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organic substrates providing a simple synthesis of the cis- 
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A ,  INTRODUCTIOii 

The p r e p a r a t i o n  and p r o p e r t i e s  of 9 -borab icyc lo i3 .3 .1 j -  

nonane (9-BBK. 1) have been desc r ibed  i n  t h e  preceding 

a r t i c l e . '  The p r e s e n t  d i s c u s s i o n  d e a l s  with t h e  unusual 

chemis t ry  of t h e  l i t h i u m  d i a l k y l  ' ' a te"  complexes of 9-BBN ( 2 ) ,  2 

conven ien t ly  prepared by t h e  a d d i t i o n  of organol i t l i iums t o  B- 

alkyl-9-BBN's (eq 1 ) .  These t e t r a a l k y l b o r a t e s  a r e  formed 

q u a n t i t a t i v e l y  when t h e  o rgano l i th ium i s  primary o r  a r y l .  

However, i f  t h e  l i t h i u n ~  r e a g e n t  i s  secondary o r  t e r t i a r y  and 

c o n t a i n s  a  @-hydrogen, t h e  d i a l k y l  " a t e "  complex i s  not  pro- 

duced. I n s t e a d ,  an i n t e r e s t i n g  hydr ide  t r a n s f e r  o c c u r s ,  g iv -  

ing t h e  l i t h i u m  t r i a l k y l b o r o n y d r i d e  ( 3 )  (eq 2 ) .  2-5  Indeed. 
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w i t h  t e r t - b u t y l l i t h i u m  t h e  f o r m a t i o n  of  j i s  q u a n t i t a t i v e  and 

n e a r l y  i n s t a n t a n e o u s .  These t r i a l k y l b o r o h y d r i d e s  (j) a r e  
5-6  

e x t r e m e l y  u s e f u l  r e a g e n t s  f o r  s e l e c t i v e  r e d u c t i o n s .  How- 

e v e r ,  a  d i s c u s s i o n  of  t h e i r  c h a r a c t e r i s t i c s  i s  beyond t h e  

s cope  of  t h i s  r ev i ew .  

The t r a n s f e r  o f  h y d r i d e  from t l ie  o r g a n o l i t h i u m  t o  t h e  

t r i a l k y l b o r a n e  must be a  k i n e t i c  phenomenon s i n c e  i t  i s  pos- 

s i b l e  t o  form t e t r a a l k y l b o r a t e s  c o n t a i n i n g  s econda ry  and t e r t -  

i a r y  m o i e t i e s ,  w i th  @-hydrogens ,  i f  t h e y  a r e  p r e s e n t  i n i r i a l l y  

i n  t h e  t r i a l k y l b o r a n e  ( e q s  3 ,  4 ) .  

B, AN ANOMALOUS O X I D A T I O N  

In t h e  c o u r s e  of  a  d e t a i l e d  s t u d y  o f  t l ie  s y n t h e s e s  o f  

t h o s e  B-alkyl-9-BBN d e r i v a t i v e s  n o t  a v a i l a b l e  v i a  hydrobora-  

t i o n . '  we had o c c a s i o n  t o  p r e p a r e  s e v e r a l  l i t h i u m  d i a l k y l - 9 -  

B B N  " a t e "  complexes.  We unde r took  t o  con f i rm  e h e i r  s t r u c t u r e s  

by t h e  u sua l  o x i d a t i o n  w i t h  a l k a l i n e  hydrogen p e r o x i d e .  

S u r p r i s i n g l y ,  t h e s e  o x i d a t i o n s  a f f o r d  major  p r o d u c t s  o t h e r  

t h a n  t h e  e x p e c t e d  a l c o h o l s  and cis-1.5-cyclooctanedio1.8 The 



p r i n c i p a l  components of t h i s  m i x t u r e p r o v e d t o  be c i s - b i c y c l o -  

[3 .3 .0 loctan- l -01 ( 4 )  and cyclooctanone (eq 5 ) .  

4 
+ 2 R O H  + o t h e r  cyc looc ty l  

products  

The format ion o f  t h e  b i c y c l i c  a l c o h o l ,  4, was puzzl ing .  

Apparently a  hydr ide  had been t r a n s f e r r e d ,  b u t  t o  where? 

