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Abstract - The f i r s t  b i c y c l i c  c h i r a l  hydroborat ing agent, l imonylborane (LimBH) 

has been prepared a the  c y c l i c  hydroborat ion o f  (+I-l imonene w i t h  monochloro- 

borane, fo l lowed by hyd r i da t i on  w i t h  LiAlH4. Hydroboration o f  representa t ive  

alkenes w i t h  LimBH proceeds w i t h  a h igh  degree o f  asymnetric induct ion ,  pre- 

f e r e n t i a l l y  from one enant io top ic  face of the  alkene, t o  prov ide products o f  

the  same absolute conf igura t ion .  

1 The discovery of the  f i r s t  c h i r a l  hydroborat ing agent, diisopinocampheylborane (Ipc2BH, I), 
by Brown and Zweifel twenty years ago marked the beginning of a non-enzymatic, p r a c t i c a l  asymnetric 

synthesis.  IPc2BH i s  excep t i ona l l y  e f fec t ive  f o r  c i s  d i subs t i t u ted  alkenes, achieving asymnetric 

hydroborat ion as h igh as 98.4% w i t h  - - ~ - b u t e n e . ~  Later,  the  developments of new reagents and 

procedures enabled t h e  prepara t ion  of the  f i r s t  c h i r a l  monoalkylborane, monoisopinocampheylborane 3 

4 (IpcBH?, 2 ) .  I t  achieves remarkable asymnetric i nduc t i on  i n  the  hydroborat ion of t rans  and tri- 

6 subs t i t u ted  0 1 e f i n s . ~ ' ~  More recent ly ,  d i long i fo ly lborane (Lgf2BH, 3) .  prepared from (+ ) - l ong i -  

folene, has been successful ly u t i l i z e d  fo r  asymmetric hydroborat ion of c i s  and t r i s u b s t i t u t e d  o le -  

We now wish t o  repo r t  t h e  prepara t ion  and hydroborat ion c h a r a c t e r i s t i c s  of the  f i r s t  b i c y c l i c  

c h i r a l  hydroborat ing agent, 2-bora-4.8-dimethylbicyclo[3.3.1]nonane ( l imonylborane, LimBH, ( I ) ,  from 

one of the  most abundant monoterpenes, ( t ) - l imonene. Cyc l i c  hydroborat ion of dienes i s  a v e r s a t i l e  

t o o l  f o r  the  synthesis of b o r a h e t e r o ~ y c l e s . ~ ' ~  The reac t i on  o f  (+)-limonene w i t h  borane-does no t  

Dedicated t o  Professor Herbert  C. Brown on the occasion of h i s  70th b i r thday.  



proceed c lean ly  i n  c y c l i c  fashion. However, the monosubstituted hydroborat ing agent, thexylborane 

9 (ThxBH2), leads exc lus i ve l y  t o  the c y c l i c  hydroborat ion product (Eq 1). 

For the  synthesis of LimBH (4). monochloroborane e thera te lo  (BH2CI.0Et2) appeared t o  be an 

a t t r a c t i v e  c y c l i c  hydroborating agent. Accordingly, (+I-limonene was t rea ted  w i t h  BH2Cl.0Et2. 

Cyc l i c  hydroboration proceeded smoothly, p rov id ing ~-chloro-2-bora-4,8-dimethylbicyclo[3.3.llnonane 

(LimBC1, 5) i n  very h igh y ie ld .  Subsequent hydr idat ion" w i t h  LiAIH4 c lean l y  afforded the requ i red 

11 dialkylborane, LimBH (4) (Eq 2). It e x i s t s  as the  dimer ( B nmr: 6 27, r e l a t i v e  t o  F3B.0Et2). 

