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RING CLEAVAGE OF THP AND THF ETHERS USING OIHETHYLBORON BROMIOE' 
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Sumnary: The reactlon of dlmethylboron bromlde with THP and THF ethers was studled. Under 
condltlons of klnetlc control. these reacttons proceed by selective cleavage of the ring 
carbon-oxygen bond to glve acyclIc a-bromo ethers. Treatment of these lntermedlates with a 
variety of nucleophiles gives ring-opened products. 

Olmethylboron bromide (Me2BBr) has recently been described by our laboratories as a mild 

and selective reagent for the cleavage of acetals and ketals (including MEH. MOH and MTH 

ethers) to the corresponding aldehydes, ketones or alcohols. 
2a,b 

Whlle most simple acetals 

and ketals (Including acetonldes. HEM and MOM ethers) were cleaved efficiently at -78°C. 

tetrahydropyranyl (THP) and tetrahydrofuranyl (THF) ethers requlred more forcing condltlons 

(B-18 h, room temperature) to generate the parent alcohol.2b The unexpected difference In 

reactivity between these classes of acetals has led us to re-examine these reactions and It Is 

these results whjch we are now reporting. 

First. the reactjon of Me2BBr with a simple acetal (1). was studied by lH NMR 

(Scheme 1). When 1 was treated wjth Me2BBr (2 eq.) In C02C12 at -78°C. 

low-temperature 'H NMR showed that the characterlstlc low-field slgnal for the acetal had 

Immediately dlsappeared and was replaced by new a signal at 6.08 ppm (t. J = 5.2 Hz).~ We 

attribute this new slgnal to Ha of the sensltlve a-bromo ether 2. 
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A slmllar low-temperature 'H NMR experiment was then performed to study the reactlon 

of Me2BBr with the THP ether of dodecanol (4). We found, to our surprise. that this 

acetal also reacted instantly and completely at -78°C. The ldentlty of the product was also 

of considerable Interest as the 'H NMR spectrum showed a new low-field slgnal at 6.10 ppm 

(t, J = 5.0 Hz). On the basis of the slmllarjty In chemical shift and coupling constant of 

thls signal with that from 2. we attrlbute thls new signal to the ring-opened a-bromo 
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ether 5 (Scheme 2). Upon warming the sample to room temperature, the signal at 6.10 ppm 

disappeared (over >25 h) and was replaced by a new signal at 6.78 ppm (br) corresponding 

2-bromotetrahydropyran (6).5 Similar observations where made when the THF ether of 

dodecanol (8) was used in place of 4. 
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These results explain the anomalously slow cleavage of THP and THF ethers by Me288r, as 

judged by production of the parent alcohol.2b In fact, He288r reacts very quickly at 

-78°C with THP and THF ethers. as it does with other acetals and ketals. The kinetic product 

(5). however. is that resulting from selective cleavage of the ring carbon-oxygen bond. 

Hydrolysis of 5, while giving some of the desired alcohol, also regenerates starting 

material (4) by cleavage of the boron-oxygen bond and recycllsation.6 The kinetic product 

(5) is converted slowly at room temperature to the thermodynamic products (6 and 7). 

Hydrolysis of 7 generates the parent alcohol. 

In order to provide further evidence for the ring-opened a-bromo ether and also to 

demonstrate the synthetic utility of this reaction. we have trapped the intermediate with a 

variety of nucleophiles to generate acyclic derivatives (Table). As can be seen from the 

table, THP ethers usually gave higher yields of ring-opened products than did the 

corresponding THF ethers.7 Thiol nucleophlles reacted smoothly and generally afforded high 

yields of hydroxy-Q,S-acetals (entries l-3).8 In the case of oxygen nucleophlles. low 

yields were obtained using methanol or methoxide under a variety of conditions, however, 

u-butanol gave an excellent yield of the ring-opened hydroxy-acetal from THP ether 4 

(entry 4).' Ring-opened reduction products were obtained when the a-bromo ether 

intermediate was treated with lithium triethylborohydride (entries 5 and 6). When silver 

cyanide was used, acyclic cyanoalkyl ethers were produced (entries 7 and 8). Excellent yields 

of ring-opened products were obtained from either THP or THF ethers using methylmagnesium 

bromide as nucleophile (entries 9 and 10). Higher alkyllithlum or Grignard reagents however. 

gave complex product mixtures. These could be avoided by using lithium dialkyl CUprateS 

(entry ll)." 
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RING OPENING OF THP AND THF ETHERS USING Me&Bra 

ENTRY SUBSTRATE NUCLEOPHILE PRoDucrb 
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a) UNLESS STATED OTHERWISE. ALL REACTIONS WERE CARRIED OUT IN CH&z “SING A CONCENTRATlON OF 0.1~ IN SUBSTRATE AND 2.0 eq, 

oF Me2Bsr AT -7sDc FoR 30 MIN. NvN-DIIsopRopVLETHVLAMjNE (2.5 eq.) AND NUCLEopHlLE (3.0 eq.1 WERE THEN ADDED. b) ALL NEW 

PRODUCTS HAD SATISFACTORY SPECTRAL (NMRIR AND MASS SPECTRA) AND ANALYTICAL (COMBUSTION ANALYSIS OR H#GH RESOLUTION MASS 

SPECTRUM) DATA. C) ISOLATED YIELDS OF PURIFIED PRODUCTS. d) DIASTEREOMER MIXTURE. e) NO N.N-DIISOPROPYLETHYLAMINE WAS USED, 

f) THE REACTION WAS WARMED To -25’C AFTER ADDITION OF THE NUCLEOPHILE. 9) ADDED As A SOLUTION IN ETHER, 

These results are also of interest from a mechanlstlc standpoint: While there exist in 

the literature Isolated examples of slmllar transformations, 
8.10-12 

It 1s more often found 

that cleavage of the exocycllc carbon-oxygen bond is the favoured process when acetals of this 

type are treated with BrBnstead or Lewis acids. 
12-17 

For example, studies on the acid 

catalysed hydrolysis of THP alkyl ethers suggest that these reactions proceed by formation of 

a cyclic oxonlum ion. 
13 

Slmllarlly, the reaction of TMSI or TMSBr with THF or THP ethers 

gives 2-halotetrahydrofurans or 2-halotetrahydropyrans respectively. 
14,15 

More data wlll have to be collected before the unusual regioselectlvlty of Me2BBr can be 

explained. At this stage, however, we would like to propose that. In non-partlclpatlng 

solvents, acid catalysed cleavage of the rlnq carbon-oxygen bond of THP and THF ethers Is the 

klnetlcally favoured process. The fact that ring-opened products are not observed In many 

reported cases may reflect the instability of the ring-opened intermediates (Scheme 3). With 

an acid reagent (Lewis or BrBnstead) represented by the formula A-X, where for example, A Is 

a H atom or TMS group, recycllsatlon of the rlng-opened Intermedlate might be fast, even at 
-78'C. so that only the thermodynamic products are observed. When A Is Me2B. the 

deactlvatlng nature of the boron-oxygen bond 
18 

slows the recycllsatlon down considerably so 

that the rlng-opened Intermediate Is observed and can be trapped. 
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SCHEME 3 
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In summary, dlmethylboron bromlde reacts with THP and THF ethers to generate a-bromo 

ether intermediates resulting from selective cleavage of the rlng carbon-oxygen bond. These 

intermediates can be trapped with a variety of nucleophlles to generate rlng-opened products. 
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