Since  no gas  e v o l u t i o n  accompanies t h e  r e a c t i o n ,  t h e  "hydr ide"  

i s  not  l o s t  a s  hydrogen gas ;  a  redox r e a c t i o n  m u s t  occur .  

Accordingly.  we proposed t h a t  t h e  d i a l k y l  " a t e "  complex reduces  

some of t h e  hydrogen pe rox ide ,  a s  shown i n  Scheme I .  The 

hydrogen peroxide  a t t a c k s  t h e  bridgehead hydrogen of t h e  d i -  

a l k y l  " a t e '  complex with t h e  concur ren t  or subsequent  migra t ion  

of t h e  boron-carbon bond. I f  t h e  migra t ion  of t h i s  bond i s  not  

s imul taneous  with t h e  l o s s  of t h e  bridgehead hydr ide ,  a  z w i t t e r -  

i o n i c  i n t e r m e d i a t e ,  5, l i k e  t h a t  o r i g i n a l l y  proposed by J2iger 

and Hesse, m u s t  be implicated. '  The subsequent  migra t ion  of a  

bond from a  t e t r a c o o r d i n a t e  boron t o  an a d j a c e n t ,  e l e c t r o n  

d e f i c i e n t  c e n t e r  i s  now a  well e s t a b l i s h e d  phenomenon. 10 

O u r  specu ' : ; ive  mechanism l e d  t o  two  impor tan t  p r e d i c t i o n s .  

S ince  t h e  bridgehead nydrogen t r a n s f e r r e d  e a s i l y  t o  t h e  hydrogen 

peroxide ,  perhaps i t  would a l s o  t r a n s f e r  t o  r e d u c i b l e  o rgan ic  

s u b s t r a t e s .  In o t h e r  words, perhaps t h e s e  dialkyl-9-BBN ' ' a te"  
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s t epwise  A c e r t e ;  

8-C S h i f t  , 
L 

~ [ o I ,  normal 

GO + 2 R O H  + LiB(OHI4 

SCHEME 1, Proposed Mechanism f o r  t h e  Formation of c i s -Bicyc lo -  

[3.3.0]octan-1-01 from a Lithium Oialkyl-9-BEN ''Ate" Complex 



complexes might f u n c t i o n  a s  genera l  reducing agen t s .  Secondly,  

a  r ea r ranged  organoborane,  6, con ta in ing  t h e  t e r t i a r y  cis- 

bicyclo[3.3.0]oct-1-yl  moie ty ,  might be formed a s  an i n t e r -  

mediate.  I f  means could be found t o  prevent  t h e  d e s t r u c t i o n  

o f t h i s  i n t e r m e d i a t e  dur ing t h e  r e a c t i o n ,  i t  should be p o s s i b l e  

t o  p repa re  a  new fami ly  of i n t e r e s t i n g  and perhaps useful  

organoboranes.  We dubbed t h i s  novel type  of t r i a l k y l b o r a n e s  

t h e  " d i a l k y l  b u t t e r f l y b o r a n e s "  s i n c e  molecular  models of t h e s e  

s t r u c t u r e s  resemble b u t t e r f l i e s  when viewed i n  a  c e r t a i n  way. 

C. SYMTHESES OF ~~~-BICYCL0[3,3,010CT-1-YUIIALKYLBOKAl.IES 

During t h e  time we were i n v e s t i g a t i n g  t h e  anomalous 

o x i d a t i o n  of t h e s e  complexes, our former coworker, Y .  Yamamoto. 

was r e i n v e s t i g a t i n g  t h e  work of JBger and Hesse.' He t r e a t e d  

s e v e r a l  t e t r a a l k y l b o r a t e  complexes with benzyl c h l o r i d e  i n  

hexane.l l  Lithium di-n-butyl-9-BBN was among these .  Af te r  

a l lowing t h e  r e a c t i o n  t o  proceed 2 4  hou r s  a t  room tempera tu re ,  

fo l lowed by a  normal a l k a l i n e  hydrogen peroxide  o x i d a t i o n .  

