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R E G I O S P E C I F I  C FUNCTION~=LIWTION OF CYCLIC ALJAENES 

WITH C.5TECHOLE 0 KANE 

V.V. Rarnana Rao, S.K. Agarwal , D. Devaprabhakara, 
and S. Chandrasekaran* 

Department of Chemistry, 
I n d i a n  I n s t i t u t e  of Technoloay, K a n ~ r - 2 0 8 0 1 6 ,  I n d i a  

Reac t icn  of diborane’ and d is iamylborane2  wi th  WC- 

l i c  a l l e n e s ,  r e s u l t e d  i n  t h e  fo rma t ion  of a m i > t u r e  of 

p roduc t s  r e s u l t i n g  from t h e  a d d i t i c n  of boron a t  t h e  

c e n t r a l  carbon a s  w e l l  a s  t e r m i n a l  carbon.  F i s h  h a s  

r e p o r t e d  t h a t  a d d i t i o n  of 4 , 4 , 6 - t r i m t n y l - l ,  3,2-dioxa- 

t o r i r , a n e  t o  1 , S - d i s u b s t i t u t e d  a l l e n e s  t a k e s  p l a c e  a t  

t h e  c e n t r a l  carbon atom p r e f e r e n t i a l l y  when t h e  hydro- 

b o r a t i o n  was done a t  130° €or  35-50 h i n  a s e a l e d  tube .  

The r e a c t i v i t y  and s t a b i l i t y  of ca t echo lborane  a t  h igh  

t empera tu res  which i s  known t o  p rov ide  g r e a t e r  s t e a r i c  

3 

-- -- 
*To whom t h e  cor respondence  s h o u l d  be addres sed  
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438 RAO ET AL. 

4 c o n t r c l  over d i t o r a n e  prompted us to  e r a c i n e  the nydro- 

bora t ion  of 1,2-cyclonor-,adiene, 1,2-cyclodecadiene and 

1 , 2-cyclotridecadiene.  

‘me monohydroboration of c y c l i c  a l l e n e s  with cate- 

c?!clborane followed by o x i d a t i o n  r e s u l t e d  i n  the  esc lu-  

s ive  fo-mation of t h e  corresponding ketones of high 

p u r i t y  i n  70-777; :.-ield (see Table).  

t h e  ketone a s  the  one and only  p r d u c t  c l e a r l y  shows 

complete r e a i o s e l e c t i v i t y  i n  the  a t t a c k  of boron a t  t h e  

c e n t r a l  carbon atom of t h e  a l l e n i c  l inkage.  I n  order to 

examine the  s t e r e o s p e c i f  i c i t y  of t h i s  r e a c t i c n ,  w e  did 

the  p o t m o l y i s  of t h e  i n t e r m e d i a t e  organoborane w i t h  

a c e t i c  acid,  which r e s u l t e d  i n  t h e  formation of the  

correspcmdinq o l e i n s  i n  96-98:, y i e l d  ( Table) . 

“he formation of 

Tine formation of (_Z)-cyclononene and (_Z)-cyclodecene 

c l e a r l y  i n d i c a t e  the  approach of t h e  hydroborat ing agent  

from hydrogen side. Ring side a t t a c k  is n o t  possible. 

I n  t h e  c a s e  of 1,2-cyclotr idecadiene the  approach of t h e  

kydroborst ing agent is possible from r i n g  side a s  w e l l  

a s  f r o m  hydrogen side as evidenced by t h e  formation of 

( 2 ) -  and (_El-cyclotridecenes (76:24). These r e s u l t s  can 

be expla ined  i n  terms of steric requirements on  a four- 

membered t r a n s i t i o n  

Work is i n  progress to  s t u d y  the monohydroboration 

of a c y l i c  a l l e n e s  and d i e n e s  w i t h  catecholborane. 
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440 RAO ET AL. 

---- Table:  Yonoiiydroborc?ticn of c y c l i c  a l l e n e s  w i t h  c a t e -  
c n c l b c r m e  a t  1 5 8  

a Icetonic Y i e l d C  Olef  i n i c ‘  Y i e l d  e ‘9 1 1 en e 
p r o d u c t  ( Y , )  pro Zu c t ( O L l  

1,2-c\.c10- Cyclonona-  7 1 (2) -Cycle- 98 
ronac:j.ene none  nonene  

1,2-Cyclo-  Cyclodeca-  77 (2) - % d o -  96 
d e c a d i  en e n o n e  d e c e n e  

l , % - C y C l o t r i -  C y c l o t r i -  7 3  ( g - q c l o -  1 
d e c a d i e n e  decanone  t r i d e c e n e  l 

) 

(5) -cyc10- ) 

