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Abstract AsymmetrIc oxdatlon of P-ketcesters by the benzoyl peroxIde quench of their hthmenammes formed with (S)-valme t- 
butyl eqters has been accomplIshed with good enanfioselectlvlty for the fonnauon of tertiary bcnzoate esters Ttus procedure thus 
enables generatlon of tertmry alcohols m protected form 

In the course of the synthesis of tanshmdlol A [l], an ultrasound promoted cycloaddmon between o- 

qumone 2 and dlene 3 was used to construct the abletane skeleton (Scheme 1) 1 Dlene 3 was prepared via the 

benzoyl peroxlde (BPO) quench of the enolate of methyl cyclohexanone-2-carboxylate [4] giving the tertiary 

alcohol protected as the benzoate ester 5 Smce the chlrahty In dlene 3 was generated by the peroxlde quench of 

the enolate of 4, this step had to be accomphshed with high enantloselectlvlty for the asymmetnc synthesis of 1 

Several methods have been reported for the asymmemc oxldatlon using choral auxlllanes* or choral oxldlzmg 

agents3 of otherwise achlral enolates to produce or-hydroxycarbonyl compounds with excellent optlcal purity 

However, these procedures were not apphcable to our particular problem due to the subsequent steps in our 

synthetic route to tanshmdlol A which required the ternary alcohol m protected form 4 Koga had reported that the 

hthloenamme 6 denved from 4 and (S)-valme t-butyl eyter could be alkylated with high dlastereoselecttvlty 5 

Indeed, we had previously used this procedure m the ayymmetrlc preparation of methyl tanshmonate and 

tanshlnone IIB 6 We now report that the reaction of llthloenamme 6 with BP0 produces the benzoate ester (+)- 

(R)-S in good yield and with excellent selectivity (92% e e ), thereby generatmg the protected tertiary alcohol 

Reactions vrlth other P-ketoesters have been slmllarly successful 
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Koga had reported that the stereoselectlvlty of the alkylatlon of 6 rn toluene was dependent upon the added 

lithium hgand, m the presence of THF (2 0 eq), methylatlon of 6 produced the S-enanhomer m 92% e e, whde the 

selectlvlty was reversed m the presence of HMPA (1 0 eq), as the added ltthmm llgand, producrng the R- 

enantlomer m 99% e e Z7 When the same procedure5 were employed for the BP0 oxrdatlon, benzoate (+)-(R)-5 

was obtamed m 60% yield, 71% e e when THF was the hgand Using HMPA as the hgand reduced the yield to 

only 34%, and the e e was only 308, but still the (R)-enantlomer was dominant In the absence of any added 

hgand, (+)-(R)-5 was obtalned in 51% yield, 50% e e Thus, the dlastereoselectlvlty of the BP0 quench of 6 with 

THF as the added hgand 1s enhanced relative to no added hgand, and the facial selectivity 1s the same as observed 

by Koga in the alkylauons of 6 But with HMPA, the selectivity was not reversed, only lowered (Table, Items 1 - 

3) Both the yield and selectlvlty were optlmtzed using THF as the solvent, producing (+)-(R)-5 m 69% yield 

with 92% e e (Table, Item 4) This contrasts with the alkylations m which excess THF as the added lithium hgand 

reduced the dlastereofaclal selecnvlty 7 

Subsequently, the dlalkylalummoenammes formed with AIMe3 and AlEt were examined (Table, Items 5 

and 6) Under these condltlons, (-)-(S)-5 was the dominant product, though m only 30% and 26% e e for AlMe 

and AlEts, respectively Production of (-)-(S)-5 therefore was best accomplished using (R)-valme t-butyl ester as 

the auxlhary (Item 11) Decreasing the stenc bulk of the valme ester group (Items 7 - 10) greatly decreased the 

facial selecttvtty of the BP0 quench of the dlalkylalummoenarmnes, though much less so for the hthtoenammes 

The vahne esters could be recovered urlthout any racemtzatlon (typically >90% recovery) followtng work-up The 

absolute stereochemistry of (+)-(R)-5 was asslgned by conversion to the known (lR,2S)-methylcyclohexane-1,2- 

dlol acetomde [7] (Scheme 2) 1 

Scheme 2 \ I \ 
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Apphcatlon of the procedure to other P-ketoesters was also bnefly examined, wtth good success (Items 12 