Yamamoto found e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d s  of t o l u e n e ,  1-  

bu tano l ,  and 4. In a  s i m i l a r  s tudy  using cyclohexanone a s  t h e  

s u b s t r a t e ,  he observed n e a r l y  q u a n t i t a t i v e  r e d u c t i o n  t o  cyc lo -  

lhexanol. C l e a r l y ,  t h e  dialkyl-9-BBN " a t e "  complex was behaving 

a s  a  reducing agen t .  

Yamamoto's work sugges ted  t h a t  t r e a t m e n t  of a  dialkyl-9-BBN 

" a t e "  complex with a  r e a c t i v e  h a l i d e  o r  carbonyl d e r i v a t i v e  

might a l low t h e  i s o l a t i o n  of t h e  rearranged organoborane 6. 
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A c c o r d i n g l y ,  we t r e a t e d  l i t h i u m  di-n-butyl-9-BBN wi th  one 

e q u i v a l e n t  o f  a c e t o n e  and were a b l e  t o  i s o l a t e  t h e  d e s i r e d  

d i -n -bu ty l  b u t t e r f l y b o r a n e  i n  70% y i e l d . ' '  U n f o r t u n a t e l y ,  

t h e  same s equence  was n o t  a s  s u c c e s s f u l  d u r i n g  a t t e m p t s  t o  

p r e p a r e  t h e  d i m e t h y l ,  t h e  n -bu ty lme thy l ,  and t h e  t e r t -  

bu ty lme thy l  d e r i v a t i v e s .  The problem was e v e n t u a l l y  t r a c e d  

t o  the  p r e s e n c e  i n  t h e  r e a c t i o n  m i x t u r e  of  d i e t h y l  e t h e r  f rom 

t h e  m e t h y l l i t h i u m  used  t o  p r e p a r e  t h e  complex. At tempts  t o  

remove t h e  e t h e r  c o m p l e t e l y  were u n s u c c e s s f u l ,  p r i m a r i l y  be- 

c a u s e  t h e  e t h e r  i s  s t r o n g l y  he ld  and t h e  complexes c a n n o t  be 

h e a t e d  s i n c e  t h e y  decompose by e l i m i n a t i o n  of  o l e f i n  (eq  6 ) .  
2 

In  view of  t h e s e  d i f f i c u l t i e s ,  a  more s u i t a b l e  s u b s t r a t e  

was s o u g h t  which would c l e a n l y  r e a c t  w i t h  t h e  " a t e "  complex 

even i n  the  p r e s e n c e  of  e t h e r s .  I t  appea red  t h a t  a  r e a d i l y  

r e d u c i b l e  m a t e r i a l  was r e q u i r e d .  Consequen t l y ,  we examined 

s e v e r a l  such  s u b s t r a t e s  f o r  t h e  p r e p a r a t i o n  o f  d ime thy l  b u t t e r -  

f l y b o r a n e  ( T a b l e  I ) .  Two promis ing  m a t e r i a l s  were uncovered :  

a c i d  c h l o r i d e s  and c h l o r a l .  The r e d u c t i o n  of  c h l o r a l  i s  r a p i d  

and e s s e n t i a l l y  q u a n t i t a t i v e ,  b u t  t h e  p r e c i p i t a t i o n  o f  l i t h i u m  

2 , Z . Z - t r i c h l o r o e t h o x i d e  made d i f f i c u l t  t h e  i s o l a t i o n  of  t h e  

b u t t e r f l y b o r a n e  (eq  7 ) .  



TABLE I ,  Reac t i on  o f  L i t h ium Dimethyl-9-BBN i n  E t h e r - P e n t a n e  

w i t h  Va r ious  s u b s t r a t e s 2  

S u b s t r a t e  

% 
Comments 

Benzyl c h l o r i d e  % 90 1.. 10  ve ry  s l ow  

Hexanal % 50 ?. 50 

Propana l  % 90 % 5  

C h l o r a l  9  6 0  v e r y  f a s t  

Ace ty l  c h l o r i d e  9 6 2 ve ry  f a s t  

Hexanoyl c h l o r i d e  88 t r  ve ry  f a s t  

C h l o r o t r i m e t h y l -  0  8 4 f a i r l y  s low 
s i l a n e  

Cl i lo rod imethyl -  0  91 f a s t  

p h e n y l s i l a n e  

On t he  o t h e r  hand,  t h e  r e a c t i o n  w i th  a c i d  c h l o r i d e s  proved 

