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Abstract - Cyc l ic  ethers are r e a d i l y  cleaved by BBr3 under m i ld  conditions, 

providing the corresponding 5 - b r m a l  k y l  borates (1). Redis t r ibut ion of 1 
wi th  methanol affords w-branoalcohols (2). Oxidation of 1 w i t h  pyr idinium 

chlorochranate forms the corresponding g-bromoaldehydes (3). Under these 

conditions, epoxides y i e l d  f i r s t  the borates o f  the corresponding bromo- 

hydrins, w i th  subsequent ox idat ion of the intermediate (without i so la t ion ) ,  

g i v ing  the a-bromoketones i n  high p u r i t y  and sat is factory  y i e l d .  

Heterobifunctional alkanes p lay an important r o l e  i n  organic synthesis. I n  the preparation o f  

unsaturated s t ra ight -chain canpounds via the W i  t t i g  reaction, w-haloaldehydes o r  alcohols serve as 

useful intermediates. For example, w-branoalcohols are valuable s t a r t i n g  materials i n  the syn- 

thesis o f  sane insect and ~ r o s t a g l a n d i n s . ~  However, a systematic study of the prep- 

arat ion o f  such canpounds frm simple precursors has not  beewreported i n  the l i t e r a t u r e .  We wish 

t o  repor t  a convenient and general approach f o r  the preparation o f  such der ivat ives from the read i l y  

ava i lab le  c y c l i c  ethers. 

The use o f  boron hal ides as ether cleavage reagents i s  well-documented i n  the l i t e r a t u r e .  
4 

Lately, boron b r m i d e  (BBr3) has become the reagent o f  choice f o r  such  reaction^.^ It i s  more 

effect ive than boron ch lor ide (BC13) and reacts c leanly  and quan t i ta t i ve ly  under m i ld  conditions. 

Consequently, we undertook t o  examine the cleavage o f  c y c l i c  ethers w i th  BBr3 as a potent ia l  syn- 

t h e t i c  route t o  g-bmmoalcohols, pbranoaldehydes, and a-bromoketones. 

Representative c y c l i c  ethers react  smoothly w i th  BBr3  The ether was added t o  a so lu t ion of 

BBrj i n  C H p 2  a t  O'C i n  order t o  avoid any possible polymerization of the c y c l i c  ether. Af ter  the 

i n i t i a l  exothermic react ion subsided, the mixture was heated f o r  1 h under r e f l u x  (40°C). 'forming 

11 the g-brmoalkylborate U) quan t i ta t i ve ly  ( B nmr: S 18 ppm, t yp ica l  of borate'esters) ( ~ 4 ' 1 ) .  

t Dedicated t o  Professor Herbert C. Bram i n  recognit ion of h i s  fascinat ing contr ibut ions t o  
chemistry. 



Redistr ibut ion of 1 wi th  excess o f  methanol provides the corresponding w-bromalcohol (2). which 

can be d i s t i l l e d  fol lowing removal of methanol and methyl borate under aspirator vacuum (Eq 2). 

I n  view of our recent findings t h a t  borate esters, l i k e  alcohols, can be d i r e c t l y  oxidized t o  

aldehydes and ketones,6 we undertook t o  prepare w-bromoaldehydes from 1. Indeed, the oxidat ion of 

1 wi th  pyridinium chlorochromate (Pyr.HC1 .Cr03, P C C ) ~  does provide the desired aldehydes (3) i n  

sat isfactory y ie lds  (Eq 3). 

CH2C12 
1 + Pyr.HC1.Cr03 --.--s Br(CH2)n-lCH0 (3) 
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The oxidat ion react ion i s  operat ional ly simple, invo lv ing the addi t ion o f  1 t o  a suspension o f  PCC 

i n  CH2C12, followed by heating the mixture under r e f l u x  for 1 h. The usual w o r k ~ p ~ ' ~  provides the 

desired g-bromoaldehydes a) i n  good y ie lds  (Table I ) .  

TABLE I. Preparation o f  g-Bromoalcohols and w-Bromoaldehydes From Cycl ic Ethers 

Ether a b Product-'- ~ i e l d E -  bp n?% 

X "C/m 

Tetrahydrofuran 4-Bromo-1-butanol 66 68-72/0.2 1.5035 

4-Bromobutanal 70 66-68/18 1.4763 

Tetrahydropyran 5-Bromo-1-pentanol 86 72-74/0.2 1.4875 

5-Bmopentanal 72 87-89/12 1.4762 

Oxepane 6-Bmo-1 -hexan01 82 74-76/0.25 1.4852 

6-Bromohexanal 62 72-7511.5 1.4753 

a 'H nmr spectra were consistent w i th  the structures. 

b Most o f  the products are unstable and tend t o  tu rn  i n t o  dark viscous materials after some time: 

20 therefore, nmr spectra and n D are recorded imnediately following d i s t i l l a t i o n .  