- 19) Thus, the enolates were oxldlzed to the benzoate esters, thereby generating a ternary alcohol m protected 

form with good enantloselectlvlty In each case, the selectivity could be reversed, though with only poor 

selectlvlty (< 50% e e ) usmg AlMe as the deprotonatlng base and chelatmg metal for the enamme The absolute 

stereochemIstry of 10 and 11 weTe assIgned by hydrolysis, producing the known 2-acetolactlc and 2-aceto-2- 

hydroxybutanolc aLIds, re$pectlvely 8 The absolute stereochermstry for benzoates 8 and 9 was tenatlvely assigned 

by the established facial selecnvlty for electrophlle addmon to the hthlcenamme using the (S)-vahne t-butyl ester as 

the choral auxlhary, both m this work and m that previously reported by Koga 

Oxidation of methyl acetoacetate via the (S)-valme t-butyl ester enamme under the same condttlons 

produced the correspondmg raceme a-benzoate 12 In 53% yield (Item 19) Presumably rapid tautomenzaaon to 

the enol ehmmates any selectlvlty achieved In the oxldatlon Indeed, m Koga’s alkylatlon of P-ketoesters, only the 

generanon of quaternary centers were reported By compason, the alkylatlon of ketone a-methylene posltlons via 

their hthloenammes derived from (S)-vahne t-butyl esters was not subject to racemlzanon 9 
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Table Oxldanon of P-Ketoester with Benzoyl Peroxlde via Their Metall@Enamines 

Item Enamme Condmonsa Yteld (%1b Product E,E (%lc 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

O’Bu 

h 0 

CO&H, 

OEt 

/th 0 
HN 

6 

COzCH, 

OMe 

& 0 
HN 

6 

CO,CH, 

J$; 

HN 

, QFH, 

6 

O’Bu 

/cI 0 
HN 

& 

CO$H, 

O’Bu 

/ 0 
HN 

0 CO,CH, 

li R = Me, Et 

O’Bu 

Ap 0 

mA CO&H, 

LDA, toluenem (1 eq) 60 (+)-W-5 71 

LDA, toluene/HMPA (1 eq) 34 (+)-W-5 30 

LDA, toluene 51 (+)-UN 50 

LDA, THF 69 (+)-(W-5 92 

AIMe3, CH2C12 65 (-HW 30 

AlEt3, CH2C12 56 (-)-W-5 26 

LDA, THF 63 c+)-(R)-5 85 

AlMe3, CH2C12 66 (-)-W-5 12 

LDA, THF 50 (+)-CR)-5 70 

AIMe3, CH2C12 40 w-5 0 

LDA, THF 60 (-)-W-5 90 

LDA, THF 57 (-)-CR)-8 78 

AlMe3, CH2C12 30 t+)-(S)-8 5 

LDA, THF 58 t+)-(R)-9 80 

AIMe3, CH2Cl2 52 (-)-w-9 50 

R=Me LDA,THF 50 (-)-(R)-10 85 

R = Me AIMe3, CHzC12 51 (+)-(q-10 25 

R = Et LDA, THF 70 (-)-(R)-11 78 

R = Et AIMe3, CHzCH2 46 (+)-(S)-11 38 

LDA, THF 53 12 0 

a) All rcactms were run at -78 OC for 72 h b) Isolated ylclds c) Opt& punues were dctermmcd by CLIS tn the 1H NMR spcctm 
ustng (+)-Eu(hfc)g 
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0 
~~6H5 

$ 

6 
CO&H, 

(-NW 

0 0 
~~6H5 

P 

0 

CO,CH, XI 
CO,CH, C02CH3 

C,H,OCCf R C,H,OCO 

(+)-m-9 
(-)-(R)-10 R = Me 12 

(-)-(R)-11 R = Et 

The preparation of 10 and 11, protected forms of 2-acetolactlc acid and 2-aceto-2-hydroxybutanolc acid, 

represent very routme procedures for obtammg theqe key mtermedlates m the blosynthesls of valme and leucme, 

respectively, with high optical punty 10 While the parent a-hydroxyaclds are not stable, 10 and 11 can be stored 

mdefirntely (or at least for a year whtch 1s the length of time we’ve now stored these compoundst) 

In a typlLa1 procedure, the freshly prepared and dlgt&d (S)-valme t-butyl ester enamme (10 5 mmol) was 

slowly added as a THF solution (10 mL) with stlmng to a solution of LDA (11 0 mmol) m THF (10 mL) 

prevlouqly cooled to -78 OC, producing the red color of the llthmenamme The mixture was smred at -78 OC for 1 

h, then d solution of BP0 (23 mmol) m THF (10 mL) was added, and stlmng continued for 72 h at -78 OC The 

temperature was then allowed to nse to 0 OC, and the reactlon was quenched by slowly addmg 2N HCI (50 mL) 

The reactton mixture was then thoroughly extracted with diethyl ether, the ether layer dried, and then the solvent 

removed m vacua The residue wa$ punfied by flash chromatography on slllca gel lt The tH and *XC NMR 

spectra and HRMS of the products were in accord with the assigned structures The tH NMR spectra of the 

enammes were also recorded pnor to use and were in complete agreement with the assigned structures Work on 

the structure of the hthloenamme and alummoenamme mtermedlates 1s m progrecs m order to gain a better 

understanding of the basis of the facial selectivity of the electrophlle ad&non 
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