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Abstract - A n  area of recent ,  ac t ive  invest igat ion i n  our laborator ies  
ETEG the  use of monofunctional boron halides as reagents for  orga- 
nic  synthesis .  We have found diaryl-  and diakylboron bromides ( P h 2 B B r  
and Me2BBr) t o  be extremely useful for  a var ie ty  of chemical trans- 
formations. The scope, synthe t ic  u t i l i t y  and l imi ta t ions  of dimethyl- 
boron bromide and other dialkylboron halide reagents will be presented. 

INTRODUCTION 

The search f o r  new synthe t ic  methodology i s  a constant preoccupation of the organic chemist. 
New reagents which carry out chemical transformations i n  a predictable  and cont ro l lab le  
fashion a r e  valuable contr ibut ions t o  the reper to i re  of too ls  ava i lab le  t o  the prac t i t ioner  
of organic chemistry. 
family of boron-based reagents primarily f o r  appl icat ion t o  chemical transformations involv- 
ing the cleavage of a carbon-oxygen bond. We were par t icu lar ly  in te res ted  in  solving the 
problem of reg iose lec t ive  cleavage of cyc l ic  e thers  a t  the l e a s t  hindered carbon-oxygen bond 
(Scheme 1 ) .  We examined a number of known reagents for  t h i s  transformation, including TMSI 
( r e f .  I ) ,  PhSSiMe /Zn12 ( r e f .  2 ) ,  BBr3 ( r e f .  3) and PhSH/AlC13 ( r e f .  4 )  b u t  obtained low 
y i e l d s  or unsat isfactory product mixtures. 

Recently, we have directed our e f f o r t s  towards the development of a 

Scheme I 
3 COzEt 

I I 
OSit-BDP OSi t -BDP 

We therefore  s e t  about t o  f ind a new reagent which would carry o u t  t h i s  transformation i n  a 
mild and reg iose lec t ive  fashion. 
halides might be the reagents of choice. They would of fe r  the advantage of a defined and 
unique reac t ive  hal ide species present a t  any time during the course of the react ion.  
Furthermore, the  r e a c t i v i t y  of the Lewis acid could be control led b o t h  s t e r i c a l l y  and 
e lec t ronica l ly  by modifying the  remaining 1 igands on boron. 
we examined dialkyl-  and diarylboron hal ides ,  i n  par t icu lar  dimethylboron bromide (MezBBr), 
diphenylboron bromide ( P h p B B r )  and 9-borabicyclo[3.3.1]nonyl bromide (9-BBN-Br). As a 
r e s u l t  of our inves t iga t ions ,  we found dimethylboron bromide t o  be an excel lent  reagent for  
the cleavage o f  cycl ic  e thers  ( r e f .  5,6). We then s e t  about t o  explore other  synthe t ic  
transformations t o  which t h i s  reagent could be applied. The following report  describes the 
r e s u l t s  of these s tud ies  and wil l  i l l u s t r a t e  th ree  areas of potent ia l  appl icat ion of mono- 
functional boron ha1 ide reagents ( p a r t i c u l a r l y  Me2BBr): 1. The transformation of func- 
t iona l  groups; 2. a new synthe t ic  sequence for  acycl ic  asymmetric induction; and 3. as  a 
probe f o r  mechanistic s tud ies .  

From the outset  we considered t h a t  mono-functional boron 

Based on these  considerations 

I .  TRANSFORMATION OF FUNCTIONAL GROUPS 

We have studied the r e a c t i v i t y  of d i subs t i tu ted  boron bromide reagents towards a var ie ty  of 
functional groups, i n  p a r t i c u l a r ,  e t h e r s ,  a c e t a l s ,  ke ta l s  and sulfoxides .  We f i r s t  consi- 
dered the  regeneration of an alcohol from i t s  methyl e ther  ( r e f .  5 ) .  In t h i s  context, i t  i s  
of prime importance t o  increase the tendancy of the reagent t o  reac t  via an S 2 mechanism. 
Boron halide reagents such as  BBr3, Ph2BBr, and 9-BBN-Br were found t o  be of r i t t l e  use in  
t h i s  respect because of t h e i r  apparent tendancy t o  cleave ethers  by an sN1 process. I n  
cont ras t ,  Me2BBr reacts  with primary, secondary and aryl methyl e thers  as well as benzyl 
e thers  t o  regenerate  the parent alcohol in good t o  excel lent  y ie ld  (Scheme 2 ) .  Aryl methyl 
e thers ,  however, require  elevated temperatures t o  reac t .  The t e r t i a r y  methyl e thers  we 
examined generated the corresponding t e r t i a r y  bromides. I t  i s  important t o  note t h a t  other 
func t iona l i ty  such as  benzoates, a c e t a t e s ,  a lcohols ,  ethyl es te rs  and E - b u t y l d i p h e n y l -  
s i l y l  e thers  a r e  recovered unchanged under the react ion conditions. 

~~ 

Note a: Present address for  H.E.M. :  Abbott Laboratories, Abbot t  Park, I l l i n o i s  60064 
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Me2BBr (1.6 eq) 

6 hr (49 %) 

Acetals and ke ta l s  react  with Me2BBr and Ph2BBr (Scheme 3 ) .  Cyclic and acyl ic  a c e t a l s  and 
k e t a l s  react  with e i t h e r  reagent a t  -78°C t o  generate the parent aldehydes and ketones in  
excel lent  y ie ld  ( r e f .  7 ) .  Primary, secondary, and t e r t i a r y  methoxymethyl ( M O M ) ,  methoxye- 
thoxymethyl ( M E M ) ,  and methylthiomethyl(MTM) ethers  react  a t  -78°C within 1 h t o  give, a f t e r  
aqueous work-up, the  corresponding alcohol ( r e f .  7 ,8) .  I t  i s  in te res t ing  t o  note t h a t  
t e r t i a r y  M O M  e thers  cleanly regenerate the parent alcohol without the formation o f  bromides 
or elimination products. 
reagent. Tetrahydropyranyl (THP) and tetrahydrofuranyl (THF) e thers  a re  converted t o  the 
corresponding alcohols  by MeZBBr a t  room temperature ( r e f .  7 ) ,  although the acetal i s  cleav- 
ed a t  -78°C (see sect ion 111). 

