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Chromatography is well recognized today as an indispemsable techmique in the study
of all kinds of natural pigments. A larze proportiom of these pizments, occurring in
animals, plants and micro-onganisms, consists of quinones. Many svstems for separating
anthraquinones’—? and naphthagquinones®*%-* have beem described, but except for a
number of Investigations associated with specific biochemical problems (e.g. the
ubiquinones®-*?) Lttle work has beem reported om the chromatography of benzo-
quinones in generall-2. Imn conmection with amalvtical work om mowld products, a
chromatographic method was required that wounld give a precise and good separation
of mixtures containing isomeric p-benzoquinones in different stages of hvdroxyvlation.
Thin-layer chromatography was chosen as the principal technique as it was rapid
and required a smaller amount of the substamce to be amalvsed, but for special
purposes a paper chromatographic method was alo required. It oftem prowved ad-
vantageous to purifyv the mould extracts om paper chromatograms, and them, after
elution, to identify the different quinomes on thin-laver plates.

The compounds investigated could be divided imto two growps, which had to be
analysed separately:

(1) Benzoquinone derivatives where the substitwents comsisted of ome or more
methy], ethy] or methoxyl groups.

(2) Benzoquinone derivativies where inm additiom at least ome of the substituemts
was a hydroxyl group.

For quantitative determination of the compounds, the witraviolet absorption
curves of the pure preducts were determined in amhydrous ether, using ¥ cm cells.
Maximum absorption is found between 2635 and 280 mw™s, and a wavelemgth of 270 myy
was chosen to obtain standard curves.

NATERIALS AND METHODS
Samples

The gquinones used in the presemt imvestigation were symthesized im our laboratery,
or obtained through the courtesy of other laboratories. The purity was checked by
chromatography. Six of the compounds have mot been described previowsly :

The three isomeric ethyvidimethyvihvdroxybenzoguinomes (Nos. 12—14 in Table 1T)
were obtained in good vield from the corresponding hyvdroguinomes™ by oxidation
with air in 0.1 M phosphate buffer (pH $.0). Afiter acidification of the buffer solution
with concentrated hyvdrochloric acdid the quimones were extracted with ether and
purified by sublimation.
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Treatment of the ethyldimethvlhyvdroxybenzoquinones with diazomethane in
ether solution and subsequent removal of ether gave a quantitative yield of the corre-

sponding methoxy derivatives (Nos.g-11 inTable III) in the pure form. Data of these
six quinones are given in Table I.

TABLE 1
DATA OF SIX SYNTHESIZED BENZOQUINONES

Colour

Compound m.p.

Cryslals Alkaline solution
2-Hydroxy-3,6-dimethyl-5-ethvl-1,4-benzoquinone 106° vellow violet
2-Hydroxy-3,5-dimethyl-6-ethvl-1,4-benzoquinone 69° orange violet
2-Hydroxy-35,6-dimethyvl-3-ethvl-1,4-benzoquinone 79° vellow violet
2-Methoxy-3,6-dimethyl-5-ethyl-1.4-benzoquinone 135° vellow vellow
2-Methoxy-3,5-dimethyl-6-ethyl-1,4-benzoquinone 82° yvellow vellow
2-Methoxy-5,6-dimethyl-3-ethyl-1,4-benzoquinone 40° vellow vellow

Paper chromatography

The compounds were introduced onto Whatman No. 1 paper by the usual spotting
technique, and the papers developed by the descending method for a period of 16—24 h,
depending on the solvent system used. During this time the solvent descended to
40 cm from the base line. Greatly increased separation of compounds with relatively
low Rp values was obtained by allowing the solvent front to overrun the edge of the
paper. In these cases, Ry values were determined by simultaneously running spinu-
losin (No. 30 in Table III) as a reference substance.

Paper chromatographic purification

The mould extracts were introduced as bands along the base line and the chromato-
grams developed as above. In the solvent system used, all the compounds of Group I
moved with or near the solvent front, and could thereby easily be separated from the
members of Group II by elution with ethanol. The quinones of Group II could often
be identified directly on the paper chromatogram, but if necessary these were also

cut out from the paper, eluted with ethanol and identified by thin-layer chromatog-
raphy.

T hin-layer chromatograpiy

Smooth glass plates (15 X 15 X 0.3 cm) were covered with a thin, even layer of
Silica Gel G (Merck, Darmstadt) by spreading a well-stirred mixture of 30 g Silica
Gel G and 60 ml of distilled water with a thin-layer applicator. The plates were
activated by heating for 1 h at 105°, and placed in a desiccator over calcium chloride.
Five microliter drops containing 1-10 ug of the quinones dissolved in ether or ethanol
were applied at a distance of 1.5 cm from the edge of the plate. The origin and a front
10 cm above it were marked off, and ascending chromatograms run. When the solvent
front reached the ro cm mark (20-40 min) the plates were removed and airdried.