e q u a l l y  r a p i d  and q u a n t i t a t i v e .  The s t o i c h i o m e t r y  of  t h i s  

r e d u c t i o n  i s  one a c i d  c h l o r i d e  t o  two " a t e "  complexes .  The 

f i n a l  p r o d u c t s  a r e  l i t h i u m  e t h o x i d e  and l i t h i u m  c h l o r i d e .  The 

l i t h i u m  e t h o x i d e  i s  e f f e c t i v e l y  removed from t h e  r e a c t i o n  mix- 

t u r e  by t h e  u t i l i z a t i o n  o f  two e q u i v a l e n t s  of t h e  a c i d  c h l o r i d e  

which c o n v e r t s  i t  i n t o  an e s t e r  and l i t h i u m  c h l o r i d e  (eq  8) .  
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L i C l S  + EtOAc 

The 1  i t h i u n i  c h l o r i d e  p r e c i p i t a t e s  n i c e l y  and i s  e a s i l y  removed. 

I f  a c e t y l  c h l o r i d e  i s  used as t h e  s u b s t r a t e ,  t h e  r e s u l t a n t  

e s t e r ,  e t h y l  a c e t a t e ,  i s  e a s i l y  removed w i t h  t h e  s o l v e n t s .  

A c e t y l  c h l o r i d e  p r o v e d  t o  be an e x c e l l e n t  s u b s t r a t e  ( T a b l e  1 1 ) .  

R e c e n t l y ,  i t  was r e p o r t e d  t h a t  l i t h i u m  t e t r a a l k y l b o r a t e s  

r e a c t  s m o o t h l y  w i t h  a c i d  c h l o r i d e s  t o  g i v e  m i x e d  k e t o n e s  ( e q  

9 ) . 4 ~ ' ~  

L iBR4 + R ' C O X  -> RCOR' t L i X +  + BR3 (9) 

I n  o u r  s t u d i e s  w i t h  9-BBN d e r i v a t i v e s ,  we o b s e r v e d  no  e v i d e n c e  

f o r  t h i s  t y p e  of  r e a c t i o n .  

On t h e  o t h e r  hand, t h e  c h l o r o t r i a l k y l s i l a n e s  were o b s e r v e d  

t o  r e a c t  w i t h  t h e  d i m e t h y l  9-BBN " a t e "  complex t o  r e g e n e r a t e  

B-methyl-9-BBN ( T a b l e  I ) .  C l o s e r  e x a m i n a t i o n  o f  t h e  r e a c t i o n  

m i x t u r e s  r e v e a l e d  t h a t  t h e  s i l a n e s  had been m e t h y l a t e d  ( e q  1 0 ) .  



TABLE 11,  P r e p a r a t i o n  and P r o p e r t i e s  o f  cis-Bicyclo[3.3.0loct-1-yldialkylboranes (6) 12 

P h y s i c a l  d a t a  

" B  NMR 
A 1 k ~ l  groups % x p u r i t y e  R ~ B ~  "A te '  compl ex,@ 

Ra R ' ~  (GLC) ( I s o l a t e d )  (GLC) bp, O C  (niniHg) 6 6 

C a ~ - ~ - 9 - ~ ~ ~ .  b ~ ' ~ i .  R e a c t i o n  s c a l e  4  mmol. d ~ e a c t i o n  s c a l e s  o f  15 -35  mmol. e13C 

NMR showed o n l y  one s e t  o f  peaks  f o r  t h e  b i c y c l o o c t y l  r i n g .  f l ' ~  NMR s h i f t  f rom BF3:OEt2 

i n  ppm f o r  2. g l l ~  NHR s h i f t  f rom BF3:OEt2 f o r  t h e  ' a t e "  comp lex  p r e c u r s o r  (2 ) .  h ~ h e  

i m a j o r  i m p u r i t y  a p p e a r s  t o  be t h e  8-R-9-BBN. The o r g a n o b o r a n e  decomposes i n  t h e  GLC. 

