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Abstract: 1,3-Syn diastereofacial selectivity (>12 : 1) has 

been achieved in a facile reduction of B-hydroxyketones with 

DIBAL-H. Tributyltin hydride also has shown 1,3-syn selectivity. 

An acyclic stereoselective synthesis of 1,3-syn diols is still important 

for the synthesis of natural products, e. g., polyene macrolides. 1) The 

reduction of acyclic 8-hydroxyketones looks promising for this purpose; in fact 

Narasaka has accomplished a highly 1,3-syn selective reduction of B-hydroxy- 

ketones via boron chelates. 2) We here report a more versatile reduction of B- 

hydroxyketones with DIBAL-H3) and some reductions of them with tributyltin 

hydride. 
R' R* 

R2 _ ,,JJR2 + ,,JIJ,, ;j:, Yi’ 
1 2 (syn) 2 (anti) L-IV OH 

Me& t-Bu 

bh 

Typical procedure: To a solution of B-hydroxyketone (1 mmol) in THF (20 

mL) was added dropwise DIBAL-H (2.5 mmol; 1 mol/L THF solution) at -78°C under 

argon. After stirring for 2.5 h at the temperature, the solution was quenched 

with 10% HCl solution. The reaction mixture was extracted with ether and wash- 

ed with sat. NaCl solution. The ethereal solution was dried over MgS04. After 

evaporation of the solvent, the residue was purified by silica-gel flash column 

chromatography (10% AcOEt in hexane) to give a mixture of diols which shows 

high 1,3-stereoselectivity (>12 : 1). 
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Table 1. 

Diastereoselective Reduction of 8-Hydroxyketones with DIBAL-Ha) 

Entry Compound 
Reaction temp. 
(Reaction time) 

Yield (%)b) ~~~duc~ "~~:p") 

1 1-I 0°C (1 h) 88 70 30 

2 1-I -78°C (2.5 h) a7 93 7 

3 1- II O’C (1 h) 91 67 33 

4 L- II -78°C (2.5 h) 85 92 8 

5 1 - III O’C (1 h) 84 77 23 - 

6 1 - III -78°C (2.5 h) 83 95 5 

7 1 - IV 0°C 85 72 28 - (1 h) 

a 1 - IV -78°C 81 93 7 - (2.5 h) 

a) DIBAL-H (2.5 mol equiv,) was used for ketone (1 mol equiv.). b) Isolated 

yield after column chromatography. All the products gave satisfactory 

spectral and elementary analyses. c) The ratios were determined by 'H-NMR 

(100 MHz) with NMR shift reagents and "C-NMR (22.6 MHz) analyses. 

Table 2. 

Reduction of B-Hydroxyketones with Tributyltin Hydride at Room Temperature a) 

Entry 

1 

2 

3 

4 

5 

6 

7 

Compound 

j_- I 

1- I 

1- II 

1- II 

1 - III - 

1 - III 

J_- IV 

Catalyst 
(Solvent) 

Yield (%)b) 

AIBNd) (methanol) 26 

ZnC12e) (ether) 83 

AIBN (methanol) 21 

ZnC12 (ether) a7 

ZnC12 (ether) 85 

SnC14 (CH2C12) 42 

ZnC12 (ether) 86 

Product Ratioc) 
syn : anti 

87 13 

88 12 

a7 13 

a5 15 

68 32 

64 36 

85 15 

a) Overnight reaction: tributyltin hydride (2.5 mol equiv.) was employed for 

ketone (1 mol equiv.). b) and c) The notes are identical to those described 

in Table 1. d) AIBN (0.1 mol equiv.) was used. e) ZnC12 was used as a 

saturated solution. 
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The results with DIBAL-H are shown in Table 1. H 

The reactions at -78°C achieve satisfactorily high 

1,3-syn selectivity and moreover the procedure is 
R' 

straightforward and simple to use. Before the 
H 

+ 

f 

H- 

'-0 

reduction of the carbonyl group of 8-hydroxyketones H 
/C\iTML(n) 

R2 
excess DIBAL-H may first react with the 8-hydroxy 

1 
4 

group to give oxygen - aluminum bond and then it leads 

to a six-membered ring chelation. The 1,3-syn asymmetric induction in the 

following reduction can be effectively explained by a model shown in 4. 

Surprisingly the reduction with DIBAL-H did not show any selectivity in CH2C12 

toluene. 

In the Lewis acid mediated reactions of 8-alkoxyaldehyde with allylsilane 

stannous chloride has been recognized to be an excellent reagent which plays 

a role in chelation. 4) Then we expected a possibility of chelating ability of 

organotin hydrides. Tributyltin hydride is known to be one of the more readily 

available and least reactive hydrides; the reduction of cyclohexanones does not 

occur with the hydride even at elevated temperatures, but the reduction of 

ketones has become feasible in the presence of zinc chloride or silica gel at 

room temperature. 5) 

The reductions were carried out with three different catalysts; 2,2'-azo- 

bisisobutyronitril (AIBN), zinc chloride, and stannous chloride. The diols 

were obtained in good yields in the reduction with zinc chloride. The 1,3-syn 

selectivity on the reaction is acceptable (7-5 : 1) as room temperature 

reaction except entries 5 and 6. The 1,3-syn selectivity may be due to a 

conformational fixation owing to some chelation abilities of tributyltin 

hydride and/or Lewis acids. 

The stereochemistry of 2 and J_ was easily ascertained by conversion into 

the 1,3-dioxane derivatives since 1,3-syn diol 2 gives only one isomer 5_ and 

1,3-anti diol 3_ gives two isomers 6_ and 7_. 6) In addition, we have found the 

best method to assign the stereochemistry of 1,3-diols on the basis of their 

13C-NMR data. 

R1aoTPh 

R2 2 

R1&oOPh &OOPh 

6 R - 7 

1,3-Diol compounds exist in an intramolecularly hydrogen-bonded form as 

six-membered ring derivatives. 7) The chemical shift values of two carbinol 

carbons for 1,3-diols 2 and 2 are listed in Table 3. The two carbinol carbons 

in 1,3-anti diols always resonate more upfield than those in 1,3-syn diol do 

(As syn-anti' 
substituent-induced 13C chemical shift values). 8) The upfield 

shft in anti diols can be clearly explained by y-gauche effects, 9) as shown 

in 8 and 9 - -* 
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Table 3. 

Chemical Shift Values (in CDC13) of Carbinol Carbons for 1,3-Diols 1 and 2 

(in ppm) 

Entry 
Diol 

R' R2 
syn 

1 Ph i-Pr 74.89 

76.97 

2 Ph t-Bu 75.43 

80.43 

3 Ph Me 68.18 

74.50 

4 PhCH(Me) t-Bu 77.74 

80.97 

anti 

71.19 

73.34 

71.65 

76.04 

64.94 

71.26 

74.04 

76.27 

*&(syn - anti) 

+ 3.70 

+ 3.63 

+ 3.78 

+ 4.39 

+ 3.24 

+ 3024 

+ 3.70 

+ 4.70 
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