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Erythro-3-hydroxy-2-alkylproplonates were prepared In 

high stereoselectlvlty and In high Isolated yield by zinc 

borohydrlde reduction of the corresponding B-keto esters. 

A method for the stereoselectlve synthesis of erythro-3-hydroxy-2-alkyl- 

proplonates (2) has been extensively studled In recent years1 In connectlon with 

the synthetic works of macrollde or polyether antlblotlcs, since these moietles 

repeatedly appear In the framework of antlblotlcs such as erythromycln A. An 

effort to achieve this has been mainly focused on the stereocontrolled aldol 

condensation. We report here an alternative and highly stereoselectlve formation 

of these compounds by the reduction of the corresponding B-keto esters with zinc 

borohydrlde2. 

It has already been reported by Cancel11 and Jacques 
la that reduction of 

methyl 2-benzoyl proplonate (la) with LlAlH* produced erythro glycol (4) predoml- - 
nantly (erythro/threo ratio, 90/10) whereas reduction with KBH4 afforded the 

threo derlvatlves (a mixture of glycol and hydroxy ester) as maln products 

(erythro/threo ratlo, 27/73j3. As an explanation for this discrepancy, they 

claimed that in the LiA1H4 reduction the six-membered cyclic model (t) involving 

an aluminum hydride would lnltlally be formed and a hydride attack subsequently 

OMe 

+ Met=Ll , Zn ++ 
Ar 

(11) - 

1641 



1642 

took place from the less hindered side affording erythro glycol as a malor 

product, but In the KBHQ reduction formation of such cyc11.c model can not be 

consldered. 

However, we thought that In the lnltlal stage of the reduction, an assocla- 

tlon of a llthlum cation to the carbonyl groups would be much ratlonal than that 

of a negatively charged aluminum hydride anlon. If this assumption 1s correct, 

even a metal borohydrlde could produce the erythro compounds when a counter 

metal possessed a highly coordlnatlng ability to carbonyl oxygen (see, _ 11). 

The advantage of the use of a metal borohydrlde in this particular reduction 1s 

obvious because the desired erythro-hydroxy esters can be obtained directly from 

the B-keto esters which can, for example, be prepared from aldehydes and cl-bromo 

esters by Reformatsky reactlon followed by oxldatlon of the resulting secondary 

alcohols. Zinc borohydride was presumed to be ideally suited for this purpose. 

In fact, when B-keto esters (1) were treated with an excess of Zn(BH4)2 In ether 

for lo-30 mln at 0 OC, erythro-3-hydroxy-Z-alkyl esters (2a-e) were produced in -- 

high stereoselectlvlty and In high isolated yields except the case where R1 was 

a fl.exlble and bulky phenethyl group (lf+2f). The results were summerlzed In -- 

Table 1. 

R2 R2 
Zn @Ha) 2 

COOR3 - COOR3 + 
1 

COOR 3 

0 OH OH 

(1) erythro (Z_) threo (3) 

The stereostructures of Za-e and 3a-e were determlned based on the general -- -- 

rule 
5 

that J2 3(threo) was larger than J2 3 (erythro) when the substituents on 

the vicinal c&bon atoms, C-2 and C-3, we;e possible to form a hydrogen bonding 

and the szze of R2 was not so bulky (see, Table 2). 

It 1s noteworthy that the present reaction can be carried out under standard 

procedure wlthout any particular precaution. The slmpliclty in procedure would 

provide another advantage when this reactlon was actually applLed to the synthe- 

sis of macrolide antlblotlcs. Synthesis of erythronollde A stastlng from 2d and - 

2e 1s being undertaken in this laboratory. - 
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Table 1. Reduction of B-Keto Esters (1) with Zn(BH4)2 

Keto esters (I) Products Combined 

Rl R2 R3 erythro (2) : threo (3) Isolated yleldl 

* 
a: Ph Me Me >PP : <1 98 % - 

* 
b: Ph Et Me >99 : <I. 98 % - 
c: 

Phk.&Y Me Me 10 : 1* 79 % - 

** 
g: Me Me CH2Ph >PP : <l 80 % 

A / 
CH2 

** 
e: Me CH2Ph >PP : <1 85 % - 

*** 
f: PhCH2CH2 Me Me 3: 1 98 % - 

* Ratio after isolation. 