The i r  absorpt ion a t  1560 cm-' i s  character 

formed by 9-borabicyclo[3.3. l lnonane. 12 

5 

. i s t i c  o f  except iona l ly  s ta l  

4 

,le dimers, such as those 

The new c h i r a l  hydroborating agent was app l ied  f o r  the  asymnetbic hydroborat ion of represent- 

a t i v e  examples from each of the  four major classes of o le f ins .  The reagent was generated & 
by the hydr ida t ion  o f  LimBCl i n  the  presence of the o l e f i n  t o  be hydroborated. I n  order t o  minimize 

cleavage of e thy l  e ther ,  two equivalents o f  dimethyl su l f i de  were used dur ing the react ion .  The 

hydr ida t ion  o f  LimBCl a t  -2S°C was almost instantaneous. However, hydroborat ion of 2-methyl-2- 

11 butene was complete on ly  a f t e r  48 h a t  -25°C. The r e s u l t i n g  t r i a l k y l b o r a n e  ( B nmr: 6 87 r e l a t i v e  

t o  BF3.0Et2) was ox id ized t o  prov ide 3-methyl-2-butanol i n  66.5% enantiomeric p u r i t y .  Hydroboration, 

fol lowed by ox idat ion  of 1-methylcyclopentene i n  two d i f f e ren t  solvents fi Et20 and THF, furnish 

trans-2-methylcyclopentanol i n  46% and 45% ee respect ive ly ,  i n d i c a t i n g  t h a t  there  i s  no so lvent  

b ias  on the o p t i c a l  p u r i t y  o f  the r e s u l t i n g  alcohol .  
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The resu l t s  o f  asymnetric hydroboration o f  representat ive p roch i ra l  o l e f i n s  are sumnarized i n  

Table I. The enantiomeric p u r i t i e s  o f  the product alcohols appear t o  increase w i th  the increase i n  

Table I. Asymnetric Hydroboration of Representative Prochiral  Ole f ins  w i th  

Limonyl borane (LimBH) 

Product Alcohols 

D l e f i n  Alcohol Yield, % % ee Config. 

(1s01ated)C i n  deg. 

b 2-Methyl-1-butene- 2-Methyl-1-butanol 75 + 0.32(neat) 5.25 R 

b cis-2-Buten* 2-Butanol 78 - 7.4(neat) 5 5 f  R 

b trans-Zdutene- 2-Butanol 75 - 7.9tneat) 58.6f R 
b 2-Methyl-2-butene- 3-Methyl-2-butanol 70 - 3.3(neat) 66.59 R 

1-t?ethylcyclopenten& 2 - 2 - M e t h y l c y c l o p e n t a n o l  77 -20.4(c 1, 461 lR,ZR 

CH30H) 
d I-Methylcyclopentene- trans-2-Methylcyclopentanol 85 -19.7(c 1, 4$ 1R,2R 

CH30H) 

a - Iso la ted y i e l d s  of 95% pure (gc) alcohols. 

b -The react ions were ca r r i ed  out  a t  -25Y On 50-mnol scale i n  Et20. 

5 The react ion was ca r r i ed  out  a t  O'C on 25-mnol scale i n  Et20. 

The react ion was ca r r i ed  out  a t  O'C on 25-mnol scale i n  THF. Percent enantiomeric excess based 

on maximum reported ro ta t i ons  (g + h) . 
27 

F. C. Whitmore and J. H. Olewine, J. Am. Chem. Soc., 1938, 60, 2569 repor t  [a] D -5.g9 for  2- 

methyl-1-butanol. 
f 25 
- P. J. Leroux and H. J .  Lucas, J. Am. Chen. Soc., 1951, 73, 41 repor t  [a] D -13.5' for  2-butanol. 

W. A. Sanderson and H. S. Mosher, J. Am. Chem. Sac., 1966, 8, 4185 repo r t  a 2 7 ~  t8.1ZD (8  = 2, 

neat) for  3-methyl-2-butanol . 

h 25 - J. J. Partr idge, N. K. Chadha and M. R. Uskokovit, J. Am. Chem. Soc., 1973, 95, 532 repor t  [a] D 

t43.9' (c  I, CH30H) for  trans-2-methylcyclopentanol. 

