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Introduction 

K. H. Meyer reported in 1911 on the syn-
thesis of 9-anthranol, which is the simplest 
substance in leuco-compounds of anthraquin-
one series, and also on its behaviour in several 
organic solvents.1) He observed that 9-anth-
ranol exhibited strong fluorescence in some 
solvents and explained that there might exist 
in solution a chemical equilibrium between 
anthrone and 9-anthranol, the reaction velocity

Fig. 1

and equilibrium constant of which depended 
on solvent. Backstrom et al. pointed out an 
iodine titration method for the quantitative 
analysis of 9-anthranol2) Le Fcvre et al. in-
vestigated the dielectric behaviour of the same 
-substance and its methyl ether. However, 

the above-mentioned authors could not 

prepare pure 9-anthranol. The present 
authors have established the best condition 
of synthesis of 9-anthranol and measured the 
dipole moment of it by the solution method. 
The reproducibility was satisfactory. 

Experimental 

Synthesis 

The original procedure of Meyer1) and the 
modified one of Backstrom and Beatty2) have been 
-traced , but the purity of 9-anthranol prepared 
in this way was unsatisfactory. The authors have 
synthesized 9-anthranol of high purity by improv-
ing these two methods. They have found that 
it was important to operate the synthesis con-
tinually in a stream of nitrogen (to prevent oxida-
tion) and to maintain the temperature as low as

possible (to prevent isomerisation) during the pre-
paration. The result of synthesis had good re-
producibility. 

Anthrone was prepared from anthraquinone 
(Org. Syn. Coll. vol. 1, p. 60) and recrystallised 
twice from mixed solvent of benzene and petroleum
ether(3:1). m.p.154.7℃.

The apparatus is shown schematically in Fig. 2, 

and the procedure is as follows :

Fig. 2. Apparatus for Synthesis of 

9-Anthranol 

3.0g. of fine powdered anthrone was boiled in 

180 g. of 10% aqueous solution of sodium hydroxide 

for about ten minutes in a stream of nitrogen, 

and as soon as the boiling was over, 300 g. of ice 

pieces were added and the flask was cooled rapidly 

by an ice sodium chloride bath set outside. When 

the temperature of the solution lowered to -5•Ž, 

the flask was arranged as indicated in Fig. 2, A, 

and cooled to maintain this temperature. 

Apparatus for neutralization and extraction, C, 

which contained 120 cc. of toluene, 300 cc. of dis-

tilled water, 300g. of ice pieces and 15cc. of 98% 

sulphuric acid, was cooled from outside by solid

carbon dioxide to maintain-5℃. The solution

of sodium salt of 9-anthranol was poured directly 
into C in a stream of nitrogen and shaken; the

1) K. H. Meyer, Ann., 379,37 (1911). 
2) H. Backstrom and H. Beatty, J. Phys. Chem., 35, 2549 

(1949). 
3) C. L. Angyal and R. J. W. Le Fevre, J. Chem. Soc., 

1950, 562.
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precipitated 9-anthranol was extracted in upper 
toluene layer. Then by the pressure of nitrogen 

the water layer was removed, the toluene layer 
was washed with 200 cc. of distilled water and the 
water layer was removed similarly. The yellow 

emulsion was sent into a drying apparatus F which 
contained 80g. of fresh calcined and oxygen-free 
anhydrous sodium sulphate, and was shaken at
-5℃.20cc. of petroleum ether (b.p.60-70℃.)

was cooled beforehand at ca.-70℃. in a precipi-

tating tube H which was immersed in a solid 
carbon dioxide-methanol bath ; the clear dried 
9-anthranol toluene solution was then poured into 

petroleum ether through the glass filter G by the 
suction and the pressure of nitrogen. Sodium 

sulphate was washed with 60 cc. of petroleum
ether(b.p.60-70℃)and solution in H was diluted

simultaneously. The pale yellow precipitate. of 

9-anthranol was deposited immediately and the 

precipitation was accomplished in an hour. The 
precipitate was filtered in a stream of nitrogen 
as rapidly as possible, washed with 50 cc. of pe-
troleum ether (b.p. 45～50℃), then taken in a

vacuum desiccator and sucked by a vacuum pump

for half an hour at 0℃ to remove petroleum

ether contained in crystal. Then the product was 
dried for about ten hours over phosphorous pen-
toxide in a vaccum at the same temperature. The 
yellow fine crystal of 9-anthranol was enclosed in 
ampouls in a stream of nitrogen. yield: 1.5-1.7 g. 

