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Treatment of the ethyldimetlrylhydrosybenzoquinones with diazomethane in 
ether solution and subsequent removal of ether gave a quantitative yield of the corre- 
sponding methosy derivatives (Nos. 9-11 inTable III) in the pure form. Data of these 
sis quinones are given in Table I. 

TABLE I 

DATA OF SIS SYNTHESIZED BENZOQUINOSES 

Cortlpoutrd 
COIOW 

t7l.p. 
Cryslals A ikalirlc sol~clion 

2-Hydroxy-3,G-dimethyl-5-ethyl-1 ,.+-benzoquinone I oGO 
2-Hydro~y-3,5-dimethyl-G-ethyl-~ ,4-benzoquinone GgO 
2-Hydroxy-5,6-dimethyl-3-ethyl-~ ,4-benzoquinonc 79O 
2-Methoxy-3,6-dimethyl-g-ethyl-~ ,4-benzoquinone 135O 
a-Methosy-3,pdimathyl-G-ethyl- I ,4-benzoquinone S2O 
2-~Ietho?cy-~,G-dimethy1-3-ethyl-1,1(-bcnzoquinone 4o” 

yellow 
orange 
yc110\\- 
yellow 
~dlOW 

yello\v 

\-iolet 
\-iolct 
violet 
yellow 
?;ellow 
yellow 

Paper claromatograplay 

The compounds were introduced onto Whatman No. I 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, Rp values were determined by simultaneously running spinu- 
losin (No. 30 in Table III) as a reference substance. 

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. 

Smooth glass plates (IS 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 I h at ION”, and placed in a desiccator over calcium chloride. 
Five microliter drops containing I-IO ,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 
IO cm above it were marked off, and ascending chromatograms run. When the solvent 
front reached the IO cm mark (20-40 min) the plates were removed and airdried. 

Quantitative analysis 

After I min. exposure to gaseous hydrochloric acid the spots were removed by 
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scrznI~@ the siI.ica @ from the pIates and transferred quantitatively to a small 
c&umn, fkonrn w&kb the corimpumnds were eluted, using ether, a total volume of 
3 mI being colkcted- The nthhratviolet absorption of each compound at 270 rnp was 
then deteniHQIn~ and the vahnes obtaiined i.nterpoIated in the standard curves. 
The resnhks were eas@- n-eproaIncililIe, @king a recovery of gs-Ioo YO of the compound 

Fix- I- Bun adt z70 mmp ((a amn CC&)I as fktct& of concentration for two representative 
llmmzaqtiom im ethereal solution, 

c.hromaU~lpIneaI In c~~~ezn~ations Iower than 20 p&f the quinones obey Lambert- 
Be&s IawB Fl;nth rnaRecuk3r esttZnctZon coeicients ranging from 5 l IO3 to 5 l IO4 
.31-kmrn- Fig- H shaxws the tskmhuru3 curves for one representative compound of 
e2icIn ,~IolIB_ 

The cInronnat~I~Ink _.sts are seK-tidicating, The quinones of Group I all give 
+lIow spo& those off Group II @x-e cohxmrs that are characteristic for their structure, 
lpas.&ng from o-e ho purrpIe or E&me ~M~II increasing number of substituents, and in 
some cases emable m-edappimg spots to be id.entSed. The lower limit of detectability is 
H s ffor Group I and o-1 pe Group II, Xot more than 20 pg should be applied to 
the &hiin-Ilayer &Dnaues_ 

-A- 
Is_ 
C_ 
lx 
E. 
F- 

The f&t three sokents were used fax thin-layer analysis of Group I, the others 
for GrouI~ II- Silent I? was &so nsed. for paper chromatography. 
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RESULTS AND DISCUSSION 

Tables II and III list the RF values of Groups I and II 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 RF values 
was in the order of 5 o/0 of the means for all the compounds. With solvent A, and on 
paper chromatograms (solvent F) the standard deviation was slightly higher (IO To). 
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 RF values. Sometimes two-dimensional chromatography is advantageous, and 
Fig. z shows such a chromatogram, where solvent A has been used for the first dimen- 
sion and I3 for the second one. 

