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Abstract:Benzyltriethylamaonium borohydride-chlorotrimethyloilane reagent 

system has been found to effect a novel and unusual reaction with cyclic 

and acyc I ic en01 ethers 1 to give exclusively dials and alcohols 2, 

respectively in high yields, under very mild reaction conditions. 

Hydroboration 

highly stereo- and 

of diborane nearly 

(Scheme- I 1. 

reaction on electron rich enol ether .double bond is 

regioselective. lo2 The hetero atom directs the addition 

exclusively to the B-position to give B-hydroxy ether 2 

Scheme I 

BH3. THF H202 + 
NaOH 

OH 

Ear 1 ier, we have shown that a combination of benzyltriethylammonium 

borohydride’and chlorotrimethylsilane can be used for the d.ireot conversion 

of alkenes to alcohols, without involving a forma.1 oxidative work-up. ’ Since 

this reagent system behaves differently from diborane, we believed it would 

be of interest to study the reactivity of electron rich enol ether double 

bonds with this reagent system. 

Surprisingly, a combination of benzyltriethyla8ronium borohydride and 
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chlorotrimwthylsilanw (l:l) was found to react readily with wnol ethers 1. 

to produce dials or alcohols 2 as the only product in high yields after 

aquwouw work up. In the absence of bwnzyltriwthylammonium borohydridw, 

chlorotrimwthylsilanw alone does not react with wnol ethers. A blank 

reaction has also been done to rule out the possibility of a simple 

hydrolysis of the wnol ether followed by reduction to give the product. The 

results of this unusual reaction are summarized in Table 1. In all the 

reactions cyclic wnol ethers afforded the corresponding acyclic diols as 

the only product, whereas aoycl io en01 ethers ip-h yielded the 

corresponding alcohols 2P_h. In cotitrast to normal hydroboration, this 

reaction did not yield any 8-hydroxy ether or isomwrio alcohol .‘02 

S,6-lndwnyldihydro-2H-pyran d and 5.6- norbornyl-3,4-dihydrb-ZH-pyran d 

on treatment with this reagent system yielded the corresponding dials 22 

and 2d respectively in high yields. Substituted cyclic wnol ethers &! and 

lf7 reacted with this reagent system to give dials 22 and 2f rwspwotivwly - 

as the wxciusivw products. 8 

Based on the experimental observations’ it appears that simpl w 

diboranw is not involved in this transformation and silicon probably plays 

a major role in this rwaotion’a. Further work needs. to be done to 

substantiate the mechanism involving this novel reagent system. At the 

present tine, however, this can be used as a useful synthetic methodology 

for the direct conversion of wnol ethers to dials or alcohols in good 

yields under mild reaction conditions. 

In a typical reaction, to a stirred solution of wnol other (4 amol) 

and bwnzyltriwthylammoniue borohydridw (4 mmol”) in dry CHfi12 (6 ml) at 0% 

was added Hw#iCl (distilled over CaH21(4 q mol 1 in CH2C12 (2 ml ). and the 

reaction mixture was stirred f.or 6-10 h in the presence of air’. A solution 

of 10 % Kg03 (3 ml 1 was added and stirred for an additional 0.15 h. Af twr 

usual work up and chromatographic purification the alcohol or diol was 

obtained in very good yields. 
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Table 1 

Reaction of enol etherswith PhCH2REt3 B H4-Me3SiCl 

Substrate t/h ’ Producta 

a \ 0 

la - 

0 I 0 

Ib 

033 I 
HO 

Ic 

Y m I k0 

Id - 

0, I 
0 

te 

L 
If 

-0Et 6.0 -OH 80 

le 29 - 

& 3.0 65 

!!! 

8.0 HO-OH 73 

8.0 

10.0 

8.0 

7.5 

7.0 

2a - 

HO-OH 

2b - 
H 

2c - 

OH 

2d - 

HOA 

2e - 

HOA 

74 

83 

68 

69 

72 

Yi?d 
I 

. 

’ Al I the products gave satisfactory spectral data and elemental analysis. 

b Isolated yields. 
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8. Uhen methyl iodide was used (ref 3) instead of chlorotrimethylsilane 

both B-hydroxy ether and diol were formed. 

9. In the presence of 5 mole % of 2.6-di-tort-butyl-I-crescl~BHT1 and in 

the absence of oxygen the enol ethers gave low yields (lo-20 %L) of the 

diols. 

10. All our attempts to isolate or indirectly study the reactive inter- 

mediate have been unsuccessful. 
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