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SYNTHESIS OF SUBSTITUTED TETRAHYDROFURANS AND TETRAHYDROPYRANS. 2. 

STEREOCONTROLLED ACID-CATALYZED CYCLIZATIONS 

Ichio Noda, Kiyoshi Horita, Yuji Oikawa, and Osamu Yonemitsu* 

Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo 060, Japan 

Summary A new acid-catalyzed synthesis of thermodynamically stable 2,5_substituted tetra- 

hydrofurans and 2,6_substituted tetrahydropyrans was developed in order to apply to the 

synthesis of complex polyether antibiotics. 

Because of the essential building blocks of complex polyether ionophore antibiotics, the 

stereocontrolled construction of substituted tetrahydrofurans and tetrahydropyrans has 

recently received much attention and many new methodologies have been published.1 In connec- 

tion with synthetic studies of polyether antibiotics such as isolasalocid A,2 salinomycin, 3 

etc. and macrolide antibiotics 4 from D-glucose by a common methodology, we recently reported 

a new synthesis of substituted tetrahydrofurans and tetrahydropyrans via an oxidative cycli- 

zation of p-methoxystyrene derivatives (1) with DDQ,5 but both the yield and the stereoselec- 

tivity were unsatisfactory. One of the major problems was the inefficient formation of the 

intermediate 2, whose improvement was expected to provide a more promising method. We report 

here a stereocontrolled synthesis of tetrahydrofurans and tetrahydropyrans as exemplified by 

the acid-catalyzed formation of 3 via the same intermediate 2 from 5 or z, which is readily 

derived from L Since the process from 1 to 3 must be reversible, the resulting products are 

presumably thermodynamically stable compounds, 2,5-trans-tetrahydrofurans and 2,6-cis-tetra- 

hydropyrans. 
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When a solution of 8 in 3N-HCl and THF (1:3) was allowed to stand at room temperature for 

1 h, the acid-catalyzed cyclization occurred quite smoothly to give only the 2,5-trans- 

tetrahydrofuran w in almost quantitative yield. The structure of 9 was confirmed by the 

conversion to the hydroxyaldehyde (10) [6 9.64 (lH, d, J = 1.7 Hz)], not to a hemiacetal (see 

below). Under the same conditions 11 also gave 2 in high yield, but a little longer time was 

required to complete the reaction probably because of the configurational barrier from the Z- 

form 11 to the E-type intermediatez. - Similarly,ugave again the 2,5-trans compoundu, 

regardless of the C-4 substituent, though the yield was unsatisfactory. 
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The acid-treatment of _Ik gave a mixture of 2,5,5_trisubstituted tetrahydrofurans, g and 

l&, in high yield, and 176 gave the same result. _ The ratio of 15 and 16 (1O:l) clearly - - 
reflects that the o,-hydroxyethyl group is sterically larger than the ethyl group. The 

configurations ofgand gwere confirmed by the conversion to the hydroxyaldehyde (l8) 

[6 9.67 (lH, d, J = 2 Hz)] and the hemiacetal (19), respectively.7 

In order to obtain 2,2,5_trisubstituted tetrahydrofurans , 20 was treated under similar 
conditions, but the diene (21)was only isolated. Under the conditions to cleave the MM - 
(methoxymethyl) protection with Me3SiBr,8 a mixture (1.2:1) of 22 and 23 was obtained, - - 
indicating that methyl and p-methoxystyryl groups have comparable steric requirements. 9 

When 8 was treated with a higher concentration of the acid for a long time, interestingly 

the initially formed tetrahydrofuran @) recyclized gradually to the thermodynamically more 

stable tetrahydropyrans (2; 1:l mixture with respect to C-2), and after 24 h a 6:lmixture 

of 24 and?was obtained in quantitative yield. - Under the same conditions, the isolated9 

gave the same result. Compound 14 gave a practically useful result and the expected 2,6-cis- - 
tetrahydropyran (25) with more than 92% stereoselectivity was obtained. 10 

The following two compounds gave only tetrahydropyrans, and not tetrahydrofurans. When 26 

was treated with the acid under similar conditions, a 1:l mixture of 27 and 28 was obtained - - 
in high yield. The steric requirement of methyl and p-methoxystyryl groups was again 

substantially equal. Compound 29 bearing a large branched substituent (1-ethyl-2-benzyloxy- 
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ethyl) gave only jQwith an axial 4-methoxystyryl group under similar conditions [4N-HCl, THF 

(1:2), rt, 4 h], but the cyclization proceeded much more smoothly and efficiently to give 30 - 
with 99% stereoselectivity when the acetonide of 29 was first hydrolyzed with 0.5N-HCl and - 
the resultant trio1 was treated with CSA (lo-camphorsulfonic acid) in anhydrous CH2C12 at 

room temperature, Under rather kinetical conditions (CSA in toluene, -2O"C), the product was 

a 1.3:1 mixture of 30 and 2, but when this mixture was treated again with CSA in CH2C12, the - 
thermodynamic mixture (30 : 31 = 99 : 1) was also obtained." - 

In conclusion, the acid-catalyzed synthesis of substituted tetrahydrofurans and tetra- 

hydropyrans presented in this report may provide one of useful methods because of the 

following merits. 1) The starting compounds are readily prepared from aldehydes and ketones. 

2) The configuration of the products can be predicted because thermodynamically stable 

products are mainly obtained. 3) The p-methoxystyryl group in the products is readily 

converted to the aldehyde group, which is favorable to further reactions. 

Further applications in the synthesis of polyether antibiotics, isolasalocid A and salino- 

mycin, will be reported soon. 
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