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Abstract -Potassium 9--1-9-boratabicycloL3.3, llnonanes (K 9-R-9-BBMls) possessing a 

wide range of s t e r i c  r e q u i ~ m e n t s  were prepared Prom the  r e a c t i m  of the comsponding 

9-awl-9-borabicyclo[3.3.Unonanes (9-R-9-BBNs) and excess potassium hydride, and the  

s t e r e ~ s e l e c t i v i t i e s  of these r e a g m t s  in the reduction of  representative cycl ic  ketones 

were examined. A l l  reagents s h m d  high s t e reose lec t iv i t i e s ,  wlth the  s t e reose lec t iv i t i e s  

generally increasing with incrras ing s t e r i c  r equ i r rmnts  of the  awl subst i tuent .  Espe- 

c i a l l y ,  the  k t - b u t y l  der ivat ive ,  K 9-W9-BBNH, achieved the most favorable stereosele- 

c t i v i t y ,  comparable t o  t h a t  by l i t h l m  trisiaqylborohydride at O'C. 

Potassium hydride, the  most favorable hydride-donor among the  c o m n  a w l  Eta1 hydrides (LiH, PJaH, 

2 m), r e a c t s  readily with orgunobomnes, such as trialkylboranesl,  trialkoxybaranes , 9 - a l k o x y - 9 - ~ ~ ~ ~ ,  

and cycl ic  boronic es te r s4 ,  producing the  corresponding s t ab le  p o t a s s l m  t r i subs t i tu ted  borohydrides. 

These bomhydrides thus  f o m d  possess unique reducing charac te r i s t i c s ,  2-bcd,3 especial ly  showing 

a high d e w e  of s t e reose lec t iv i ty  toward typ ica l  cycl ic   ketone^.^-^'^ 

Ps;ang the  t r i subs t i tu ted  bomhydrides, potassium 9-a~oxy-9-boratabicyclo[3.3.Unonanes (K 9-0R-9- 

BBJWS) showed an in te res t ing  feat- in the  s tereoselect ivi ty  toward cycl ic  ketones. Thus, the  

s t e reose lec t iv i ty  generally increases with increasing s t e r i c  r equ i remnts  of t h e  alkoxy subst i tuent  

on boron of 9-BBN.3-b Final ly ,  the  s tereoselect ivi ty  achieved by the  thexylory (2,3-dirrethyl-2- 

butoxy) derivativesa (1) approached t o  that by li thium tri-s-butylborohydride5. 

This O U ~ C O D P  encouraged us t o  explore a general p r o c e d m  of the  syntheses of  the  potassium 9 - a w l -  

9-boratabicycla[3.3.llnonanes (K 9-R-9-BBNHs) (2) f o r  possible examination of  t h e i r  s tereoselect ive  

reducing charac te r i s t i c s .  



A representa t ive  s e r i e s  of 9-awl-9-BBN with various s t e r i c  requirements of t h e  R group were pre- 

pared by hydroborating t h e  corresponding o l e f i n s  with 9-BBN (R = =-awl, neohexyl, thexyl,  n- 

octyl ,  c y c l ~ h e x y l ) , ~  by t r e a t i n g  9-mthoxy-9-BBN with t h e  corresponding a lkyl l i th ium (R = n-butyl, 

ter t -butyl ,  p i ~ e n y l ) ~ ,  and by hydmtioratlng propargyl bromide with 2 equiv 9-BBN followed by r i n g  - 
8 clos- (R = cyclopropyl) . The nmr spectra  and physical proper t ies  of these  9-awl-9-BBN 

are sumarizad in Table I. 

Table I. "B nmr Spectra and Physical Properties of 9-Alkyl-9-barabicyclo[3.3.llnonanes 

~ - A & Y ~ - ~ - B B N ~  % nmr b bp(%) / t o m  n 20 
chemical sh i f t , 6  D 

9-pbutyl-9-BBN t87.7 94-96 / 11 1.4722 

9-4-butyl-9-BEN +85.5 6 3 / 6  1.4728 

9-sec-awl-9-BBN t87.7 118 / 12 1.4809 

9-neohexyf-9-~BV t88.2 127-1 30 / 16 1.4835 

d 
9-thexyl-9-BBN t87.5 115117 / 9 1.4840 

9-g-octyl-9-BBN ~ 8 0 . 6  127/ 7 1.4810 

9-cyclopropyl-9-BBU +84.2 96 / 11 1.5192 

9-cyclohexyl-9-BBN t88.4 120-124 115 1.5082 

9-phenyl-9-BBN +80.9 134-138 1 1 0  1.5535 

a) Viscous l iquids ,  very react ive  toward air .  b )  A l l  chemical s h i f t s  are reported t o  BF .0Et2 with 
3 

chemical s h i f t s  downfield f r o m  BF 0Et2 assigned as pos i t ive  i n  THF. c )  neohexyl = 3,3-dinethyl- 
3' 

1-butyl. d)  thexyl = 2,3-dimethyl-2-butyl. 