E t h y l  M e t h y l  9 9  97 9  7  28-32 (0 .005)  -82.7 +20.4 

I s o -  M e t h y l  9  2  97 9qh 39-43 (0 .005)  -81.3 +18.2 

p r o p y l  

n - B u t y l  M e t h y l  93 - - - -82.7 +20.8 

M e t h y l  n - B u t y l  - 9 5  9  9  53-56 (0 .005)  -82.3 +20.8 

t e r t -  M e t h y l  91 9  7 8fjh 46-49 (0 .005)  -80.3 +16.7 

B u t y l  
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i). SYNTHETIC UTILITY OF cis-BICYCLO[3,3,01- 

OCT-1-YLD IALKY DORAHES 

The a c e t y l  c h l o r i d e  r o u t e  provided a  very simple r o u t e  

t o  t h e  d i a l k y l  b u t t e r f l y b o r a n e s .  We then undertook t o  exp lo re  

t h e  s y n t h e t i c  u t i l i t y  of t h e s e  m a t e r i a l s .  These organoboranes 

proved t o  be va luab le  i n t e r m e d i a t e s  f o r  t h e  p r e p a r a t i o n  of a  

v a r i e t y  of 1 - s u b s t i t u t e d  cis-bicyclo[3.3.0]octanes which have 

h e r e t o f o r e  been d i f f i c u l t  t o  s y n t h e s i z e .  Employing s e v e r a l  

common r e a c t i o n  sequences from t h e  organoborane a r s e n a l ,  we 

prepared and i s o l a t e d  i n  high y i e l d  s e v e r a l  r e p r e s e n t a t i v e  

1 - s u b s t i t u t e d  cis-bicyclo[3.3.0]octanes (Scheme 11) .  14 

In t h e s e  p r e p a r a t i o n s ,  we observed only  evidence  f o r  t h e  

c is -b icyclo[3 .3 .0]octyl  moiety. I f  t r a n s  isomers were formed, 

they were p r e s e n t  in  c o n c e n t r a t i o n s  below t h e  d e t e c t a b i l i t y  

of 13c  N M R .  Although t h i s  may a t  f i r s t  seem s u r p r i s i n g  i n  

view of the  k n o w n  f r e e - r a d i c a l  n a t u r e  of some of t h e  s y n t h e s e s ,  

t h e  c i s -b icyc lo [3 .3 .0 loc ty l  moiety i s  f a r  l e s s  s t r a i n e d  than 

t h e  t r a n s  isomer. Consequently,  i t  i s  probable t h a t  t h e  b i -  

c y c l i c  r a d i c a l  formed i s  cons t ra ined  t o  a  pyramidal conforma- 

t i o n .  The complete r e t e n t i o n  of s t e reochemis t ry  i s  t h e r e f o r e  

not  unreasonable.  

Thus f a r  we have examined t h e  u t i l i t y  of t h e  b u t t e r f l y -  

boranes a s  p recurso r s  f o r  t h e  p r e p a r a t i o n  of cis-bicyclo[3.3.0]-  

oc t -1-yl  d e r i v a t i v e s .  However, i t  may be p o s s i b l e  t o  use t h e  

b u t t e r f l y b o r a n e  s y n t h e s i s  a s  a  handle in  o t h e r  s y n t h e t i c  schemes. 

For i n s t a n c e ,  C .  A .  Brown has sugges ted  t h a t  s i n c e  t h e  b u t t e r f l y  

moiety i s  a t t a c h e d  t o  boron a t  t h e  t e r t i a r y  p o s i t i o n ,  i t  shculd  



SCHEME 11. P r e p a r a t i o n  of cis-Bicyclo[3.3.0]oct-1-yl D e r i v a t i v e s  

from Dialkyl  B u t t e r f l y b o r a n e s  



not t r a n s f e r  r e a d i l y  from boron t o  carbon i n  e i t h e r  t h e  ca rb -  

o n y l a t i o n  in  t h e  presence  of water  o r  t h e  cyan ida t ion  reac-  

t i o n s .  l 5  I f  t h i s  t u r n s  ou t  t o  be t r u e ,  we should be a b l e  t o  

prepare  mixed ketones according t o  Scheme 111. Such a  sequence 

would e x p l o i t  excep t iona l  r eg io -  and s t e r e o s e l e c t i v i t y  of 

hyurobora t ions  with 9-BBN i n  t h e  syn theses  of mixed ketones.  

