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STUDIES IN THE SYNTHESIS OF HALOGENATED ANTHRAQUINONES. 1I.
A CONVENIENT PREPARATION OF 1,4-DICHLORO-5-HYDROXY-9,10-ANTHRACENEDIONE

Judith L. Johnson* and H. D. Hollis Showalter

Chemistry Department, Warner-Lambert/Parke-Davis
Pharmaceutical Research, Ann Arbor, MI 48105
During the course of some investigations into the synthesis of 1,4-
dihalo-9,10-anthracenediones, substantial quantities of 1l,4-dichloro-5-
hydroxy-9,10-anthracenedione (IV) were needed. Existing methodsl-3 for
the synthesis of IV involve controlled chlorination of inexpensive, com-
mercially available l-amino-9,10-anthracenedione followed by diazoti-
zation and hydrolysis. Unfortunately, after trying several of the des-
cribed chlorination procedures we were unable to synthesize 5-amino-1,4-
dichloro-9,10-anthracenedione (III) of sufficient purity for further use.
Described herein is e convenient, high-yielding procedure from readily
available 1,4-dichloro-9,10-anthracenedione (I)% to multigram quantities

of IV (Scheme).
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Nitration of 1,4-dichloro-9,10-anthracenedione (I) by a slight modi-
fication of a known procedure’d gave 1,4~dichloro-5-nitro-9,10-anthra-
cenedione (II) in 79% yleld. The regiochemistry of nitratiom, previously
determined by transformation of II to known derivatives, was confirmed by
200 MHz lHNMR. In an attempt to abbreviate the overall sequence, we
subjected commercially available l-nitro-9,l0-anthracenedione to con-
trolled chlorination as described in the patent literature.2 However,
in our hands II was obtained only in very poor yield and of low purity.

Reduction of nitro compound II to amino derivative III was attempted
initially by the previously described procedure utilizing Sn/AcOR3 or by
NaBH,/10% aq THF.® Both procedures proved unsatisfactory with the for-
mer giving product of poor purity and the latter various intractable side
products. However, reduction with iron filings in refluxing AcOH by a
recently described procedure for the reduction of nitroarenes’ provided
III in high yield (94%) and of excellent purity., Conversion of III to
target product IV was then carried out by a simple adaptation of the lit-
erature procedure.l Instead of the traditional method of generating ni-
trosylsulfuric acid in situ for the diazotization of 1II, commercially
available 407 nitrosylsulfuric acid in sulfuric acid was utilized to give
the desired product in 95% yield following hydrolysis.

In summary, the sequence in the Scheme can be carried out without
chromatography in a 70% overall yield, and is easily adapted to large-
scale operations. The utilization of IV for the synthesis of biologi-
cally active molecules will be described in due course.

EXPERIMENTAL
Melting points were taken on a Thomas-Hoover Unimelt capillary melting
point apparatus and are uncorrected. Infrared (IR) spectra were deter-

mined on a Nicolet FT-3600 instrument. LH nuclear magnetic resonance
(11 NMR) spectra were recorded at 200 MHz on a Varian XL-200 instrument.
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Chemical shifts are reported as § units downfield from internal tetra-
methylsilane on samples of ca. 1% w/v. Combustion analyses were per-
formed on a Perkin-Elmer 240 elemental analyzer.

1,4-Dichloro-5-nitro-9,l0-anthracenedione (II).- A mixture of 293.6 g

(1.06 mol) of 1,4-dichloto-9,10-anthracened£one,4 2,12 2 of 90% HNOj3,
and 53 ml of 20% oleum was placed into a 5 £ three-neck round bottom
flask equipped with a motorized stirrer and an efficient condensor con-
nected to a gas scrubber. After heating over a steam bath for 30 min,
the mixture was cooled, then poured carefully into 6 £ of ice water.
The collected solids were washed well with water, and dried at 50°
(200 mm) to leave 326 g of crude product. Crystallization from ll £ of
toluene afforded 222.5 g (65%) of analytically pure product as a yellow
solid, mp. 253-255°, 1it.1l»>3 mp. 247-256° and 238°,
1y MR (CDCl3): & 7.70 (s, 2, H-2,3), 7.84-7.97 (m, 2, H-7,8),
8.38 (ad, 1, J¢,7 = 7.2 Hz, Jg,8 = 1.9 Hz, H-6); IR (KBr): 1684,
1545, 1305, 1248 cm-l.
Anal. Caled for Cy,H5C12NO4: C, 52.21; H, 1.56; N, 4.35, C1, 22.01
Found: C, 51.95; H, 1.67; N, 4.33; Cl, 22.31

