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influence of Me2AlCI, the reactions of varous .lldehydeﬁ with (5)-3-(tert-buty 1dlﬂlelhy]\ll() v)-2
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butene which was easily prepared from (S)-ethyl lactate afforded the optically active adducts in high ee

Preparation of enantiomerically pure substances vin a chirality transfer! from readily available chiral
substrafes has been emerging as a useful wol in organic synthesis. In the previous pzxper,3 we reported the ene
reaction? of 2-(alkylthio)allyl silyl ethers which proceeds with various types of aldehydes accompanying with
an efficient rhree as well as Z geometry control. These stereoselectivities may be explained by assuming the

transition state involving the dipole attractive interaction between SR and OTBS groups as shown in Scheme L
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The fixed conformation of this transition state model® led us 1o examing the chirality transfer viu ene
reaction of optically active 2-(alkylthimallyl sily] ethers, This paper describes a highly enantio-selective ene

[

reaction giving optically active y-hydroxy ketone derivatives. The optic ally purc enes (5)-1a an
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easily prepared in three steps as shown in Scheme {1 Thus, commcrcinlly available ($)-ethyl lactare was
3 sith Mez2 AISR.D Treatment of the resulting thicl
esters with Tebbe reagent® afforded the desired optically pure (5)-3. (rerr-butyldimethylsiloxyi-2-(alkylihio)- 1
butenes,? Linder the influence of MesAICE (1 1eq), the reactions of these enes with various aldehydes readily
proceeded 1o afford the comresponding ene adducts in good yields. The enantiomeric excess of the product was
determined by HPLC analysis after conversion to the (R)-MTPA ester of either B-hydroxy ester® or y-hydroxy

ketone.? The results were summarized in Table 1.
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Table |
SR OH SR
OTBS Me,AIC! (1.1 ec
)\r  ReHo MEAICH (-1 eq) R|)\/§/OTBS
1a: R=Et
1b: R=Ph
entry ] ene R solvent  conditions  yield (%) ee (%)
1 (S)1a CeHia toluene  -78°C  1h 82 86 (A)
2 . hexane -78°C bh 78 94 (A)
3 . Ph CH,ClL,  -78°C 2h 96 96 (5)
4 toluene  -78°C  3h 91 96 (5)
5 0-CHCgHa . -78°C 19h 93 97 (8)
6 0CHOCH, CH,.ChL  -78°C 7h 80 91 (S)
7 o TBSOCeH, . -78°C 12h 91 99 (5)
8 " 2-furyl toluene  -46°C 2h 76 86 (5)
9 PhCH=CH . -23°C  8h 70 a0 (8)
10 (S-1b Ph CH,ClL,  -40°C  2h 98 80 (S)
i . . toluene  -40°C  5h 95 86 (S)

solvent was treated with 1M Me »AIC! solution in hexane (0.55 ml ). After stirring for several hours, a
mixture of triethylamine (0.26 mb) and water (0.50 mL) was added. Usual work up followed by column
chromatographic purification gave the desired product,

Several characteristic features of the reaction have been noted: (1) The ene with § configuration attacks the
carbonyl group of an aldehyde from the si-face. 10 This selectivity would indicate that the ransition state A in
Scheme 1 is preferred to the transition state B which includes steric repulsion between OTRS group and [ewis
acid. (2) Higher selectivity is observed in the reaction of ethylthio ether 1a than that of phenylthio ether 1hil
(entries 3 and 10). (3) A role of the reaction solvent is also quite importam ! 1; Use of non-polar solvent such as
hexane is preferable (entry 2). On such a case where a precipitate of the Lewis acid-aldehyde complex is

formed, toluene is a solvent of sccond choice.
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Effects of o-substituents on ee have also been examined by using o-substituted benzaldehydes. o-
Tolualdehyde gave the ene adduct with comparatively high ee, but the reaction of 2-furaldehyde resulted in
decrease of ee. Further, ec was slightly decreased in the reaction of o-anisaldehyde, whereas use of o-TBSO
substituted benzaldehyde gave the almost enantiomerically pure ene adduct, a useful precursor for optically
active anthracyclines. 12 (entries 5, 6 and 7). Coordination of more basic methoxy oxygen to Lewis acid may be
responsible for decrease of ee, 13

Though crotonaldehyde underwent a hetero Diels-Alder reaction predominantly, 14 cinnamaldehyde afforded
the ene adduct in good vield (entry 9).

Use of conformationally rigid ene such as cyclic one effected the ransfer of chirality more efficiently. The
requisite 6-membered allylic ether (8) 1e was prepared! from (8)-2-bromo-2-cyclohexenol which is obtained
by enantioselective reduction of 2-bromocyclohexenone. 10 In the reactions with aldehydes (5)-T¢ induced
almost complete chirality transfer (from 83% ee to 83% ee). In the reaction with aliphatic aldehyde, threo and
ervihro adducts were formed in 85:15 ratio. These could be easily separated by column chromatography and
each of them hus been identified as (R)- and ($)-alcohol of 83% ee.17 The reaction with aromatic aldehyde

exclusively afforded rhree alcohol.

Tabie I
SMe
OTIPS Me,AICI (1.2eq)
+ RCHO
(S1e
83% ee
ratio
R solvent conditions yield (%) threo.erythro ee (%)
CeHia hexane  -23°C 5h 94 85:15 83"
Ph toluene  -23°C 2h 94 >99:1 83 (5)
-23°C 5h
- L001= N 82 S
CHyCH=CH | toluene - 0°C 17h 82 97:3 (5)

* Fach cf threo and erythro isomers has { A)- and ( §- configuration respectively

Consequently, the present method is the first practically useful example of ene reaction with chirality
transfer. The applicability to a wide variety of aldehydes and the utility of the products may make it one of the
most powerful method for optically active y-hydroxy carbonyl compounds. We arc currently investigating on

application to the enantioselective synthesis of biologically active natural products.
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