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Abstract—1-Hydroxyanthraguinone and its substituted derivatives exist as equilibrium mixtures of four
tautomers and rotational isomers. Their anions have 9,10- and 1,10-quinoid structures. Each tautomer or
conformer is characterized by a single n;,m* band in the electronic absorption spectrum.
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Over the past 150 years, anthraquinone derivatives
attract persistent interest due to their wide application
as natural and synthetic dyes, biologically active sub-
stances, medical agents, analytical reagents, indicators,
catalysts for industrially important processes, materials
for data storage and processing devices, etc. [2]. In the
recent time, the interest in this class of compounds has
considerably grown due to their ability to undergo
tautomeric transformations. Using quantum-chemical
and correlation methods, it was found that the complex
character and diversity of electronic absorption spectra
of anthraguinones originate from their tautomeric equi-
libria [3-5]. A procedure has been proposed [6] for
studying tautomeric equilibria on a quantitative level
on the basis of linear correlations between the ex-
perimental m,*-absorption maxima (Ama) and those
calculated by quantum-chemical methods for different
tautomers. However, this approach turned out to be in-
applicable to such simple substances as 1-hydroxy-
9,10-anthraquinone and its substituted derivatives since
the above correlations are valid only to a particular
guinoid tautomer taken separatdly [7]; therefore, four
points corresponding to hydroxy- and oxido-substi-
tuted tautomeric 9,10- and 1,10-anthraguinones gave
rise to two isostructural series.

On the other hand, the number of m;,n* bands in
the experimental absorption spectra of 1,4-di- [8],
1,4,5-tri-, and 1,4,5,8-tetrahydroxyanthraguinones [9]
exceeds the number of possible tautomers; the reason
is that, apart from tautomeric species, there exist
rotational isomers in which the hydroxy groups are not

* For communication 111, see [1].

involved in intramolecular hydrogen bonds [1]. We
proposed to perform correlation analysis of a-hydroxy-
anthraguinone tautomers and conformers with the use
of constants ¢” for free hydroxy groups (OH),
H-bonded hydroxy groups (OH*), and oxido groups
(O7), which were calculated for different tautomeric
anthraguinones [1]. The results reveaded some unob-
vious and even unexpected structural features of these
compounds, which stimulated a more detailed study of
various groups of hydroxyanthraquinones.
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Table 1. Tautomers and conformers of some substituted 1-hydroxyanthraguinones
Amax, M
Substituent Solvent Reference
I v I \% Il VI
H Ethanol 390 sh 406 423 [10]
H Ethanol 404 425 [11]
H Ethanol 484 [12]
H Ethanol 500 [13]
2-Me Ethanol 404 [14]
2-Me Ethanol 396 sh 413 430 sh 510 [15]
2-Pr-i Ethanol 395 413 435 [16]
2-COCH Ethanol 400 [17]
2-COCH Methanol 425 [18]
2-COOH Ethanol + NaOH 490 510 [19]
3-Me Ethanol 389 sh 404 422 [20]
3-CH,OH M ethanol 387 sh 402 [21]
4-Me Ethanol 406 420 478 [14]
5-SO;H Water 395 483 [22]
5-SOH Water, pH 9.55 503 [23]
1-Hydroxyanthraguinone and anions derived there- Vinax (€M) = ko™ + . (D

from could give rise to six forms characterized by six
m,* bands and six constants ¢”.

The m,n* absorption of 1-hydroxyanthraguinone
is a broad band centered at A ~405 nm with two
shoulders at A ~390 and 425 nm. The experimental
m,n* bands (Table 1) were assigned to the correspond-
ing structures using correlation (1) (see figure,
Table 2). Similarity in the ¢” values suggests that
structures |1 and IV are difficult to distinguish by
spectrophotometry.
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Correlation between v for 1-hydroxyanthraguinone and its
anions in ethanol and constants ¢* for hydroxy and oxido
groups. For compound numbering, see text.

Here, k characterizes the sensitivity of a compound
to ionization and isomerization, and v, = vmax @t k= 0.

These data confirm the assignment of the long-
wave absorption bands of 1-hydroxyanthraguinone and
itsanion to 1,10-quinoid structures.

