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Reduction of 1-substituted anthraquinones to 1- and 4-substituted anthrones
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The regioselectivity of reduction of I-substituted anthraquinones to 1- or 4-substituted
anthrones is determined by both the nature of the substituent and the type of the reducing

system used.
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Anthrone and its derivatives are used as intermediate
products in the synthesis of dyes,!? drugs, cosmetics,3
and materials suitable for recording information in the
near IR region.4 The incerest in these compounds is also
due to their use as starting compounds for the synthesis
of monothioanthraquinone derivatives, which belong to
a novel class of quinones.’

Two principal approaches to the synthesis of anthrones
are known: cyclization of 2-benzylbenzoic acids and
reduction of anthraquinones.'? In our opinion, the
major disadvantage of the former is that the starting
products are not easily accessible. The latter is attractive
because of its simplicity, but it is less regioselective than
the first one (particularly, in the case of 2-substituted
anthraquinones).

Table 1. Reduction of |-R-anthraquinones (1a—h)

1-Substituted anthraquinones were reduced to 1-sub-
stituted anthrones with sodium dithionite (SDT) in al-
kaline medium® or in 50% AcOH,” with metals (Sn, Al,
and Cu) in acid medium,3='* and catalytically.415
Information on the synthesis of 4-substituted anthrones
is rather limited.®*! The aim of the present work is to
improve the procedure for the synthesis of [- and 4-sub-
stituted anthrones by reducing [-substituted anthraquino-
nes (1) with SDT and metals.

As was shown previously,® reduction of 1-amino-
anthraquinones 1a,b with SDT in alkaline medium led to
1-aminoanthrones 2a,b, while 1-hydroxyantraquinone Ic
yielded 4-hydroxyanthrone 3¢. Only 1-substituted anthrones
2a—c (Table 1) were isolated when this procedure was
reproduced. In contrast to 1a—c, the reduction of 1-phe-

[nitial Reducing- Products M.p./°C Yield Purification
com- system® this of anthrones?®
pound work data
1a A 2a 110—-113  110—1136 47 R (PhCl)
1b A 2b 16—118  111—1138 52 CC (Si0y)
1c A yI 140—141  140—141' 42 CC (Si04)
1d A 2d 89—91 - 16 R (PhMe)
k| 129—131 12618 34 R (PhMe)
B 2d + 3d
-1 -
le A 3e 144—145  140—14117  50—-55 R (EtOH—~CHCI;, 10:1; AcOF)
B le 190—193  194—195.58 26 R (C¢Hg, AcOEL)
if A 3r 137140 137 $3 R (CeHy—MeOH, [:1)
B 2 + 3f
(~1: 1) -
C 2f 119—122 118%13 21 R (EtOH—CHCl;, 10:1; AcOEY)
1g A 3g 135139 13018 60 R (MeOH)
B 2c 140—141 — 51
C 5 101—103 — 33 CC (Al,05), R (MeGH)
ih A 3h 97—103 — 64 R (MeOH)
B 4 228—231  — 35 CC (Si0;), R (C4Hg—CgH .y, 1:1)

% A, SDT—~NaOH: B, Sn—HCI; C, Al—H,S0,. * R, recrystailization; CC, column chromatography (CgHg).
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nyl-, i-chloro-, I-methoxy-, and |-phenoxyanthraquinones
le—h with SDT in alkaline medium results in the corre-
sponding 4-substituted anthrones 3e—h, whereas the re-
duction of I-methylanthraquinone 1d yields a mixture of
[- and 4-methylanthrones 2d and 3d in the ratio of
~1 : 2; these anthrones were easily separated because of
the better solubility of anthrone 3d in aqueous alkali.
SDT is known to reduce l-acetoxyanthraquinone to
4-hydroxyanthrone in 50% AcOH.? Our attempts to use

this procedure to synthesize other 4-substituted anthrones
failed: N-acetyl-1-methylamino- and -1-anilinoanthra-
quinones remained almost unchanged, while N-acetyl-
1-aminoanthraguinone was hydrolyzed and partly con-
verted into anthrone 2a.

