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A new general method for the synthesis of chrysophanol, rhein, islandicin,
emodin and physcion, starting from common dye intermediates such as 1-amino-
5-chloroanthraquinone and 2-methylanthraquinone, is described. Though a number
of stages such as halogenation, deamination, replacement of halogen by hydroxyl,
methoxylation and demethylation are involved in the synthesis, the reactions pro-
ceed without difficulty and good yields are obtained.

r I NHE known methods'™* of synthesis of chryso-
phanol (chrysophanic acid) (I), emodin (IV)
and other naturally occurring hydroxyanthra-

quinones, which are based on the condensation of
nitro- and methoxyphthalic anhydrides with phenols
or their ethers, require relatively inaccessible inter-
mediates, and moreover, the constitution of the inter-
mediate derivatives has not been proved. A new
approach to the unambiguous synthesis of chryso-
phanol and emodin starting from the common anthra-
quinone dye intermediates is now described. With
appropriate modifications the present method can
be used for the synthesis of other naturally occurring
polyhydroxy - 2- methylanthraquinones®. Halogena-
tion of aminoanthraquinones, deamination via the
diazonium salts, and the replacement of halogen by
hydroxyl or methoxyl followed by demethylation has
been explored earlier as a general method for the
synthesis of hydroxyanthraquinones®”.

In the method described here for the synthesis of
chrysophanol (Chart I) the dye intermediate 1-amino-
5-chloroanthraquinone (an intermediate for the dye
Indanthrene Golden Orange 3G) was used as the
starting material.

Marschalk® prepared 1-amino-5-chloro-2-methyl-
anthraquinone (VI) from 1-amino-5-chloroanthra-
‘quinone by the action of formaldehyde bisulphite
solution in the presence of sodium hydrosulphite.
Bromination of (VI) with bromine in glacial acetic
acid at 20° gave 1-amino-4-bromo-5-chloro-2-methyl-
anthraquinone (VII). Diazotization followed by de-
amination in boiling ethanol gave 4-bromo-5-chloro-

*Communication No. 444 from the National Chemical
Laboratory.
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2-methylanthraquinone (VIII), while the conversion
of the diazonium group to hydroxyl by boiling with
50 per cent sulphuric acid gave 4-bromo-5-chloro-
1-hydroxy-2-methylanthraquinone (X). Oxidation of
(VIIT) with chromic acid. gave 4-bromo-5-chloro-
anthraquinone-2-carboxylic acid (IX). Replace-
ment of halogens by hydroxyl groups in (VIII), (IX)
and (X) by heating with slaked lime in presence of
copper bronze at 200° in an autoclave yielded chryso-
phanol (I), rhein (II) and islandicin (III) respec-
tively. The synthesis of (III), a red colouring

1




AYYANGAR ¢t al.: NEW SYNTHESIS OF CHRYSOPHANOL, RHEIN, ISLANDICIN, EMODIN & PHYSCION

matter present in Pewicillium islandicum Sopp?,
was reported earlier by Joshi ef af.1%, and more recent-
ly by Neelakantan et al.1.

2-Methylanthraquinone served as a more satis-
factory intermediate for the synthesis of chryso-
phanol (I), emodin (IV) and other related naturally
occurring hydroxyanthraquinones. Nitration of 2-
methylanthraquinone to the dinitro stage gave a
mixture of 1,5-dinitro- and 1,8-dinitro-2-methyl-
anthraquinones (XI) and (XII) which could be sepa-
rated easily on account of their different solubilities
in conc. sulphuric acid and organic solvents such as
acetone and acetic acidl®. A series of subsequent
reactions gave chrysophanol (I) and emodin (IV);
in general the reactions proceeded smoothly and
good yields were obtained (Chart IT).

For the synthesis of chrysophanol (I), 1,5-dinitro-
2-methylanthraquinone (XI) was the suitable start-
ing material. Partial reduction of (XI) by short boil-
ing with dimethylaniline (a reaction applied earlier
to the partial reductions of 1,5- and 1,8-dinitro-
anthraquinones®) gave 1-nitro-2-methyl-3-amino-
anthraquinone (XIII) in 60-65 per cent yield; the
monoamine (XIII) separating from the dimethyl-
aniline solution was crystalline and required no further
purification before proceeding to the next stage.
The constitution of (XIII) was confirmed by deamina-
tion to 1-nitro-2-methylanthraquinone. Diazotiza-
tion of (XIII) and hydrolysis with boiling 40 per
cent sulphuric acid gave 1-nitro-2-methyl-5-hydroxy-
anthraquinone (XIV). Reduction of (XIV) with
sodium sulphide gave l-amino-2-methyl-5-hydroxy-
anthraquinone (XV). When (XV) was treated with
bromine in glacial acetic acid at 20°, the hydroxylated
ring was unaffected and the sole product was the
4-bromo compound (XVI), which was deaminated
to 2-methyl-4-bromo-5-hydroxyanthraquinone (XVII)
by boiling the diazonium salt solution with ethanol;
(XVI) could also serve as a useful intermediate for
the synthesis of islandicin (III). Chrysophanol (I)
was obtained as before by the replacement of the
halogen atom in (XVII) by hydroxyl, by heating
with aqueous lime and copper bronze in an autoclave
at 200° for 24 hr.