This provides a s t r i k i n g  demonstration of the mildness of the 

Scheme 3 d. 3 eq. Me2BBr 

-78', 1 h. 
A 

R = MEM, MOM >90% 

oo 2 eq. MeZBBr 

CH2C12 
-78'. 1 h. 

R = M e ,  - (CH212- >go% 

4.5 eq. Me2BBr ~ o H  
CH2C12 

R = THP RT , 8 h. 63% 

-OR 

R = THF 
86% 

These react ions have been shown t o  proceed via a-bromo ether  intermediates (Scheme 4 ) .  I t  
i s  possible  t o  t r a p  these  intermediates with nucleophiles such as  th io l  or cyanide ( r e f .  9 ) .  
Thus the two s t e p  sequence of treatment with Me2BBr followed by a nucleophile provides a 
means of interconvert ing functional groups. An example of the u t i l i t y  of t h i s  sequence i s  
the conversion o f  a readi ly  prepared M O M  e ther  in to  a MTM e ther .  

Scheme 4 

R-OH R-0-0-Me R-0-Y 

Y=SR (MTM) 

Y=CN 
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Treatment o f  an ace ton ide  w i t h  Me2BBr g i v e s  t h e  p a r e n t  d i o l  i n  h i g h  y i e l d  ( r e f .  7 ) .  
c o n t r a s t ,  under s i m i l a r  r e a c t i o n  c o n d i t i o n s ,  b e n z y l i d e n e  a c e t a l s  a r e  recovered unchanged. 
These r e a c t i o n s  p r o b a b l y  proceed v i a  i n t e r m e d i a t e s  (1) where one o f  t h e  h y d r o x y l  groups i s  
i n  t h e  fo rm o f  a b o r i n a t e  e s t e r  and t h e  o t h e r ,  an a-6romo e t h e r  (Scheme 5 ) .  

I n  

Scheme 5 

HO RxR' 0 HO RHR' OH 

I 

Ph 

HC-Br 
I 

D u r i n g  aqueous workup, i f  h y d r o l y s i s  o f  t h e  b o r i n a t e  e s t e r  i s  f a s t e r  than h y d r o l y s i s  o f  t h e  
a-bromo e t h e r ,  t h e  i n t e r m e d i a t e  hydroxy bromo e t h e r  can r e c y c l i s e  and r e g e n e r a t e  s t a r t i n g  
m a t e r i a l ,  T h i s  process would account f o r  t h e  apparent u n r e a c t i v i t y  o f  t h e  benyz l idene 
a c e t a l s  under t h e  usual  r e a c t i o n  c o n d i t i o n s .  Evidence f o r  t h e  presence o f  t h e  p u t a t i v e  
i n t e r m e d i a t e  (1) was o b t a i n e d  by quenching exper iments u s i n g  t h i o p h e n o l  as n u c l e o p h i l e  
(Scheme 6 ) .  
0,s -ace ta ls  i n  e x c e l l e n t  y i e l d .  
i n - f a c t  r e a c t  w i t h  d i s u b s t i t u t e d  boron bromides a t  - 7 8 O C .  
prompted us t o  e x p l o r e  t h e  r e d u c t i v e  c leavage o f  b e n z y l i d e n e  a c e t a l s  u s i n g  R 2 B B r  reagents  i n  
c o n j u n c t i o n  w i t h  r e d u c i n g  agents.  

UFder t h e s e  c o n d i t i o n s  benzy l idene a c e t a l s  a r e  c leaved t o  genera te  hydroxy- 
These exper iments demonstrate t h a t  benzy l idene a c e t a l s  do 

I n  a d d i t i o n ,  t h e s e  o b s e r v a t i o n s  

The widespread use o f  b e n z y l i d e n e  a c e t a l s  as p r o t e c t i n g  

Scheme 6 
SPh 
I 

HO Ph-CH-0 Ph 0 

H ' O G O M e  OMe I OMe OMe 

QOMe HOQOMe 

1) MezBBr (-78°C) 

2) i-PrzNEt, PhSH 
Ph-CH-0 

SPh 

70% 17% 

1) PhzBBr (-78°C) 

2) i-PrzNEt, PhSH 
90% 

- 88% 
1) 9-BrBBN (-78OC) 

2) i-PrzNEt, PhSH 

groups d u r i n g  t h e  s y n t h e t i c  m a n i p u l a t i o n  o f  carbohydra tes  makes t h i s  t r a n s f o r m a t i o n  o f  con- 
s i d e r a b l e  p o t e n t i a l  u t i l i t y .  A s  i s  i l l u s t r a t e d  i n  Scheme 7, t r e a t m e n t  o f  g l y c o s i d e  b e n z y l i -  
dene a c e t a l s  w i t h  a v a r i e t y  o f  d i s u b s t i t u t e d  boron bromides f o l l o w e d  by BH3-THF generates 
4-0-benzyl-6-hydroxypyranosides i n  e x c e l l e n t  y i e l d .  S t e r i c a l l y  encumbered boron h a l i d e s  
o p r i m i z e  t h e  r e g i o s e l e c t i v e  complexat ion  o f  boron t o  t h e  l e a s t  h indered oxygen atom and a r e  
t h e r e f o r e  t h e  reagents  o f  cho ice  f o r  t h i s  process. 

