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ALKYNYLBORINATES IN O R G A N O B O R A N E  C O N V E R S I O N S  
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Abstruct:  10-Methoxy-9-oxa- 10-bora[3.3.2]decane (1), easily prepared f rom the oxidation of  B-MeO-9- 
BBN with trimethylamine N-oxide (TMANO), is readily converted to alkynylborinate complexes (2) with 
its reaction wi th  representative lithium acetylides. These complexes serve as efficient alkynylating 
agents in the Suzuki-Miyaura coupling and their demethoxylation furn ishes  stable alkynylboranes 
(3) which also provide a convenient new entry to cis-vinylboranes (5). 

A l k y n y l b o r a n e s  have  p roven  va lue  in c h e m i c a l  syn the s i s .  4 Recen t  a p p l i c a t i o n s  d e m o n s t r a t e  

the i r  u t i l i ty  in  enan t io se l ec t i ve  a d d i t i o n s  to a ldehydes ,  5 a s  ace ty l ene  e q u i v a l e n t s  in  Die l s -Alder  

cyc loadd i t ions ,  6 a s  effective p r e c u r s o r s  to cis-vinylboronates, 7 a n d  as  a l k y n y l a t i n g  a g e n t s  t h r o u g h  

the  S u z u k i - M i y a u r a  coupl ing ,  s These  i n t e r m e d i a t e s  a re  n o r m a l l y  p r e p a r e d  e i t he r  t h r o u g h  the  ac id-  

m e d i a t e d  (BFa-EE, HC1) d e m e t h o x y l a t i o n  of the i r  l i t h ium "ate" c o m p l e x e s  9 or, a l t e rna t ive ly ,  t h r o u g h  

the  t r a n s m e t a l l a t i o n  of a lkyny l t i n s  wi th  b r o m o b o r a n e s ,  s6 Both  m e t h o d s  c a n  be  u s e d  for the  

p r e p a r a t i o n  of d ia lky l  der iva t ives ,  b u t  diff icul t ies  a re  e n c o u n t e r e d  wi th  t he  i so l a t i on  of t he  

a l k y n y l b o r a n e  p r o d u c t  in p u r e  form d u e  to THF c o m p l e x a t i o n  in t he  f i rs t  case ,  a n d  wi th  t he  

s e p a r a t i o n  of the  o r g a n o t i n  b y - p r o d u c t  in the  second .  Unl ike  t he i r  d ia lky l  c o u n t e r p a r t s ,  

a l k y n y l b o r o n a t e s  [i.e. RC=-CB(OR') 2 ), wi th  lowered  b o r o n  Lewis ac id i t ies ,  a r e  i so lab le  free of  

c o o r d i n a t e d  so lvents .  9b It o c c u r r e d  to u s  t ha t  a l k y n y l b o r i n a t e s  (i.e. RC-=CBR"(OR ') ) m a y  be  

efficiently i so lab le  in  p u r e  u n c o m p l e x e d  form. whi le  st i l l  r e t a in ing  m u c h  of t he  d e s i r a b l e  Lewis ac id  

c h a r a c t e r  of  the  d ia lky l  der ivat ives .  In th i s  Letter,  we wish  to r e p o r t  a c o n v e n i e n t  e n t r y  to 

a lkyny lbo r ina t e s  (i.e. 3), highly  versa t i le  a lkyny lbo rane  r eagen t s  w h i c h  p o s s e s s  r e m a r k a b l e  oxidat ive 

a n d  t h e r m a l  s t ab i l i t i e s .  

MeO \ 
B--O R = Li 

-R.~ OMe] 
Li ÷ ~ " ~ l  

B~-r~ 

1 2 3 

The  bo ron ic  e s t e r  1 is r ead i ly  p r e p a r e d  from B-MeO-9-BBN t h r o u g h  i ts  se lec t ive  ox ida t ion  

wi th  a n h y d r o u s  t r i m e t h y l a m i n e  N-oxide (TMANO) (85%, CHC13, 0 °C), a p r o c e s s  w h i c h  is gene ra l  

for B - s u b s t i t u t e d  9-BBN der iva t ives .  1° The  s t ab le  9 - o x a - 1 0 - b o r a b i c y c l o [ 3 . 3 . 2 ] d e c a n e  (OBBD) r ing  

s y s t e m  al lows the  a l k y n y l a t i o n  a n d  d e m e t h o x y l a t i o n  of 1 to p roceed  c leanly .  F ree  of c o o r d i n a t e d  

THF, the  i so l a t i on  of 3 is a s imple  o p e r a t i o n  c o m p a r e d  to the i r  9-BBN c o u n t e r p a r t s .  9~ 
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Table  I.  Alkynylbor ina tes  from I. 

R produc t  % yield a 

Me 3a 71 
Et 3b 89 
Bu am 86 
t-Bu 3d 96(86) 
TMS 3e 81 

a Isolated yields of pure 3 (yield after recrystalllzation from pentane). 

The process  was  examined  with represen ta t ive  1-a lkynes  which  were smoo th ly  conver ted  via 

a one-pot  p rocedure  to 3 in  high yields a n d  chemical  pur i t ies  in  all of the  s y s t e m s  s tud ied  (Table 

1), 11 For c o m p a r i s o n  purposes ,  B- 1-propynyl-9-BBN-THF complex (4, 69%) was  p repa red  following 

the me thod  of Brown a n d  S inc la i r  9a a n d  this  was oxidized c leanly  to ~ (TMANO, CHC1 a, 0 °C, 99%). 