Quantitative analysis

After 1 min. exposure to gaseous hydrochloric acid the spots were removed by
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scraping the silica gel from the plates and transferred quantitatively to a small
colummn, from which the compounds were eluted, using ether, a total volume of
3 mi being collected. The ultraviolet absorption of each compound at 270 mu was
then determimed, and the wvaluwes obtained interpolated in the standard curves.
The results were easily reproducible, giving a recovery of g5—-100 % of the compound
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Fig. 1. Extinction at 270 mu (1 cm cells) as function of concentration for two representative
benzoguinones im ethereal solution.

chromatographed. In concentrations lower than 20 wM the quinones obey Lambert-
Beer’s law, with molecular extinction coefficients ranging from 5-10%® to 5-10%
M2cmt. Fig. x shows the standard curves for onme representative compound of
each group.

Dctzetion

The chromatographic spots are self-indicating. The quinones of Group I all give
vellow spots, those of Group I give colours that are characteristic for their structuzre,
passing from orange to purple or blue with increasing number of substituents, and in
some cases enable overlapping spots to be identified. The lower limit of detectability is
T ug for Group I and o.x ug Group II. Not more than zo ug should be applied to
the thin-laver plates.
Solvent systcms
The following solvemt svstems proved satisfactory:

A. Chloroformm

B. Chloreformz—benzene (3:1 by vol.)

C. Chloroform—xyleme (3:1 by wvol.)

D. Ethanol-concentrated ammonia (5:1 bv vol.)

E. Ethanol-w-butanol-z 3 ammonium hydroxide (3:5:3 by vol.)

F. Propanol-n-butanol-23f ammeonium hydroxide (6:1:3 by vol.).

The first three solvents were used for thin-layer analysis of Group I, the others
for Group I1. Solvent F was also used for paper chromatography.
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RESULTS AND DISCUSSION

Tables II and III list the Ry values of Groups I and IT respectively of the investigated
quinones. These figures are an average of three or more runs, and the reproducibility
was established by a statistical analysis of 20 experiments in which the mobility of
three compounds of each group was determined in the different solvent systems.
On thin-layer plates, using solvents B-F, the standard deviation of the Rr values
was in the order of 5 % of the means for all the compounds. With solvent A, and on
paper chromatograms (solvent F) the standard deviation was slightly higher (10 %).
The major source of error is attributable to temperature fluctuations with their
subsequent effect on the mobilities.

The order in which the quinones of Group I appear on the chromatograms is not
much affected by the solvent system used. Many systems have been investigated,
and the three given above, based on chloroform, showed the best differentiation
of the Ry values. Sometimes two-dimensional chromatography is advantageous, and
Fig. 2 shows such a chromatogram, where solvent A has been used for the first dimen-
sion and B for the second one. _

In most of the go or so solvents tested the compounds of Group II showed ex-
tensive tailing, which could be avoided only by using alkaline systems, the best
systems being based on alcohols containing ammonia. The water-free solvent D gives
good resolution and generally very distinct, flattened spots. A difference of 0.02 in
Ryp value is enough to yield two entirely separated spots if not too much substance

TABLE II
100 X Ry VALUES OF 21 DERIVATIVES OF 1,4-BENZOQUINONE BELONGING TO GROUP 1
Substituents in position ’ Solvent system used
No., Thin-layer Paper Colour
2 K] 5 G
A B* c* D E F F
1 H H H H 66 48 50 73 84 75 83 ycllow
2 CH, H H H 74 53 54 88 91 85 a5 vellow
3 CH, H H CH, 77 47 52 84 92 81 96 yellow
4 CH3;O H H H 50 54 35 9o 92 Qo 92 yellow
5 CHj, CH,;0 H H 54 36 40 87 9o 85 93 yellow
6 CH, H CH,O H 33 31 26 So 78 8o 95 yellow
7 CH, H H CH,0O 52 22 33 85 87 73 100 vellow
8 CH, CH, CH,O H 43 42 40 76 85 81 100 yellow
o9 CH, CH,O0 CH,4 H 61 55 67 85 88 85 97 vellow
10 CH, CH,;O H CH, 24 21 20 81 7 88 96 vellow

11 CH, CH, CH, CH,O 63 58 62 90 ol 95 100 yellow
12 CH, CH, C,H, CH,;0O 9o 66 64 95 a6 92 100 yellow

13 CH, C,H, CH, CH,0 84 7 62 95 9o 91 100 vellow
14 CH, C,H, CH,O CH, 87 63 64 92 Q4 9o 100 vellow
15 CH,O H CH,O H 15 16 10 83 83 88 92 yellow
16 CH,O H H CH,0O 17 19 15 75 81 8o 95 vellow
17 CH, CH,O CH,0 H 39 26 23 78 84 77 100 vellow
18 CH, - CHZO H CH,O 36 29 26 83 8o 73 98 vellow
19 CH, H CH,O CH,O 40 32 30 79 85 73 95 vellow
20 CH; CH;0 CH,O CH, 43 36 30 82 88 79 100 yellow
21 CH, CH,O0 CH,0 CH,;0 48 39 27 85 89 75 o8 vellow

