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Abstract - The ox ida t i on  o f  9-borabicyclo[3.3.1lnonane (1) w i t h  chromic ac id  

o r  pyr id in iurn chlorochromate (PCC) af fords a mix ture  of products, predominantly 

cyclooctanone (> 65%). However, cis-1.5-cyclooctanediol (2), r e a d i l y  obtained 

from 1 by ox ida t i on  w i t h  a l k a l i n e  hydrogen peroxide, i s  ox id ized by these 

reagents t o  provide 9-oxabicyclo[3.3.1]nonan-1-01 (I!). Under more d r a s t i c  

condi t ions,  2 and 4 can be transformed by PCC i n t o  1.5-cyclooctanedione (5). 
Consequently, it i s  now poss ib le  t o  proceed e a s i l y  from 1,5-cyclooctadiene 

v i a  hydroborat ion-oxidat ion t o  c is- l ,5-cyclooctanediol  (2), t o  9-oxabicyclo- 

C3.3.l lnonan-1-01 ([I) and 1,5-cyclooctanedione (5). 

The ox idat ion  of organoboranes w i t h  a l k a l i n e  hydrogen peroxide affords the  corresponding alco- . . 

hols i n  nea r l y  q u a n t i t a t i v e  y i e l ds . '  Organoboranes conta in ing secondary a l k y l  groups prov ide ketones 

upon ox ida t i on  w i t h  chromic ac id  (Na2Cr207. H ~ O .  H ~ S O ~ ,  E ~ ~ o :  ~ r o u m - ~ a r g  method).' The new 

reagent, ~ ~ r i d i " i u r n  chlorochromate (Pyr.HC1.~r03.,'.~~~);,as an b x i d i i i n g  agent,3 has iecently.fourid 

useful  app l i ca t i on  fd r  the ox ida t i on  o f  .org&obora"es t d  <etdnd14'and'aldehyde;.5 In connection 

w i t h  our continued i n t e r e s t  i n  the  app l i ca t i on  o f  boron 'chemis t ry . fo r ' the  synthesis o f  " y c l i c  mole'- 

c ~ l e s , ~ ' ~  we undertook t o  examine the react ions  of 9-borabicycl0[3.3.1]nonane (9-BEN, 1) and i t s  

de r i va t i ves  w i t h  PCC and chromic ac id  as a convenient route  t o  c y c l i c  der iva t ives .  

9-BEN i s  an unusual b i c y c l i c  d ia lky lborane which often e x h i b i t s  proper t ies  q u i t e  d i f f e ren t  

from those o f  other dialkylboranes.* Previous s tud ies  on the ox ida t i on  of 1 have revealed the 

formation o f  a v a r i e t y  o f  products. Thus, w i t h  a l k a l i n e  hydrogen peroxide, 1 a f fo rds  cis-1,5- 

cyclooctanediol ,  whereas the react ion  w i t h  chromic ac id  fonns cyclooctanone (Eq 'I). 9 

+medicated t o  Professor Herbert  C. Brown, an i n s p i r i n g  teacher, on the occasion o f  h i s  70th b i r thday.  
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The reac t i on  w i t h  s i l v e r  n i t r a t e  under d i f f e r e n t  cond i t ions  provides a m i x tu re  of products (Eq 2) .  10 

aq. AgN03/KOH 

85% 15% 

Th is  paper r epo r t s  a study o f  t h e  ox i da t i on  o f  9-BBN and i t s  d e r i v a t i v e s  w i t h  PCC and chromic acid.  

The reac t i on  of 1 o r  i t s  hyd ro l ys i s  product  (3: "6 nmr 6 53, c h a r a c t e r i s t i c  of R2B& moiety; 

absence o f  OH i n  i r ) l l  w i t h  PCC forms a m i x tu re  o f  th ree  products (Eq 3). 12 

9 A re-examination of  t h e  ox i da t i on  of  1 by t h e  Brown-Garg procedure revealed t h e  fo rmat ion  of these 

products:  cyclooctanone, 75%; cyclooctene, 5%; b icyclooctane,  10%. 12'13 B-Ethyl-9-BEN and 9-BBN 

i t s e l f ,  upon reac t i on  w i t h  PCC, g ives  t h e  same products i n  comparable r a t i o s  (+ 5%). Al though the  

formation of cyclooctanone proceeds % a  known mechanism i n v o l v i n g  a p ro tona t i on -ox i da t i on  sequence, 9 

the  minor products are the  same as those p rev i ous l y  obtained i n  the  s i l v e r  n i t r a t e  oxidat ion.1° A t  

t h i s  stage, we do no t  w ish  t o  propose any mechanism f o r  the  format ion of these products.  
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The ox idat ion  of c is -1  3-cyc looctaned io l  (2), r e a d i l y  prepared from 1 by ox idat ion  w i th  alka- 

l i n e  hydrogen peroxide, a lso  e x h i b i t s  some i n t e r e s t i n g  features.  With one mole o f  PCC, 2 af fords  

9-olabicyclo[3.3.l]nonan-1-01 (4) i n  79% i so la ted  y i e l d  (Eq 4 ) .  

