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HYDROBOMTION OF HETEROCYCLIC OLEFINS - A VERSATILE ROUTE FOR THE SYNTHESIS 
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47907, U.S.A. 

Abstract - The hydroboration of representative types of heterocyclic 
olefins with various hydroborating agents, viz., borane-methyl sulfide, 

9-borabicyclo[3,3,1]nonane, dicyclohexylborane and disiamylborane, is 

described. The synthesis of heterocyclic derivatives of high enantiomeric 

purity via asymmetric hydroboration of heterocyclic olefins with chiral 

hydroborating agents is also reviewed. The preparation and isolation of 

heterocyclic boronates of essentially 100% ee is also discussed, as well as 

the probable range of utilization of these derivatives for the asymmetric 

synthesis of optically pure enantiomeric heterocyclic derivatives. 
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INTRODUCTION 

Since t h e  d iscovery  of t h e  e t h e r - c a t a l y z e d  a d d i t i o n  of d ibo rane  t o  carbon-carbon m u l t i p l e  bonds, 1  

hydrobora t ion  has become a  h i g h l y  powerful and v e r s a t i l e  r e a c t i o n  f o r  o r g a n i c  The 

organoboranes thus  prepared by hydrobora t ion  a r e  among t h e  most v e r s a t i l e  o rganometa l l i c  in termed- 

i a t e s ,  making p o s s i b l e  a  wide v a r i e t y  of carbon-carbon-forming r e a c t i o n s  t o  a f f o r d  a lmost  a l l  

types o f  o rgan ic  corn pound^.^'^ Numerous r e p o r t s  o f  t h e  hydrobora t ion  o f  G - o l e f i n s ,  trans- 
o l e f i n s ,  t r i s u b s t i t u t e d  o l e f i n s ,  d ienes,  a c e t y l e n i c  compounds and f u n c t i o n a l i r e d  unsa tu ra ted  sub- 

s t r a t e s  have appeared. To achieve t h e  d e s i r e d  hydrobora t ion  i n  an a p p r o p r i a t e  and convenient  man- 

ner ,  a wide v a r i e t y  of h y d r o b o r a t i n g  agents, such as borane-methyl s u l f i d e  (EMS), 9 -borab icyc lo -  

[3.3. l ]nonane (9-BEN), d i cyc lohexy lborane  ( C h x p H ) ,  d i s iamy lborane  (Sia2BH), thexy lborane  

(ThuBHZ), catecholborane,  and haloboranes, were developed and t h e i r  hydrobora t ion  p r o p e r t i e s  

s t u d i e d  sys temat i ca l l y . '  These hydrobora t ing  c h a r a c t e r i s t i c s  o f t e n  proved t o  be complementary, 

p r o v i d i n g  v a l u a b l e  procedures t o  t h e  s y n t h e t i c  o r g a n i c  chemist  t o  ach ieve  t h e  s e l e c t i v e  hydrobora-  

t i o n  o f  m u l t i - f u n c t i o n a l  compounds. 

Recent ly  i n t e n s e  i n t e r e s t  has been aroused i n  t h e  development o f  e f f i c i e n t  methods f o r  asymmetric 

synthesis. '  Of these  procedures, asymmetric hydrobora t ion  i s  an e s p e c i a l l y  p romis ing  process f o r  

t h e  syn thes is  o f  c h i r a l  Var ious c h i r a l  h y d r o b o r a t i n g  agents, u r i n g  n a t u r a l l y  abundant, 

l ow-cos t  terpenes,  o f  v a r i o u s  s t e r i c  requi rements,  have been developed t o  hydroborate d i f f e r e n t  

c lasses of p r o c h i r a l  o l e f i n s .  