@.,6 -, MeLi @Te OH. -> 6 

SCHEME 111, Synthes i s  of Mixed Ketones v i a  Bu t t e r f lyboranes  

E, SELECTIVE REDUCTIONS WITH LITHIUM 
DIALKYL-9-BORABICYCLOC3,3.11NONAl\IE "ATE" COMPLEXES 

Unti l  now, we have been p r i m a r i l y  concerned with t h e  f a t e  

of t h e  organoboron moiety i n  t h e  r e a c t i o n s  of t h e  l i t h i u m  d i -  

alkyl-9-BBN " a t e "  complexes. We now t u r n  a t t e n t i o n  t o  t h e  use 

of t h e s e  m a t e r i a l s  a s  reducing agen t s .  Yamamoto has made 

s e v e r a l  d e t a i l e d  s t u d i e s  i n  t h i s  a r e a .  



Wit t ig  o r i g i n a l l y  proposed t h e  hydr ide  c h a r a c t e r  of t h e  

t e t r a a l  kyl bora tes .  l 6  However, few r e p o r t s  of t h e i r  reducing 

p r o p e r t i e s  have been publ ished.  JSger and Hesse r epor ted  t h a t  

l i t h i u m  t e t r a - n - b u t y l b o r a t e  reduces  benzyl c h l o r i d e  t o  t o l u e n e  

i n  84% y i e l d  a f t e r  hea t ing  i n  an a u t o c l a v e  a t  1 2 0 ~ . ~  Yamamnto 

r e c e n t l y  r e i n v e s t i g a t e d  t h i s  r e a c t i o n  a t  room temperature  

(Table  111). l 1  His r e s u l t s  show t h e  9-BBN d e r i v a t i v e  t o  be 

TABLE 111, Reduction of Benzyl Ch lo r ide  with Lithium T e t r a -  
11 

a1 kyl b o r a t e s  

Te t raa l  k y l b o r a t e  '/, Toluene % Benzylchlor ide  

v a s t l y  s u p e r i o r  t o  t h e  o r d i n a r y  t e t r a a l k y l b o r a t e s  i n  reducing 

a b i l i t y .  Accordingly,  he examined t h e  r educ t ion  of a  number 

of o r g a n i c  h a l i d e s  with l i t h i u m  di-n-butyl-9-BBN " a t e "  complex, 

7 ,  (Table  I V ) .  T e r t i a r y ,  b e n z y l i c ,  and a l l y l i c  h a l i d e s  a r e  

smoothly reduced whi le  pr imary,  secondary ,  and a r y l  h a l i d e s  

a r e  n e a r l y  i n e r t .  This  r e a c t i o n  o r d e r  n i c e l y  complements t h a t  

of t h e  borohydr ide- type  r e a g e n t s  where t h e  primary and secondary 

h a l i d e s  r e a c t  r e a d i l y  whi l e  t h e  t e r t i a r y  s u b s t r a t e s  a r e  i n e r t . 6  

This c h e m o s e l e c t i v i t y  a l lows  t h e  r e d u c t i o n  of t e r t i a r y ,  benzy l i c ,  

o r  a l l y l i c  h a l i d e s  i n  t h e  presence  of primary and secondary 

h a l i d e s .  For example, 1,2-dibromo-l-phenylethane i s  reduced 
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TABLE IV ,  Reduction of Organic Halides with Lithium Di-n- 

butyl-9-BBN l 1  

Substrate Product Yield 

1-Bromoadamantane Adamantane 

1-Bromooctane Octane 

2-Bromooctane Octane tr 

Chlorobenzene Benzene 0 

Benzyl chloride Toluene 100 

1-Bromo-1-phenylethane Ethylbenzene 81 

Cinnamyl bromide B-Methylstyrene 9 0 

1.2-Dibromo-1-phenylethane 1-Bromo-2-phenylethane 6 0 

almost exclusively at the benzylic position (eq 11) 

Carbonyl derivatives are also readily reduced by these 

9-BBN "ate" complexes." These new reagents exhibit unusual 

stereo-, chemo-, and regioselectivity in such reductions. For 

example, aldehydes may be reduced in the presence of ketones 

(eq 12). Cyclohexenone is reduced to cyclohexanone with 

6 13 
YH n-C H CHO + n-C5HllCOCH3 1-' n-C6H13CH20H + n-C5Hl1CHCH3 

3 h,20° 
1.1 e 0 H 95% 5% (12) 

57% 



stoichiometric amounts of the reagent; however if excess of 

the "ate" complex is employed, cyclohexanol is formed. Nethyl 

benzoate and benzonitrile are not reduced under these conditions. 