Scheme 7 
Ph 0 HO 

H O  ' Q O M e  (88%) QOMe BnO 

1) P w B r  (-78OC) 

2) BHjeTHF, -78'C+0°C 

I I 

OMe ' OMe 

'koQMe 1) Ph2BBr (-78%) 

2) BHyTHF, -78"C+0°C* Me 
BnO H O  (90%) 

I 
bMe 

I 
6Me 
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The oxygenophi l  i c i t y  o f  these d i s u b s t i t u t e d  boron bromide reagents can a1 so be e x p l o i t e d  f o r  
t h e  m i l d  r e d u c t i o n  o f  su l fox ides .  Dimethylboron bromide and 9-BBN-Br w i l l  r a p i d l y  and 
smoothly deoxygenate d i a l k y l ,  a r y l  a l k y l ,  and d i a r y 1  s u l f o x i d e s ,  i n  t h e  presence o f  propene 
( r e f .  10). 

I n  summary, a v a r i e t y  o f  s y n t h e t i c  t rans fo rma t ions  can be accomplished us ing  mono-funct ional  
boron h a l i d e  reagents .  Most o f  our work has focussed on Me B B r  because: a) our  i n i t i a l  
i n v e s t i g a t i o n s  i n t o  e the r  c leavage r e a c t i o n s  i n d i c a t e d  Me2BEr t o  be super io r  t o  o the r  boron 
h a l i d e s  because o f  i t s  tendancy t o  r e a c t  v i a  an SN2 process and b )  t h e  p u r i f i c a t i o n  o f  
p roduc ts  f rom r e a c t i o n s  i n v o l v i n g  MezBBr i s  f a c i l i t a t e d  by t h e  v o l a t i l i t y  o f  the  Me2B- con- 
t a i n i n g  b i -p roduc ts .  
f u n c t i o n a l  groups accord ing  t o  t h e i r  r e a c t i v i t y  towards MepBBr (Tab le  1). 

As a r e s u l t  o f  our s tud ies ,  we can rank  va r ious  oxygen c o n t a i n i n g  

Tab le  1. R e a c t i v i t y  towards Me2BBr 

-78OC -23'C 0-25'C 

-EPOXIDES -REDUCTION OF SULFOXIDES R-OTHP 

-ACETALS (DIMETHYL ACETALS) R-OTHF 

-ACETALS / KETALS 

-(CYCLIC I ACYCLIC) -ALKYL -0Me 

-MEM, MOM -CYCLIC ETHERS 

-ACETONIDES 

-BENZYLIDENES 
ARYL-OMe 

As the  r e a c t i v i t y  t a b l e  suggests, Me B B r  i s  indeed a chemoselect ive reagent .  I t  i s  p o s s i b l e  
t o  man ipu la te  t h e  more r e a c t i v e  f u n c f i o n a l i t i e s  (d ime thy l  ace ta l ,  MOM e t h e r )  i n  t h e  presence 
o f  l e s s  r e a c t i v e  groups (such as THP, methyl  o r  benzyl  e the rs ) .  The w e l l  cha rac te r i zed  
chemose lec t i v i t y  o f  t h i s  reagent  pe rm i t s  con f iden t  p r e d i c t i o n  o f  which f u n c t i o n a l i t y  i n  a 
p o l y f u n c t i o n a l  subs t ra te  w i l l  be a f f e c t e d  a t  a g iven temperature.  Th is  p r o p e r t y  makes 
d imethy lboron  bromide an ex t remely  va luab le  t o o l  f o r  t h e  s y n t h e t i c  o rgan ic  chemist. 

II. A NEW SEQUENCE FOR ACYCLIC ASSYMETRIC INDUCTION 

We have r e c e n t l y  developed a s y n t h e t i c  sequence which r e s u l t s  i n  the  t r a n s f o r m a t i o n  o f  a l l y -  
l i c  o r  h o m o a l l y l i c  c h i r a l  subs t ra tes  i n t o  a c y l i c  p roduc ts  bea r ing  two new s te reogen ic  cen- 
t e r s .  Two key steps a r e  i nvo l ved  i n  t h i s  process: 1. The p repara t i on  o f  o p t i c a l l y  a c t i v e ,  
unsymmetr ical  t e t rahyd ro fu rans  us ing  an i o d o e t h e r i f i c a t i o n  r e a c t i o n  and 2. S e l e c t i v e  c leav-  
age o f  t he  r e s u l t i n g  h e t e r o c y c l e  t o  generate t h e  des i red  a c y c l i c  p roduc t .  
i o d o e t h e r i f i c a t i o n  s t e p  w i l l  be discussed i n  d e t a i l  elsewhere ( r e f .  l l ) ,  two examples a re  
shown i n  Scheme 8. 

Al though t h e  

Scheme 8 

HO J k  ' C02Et THF, 12, NaHC03 0 C-R.T. * * C02Et 

I H  
dH 

2 3 

SAME CONDITIONS 
H O v C O 2 E t  

6H 

4 

- 
H6 

5 

A l l y l i c  a l coho l  2 r e a c t s  under t h e  i n d i c a t e d  cond i t i ons  t o  g i v e  e x c l u s i v e l y  t h e  cis-2,3- 
d i s u b s t i t u t e d  teTrahydro furan  3 i n  e x c e l l e n t  y i e l d .  
t u r e  o f  2 ,4 -d i subs t i t u ted  produc ts  i n  a 4 : l  r a t i o  f a v o u r i n g  t h e  t r a n s  i s o t e r .  Compound 5 
has been e labo ra ted  i n t o  t h e  l a c t o n e  p o r t i o n  o f  m e v i n o l i n  o r  compact in ( r e f .  12) and the- 
n a t u r a l  p roduc t  (IR, 3R, 55) -1,3-dimet hy l -2  , 9-di  oxa b i  cyclo[3.3. l l nonane  ( r e f .  13) . 