C Yields of iso la ted products. 

The success w i t h  simple symnetrical ethers encouraged us t o  examine the cleavage o f  unsymnet- 

r i c a l l y  subst i tuted c y c l i c  ethers. Unfortunately, 2-methyltetrahydrofuran and 2-methyltetrahydro- 

pyran form an approximately 1:1 mixture of the two possible cleaved products. These can be 



estimated by 'H nmr spectral  methods upon ox idat ion w i t h  PCC (Eq 4) .  

Lowering the temperature o f  react ion w i th  BBrj had no s ign i f i can t  e f fec t  upon the isomer d i s t r i b u -  

t i on .  

Unsaturated c y c l i c  ethers, such as 2.3-dihydrofuran and 2.3-dihydropyran. undergo polymeriza- 

t i o n  i n  the presence o f  BBrj (Eq 5). 

Such polymerizat ion was rapid, even a t  lower temperatures. 

a-Haloketones are h igh ly  useful  synthet ic  intermediates. They have been prepared + a var ie ty  

of methods.' We invest igated the cleavage of representat ive epoxides by boron bromide, fol lowed by 

PCC ox idat ion o f  the product (without i s o l a t i o n )  as a new approach t o  a-bromoketones (Eq 6 )  (Table 

11). 

Indeed, 7-oxabicyclo[2.2. l lheptane afforded 4-braocyclohexanone i n  80% y ie ld .  Other epoxides 

reacted s i m i l a r l y .  



TABLEII. Preparat ion o f  Bromoketones From Epoxides 

Epoxide Bromoketon& Yield- bp 
b 

% "Clmn 

Cyclopentene oxide 2-Bromocyclopentanone 77 50-5111.2 

Cyclohexene oxide 2-Bromocyclohexanone 82 60-6112.4 

Cyclooctene oxide 2-Bromocyclooctanone 67 81 -8311.0 

7-Oxabi cyclo[2.2. l lheptane 4-Bromocyclohexanone 80 65-6813.0 

a 'H nmr spectra are cons is tent  w i t h  the  assigned s t ruc ture .  

b - Iso la ted  y ie lds .  

The fo l lowing procedure fo r  the preparat ion o f  5-bromo-1-pentanol i s  representa t ive :  To a 

w e l l - s t i r r e d  so lu t i on  o f  BBr3 (1.92 ml, 20 mM) i n  CH2C12 (25 ml )  taken i n  a 100-ml react ion  f l a s k  
9 

equipped w i th  a r e f l u x  condensor, was added tetrahydropyran (5.87 ml, 60 mM) dropwise a t  OsC, under 

ni t rogen. Fol lowing completion o f  the  add i t ion ,  the react ion  mix ture  was heated under r e f l u x  f o r  

11 1 h ;  1 f o n e d  completely ( B nmr: 6 18). The solvent was removed and the residue was heated w i t h  

10 ml o f  methanol under re f l ux  f o r  1 h. The v o l a t i l e  mater ia ls ,  methanol and methyl borate,  were 

removed under reduced pressure and 8.7 g (86% y i e l d )  o f  5-bromo-1-pentanol was obtained by d i s t i l -  
20 l a t i o n :  bp 72-74°/0.2 mn, n D 1.4875. 

For the prepara t ion  o f  5-bromopentanal, the  CH2C12 so lu t i on  of 1 was added t o  PCC (17.3 g, 80 

mM) i n  CH2C12 (150 ml )  and heated under re f l ux  fo r  1 h. D i l u t i o n  w i t h  EtpO (150 ml) ,  f i l t r a t i o n  

through F l o r i s i l ,  fol lowed by d i s t i l l a t i o n ,  provided 7.1 g (72% y i e l d )  of 5-brornopentanal (Table I ) .  

The bromoketones were prepared from the borates o f  the  bromohydrins by s i m i l a r  procedures. 

I n  conclusion, cleavage of c y c l i c  e thers  w i t h  BBr3 i s  an e f f i c i e n t  method fo r  the  prepara t ion  

o f  g-bromoalcohols. Oxidat ion o f  the  in tenned ia te  borate e s t e r  w i t h  pyr id in ium chlorochromate pro- 

vides the corresponding o-bromoaldehydes. Epoxides, when t rea ted  l i kewise,  prov ide a-bromoketones 

i n  h igh y ie lds .  This represents an ope ra t i ona l l y  simple, one-pot synthesis o f  such heterobifunc- 

t i o n a l  organic compounds from r e a d i l y  ava i l ab le  c y c l i c  ethers.  
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