Infrared spectrum of 9-anthranol suspended in 
Nujol was measured and a strong absorption band 
of OH group was observed. 

Notice 

1) Water and toluene used in the synthesis 
were distilled in a stream of nitrogen, so that 
they were free from oxygen. 

2) It was necessary to cool all the apparatus,
Ato G, at-3～-5℃ by smal]pieces of solid

carbon dioxide.

3) All the transfusions of liquid were made in 
a closed apparatus by the suction or under the 
pressure of nitrogen, and the whole time of pre-
paration was within half an hour. 

4) Oange-yellow to red crystal was deposited, 
if the temperature rose or the air leaked into the 
apparatus. The product prepared in this way 
could not be used as a sample for the measure-
ment of dielectric constant because the reproduci-
bility of results was unsatisfactory. 

Behaviour in Solvent 

9-Anthranol was dissolved in several solvents 
and the times is required for the complete dis-
appearance of fluorescence of solutions were meas-
ured. (Table 1). According to Meyer,1) t was a 
function of the reaction velocity of tautomerism. 

In ethanol, dioxane and ether is were large 
and the reactions were supposed to be slow. 
However in carbon disulphide, carbon tetrachlo-
ride, acetone and pyridine no fluorescence ap-
peared and the reactions were supposed to be

very fast. In benzene t was large and as the 
number of methyl groups of benzene ring in-

creased, t decreased. In petroleum ether, n-hep-
tane and cyclohexane is were large but practically 
these solvents could not be used in the dielectric 

measurement because the solubilities in these were 
very small. 

As the suitable solvents the authors then chose 
benzene, dioxane and toluene for the following 

experiments. 

Table 1

Dielectric Measurements 

Solvent : All the solvents were purified accord-
ing to the methods in "Organic Solvents ".4) 

Density: Ostwald-type pycnometer was used. 
Instrument : Usual Heterodyne-beat type oscil-

lator designed and constructed by one of the 
authors (Nukada) was used to measure die-
lectric constants of solutions.5) Capacities of 
sample cells were from 50 pF to 80 pF. 

The synthesized sample had to *be stored in 
nitrogen atomosphere at low temperature and to 
be dissolved in solvents as quickly as possible. 
When the purity of a sample was low or the 
temperature of solution too high, 9-anthranol 
changed into anthrone and the fluorescence of the 
solution vanished rapidly.

4) A. Weissberger and E. Proskauer, " Organic Solvents ", 
Oxford University Press, 1935, p. 106,107.140. 

5) e.g. see J. W, Baker and L. Groves, J. Chem. Soc., 
1939, 1144.
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Table 2 

The Dielectric Constants and the Densities 

of 9-Anthranol in Several Organic 

Solvents.*) **) ***)

*) The symbols used in this Table are the same 

as those of Halverstadt and Kumeler.7) 812: 
dielectric constant of solution, V12 (=I/d12) : 
specific volume of solution (cc/gr), w : concentra-
tion (weight percent), P2: solute molar polari-
zation, P20: solute molar polarization at infinite 
dilution, p20: solute specific polarization at in-

finite dilution :  ε1:dielectric

constant of solution at infinite dilution, v1 : 
specific volume at infinite dilution, u: dipole 
moment (Debye unit).
The values of α, ε1, β and v1 were calculated

utilizing the statistical method of least squares. 
**) In calculation of the orientation polarization 

the authors have assumed that the sum of elec-
tric polarization and atomic one was equal to 
the molar refraction MRD for sodium D line. 
For 9-anthranol MRD=58cc. 