Di isopinocampheylborane (Ipc2BH, 1) hydroborates e - a l k e n e s ,  r e s u l t i n g  i n  asymmetric i n d u c t i o n  i n  

t h e  range o f  6040% ee.1° S i m i l a r l y ,  monoisopinocampheylborane ( IpcBH?,  2 )  hydroborates trans- 
alkenes and t r i s u b s t i t u t e d  a lkenes w i t h  o p t i c a l  i n d u c t i o n  rang ing  from 53% t o  98% ee. 11 

Both G- and t r i s u b s t i t u t e d  o l e f i n s  have been hydroborated w i t h  d i l o n g i f o l y l b o r a n e  (Lgf2BH, 

3 )  and I imony lborane  (LimBH, l l ) ,  r e a l i z i n g  moderate t o  good asymmetric i n d u c t i o n .  12,13 
! 
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T h i s  a r t i c l e  p r e s e n t s  a  b r i e f  r e v i e w  of r e c e n t  developments i n  t h e  h y d r o b o r a t i o n  of h e t e r o c y c l i c  

o l e f i n s  u s i n g  b o t h  a c h i r a l  and c h i r a l  h y d r o b o r a t i n g  agents.  

1. Hydrobora t ion  o f  V i n y l  H e t e r o c y c l i c  O l e f i n s  

1 .1  V i n y l  epoxides and v i n y l  a z i r i d i n e s  

The h y d r o b o r a t i o n  o f  v i n y l  epoxides and v i n y l  a z i r i d i n e s  w i t h  borane i n  t e t r a h y d r o f u r a n  (BH3.THF) 

y i e l d s  s t e r e o c h e m i c a l l y  pu re  a l l y l i c  a l c o h o l s  and a ~ n i n e s . ' ~ ' ~ ~  It i s  assumed t h a t  t h e  r e a c t i o n  

proceeds v i a  a  c y c l i c  t r a n s i t i o n  s t a t e  i n v o l v i n g  comp lexa t ion  of borane t o  t h e  co r respond ing  

h e t e r o  atoms, f o l l o w e d  by an i n t r a m o l e c u l a r  con juga te  r e d u c t i o n  (Scheme 1 ) .  

Scheme 1  

OH- , 

1.2 V i n y l  furan,  v i n y l  th iophene  and v i n y l  p y r i d i n e s  

We have s t u d i e d  t h e  h y d r o b o r a t i o n  o f  r e p r e s e n t a t i v e  v i n y l  h e t e r o c y c l e s  w i t h  BIIS, 9-BEN, Chx2BH and 

S i a p  t o  e s t a b l i s h  d i r e c t i v e  e f f e c t s  i n  t h e  hydrobora t ion .16  The d i r e c t i v e  e f f e c t s  observed f o r  

2 - v i n y l f u r a n  and 2 - v i n y l t h i o p h e n e  a r e  s i m i l a r  t o  t h o s e  r e a l i z e d  i n  s t y r e n e  (Char t  I ) .  



C ~ h e  va lues  q i v e n  i n d i c a t e  r e l a t i v e  d i s t r i b u t i o n  of boron i n  h y d r o b o r a t i o n .  

The h y d r o b o r a t i o n  o f  v i n y l p y r i d i n e s  r e q u i r e d  an excess of h y d r o b o r a t i n g  agent  t o  compensate f o r  t h e  

mo la r  e q u i v a l e n t  of borane c o o r d i n a t i n g  w i t h  t h e  base. llhen t h e  v i n y l  qroup i s  o r t h o  o r  para t o  

t h e  n i t r o g e n ,  a-organoboranes are t h e  m a j o r  p roduc ts  i n  t h e  h y d r o b o r a t i o n .  However when t h e  v i n y l  

group i s  meta t o  t h e  p y r i d i n e - n i t r o g e n ,  6-organoboranes a r e  formed p r e f e r e n t i a l l y  (Char t  11). 

Char t  11% / HB\  

Q -. Q H  : B< 0:" 0 \ 

L ~ h e  va lues  g i v e n  i n d i c a t e  r e l a t i v e  d i s t r i b u t i o n  of boron i n  t h e  h y d r o b o r a t i o n  

A l t e r n a t i v e l y ,  these  v i n y l p y r i d i n e s  c o u l d  be hydrobora ted  by p r o t e c t i n g  t h e  n i t r o g e n  atom o f  t h e  

p y r i d i n e  r i n g  by p r i o r  complex ing t h e  n i t r o g e n  atom w i t h  boron t r i f l u o r i d e .  Hydrobora t ion  o f  t h e  

v i n y l p y r i d i n e - B F 3  complexes r e s u l t s  i n  modest i nc reases  i n  t h e  fo rmat ion  of a-organoboranes as 

compared t o  6-organoboranes i n  some of t h e  cases (Char t  111). P o l y m e r i z a t i o n  o f  t h e  4 - v i n y l p y r i d -  