Homoa l l y l i c  a l c o h o l  4 g e n e r z s  a mix- 
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The second p a r t  of t he  process , namely t h e  r e g i o s e l e c t i v e  opening o f  t e t rahyd ro fu rans  was 
made p o s s i b l e  th rough t h e  development o f  Me2BBr. We have s t u d i e d  t h e  r e g i o c o n t r o l l e d  open- 
i n g  o f  unsymmetrical 2 - s u b s t i t u t e d  te t rahyd ro fu ran  d e r i v a t i v e s  by Me2BBr and have e s t a b l i s h -  
ed t h e  r e l a t i v e  importance o f  va r ious  f a c t o r s  which impact on t h e  r e g i o s e l e c t i v i t y  ( r e f .  6 ) .  
Greater  r e g i o s e l e c t i v i t y  was seen i n  t h e  cleavage o f  2 -subs t i t u ted  te t rahyd ro fu rans  f rom the  
l e a s t  h indered s ide ,  when t h e  s u b s t i t u e n t  a t  p o s i t i o n  2 inc reased i n  s i ze .  Th is  i s  i l l u s -  
t r a t e d  i n  Scheme 9. We have a l s o  noted t h a t  inc reased s e l e c t i v i t y  can be achieved through 

Scheme 9 

A B 

Entry X Ratio: A/B Yield (%) 

1 H 3.5 I 1  83 

2 OMe 411 87  

3 0.31-BDP >2511 88 

t h e  p a r t i c i p a t i o n  o f  remote f u n c t i o n a l i t y  on t h e  s i d e  cha in  (anch imer ic  e f f e c t s ) .  
r e s u l t s  a re  summarized i n  Scheme 10. Complete r e g i o s e l e c t i v e  opening was observed ( e n t r y  2) 
when t h e  fo rma t ion  o f  a s i x  membered r i n g  complex i n v o l v i n g  t h e  Lewis a c i d  and f u n c t i o n a l i t y  
on t h e  s i d e  cha in  (a methoxy group) was p o s s i b l e  (Scheme 10, s t r u c t u r e  6) .  The l e n g t h  o f  
t h e  cha in  bea r ing  t h e  methoxy gr.oup s i g n i f i c a n t l y  a f f e c t e d  t h e  r e g i o s e l e c t i v i t y  o f  t he  r i n g  
opening ( e n t r i e s  1 and 3) .  Thus the  e x t e n t  o f  r e g i o c o n t r o l  observed i n  t h e  opening o f  
t e t rahyd ro fu rans  i s  a f f e c t e d  by bo th  s t e r i c  cons ide ra t i ons  and t h e  p a r t i c i p a t i o n  o f  remote 
f u n c t i o n a l i t y  (anch imer ic  e f f e c t s ) .  

These 

Scheme 10 

A B 

Entrv m R a t i o A / B  YIdd (961 
~~ ~~ ~ 

1 1 79:21 85 

2 2 1oo:o 84 

3 3 79:21 68 

We have app l i ed  t h i s  sequence t o  t h e  syn thes i s  o f  (+)-exo-brevicomin,  a p r i n c i p a l  sex 
a t t r a c t a n t  i n  t h e  female western p i n e  b e e t l e  ( r e f .  1 4 ) T f h e  syn thes i s  s t a r t e d  w i t h  R-mal ic 
a c i d ( L )  which was converted by a s t r a i g h t f o r w a r d  s e r i e s  o f  r e a c t i o n s  i n t o  a l l y l i c  
a l coho l  8. I o d o e t h e r i f i c a t i o n  o f  8 proceeded comple te ly  s t e r e o s p e c i f i c a l l y  t o  g i ve ,  a f t e r  
p r o t e c t i o n  o f  t he  a l coho l  and reduF t ion  o f  the  i od ide ,  G - t e t r a h y d r o f u r a n  9. Side cha in  
e longa t ion  and f u n c t i o n a l  group man ipu la t i on  gave hydroxy- te t rahydro furan  16. Treatment o f  
10 w i t h  Me2BBr e f f e c t e d  cleavage o f  bo th  t h e  d imethy l  k e t a l  and t h e  c y c l i c e t h e r  t o  a f f o r d ,  
x t e r  work-up, t h e  v o l a t i l e  bromo-bicycl  i c  k e t a l  12. 
ceeds through k e t o - d i o l  11 ( o r  a s y n t h e t i c  e q u i v a k t )  which undergoes i n t r a m o l e c u l a r  k e t a l -  
i z a t i o n  d u r i n g  work-up. T i - n - b u t y l t i n  hyd r ide  r e d u c t i o n  o f  t he  bromide 12 completed t h e  
syn thes i s  (Scheme 11). 

Th is  t rans fo rma t ion  presumably pro- 
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Scheme 11 

7 

- 
BH 

10 

B; 
12 

8 

6SiDMt-Bu 
9 

11 

- f "llllQ IlllMe 

\*' Me 

(+) EXO-BREVICOMIN 
23 [.I, = +81.0 

Litt = +84.1 

a)  BH3.THF,THF,00C + R.T. ; b)  PhCH( OMe)2 ,BF3.Et20 (81%) ; c )  (COC1)2 ,DMS0,CH2C12 ,-78"C, 
45 min., ( i P r ) Z E t N  R.T.,Ph3PCHC02Et O°C +R.T.,5 h (70%); d ) H C l ( l N )  ,THF (94%); e)12, 
NaHC03,THF,6 h, (88%); t-BDMSiOTf,Lutidine,CH2C12,-100C +R.T. (70%); f)AIBN,n-BuSnH,Hexa- 
ne,R.T.+A,l h (94%); g)DIBAL,THF (94%) ;  h)Ph3PCHCOCH3(88%); i )Hz,( lO%)Pd/C(90%); 
j ) (MeO) 3CH, BF3. Et20 ,To1 uene (96%) ; k)n-Bu4NF ,THF (75%) ; 1 )Me2BBr (2.1 e q  .) ,E t3N(  0.1 eq.) , 
-5"C+R.T. (67%) .  