In most of the go or so solvents tested the compounds of Group II showed es- 
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 
Rp value is enough to yield two entirely separated spots if not too much substance 

TABLE II 

100 X RI,- VALUES OF 21 DERIVATIVES OF X.4-BENZOQUINONE BELONGING TO GROUP 1 

No. 
” 

Subslifrtcnts ir; posilioc~ Solawrt system used 

T/h-layer Paper Colour 

3 5 G 
A l 13. C* D E F F 

I 

2 

3 
4 

2 

z 
9 

IO 

II 

12 

I3 
I4 
I5 
I6 

I7 
IS 
I9 
20 

21 

H 

CH3 

CH3 
CH,O 

CH3 

CH3 

CH3 

z3 

CH3, 

CH3 

CH3 

CH3 

CH3 
CH,O 
CH,O 
CH, 

CH3 
CH, 

::j: 

1-l 
H 
H 
H 

H 
H 
H 
H 
H CH,O 

H CH,O 
H H 

CH3 
CH,O 
CH,O 

z3 

Cd% 
C2H, 

H 
H 

CH,O 
CH,O 

H 
CH,O 
CH,O 

CH,O 

CH, 
H 

CH3 
C2HG 
CH3 
CH,O 
CH,O 

H 
CH,O 

H 
CH,O 
CH,O 
CH,O 

H 
H 

CH3 
H 
H 
H 

CH,O 
H 

CHH 
CH;O 
CH.,O 
CH,O 

CH3 

c= 0 
H3 

CH,O 
CH,O 

06 48 50 % 54 75 

a’: 47 53 54 52 84 91 92 SJ SI 

50 54 35 g2 54 36 
33 3= 

;; Z” 90 2; - 
s: 7s so 

52 22 33 85 87 

2: 42 4o 55 67 76 S5 
24 21 z: 81 $8 88 

63 5S go gr 9.5 
go 06 04 95 90 92 
84 67 62 95 go 9I 
87 63 04 92 94 go 
I5 16 IO 83 83 88 

I7 I9 I5 75 SI So 

$ 26 29 23 26 83 78 S4 77 73 
46 

1; 
;: ;: 

E; 73 
;: SS 79 

39 27 85 Sg 7.5 

85 
95 
96 
92 
93 
95 

100 

100 
97 
96 

IO0 
100 
100 

100 

92 
95 

100 
9S 
95 

ZOO 
9s 

yellow 
yellow 
yellow 
~dlO\V 

yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 
yellow 

yellow 
yellow 
yellow 
yellow 
yellow 
ydl0\v 
yellow 
yellow 

l Solvent systems suitable for separations within the group. 
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TABLE III 

100 x RF VALUES OF 31 DEKIVAT~VES 0F 1,4-serrzoguxNoN9 BELONGING To GROUP I.1 

Subsliluenls irr $osiliorr Solvent system wed 

No. Thin-layer I’a>er Colour 

2 3 5 G 
A I3 C D* E’ F’ F* 

I OH 
z CH, 
3 CH, 
4 CH, 
- 
2 CH CH; 
7 CH, 
8 CH, 
9 CH, 

IO CH, 
II CH, 
IZ OH 
I3 OH 
14 OH 
15 OH 
16 CH, 
‘7 CH, 
18 CH, 
19 CH, 
zo CH, 
21 CI-I, 

22 CM, 
23 CI-I, 

24 CH, 
25 CH, 
26 CH, 
27 C% 
28 CH,O 
29 CM, 

30 CH, 
31 CH, 

I-i 
OH 

H 
H 

CH2 
OH 
OH 

zz3 
C&i, 
C&I, 

H 
H 
H 

0: 
OH 

OHH 
CH,O 
OH 
CH,O 

H 
1-I 

z3 
OH 
CH,O 
OH 

:z 

H I-I 
H H 

OH H 
H OH 

OH H 

Cl% 
C: 