These  bor in ic  es ters  (3) c an  be h a n d l e d  for br ief  

periods of t ime in the open  a tmosphere .  Longer 

t imes (8 h) do r e su l t  in  the hydrolysis  of the 

a lkynyl  moiety, b u t  3 is definitely easier  to hand le  

t h a n  its unoxid ized  c o u n t e r p a r t  (i.e. 4). Moreover, 

the p repa ra t i on  of 3 t h rough  1 is a m u c h  s impler  

overall ope ra t ion  t h a n  th rough  4. 

The s y n t h e s i s  of cis-vinylboranes normal ly  

B TMANO 
3a 

involves the h y d r o b o r a t i o n / r e d u c t i v e  

r e a r r a n g e m e n t  of 1-halo- 1-alkynes,  12 the addi t ion  of Z-a lkenyl l i th iums to bora te  esters ,  is or t h r ough  

the hyd rogena t ion  or hydroz i rcona t ion  of a l k y n y l b o r o n a t e s f  Having developed a s imple  non -  

oxidative h y d r o b o r a t i o n / p r o t o n o l y s i s  protocol for cis-vinylsilanes, 14 we felt t ha t  3 would  be a n  ideal  

p recur so r  to 5 in  light of ou r  recent  discovery tha t  trans-B-vinyl-OBBD derivat ives are very s table  

to ei ther  fu r the r  oxidat ion or to protonolys is  with HOAc. ~s While the  hyd r obo r a t i on  of 3 wi th  9-BBN- 

H gives a mix tu re  of m o n o  and  d ihydrobora t ion  products ,  d icyc lohexylborane  (DCHB) adds  to 3 

giving the 1:1 gem-diboryl a d d u c t  c leanly  (11B 
1. DCHB 

NMR 8 46 a n d  80). 16 This is selectively 3 ) B-O 
2. HOAc 

prot iodeboryla ted  with HOAc at  0 °C p roduc ing  3. HO(CH 2 )2 NI-I2 

the co r r e spond ing  v iny lbo ranes  5 [R = Me (92%), 
R = Me, n-BU, t-Bu 5 

Bu (75%) , t-Bu (83%)]. 

To fu r the r  d e m o n s t r a t e  the va lue  of 1 in  a lkynyla t ions ,  2 (~IB NMR 6 0.5) was  p repared  from 

the addi t ion  of 1 to va r ious  a lkynyl l i th iums .  This  complex was  s u b m i t t e d  to S u z u k i - M i y a u r a  

condi t ions  17 to effect the i r  efficient cross coupl ing  to a var ie ty  of aryl a n d  vinyl  b romides .  Both 
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T a b l e  2.  S u z u k i - M i y a u r a  c o u p l i n g s  w i t h  a l k y n y l b o r a t e  c o m p l e x e s  2.  

R R' P r o d u c t  % y i e ld  a 

Me  C6H 5 6 a  8 8 ( 6 4 )  

T M S  c i s - C H = C H -  n - B u  6 b  8 3  

T M S  t r a n s - C H = C H - n - B u  6 c  5 9 ( 5 5 )  

T M S  p -CH3OC6H 4 ~ 6 2  

a Isolated yields of analytically pure material (Yields employing B-MeO-9-BBN ra ther  than  1). 

a r y l a c e t y l e n e s  a n d  s t e r e o d e f i n e d  e n y n e s  6 a r e  
R~r 

o b t a i n e d  i n  y i e l d s  w h i c h  m a t c h  o r  e x c e e d  t h o s e  2 ~, R R' 
Pd[PPh 3] 4 

o b t a i n e d  i n  t h e  9 - B B N  p r o c e s s  (Tab le  2). 8.18 6 

In  s u m m a r y ,  a l k y n y l b o r i n a t e s  (3) h a v e  

b e e n  p r e p a r e d  for  t h e  f i r s t  t i m e  w h i c h  h a s  led  to a n e w  r o u t e  to  c / s - v i n y l b o r a n e s  (5). T h e i r  m e t h o x y  

c o m p l e x e s  (2) n o t  o n l y  s e r v e  a s  a c o n v e n i e n c e  s o u r c e  of  3, b u t  a l s o  f u n c t i o n  a s  h i g h l y  e f f i c i en t  

p a r t n e r s  i n  t h e  S u z u k i - M i y a u r a  c o u p l i n g  to p r o v i d e  a c e t y l e n e s  a n d  s t e r e o d e f i n e d  e n y n e s .  

A c k n o w l e d g m e n t .  T h e  s u p p o r t  of  D O E - E P S C o R  ( D E - F C 0 2 - 9 1 E R 7 5 6 7 4 ) ,  a P a t r i c i a  R o b e r t  H a r r i s  

G r a d u a t e  F e l l o w s h i p  (KM) ( P 0 9 4 B 0 1  16 -94 )  a n d  a U,S.  D e p a r t m e n t  of  E d u c a t i o n  G r a d u a t e  

F e l l o w s h i p  (JR) ( P 2 0 0 A 9 0 2 0 3 )  a r e  g r a t e f u l l y  a c k n o w l e d g e d .  
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