
E:Nli: HEACTION OF 2-(AI,KYLTHIO)AI,I,YL SILYL ETHER 

INVOLVING A CHIRALITY ‘I’HANSFXR. 
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Table I 

SR OH St=! 
OTBS 

+ R’CHO 
M+AICI (1.1 eq) OTBS 

la: R=Et 

1 b: R-Ph 

entry ene R’ solvent conditions yield (%) ee (%j 

-~ 

1 (Sk’ a C,H,, toluene -78°C 1 h 82 86 (R) 

2 hexane -78°C 5h 78 94 (R) 

3 ” Ph CH,CI, -78°C 2h 9s 96 (s) 

4 toluene ~78°C 3h 91 96 (5) 

5 ~C&&,H4 -78°C 19h 93 97 6) 

6 ” 0-C H&G& CHZQ? -78°C 7h 80 91 6) 

7 o-TBSOC&i, - -78°C 12h 91 99 (S) 

8 ‘I 2-fu ryl toluene -46°C 2h 76 86 (S) 

9 ,’ PhCH=CH -23°C 8h 70 90 is) 

10 (S)-1 b Ph CH2Cb -40°C 2h 98 80 (S) 

11 ” toluene -40°C 5h 95 86 (S) 

Typical procedure- A mixture 01 ( $1 a or ( $1 b (0 50 mmol) and aldehyde (0.50 mmoi) in 2 ml of 
solvent was treated with 1M Me 2AICI solution in hexane (0.55 ml ) After stirring for scvcfal hours. il 
mixlure of triethylamlne (0.25 mL) and water (0 50 ml) was added. Usual woti up followed by column 
chromaiographic purification gave the desired product 

Severnl ch;rracteristic features of the rezlction have been noted: (1) ‘I‘hc ene wirh S conligw~ion :IIIXC~S th< 

w-bony1 gmup of an ;tldehyde from the si-fact. 10 ‘I’his setectivily would indicate that the rrrunsirion SKIIC A iri 

Scheme I is preferred to the transition stale R which includes stcric repulsion between 0TB.S group and I .CWIS 

acid. (2) Higher selectivity is observed in the reaction nf ethylthin ether la than that of phenylthio ether 11)’ ’ 

(enlries 3 and 10). (3) A rote of the rr:lction solvent is also quite imt~orl~lnl l l: Usr of non-polar solvent stich a 

hexane is prefcrablc (entry 2). On such ;I LXX where a precipitate of the t~wis ;tc.id-akkhyde compli‘u is 

frwmed. toluene is ;L solvent of second ctii]icC. 
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Effects of o-substituents on ee have also been examined by using n-subsCluted brnzaldr.hydrs. 0. 

Tolualdehyde gave the cne adduct with comparatively high ce, but the reaction of L~furaldchydc resulted in 

decrease of ce, Further, cc was slightly decreased in the reaction of o-anisaldehydr, a’hereas use of o-THSO 

substituted benzaldehyde gave the almost cnantiomerically pure ene adduct, a useful precursor Ihr optic;llly 

active unthracyclines.12 (entries 5, h and 7). Coordination of more basic methoxy oxygen to Lewis acid may IX 

responsible for decrease of ee. I3 

Though crotnnaldehyde underwent a hetero Dieis-Alder reaction predominantly, “I cir,rlarr,;lltfehycle afforded 

the ene adduct in good yield (entry 9). 

Use of confonnationally rigid ene such as cyclic one el’fec~ed the transfer of c:hir;llity TIKWZ rl’lic:izntly. Tht: 

requisite h-membered allylic ether (S) lc was prepared15 from (S)-2-bromn-2- cyclohexenol which is obtained 

hy ennnlioselec,tive reduction of 2-bromocyclohexcnone.16 In the reactions with aldchydcs (S) Ic induced 

almost cornple~e chirality transfer (from 83% ee to 83% ee), In the reaction with aliphatic aldehyde, rhren and 

etyrhro adducts were formed in 85: 15 ratio. These could be easily separated by column chr-orrl;ltogr;lptiy and 

eilch of them ha been identified as (6’). and (S)-alcohol of 83% cc. l7 The rcacrion with aromatic aldehyde 

exclusively afforded rlzreo alcohol. 

Table II 

SMe OH SMe 
OTIPS 

Me,AICI (1.2eq) R OTIPS 

+ RCHO 

R 

Wl3 

Ph 

CH&H=CH 

solvent conditions yield (%) 

ratio 

threoxvythra ee (?A) 

hexane 

toluene 

-23°C 5h 

-23°C 2h 

94 

94 

toluene 
-23°C 5h 

-0°C 17h 82 

85:15 83 * 

299:l 83 (S) 

97. 3 82 (S) 

* Fach cf three and erythra isomers has ( F?- and ( Z$ configuration respectively 

Consequently, the present method is the first practically useful example of ene reactic)n with chiralitl 

tran!$er, The applicability to a wide variety of aldehydes and the utility of the pr~~iucla may make it one of’ the 

most powerful method for optically active y-hytlroxy cnrbonyl compounds. WC arc ~wrently investigating on 

application to the enantioselective synthesis of biologically active natural product\ 
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