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Abstra'ct - The thermal isomerizat ions o f  8-3-hexylborolane (5 ) .  B-3-hexylborinane 

(6) and B-3-hexylborepane (7) were compared under i d e n t i c a l  condi t ions:  I5O0C 

i n  diglyme. The ra tes  o f  isomerizat ion decreased w i t h  decreasing s t e r i c  requ i re-  

ments o f  the boracyclane. For example, the r a t e  o f  thermal isomerizat ion of 

0-3-hexylborepane (7) i s  2 times greater than t h a t  o f  B-3-hexylborinane (6) - 

and 5 times greater  than t h a t  o f  8-3-hexylborolane (5). Moreover, the  l e a s t  

s t e r i c a l l y  crowded B-3-hexylborolane (5) y ie lded an equ i l i b r i um mix ture  which 

contained more boron d i s t r i bu ted  on the terminal  primary carbon atom compared 

t o  the  equ i l i b r i um mixtures der ived from B-3-hexylborinane (6) and 8-3-hexyl- 

borepane (7). 

1 It was recent ly  reported t h a t  8-3-hexylbis(2.5-dimethylcycl0hexyl)barane undergoes thermal, 

isomerizat ion approximately 100 times fas ter  than B-3-hexyldicyclohexylborane (3). 500 times faster 

than tr ihexylborane (2) and 4,000 times fas te r  than B-3-hexyl-9-borabicyclo[3.3.l]nonane (1). 
Further, the  organoborane (4) a lso  y i e l d s  a s y n t h e t i c a l l y  h igh l y  useful equ i l i b r i um mix ture  contain- 

i ng  on ly  one component, w i t h  100% boron on the terminal  carbon atom. These resu l t s  were r a t i o n a l -  , 

i r e d  i n  terms o f  progressively increasing s t e r i c  crowding, which becomes maximum i n  4. 

+Dedicated t o  Professor Herbert C. Brown, an i n s p i r i n g  teacher, on the occasion of h i s  70th b i r t h -  
day. 
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I n  t h i s  ser ies ,  the  thermal i somer iza t ion  o f  B-3-hexyl-9-BBN (1) i s  excep t i ona l l y  slow and 

reaches equ i l i b r i um  i n  264 h (11 days), a disc0ver.v t h a t  made poss ib le  a number of s yn the t i c  

app l i ca t ions .2 '3 '4  Th is  unusual ly  slow thermal i somer iza t ion  behavior o f  B-3-hexyl-9-BBN (1) 
prompted us t o  explore the  thermal i somer iza t ion  o f  o ther  s i m i l a r  B-alky lboracycles i n  order t o  

p rec i se l y  understand the  f ac to r s  c o n t r o l l i n g  the  r a t e  and equ i l i b r i um  of isomerizat ion.  

I n  the  recent  past, simple methods have been developed f a r  the  pveparat ion o f  var ious bora- 

~ ~ c l e s . ~ ' ~ "  Accordingly we prepared B-3-hexyl borolane (5), 8-3-hexyl borinane (6) and 

B-3-hexylborepane (7) and compared t h e i r  thermal i somer iza t ions  under i d e n t i c a l  cond i t ions  (150°C - 

% 1 fj s o l u t i o n  i n  d ig lyme).  

I n  view of the  recent  f indings,'  we hoped t h a t  by g radua l l y  inc reas ing  the  r i n g  s i ze  of t h e  

boracycle, we could p rogress ive ly  enhance t h e  s t e r i c  crowding i n  the  B-a lky lboracyc le  and thereby 

observe an increase i n  t h e  r a t e  of i s m e r i z a t i o n .  