* Solvent systems suitable for separations within the group.
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TABLE III
100 X [ty VALUES OF 31 DERIVATIVES OF I,4-BENZOQUINONE BELONGING TO GROUP 1I
Substituents in position Solvent system uscd
No. Thin-layer Paper Colouy
2 3 5 6 '
A B c D+ E* b obd o
1 OH H H H 6 4 4 74 78 79 38 orange
2 CH,4 OH H H 2 1 I 64 70 68 78 orange
3 CH, H OH H o o o 73 67 63 70 red-orange
4 CHi, H H OH o o o 44 58 52 dec. orange
5 CH, CH, OH H 11 5 3 65 70 67 7L orange
6 CH, OH CH, H 11 5 4 76 04 64 79 violet
7 CH, OH H CH, 22 8 10 74 62 68 77 red-violet
8 CH, CH, CH, OH 22 9 9 58 63 58 79 red-violet
9 CH, CH, C,H, OH 29 14 3o 66 67 68 77  violet
1o CH, C,H, CH, OH 23 10 24 65 64 60 77  violet
11 CH, C,H, OH CH,4 17 7 11 72 68 64 8o wviolet
12 OH H OH o o o o o o 4 blue-violet
13 OH H H OH o o o 21 25 25 13 orange
14 OH H CH,O H 5 2 1 50 60 54 56 red-violet
15 OH H CH,O o o o 62 62 67 52 orange
16 CH, OH OH H o o o 42 16 29 32z violet
17 CH, OCH H OH o o o 6 20 10 19 red-violet
18 CH, H OH OH 1 1 1 63 63 60 65 violet
19 CH, OH CH,O H 8 2 5 66 63 67 60 violet
20 CH, CH,O0 OH H 4 2 3 50 38 45 55 orange
21 CH, OH H CH,O o o o G4 59 62 54 blue
22 CH CH,O H OH o o o 6o 58 58 51 violet
23 CH, H OH CH,;0O o o o 26 38 30 30 violet
24 CH, H CH;0 OH 1 1 I 49 56 49 45 violet
25 CH, CH, OH OH o o o 45 41 41 53 violet
26 CH, OH CH, OH o o o 21 I5 18 23 red-violet
27 CH, OH OH CH, 7 3 4 54 64 63 38 Dblue
28 CH,O CH;O OH H II 5 5) 67 G5 35 70  Dblue-violet
29 CH, OH OH OH o o o o o o 9 Dblue
30 CH, OH CH,O OH o o o 5 o o 2 blue-violet
31 CH, OH CH;O0 CH,0 3 1 1 G5 65 58 69 Dblue-violet

* Solvent systems suitable for separations within the group.

is applied to the plates. There is, however, still some tailing of the quinones with
two hydroxyl groups. With solvent E all compounds develop well-defined spots,
slightly more diffuse than obtained with D. The resolution is good and the compo-
sition of the system can be varied to meet special needs for separation. Increasing the
percentage of butanol makes the system more adapted to the chromatography of
the less polar quinones, but also increases the time of development. Decreasing the
percentage of butanol gives better separation of compounds with low Rp values.
Butanol should not be completely omitted, as the spots then tend to tail too much.
Variation of the proportion of 2 ammonium hydroxide is of no use, as it is chosen
to be optimum as regards avoidance of tailing and resolution ability. Solvent F has the
same general properties as solvent E.

Paper chromatography was used partly to separate Group I from Group II,
partly to identify the members of Group II. For these purposes, solvent F proved
superior to other systems, and was exclusively used. It appears from Table III that
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paper chromatography gives as good separations within Group Il as the thin-laver
technique, particularly between the more polar compounds. A better differentiation
of the less polar quinones can be effected by increasing the proportion of butamol.
The long time of development of the paper chromatograms is, however, a great dis-
advantage as some decomposition of the less stable quinones {¢.g. 3-hvdroxv-2,5-
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Fig. 2. Two-dimensional chromatography of benzoquinones from Group I. The numbers of the
. compounds refer to Table 1.

toluquinone) occurs in the alkaline medium. Consequently, quantitative analyvsis
should be performed only on thin-layver plates.

No general straight-line relationship between Ry values and number of substitu-
ents could be obtained, but in most cases the Rp values are increased by methyl
groups, decreased by methoxyl groups, and decreased stiil more by hyvdroxyl groups.
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SUMMARY

A satisfactory method for the separation, identification and determination of -
benzoquinone derivatives by adsorption chromatography on plates and partition
chromatography on paper, using different solvents as developer, is described, and
the dependence of the Ry values on the nature of the solvent system discussed.
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