1,8-Diamino-2-methylanthraquinone (XVIII) was
used as the starting material for the synthesis of
emodin (IV) and physcion (V). Bromination of
(XVIII) with excess of bromine in glacial acetic acid
at 100° gave the tribromo compound (XIX), which
was deaminated through the diazonium salt to give
4,5,7-tribromo-2-methylanthraquinone (XX). Pro-
longed refluxing of (XX) with sodium methoxide
and methanol in presence of copper oxide gave emo-
din trimethyl ether (XXI) in about 60 per cent yield;
methoxylation could also be effected by heating in
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a sealed tube at 160-70° for 6-12 hr, but the yield
was somewhat lower. Complete demethylation of
emodin trimethyl ether (XXI) to emodin (IV) was
best effected by treatment for a few minutes with a
melt of aluminium chloride-sodium chloride at 140-
50°. Selective demethylation of the a-methoxyl
groups in (XXI) by refluxing with hydrobromic and
glacial acetic acids for 1 hr yielded physcion (V).
Physcion was synthesized earlier by the partial
methylation of emodin (IV) with methyl iodide and
sodium methoxide in methanol or with potassium
acetate and dimethyl sulphatel®:*s,

Experimental procedure

1-Amino-2-methyl-5-chloroanthraquinone (VI) was
prepared from 1-amino-5-chloroanthraquinone by
the method® described by Marschalk. Purification
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of the crude reaction product (m.p. 175-80°) was
effected by percolation of a toluene solution through
a short column of alumina, followed by crystalliza-
tion from toluene. The 1-amino-2-methyl-5-chloro-
anthraquinone (VI), obtained as red needles in 35-40
per cent yield, had m.p. 207° (Marschalk ef al.® quote a
m.p. 213° after several crystallizations from nitro-
benzene or pyridine). (Found: C, 66-4; H, 3-5; Cl,
12:6. Cy5H;CINO, requires C, 66-3; H, 3-7; Cl,
13-1%.)

1- Amino-2-methyl-4-bromo-5-chloroanthraquinone
(VII) — A suspension of (VI) (10 g.) in glacial acetic
acid (140 ml.) was stirred with bromine (3-5 ml.) at
15-20° for 8 hr, and left overnight. The scarlet
product was collected, washed with 5 per cent
sodium bisulphite solution and water, and dried
(11-6 g.). Crystallization from glacial acetic acid
gave scarlet needles, m.p. 260° (decomp.). (Found:
C, 511; H, 2:2; N, 45. Cy;HBrCINQ, requires C,
51-4; H, 2:6; N, 4:0%,)

2-Methyl-4-bromo-5-chloroanthraguinone  (VIII) —
A solution of (VII) (10 g.) in conc. sulphuric acid
(150 ml.) was cooled in an ice bath to 5° and diazo-
tized with sodium nitrite (2-5 g.) dissolved in conc.
sulphuric acid (20 ml.). After 1 hr glacial acetic
acid (20 ml.) was added and after 15 min. the mix-
ture was poured over crushed ice (1 kg.). The solu-
tion of the diazonium salt was added to an equal
volume of 95 per cent ethanol, and the mixture was
gradually heated to boil and then refluxed for 30 min.
The pale yellow crystalline product was collected,
washed free of acid and dried. Crystallization from
glacial acetic acid gave yellowish brown needles
(7 g.), m.p. 226°. (Found: C, 53-3; H, 2-1; Br, 24'1;
Cl, 10-3. C;HgBrClO, requires C, 537; H, 24,
Br, 23-8; Cl, 10-49,.)

1-Hydroxy-2-methyl-4-bromo -5 -chioroanthraquinone
(X) — The diazonium solution prepared as above
from (VII) (5 g.) was gradually added to a boiling
50 per cent sulphuricacid solution (300 ml.), and the
mixture heated at 140° for 30 min. The brownish
yellow product, obtained by dilution, was collected,
washed free of acid and dried (3-5 g.). Crystalliza-
tion from glacial acetic acid gave brownish yellow
needles, m.p. 220°. (Found: C, 51-0; H, 2-2; Cl,
9-9; Br, 22:4. C;zH¢BrClO; requires C, 51-3; H, 2:2;
Cl, 10-0; Br, 22-5%,.)

