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Abstract: Two novel tellurium-containing biuaphthyls have been prepared in optically active 

form and used as chii inducers in the asymmetric 1.4-addition reactions of a$-unsaturated 

ketones with aluminium arenetellumlate. 

Although organotellurium compounds have become increasingly important as versatile reagents in 

modern organic syntheses.1 no attention has been directed to chiral organotelluriums and their application to 

asymmetric syntheses. In this regard we have been interested in optically active l,l’-binaphthyl ditelluride 

(l), because diary1 ditelluride is one of the most useful organotellurium reagents, and l,l’-binaphthyl 

compounds possessing axial dissymmetry exhibit high efficiency as chiral auxiliaries in asymmetric 

syntheses.2.3 This report describes the synthesis of the parent (la) and the methyl derivative (lb) and their 

application as a chiral source to the asymmetric 1,4-addition reactions of a$-unsaturated ketones with 

aluminium arenetellurolate., which is, to the best of our knowledge, the first chiral induction effected by au 

organotellurium reagent. 

(R,R) -la R=H 
(R,R) -1 b R=CH3 

Optically active (R,R)-bis[l-(l’-naphthyl)-2-naphthyl] ditelloride (la) was prepared in 93% yield by 

successive treatments of (S)-2,2’-dibromo-l,l’-binaphthyl (2)4 with equimolar r-butyllithium, elemental 

tellurium, another equimolar r-butyllithium, and methanol followed by air oxidation.5 (R,RJ-Bis[ l-@‘-methyl- 

I’-naphthyl)-2-naphthyl] ditelluride (lb) was similarly prepared in 78% yield from successive treatments of 2 

with r-butyllithium. methyl iodide, c-butyllithium, and elemental tellurium followed by ah oxidation. Use of 
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(I?)-52’~dibromo-1.1’~binaphthyl (2) as an alternative also gave the corresponding f&S)-enantiomers with the 

optical rotations of reverse sign. 

Since reduction of diary1 ditelluride (1) with diisobutylaluminium hydride readily gives 

diisobutylaluminium arenetellurolate (3), which undergoes a 1,4-addition reaction towards a&unsaturated 

ketones (4) leading to the formation of functionalixed p-aryltelluro ketones.6 we have examined chiral 

induction to the p-position using (R,R)- (1) (Scheme 1). Thus a solution of la in tetrahydrofuran was mixed 

with an equivalent amount of diisobutylaluminium hydride (1 mol dm-3 hexane solution) to generate Ja, 

which was treated in situ with truns-3-penten-2-one (4. Rt=RZ=Me) at -100 “C under a nitrogen atmosphere. 

After 3 h, the reaction mixture was quenched with 2Whydrochloric acid, affording a diastereomeric mixture 

of 4-[1-(1-naphthyl)-2-titaphthyltelluro]pentan-2-one (6. Rt=Rz=Me) in 74% yield. The diastereomeric excess 

(d.e.) was determined to be 11% by integration of independent absorptions in the tH NMR spectrum.7 On the 

other hand, use of 3b as a chiral inducer improved the d.e. up to 64%. The absolute configuration of the 

asymmetric carbon of the prevailing isomer was determined to be S by chemical correlation to (R)4-hydroxy- 

2-pentanone (8)g with known absolute configuration (Scheme 2). 

As summarized in Table 1, the reactions of other a$-unsaturated ketones (4) with 3b similarly gave 

chiral p-aryltelluro ke&es (6) of predominant S configuration. However, the presence of a bulky group at R’ 
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Scheme 2. i) PhCOCl, pyridine, t-t. 9h, 93%; ii) CH,=PPhs, THP, O’Y. 6h. 96%; 
iii) LAH, ether; reflux, 2h. 40%; iv) CHsSO$X pyridine, rt. 1 lh. 8346, v) (R)-ArTeLi, 
THP. rt. 15h, 6b%; vi) CH z=PPhs, THP, -30 -0°C. 4h. 58%. 
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Table 1. Asymme@ addition reactions of a&unsaturated ketones (4) with aluminium =netellWlate (3) 

in THP at -lOOaC 

Run R1 RZ Reagent Xi&Y &, Run R1 R* Reagent &.Ua de 

% % % % 

1 Me Me 3a 74 11 6 i-Pr Me 3b 80 49 

2 Me Me 3b 83 64 7 r-Bu Me 3b 44 32 

3 Me Et 3b 87 50 8 n-Hex Me 3b 65 64 

4 Me r-Bu 3b 58 8 9 Cyclohexyl Me 3b 80 58 

5 n-Pr Me 3b 72 63 10 PhCH2 Me 3b 57 70 

aIsolated yield by chromatographic separation. 

and R* had considerable influence not only on the yield but also on the d.e. In particular, a t-butyl group at R* 

drastically reduced the enantioselectivity (Run 4). 

A mechanism of the 1,4-addition reaction is assumed to involve a cyclic six-membered ring forming 

from the two species, which is the transition state of the d.e.detennining key step. There are two approaches 

to each of the two. si and re, faces of s-cis conformer of the substrate a&unsaturated ketones, leading to the 

(R,S)- and (R,R)-diastereomers as shown in Fig. 1. Both approaches to the re face suffer from a steric 

interaction between the RI group and the R or henzo moiety of the attached naphthyl skeleton. On the other 

hand, one of the approaches to the si face avoids this. The introduction of a methyl group at the R-position 

increases the sterical hindrance, resulting in a marked enhancement of the d-e. When 2-cyclopentenone and 2- 

cyclohexenone were employed as the substrates, the enantioselectivities of the addition products we= helow 

si -face approach (favorable) re-face approach (unfavorable) 

d-face approach (unfavorable) m-face approach (unfavorable) 

Fig. 1 
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6%. though the chemical yields were still high (70%). The cyclic enones cannot participate in such a 

concerted cyclic transition state occurring finm the s-cis conformation of acyclic enones. and accordingly their 

reactions are possibly initiated by cooperative attack by two aluminium arenetellurolates or free ionic species, 

being responsible for almost no enantioselection. 

The present asymmetric 1,Caddition reactions, though not yet attaining sufficient asymmetric 

induction, indicate that optically active tellurium-containing biphenyls (1) have potential as chi inducers. In 

order to improve asymmettic induction, further structural modifications of 1 are now in progress. 

This work was partially supported by a Grant-in-Aid from the Ministry of Education, Science and 

Culture, Japan. 
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