, while the concentration on silica gel 
plates must be of the order of 0.10 pg. Spraying of the chromatograms with 2 N 
sodium hydroxide promotes the detection of fluorescent compounds. 

(3) The RF values of the compounds on the unsteamed silica gel-cellulose plates 
are very reproducible and this again is an important benefit in comparison with the 
silica gel plates. 

(4) The water content of the stationary phase of the silica gel and, afortiovi, of 
the silica gel-cellulose plates can be increased by steaming the plates just before 
irrigationso. This in general results, as mentioned above, in a much better separation of 
certain more polar, less polar and non-polar substance (see Figs. I and 2). For example, 
whereas thin-layer chromatography on activated silica gel layers is essentially an 
adsorption process, on silica gel-cellulose layers, as well as adsorption, there is also to 
some estent a partition process taking place, the cellulose powder serving as a carrier 
for a small, though important, stationary phase. Even the prescribed activation of the 
silica gel plates 32936 by drying of the thin layers before use seems in many cases 
superfluous, since a higher water content of the thin layer enhances partition chromato- 
graphy, Fig. 3 shows and explains the better separation of a relatively “more” polar 
phenolic acid, e.g. vanillic acid, and the less polar coumarin, on steamed silica gel- 
cellulose plates by comparing it with the separation obtained on silica gel and silica 
gel-cellulose layers. 

However, we must bear in mind that the real situation is probably a more com- 

TABLE IV 

EFFECT OF THE LENGTH OF RUN ON THE &? VALUES OF A PEW PHENOLICS AND COUMARINS 

Sobve?at Compouvads Unsteamed plates Steamed plales 

Silica gel Silica gel- Sibica gel Silica gel- 
ccElac20se GC&dOSC 

A n A B A B --A R 

T.E.F. I Coumarin 0.55 0.45 0.68 o.G2 0.gG 0.71 0.93 0.8 
2 Ferulic acid 0.50 0.3G 0.5G 0.51 0.74 o-39 0.44 0.G 
3 Vanillic acid 0.51 0.37 0.55 0.‘50 0.52 0.33 0.35 O.Gl 
4 p-Hydroxybenzoic acid 0.4G 0.34 0,50 0.41 o-47 - 0.24 0.6 
5 p-Wydroxycinnamic acid 0.48 o-33 0.50 0043 o-57 0.28 0.35 0.6 
6 o-Hydroxycinnamic acid 0.49 0.37 0.56 0.48 0.65 0.30 0.47 o-5 

c. A.VV. 1 Coumarin 0.75 - 0.98 0.93 0.96 0.98 0.99 0.9 
2 Ferulic acid 0.63 - 0.75 0.88 0.98 0.95 0.89 0.9 
3 Vanillic acid 0,70 0.91 0.90 0.84 o-54 0.35 0.84 0.9 
4 p-Wydroxybenzoic acid 0.29 0.64 o;47 0.62 0.34. 0.51 0.50 0.3 
5 p-Hydroxycinnamic acid 0034 0.72 0.55 0.71 , o-53 0.66 0.62 0.6 
6 o-Hydroxycinnamic acid 0.35 o-77 0.62 0.77 0.65 0.71 0.65 0.7 

.A = Start at I cm from the edge of the glass plate 
B- Start at 6 cm from the edge of the glass plate. 
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plex one, since this simple picture is on one hand certainly obscured. by frontal 
analysi@* 4+-61, d ue to the fact that ternary solvents were used and the components 
of these solvents can be selectively retarded: consequently, the Xp values of the 
coumarins and phenolic acids may be dependent on the length of the run. This was 
actually proved to be the cases2 and this effect can be seen for certain compounds in 
Table IV. 

On the other hand, water deactivation of the silica gel (this can certainly be 
expected when thin layers containing silica gel are steamed) can affect the adsorption 
of phenolics and coumarins differently according to their structure, and the type, 
number and position of the functional groups in the aromatic ring system*, 53--55. 
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SUMMARY 

A new thin-layer method for the separation of naturally occurring and synthetic 
phenolics and coumarins was de\)eloped. In this method, thin layers prepared from 
equal amounts of Silica gel G and cellulose powder were used and the advantages of 
both thin-layer and paper chromatography were combined. The separation of 93 
compounds was studied. Two solvent systems, toluol-ethyl formate-formic acid 
(5 : 4: I) and chloroform-acetic acidywater (4: I : I) were employed. Steaming of the 
plates just before irrigation resulted, in general, in a better separation of compounds 
of slightly different polarity. The advantages of the method are discussed. 
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