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Abstract 

Diastereomerically pure 1,3-diols were converted into the corresponding orthoesters and reacted with acetyl 
bromide to give bromoacetates with inversion of configuration at a benzylic position. Methanolysis and cyclisation 
gave diastereomerically pure 2,4-disubstituted oxetanes. © 1999 Elsevier Science Ltd. All rights reserved. 

The four-membered oxetane ring is found in a number of biologically active compounds including 
the antifungal triazole I 1, the antiviral nucleoside 2 2 and the anticancer agent 3 Taxol 3. Oxetanes are 
usually synthesised by photochemical [2+2] cycloaddition 4 of aldehydes and alkenes; although often 
highly stereoselective, this reaction usually restricted the synthesis of one of the possible diastereomeric 
products. Another approach involves the activation of one of the alcohols of a 1,3-diol (e.g. 4), followed 
by ring-closure, 5 but the ratio of oxetanes obtained generally depends on the regioselectivity of the 
activation reaction. 
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In this paper, we describe the development of a method for oxetane synthesis which allows genuine 
choice over the stereochemistry of the products. Conversion of 1,3-diols (which are readily synthesised 
as single diastereomers 6'7) into the corresponding orthoesters (e.g. 5), and treatment with acetyl bromide, 
was expected to give the regioisomeric acetoxy bromides (such as 6 and 7), which should close to give 
the same oxetane (e.g, 8). The key to the strategy lies in the two inversion reactions ( 5 4 6  or 7; 6 or 
7~8)  which should ensure that the stereochemistry of all three stereogenic centres of 4 is retained in the 
product 8. This strategy has been previously applied to the synthesis of optically active epoxides 8 and 
diamines. 9 

The aldol 9 was prepared in >98% yield by reacting the lithinm enolate of acetophenone with 
cyclohexanecarboxaldehyde. Syn- and anti-selective reduction 7 of the aldol 9 gave the diastereomeric 
diols syn- and anti-lO (Scheme 1). l°'lj Reaction conditions were screened to optimise the yield and 
stereospecificity of the conversion of the diols syn- and anti-lO into the acetoxybromides 11 and 12 
(Table 1). 12.13 Treatment of the diols syn- and anti-lO with 45% HBr in acetic acid 14 gave the same 25:75 
mixture of the acetoxy bromides 11 and 12 indicating that the transformation was not stereospecific 
under these conditions (entries 1 and 2). A higher level of stereospecificity was observed using acetyl 
bromide (entries 3 and 4); here, participation (14 arrows) must be faster than acylation of the intermediate 
hydroxyacetate. However, the best result was observed when the diols 10 were converted into the 
orthoesters 15, cooled to -78°C and treated with acetyl bromide (entries 5 and 6); under these conditions, 
the reaction was stereospecific: the diols svn- and anti-lO were converted into 11 and 12, respectively. 

HO OH O OH HO OH 
IEt2BOMe ~ I"Me4NBH(OAc)3. 

Ph R 2. NaBH 4 Ph R 2. NaOH, Ph R 
syn-lO, 62% 9 THF-H20-glycerol anti-lO, 62% 

syn:anti > 98:2 [[ R = CHexyl]] anti:syn 86:14 

Scheme 1. 

The acetoxybromides 11 and 12 were converted into the corresponding hydroxybromides 17 and 19 by 
reduction with iBu2AIH (Scheme 2). We screened a range of reaction conditions for the cyclisation of the 
hydroxybromide 17 to the oxetane 18, which was obtained in 26% yield by refluxing with sodium hydride 
in THEIS,16 The by-products of the cyclisation 17~ 18 were those obtained from the fragmentation 16. 
The yield of 20 was higher than that of 18, presumably because cyclisation was less unfavourable with 
the substituents on opposite faces of the forming ring (Fig. 1). 

Table 1 
Synthesis of the acetoxy bromides 11 and 12 

Entry Starting Conditions Yield a Ratio b 
material 11+12 11 : 12 

I syn-10 
2 anti-lO c 

3 syn-10 
4 anti-10 d 
5 ~ 1 0  
6 ana-~  
7 syn-10 
8 syn-10 

HBr, AcOH, 25 °C 96% 25:75 
HBr, AcOH, 25 °C 96% 25:75 

AcBr, CH2C12, -78 ~ 25 °C >98% 91:9 
AcBr, CH2C12, -78 --* 25 °C >98% 48:52 

A ~ r ,  -/8--+25 "12 >98% >98:2 
:~ ~Br, -78-~25 *(2 >98% 15:85 

I. (MeO)3CMe, PPTS, CH2CI2, 25 °C; 2. AcBr, 25 °C >98 84:16 
1. (MeO)3CH, PPTS, CH2C12, 25 °C; 2. AcBr, -78---)25 °C e >90:10 

"Yield of mixture of 11 and 12. 
bMeasured by 300 MHz 1H NMR. 
c68:32 mixture of anti- and syn-10. 
d86:14 mixture of anti- and syn-10. 
~Compound 13 observed by 300 MHz ZH NMR; yield of 13 not measured. 
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Scheme 2. 

We have also developed a convenient two-pot procedure for the conversion of 1,3-diols into the 
corresponding oxetanes (Scheme 3). 17 The crude acetoxybromides 11 and 12, synthesised as before, 
were treated with sodium hydride (3 equiv.) and methanol (1 equiv.) in refluxing THF; deprotection 
and cyclisation gave the corresponding oxetanes. The conversion of the diol 1° 22 into the corresponding 
oxetane proved a particularly stern test of stereospecificity. The product of the reaction was not the 
expected oxetane cis, cis-23 (but its diastereoisomer trans, cis-23) presumably because formation of 
the benzylic cation was competitive with the usual SN2 pathway. Other cyclisations suffer loss of 

18 stereospecificity in particularly unfavourable cases. 

Ph R (-) H R 
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Figure 1. 
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In summary, we have developed a convenient method for the conversion of 1,3-diols into the 
corresponding oxetanes. The reaction is generally stereospecific but the stereospecificity is lost when 
cyclisation is particularly unfavourable. 
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