** Ratio determined by NMR data. 

*** See ref. 4. 

Table 2. NMR Data (in CDC13, 100 MHz) of C-3 H of 2 and 2 

erythro (2) threo (3) 

a: 6 5.00 (d, J-4.5 Hz)* 6 4.70 (d, J=8.5 Hz)* - 
&: 6 4.86 (d, J=6.0 Hz)* S 4.71 (d, J=8.5 Hz)* 

c: 6 4.54 (d,d,d, J=5.5, 4, 1 Hz) 6 4.38 (t,d, J=7, 1 Hz) 

d: 6 4.36 (d, J=4.5 Hz) 6 4.15 (d, J=8.5 Hz) - 
e: 6 4.23 (d, J=6.0 Hz) 6 4.10 (d, J=9.0 Hz) - 

* See ref. la. 



1. a) J. Cancelll, J.-J. Basselier, and J. Jacques, Bull. Sot. Chum. Fr., 1024 

(1967); J. Cancel11 and J. Jacques, lbld., 2180 (1970). b) S. Yamada and K. 

Koga, Tetrahedron Lett., 1711 (1967). c) J. E. Dubols and P. Fellmann, 

Tetrahedron Lett., 1225 (1975). d) C. H. Heathcock, M. C. Plrrung, C. T. 

Buse, J. P. Hagen, S. D. Young, and J. E. Sohn, J. Am. Chem. Sot., 101, 7077 

(1979), and references cited therein. e) M. Hlrama, D. S, Garvey, L. D.-L. 

Lu, and S. Masamune, Tetrahedron Lett., 3937 (1979), and references cited 

therein. f) R. W. Hoffmann and H.-J. Zeiss, Angew. Chem. Int. Ed. Engl., 18, 

306 (1979). g) G. Schmld, T. Fukuyama, K. Akasaka, and Y. Klshl, J. Am. Chem. 

SOC., 101, 259 (1979); M. R. Johnson, T. Nakata, and Y. Klshl, Tetrahedron 
-- 
Lett., 4343 (l.979). h) D. A. Evans, E. Vogel, and J. V. Nelson, J. Am. Chem. 

sot., 101, 6120 (1979). 1) M. Isobe, M Kltamura, and T. Goto, Tetrahedron 
-- 
Lett., 3465 (1979). 11 T. Hayashi, N. Fu]ltaka, T. Olshl, and T. Takeshlma, 

Tetrahedron Lett., 303 (1980). 

2. 

3. 

4. 

W. J. Gensler, F. Johnson, and A. D. B. Sloan, J. Am. Chem. Sot., 82, 6074 ~- 

(1960). 

Reduction of La with Me4NBH4 - 
in THF-H20 gave erythro (2a) and threo (3a) - -- 

hydroxy esters almost in the same ratlo (28/72) (unpublished observation from 

this laboratory). 

The ratlo of 2f and 3f was determlned based on the NMR data of C-2 methyl - - 
protons of erythro (5) and threo (6) lsopropylldene derlvatlves derived from - -- 
a mixture of 2f and 3f. The doublet appearing at 6 0.66 was assigned as that - - 
of 6 since the correspondlns protons of the authentic threo derlvatlve - . - 
appear In the same position, 

1) LlA1H4 
zf+if - 

2) Acetone 
p-TsOH 

erythro (2) threo (5) 

NMR 61.05 NMR 6 0.66 
(d, J=6.0 Hz; C-2 Me) (d, J=6.5 Hz; C-2 Me) 

1) B2H6t H202 

H OH 2) Acetone, e-TsOH 
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