The ~ o t a s s i u m  9-alkyl-9-BBNH der ivat ives  were prrpared by adding the  neat 9-awl-9-BEN t o  a vigor- 

ously s t i r r e d  suspension of 3. 50 rmle % excess potassium hydride (free of o i l )  in THF e i t h e r  at 

0 ' ~  or 25 '~  (ea 1) .  

The pmducts prepared in t h i s  study appear t o  be very s t ab le  toward disproportionation. The reac- 

t i o n  cmdi t ions  are s m i z e d  in Table 11. 
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Table 11. Reaction of Potassium Hydride with Representative 9-AUvl-9-BBN in Tet rahydrokana  

9-Alkyl-9-BBN Temp (OC) Time 

ins tan t ly  

24 h 

6 h 

6 h 

24 h 

3 h 

24 h 

24 h 

ins tant ly  

a )  The solut ions  were 1.0 M i n  9alkyl-9-BBNs and appmxirrately 50% excess of potassium hydride 

u t i l i zed .  b)  neohexyl = 3,3-diaetwl-1-butyl. c) t k x y l  = 2,3dimtheyl-2-butyl.  

Solutions of the  K 9-R-9-BBNH derivat ives  in lliF display typ ica l  strong absorptions around 2000 c6' 

in the ir, a t t r ibu ted  t o  the  E H  s t r e tch ing  vibration. The m spectra  exhibi t  c lean doublets 

i n  the  region  so^ -10 ppm upfield from the  s t a n d a d ,  BF3.0Et2. The r e s u l t s  are s m i z e d  in Table 

Table 111. InfYared and '18 m Spectra of Potassium 9-Alkyl-9-boratabicyclo[3.3.Unonanes in Tetra- 

hydrafuran 

I R  
K 9-awl-9-BBNH 

m 
-1 (EH)~ '  3(5H), cm chemical sh i f t a ,  b 

(mult ipl ic i ty)  

potassium 9-n-butyl-9-BBNH 1990 -13.4 (d)  70 

potassium 9-t-butyl-9-BBNH 1980 - 8.9 (d)  75 

potassium 9-sec-any.l-9-8&W 2000 -12.8 (d)  67 
b 

potassium 9-neohewl-9-BBNH 2000 -12.6 (d)  63 
C 

potassiwn 9-thexyl-9-BBNH 2000 -10.3 (d)  74 

potassium 9-poctyl-9-BBNH 1995 -14.0 (d)  65 

po tass im 9-cyclopropyl-9-BBNH 1990 -13.8 (d) 70 

potassium 9-c~clohexyl-9-BBNH 1980 -11.9 (d)  62.5 

potassium 9-phenyl-9-BBNH 2000 -13.5 (d)  53 

a )  A l l  chemical shifts we re la t ive  t o  E@ 0Et2 with chemical shifts upf ie ld  from BF .OEt a s s i p e d  
3' 3 2 

as negative. b,  c )  See correspondine: f w t n o t e s  in Table 11. 



The s t e r e o s e l e ~ t i v i t y  of these new reagents tow& representative group of  cycl ic  ketones was exanlned 

a t  0' and -25'~. The r e s u l t s  are s u m x i z e d  in Table N. 

Table N. Stersoselective Reduction of Cyclic Ketones with Potassium 9-Awl-9-boratabicyclo[3.3.11- 

nonanes ( K  9-R-9-BBWs) in Tetrahydrofuran at 0' and -25'~ 

cyclohexanone 
2-rrethyl- 0 97.5 99.5 99.5 98 98 92 99.5 90.5 

-25 - 99.5 99.5 - - - 99.5 - 

-- 

a )  A 2 : 1  r a t i o  for reagent : ketone was used. b)  The yields  of alcohols were  quant i ta t ive  and the 

f ihyr r s  are percentage of the  l e s s  s t ab le  isomers. c )  Heterogeneous E a c t i o n  at -25'~. d)  neohexyl = 

3.3-dimeihyl-i-butyl. e )  GC analysis  was Fmpossible due t o  complete overlap of ;-octanol and e&- 

norbomeol pea)rs. 

In general, the  degree of s tereoselect ivi ty  exhibi ts  a close  correla t ion with the  bulkiness of a lky l  

subst i tuent  in the reagent ( 2 ) .  However, it should be pointed out t h a t  the  s tereoselect ivi ty  achieved 

at 0% with the  m - b u t y l  der ivat ive ,  potassiwn 9-m-butyl-9-BBNH (K 9-TB-9-BBNH) (3) ,  is excep- 

t iona l ly  high, comparable t o  the  r e s u l t s  with l i t h i m  t r i s i m l b o m h y d r i d e  at t h a t  temperature. This 

reagent has u-methyl subst i tu ted tertiary awl group on boron, which is more effective than those 

have 0- or 7-nr thyl  subst i tu ted bulkier  a lkyl  groups on boron. 