The filtrate was reduced to 1 2, then cooled for 3 days. The col-
lected solids were recrystallized from 800 ml of toluene to afford 48 g
(142) of additional product, mp. 245° (dec.), containing a small amount
of higher R¢ impurity.

5-Amino-1,4~-dichloro-9,10-anthracenedione (III).- A mixture of 125 g

(388 mmol) of l,4-dichloro-5-nitro-9,10-anthracenedione (II), 80 g

(1.43 mole) of iron filings (40 mesh), and 3.1 £ of glacial AcOH was
stirred at reflux for 6 hr. The hot solution was filtered through Celite
and the Celite pad was washed with 300 ml of hot AcOH. The filtrate was
diluted with 800 ml of H20, then allowed to crystallize at 5° overnight.

The precipitated solids were collected by filtration, washed with H20
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and then 2-propanol, and dried overnight at 50° (200 mm) to leave 100 g

(887%) of pure product as a deep red-brown solid, mp. 207-208°, Crystal-

lization of a small portion from AcOH gave an analytical sample, mp.

212-214°, 1it.255 mp, 209-214° and 199°.

ly MR (CDCLl3): & 6.61 (br s, exchanges D0, 2, NH), 6.94 (dd, 1,

Jg,7 = 6.9 Hz, Jg g = 2.6 Hz, H-6); 7.41-7.49 (m, 2, H-7,8), 7.58

(4, 1, Jp 3 = 8.7 Hz, H-3), 7.64 (d, 1, Jp 3 = 8.7 Hz, H-2); IR

(KBr): 3458, 3337, 1668, 1641, 1610, 1546, 1300, 1243 cm-1,

Anal. Calcd for Cy4H7ClaNOz: C, 57.56; H, 2.42; N, 4.80, Cl, 24.27
Found: C, 57.34; H, 2.54; N, 4.82; Cl, 24.55

The filtrate was diluted with additional H20 to precipitate 6.6 g
(6%) of a second crop, mp 160-178°,

1,4-Dichloro-5-hydroxy-9,l0-anthracenedione (IV).- A mixture of 180 g

(616 mmol) of 5-amino-1,4-dichloro-9,10-anthracenedione (III), and 1.8 &
of conc. H9SO4; was placed into a 5 £ three-neck round bottom flask
equipped with a motorized stirrer, a dropping funnel, and an efficient
condenser connected to a gas scrubber. The solution was maintained below
30° during dropwise addition of 142 ml (850 mmol) of nitrosylsulfuric
acid (Dupont, 40% in 87%Z H,50,) over 30 min followed by dropwise addi-
tion (two drops/sec) of 450 ml of Hy0 during which the temperature was
maintained at 30-40°, The mixture was stirred at 35-37° for 40 min, then
treated dropwise with 465 ml of Hy0. During the addition the tempera-
ture rose to 70°, The mixture was brought to 125° over 1 hr, maintained
there for 1 hr, then allowed to cool to 25° overnight. The collected
solids were washed to neutrality with Hy0 and dried at 60° (200 mm) for

3 days to give 172.1 g (95%) of analytically pure product as a deep or-

ange solid, mp. 224-226°, 1it.l mp. 229°.
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ly NMR (CDC13): & 7.30 (dd, 1, Jg,7 = 7.8 Hz, Jg,8 = 1.6 Hz,

H-6), 7.69 (s, 2, H-2,3) overlapping 7.63-7.77 (m, 2, H-7,8), 12.18 (br

s, exchanges D30, 1, OH); IR (KBr): 1670, 1635, 1455, 1305, 760 em~1,

Anal. Calcd for Cy4H¢Cly03: C, 57.36; H, 2.06; Cl, 24.19

Found: C, 57.18; H, 2.38; Cl, 24.44
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