We also synthesized [-substituted anthrones using
the reduction of anthraquinones ld—h with metals in
acidic medium. Reduction of several 1-R-anthraquino-
nes (R — amino,!? hydroxy,!® phenyl,® methoxy, !t and

Table 2. Analytical and spectral characteristics of the compounds obtained

Compo- Found (%) Molecular 'H NMR, § (J/Hy) IR, v/em™!
und Calculated ™ formula
C H C=0 NH(OH)
2a 4.22 (s, 2 H, CHy); 6.50—6.70 (m, 4 H, H(2), 1635 3300,
H(4), NH,); 7.17—7.55 (m, 4 H, H(3), H(5)— 3400
H(7);8.25 (dd, | H, H(8), 3/ = 8.0,% = L.5)
2h 2.86 (d, 3 H, Me, 3/ = 10.0); 4.16 (s, 2 H, 1635 3245

CH,); 6.53 (m, 2 H, H(3), H(®)); 7.14—7.50
(m, 4 H, H(3), H(5)—H()); 8.23 (m, | H,
H(8)); 9.50 (m, ! H, NH)
2c 425 (s, 2 H, CHj); 6.85 (m, 2 H, H(2), H(4)); 1635
7.40—7.60 (m, 4 H, H(3), H(5)—H(7)); 8.24
(m, t H, H(8)); 12.98 (s, 1 H, OH)

2d 87.0 376

CisH;,0
86. 5.76

2.83 (s, 3 H, Me); 4.31 (s, 2 H, CH,); 7.20— 1650
7.60 (m, 6 H, H(Q)—H(7)); 8.23 (m, | H, H(8))

2e 440 (s, 2 H, CH,); 7.20—7.60 (m, !l H, H(2)— 1650
H(7), H(Ph)); 8.13 (m, 1 H, H(8))

b3 431 (s, 2 H, CHy); 7.30—7.60 (m, 6 H, H(2)— 1660
H(7)); 8.23 (m, { H, H(8))

3d 2.39 (s, 3 H, Me); 4.07 (s, 2 H, CHy); 7.29~— 1645
7.65 (m, 5 H, H(2), H(3), H(5)—H(")); 8.22
(m, t H, H(1)); 8.32 (m, | H, H(8))

3e 4.14 (s, 2 H, CH,); 7.29—-7.60 (m, 14 H, H(2), 1650

3r

3z

3h

ooF:
u.
O I~

oo
zE
[ 8

471
4.89

4.50
4.56

2.27
5.35

CyoH 30y

CagHs04

CisHpOy

H(3), H(5)—H(7), H(Ph)); 8.33 (m, | H, H{8));
841 (dd, 1 H, H(1), 3/ = 7.0, 47 = 2.5)

432 (5,2 H, CHy); 745 (1, 1 H, H(2), ¥/ = 8.0);
7.47 (m, | H, H(3)); 7.52—7.75 (m, 3 H, HG)—
H(7)); 8.27 (dd, | H, H(1), 3J = 80,4 = 1.5);
8.29 (m, | H, H(8))*

3.92 (s, 3 H, Me); 4.16 (s, 2 H, CHy); 1.07

(dd, t H, H(3), 3J = 8.0, 4/ = 1.0); 7.30-7.60
{m, 4 H, H(2), H(5)—H(T)); 7.96 (dd, 1 H,

H(1), 3/ = 8.0, 47 = 1.0); 8.33 (m, { H, H(8))

430 (s, 2 H, CH,); 7.01—7.64 (m, 10 H, H(2),
H(3), H(5)—H(7). H(PR)); 8.16 (m. | H,

H(1)): 8.36 (m, | H, H(8))

6.47 (dd, 2 H, H(3.3), 3/ = 6.8, * = 3.0);

6.85 (m. 4 H, H(1,1"), H(2,2')); 7.08 (m, 2 H.,
H(8,8")): 7.20 (m, 2 H, H(7.7")); 7.30 (m,

2H, H 20 1.34 (m, 4 H, H,,): 742 (m, 2 H,
H(6.6"8:7.48 (m, 4 H, H,n): 8.62 (m, 2 H,
H(5.5°): 10.19 ¢s, 2 H, OH)

4.07 (s, 3 H, OMe), 6.60 (d, 1 H. H(2),

37 =80) 7.21 (1, | H, H(3), 3/ =8.0); 744
(m, 3 H, H(4), H{6), H(T)); 7.82 (s, | H,
H(10)); 7.86 (m, 1 H, H(5)); 844 (m, 1 H,
H(8)); 10.21 (s, 1 H, OH)

1655

1665

1675

3440¢

33904

7 tn CD4Cly. ® Mol. mass, found/calculated: 570.1822/570.1831. € In CCl,. 4 In CHCl;.
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chloro?) under these conditions has been described pre-
viously. We (like the authors in Ref. 8) also found that
the systemr Sn—HCI in AcOH reduced quinone le to
anthrone 2e (sce Table 1). 1-Methyl- and 1-chloro-
anthraquinones 1d,f under the same conditions yield
mixtures which, according to their !H NMR spectra,
contain approximately equal amounts of 1- and 4-sub-
stituted anthrones.