In conclusion, a new c l a s s  of  reducing agents, potassium 9-alkyl-9-BBNNs containing a wide variety 
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of a lky l  gcoups .we readi ly  prepared by t r e a t i n g  9-alkyl-9-BBN with potassium hydride in tetrahydro- 

k a n  at 0' o r  25'~. Tne reagents possessing a bulky a&l subst i tuent  =veal an excellent stereo- 

se lec t iv i ty  in t h e  reduction of cyc l i c  ketones at 0' and -25'~. Of these, the  se lec t iv i ty  exhibited 

a t  O'C by potassium 9-m-butyl-9-BBNH (K 9-TE-9-BBNH) approaches that achieved with li thium trisi- 

8q,lbomhydrlde at that t e n p e r a t m .  

In addition, in the  course of s y s t e m t i c  study of the  reducing characteristics, we found these reagent 

possess excellent s e l e c t i v i t i e s  on t h e  reduction of organic h c t i o n a l  gmups. We are inves t i s t t ing  

these in de ta i l .  

ExmxmwAL. 

Infrared spectra  were recomled on a P e r k i n - E k r  1330 spectrophot-ter by using sealed l iqu id  c e l l s .  

~ m .  spectra  were recorded with a Bmker WP 80 SY spectmrreter. The chemical s h i f t s  reported are 

in a(ppm) r e l a t i v e  t o  BF .0Et2  GC analyses were p e r f o m d  wlth a Hewlett-Packard 5790 A FID chro- 
3 

mtograph equipped with a Hewlett Packan3 3390 A i n t e g r a t o r / p l o t t e r .  The alcohol pmducts were 

analyzed using a l2 ft x 0.l25 in. c o l m  packed with 15% T t E E  on 100 / 120 m s h  Supelcoport o r  10% 

Car4aiax 20 M on 100 / I20  mesh Supelcoport with the  use of a su i t ab le  in te rna l  standard and authent ic  

sanple. 

b p a r a t i o n  of 9-R-9-BBMis - The 9-R-9-mVs containing ng-wl, neokxyl ,  t&-butyl, r r o c t y l ,  o r  

cyclohexyl gmups were prepared by hydroboration of  the  correspanding o le f ins  with 9-BBN in THF 

6 according t o  the  published pmcedue .  The 9-pbutyl-, 9-tert-butyl-, and 9-phenyl-9-BBNs were pre- 

pared by t r e a t i n g  9-mthaxy-9-BBN with the  camsponding alkyl l l th lum in pentane7. 9-Cyclopropyl- 

9-BBN was synthesized by dihydroboration of  propargyl bromide wlth 2 equiv 9-BBN followed by r i n g  

closure with sodium hydroxide? The physical and spec t ra l  pmper t i e s  of f r r sh ly  d i s t i l l e d  products 

ar-e swrmarized in Table I. 

Preparation of K ~-R-~-BBNH~ - The preparation of  p o t a s s i m  9-w-butyl-9-BBNH (K 9-TB-9-BBNH) 1s 

representatlve. In to  an oven-dried 100-ml f lask,  equipped with a s ide  m, a condenser, and an 

adaptor connected t o  a m r c w y  bubbler, was placed 3.6 g of potassium hydride (90 m l )  a s  an o i l  sus- 

pension and the  o i l  ~ d i u m  was remved by washing with THF ( 3  x 10 ml). To t h i s  o i l - b e  potassium 

hydride were adaed 25 m l  of THF and 10.62 g of 9-TB.9-BBN (60 -1). The react ion m i x t m  was 

s t i r r e d  vigorously a t  25 '~ f o r  24 h t o  give K 9-TB-9-BBNH in a p u e  form : nmr 6-8.9 (d, JGH = 

75 Hz) ; ir V(&H) 1980 cil .  

Stereoselective Reactions - The react ion of  2-~thylcyclohexanone with K 9-TE-9-BBNH is representa- 

t i v e  t o  explore the  s tereoselect ivi ty .  I n  a 50-ml f l a sk  was placed 1.7 ml of a 1.2 M solut ion of the  

reagent in ?liF (2.0 -1). The f l a sk  was maintained a t  DOC and 1.0 ml of a precooled 1.0 M solution 



of 2-mthylcyclohexanone solution in Tm (1.0 mnol) was added. The react ion mixture was s t i r r e d  at 

0% f o r  2 h (12 h a t  -25%) and then quenched by addition of 0.5 ml of H20 The organoborane was 

oxidized with a lkal ine  hydrogen peroxide. m e  aqueous l ayer  was saturated with anhydrous potassium 

carbonate, and the  organic l ayer  was separated and dried. GC analysis  revealed the  presence of 100% 

2-methylcyclohexanol containing 99.5% of the  m i s o m r .  The r e s u l t s  are s m i z e d  in  Table IV. 
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