Ill. DIMETHYLBORON BROMIDE AS A PROBE FOR MECHANISTIC 
STUDIES 

O c c a s i o n a l l y  a new s y n t h e t i c  reagent  p r o v i d e s  new i n s i g h t  i n t o  a p r e v i o u s l y  s t u d i e d  process, 
We found t h i s  t o  be t h e  case d u r i n g  t h e  course o f  our s t u d i e s  o f  t h e  r e a c t i o n  o f  Me2BBr w i t h  
THP and THF e t h e r s  ( r e f .  15,16). We had p r e v i o u s l y  n o t e d  t h a t  w h i l e  most s i m p l e  a c e t a l s  and 
k e t a l s  ( i n c l u d i n g  MEM, MOM and MTM e t h e r s )  were c leaved e f f i c i e n t l y  a t  -78"C, t e t r a h y d r o -  
p y r a n y l  (THP) and t e t r a h y d r o f u r a n y l  (THF) e t h e r s  r e q u i r e d  more f o r c i n g  c o n d i t i o n s  8-24 h a t  
room tempera ture)  t o  r e g e n e r a t e  t h e  p a r e n t  a l c o h o l  ( r e f .  7 ) .  
r e a c t i v i t y  between t h e s e  c lasses  o f  a c e t a l s  l e d  us t o  re-examine t h e s e  r e a c t i o n s  by H NMR. 
When we t r e a t e d  a s i m p l e  THP e t h e r  w i t h  Me2BBr i n  CD2C1 a t  -78OC, we were s u r p r i s e d  t o  
observe i n s t a n t  and complete convers ion  t o  an a-bromo e t h e r  i n t e r m e d i a t e .  
ever ,  was t h a t  r e s u l t i n g  f rom s e l e c t i v e  c leavage o f  t h e  r i n g  carbon-oxygen bond. 
a c y c l i c  i n t e r m e d i a t e  was r e l a t i v e l y  s t a b l e  a t  low tempera ture ,  however, warming t o  room 
tempera ture  r e s u l t e d  i n  t h e  s low convers ion  t o  2-bromotetrahydropyran (Scheme 12). 

The unexpected d i f f e r e p c e  i n  

The produc t ,  how- 
T h i s  

n Scheme 12 
Me2BBr 

CD2CI2 Me,BO Br OR 
-780 

O O R  13 14 

- 
9J/ 

H20 + Me2BOR - ROH 

15 16 

R=t~.C12H25 

These o b s e r v a t i o n s  e x p l a i n e d  t h e  anomalously s low cleavage o f  THP e t h e r s  as judged by pro- 
d u c t i o n  o f  t h e  p a r e n t  a l c o h o l .  I n  f a c t ,  Me2B8r r e a c t s  very  q u i c k l y  w i t h  THP and THF e t h e r s  
as i t  does w i t h  o t h e r  a c e t a l s  and k e t a l s .  The k i n e t i c  p roduc t ,  however, i s  t h a t  r e s u l t i n g  
f rom s e l e c t i v e  c leavage o f  t h e  r i n g  carbon-oxygen bond. H y d r o l y s i s  o f  14, w h i l e  g i v i n g  some 
o f  t h e  d e s i r e d  a l c o h o l ,  a l s o  regenera tes  s t a r t i n g  m a t e r i a l  by c leavage o f  t h e  boron-oxygen 
bond and r e c y c l i s a t i o n .  W h i l e  t h e r e  e x i s t  i n  t h e  l i t e r a t u r e  i s o l a t e d  examples o f  Lewis a c i d s  
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g e n e r a t i n g  r ing-opened produc ts  f rom THP e t h e r s  ( r e f .  17),  many more examples e x i s t  where 
c leavage o f  t h e  e x o c y c l i c  bond i s  t h e  favoured pathway. 
anomer iza t ion  o f  pyranos ides ,  i n  p a r t i c u l a r  g lycopyranos ides  has been s t u d i e d  e x t e n s i v e l y  
and t h e  evidence suggests t h a t  these r e a c t i o n s  proceed v i a  c leavage o f  t h e  e x o c y c l i c  carbon- 
oxygen bond ( r e f .  18) .  Cleavage o f  t h e  e n d o c y c l i c  bond i s  n o t  observed. W h i l e  more d a t a  
w i l l  have t o  be c o l l e c t e d  b e f o r e  t h e  unusual r e g i o s e l e c t i v i t y  o f  t h i s  Me2BBr r e a c t i o n  can be 
f u l l y  e x p l a i n e d ,  we would l i k e  t o  propose t h a t  i n  n o n - p a r t i c i p a t i n g  s o l v e n t s ,  c leavage o f  
t h e  r i n g  carbon-oxygen bond i s  t h e  k i n e t i c a l l y  favoured process. The f a c t  t h a t  r ing-opened 
produc ts  a r e  n o t  observed w i t h  many o t h e r  Lewis or Bronstead a c i d s  may r e f l e c t  t h e  i n s t a b i -  
l i t y  o f  t h e  r ing-opened i n t e r m e d i a t e s  (Scheme 13) .  W i t h  an a c i d  reagent  represented  by t h e  
f o r m u l a  A - X ,  where A i s ,  f o r  example, a p r o t o n  o r  TMS group, r e c y c l i s a t i o n  o f  t h e  r i n g -  
opened i n t e r m e d i a t e  m i g h t  be f a s t ,  so t h a t  o n l y  t h e  thermodynamic ( c y c l i c )  p r o d u c t  i s  
observed. When A i s  Me2B, t h e  d e a c t i v a t i n g  n a t u r e  o f  t h e  boron-oxygen bond slows t h e  
r e c y c l i s a t i o n  down c o n s i d e r a b l y  so  t h a t  t h e  k i n e t i c  (r ing-opened) p r o d u c t  can be observed. 