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

( C h a r t s  1 1  and 1 1 1 ) .  
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Char t  111% 

I  BF3 

5 ~ h e  va lues  g i v e n  i n d i c a t e  r e l a t i v e  d i s t r i b u t i o n  of boron i n  t h e  h y d r o b o r a t i o n  

2. Hydrobora t ion  of H e t e r o c y c l i c  D i s u b s t i t u t e d  O l e f ~ n s  

2 . 1  He te rocyc les  Con ta in ing  Double-Bond Outs ide  t h e  R i n q  

2.1.a H e t e r o c y c l i c  c i s - I - P r o p e n y l  O le f ins  

c is-2-(1-Propeny1)th iophene and e - 3 - ( I - P r o p e n y l ) p y r i d i n e ,  hydrobora ted  w i t h  d i i sop inocamphey l -  - 
borane ( d e r i v e d  f r o m  (+ ) -a -p inene)  a t  -2 i°C,  fo l l owed  by o x i d a t i o n ,  fu rn i shed  ( 2 - t h i e n y l ) p r o p a n - l -  

o l  and (3 -py r idy l )p ropan-1 -01  o f  59% and 4 0 %  r e s p e c t i v e l y  i n  good y i e l d s  (eqs T-and 2). 17 

2.1.b H e t e r o c y c l i c  t rans-1-Propenyl  O l e f i n ?  

A s y s t e m a t i c  s t u d y  of t h e  h y d r o b o r a t i o n  of trans-(1-Propenyl)heterocycles w i t h  BMS, 9-BEN, Chx BH 
2 

and Sia2BH shows t h e  fo rmat ion  of a-organoboranes as ma jo r  p roduc ts .16  A Comparison o f  t h e  behav- 

i o r  of trans-(1-pr0penyl)heterocycles w i t h  t h a t  of trans-(1-propeny1)benzene i n  t h e  hydrobora t ion  

r e v e a l s  t h a t  t h e  e f f e c t  of h e t e r o c y c l e s  i s  pronounced i n  d i r e c t i n g  t h e  boron atom more s t r o n g l y  t o  

t h e  a-carbon atom o f  t h e  s ide -cha in  (Char t  I V ) .  



6 ~ h e  va lues  g i v e n  i n d i c a t e  r e l a t i v e  d i s t r i b u t i o n  of boron i n  t h e  hydrobora t ion .  

trans-3-(I-propenyl)pyridine, on h y d r o b o r a t i o n  w i t h  monoisopinocarnpheylborane ( d e r i v e d  f rom ( + I -  

o-p inene) ,  f o l l o w e d  by o x i d a t i o n ,  y i e l d s  trans-(3-pyridyl)propan-l-ol i n  4 5 %  e n a n t i o m e r i c  p u r i t y  

(eq 3 ) . 1 7  

45% ee 

2 .2  He te rocyc les  Con ta in ing  t h e  Double-Band I n s i d e  t h e  R i n g  

The h y d r o b o r a t i o n  o f  r e p r e s e n t a t i v e  h e t e r o c y c l e s  bear:ng e n d o c y c l i c  double-bonds w i t h  EMS, 9-BEN, 

Chx2BH and S i a p H  was i n v e s t i g a t e d  s y s t e m a t i c a l l y  and t h e  optimum c o n d i t i o n s  f o r  c l e a n ,  q u a n t i t a t -  

i v e  h y d r o b o r a t i o n  e s t a b l i s h e d .  18'19 i n  t h e  case of those  h e t e r o c y c l e s  c o n t a i n i n g  t h e  double-bond 

a d j a c e n t  t o  t h e  heteroatom, t h e  h y d r o b o r a t i o n  i s  r e g i o s e l e c t i v e ,  f u r n i s h i n g  0-organoboranes e x c l u -  

s i v e l y  (eq  4 ) .  Thus, h y d r o b o r a t i o n - o x i d a t i o n  o f  these  h e t e r o c y c l i c  o l e f i n s  c o n s t i t u t e s  a  v a l u a b l e  

means f o r  t h e  s y n t h e s i s  o f  such h e t e r o c y c l i c  d e r i v a t i v e s .  