The values of v for 9,10-anthraquinones with
oxygen-containing substituents in ethanol are linearly
related [1] to ¢* (cf and of for a- and B-substituted
derivatives, respectively [3]); this relation is described
by Eq. (2):

Ve (CNTY) = (10093+129)” + (30903£67); (2
N =12, r = 0.9992, s= 123,

Using Eq. (2) we calculated vimg for the m,n* band
of 1-hydroxy-9,10-anthraquinone with free hydroxy
group, Vmax = 25960 cm™ (Amax = 385 nm). Therefore,
the band with its maximum at about A 390 nm should
be assigned to structurel, i.e., conformers having afree
hydroxy group also exist for 1-hydroxyanthraguinone
that is the smplest representative of a-hydroxyanthra-
guinones.

Contradictory published data on the substituent
effect on the color of substituted anthragquinone deriva
tives [5] cannot be rationalized on the basis of conven-
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tional views implying exclusively 9,10-quinoid struc-
ture of these compounds. For example, it remains un-
clear why the long-wave absorption band of 1-hy-
droxy-2-methylanthraquinone in ethanol is located at
Amex 404 nm [14], while 1-hydroxy-2-(2-propyl)anthra-
guinone absorbs at Amax 435 nm [16], and why intro-
duction of a hydroxy group into the side chain of
1-hydroxy-3-methylanthraguinone induces a blue shift
of the m,n* band (from 422 [20] to 402 nm [21]). Dif-
ferent positions of the long-wave absorption maxima
were reported for 1-hydroxyanthraguinone-5-sulfonic
acid in akaline medium: Ay 483 [22] and 503 nm
[23]. These and many other analogous findings may be
rationalized by considering prototropic tautomerism
and rotational isomerism of hydroxyanthraguinones.
The color of each subgtituted 1-hydroxyanthraquinone
is determined primarily by its tautomeric or conforma-
tional structure. Considerable changes in Ama in the
above examples are induced by displacement of tauto-
meric and conformational equilibria (Table 1). Table 2
shows the results of correlation analysis of vy for
substituted 1-hydroxyanthraguinones.

Substituent-induced shifts of the m;,7* bands corre-
sponding to similar isomers are predictable, and they
depend on the substituent constants ¢”*. Examples are
correlations between the red shifts of m;,#* bands and
substituent constants o}, in the series of 4-substituted
1-hydroxy-9,10- [3] and 9-hydroxy-1,10-anthra-
quinones [24]. Correlation analysis makes it possible
to not only assign m,n*-absorption maxima of substi-
tuted 1-hydroxyanthraguinones to a particular tautomer
and conformer but also estimate on a quantitative level
the effect of the substituent nature and its position on
the senditivity of anthraquinone derivatives to ioniza-
tion and isomerization. As follows from the values of
coefficients k given in Table 2, the sensitivity depends
on the position of methyl group in the anthraquinone
nucleus: it decreases in the series 3 > 2 > 4. The
sengitivity of the 3-methyl-substituted anthraquinone is
higher by a factor of 11157:9464 = 1.18 than that of
the 4-methyl analog.

Analysis of published data indicates that each hy-
droxyanthraguinone may exist as different combina
tions of tautomers and conformers, but it isimpossible
to determine factors responsible for state of tautomeric
and conformational equilibria. Systematic studiesin
this line should be important from the practical view-
point, specificaly for the chemistry of natural anthra-
guinones, where the position of m,n* bands is used to
determine the structure of compounds isolated from
natural sources.
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Table 2. Parameters of correlation (1) for
1-hydroxyanthraquinones in ethanol

1471

substituted

b

Substituent | N® r s° k Vo

H 6 |0.9994 97| 9199+179|30242+141
2-Me 4 109992 |119| 9518+267|30030+£204
3-Me 3 10.9993 52111157+405|31712+255
4-Me 4 {0.9994 86| 9464+225|30519+166
2-Pr-i 3 | 1.00000 8110119+50 [30278+30
2-COOH | 4 ]0.9996 8810956+218|31503+191
5-SO;H? | 4 [0.9991 |144|10852+325|31686+279

& Number of points.

® Correlation coefficient.

¢ Standard deviation, cm™.

4 In water.
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