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Abstract: The photostimulated reaction of the chiral assisted amide enolate ion 1 with 

l - i ~ t a l e n e  2 gave the isomeric substitution products 3 with diastereomeric excess 

depending of  the counter ion. Li + (at -78°C) and Ti(lIO were found to be the most 

effective (the dlastereomeric ratio > 99). These reactions were done in liquid ammonia 

and are suspected to follow the Sp.vl mechanism. 

In the last few years, addition of radicals to the double bond by chain processes has been extensively 

studied especially in the intramolecular cyclization ~ and the intermolecular r ~ o n s .  2b Both types of reaction 

presented high stereoselectivity when the radical or the unsaturated moiety presented chirality. 3 

The mechanism of the radical nucleophilic substitution (SR~I) is a radical chain process that allows to 

substitute aromatic and aliphatic halides through radical intermediates. Among the different functionalizations that 

could be accomplished, the introduction of an aromatic moiety to an enolate ion seems to be the most attractive) 

The reaction shows exclusively C-substitution, 4 and the coupling rate constant between aryl radicals and enolate 

ions has been determined to be as high as 4.2 101°M ~1 s'l. s It remains to be shown if radicals react 

stereoselectively to a carbanion nucleophile attached to a chiral auxiliary. 

We now demonstrate for the first time that naphthyl radicals can react stereoselectively with chiral assisted 

amide enolate ions by the SRN1 mechanism of nucleophilic substitution. 

The photostimulated reaction 6 of the amide enolate ion la  and 1-iodonaphthalene (2) in liquid ammonia 

afforded the diastereomeric isomers 3 (eq.1). 7 The reaction of la with 2 in dark conditions did not yield 

substitution products. 

7711 



+M- I 0 0 IN.~S. / 

-" \ Ph 
H3C Ph H3C-" Ph 

I 2 3 

(1) 

la:  M + =Li+; lb: M+=Na*; lc: M+=K+; ld:  M + =Cs÷; le: M+=Ti(IV) 

The reaction has a high dependence on the metal counter ion. The reaction was followed by HPLC, s where 

the diastereomers separated with a 2 min retention time difference. All the ions studied presented selection, but 

the highest was reached with Li* at low temperature (-78°C) and with Ti(IV). 

When the nucleophile was lithium amide enolate ion la, 9 the diastereomeric ratio (DR) of substitution 

product was 8.2:1 (Expt. 1, Table I), while with lb  with sodium as counter ion, the DR was 2.2:1 (Expts. 6-7, 

Table I), similar to potassium enolate ion (lc) where the DR obtained was 1.8:1. When cesium sulfate was added 

to a solution of lc ,  no major change in the selection is observed (Expt. 9, Table I). 

As an estimation to see if the cation exchange is effective, we prepared the potassium enolate le and LiCl 

was added to the reaction observing a better selection (DR=2.9:1) than with le  itself.. However the addition of 

1 equivalent ofTiCl 4 to the solution ofle,  and after the corresponding photostimulated reaction with 2, the HPLC 

run showed only the most abundant isomer (Expt. 10, Table I). 

High selectivity was also observed in the reaction of la  with 2 at lower temperature (-78 °C) yielding only 

one diastereomer as far as the HPLC detention range (detectable up to a DR = 99:1). 

These reactions are suspected to follow the S~ql nucleophilic substitution process, where nucleophile I 

transfers an electron to ~bstrate 2 stimulated by light (eq. 2). The radical anion 2-'- thus formed fragments to give 

the radical 4 and iodide ions (eq. 3); the radical intermediate 4 reacts with the amide enolate ion 1 to give the 

radical anion Y (eq. 4), which by electron transfer to the substrate 2 gives both isomeric substitution products 

3 and the radical anion 2 ~ (eq 5), which continues the chain process. 

1 + 2 ~-- 2 -s" (2) 

2 -~ .~ ~ + I- (3) 

4 

4 + 1 .~ 3 v (4) 

3 ~- + 2 - - ~ "  2-" + 3 (5) 
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In the coupling reaction between radical 4 and 1 (eq. 4) the selection occurs, and we think that it occurs 

by a preferential approximation through one face of the planar enolate double bond due to the steric hindrance 

of the imidazolidyl-2-one group which has a certain stereoisomeric disposition. 

The remarkable selectivity by the titanium and lithium amides could be explained in terms of better 

complexation capacity of the Ti(IV) and Li +, which by coordination of both carbonyl groups avoids the rotation 

of N-CO bond and the subsequent formation of the other conformer. 

The absolute configuration is under determination and will be reported elsewhere. 

In conclusion, enolate ions attached to a chiral auxiliary such as nucleophile I can react stereoselectivdy 

with aryl radicals by the Sp~l mechanism with high diastereomeric excess. This reaction open an interesting route 

to chiral diarylacetic acids, Work is in progress with other chiral auxiliaries and other carbanions. 

TABLE I: Photostimulated Reaction of la-d with 2 in Liquid Ammonia. a 

Expt. M + Substitution Products 3 Diutereomeric 

Yields {%)b Ratio (DR) 

1 Li 52 8.2 

2 Li 90 6.1 

3 e Li 57 >99 

4 a Li 

5 c Li 37 2.9 

6 Na 44 2.2 

7 Na Not quantified 2.1 

8 K 28 1.8 

9 © Cs 62 1.7 

10 e Ti~IV) 43 >99 

Whe reaction were done in refluxmg liquid anunoma (-33 °C), unless otherwise indicated 
(1 in 4.6x10 -3 M, 2 in 2.3x10 "3 M). The quantifications were carried out by I-IPLC. 
~ d d s  relative to 2. °The reaction temperature was -78°C. dDark reaction, el equivalent 
of a salt of the indicated ion was added to the lc enolate ion solution. 
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