Excess h y d r i d e  and p ro longed  r e a c t i o n  t imes  can cause c leavage of t h e  i n t e r m e d i a t e  a l k y l b o r a n e  t o  

y i e l d  f i r s t  u n s a t u r a t e d  and then  t h e  f u r t h e r  hydrobora ted  p roduc ts .  1,4-Epoxy-1 ,4-d ihydronaphtha-  
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l ene ,  an unusual h e t e r o c y c l e ,  was hydrobora ted  w i t h  EMS, 9-BEN, Chx2BH and S ~ ~ ~ B H . "  It was d i s -  

covered  t h a t  t h e  organoboranes d e r i v e d  from BMS and 9-BEN a r e  ve ry  u n s t a b l e ,  y i e l d i n g  o n  o x i d a t i o n  

1-hydroxy-l,Z-dihydronaphthalene i n  q u a n t i t a t i v e  y i e l d .  On t h e  o t h e r  hand, organoboranes d e r i v e d  

from Chx2EH and Sia2BH a r e  s t a b l e ,  y i e l d i n g  on o x i d a t i o n  t h e  new compound, 7 - o x a - z - 2 - b e n z o n o r -  

b o r n e o l ,  i n  q u a n t i t a t i v e  y i e l d  (Scheme 2 ) .  Thus, t h i s  example demonstrates t h e  complementary 

Scheme 2 

OH 

98% y i e l d  

98.100% y i e l d  

n a t u r e  o f  these  h y d r o b o r a t i n g  agents.  

Hydrobora t ion  o f  n i t r o g e n  h e t e r o c y c l e s  w i t h  BllS c o u l d  n o t  be achieved w i t h  t h e  u n p r o t e c t e d  n i t r o -  

gen atom. Such hydrobora t ions  c o u l d  be accompl ished by p r o t e c t i n g  t h e  n i t r o g e n  atom w i t h  t h e  
17,21 

a l k y l .  t h e  benzyl  and t h e  carbobenzyloxy group.  The in:ermediate t r i a l k y l b o r a n e s  were r e a d i l y  

conver ted  t o  t h e i r  co r respond ing  a l c o h o l s  (eq 5 ) .  

Wi tkop and coworkersz2 had s t u d i e d  t h e  h y d r o b o r a t i o n  o f  y-carbebenzyloxy-3,4-dihydro-DL-proline 

methy l  e s t e r  w i t h  d ibo rane  d u r i n g  t h e i r  s y n t h e s i s  of e- and - -3-hydroxypro l ines (Scheme 3 ) .  



Scheme 3  

Cbr = -C02CH2C6H5 

They had a l s o  hydroborated t h e  corresponding 6-membered n i t r o q e n  h e t e r o c y c l e  (eq 6 ) .  23 

Cbz = -C02CH2C6H5 (7 :3  r a t i o )  

S i m i l a r l y ,  enecarbamates undergo hydrobora t ion  w i t h  d iborane .  O x i d a t i o n  f u r n i s h e s  t h e  correspond- 

i n g  a l c o h o l  s  i n  moderate y i e l d s . 2 4  Var ious n i t r o g e n  he te rocyc les  have been hydroborated w i t h  d i -  

borane o r  t r ime thy lamine-d iborane  complex. O x i d a t i o n  of t h e  i n t e r m e d i a t e  g i v e s  t h e  corresponding 

a l c o h o l s  i n  good y i e l d s .  2 5 v 2 6  D i r e c t i v e  e f fec ts  i n  t h e  h y d r o b o r a t i o n  o f  t e t r a h y d r o p y r i d i n e s  and 

t r o p i d i n e s  have a l s o  been s tud ied .  
27 

The h y d r o b o r a t i o n - o x i d a t i o n  of chromenes, coumarins and f l a v e n e s  have a l s o  been s t u d i e d ,  y i e l d i n g  
28-31 

t h e  corresponding a l c o h o l s  i n  good y i e l d s .  