Consequently, these complexes appear to allow the chemoselect- 

ive reduction of aldehydes in the presence of ketones, esters, 

and nitriles. Even regio-isomers of ketones can be discriminated 

The stereochemistry of carbonyl reductions can be control- 

led by the addition of modifiers to the reaction mixture. Thus. 

4-methylcyclohexanone gives cis-4-methylcyclohexanol in 84% 

isomeric purity when the reaction is carried out in the presence 

of methanol. If lithium methoxide is added, trans-4-methyl- 

cyclohexanol is produced in 90% isomeric purity (eq 14). 

-> 
MeOH 

LiOMe 

6 84% cis 
CH3 

6 90% trans 
- 
C H ~  
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Apparently the lithium methoxide catalyzes the isomerization 

of the initially formed cis alcohol to the more thermodynamic- 

ally stable trans isomer. Methanol seems to suppress the 

isomerization which appears to be a Meerwein-Pondorf-Verley 

type of intermolecular hydride exchange proceeding through the 

alkoxy "ate" complex 8 (eq 15). Methanol may assist in the 

decomposition of 8 minimizing the transfer of hydride. 

The lithium dial kyl-9-BBN "ate' complexes exhibit a 

"reversed" regioselectivity in the reduction of epoxides. 
18 

For example, aromatic epoxides are reduced from the most 

hindered position while aliphatic epoxides are attacked at the 

least hindered site (eqs 1 6 ,  17). 



These r e s u l t s  c o n t r a s t  w i t h  t h e  r e d u c t i o n s  o f  e p o x i d e s  u s i n g  

comp lex  m e t a l  h y d r i d e s  s u c h  as  L i A l H 4  o r  L i E t 3 B H ,  w h i c h  snow 

M a r k o v n i k o v  r i n g  o p e n i n g  ( a t t a c k  f r o m  r h e  l e a s t  h i n d e r e d  s i d e ) ,  

o r  t h e  m i x e d  h y d r i d e s ,  s u c h  as  LiA1H4:A1Cl3 o r  BH3:BF3, w h i c h  

show a n t i - i l a r k o v n i k o v  r i n g  o p e n i n g  ( a t t a c k  f rom t h e  m o s t  

h i n d e r e d  s i d e ) .  19 -21  

The l i t h i u m  d i a l k y l  " a t e "  comp lexes  d e r i v e d  f r o m  t h e  

a d d i t i o n  o f  o r g a n o l i t h i u m  r e a g e n t s  t o  B - a l k y l - 9 - B B N ' s  a r e  a  

m o s t  u n u s u a l  t y p e  o f  t e t r a a l k y l b o r a t e .  T h e i r  f a c i l e  r e a c t i o n  

w i t h  r e d u c i b l e  o r g a n i c  s u b s t r a t e s  was u n e x p e c t e d .  However. 

t h e  i n i t i a l  i d e n t i f i c a t i o n  o f  a  m y s t e r i o u s  peak i n  t h e  GLC 

t r a c e  o f  a n  o x i d a t i o n  m i x t u r e  has  l e d  t o  t h e  d e v e l o p m e n t  o f  a  

new b r a n c h  i n  t h e  t r e e  o f  o r g a n o b o r a n e  c h e m i s t r y ,  p r o v i d i n g  a  

g e n e r a l  s y n t h e s i s  o f  cis-bicyclo[3.3.0]oct-1-yldialkylboranes 

and  t h e i r  d e r i v a t i v e s ,  as  w e l l  as  t h e  d i s c o v e r y  o f  a  n o v e l  

c l a s s  o f  r e d u c i n g  a g e n t s  p o s s e s s i n g  h i g h l y  d e s i r a b l e  c h a r a c t e r -  

i s t i c s .  
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