4-Bromo-5-chloroanthraquinone-2-carboxylic — acid
(IX) — A mixture of (VIII) (5 g.), glacial acetic acid
(125 ml.) and acetic anhydride (125 ml.) was stirred
and treated with a solution of chromic acid (10 g.)
in glacial acetic acid (100 ml.) during 30 min. at
60-65°. After stirring for 3 hr at 65-70°, the green
solution - was poured in hot water (1 litre) and
left overnight. The lemon-yellow crystalline product

was collected, washed thoroughly and dried (4 g.).
Crystallization from glacial acetic acid gave lemon-
yellow plates, m.p. 296-8°. (Found: C, 43-8; H,
2-1; Cl, 9:5; Br, 22:5. C;;H¢BrClO, requires C,
49-1; H, 1-7; Cl, 9-8; Br, 21-9%.)

Chrysophanic acid (I) — To a thin slurry made
from slaked lime (50 g.) in water (200 ml.), (VIII)
(10 g.) and copper bronze (4 g.) were added. The
mixture was heated in an autoclave at 200° for 24 hr.
The red reaction mixture was acidified with hydro-
chloric acid and filtered. The crude product was
dissolved in 5 per cent sodium hydroxide solution
(200 ml.) and filtered. The filtrate was acidified
and the brownish yellow precipitate collected, washed
free of acid and dried (45 g.). Purification was
effected by Soxhlet extraction with hexane and
crystallization from alcohol to give yellow needles,
m.p. 196° (literature'®, 196°). (Found: C, 709;
H, 42. C;3H;,0, requires C, 70-9; H, 3-9%,.)

The acetyl derivative crystallized from alcohol in
yellow needles, m.p. 208°. (Found: C, 67-4; H, 4-1.
C,oH,,0, requires C, 67-4; H, 4-1%,.) :

Rhein (I1)—Treatment of (IX) (3 g.) with slaked

- lime (15 g.) and copper bronze (1-2 g.) as above and

purification by sublimation at 180°/5 mm. gave a
product (1:5 g.) which crystallized from glacial acetic
acid in orange-yellow needles, m.p. 310-12° (rapid
heating), undepressed when mixed with a natural
sample. Melting points of 310° (Kofler hot plate)
to 321° have been quoted for rhein. (Found: C,
63-1; H, 3-1. C;;H O, requires C, 63-4; H, 2-8%,.)
The acetyl derivative was crystallized from glacial
acetic acid as pale yellow needles, m.p. 247°.
Islandicin (I1I) — Treatment of (X) (2 g.) with
slaked lime (10 g.) and copper bronze (0-8 g.) in a
sealed tube at 200° for 24 hr yielded a product (0-85 g.)
which crystallized from chloroform in bronze-red
plates, m.p. 218°, undepressed when mixed with the
natural sample and had all the properties described
by Howard and Raistrick® for islandicin. (Found:
C, 66:7;H,39. C;H,,05 requires C, 66-7; H, 3:79%,.)
The substance is insoluble in aqueous sodium carbo-
nate and ammonia, but goes into solution in aqueous
sodium hydroxide giving a violet colour and in glacial
acetic acid with orange colour having greenish fluo-
rescence. It dissolves in conc. sulphuric acid with
bright red colour, appearing bluish red with red
fluorgseence in thin layers.
1,5-Dinatro-2-methylanthraquinone (XI) (m.p. 346°;
yield 30-35 per cent) and 1,8-dinitro-2-methylanthra-
quinone (XII) (m.p. 293°; yield 10-12 per cent)
were prepared by nitrating 2-methylanthraquinone
and separating the two isomers'?
1-Nitro-2-methyl-5-aminoanthraquinone  (XIII) —
A mixture of 1,5 - dinitro - 2 - methylanthraquinone
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(5 g) and freshly distilled dimethylaniline (50 ml.)
was stirred in a round bottom flask fitted with a re-
flux condenser. The mixture was heated gently
with vigorous stirring to the boiling point. The
suspension of the nitro compound went into solution
with a red colour. The reaction was continued for
20 min. from the start and left overnight. The
separated crystalline product was collected, washed
with ether and dried (28 g.). Crystallization from
chlorobenzene gave garnet-red needles, m.p. 300°.
(Found: C, 63-7; H, 36; N, 9.9. Cy5H;,N,0, requires
C 638; H, 35; N, 9:99,.)

