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REGIOSELECTIVE SYNTHESIS OF D-RING SUBSTITUTED BENZ[a]ANTHRACENES BY ONE-POT
PHOTOCHEMICAL REACTION
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Benz[a]lanthracene-7,12-diones containing methoxy group on the 8-,
9-, 10-, and/or ll-positions(D-ring) were synthesized regioselec-
tively by one-pot photochemical reaction of 2-bromo-3-methoxy-1,4-

naphthoquinone derivatives with 1,l1-diphenylethylene.

To test the carcinogenic activity of benz[a]anthracenes, many efforts have
been directed toward the synthesis of their possible metabolic products} Among
the available synthetic routes one-pot synthesis is much attractive for its sim-
plicity and a relative high yield of the aimed product, compared with the multi-
step one? The one so far reported involves the thermal Diels-Alder reaction of
substituted 1,4-naphthoquinones with styrenes? However, the regioselectivity
of the condensation products was quite discouraging.

Here, one-pot regioselective synthesis of the 8-, 9-, 10-, and/or ll-methoxy-
benz[a]anthracene-7,12-diones is described by applying our photochemical reaction
of substituted 2—halogeno—1,4-naphthoquinones? As a typical example, a benzene
solution (25 ml) of 2-bromo-3,5-dimethoxy-1,4-naphthoguinone }ps (0.5 mmol) and
1,1-diphenylethylene45 (1.0 mmol) was irradiated with a high-pressure Hg lamp (300
W) in the presence of pyridine (0.5 mmol) at room temperature without any effort
to exclude oxygen. Within about 10 h, the starting quinone was consumed com-
pletely. Purification of the reaction mixture by column chromatography on
silica gel gave orange needles, ll-methoxy-5-phenylbenz[a]anthracene-7,12-dione
i;, exclusively (yield, 36%)? Similarly, other 2-bromo-3,x-polymethoxy-1,4-
naphthoquinones ip—e gave successfully the corresponding methoxybenz[a]anthracene-

7,12-diones ﬁp-e in a regioselective manner in the photochemical reaction with
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1,1-diphenylethylene 3’(Scheme I).

are shown in Table 1.
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Physical properties of the products obtained

They are all compatible with the corresponding

structures. The position of the methoxy group, e.g., for ﬁ;, was confirmed by
§: ¢
6 0 4 onyc LN
7 Br z O CoHlg
X g O
. 2
a:X=5-CH30 a:X=11-CH30
b: X=6—CH30 b:X=]0-CH30
c:X=7-CH3O c:X= 9—CH3O
d: X=8-CH30 d:X= 8-CH30
e:X=6,8-CH3O e:X=8,10-CH30
Scheme 1
Table 1. The Physical Properties of Methoxybenz[alanthracene-7,12-diones.
Benz{aJanthracene-|{11-Methoxy- 10-Methoxy- 9-Methoxy- 8-Methoxy- 8,10-Dimethoxy-|
7,12-dione (42) (4p) (4¢) (4d) (4e)
Starting 2-Bromo- ||3,5-Dimethoxy- | 3,6-Dimethoxy- | 3,7-Dimethoxy- | 3,8-Dimethoxy- | 3,6,8-Trimeth-
1,4-naphthoquinone|f(1a) (lb) (1c) (1d) oxy-(le)
Yield(%) 36 51 46 37 45
mp(°C) 147-148 204-205 201-202 213-215 245-247
NMR, & 4.03(3H,s) 3.92(3H,s) 3.90(3H,s) 3.97(3H,s) 3.93(3H,s)
(CDC]B) 7.0-8.0(11H,m) | 7.1-8.2(11H,m) | 7.1-8.1(11H,m) | 6.8-8.0(11H,m) | 3.95(3H,s)
8.16(1H,s) 8.25(1H,s) 8.2(1H,s) 8.23(1H,s) 7.1-8.0(10H,m)
9.37(1H,dd, 9.70(1H,d, 9.75(1H,d, 9.60(1H,d, 8.25(1H,s)
J=2,7 Hz) J=9 Hz) J=8 Hz) J=8 Hz) 9.59(1H,d,
J=9 Hz)
IR,cm'1(KBr) 1650(C=0) 1655(C=0) 1665(C=0) 1655(C=0) 1650(C=0)
UV max,nm(loge) 403(3.23) 425(sh)(3.44) | 440(sh)(3.63) | 392(3.99) 446(sh)(3.38)
(CHC13) 362(3.16) 380(3.87) 425(3.66) 298(4.50) 392(4.06)
338(2.99) 344(3.90) 383(3.56) 289(4.56) 318(sh)(4.06)
292(4.01) 292(4.67) 346(3.93) 293(4.69)
299(4.33)
Anal. Found C,82.33 C,82.77 C,82.35 C,82.31 €,79.12
H,4.29 H,4.47 H,4.42 H,4.48 H,4.32
Calcd. C,82.40 C,82.40 C,82.40 C,82.40 C,79.18
H,4.43 H,4.43 H,4.43 H,4.43 H,4.60
(Co5H1603) (C5Hy603) (Co5hy603) (Co5H1603) (CogH1804)
MS,m/e 364(M") 364(M") 364(M") 364(M") 394 (M%)
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analyzing the 1H.-NMR chemical shifts of the ring protons induced by addition of

shift reagent as Eu(fod)3. Although the intermediatelg has not been isolated
in this workz the regioselective condensation to benz[a]anthracene-7,12-diones
may be understood in terms of the two-step condensation mechanism as depicted in
Scheme I.

Methoxybenz[a]anthracene-7,12~diones thus obtained were hydrolyzed to the
corresponding hydroxybenz[alanthracene-7,12-diones. The hydrolysis of ﬁg (0.1
mmol), for example, was performed by refluxing it in an acetic acid solution (10
ml) in the presence of hydrobromic acid (47%, 1 ml) for 1 h, giving 1ll-hydroxy-
5-phenylbenz[alanthracene-7,12~dione EF as orange needles (yield, 80%)?

Thus, the present photochemical reaction provides us a facile regioselective
synthetic route to D-ring substituted benz[alanthracene-7,12-diones, which, in
turn, can readily be reduced to benz[a]anthracenes or transformed to 7,12-di-

methylbenz[a]anthracenes?a
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