(76?.)f 98 

t r i d e c e n e  ) 

( 24%) 
-___ ___I_ 

a .  .y.llenes w e r e  p r e p a r e d  b y  known p r o c e d u r e s  and  

t i o r c j u a h l y  c h a r a c t p r i z e d  p r i o r  t o  u s e .  

b. C s i d a t i o n  u s i n ?  NaOH 2nd F C me i d e n t i t y  of t h e  2 ’ 2 .  
i n d i v i d u a l  p r o d u c t  was e s t a b l i s h e d  by compar ison  of 

r L C  r e t e n t i o n  t i m e s  (carbowax 2 0  K, S E - 3 0 1 ,  I R  

s p e c t r a  w i t h  t h o s e  of a u t h e n t i c  s a m p l e s  a n d  m . p .  of 
sern icarbazones  w i t h  r e p o r t e d  v a l u e s .  

c .  I s o l a t e d  y i e l d .  

d .  Frotono1::sis u s i n a  a l a c i e l  a c e t i c  acid a t  looo. The 

i d e n t i t y  of t h e  i n d i v i d u a l  p r o d u c t  w a s  e s t a b l i s h e d  

ty compar ison  of GLC r e t e n t i c n  t i m e s  and  I R  s p e c t r a  

w i t h  t h o s e  of a u t h e n t i c  s a m p l e s .  

e .  ‘Yield was c a l c u l a t e d  u s i n q  i n t e r n a l  s t a n d a r d .  

f .  S e p a r a t e d  by p r e p a r a t i v e  GLC. 
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CYCLIC ALLENES WITH CATECHOLBORANE 44 1 

- EXPERIMENTAL 

- Hydroborat ion-Oxidat ion of Cyclic Allenes w i t h  C a t e c h a -  
--- borane :  Genera l  ProceduLe 

A mix tu re  of a l l e n e  ( 5  mmol) and a cateck.olborane 

(5 .5  m m o l e )  was s t i r r e d  unde r  n i t r o g e n  atmosphere a t  

1 5 0 O  f o r  5 h. 

d i s s o l v e d  i n  THF (15 m l )  . Excess h y d r i d e  was des t royed  

w i t h  1 : l O  m i x t u r e  of wa te r  and THF a t  Oo. 

was done by  dropwise a d d i t i o n  of sodium hydroxide  ( 3  N, 

10 .2  ml, 30 mmol) fo l lowed by dropwise a d d i t i o n  of 30% 

hydroaen p e r o x i d e  ( 4 . 2  m l ,  12 mmol) a t  Oo. The tempera- 

t u r e  was subsequen t ly  r a i s e d  t o  25-30°. 

m i x t u r e  was d i l u t e d  wi th  water ,  a f t e r  s a t u r a t i o n  wi th  

potass ium ca rbona te ,  it was e x t r a c t e d  w i t h  pe t ro leum 

e t h e r  (40-60O).  

d r i e d  over anhydrous magnesium s u l p h a t e  and evapora t ion  

of  t h e  s o l v e n t  gave t h e  co r re spond ing  k e t o n e  i n  98% 

p u r i t y  a s  a n a l y s e d  by GLC. 

I t  was coo led  and t h e  organoborane  was 

The o x i d a t i o n  

A f t e r  2 h t k e  

The e x t r a c t  was washed w i t h  b r i n e ,  

HydroboratiGn-Protonolvsis of Cyclic A l l e n e s  w i t h  Cate- 
- cholborane :  Genera l  Procedure  

A m i x t u r e  of a l l e n e  ( 5  mmol) c a t e c h o l b o r a n e ( 5 . 5 m o l )  

and 2-decane ( i n t e r n a l  s t a n d a r d )  w e r e  s t i r r e d  under  

n i t r o g e n  atmosphere a t  150° f o r  4 h. 

e x c e s s  of h y d r i d e  was d e s t r o y e d  w i t h  a few drops  of 

e t h y l e n e g l y c o l .  5 m l  of g l a c i a l  a c e t i c  a c i d  was added 

I t  was cooled and 
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442 RAO ET At. 

t o  the  r e a c t i o n  mixture and s t i r r e d  a t  looo, e x t r a c t e d  

wi th  p e t . e t h e r  40-60' washed w i t h  ice cold sodium hydr- 

o x i d e  (1 MI, water,  d r i e d  and f i l t e r e d  through a bed of 

s i l i c a  g e l  to g e t  t h e  correspcnding o l e f i n  in 96-98": 

y i e l d .  
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I n d u s t r i a l  Research, New I k l h i  for f i n a n c i a l  suppor t  

and 3r. R. Vaidyanatnaswamy, Defence Research Develop- 
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