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Abetnet Chid cyclic (6 or hambered ring) diok werefound 10 be excelhu chid cudaries@ asymuoic 

akykuion of cyclic (or acyclic ) /J-k+90 esters. 

It is well known that the selection of a protec& group plays an impoxtant role in organic synthesis, and 
many protective groups have been developed for this purpose.1 Recently, chiral diols having a C2 axis of 

symmetry have attracted much attention from the stam+lnt of asynm~& synthesls,2 because a single acetal can 

be derived from a simple carbonyl compound without any other chlral center, and chii acetal is capable of 

differentiating between the re- and si-faces of a neighboring prochifal group. An alternative aspect of the synthetic 

potential of chiral acetals is that an acetal ring tmdeqoes the Lewis acid-catalyzed opening3 in a ste~ontrolled 

fashion, in which the high diastereoselectivity can be attributed to specifk mn of the Lewis acid with the 

acetal oxygen. 

In this paper, the authors report that chiral cyclic (6 or 7-membered ring) diols4 a~ an excellent chiral 

auxiliary for asymmetric alkylation of cyclic (or acyclic) pketo esters to afford a qusrwnary carbon, and the 

neactionpmceedsinadiastenzoselective lllllll~lc~ via the base-catalyxed opening of chiral1,2-cylohexanedioxy (or 

chii l&cycloheptanedioxy> acetal. 

Table Effect of the ratio of LDA to alkylation 

Ew Eq. (LDA) 3 Rtiyu ‘“: Revovery 
of 2 (%) 

1 1.0 7 28 46 

3 Z::, 59 z 14 0 8 

Reaction conditions: Me&DA ln THF at -78’C undo an Ar atmoaphete. 
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Table II. AUcyhtion of five-membered &kcto tstcs protected with (S,S)-cyclohcxaxdiol 

s s Q 
HO 0 

+ 

8-= 
8 

Entry RX Products Yiekh? (‘lb) de (%)(abs. config.) 

1 Me1 
I 

57 92 (R) 

2 W19Br 
i 

ii --(RI 
7 

&hs.L’) 
MCI alkylatcdenol 57 

ether c1-type) 
cunjngatcdcnol 6 
MtQ @-type) 

Reaction conditions: Rx/LDA/HMPA in ‘IT-W at 78X! under an Ar atmospbcrc. 

Table III. Alkylation of five-mcznbcd bkcto cstcx pmtcctd with (R,R)-cyclolqtandiol 

R Q 
HO 0 

* 
COOMB 

Entry RX Fkducts Yiilds (96) de (%)(llbs. config.) 

1 MCI 
:: z 

* (S) 

2 w19Br 10 74 G(S) 

Reaction conditions: the same as the case of Table II. 

Table IV. Alkylation of ethyl a-mcthylaatoecttatc protected with (R,R)-cycloheptancdiol 

R Q 
R 

R Q 
HO 0 HO 0 

COOEt 

Entry Rx Pmducts Yii (%) de (%)(abs. contlg.) 

1 PhCH*Br 13 78 

2 CH#HCH~Br :: ii 
14 7 

~9 W 

>99 W 

Rcactioncodtiowthesamc~th: caacofTablcIL 
When (S,S)-1.2-cycloku@ol was employed instead of (R,R)-1,2-cycloheptancdiol, 
the alkylated product (R=PhC.H2 ) of 94% de (S) was obtained. 
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Acctalixation of a five-membered cyclic p-keto ester (1) (or acyclic a-methy@-keto ester) with chiral dials 

such as (R,R)-2.3-butanediol, (R,R)-2,4-pcntanediol, (S,S)-1.2-cyclohexanediol, and (R.R)-1.2- 

cycloheptanediol under axeotropic conditions using p-TsOH/benxene afforded the anresponding acetals. which 

are an inseparable mixture5 of two diastereomers. As shown in Table I, alkylation6 of 2 with Me1 at -78’C 

afforded better yield of 3 and 4 as the ratio of IDA (5.0 eq.) was incmased, and the yield of a,&unsaturated 

ester (5) was reduced. It is noteworthy that, in this alkylatlon, the alkylated ptoduct retaining the original acetal 

structure intact was not obtained at all, but the enol ether formed by cleavage of the acetal ring was obtained.7 

Alkylation of 6 (or 9) protected with (S.S)- 1 .2-cyclohexanedio14 or (R,R)- 1.2~cycloheptanediol4 with 

BX/LDA(Seq)/HMPA (5eq) in THE at -78’C proceeded in a highly diastereoselective fashion,8 as shown in 

Table II and III, while alkylation of five membered cyclic j3-keto ester protected with (R,R)-2,4-pentanediol 

under the same conditions nsulted in only 73% de (50% yield). The above results suggest that cyclic chiral dials, 

in particular, (RR)-1.2-cycloheptanediol (Table III) am superior as temporary chiral auxiliaries to acyclic chiral 

diols such as chiral 2,3-butanediol and 2,4-pentanediol. Next, acyclic a-methyl-p-keto ester (ethyl a- 

methylacetoacetate) with cyclic chiral diol as a chiral auxiliary was subjected to the above described alkylation 

mat tion. In accord with our expectation, alkylation of the acyclic ring protected with (R,R)- 1,2-cycloheptanediol 

also afforded an excellent result ,9*10 as shown in Table IV. 

Typical examples (entry 3, Table II): A solution of n-BuLi in hexane (15% solution, 0.91m1, 1.46 

mmol) was added dropwise to a stirred solution of diiaopropylamine (147 mg, 1.46 mmol) in THE (5 ml) at -78’ 

C under an Ar atmosphere. After 10 min. HMPA (261 mg. 1.46 mmol) in THF (0.5 ml) and 6 (70 mg, 0.29 
mmol) in TI-lF (0.5 ml) were successively added at -78’C, and the whole was stirred for 10 mitt, then CgHlgBr 

(302 mg, 1.46 mmol) in THF (0.5 ml) was added. After being stirred for 3 h at -78’C. and for 12 h at -4OC. the 
reaction mixture was diluted with an aqueous solution saturated with NIQCl(10 ml). then extracted with AcOEt. 

The oily residue was purified by flash chromatography to afford 7 (70 mg, 6696, elution with 2% AcOEt in 

hexane) and 8 (7 mg, elution with 16% AcOEt in hexane). 

A 

. 
favorable form unfavorable form 

B C 

Fig. 

As shown in Fig. A. the enol ester may be first formed by opening of the acetal under strong basic 

conditions. In the next step, it is reasonable that the excess of base (5 eq.) affords the deconjugated enol ether 

(Fig. B or Fig. C) via the abstraction of hydrogen at the y-position (Fig. A). Examination using the stereomcdel 

@reiding) indicates that Fig. B is the prefable form to Fig. C, because the resulted anion lobe in Fig. C occupies 

a sterically crowded space. Thus, high diastereoselectivity in the alkylation of five-membered ring j3-keto ester 

protected with chiral 1,Zcyclohexanediol or lJ-cycloheptanediol may be rationalized by considering the 

intermediate shown in Fig. B. 
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