The r e l a t i v e  r e a c t i v i t i e s  of these  r e p r e s e n t a t i v e  h e t e r o c y c l i c  o l e f i n s  w i t h  3-BBN and Sia2BH have 

been de te rmined .3231g  Five-membered oxygen he te rocyc les ,  b e a r i n g  t h e  double-bond ad jacen t  t o  oxy- 

gen, can be s e l e c t i v e l y  hydroborated i n  preference t o  t h e  corresponding carbocyc le ,  a p r o p e r t y  

which can be o f  cons iderab le  va lue  i n  s y n t h e t i c  o r g a n i c  chemis t ry .  
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However, r e l a t e d  d e r i v a t i v e s  c o n t a i n i n g  l a r g e r  r i n g s  do n o t  show such r a t e  enhancement r e l a t i v e  t o  

t h e  co r respond ing  c a r b o c y c l e .  S i m i l a r l y ,  s u l f u r  h e t e r o c y c l e s  c o n t a i n i n g  t h e  double-bond ad jacen t  

t o  t h e  s u l f u r  atom do n o t  show h i g h e r  r e a c t i v i t i e s  compared t o  t h e  analogous ca rbocyc les .  

We have r e c e n t l y  r e p o r t e d  t h e  asymmetric h y d r o b o r a t i o n  of r e p r e s e n t a t i v e  five-membered d i s u b s t i t u t .  

ed h e t e r o c y c l e s  b e a r i n g  an e n d o c y c l i c  doub le  bond.33 Thus, 2 ,3-d ihydrofuran was hydrobora ted  w i t h  

v a r i o u s  c h i r a l  d i a l k y l b o r a n e s .  Of t h e  d i a l k y l b o r a n e s  s t u d i e d ,  d i isopinocampheylborane proved t o  

be t h e  bes t ,  g i v i n g  q u a n t i t a t i v e  asymmetric i n d u c t i o n  (Tab le  I ) .  17 

Tab le  I 

Hydrobora t ion  o f  2 ,3-Dihydrofuran Using 

Var ious  C h i r a l  ~ i a l  ky lboranesa 

C h i r a l  23 . Reac t ion  [ a ]  D i n  Degrees Abso lu te  

D i a l k y l b o r a n e  Temp., "C ( c_  2.43, MeOH) % ee C o n f i g u r a t i o n  

%he o p t i c a l  p u r i t i e s  of t h e  reagen ts  a r e  of 99% o r  , 99% and a r e  d e r i v e d  

from (+)-enant iomer o f  t h e  terpene.  

One of t h e  i n t e r e s t i n g  f e a t u r e s  o f  t h e  asymmetric h y d r o b o r a t i o n  of these  five-membered h e t e r o -  

c y c l e s  i s  t h a t  mere ly  by changing t h e  p o s i t i o n  o f  t h e  doub le  bond, h y d r o b o r a t i o n  w i t h  I p c  BH 
2 

d e r i v e d  from t h e  same c h i r a l  a u x i l i a r y  l eads  t o  p r o d u c t  w i t h  t h e  o p p o s i t e  e n a n t i o s e l e c t i v i t y .  

Thus, 2 ,3-d ihydrofuran and 2.5-dihydrofuran, on h y d r o b o r a t i o n  w i t h  ( - ) - Ipc2BH, fo l l owed  by ox ida -  

t i o n ,  y i e l d  8- and 2 - 3 - h y d r o x y t e t r a f u r a n  r e s p e c t i v e l y  (eqs 7 and 8 ) .  

S i m i l a r l y ,  o t h e r  five-membered h e t e r o c y c l i c  o l e f i n s  on h y d r o b o r a t i o n  w i t h  ( - ) - IpczBH, f o l l o w e d  by 

o x i d a t i o n ,  y i e l d  t h e  co r respond ing  a l c o h o l s  i n  e s s e n t i a l l y  100% ee. They a r e  l i s t e d  i n  Tab le  11. 



Tab le  I 1  

Hydrobora t ion  of Five-Membered He te rocyc les  

Wi th  ( - ) - I ~ C ~ B H ~ ' ~  

p ~ - ~ ~ ~ ~ ~  ~~~ ~ 

Abso lu te  

O l e f i n  A lcoho l  [a ]  D ~n Degrees % ee C o n f i g u r a t i o n  
2 3  . 