Scheme 13 

The a c i d - c a t a l y s e d  h y d r o l y s i s  and 

($\ "-", 
+ A-OR 

A-0 OR X 

We have e x p l o i t e d  t h i s  o b s e r v a t i o n  s y n t h e t i c a l l y ,  by t r a p p i n g  these r ing-opened a-bromo 
e t h e r  i n t e r m e d i a t e s  w i t h  v a r i o u s  n u c l e o p h i l e s  , t o  genera te  s t a b l e  r ing-opened produc ts  
(Tab le  E ) ( r e f .  15) .  A wide v a r i e t y  o f  n u c l e o p h i l e s  may be used i n c l u d i n g  t h i o l s  s t e r i c a l l y  
h i n d e r e d  a l c o h o l s ,  cyan ide ,  h y d r i d e  reagents  and a number o f  o r g a n o m e t a l l i c  spec ies  ( a l k y l -  
l i t h i u m ,  G r i g n a r d  and c u p r a t e  r e a g e n t s ) .  

Tab le  2 Ring open ing  o f  THP and THF e t h e r s  us inc  Me2BBr 

ENTRY SUBSTRATE NUCLEOPHILE  PRODUCT^ YIELDC 

EtSH fiOR 62% 
2, QOR HO EtS 

17  

I d  I d  

5 )  17 LiEt3BH 

HO 

~~ 

ENTRY SUBSTRATE NUCLEOPHILE PRODUCTb V l E L P  

6) 17 LIEI~EIH~ 
HO 

7) 13 AgCNe" 0 S T %  

HO OR 

8 )  17 AgCN'" 

9) 13 CH3MgEre19 f), 92% 

HO HjC OR 

10) I 7  CH3MgBre'g 

11)  13 n-Bu2CuLie'g 

R = n-Cl2H25 

a) UNLESS STATED OTHERWISE, ALL REACTIONS WERE CARRIED OUT IN CH2C12 USING A CONCENTRATION OF 0.1 M IN SUBSTRATE AND 2.0 eq. 
OF Me2BBr AT -78OC FOR 30 MIN. N.N-DIISOPROPYLETHYLAMINE (2.5 eq.) AND NUCLEOPHILE (3.0 eq.) WERE THEN ADDED 
PRODUCTS HAD SATISFACTORY SPECTRAL (NMR,IR AND MASS SPECTRA) AND ANALYTICAL (COMBUSTION ANALYSIS OR HIGH RESOLUTION MASS 
SPECTRUM) DATA. C) ISOLATED YIELDS OF PURIFIED PRODUCTS. d) DIASTEREOMER MIXTURE. d NO N,N-OIISOPROPYLETHYLAMINE WAS USED. 
1)  

b) ALL NEW 

THE REACTION WAS WARMED TO -25.C AFTER ADDITION OF THE NUCLEOPHILE. 0 )  ADDED AS A SOLUTION IN ETHER. 

We have extended t h i s  r e a c t i o n  t o  more complex s u b s t r a t e s  i n c l u d i n g  g l y c o s i d e s  (Tab le  3) 
( r e f .  16).  W i t h  t h e  more r e a c t i v e  2-deoxyglucopyranosides good y i e l d s  o f  r ing-opened 
produc ts  can be o b t a i n e d  w i t h  a v a r i e t y  o f  n u c l e o p h i l e s  when t h e  r e a c t i o n  i s  performed a t  
-78OC ( T a b l e  3, e n t r i e s  1-4). The cor respond ing  g lucopyranos ide  and x y l o p y r a n o s i d e  d e r i v a t -  
i v e s  (Tab le  3, e n t r i e s  5,6) were l e s s  r e a c t i v e  and gave low y i e l d s  a t  -78°C b u t  s y n t h e t i c a l -  
l y  u s e f u l  y i e l d s  when t h e  r e a c t i o n  was performed a t  -45°C. W i t h  t h e s e  l e s s  r e a c t i v e  subs- 
t r a t e s ,  we a l s o  no ted  d i f f e r e n c e s  i n  r e a c t i v i t y  between t h e  a- and B- anomers. G e n e r a l l y  
t h e  B-anomers were more r e a c t i v e  than t h e  cor respond ing  a-anomers. 
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Table 3 Ring opening of methyl D-glycopyranosides using Me2BBr 

A N O M E R I C  
ENTRY S U B S T R A T E  C O N F I G U R A T I O N  TEMPERATURE NUCLEOPHILE P R OD U C T ~   YIELD^ 

P d,e 85% 
-78' PhSH 

1 )  MeO- Me0 OMe ff 

1 Q  

2) 

3) 

4 )  

1 9  

1 9  

1 9  

P' 