1-Nv z'tifo-2~methylu%t}zmqumone — 1-N itro-Z—methyl-
5—aminoanthraquinone (XIII) (0-75 g.) was dissolved
in conc. H,S0, (20 ml.), cooled in ice bath to 5°, and
diazotized with sodium nitrite (0-7 g.) in conc. H,S0,
(10 ml) for 1 hr. Glacial acetic acid (2 ml) was
added and after 15 min. the mixture was poured
over crushed ice (30 8)- The diazonium salt solu-
tion was added to ethanol (75 ml) and the mixture
was gradually heated to boil, and then refluxed for
30 min. The yellow product was collected, washed
free of acid and dried (07 g.). Crystallization from
glacial acetic acid gave yellow needles, m.p. 270-1°,
undepressed when mixed with an authentic sample
of 1—nitro—2~methylanthraquinone.

1—Nitro-Z—methyl—S—hydroxyu%ﬂzmqumone (XIV) —
1—Nitro—Z-methyl-S—aminoanthraquinone (XIID) (5 g.)
in conc. H,S0, (100 ml.) was cooled to 5° and dia-
zotized with a mixture of sodium nitrite (5 g)
and conc. H,SO, (25 ml). The diazonium solution
Wwas poured over crushed jce (150 g.) and then added
to 50 per cent H,S0, solution (300 ml.) at the boil.
The mixture was heated at 140° for 1 hr and diluted
with water (300 ml.). The crystalline yellow product
was collected, washed and dried (4-6 g Crystal-
lization from glacial acetic acid gave yellow
needles, m.p, 275°, (Found: C, 63-7; H, 2-7; N, 4-8.
CisHgNO; requires C 636; H, 3-2; N, 499,

1-4 mz’ho—Z—meﬂzyl—S “ydroxyanthraquinone (XV)—
1—\Iitro-Z—methyl—5~hydroxyanthraquinone (4 g.) was
made into a paste in a round bottom flask with
sodium sulphide (15 g.). The mixture was diluted
with water (90 ml.) and heated gradually on a water
bath at 100° with vigorous stirring for 1 hr. The
red crystalline mass was collected, washed and dried
(35 g). Crystallization from toluene gave red
needles, m.p. 192°, (Found: C, 71-4; H, 4:3; N, 53.
C15Hy3NO; requires C, 71:2; H, 43; N, 5:594

1-4 mino-2-methyl-4-bromo-5 -hydroxyanthmqmnone
(XVI) — A suspension of l—amino—Z-methyl-S—hy—
droxyanthraquinone (XV) (3 g) in glacial acetic
acid (50 ml.) was stirred with bromine (1-1 ml.) at
15-20° for 8 hr and Ileft overnight. The scarlet
_product was collected, washed with 5 per cent sodium
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bisulphite solution and with water and dried (378 g.).
Crystallization from toluene gave brownish red
needles, m.p. 242°. (Found: C, 53.7; H, 3-2; N,
4:3; Br; 24:2, C1sH;oBrNO, requires C, 54-2: EL
32; N, 42; Br, 24:1%.3)

2-M ethyl—4-bifomo-5—]zydroxyafi/zthmgmnone (XVII)
— A solution of 1—amino-2-methyl—4—bromo—5-hy-

}_droxyanthraquinone (XVI) (3-3 g.) in conec. H,S0,

(50 ml) was cooled In an ice bath to 5°, and
diazotized with sodium nitrite (2 g) dissolved in
cone. H,SO, (20 ml). After an hour glacial acetic
acid (20 ml.) was added, and after 15 min. the mixture
was poured over crushed jce (80 g.). The solution of
the diazonium salt was added to ethanol (150 ml),
and the mixture was gradually heated to boj] and
then refluxed for 30 min. The yellow crystalline
product (3 g.) was collected, washed free of acid and
dried. - Crystallization from glacial acetic acid gave
yellow needles, m.p. 203°. (Found- C, 569; H, 3-2.
Cy5H,BrO, requires C, 56-8: H, 2-89)

Chrysophanic acid (I) — To a thin slurry made from
slaked lime (125 g.) in water (50 ml), 2-methyl-
4—brorno—5-hydroxyanthraquinone (XVII) (25 g.)

- and copper bronze (1 g.) were added. The mixture

was heated in an autoclave at 200° for 24 hr. - The
red reaction mixture was acidified and the yellow
precipitate collected, washed free of acid and dried

(19 g.). Crystallization from alcohol gave vellow
needles, m.p. 19¢°. (Found: C, 70-8; H, 42

Ci5Hy00, requires C, 70-9; H, 3-99 )

The acetyl derivative crystallized from aleohol as
yellow needles, m.p. 208°.

