CHEMISTRY LETTERS, pp. 1493-1494, 1980. © The Chemical Society of Japan 1980

PHOTO-NUCLEOPHILIC SUBSTITUTION REACTION OF HALOGENOANTHRAQUINONE
IN CONCENTRATED SULFURIC ACID
PHOTO-HYDROXYDEHALOGENATION

Kazuyoshi SEGUCHI and Hiromi IKEYAMA
Faculty of Home Science, Mukogawa Women’s University,
Nishinomiya 663

The photo-reaction of halogen-substituted anthraquinones in
sulfuric acid was studied with near UV or visible light. -Chloro-
substituted anthraquinones were photo-hydroxylated mainly to form
o -hydroxyanthraquinones in fairly good yields. However, @—halogeno—
anthraquinones gave no dehalogenated products under the same conditions.

It is well-known that halogenoanthraquinones, methoxyanthraquinones, and
anthraquinonesulfonic acid derivatives undergo photochemical substitution reactions
with ammonia or amines under the basic conditions. Mihai and co-workers recentl
reported that anthraquinone in sulfuric acid was photo-hydroxylated. to form 2-
hydroxyanthraquinone.z) We now report a new result that the chlorine atom of
®-chloroanthraquinone derivatives is predominantly replaced by the hydroxyl group
in concentrated sulfuric acid by irradiation.

Typically l-chloroanthraquinone (la) (1.3 x 10_3M) dissolved in 97% sulfuric
acid was irradiated in a Pyrex tube with a 400W high-pressure mercury lamp for 100h
The resulting deep red solution was poured onto crushed ice. The photo-products
were extracted with a mixture of benzene and ethyl acetate and analyzed by HPLC.
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The photo-reactions of chloroanthraquinones (la~lc) afforded mainly hydroxy-
dechlorinated products (2), accompanying minor hydroxydeprotonated products, the
ol-hydroxy (34) and the p—hydroxy isomers (gg).4) However, 2-chloroanthragquinone
(4) and 2-bromoanthraquinone (5) gave no dehalogenated product as shown in the
Table. No dark reaction was observed under the same conditions. Photo-products
and their derivatives methylated with dimethyl sulfate were identified either by
comparison with authentic samples or by NMR and IR spectra.s)

As shown in the Figure, the decrease in acidity function (Ho) led to the
increase in the yield of dechlorinated hydroxyanthraquinone as well as the increase
in mole fraction of AQH+, two lines becoming parallel in the case of lc. There-
fore, the photo-substitution reactions in the concentrated sulfuric acid must have

proceeded through a protonated anthraquinone.
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Table Photo-reactions of halogenoanthraquinones

a0 vield(s) ) NMR (CDCL,) ) IR (KBr)©)

2 3¢ + 3™ $ V (c=0)cn™t

1-C1 62.2 15.7 12.60(1H), 8.30(2H), 7.75(4H), 7.36(1H)d) 1680, 1640

1,4-DiCl 61.8 26.3 13.00(1H), 8.07(2H), 7.55(3H), 7.04(1H)e) 1669, 1636

1,5-picl 72.7 14.2 12.10(1H), 8.17(1H), 7.53(4H), 7.08(1H)f) 1679, 1640
2-c1 08) 71.5M)
2-Br 08) 67.1%)

a) The yields based on halogenoanthraquinones reacted. b) 3a included the isomers hydroxylated

at the 4-, 5-, 6-(or 7-), and 8-positions of l-chloroanthraquinone; the product distributions were
27, 14, 56, and 3%, respectively. The product distributions from 1lb~5 could not be completely
determined because it was difficult to resolve their isomers by HPLC. c¢) Compound 2. d) dd, J=
8, 2 Hz. e) d, J=8.5 Hz. f) dd, J=7, 2 Hz. g) 2-Hydroxyanthraquinone. h) Hydroxy-2-
halogenoanthraquinone.

As for attacking species, neither the hydroxy radical nor the sulfate anion
radical observed under the basic or neutral conditions6) was responsible for these
substitution reactions, because only a trace quantity of dechlorinated products

was obtained in the reactions of chloroanthraquinones (la~s 1lc) with Fenton'’s
2+ 7)

reagent and with potassium persulfate-Fe” . Fig. Effects of Ho on yield of 2c
Therefore, it is considered that water and/or ) and mole fraction of AQHt §
hydrogen sulfate may operate as nucleophiles _100 1.0°
for this photo-substitution. The results in x E
the Table are also consistent with the fact that 3 q
halogen atoms, particularly those in the .ﬁ - - o
d-position are fairly labile.B) The reaction P 30 0.5:
mechanism and scope of the reaction are now I :
under investigation. . g
-8.0 Ho -12.0 +
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