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E-tolylsulphonate 

(prepared in situ by the reaction of thallium(II1) acetate and p-toluene _- 
sulphonic acid) in propionitrile leads to 1,2-aryl shift providing a new 

useful route to the synthesis of isoflavones. 

During the past two decades thallium(II1) salts have been shown to 

be versatile reagents in organic synthesis and have been shown to affect 

many useful and unique transformations: The synthesis of isoflavones from 

2'-hydroxychalcones using thallium(II1) salts in methanol2 and flavones 

from flavanones using thallium(II1) nitrate in methanol3 and thallium(II1) 

acetate (TTA) in methanol/acetonitrile/acetic acid 
4 
have been achieved. In 

view of the long known oxidation of ketones with TTA5 and as continuation 

of our interest in oxidation of flavonoids 4, we have examined the behaviour 

of flavanones with thallium(II1) E-tolylsulphonate (TTS) and the results 

are summarised in Scheme I. 

R =H, CI & CH3; 1 

3 
ii 

R’= H, OCH3 & Cl. 2+3 - - 

I, TTA in acetonitrile/propionitrile 

ii, TTA and E-TSA (1 equivalent) in propionitrile 

iii, TTA and E-TSA (3 equivalents) in propionitrile 

Scheme I 

Thus,treatment of flavanone (la) with TTA in presence of p-toluene- 

sulphonic acid (P-TSA;l equivalent with respect to TTA) in propionitrile 

afforded a mixture of flavone (2a) and isoflavone (?a) in the ratio 2:1 

(approximately), respectively. On increasing the amount of E-TSA i.e. 3 or 



more than 3 equivalents, the formation of only ?a was observed in almost 

quantitative.yields. The general applicability of this transformation was 

established by treating other substituted flavanones (Lb-g) under condition 

iii, when in all cases isoflavones (ib-g) were obtained. 
1 

The compounds 

were characterised by their IR and H-NMR spectral data and are listed in 

Table 1. 

A plausible mechanistic course for the above transformation (J-J) 

is depicted in Scheme II. 

I 
= TIOTs+8Ts 

Scheme II 

The reaction is initiated by an electrophilic attack of TTS upon 

the enol form of ;1 at the face of molecule anti to C2-aryl ring to yield 

the intermediate 4. 

T?(OTS)~ to 

The neighbouring C2 -aryl ring helps to push out the 

form an intermediate bridged carbocation (1) which 

loses C3-proton with C2 -aryl ring migration to afford 2. The 1,2-aryl 

shift is a favoured path because of the anchimeric assistance offered by 

the C2-aryl moiety. 

The above results can be rationalised by the formation of TTS 

in situ (cf.ref.6), -- by the action of P-TSA on TTA (eq.l), on the basis 

of following observations: (i) as observed earlier, 

in acetonitrile/propionitrile yields only L4 

treatment of 1. with TTA 

(ii) treatment of 1 with TTA 

and E-TSA (1 equivalent) affords a mixture of 2 and-2 probably due to the 

partial conversion of TTA into TTS, both reacting with 1. giving rise to the 

nixture and (iii) treatment of 1. with TTA and E-TSA (3 equivalents) results 

in the exclusive formation of 2 (Scheme I). The above observation has 

indeed been found to be true as the preformed TTS, by the reaction of TTA 

rrith E-'ISA in benzene, on treatment with 1 also afforded only 3. 



Tl(OCOCH3)3+3&H2i3C6AqSOjH --+Tl(OS0,C6H4CH3-~)3+ 3CH3C00H . . . . . ..(eq.l) 

The present oxidative COnVerSiOIY of 1-2 is significant because it 

offers a new and convenient route to the synthesis of isoflavones from 

easily available flavanones and has synthet.ic significance as this 

approach may be useful for the synthesis of naturally occurring flavonoids. 

Attempts to isolate and characterise TTS are being made, in addition 

to the studies on the effect of various solvents and other thallium(II1) 

carboxylates or sulphonates on the course of oxidation of flavanones and 

chromanones. The results will be published elsewhere. 
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Table-l. Oxidation of flavanones with thallium(III) E-tolylsulphonate (TTS). 

Compounds Products Yielda m.p (lit. m-p.) 

(Oc) 

la=R=R’ =f.j ia=R=R'=H 94 131-2 (132: 

lb=R=H,R'=OCH3 - 3b=R=H,R'=OCH3 96 138-9 (138-40)8 

Ic=R=Cl,R'=H 2c=R=C1,R'=Hb 96 174-5 

ld=R=C1,R'=OCH3 - 2d=R=C1,R'=OCH3b 94 194-5 

ie=R=CH3,R'=H ze=R=CH3,R'=H 92 108-9 (108)' 

lf=R=CI13,R'=OCH3 - 3f=R=CH3,R'=OCH3b 94 123-4 

Ig=R=CH3,R'=C1 ;g=R=CH3,R'=Clb 90 205-6 

a) The yields are based upon isolated solid products. 

b) Satisfactory spectral data and C & H analysis were obtained. 
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