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UT a recent communication1 we have reported that adducts of type I (X = 

Cl or I?), in the open atmosphere, are slowly transformed.into diesters II (X 

= Cl or F) by some sort of a reverse acyloin condensation induced by molecular 

oxygen. However, since we have seen later on that adducts I are completely sta- 

ble in the dark, even in the presence of pure oxjrcen, and the spontaneous oxi- 

dations were observed during the sunny sL=er days2 , we have itlvesti@ied now 

for a photo-oxidation of the electron-rich olefinic double bond of I. 

When oxygen was bubbled in the dark for 18 hrs into a 0.5s benzene solu- 

tion of 1,2,3,4-tetrachloro-9,10-d~dro-9,10-di~ethoxyethenoanthracene (I, X 

= Cl; m.p. 1722; X_ (cyclohexane) 222, 276 and 309 nm (E = 28,200; 2,730 and 

2,090); vmsx (KBr) 1685 cm-1 (C=C St>), no oxidation at all wes observed, even 

when the solution was heated up to reflux. 

!Che same soluticjn was irradiated with a 40 W comruercial incandescent bulb 

in the presence of oxymn: after 2 hrs the i.r. spectrum showed the presence 

of the band at 1745 cm-' (00 st, ester). However , the photo-oxidation was ve- 

ry slow under these conditions. With a 500 W bulb, LIO hrs were necessary to 

achieve the total oxidation (fade of the C=C st band at 1685 cm-'). Eo oxidation 

took place in methanol or acetone solution under these conditions. 

Photo-oxidation of I (X = Cl) could be performed more rapidly when 19 ben- 

zene solutions were irradiated in a Rayonet photochemical reactor, mode-l RPR- 

100. With RPR-3500 A lanps in Pyrex vessel and in the presence of oxygen quan- 

titative oxidations were echieved in 15 minutes (similar results in acetone so- 
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lution, but only partial oxidation in hexane). C!ith RFR-3000 A lamps in quartz 

vessel only partial oxidation took place after 15 minutes, but quantitative 

oxidation was achieved in 15 minutes if small smounts of 1,2,3,4-tetrachloro- 

anthracene (TCA) were added to the solution. 

In these photo-oxidations cis-l,2,3,4-tetrachloro-9,lO-dihydro-9,lO-dicer- 

bomethoxyanthracene (II, X = Cl) was obtained together with a 89 yield of TCR, 

isolated by preparative t.1.c. Diester II (X = Cl) shows m.p. 270-2710; A_ 

(cyclohexans) 215 nm (E = 39,100); vmax (Kf3r) 3020, 2990, 1745, 1500, 1280, 

1200 and 1160 cm-'; 3 (DCC13) 2.40 (m, 4-H), 4.45 (s, 2-H) and 6.30 (s, 6-H); 

found 49.56 SC; 3.01$H and 32.22 $Cl; requires 49.81$C, 2.79 $H and 32.67 $5 

Cl. 

Although the best known sensitized photo-oxidation pathway of olefins is 

that leading to allylic peroxides3, several examples of cleavage of double 

bonds by singlet oxygen have been reported, requiring however specially activa- 

ted alkenes (amino or alkoxy groups as substitiaents) and the absence of active 

allylic hydrogen in the molecule 4. Very recently isolation of dioxetanes 3.3 in- 

termediates have been achieved in the photo-oxygen&ion of di- and tetrealkoxy- 

ethylenes at low temperatures 5 . Singlet oxygen is also probably involved in our 

oxidations since irradiation of 1% benzene solutiorsof I (X = Cl) in the presen- 

ce of oxyg8n and tertiary amines (e.g. triethylamine), which are known to be 

good scavengers of sixlet oxygen6 , give no traces of diester II (X = Cl), the 

adduct being recovered quantit~vely. 

The formation of TCA during the photo-oxidation and the fact that this com- 

pound acts as a good sensitizer for this reaction suggest a mechanism in which 

dimethoxyacetylene could be first photoextruded, and the TCA just formed woKLd 

further sensitize competitively the photc-oxygenation. Nevertheless, irradiation 

of a benzene or an ether solution of pure addv.ct I (X = Cl), even with RFR-2537 

A lamps, did not afford any TCA, and therefore the photoJ.ytic extrusion of di- 

methoxyacetylene must be excluded. Most probably TCA is formed through the dio- 

xetane intermediate which can break down competitively either into diester II 

(X = Cl) (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 s_mall %nounts of product we v?ere dealing with.) 
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If this is the case, then the reaction 

tion of an elec-tron-rich alkene through the 

a PX 
x 

i$& i 

II 

!PCA ~EIeCCC-COCBde 

is an autosensitized photo-oxida- 

formation of an 1,2-dioxetsne, des- 

pite the presence of very active, do~lbly bonzylic, ellylic hydrogens in the mo- 

lecule. 

We have synthesized TC.4 in order to check its structure, and it is worth 

while to me&ion here that the white crystalline compou_nd, n.g. 151-152Q, des- 

cribed in the chemical literature 7 as the 1,2,3,4-tetrachloroanthracene is in 

fact its 9,lC-dihydro derivative: Pound 52.55$C, 2.4TbH and 44.56$X; reqilires 

52.P,7$C, 2.5Y&H and f,4.58@!1; ' X,rmx (cyclohexane) 217 nm (E = 33,300); urn= 

(Kl3r) 3060, 3030, 2890, 1500, 1410, 1390 and 740 cm -l; t (CS2) 2.75 (o, 4-H) 

and 5.9 (s, 4-H). However, the true polyaromatic co~npouncl could be easily obtai- 

ned by treatment of the 9,10-dihydro derivative with 2,3-dichloro-5,6-dioyano- 

1,4-b~zoqrti~one~ ia boiling benzene, as a yellow crystalline compound, m.p. 

217-219": found 53.18$C, 1.9ybH and 44.62$X; requires 53.2&C, 1.9#H and 

44.88ZCl; xmax (cyclohesane) 225, 232, 258, 267, 323, 339, 355 and 374 run (E = 

12,400; 13,900; 117,000; 220,000; 1,960; 3,920; 7, 310 and 10,600); vnax (FL&) 

3025, 1600, 1550, 1430, SO, 780 and 730 cm-';2 (CS2) 1.15 (s, 2-H), 1.8-2.1 

(m, 2-S) end 2,25-2.9 (m, 2-H). 
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