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Lewis Acid-Mediated Reaction with Silyl Ketene Acetals
and Allylstannane of the Aluminum Acetals Generated
by DIBALH Reduction of a-Amino Acid Esters
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Abstract: The intermediates generated by DIBALH reduction of a-amino acid esters
undergo condensation without racemization with silyl ketene acetals and allylstannane in the
presence of Lewis acid to afford the corresponding f-hydroxy esters and homoailylic
alcohols in good yields while achieving high syn selectivity via an aluminum-assisted
chelation control.

Recently the intermediates involved in the low-temperature DIBALH reduction of carboxylic acid esters to
aldehydes have been confirmed to be aluminum acetals by successfully trapping them with TMSOTT to isolate the
corresponding stable monosilyl acetals.2 One of the utilizations of such aluminum acetals for an effective carbon-
carbon bond formation reaction was also achieved with sily! ketene acetals in the presence of Lewis acids to
afford the aldol-type products’ ; this methodology of directly converting carboxylic acid esters to aldols might be
an alternative for a variety of reactions using considerably unstable aldehydes. Condensation reactions with
optically pure a-amino aldehydes are somewhat troublesome because such aldehydes are prone to racemization.4
We disclose herein an effective one-pot aldol reaction using the aluminum acetals from N-protected a-amino acid
esters without racemization.

After the DIBALH reduction intermediates of N-protected a-amino acid esters in CH»Cl, at -78°C were
treated with TiCly(O-iPr), and sily! ketene acetals and after the usual workup procedure, the corresponding B-
hydroxy esters were obtained in good yields along with the primary alcohols (ca. 10%) as an overreduction
product of the starting esters.5 Syn selectivity was observed as shown in Table I. In each case of the esters from
valine and #-leucine, only the syn product was obtained (entries 3, 9) ; the stereochemistry of the products was
determined by 1H-NMR analysis of their Mosher esters.” From all the Lewis acids examined, TiCly(O-iPr),
provided the most satisfactory results on selectivity. The reaction proceeded without racemization and the
syn/anti isomers of the products (R2=Me) could easily be separated by column chromatography.

The Lewis acid-mediated cleavage reactions of acetals have been interpreted individually to proceed
according to direct displacement (Sy2) mechanism or oxocarbenium ion (Sy1) mechanism because of the obscure
behaviors of the acetals varying in structure toward Lewis acids.3 Polt suggested that the direct displacement of
nucleophiles takes place in Grignard addition reactions to the DIBALH reduction intermediates,? while an Sy1

mechanism on the supposed aldehyde intermediate was reported by Yamamoto® and Kano.!0
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Table I. Reactions of the Intermediates in DIBALH Reduction of N-Protected a-Amino Acid
Esters with Silyl Ketene Acetals in the Presence of TiCly(O-iPr)2

R 7 " DIBALH /1 9 /! gH 9
Some TS FNNlors | PNy o
p-NH na>=<OTMS HN R? R? HN R2 R?
1 ‘R or® P Syn-2 P Anti-3
3. TiCly(O-iPr),
Ester Silyl ketene acetal Product b/Alcohol¢ Ratio of diasetreomersd
Entry2
R! P R2 R3 (%yield) Syn(2):Anti(3)
1 Me Cbz Me Me 2a,3a (66)/(10) 15 :1¢
2 Me Cbz H Ph 2b,3b (53)/(12) 4.6:1
3 i-Pr Cbz Me Me 2¢ (68)/(T) syn only
4 i-Pr  Cbz H Ph 2d,3d (59)/(12) >46  :1
5 s-Bu  Cbz Me Me 2e,3e (69)/(6) 7 1
6 s-Bu  Cbz H Ph 2f.3F  (53)/(]) 2.5:1
7 PhCH, Cbz Me Me 2g,3g (60)/(6) 23 1
8 PhCH; Cbz H Ph 2h,3h (59)/(7) 32:1
9 t-Bu Boc Me Me 2i (50)/(14) syn only

aln entry 9, D-r-leucine was used. Plsolated yield. ©The alcohols were obtained by overreduction of the
starting esters. 9Determined by HPLC analysis using a DAICEL. CHIRALCEL OD. €Using BF3+OEt, instead of
TiCly(O-iPr),, the syn/anti ratio of the product was 8 : 1.

Although DIBALH reduction of (1S, 2R, 55)-menthyl 3-phenylpropionate was trapped with TMSOTf to
afford a 2.4 :1 mixture of the diastereoisomers of the corresponding monosilyl acetal,? the same aluminum acetal
intermediate underwent condensation with a silyl ketene acetal in the presence of Lewis acid to produce a
completely racemic B-hydroxy ester. This observation suggested that the Lewis acid used in the reaction plays
the role of eliminating the alkoxy moiety from the aluminum acetal (an oxocarbenium ion mechanism) in order to
lose its chirality. Furthermore we can interpret the high syn selectivity observed in the Lewis acid mediated
reaction of the aluminum acetals as follows ; the residual aluminum in the oxocarbenium ion might coordinate to
the a-nitrogen and concurrently assist the following chelation-controlied addition!! of silyl nucleophiles, as
illustrated in Scheme 1.
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Scheme 1 Cram Chelation Model

In addition, the reactions of allylstannanel2 with the a-amino acid esters under similar conditions provided

the corresponding homoallylic alcohols with fair to good syn selectivity without racemization, as shown in
Table 11.13

Table II. Reaction of the Intermediates in DIBALH Reduction of N-Cbz-Amino Acid Esters
with Allylstannane in the Presence of TiCly(O-Pr);

OH OH

o)
1 DIBALH 1 . S
R\'dLOMe ’;__-7_&__,“\2\/\+ NS
b/

2. ANSNBU3  NH _NH

Cbz .
3. TICIL,(0-iPr), CPF  Syn-4 Cbz”  antis
Product #Alcohotb Ratio of diastereomers®
Entry R!

(%oyield) Syn(4):Anti(5)
1 Me 4a5a (44)/(38) 10 :1
2 i-Pr 4b,5b (43)/(19) 14 :1
3 s-Bu 4c,5¢ (42)/(24) 48:1
4 PhCH, 4d,5d (43)/(32) 7 :1

a[solated yield. PThe alcohols were obtained by overreduction of the starting esters. “Determined by HPLC analysis
using a DAICEL CHIRALCEL OD.
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The reaction with allylsilane did not work well giving only 8% of the homoallylic alcohols along with a
large amount of the alcohol from overreduction.

The treatment of the syn and anti homoallylic alcohols with THF/MeOH/7.5 N-KOH(4:2:1) provided the
corresponding trans-6 and cis-7 oxazolidinones, respectively; Kano, S.; Yokomatsu, T.; Iwasawa, H.;
Shibuya, S. Tetrahedron Lett. 1987, 28, 6331-6334.

Coupling Constants of the Oxazolidinone

0 Oxazolidinones JH@)HEG
JL Entry 6,7 Trans-6 is-7
HE——&/\ 1 (from 4a,5a) 5.93 7.47
> 2 (from 4b,5b) 4.40 6.82
1 >
R4 5 = 3 (from de,5¢) 550  7.69
6and7 4 (from 4d,5d) 527  7.03

(Received in Japan 6 April 1993; accepted 13 May 1993)