Indeed, we were g r a t i f i e d  t o  f i n d  t h a t  c-3-hexylborepane (7) isornerizes approximately 2 t imes 

fas te r  than B-3-hexylborinane (6) which i n  t u r n  isornerizes approximately 2.5 t imes f as te r  than 8-3- 

hexylborolane (5, Fig.  1 ) .  
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Figure. The Comparison of the Rates o f  Isomerizat ion 
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More i n te res t i ng l y ,  however, we discovered an unusual t rend i n  the equ i l i b r i um d i s t r i b u t i o n  o f  

boron atom on the hexyl chain. Thus the l e a s t  s t e r i c a l l y  crowded B-3-hexylborolane (5) y ie lded an 

equ i l i b r i um mixture which contained more boron d i s t r i b u t e d  on the terminal  carbon atom canpared t o  

the equ i l ib r ium mixtures der ived from B-3-hexylborinane (6) and B-3-hexylborepane (7. Table I). 

This i s  counter t o  the t rend previously observed fo r  boron moiet ies o f  increasing s t e r i c  requ i re-  

ments. The precise cause o f  t h i s  reversal  i s  s t i l l  under invest iga t ion .  



Table. Thermal lsaner iza t ion  o f  Ej-Alkylboracyclesa . 
\( --\ . , . '. 

Time t o  Reach %'Composition of ~ l c o h o l s  b 

Organoborane \ 
tl12(min) ,Equilibrium (h) I-~\+ 2 - o ~  *. 3-07. 

'i '. 

CH3CH&HCH2CH2CH3 22 120 3 80 1 5 1  5 ,  

, , 

\. ..- 

'All thermal isomerizat ions were done a t  150 + 2°C i n  diglyme using 0% hydr ide excess. b ~ q u i l i b -  

rim d i s t r i b u t i o n .  

5 B-3-Hexylborolane (5) was prepared by the general method reported i n  the  l i t e r a t u r e  and p u r i -  - 

f ied by d i s t i l l a t i o n  (bp 40'12 mn). Ej-3-Hexylborinane (6) was prepared by the  hydroboration of m- 
3-hexene w i th  borinane6 i n  THF a t  25°C. Ej-3-Hexylborepane (7) was prepared by reducing Ej-chloro- 

b ~ r e p a n e " ~  w i t h  LiAlH i n  THF a t  O°C i n  the presence o f  G -3 -hexene  and p u r i f i e d  by d i s t i l l a t i o n  4 
under high vacuum (0.01 mn) and low temperature (40'C) t o  prevent any possible thermal isomerizat ion.  

11 The pur i ty:of  Ej-alkylboracycle was determined i n  each case by 8, nmr and ox idat ion  fol lowed 

by gc analysis.  

Thermal isomerizat ion was conducted i n  a l l  cases by d isso lv ing  10 m o l  o f  Ej-3-alkylboracycle 
. . 

i n  10 ml of d ry  diglyme; the r e s u l t i n g  m i i t u r e  (% 1 I! so lu t ion)  was maintained accurately a t  150 - + 

2°C by using a thermowatch. The progres; of the isaner iza t ion  was checked by withdrawing a l i quo ts  

a t  regular i n t e r v a l s  of time, ox id i z i ng  them w i t h  a l ka l i ne  hydrogen peroxide and ana lyz ing them by 

gc. The standard condi t ions used for  the  gas chromatographic separat ion o f  a lcohols were: 10% 

Carbowax 1540 on Chromosorb W (100/120) column (12 ft x 118 i n ) ,  isothermal ana lys is  a t  70"C, 

Varian 1200 FID gas chromatograph. U n t i l  ox idat ion  o f  the product, a l l  o f  the manipulations were 

done under N2 atmosphere using standard techniques. 9 

The present exp lora tory  study on the thermal isomerizat ion o f  8-3-hexylboracycle shows t h a t  

the r a t e  o f  i saner iza t ion  i s  i n  fact  con t ro l l ed  by the  s t e r i c  crowding i n  the organoborane. How- 

ever, it i s  not c l ea r  what factors govern the equ i l i b r i um d i s t r i b u t i o n  o f  boron atom on the hexyl 

chain. More de ta i l ed  studies are cu r ren t l y  i n  progress i n  order t o  c l e a r l y  es tab l i sh  the  factors 



HETEROCYCLES. VoL 18, I982 

c o n t r o l l i n g  the  equ i l i b r i um of the  isomerizat ion o f  k-alkylboracycle.  
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