1,8—Dz'ozmmo—Z—methylant/zmgzzizzone (X11), m.p.
206°, was prepared by the reduction of 1,8-dinitro-
2-methylan‘chraquinone10 with sodium sulphide.

1,8 - Diamino- 4,5,7-tribromo -2-me‘i/z}'lmfz’izmguinone
(XIX) i mechanically agitated solution of 1,8-di-
amino—Z-methylanthraquinone (17-5 g) in glacial
acetic acid (1750 ml) was treated at 100° with
bromine in glacial acetic acid (20 ml. in 250 ml) for
8 hr. After cooling to room temperature overnight,
the crystalline product was collected, washed with

C, 37.1; H, 1-8; N, 6:0; Br, 486, CisH BN, 0,
requires C, 36-8: H, 1-8; N, 570 B 49-09,.)

45, 7—Tm'bz'om0—2—methylanthmqmnone (XX)— A
solu#lon of 1,8 - diamino -4,5,7-tribromo - 2 - methyl-
anthraquinone (XIX) (10 g.) in conc. H,S0, (300 ml.),
cooled to 5°, was diazotized with sodium nitrite
(5 g.) in conc. H,S0, (40 il jSfor 1 hirey Glaces acetic
acid (40 ml.) was added and the mixture was poured
over crushed ice (2 kg.). The diazonium solution
thus obtained was refluxed with ethanol (1-5 litres)
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for 1 hr. On cooling, the product was collected,
washed and dried (9 g.). Crystallization from glacial
acetic acid gave pale brownish yellow needles, m.p.
200°. (Found:C, 39:5;H, 1-9; Br, 51-9. C;;H;Br,0,
requires C, 39-3; H, 1-5; Br, 52:39,.)

Emodin  trimethyl ether (XXI) — Sodium metal
(12-5 g.) was dissolved in absolute methanol (250 ml.).

4,5,7-Tribromo-2-methylanthraquinone (XX) (5 g

and copper oxide (2 g.) were added, and the mixture
refluxed for 72 hr under anhydrous conditions. Dilu-
tion with water (1 litre) gave a product, which was
collected, washed, dried and dissolved in benzene.
The solution was passed through a short column of
alumina, the percolate evaporated and the residue,
which gave a negative test for halogen (1-77 g.), was
crystallized from alcohol in yellow plates, m.p. 226°
(Oesterle and Tisza'®, 225°).. (Found: C, 68:9; H,
5-1; OMe, 29-3. C;3H;40;5 requires C, 69-2; H, 5-1;
OMe, 29-89,.)

Emodin (IV) — To a melt prepared from anhydrous
aluminium chloride (7-5 g.) and dry sodium chloride
(1-5 g.), emodin trimethyl ether (1-5 g.) was added
and the mixture stirred at 140° for 5 min. On cool-
ing and adding 2 per cent HCI (150 ml.), the orange-
yellow product was collected, dissolved in 5 per cent
aqueous sodium carbonate (75 ml.), filtered and the
filtrate acidified. The precipitate (1-1 g.) crystallized
from alcohol in orange needles, m.p. 256° (literaturel
255°). (Found: C, 66-5; H, 3-9. C;3;H,,0; requires
C, 66-7; H, 3:7%.) The substance gives a cherry-
red colour with aqueous alkali, sodium carbonate
and ammonia, and a red colour with conc. H,SO,.
In the ultraviolet and visible region (IV) exhibits
the following maxima: 254, 287 and 445 my; log «
max. 442, 4-38 and 4-13 respectively.

The triacetyl derivative crystallized from ethanol
as yellow needles, m.p. 197°.

Physcion (V) — Emodin trimethyl ether (0°5 g.)
was refluxed with 48 per cent hydrobromic acid
(12 ml.) and glacial acetic acid (80 ml.) for 1 hr. The

yellow crystalline product which separated on cool-
ing crystallized from glacial acetic acid in golden
yellow leaflets (0-3 g.), m.p. 207°. (Found: C, 67-2;
H, 44. C,sH;,0;5 requires C, 67-6; H, 4-29,.) The
product gives a red colour in conc. H,SO, and cherry-
red colour in aqueous sodium hydroxide. It is in-
soluble in cold aqueous sodium carbonate or
ammonia. The properties agree with those described
for natural physcion. ’

The diacetyl derivative was crystallized from alco-
hol in greenish yellow needles, m.p. 189°. (Found:
C, 65:0; H, 4-3. C,y0H,40, requires C, 65-2; H, 4-3%,.)
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