2 3  b  
C ( - ) - l p c 2 ~ ~  o f  99% ee prepared f r o m  ( t ) - a - p i n e n e  o f  [a] D  +47.2" ( n e a t ) ,  '31.4% ee. -The reac-  

t i o n s  were c a r r i e d  o u t  i n  THF a t  -25°C. 

Brown, Jadhav and ~ e s a i ~ ~  have e s t a b l i s h e d  t h e  c l e a n  e l i m i n a t i o n  o f  a-p inene from Ipc2BR* and 

IpcBHR* by t rea tmen t  w i t h  aceta ldehyde,  g i v i n g  R*B(OEt)2wi thout  l o s s  of o p t i c a l  a c t i v i t y  (eq  9 ) .  
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A s i m i l a r  procedure g i v e s  five-membered h e t e r o c y c l i c  boronates of v e r y  h i g h  e n a n t i o m e r i c  p u r i t y  

(eq  The boronates thus  formed can be i s o l a t e d  e i t h e r  by column chromatography o r  by pump- 

i n g  o f f  t h e  a-p inene l i b e r a t e d  i n  t h e  course  of t h e  r e a c t i o n .  

Six-membered h e t e r o c y c l i c  o l e f i n s  were s i m i l a r l y  hydroborated w i t h  ( - ) - Ipc2BH. I n  these  cases t h e  

asymmetric y i e l d s  r e a l i z e d  were somewhat l ower ,  i n  t h e  range of 66% t o  83% ( T a b l e  111) .  
33 

Tab le  I 1 1  

Hydrobora t ion  01- Six-Membered H e t e r o c y c l i c  

a,b O l e f i n s  W i t h  (-)-Ipc2BF- - 

Abso lu te  

A l c ~ h o l  
23 . 

O l e f i n  [a] D I n  Degrees % ee C o n f i g u r a t i o n  

+ 9.8 ( n e a t )  83 R - 

a 23 -(-1-lpc2BH of 99% ee prepared from ( t ) - a - p i n e n e  o f  [a] D 147.2' ( n e a t ) ,  

b  91.4% ee. -The r e a c t i o n s  were c a r r i e d  o u t  i n  THF a t  0°C. 

3 .  Hydrobora t ion  o f  H e t e r o c y c l i c  T r i s u b s t i t u t e d  O l e f i n s  

3.1 He te rocyc les  Con ta in ing  a Double Bond Outs ide  t h e  R i n q  

Recen t l y ,  r e p r e s e n t a t i v e  f u r a n y l - ,  t h i e n y l - ,  and p y r i d y l - 1 - c y c l o a l k e n e s  have been hydrobora ted  w i t h  



I n  t h e  2-furanyl-1-cycloalkenes, t h e  asymmetr ic  i n d u c t i o n  d u r i n g  h y d r o b o r a t i o n  w i t h  

IpcBHe inc reases  s l i g h t l y  from t h e  f ive-membered t o  t h e  six-membered r i n g .  The asymmetric i nduc -  

t i o n  i n  t h e  7-membered r i n g  i s ,  as expected,  s i m i l a r  t o  t h a t  observed f o r  t h e  5-membered r i n g .  

However. t h e  asymmetric i n d u c t i o n  dropped d r a m a t i c a l l y  i n  t h e  case o f  t h e  8-membered r i n g  ( T a b l e  

I V ) .  

Tab le  I V  

Hydrobora t ion  o f  H e t e r o c y c l i c  Cycloalkenes 

W i t h  I ~ C B H ~ ~ ' ~  

Abso lu te  

A lcoho l  
23 . 

O l e f i n  [a] D  ~n  Degrees % ee C o n f i g u r a t i o n  

a 23 -The reagen t  i s  o f  100% ee, prepared f r o m  (+)-a-p inene o f  [a] D r47.2" 

b ( n e a t ) ,  91.44: ee. -The r e a c t i o n s  were c a r r i e d  o u t  i n  d i e t h y l  e t h e r  a t  -25°C .  