the s t e r i c  requirements of o le f ins  w i t h  the exception of 1-methylcyclopentene. Unfortunately. i t  i s  

not  c lea r  a t  t h i s  time why the r e s u l t  rea l i zed  w i th  I-methylcyclopentene i s  less favorable than 

t h a t  w i t h  2-methyl-2-butene, although the s t e r i c  requirement of the former should be greater than 

t h a t  of the l a t t e r .  It i s  i n te res t i ng  t o  note t h a t  the asymnetric induct ion i n  the hydroboration o f  

both &-2-butene and 2 - 2 - b u t e n e  i s  good and comparable, 55% and 58.6% respect ively,  i n  contrast 

t o  the c h i r a l  hydroborating agents known13 thus far, which g ive exce l lent  resu l t s  only w i th  &-2- 



butene (Ipc2BH and Lgf2BH) o r  on l y  w i t h  trans-2-butene (IpcBH2). Both o f  the enantiomers of l imo- 

nene are r e a d i l y  ava i lab le .  Consequently, c h i r a l  centers o f  opposite conf igura t ion  can be gener- 

ated using LimBH der ived from the appropriate.antipode o f  limonene. 

The experimental procedure fol lows. A l l  operations were ca r r i ed  out  under ni t rogen.14 To a 

so lu t i on  of BH2Cl.0Et2 i n  Et20 (440 mmol. 1.1 M so lu t i on )  taken i n  a 1 - 1  f lask was s lowly  added 

23 limonene [a] 0 +120° (c 1, CH30H) (440 mmol, 70.5 ml )  a t  O'C w i t h  s t i r r i n g .  I n  3 h a t  O°C, hydro- 

bora t ion  was canplete. The solvent was removed and the residue was d i s t i l l e d  under reduced pressure 

t o  prov ide LimBCl ( 5 ) ,  a co lo r l ess  l i q u i d ,  52 g (71% y i e l d )  bp 68-7O0C/0.6 mm, ''8 nmr 6 79. To 

LimBCl (50 mnol, 9.23 g )  a t  0°C was added s lowly  w i t h  s t i r r i n g  dimethyl su l f i de  (100 mmol, 6.21 g) 

fol lowed by 2-methyl-2-butene (50 mnol, 3.5 g) i n  250 ml f l ask .  It was then cooled t o  -25OC and 

t rea ted  w i t h  e t h y l  e the r  s o l u t i o n  of LiA1H4 (12.5 mnol, 52.3 ml. 0.239 M).  The hydroborat ion was 

complete a f t e r  48 h a t  -25°C. The organoborane was ox id ized by the  successive a d d i t i o n  o f  methanol 

(2  ml ) .  3 M sodium hydroxide (36.6 ml )  and 30% H202 (48 ml ) .  The reac t i on  mix ture  was re f l uxed  f o r  

1 h, cooled and ex t rac ted w i t h  e t h y l  e ther  (3 x 25 ml) .  The residue a f t e r  removal o f  so lvent  was 

f r a c t i o n a l l y  d i s t i l l e d  t o  prov ide 3.1 g (70% y i e l d )  of 3-methyl-2-butanol (, 96% gc p u r i t y )  bp 110- 

11Z0/745 mn. It was fu r the r  p u r i f i e d  by prepara t ive  gas chromatography using a 10% Carbowax 20M 

23 column: [a] D -3.3 (neat) ,  66.5% ee. 

I n  conclusion, the  f i r s t  b i c y c l i c  c h i r a l  hydroborat ing agent achieves a h igh  degree o f  asym- 

me t r i c  i nduc t i on  i n  the  hydroborat ion of c i s ,  t rans  and t r i s u b s t i t u t e d  alkenes. Unfortunately,  l i k e  

o ther  c h i r a l  hydroborat ing agentsJ3 t h i s  reagent remained unsuccessful i n  achieving good asymnetric 

i nduc t i on  i n  the  case o f  2-methyl-1-butene. The reagent p r e f e r e n t i a l l y  a t tacks  from one enant io-  

t o p i c  face of the  alkene t o  prov ide alcohols of the  same absolute conf igura t ion  i n  a l l  cases studied. 

With the  present knowledge of hydr ida t ion ,  i t  may be now poss ib le  t o  prepare c h i r a l  hydroborat ing 

agents which otherwise are no t  accessible by d i r e c t  methods. 
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