Evident ly,  the hydroxyketone r e s u l t i n g  from ox idat ion  o f  one o f  the  a l coho l i c  groups CyCliZeS 

r a p i d l y  t o  LI. It has been shown recen t l y  by i r  t h a t  the hemiketal i s  more s tab le  than the corres- 

2 ponding hydroxyketone.14 The chromic ac id  ox idat ion  of 2 provides 4 i n  somewhat lower y i e l d s .  

This b i c y c l i c  hemiketal (11) was prev ious ly  obtained as a by-product i n  the  c a t a l y t i c  ox idat ion  of 

~ ~ c l o o c t a n e . ~ ~  It was a l so  prepared by the h igh d i l u t i o n  c y c l i z a t i o n  react ion16 o r  by the Jones' 

ox idat ion  of 1.5-cyclooctanediol. 
14.16 

Under more d r a s t i c  cond i t ions  (CH2C12, 15 h, under re f l ux ) ,  PCC fu r the r  ox id izes  4 Cleanly 

t o  1.5-cyclooctanedione (5) i n  exce l l en t  y i e l d  (81% i so la ted ) .  The d i r e c t  ox ida t i on  of 2 t o  5 i s  . 
a l so  accomplished under these cond i t ions  (Eq 51. 

Fortunately,  i n  1,2-dichloroethane solvent,  the  conversion of 2 t o  5 was complete i n  less  than 1 h 

under re f l ux  (85°C). I n  view of the numerous app l ica t ions  of 1 , 5 - ~ y c l o o c t a n e d i o n e , ~ ~  the present 

method offers great  advantages fo r  a convenient prepara t ion  of 5. 

It i s  i n t e r e s t i n g  t h a t  even i n  the presence of an excess of PCC 2 y i e l d s  only 4 i n  1 h (CH2C12, 

r e f l u x ) .  Apparently the  formation of 11 i s  very f ac i l e ,  whereas the subsequent ox idat ion  t o  5 i s  

r e l a t i v e l y  slow. On the contrary,  the  treatment o f  2 w i t h  a s u f f i c i e n t  quan t i t y  o f  PCC i n  1.2- 

dichloroethane ( re f lux ,  85°C) provides the diketone, 5 ,  i n  1 h. Presumably, both fac tors ,  the 

h igher  reac t i on  temperature and the higher s o l u b i l i t y  of PCC i n  t h i s  solvent,  are responsible f o r  

a r a p i d  ox ida t i on  t o  5. However, the  attempted conversion of 2 o r  4 t o  5 w i t h  sodium dichromate 

and s u l f u r i c  a c i d  e i t h e r  i n  water (1OO6C, 2 h)  o r  i n  90% ace t i c  ac id  (25'C, 24 h)  was unsuccessful. 17 

I n  conclusion, the ox ida t i on  of ~ - a l k y l - g - ~ ~ ~ ,  WRN and the corresponding b o r i n i c  ac id  (3) 
w i t h  PCC o r  chromic ac id  provides cyclooctanone along w i t h  small q u a n t i t i e s  of cyclooctene and 



bicyclo[3.3.0]octane. I t  i s  now poss ib le  t o  proceed e a s i l y  from 1.5-cyclooctadiene hydrobora- 

t ion-ox idat ion  t o  c is- l ,5-cyclooctanediol  (2) t o  9-oxabicyclo[3.3.l]nonan-1-01 (4) and 1,s-cyclo- 

octanedione (5). 

EXPERIMENTAL 

The gas chromatographic analyses were ca r r i ed  out  on a Varian 1400 instrument using a 12 f t x 

1 118 i n  column packed w i t h  10% SE-30 on Varaport-30. The H nmr spectra were recorded on a Varian 

T-60; 13c and ''8 nmr spectra on Varian FT-BOA instrument: Pyr id in ium ch lorochrmate  ( labe led 98% 

pure), 9-BEN and cie-1.5-cyclooctanediol from A ld r i ch  Chemical Company were used wi thout  fu r ther  

p u r i f i c a t i o n .  B-Ethyl-9-BBN was prepared by passing ethylene gas through a so lu t i on  of 9-BBN i n  

THF. The preparat ion of 3 was c a r r i e d  out  by s t i r r i n g  100 mM of 9-BBN i n  THF w i t h  50 mM of water 

f o r  2 h. Fol lowing removal of THF, the  residue was d i l u t e d  w i t h  CH2C12 t o  make a standard so lu t ion ,  

which was u t i l i z e d  for the react ions  studied. 

