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,!&wa - Deprotonation of phenylacetates and quenching of the enolates with 

benzylic elecuophiles, afford 2,3-diarylpropanoates which serve as precursors to 
isoflavans following consecutive reduction and cyclization steps. 

Despite the shuctural simplicity of the isoflavans, the only synthetic access to this class of phenolic metabolites' 

2 involves the cumbersome process of hydrogenation of isoflavones or pterocarpans.3 The utility of such an 

approach is, however, limited by its inability to address the issue of the C-3 stereogenic center, the integrity of 

which is invariably being conserved in the naturally occurring compounds. We have therefore opted for a more 

direct synthetic approach that is based on the a-alkylation of phenylacetates and which possesses the potential of 

inuoducing stereoselectivity during establishment of the single stereocenter. 

Consideration of the simple retro-synthetic sequence, @ (3) + @), indicates that our protocol for 

constructing the C6.C3.C6 framework involves the synthesis of oxygenated benzylic electrophiles of type (2) 



1744 HETEROCYCLES, Vol. 36. No. 8,1993 

(C6.Cl fragment involving ring A), a-benzylation of phenylacetates @) (C6.Cz fragment involving the B-ring) to 

give 2,3-diarylpropanoates of type 0, and subsequent reduction and cyclization of the latter compounds to give 

the isoflavans, a II) 

The protected phenolic benzyl bromides were prepared according to the sequence in Scheme 1. 

Methoxymethylation of the phydroxybenzaldehydes @) and @ gave the Pmethoxymethyl ethers (Z) and (8) 

which were subsequently reduced with sodium borohydride to the benzyl alcohols @ and 0. Treatment of 

these alcohols with methanesulfonyl anhydride and 2,6-lutidine gave the labile intermediate sulfonates which 

were trapped in reasonable yields as the benzyl bromides (IOJ and a using lithium bromide in anhydrous 

THF.~ The bromide (IOJ could be preserved for up to five months, analogue w, however, was unstable and 

had to be used immediately. 

Scheme 1. Reagents and conditions : (i) NaWDMF, CICH20Me; (ii) N a B H 4 , E t O m ;  
(iii)Ms20/2,6-Lutidine, L i B r m .  Yields are indicated in brackets. 

The consecutive steps of a-alkylation of the phenylacetates and the reduction and cyclization of the 

2.3-diqlpropanoates were performed according to the sequence in Scheme 2. Owing to the excellent results 

~ e p o r t e d ~ . ~  for the a-alkylation of esters with lithium isopropylcyclohexylamide (LICA) in the presence of 

hexamethylphosphoric triamide (HMPA),~ this hindered base was selected for the deprotonation of esters - 

a. The efficiency of this system to produce the ester enolates within 15 min at - 7 8 T  was demonstrated & 

quenching of the reaction with DzO. At elevated temperatures rapid decomposition of the enolates occurred 

which adversely affected yields. The ester enolates were subsequently alkylated by trapping with the benzylic 

electrophiles (lJ and hence affording the 2,3-diarylpropanoates (J.Q - (2OJ in moderate to good yields. 

These were smoothly converted into the 2,3-diqlpropan-1-01s a - (?r) by reduction with lithium 

alumini~mh~dride. 
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Quantitative deprotection with 3M HCI in methanol afforded the phenolic propan-1-01s C?I?) - (3OJ which were 

subsequently subjected to cyclization using ptoluenesulfonic acid (PTSA) in refluxing benzene.' The target 

racemic isoflavans &lJ - (39sL0 were, however, accompanied by various proportions of isomeric 

(26) R'=R'=~~=H (31) R'=R2=R3=H (28%*, 62%) (36) R'=R2=R3=H (28%*, 0%) 

(27) R1=R3=H, RZEOMe (32) R'=R3=H, R2=0Me (65%*,60%) (37) R1=R3=@ R2=0Me (25%*, 0%) 
(28) R1=R2=y R3=0Me (33) R'=R2=H, R3=0Me (0%*, 68%) (38) R1=R2=y R3=0Me (60%*, 0%) 
(29) R1=OMe, R2=R3=H (34) R1=OMe, R2=R3=H (35%*) (39) R1=OMe, R2=R3=H (traces*) 
(30) R1=Rz=0~e, R3=H (35) RI=R2=0Me, R3=H (22%') (40) R1=R2=0Me, R3=H (IS%*) 

Scheme 2 Reagents and conditions: (i) LICA/THF/-7S0C; (ii) HMPA, benzyl b r o m i d e s ~ , ~ ;  (iii) 
LiAIH@t20 under N2 at room temperature; (iv) 3M HCIMeOH-reflux; (v) PTSAbenzene-reflux; (vi) 
Pytidine(l .ZflrosyI Chloride(l. l e&lXM followed by NaH(excess); * Indicates yields forprocedure (v). 

2-beqldihydrobenzo[b]hrans Q6J - @OJ.9.10 Formation of these artefacts is explicable in terms of the 

generation of an incipient primary carbocation ~ protonation of the alcohol functionality. The instability of 

such a species then induces a concerted 1.2-migration of the C-2 aryl group and cyclization of the transient C-2 

carbocation. Confirmation for such a conjecture stems from the observation that the rate of formation of the 

dihydrobenzofurans is enhanced by increased hydroxylation of the B-ring in the 1,2-diarylpropan-1-01s of type 

(26J hence increasing the migratory aptitude of this phenolic moiety. This is most evident from comparison of 

the yields of cyclization products of the 2,3-diarylpropan-1-01s (26J and u. A notable exception to this 

phenomenon is prevalent in the 2Jdiqlpropanol where the Q-methoxy group presumably causes steric 
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compression in the transient benzenonium ion hence favouring the 6 - w  process" with formation of the 

isoflavan series of compounds. 

However, the selective transformation of the 2,3-diarylpropan-1-01s a - (28) to the isoflavans (II) - (33J in 

good yield was eventually effected by formation of the brosyl esters of the propanols using 

4-bromobenzenesulfonyl chloride in dichloromethane I pyridine and subsequent cyclization of the brosylates by 

the addition of sodium hydride at room temperature. 

We have thus amply demonstrated the applicability of this novel approach towards the first direct synthesis of 

isoflavans. 
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