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In exploring photochemical steps towards the total synthesis of the anthra- 

cycline antibiotics' we have discovered an unusual reaction during attempted 

photo-Fries rearrangement' of aromatic phthalate esters. This abnormal variant 

of the Fries reaction is exemplified by the photolysis of methyl p-tolyl phthalate 

la3 under Kobsa's4 conditions. After one hour, &leads to a mixture of unchanged 

starting material (ca 30%), some polymer, and the isomerization product* 

(ca 20%5) which was isolated as a viscous oil (Afilm 5.60r6.62r7.41r7.80r8.25r 

8.75,8.95,9.48,10.52,11.12,12.90; ; 270 (l.l), 239 (7.6), 226(7.6), 163(100); 

'CD& 7.9-7.3(broad s,ArH,3H), 6.84(s,pkolyl ArH,4H), 3.58(~~DCHs~3H)~ 

2.17(s,ArCH3,3H) ). Under comparable photolysis conditions phenyl benzoate gives 

the expected mixture of o-hydroxybenzophenone (ca 30%), starting material (ca 30%), 

and some polymer, whereas dimethyl phthalate remains essentially unchanged. 

a R' = H: R = CHa; Ar = p-CsRr-CHs 

b R' = B; R, Ar = p-CsHs-CHs 

C R' t OCH3; R = CH3; Ar = p-CsHr-CB, 
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The rare orthoanhydride structure*rests upon its conversion by aqueous 

acid into phthalic acid (85% yield), the cited spectroscopic data, and the 

mechanistic considerations outlined in Scheme I. Homolysis of the carbonyl- 

aryloxy bond in excited singletA6, followed by bonding of the acyl radical 

to the adjacent carbonyl oxygen, leads to the delocalized benzyl radical&which 

upon rebonding to the nearby phenoxy radical yields the observed product7. 

Formulation of the delocalized intermediate as a radical pair rather than an ion 

pair (g 3 is consistent with the failure to incorporate a t-butoxy group when 

the photochemical formation of &is carried out in t-butanol/benzene mixtures. 

The abnormal rearrangement by way OfAeffectively swamps the conventional photo- 

Fries pathway since none of the normal product could be detected by spectroscopic 

methods. 

Scheme I 

COOAr /,g 
> 
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The symmetrical substrate di-p-tolyl phthalate I& upon photolysis gave 

the corresponding rearrangement product2b,as colorless needles (mp 105-106'; 

x KBr 5.61,6.70,7.45,7.83,8.35,8.60,9.10,9.48,9.80,11.09,11.22,12.08,12.72,13.31~ 

13.95,14.4ou; ; 346(0.7),239(100); 6CDC1 7.9-7.6(broad s,ArH,4H), 
3 

7.OO(s,p-tolyl ArH,EH), 2.27(s,ArCHJ,6H) ). 
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The presence of an additional ortho substituent did not hinder the 

reaction sequence. Thus, diesterification of 3-methoxyphthalic acid. selective 

saponification of the less hiedered ester, careful conversion to the acid 

chlorides, and reaction with p-cresol afforded the crystalline diester 1~ 

(mp 114-1150; XKBr 5.79,7.80,8.39,8.94,9.60,13.15jJ; 6 CDCl, 8.0-6.95(multiplet, 

ArH,7H)r 3.90(s,0CH~,6H),2.38(s,ArCHgr3H) 1. Photolysis of this diester gave 

isomerization product&as a viscous oil (Afilm 5.59,6.11,6.60,6.70,7.33,7.75, 

8.30,8.65,8.80,9.41p; E 300(0.2),269(15),193(100); 6CDC1 7.8-6.8 (tiltiplet, 
3 

ArH,3H),6.92(s,p-tolyl ArH,4H),4.00,3.68(s,OCH~,6H),2.2O(s,ArCH~,3H) 1. 

In accord with the mechanism proposed above, this abnormal variant of the 

photo-Fries rearrangement can be entirely circumvented by employing o-cyanobenzo- 

ates rather than phthalates as starting materials. Carpino's method" was used 

to prepare nitrilefi(mp 99-100.5'; hKBr 4.50,i.80,11.29,12.28,13.12,14.50~: 

'CDClg aromatic multiplets centered 8.38(1H), 7.85(3H), 7.23(s,p-tolyl ArH,4H), 

2.39(s,ArCH,,3H) 1. Photolysis gave the benzophenoneJas yellow prisms (24%; 

mp 106-108°; XKBr 2.95,4.50,6.11,7.50,7.70,8.00,8.15,8.70,10.38,11.48,11.81, 

12.35,12.91,13.71p; 6CDC1 
3 
11.63(s,OH,lH),8.15-6.9O(multiplet,ArH,7H),2.25 

(S,A3mi3,3H) ; t 237; ACHgoH 3551x11). No byproducts corresponding to cyan0 

participation were detected." 

P I 

a c-o-cb& 
CN 
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Work is currently in progress to extend our results to aryl esters of 

aliphatic 1,2-dicarboxylic acids". 
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