Oxidat ion o f  3 w i t h  PCC 

To a suspension of 6.5 g (30 mM, excess) of PCC i n  CH2C12 (50 ml )  was added a so lu t i on  of 3 
(5  mM) i n  CH2CI2 dropwise. Af te r  the  i n i t i a l  vigorous react ion  subsided,, the  reac t i on  mix ture  was 

heated under r e f l u x  f o r  1 h, n-tetradecane (2.0 mM, an i n t e r n a l  standard fo r  gc ana lys is )  was added, 

d i l u t e d  w i t h  Et20 (100 ml )  and f i l t e r e d  through F l o r i s i l .  The gc ana lys is  revealed the presence of 

cyclooctanone (65%), cyclooctene (15%) and bicyclo[3.3.0loctane (10%). 

The react ions  o f  1 and o f  8-ethyl-9-BBN w i t h  PCC were ca r r i ed -ou t  i n  the  same manner, except . . 
t ha t  50 mM o f  PCC was taken i n  each case. . - .  

The chromic ac id  ox ida t i on  (Brown-Garg method) was ca r r i ed  out  as described elsewhere. 2 

Oxidation of 1,5-Cyclooctanediol. gc Analysis 

I n  a 100-ml round-bottom f lask  equipped w i t h  a magnetic s t i r r i n g  bar and a r e f l u x  condenser . , . .  , , .  , .. , . 
were placed 3.24 g (15 mM) o f  PCC, 10 ml of CH2C12 and 0.65 ml (2.5 mM) o f  n-tetradecane (an i n t e r n a l  

* .  
standard f o r  gc ana lys is ) .  A so lu t i on  o f  0.72 g ( 5  mbl) of c i s - l  ,5-cyclooctanediol i n  CH2C12 (20 ml )  

was added slowly and the mix ture  was heated under r e f l u x .  A t  d e f i n i t e  i n t e r v a l s  o f  time, 0.5 ml of 

the react ion  mix ture  was withdrawn and d i l u t e d  w i t h  2 ml of Et20, allowed t o  s e t t l e  and the c l e a r  
1 (., . .. 

supernatant l i q u i d  was analyzed by gc f o r  the  amounts of 4 and 5 formed. A f t e r  1 h, on,ly 4 was 
, . 

formed i n  100% y i e l d  and gradua l ly  the  amount o f  4 decreased, forming pure 5 i n  15 h. 
, . 

Preparation of 9-0xabicyclo[3.3.l]nonan-1-01 (4) 
. '  , 

I n  a 500-ml react ion  f lask  were placed 13 g (60 mM) of PCC and I00  ml of CH2C12. To the we l l -  
.,. 

s t i r r e d  suspension was added a so lu t i on  of 7.2 g (50 mM) o f  1.5-cyclooctanediol i n  150 ml o f  CH2C12 

slowly (exothermic). A f te r  complete add i t ion ,  the mix ture  was heated under r e f l u x  f o r  1.5 h, d i l u t e d  

w i t h  200 ml of anhydrous e ther  and was f i l t e r e d  through 10 g of F l o r i s i l  contained i n  a 500-ml separa- 
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t o r y  funnel. T h e t a r r y  r es i due  i n  t h e  f l a sk  was.washed w i t h  e t h e r  ( 3  x 50 ml )  .and t h e  washings 

passed through t h e  same funnel .  The so lven ts  were removed on a r o t a r y  evaporator  and t h e  res idue '  

was r e c r y s t a l l i z e d  from a m i x t u r e  of hexane and e t h y l  ace ta te  us ing  a c t i v a t e d  charcoal .  On coo l i ng  

the  c o l o r l e s s  f i l t r a t e  t o  -7E°C, 5.7 g c r y s t a l s  separated, a y i e l d  of 79%; mp 99-100°C [ l i t . 1 5  mp 

1 13 99-IOO'C]; H and .C nmr were cons i s t en t  w i t h  t h e  s t r u c t u r e  of  4. 

P r e p a r a t i o n o f  1.5-Cyclooctanedione (5) from 4 
According t o  the  procedure descr ibed above, '50 mM o f  4 was t r e a t e d  w i t h  60 mM o f  PCC i n  200 ml 

of CH2CI2. The m ix tu re  was heated under r e f l u x  f o r  15 h. The usual  workup prov ided 81% y i e l d  of  5, 
mp 68-69'C ( f rom pentane-Et20; l i t .  16*18 mp 71-72°C). 'H and I 3 c  nmr spectra were cons i s t en t  w i t h  

the  s t r uc tu re .  . , 

Prepara t ion  o f  5 from 2 
The r e a c t i o n  o f  50 rrM o f  2 w i t h  120 mM o f  PCC i n  200 ml o f  CH2C12 f o r  15 h under r e f l u x  af ford-  

ed a 77% y i e l d  of 5, mp 69-70°C. 

A l t e r n a t i v e l y ,  the  o x i d a t i o n  i n  1.2-dichloroethane.( l  h unaer r e f l u x )  p rov ided 83% of t h e  crude 

5; r e c r y s t a l l i z a t i o n  from Et20-pentane m ix tu re  a f fo rded '  c o l o r l e s s  c r y s t a l s ,  mp 70-71:C. + 
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