***) u were calculated as

Fig.3. Relation between ω and ε12

Solvent: Benzene.15℃.

Symbols △, ▽ and ○ represent the results

of several experiments under the same con-

dition.

Results 

Dielectric constants and densities of several 
solutions were measured at various concent-
rations. (Table 2).
All theω ～ ε12 curves became straight Iines

except for toluene solution6) 
The dipole moments of 9-anthranol in be-

nzene and dioxane solutions were calculated 
by Halverstadt-Kumler's equation7) and the 
moments in other solutions by the usual 
method.8) The results are in Table 3. Since 
in solutions there exists a chemical equilibrium 

6) Fig, 3 shows the result of several measurements under 
the same experimental condition. Unlike the case of other 
samples, (e.g. anthrone in benzene, Denys, I. Coomber and J. 
R. Partington, J. Chem. S.oc, 1938, 1444.) the curves were 
not fine straight lines. This deviation means probably the un 
stability of 9-anthranol in solvents. 

7) I. F. Halverstadt and W. D. Kumler, J. Am. Chem. . 
Soc., 64, 2988 (1942). 

8) P. Debye, "Polare Molekeln ". Leibzig, 1929.
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between 9-anthranol and anthrone, values in 
Table 3 do not mean the " exactly true value 
of dipole moment of 9-anthranol " but should 
be regarded as a " nearly true one ", because . 
in such solvents the velocity constants are 
small. Le Fever et al. measured the dipole 
moment of 9-anthranol methyl ether. (1.5 D). 
Noting a difference of 0.4-0.5 D between 
phenol and its methyl ether, they supposed 
that 9-anthranol had a moment of 1.9-2.0 D.3) 
The authors' result agrees with this sup-
position. 

Table 3 
The Dipole Moments of 9-Anthranol 

in Several Organic Solvents

In benzene-dioxane mixture, the moment 

values are comparable with Nagakura and 

Baba's result on phenol.9)

In toluene ω ～ ε12 curve was not a straight

line.

It may be reasonable to explain the stabi-
lisation of 9-anthranol by the assumption that 
in benzene10) and dioxane11) OH-group of 
9-anthranol makes weak combination with

solvent and the potential barrier between 
anthrone and 9-anthranol becomes higher, 
hydrogen atom of 9-anthranol's OH is thus 
hindered from shifting to the position " 10 " 
of anthracene ring. The results in Table 1 
also -support this asumption except for ace-
tone and pyridine, in which the stabilisation 
of 9-anthranol by the combination O.. H-O 
and N...H-O can be expected, but the causes 
of these exceptions are not plain now. 

Summary 

1) The condition of synthesis to obtain pure 
9-anthranol was established. 

2) Times required for the complete disap-
pearance of fluorescence of solution were 
measured and assumed to be measures of re-
action velocities of tautomerism from 9-anth-
ranol to anthrone. In ethanol, ether, dioxane 
and benzene the reaction velocities were small, 

3) Dielectric constants of 9-anthranol in ben-
zene, dioxane, benzene-dioxane mixtures and 
toluene solutions were measured. Reproduci-
bility was satisfactory. In the said solvents 
9-anthranol was relatively stable and o - eLz 
curves were straight lines except in toluene. 

4) The stability of 9-anthranol in solvent 
was supposed to be increased, by an interac-
tion between 7r-electrons of solvent and proton 
of solute O-H group in the case of benzene, 
or by O ... H-O combination in the case of 
dioxane. 
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the Technical Officials of this Institute, and 
Assistant Prof. S. Nagakura, Tokyo University 
and to the advices in experiment of Mr. S. 
Saeki and Mr. K. Fujii, this Institute. 
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9) S. Nagakura and H. Baba, J. Am. Chem. Soc., 74, 5693 
(1952). 

10) There is a coupling of -electrons of benzene with 
proton of OH-group in solute molecule. (W. Liitte and R. 
Mecke, Z. Elektrochem. 53, 241 (1949).) 

11) In dioxane a hydrogen bond between solvent and 
solute may exist.