P f 

P f 

2 0  

- 7 8 0  

-780 

-780 

-780 

- 7 8 0  
-450 

Me2CuLi9 MeO+" 8 0 %  
ti6 OMe Me 

PhSH 

7 5 %  

no - - 
68% me6 O h  

- 7 8 0  
-450 PhSH 

P 

OMe ff -450 O h  SPh 15% Me0 

6 )  MeO& 

2 1  

a)  UNLESS OTHERWISE STATED, ALL REACTIONS WERE CARRIED OUT IN CHzCI, USING A CONCENTRATION O F  0.1 M 
IN SUBSTRATE AND 2.0 eq. OF Me2BBr AT THE SPECIFIED TEMPERATURE FOR 30 MIN. &,~-Dl ISOPROPYLETHYLAMINE 
(2.5 eq.)  AND NUCLEOPHILE (3.0 eq.) WERE THEN ADDED. b) ALL NEW PRODUCTS HAD SATISFACTORY SPECTRAL 
(NMR, IR AND MS) AND ANALYTICAL (COMBUSTION ANALYSIS OR HIGH RESOLUTION MASS SPECTRUM) DATA. 
c )  ISOLATED YIELDS OF PURIFIED PRODUCTS. 
e )  IDENTICAL PRODUCT MIXTURES WERE OBTAINED FROM BOTH ANOMERS 

d)  THE PRODUCT WAS A MIXTURE O F  DIASTEREOMERS. 
f )  THE SUBSTRATE (14) CONTAINED 

17% OF THE a-ANOMER ( l a ) .  9) NO &,&-DIISOPROPYL-ETHYLAM~NE W A S  USED. 

We previously suggested t h a t  our observations on the s e l e c t i v e  endocycl i c  carbon-oxygen bond 
cleavage and the  differences in  r e a c t i v i t y  between a- and 8-  anomers could best be ra t iona l -  
ised based on s te reoe lec t ronic  considerations ( r e f .  16 ) .  Since complexation of Me BBr t o  
one of the acetal  oxygen atoms ac t iva tes  the corresponding carbon-oxygen bond t o  cfeavage, 
the r e l a t i v e  b a s i c i t i e s  of the oxygen atoms should a f f e c t  both the r a t e  and reg iose lec t iv i ty  
of the cleavage process. The r e l a t i v e  b a s i c i t i e s  of the r ing  vs exocyclic oxygen atoms are  
affected by t h e i r  par t ic ipa t ion  in  the endo- and exo-anomeric e f f e c t s  respect ively 
( r e f .  19). Consideration of these e f f e c t s  (Fig. 1) shows tha t  of the four acetal  oxygen 
atoms, only the r ing  oxygen of the 8-anomer does not p a r t i c i p a t e  in  an anomeric e f f e c t .  The 
grea te r  r e a c t i v i t y  we observe f o r  the 5-anomer could therefore  be a consequence of i t s  
greater  bas ic i ty .  n, 

Figure 1 P 01 

Stereoelectronic  fac tors  could a l s o  be responsible for  our observation t h a t  the only i s o l a t -  
ed products were those r e s u l t i n g  from se lec t ive  cleavage of the r ing  carbon-oxygen bond. In 
the  case of the 8-anomer, n o t  only should the r ing  oxygen be the most basic ,  b u t  a l s o ,  
cleavage of the r ing  carbon-oxygen bond can occur with s te reoe lec t ronic  ass i s tance  from the 
exocyclic oxygen atom. If  s te reoe lec t ronic  ass is tance i s  an important fac tor  in  t h i s  pro- 
cess ,  then endocyclic bond cleavage i s  the only pathway favoured for  the 8-anomer react ing 
o u t  of i t s  ground-state conformation. In the a-anomer, on the other hand, b o t h  carbon-oxygen 
bonds can be cleaved with s te reoe lec t ronic  ass i s tance  so we expected t o  observe products 
resu l t ing  from cleavage of  both bonds. Even with the a-anomer, however, s e l e c t i v e  cleavage 
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of the endocyclic bond was observed. We propose three  possible explanations for  t h i s .  One 
p o s s i b i l i t y  i s  t h a t  the exocyclic oxygen of the a-anomer being a x i a l l y  or ien ta ted ,  may be 
more s t e r i c a l l y  hindered than the r ing  oxygen. As a r e s u l t ,  complexation of Me2BBr a t  the 
r ing  oxygen followed by cleavage of the r ing  carbon-oxygen bond may be favoured for  s t e r i c  
reasons. A second p o s s i b i l i t y  i s  tha t  the a-anomer might be react ing out of a non-ground- 
s t a t e  conformation such as twis t  boat where, 1 ike the B-anomer , s te reoe lec t ronic  ass is tance 
in  the cleavage of the exocyclic bond i s  n o t  possible. A th i rd  p o s s i b i l i t y  i s  t h a t  the exo- 
anomeric e f f e c t  i s  i n  f a c t  stronger than the endo-anomeric e f f e c t  and thereby favours forma- 
t ion  of the ring-opened product. 

Recently, we have studied the MegBBr reaction with a number of subst i tuted THP e ther  sub- 
s t r a t e s  which generate e i t h e r  ring-opened or ring-closed products depending on the configu- 
ra t ion  of the anomeric center .  Two examples a re  shown in Scheme 14. We find t h a t  subs t i tu ted  
THP e thers  with bulky groups adjacent t o  the  ring oxygen generate the expected ring-opened 
products from the B-anomer, b u t  ring-closed products from the a-anomer. 