I n  t h e  case of t h e  f u r a n y l -  and thienyl-1-cyclopentenes, no change was observed f o r  t h e  asymmetric 

i n d u c t i o n  ach ieved  by h y d r o b o r a t i o n  w i t h  IpcBH*, e i t h e r  by a l t e r i n g  t h e  p o s i t i o n  o f  t h e  a t tachment  

o f  t h e  cyc lopen tene  m o i e t y  t o  t h e  h e t e r o c y c l i c  system, o r  by i n t r o d u c i n q  s u b s t i t u e n t s  i n t o  t h e  

h e t e r o c y c l i c  r i n g .  However, a  change i n  t h e  s t r u c t u r e  from t h e  cyc lopen tene  d e r i v a t i v e s  t o  

f u r a n y l -  and th ieny l -1 -cyc lohexenes  decreases t h e  asymmetric i n d u c t i o n  modest ly  t o  a  range o f  76% 

t o  90%. 

Such d i a l k y l b o r a n e s ,  isopinocampheylheterocyclic borane, d e r i v e d  f r o m  IpcBHZ and t h e  h e t e r o c y c l i c  

o l e f i n  a r e  c r y s t a l l i n e  d i m e r i c  compounds. Products o f  l ower  o p t i c a l  p u r i t i e s  c o u l d  be upgraded t o  
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m a t e r i a l s  approaching 100% ee by s i m p l e  c r y s t a l l i z a t i o n  o f  t h e  i n t e r m e d i a t e .  Thus, c r y s t a l l i z a -  

t i o n  o f  (2-furanyl)cyclopentenylisopinocampheylborane, 86% ee, was upgraded to799% ee b y  a  s i n g l e  

c r y s t a l l i z a t i o n  f rom e t h e r .  The r e s u l t i n g Y B %  ee m a t e r i a l  was t h e n  conver ted  t o  t h e  more syn -  

t h e t i c a l l y  u s e f u l  boronate,799% ee, by t r e a t m e n t  w i t h  aceta ldehyde (Scheme 4) .  
35 

> 99% ee 

3 .2  S u b s t i t u t e d  H e t e r o c y c l e s  Con ta in ing  t h e  Double Bond I n s i d e  t h e  Ring 

The h y d r o b o r a t i o n  of a  s u b s t i t u t e d  five-membered oxyqen h e t e r o c y c l e  u s i n g  BMS, 9-BBN, C h x p H  and 

Sia2BH was examined. 18919 The r e a c t i o n s  proceed r e a d i l y ,  g i v i n g  t h e  co r respond ing  t r i a i k y l b o r a n e s  

O x i d a t i o n  then  f u r n i s h e d  trans-2-methyl-3-hydroxytetrahydrofuran i n  q u a n t i t a t i v e  y i e l d s  (eq 11) .  

S i m i l a r l y ,  t h e  h y d r o b o r a t i o n  of s u b s t i t u t e d  six-membered oxygen h e t e r o c y c l e s ,  such as 5-methoxy-2- 

methyl-3,4-dihydropyran, e t c . ,  proceed read i l y .28 '2g '3G The h y d r o b o r a t i o n  o f  v a r i o u s  t r i s u b s t i t -  

u t e d  tj-alkyl-1,2,3,6-tetrahydropyridines w i t h  d i b o r a n e  and t r ime thy lamine-borane  has a l s o  been 

s tud ied ,  f u r n i s h i n g  t h e  co r respond ing  a l c o h o l s  i n  good y i e l d s .  37,38 

Asymmetric h y d r o b o r a t i o n  of 2-methyl-4,5-dihydrofuran w i t h  v a r i o u s  d i a l k y l b o r a n e s ,  eg., I p c p H ,  

Lgf2BH and c ~ ~ ~ B H ~ ~  was a l s o  s t u d i e d . 1 7  S u r p r i s i n g l y ,  Ipc2BH and C a r p H  c o u l d  undergo s imp le  hydro- 

b o r a t i o n  w i t h o u t  e i t h e r  d i s p r o p o r t i o n a t i o n  o r  e l i m i n a t i o n  o f  t h e  r e a g e n t ,  f u r n i s h i n g  t h e  correspond- 

i n g  t r i a l k y l b o r a n e s .  These, upon o x i d a t i o n ,  g i v e  O p t i c a l l y  a c t i v e  a l c o h o l s  (Tab le  V ) .  i h i s  cons t i -  

t u t e s  the F i r s t  example o f  t h e  h y d r o b o r a t i o n  o f  a  t r i s u b s t i t u t e d  o l e i i n  w i t h  Ipc2Bli w i t h o u t  d i sp ro -  