CE OH3 
C,l$ OH 
CH, OH 
OH CH, 
OH H 

H OH 
CH,O H 

0’;: 
CH,O 

H 0: 
OH OH 
CH,O H 
OH H 

H CH,O 
H OH 

OH CH,O 
CI-I,0 OH 
OH OH 
CH, OH 
OH CH, 
OH H 
OH 
CH,O 002 
CH,O CH,O 

G 
2 

0 

0 

II 

II 

22 

22 

29 
23 
I7 

0 

0 

5 

0 

0 

0 

: 

4 
0 

0 

0 

I 

0 

0 

7 
II 

0 

0 

3 

4 
1 
0 

0 

5 

2 

9 
14 
IO 

7 
0 

0 

2 

0 

0 

0 

3 

2 

2 

0 

0 

0 

I 

0 

0 

3 
5 
0 

0 

I 

4 
I 

0 

0 

3 
4 

IO 

9 
30 
24 
II 

0 

0 

I 

0 

0 

0 

I 

3 
0 

0 

0 

L 

0 

0 

4 
6 
0 

0 

I 

g 
73 
44 
G5 
7G 

z’s 
66 
G5 
72 

0 

21 

50 
G2 
42 

G 
G3 
66 
50 
64 
Go 
26 
49 
45 
21 
54 
67 

0 

5 

65 

78 
70 
67 
58 

;; 
G2 
G3 
G7 
G4 
68 

0 

2.5 
Go 
G2 

IG 
20 

G3 
G3 
38 

;z 
38 
5G 
41 

ck”, 
G5 

0 

0 

65 

79 
GS 
G3 

2; 
G4 
68 
58 
GS 
Go 
G4 

0 

25 

2; 

29 

z: 

G7 

“;: 
5s 
30 
49 
41 
IS 

G3 
55 

0 

0 

5s 

3s 
78 

z. 
71 
79 
77 
79 
77 
77 
so 

4 
*3 
5G 
52 
32 

z; 
Go 
55 
54 
5 I 
30 

2; 

;“s 
70 

2; 
G9 

orange 
orange 

red-orange 
orange 
orange 
violet 
red-violet 
red-violet 
violet 
violet 
violet 
blue-violet 
orange 
red-violet 
orange 
violet 
red-violet 
violet 
violet 
orange 
blue 
violet 
violet 
violet 
violet 
red-violet 
blLlC 
blue-violet 
blue 
blue-violet 
blue-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 hydrosyl 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 RF values. 
Butanol should not be completely omitted, as the spots then tend to tail too much. 
Variation of the proportion of z M 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 tithirn Group II as the &in-la..-ex 
technique, particularly between the more polar cor~pouuads. ;A better di&rentitiorm 
of the less polar quinones can be etiected by increasing the proPotion oif butanoL 
The long time of development of the paper cbroma~ogranns is, however, a great dis- 
advantage as some decomposition of the less stable qtiones @_g_ 3-h+os~--z.~- 

! 
Fig. 2. Two-dimensional chromatography of beruoqu~s~cc=s ?from Gronng L- Tbce xnumks a,% nEw 

compounds refer &o Table H I - 

toluquinone) occurs in the alkaline medium. Consequently_. quantitative an&_&s 
should be performed only on thin-layer plates. 

No general straight-line relationship between Rp values and mnmber of snbsGtxn- 
ents could be obtained, but in most cases tie RF values are increased bF n-ne!thyI 
groups,. decreased by methosyl groups, and decrm4 &PI more by hydro_~l! gronp~ 

The author is greatly indebted to Prof. j. H. B~K~SEL~W. London, PPOL H_ Ewnx.a.s, 
Stockholm, Prof. IV, FLAIG, Rraunschweig and Prof. H. Muso, Marburg, for p-o- 
1.iding samples of quinones. 

SUMM_4Tz?T 

A satisfactory method for the separation, identication and determination of p- 
benzoquinone derivatives by adsorption chromatography on plates "d partition 
chromatography on paper, using different solvents as developer. is descriW, and 
the dependence of the RF values on the natnre of the soEve& system discussed, 
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