Scheme 14 X 
I 

1) MepBBr 

2) PhSH I i-PrZNEt) 
X 

-0Ac (1  9) 
- 

-sf (20) 

x 
-0Ac (21) 

-Sf(22) 

SAME CONDITIONS 

SPh 
X 

OH SPh 

93% 

70% 

3% 
- 

7% 
- 

96% 

97% 

We fee l  tha t  these  r e s u l t s  s t rongly support our suggestion t h a t  s te reoe lec t ronic  ass i s tance  
i s  indeed an important fac tor  in  the carbon-oxygen bond cleavage process. In the a-anomer, 
e i t h e r  the endo- or exocyclic carbon-oxygen bond can be cleaved with s te reoe lec t ronic  ass i s -  
tance (Fig. 1) .  When the  s ide  chain X-group i s  small (e.g. OMe, see Table 3), complexation 
of the Me2BBr occurs a t  the r ing  oxygen and r e s u l t s  in  s e l e c t i v e  cleavage of the r ing  
carbon-oxygen bond ( for  reasons described previously) .  
ace ta te  or S - x - b u t y l ,  complexation of the Lewis acid a t  the r ing  oxygen appears t o  be 
disfavoured, possibly f o r  s t e r i c  reasons. Consequently, complexation of Me2BBr occurs a t  
the  exocyclic oxygen t o  generate cyc l ic  products. In cont ras t ,  for  the B-anomer, only 
cleavage of the endocyclic carbon-oxygen bond can occur w i t h  s te reoe lec t ronic  ass i s tance .  
Even when the  s ide  chain X-group i s  large and complexation of Me BBr a t  the r ing  oxygen i s  
disfavoured, endocycl i c  carbon-oxygen bond cleavage is  observed gecause only t h i s  pathway 
can proceed w i t h  s te reoe lec t ronic  ass i s tance .  

We have recent ly  studied furanoside subs t ra tes  i n  the  Me2BBr reaction and our preliminary 
observations suggest tha t  they reac t  in  a fashion analogous t o  the pyranosides (Scheme 15) .  

When X i s  a la rge  group such as  

Scheme 15 

B n o ~ O M e  

1) 4 equiv. MezBBr 

2) i-PrzNEt 
PhSH 

SAME CONDITIONS 

SAME CONDITIONS 

92% 

- %  

92% 

- %  

86% 

41% 
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I n  summary, MezBBr r e a c t s  w i t h  THP and THF e thers  ( i n c l u d i n g  g l ycos ides )  t o  generate a-bromo 
e t h e r  i n te rmed ia tes  r e s u l t i n g  f rom s e l e c t i v e  cleavage o f  the  r i n g  carbon-oxygen bond. These 
in te rmed ia tes  can be t rapped w i t h  a v a r i e t y  o f  nuc leoph i l es  t o  generate s t a b l e  r ing-opened 
produc ts .  M e c h a n i s t i c a l l y ,  ou r  r e s u l t s  suggest: a) t h a t  s t e r e o e l e c t r o n i c  f a c t o r s  a re  indeed 
impor tan t  i n  t h e  cleavage o f  THP e the rs ;  and b )  t h a t  cleavage o f  t he  endocyc l i c  carbon- 
oxygen bond may be t h e  k i n e t i c a l l y  favoured process. Th is  i s  i n  s t r i k i n g  c o n t r a s t  w i t h  t h e  
accepted mechanism f o r  t h e  ac id -ca ta lysed h y d r o l y s i s  o f  pyranosides ( r e f .  18) .  Our r e s u l t s  
may f i n d  some suppor t ,  however, i n  a recen t  p u b l i c a t i o n  by Gupta and Franck ( r e f .  20).  These 
au thors  repo r ted  d i r e c t  exper imenta l  evidence f o r  t h e  cleavage o f  bo th  endo- and e x o c y c l i c  
carbon-oxygen bonds i n  t h e  ac id -ca ta lyzed cleavage o f  THP e the rs .  

CONCLUSION 

The p repara t i on  of monofunc t iona l  d e r i v a t i v e s  o f  c l a s s i c a l  Lewis ac ids  o f f e r s  an i n t e r e s t i n g  
approach t o  t h e  development o f  new reagents w i t h  a more de f i ned  r e a c t i v i t y  p r o f i l e .  We have 
taken t h i s  approach i n  our use o f  d i a l k y l -  and d i a r y l b o r o n  bromides ( i n  p a r t i c u l a r  Me2BBr) 
as reagents f o r  o rgan ic  syn thes i s .  Dimethylboron bromide i s  an e x c e l l e n t  reagent f o r  a 
v a r i e t y  o f  chemical t rans fo rma t ions .  We have shown here  t h r e e  areas where we have app l i ed  
t h e  reagent :  1. The t r a n s f o r m a t i o n  o f  f u n c t i o n a l  groups, p a r t i c u l a r l y ,  t h e  cleavage o f  oxy- 
gen-based p r o t e c t i n g  groups; 2. as p a r t  o f  a new sequence f o r  a c y c l i c  asymmetric i n d u c t i o n  
and; 3. as a probe f o r  s t e r e o e l e c t r o n i c  c o n t r o l  i n  t h e  cleavage o f  THP e the rs .  

D imethy lboron  bromide can be purchased as a neat  l i q u i d  f rom t h e  Alpha D i v i s i o n  o f  Ventron 
Corpo ra t i on  o r  f rom A l d r i c h  Chemical Company. A l t e r n a t i v e l y ,  i t  can be prepared very  s imp ly  
f rom t e t r a m e t h y l t i n  and boron t r i b o m i d e  us ing  t h e  procedure o f  Noth and Vahrenkamp ( r e f .  
2 1 ) .  I t  should be  no ted  t h a t  neat  d imethy lboron  bromide i s  py rophor i c  when exposed t o  mo is t  
a i r ,  so  a p p r o p r i a t e  c a r e  should be  taken i n  i t s  h a n d l i n  . We have found i t  convenient t o  
make up s o l u t i o n s  o f  t he  reagent  i n  d r y  CH2C12 o r  ClCH2 H2C1. These s o l u t i o n s  can be 
s t o r e d  a t  -15°C f o r  severa l  months w i t h o u t  n o t i c e a b l e  decomposi t ion and can be handled sa fe-  
l y  and conven ien t l y  u s i n g  s tandard  sy r inge  techn iques .  
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