p o r t i o n a t i o n  o f  t h e  reagen t .  P o s s i b l y  i t  i s  a t t r i b u t a b l e  t o  t h e  e x c e p t i o n a l  r e a c t i v i t y  o i  t h i s  

t r i s u b s t i t u t e d  h e t e r o c y c l i c  o l e f i n .  32 



Tab le  V  

Hydrobora t ion  of 2-Methyl-4,5-dihydrofuran 

With  Var ious C h i r a l  D i a l k y l b o r a n e s  

23 . Reac t ion  Temp. [a] D i n  Degrees Abso lu te  

D i a l  k y l b o r a n s  "C (5 2.5, MeOH) % ee C o n f i g u r a t i o n  

c ~ h e  o p t i c a l  p u r i t i e s  o f  t h e  reagen ts  a r e  o f  99% o r  > 99% ee, and a r e  

d e r i v e d  f rom (+)-enant iomer o f  t h e  terpene.  

The asymmetric h y d r o b o r a t i o n  of v a r i o u s  o t h e r  t r i s u b s t i t u t e d  h e t e r o c y c l e s  i s  under c u r r e n t  i n v e s t i -  

g a t i o n .  

CONCLUSION 

A  sys temat i c  s t u d y  o f  t h e  h y d r o b o r a t i o n  o f  v a r i o u s  h e t e r o c y c l i c  o l e f i n s  has uncovered s imp le  proced-  

ures f o r  t h e  p r e p a r a t i o n  o f  v a r i o u s  h e t e r o c y c l i c  boranes. These boranes undergo t h e  a l k a l i n e  

hydrogen p e r o x i d e  o x i d a t i o n  n o r m a l l y  y i e l d i n g  t h e  cn r respond ing  a l c o h o l s .  A l though  t h i s  has n o t  

y e t  been i n v e s t i g a t e d ,  i t  i s  p robab le  t h a t  t h e y  undergo o t h e r  known r e a c t i o n s  of organoboranes 

(Char t  v ) . ~ '  If so, i t  w i l l  be p o s s i b l e  t o  t rans fo rm them i n t o  e s s e n t i a l l y  any o r g a n i c  d e r i v a -  

t i v e  d e s i r e d .  

Char t  V  

RCH=CHCH=CHR' 
c i s , c i s  
c i s , t r a n s  
t r a n s , t r a n s ,  

e t c .  RX 
R / RNHR' 

RNH2 / 

I 
RCHO 
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T h i s  s t u d y  has a l s o  made i t  p o s s i b l e  t o  prepare,  f o r  t h e  f i r s t  t i m e ,  a  number o f  r e p r e s e n t a t i v e  

h e t e r o c y c l i c  boronates of e s s e n t i a l l y  100% ee. I n  one case we t e s t e d  such a  d e r i v a t i v e  t o  see 

whether  i t  w i l l  undo a  t y p i c a l  r e a c t i o n  o f  t h e  c a r b o c y c l i c  d e r i v a t i ~ e s . ~ '  Indeed, we observed 

t h a t  h ~ r n o l o g a t i o n ~ ~  proceeds n o r m a l l y  (eq  12 ) .  

Consequently, t h e r e  i s  good reason t o  b e l i e v e  t h a t  these  o p t i c a l l y  a c t i v e  boronates shou ld  a l s o  be 

t r a n s f o r m a b l e  i n t o  e n a n t i o m e r i c a l l y  pu re  d e r i v a t i v e s ,  as i n d i c a t e d  i n  Char t  VI 

Char t  VI 

Het*CH=CHCH=CHR' 

c i s , c i s  
c i s , t r a n s  
t rans , t rans ,  

e t c .  He t*X 

Het*CH2CH=CH2 - 
Het *CXR'  

S ince  b o t h  (+I- and ( - ) - = - p i n m e  a r e  r e a d i l y  a v a i l a b l e ,  t h e  process makes i t  p o s s i b l e  t o  syn thes ize  

b o t h  enant iomers.  I n  t h i s  process,  t h e  c h i r a l  a u x i l i a r y ,  a-p inene,  can a l s o  be r e a d i l y  recovered  
and r e c y c l e d .  
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