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IN a recent communication; we have reported that adducts of type I (X =
Cl or F), in the open sitmosphere, are slowly transformed.into diesters II (X
= CL or F) by some sort of a reverse acyloin condensstion induced by molecular
oxygen, However, since we have seen later on that adducts I are completely sta-
ble ir the dark, even in the presence of pure oxygen, and the spontaneous oxli-
dations were observed during the sunny summer daysz, we have irvestigated now
for a photo-oxidetion of the electron-rich olefinic double bond of I.

When oxygen was bubbled in the dark for 18 hrs into & 0.5% benzene solu—
tion of 1,2,3,4-tetrachloro-9,10-dihydro-9,10-dizethoxyethenoenthracene (I, X
= €15 m.p. 17293 A {cyclohexane) 222, 276 and 309 mm (e = 28,200; 2,730 and
2,090); Vmax (KBr) 1685 em™ 1 (0=C s8t)), no oxidetion at all wes observed, even
when the solution was heated up to reflux.

The same solution was irradiated with a 40 W commercisl incandescent bulb
in the presence of oxygen: after 2 hrs the i.r., spectrum showed the presence
of the band at 1745 '.'zm—l {0=0 st, ester). However, the photo-oxidation was ve-
ry slow under these conditions, With a 500 W bulb, 110 hrs were necessary to
achieve the total oxidation (fade of the C=C st band at 1685 cm_l). To oxidation
took plece in methanol or scetone solution under these conditions.

Photo-oxidation of I (X = Cl) could be performed more rapidly when 1¥ ben-
zene solutions were irrsdiated in a Rayonet photochemical reactor, model RPR-
100. With RPR-3500 A lemps in pyrex vessel and in the presence of oxygen guan-

titative oxidations were schieved in 15 minutes (similar results in acetone so-
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lution, but only partial oxidation in hexane). With RPR-3000 A lemps in quartz
vegsel only pertial oxidation took place after 15 minvtes, but quantitative
oxidation was achieved in 15 minutes if small amounts of 1,2,23,4~tetrachloro-
anthracene (TCA) were added to the solution.

In these photo-oxidations e¢ig-1,2,3,4-tetrachloro-9,10-dihydro~9,10-dicer-
bomethoxyanthracene (II, ¥ = Cl) was obtained together with a 8% yield of TCA,
isolated by preparstive t.l.c, Diester II (¥ = Cl) shows m.p. 270-271¢; Amax
(cyclohexane) 215 mm (e = 39,100); Vmax (KBr) 3020, 2990, 1745, 1500, 1280,

1200 and 1160 cm-l; % CDCClB) 2.40 (m, 4-H), 4.45 (8, 2-H) and 6.30 (s, 6-H);
found 49.56 %C; 3.0l %H and 32.22 %Cl; requires 49.81 %4C, 2.79 #H and 32.67 %
Cl.

Although the best lknown sensitized photo-~oxidstion pethwsy of olefins is
thaet leading to allylic peroxides3, severel exanples of cleavege of double
bonds by singlet oxygen have been reported, requiring however specially active-
ted alkenes (amino or alkoxy groups a8 substituents) and the ebsence of active
allylic hydrogen in the molecule4. Very recently isolation of dioxetenes es in-
termediates have been achieved in the photo-oxygenation of di- and tetrealkoxy-
ethylenes at low temperaturess. Singlet oxygen is slso probably involved in our
oxidations since irradiation of 1% benzene solutiomof I (X = Cl) in the preszen-
ce of oxygen and tertiary amines (e.g. triethylamine), which are known to be
good scaevengers of singlet oxygenG, give no trzces of diester II (X = Cl), the
adduct being recovered gquantitatively.

The formetion of TCA during the photo-oxidation and the faet that this com
pound ects as a good sensitizer for this reection suggest e mechanism in which
dimethoxyacetylene could be first photoextruded, and the TCA just formed wouvld
further sensitize competitively the photc-oxygenation. Nevertheless, irradiation
of a benzene or an ether solution of pure adduct I (X = Cl), even with RPR~2537
A Jemps, did not afford any TCA, end therefore the photolytic extrusion of di-
methoxyacetylene must be excluded. Most rrobably TCA is formed through the dio-
zetane intermediate which can break down competitively either into diester IT

(X = €1) (path 1) or into TCA and methyl oxalate (path 2)(some attempts to de-~
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tect methyl oxalate in the photo-oxidation product have been unsuccesful, pro-

bably due to the small smounts of product we were dealing with, )

€O Me x
%
7 O‘O b ¢4
CoMe X
X 1T

TCA < MeOCO-COQMe

If this is the case, then the reaction is an autosensitized photo-oxida-
tion of an electron~rich zlkene through the formation of an 1,2-dioxetane, des-
pite the precence of wvery active, doubly benzylie, allylic hydrogens in the mo-
lecule. '

We have synthesized TCA in order to check its structure, and it is worth
vhile to mention here thet the white crystalline compound, m.p. 151-1522, des-

7

cribed in the chemical literature’ as the 1,2,3,4-tetrachloroanthracene is in
fact its 9,10-dihydro derivative: found 52.555C, 2.49%H and 44.56%4C1l; requires
52.57%C, 2.55%H and 44.58%CL; hmax (eyelohexane) 217 nm (= = 33,300); Voex
{¥Br) 3000, 3030, 2890, 1500, 1410, 1390 and 740 cmflg [ (CS2) 2.75 (s, 4-H)

and 5.9 (s, 4-H). However, the true polyaromatic compound could be easily obtai-
ned by treatment of the 9,10-dihydro derivative with 2,3-dichloro=-5,5-~dicyano—~

8

1,4-venzoquincne” in boiling benzene, s a yellow crystalline compound, m.p.
217-2192; found 53.18%C, 1.99%H and 44.62%Cl; requires 53.21%C, 1.90£H end
£4.884C1; 2. (cyclohexane) 225, 232, 258, 267, 323, 339, 355 and 374 mm (& =
12,4003 13,5003 117,000 220,000; 1,960; 3,9205 7, 310 and 10,600); v__  (KBr)
3025, 1600, 1550, 1430, 880, 780 and 730 om ;B (CS,) 1.15 (s, 2-H), 1.8-2.1
(m, 2-H) and 2,25-2.5 (m, 2-H).
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