The reduction of 1-methoxyanthraquinone 1g with
Sn and HCI in boiling AcOH is accompanied by hy-
drolysis of the methoxy group and results in 1-hydroxy-
anthrone 2c¢, which differs from the literature data.!!
1-Phenoxyanthraquinone 1h is reduced with the same
system to 9,9 "-bi(4-phenoxy-10-hydroxyanthracene) (4)
in high yield.

Quinone lg is converted into [-methoxyanthrone
under milder conditions (~30 °C) with Al and H,80 as
a reducing system; according to the literature data (cf.
Ref. 1), the resulting methoxyanthrone exists in its tau-
tomeric form, 1-methoxy-9-anthranol (5) (sec Table 1).
Quinone If is reduced with the Al—H,S0, system to
1-chloroanthrone 2f, which is in agrcement with the
previously reported data.?

Anthrones 2a—f and 3d—h are stable crystalline sub-
stances; they exist in their keto-form in the solid state
and in chloroform solutions (¢f. Ref. ). Anthranols 4
and 5 are less stable (especially, on sorbents and at
clevated temperature). The structure of the compounds
synthesized was established on the basis of analytical and
spectral data (Table 2). The IR spectra of anthrones
2a—f and 3d—h are characterized by an absorption band
of the carbonyl group in the region of 1630—1675 cm™!,
and the absorption band of anthranols 4 and 5 lics in the
high-frequency region (3390 and 3440 cm—!). The
'H NMR spectra of anthrones 2 and 3 differ in the
chemical shift of the CH, protons and in the number of
the signals for the protons deshielded by the carbonyl
group. In the spectra of I-substituted anthrones 2 there
is one signal in the region of 8.2—8.3 ppm (the multiplet
of the H(8) proton), while there are two signals for H(1)
and H(8) protons in the spectra of 4-substituted anthrones
3, which is in accordance with the literature data (see,
for instance, Ref. 16).

The results obtained are evidence that the regio-
selectivity of the reduction of 1-substituted anthraquino-
nes to 1- or 4-substituted anthrones depends on the
nature of the substituent and the type of the reducing
system: reduction with metals in acidic medium results
in 1-substituted anthrones, and that with SDT in alka-
line medium yields 4-substituted anthrones. An excep-
tion are the anthraquinone derivatives where the sub-
stituent and the adjacent carbonyl group participate in
the formation of an intramolecular hydrogen bond;
in this case, |-substituted anthrones are the reduction
products.

Experimentali

IR spectra were recorded on an UR-20 spectrophotometer
in KBr pellets, 'H NMR spectra were recorded on a Bruker
WP-200SY and Bruker AM-400 (for compound 4) spectrom-
cters in CDCl;. Molecular weights and elemental composition
of compound 4 were determined using the high-precision
value of the molecular ion mass number obtained on a Finnigan
MAT-8200 GC/MS mass spectrometer.

Reduction of anthraquinones 1a—h with sodium dithionite
(SDT) in slkaline medium. General procedure. A suspension of
a quinone 1 (I mmol) in dioxane (5—7 mL) and SDT
(3—6 mmol) were added with stirring (a Bunsen valve® was
used to contact with the atmosphere) to a solution of NaOH
(6—10 mmol) in water (25 mL) heated 10 90—100 °C. The
mixture was boiled with stirring for 3060 min and cooled.
The residue was separated, chromatographed on a SiO; col-
umn, and(or) recrystallized.

Reduction of anthraguinones 1a—h with 2 Sua—HC! sys-
tem. General procedure. Conc. HCl (2—3 mL) was added
dropwise to a mixture of quinone (2 mmol), tin (4—5 mg-at.),
and AcOH (10 mL) heated to boiling. The boiling mixture was
stirred for 1.5—2 h and poured into water after cooling. The
residue was separated and recrystallized.

Reduction of anthraquinones if,g with an Al—H,S0, sys-
tem. General procedure. Powdered Al (0.2—0.3 g) was added
gradually to a solution of quinone (4 mmol) in conc. H,50,
(10 mL) with stirring. The mixture was stirred for 2 h and
poured into an ice—water mixture. The residue was separated,
chromatographed, and(or) recrystallized.
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