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The react ion of carbon monoxide with organomagnesium and o rganomercury  compounds was studied 
by us previously [1, 2]. The react ions  of CO with organoboron compounds are  of great  interest ,  and they 
have found extensive use in organic synthesis  [3]. A charac te r i s t i c  t rai t  of the react ion of CO with t r ia lkyl -  
boranes  consis ts  in the migra t ion of alkyl groups from the boron atom to the carbon atom, in which connec-  
tion varying the nature of the solvent, p re s su re ,  and react ion temperature  makes it possible to regulate the 
number of migrat ing alkyl groups and obtain, after the appropriate  t reatment ,  t r ia lkylearbinols  [4, 5], di-  
alkylcarbinols  [4], dialkyl ketones,  or methylol der ivat ives  of olefins [5]. The t r ia lkylcarbinols  were ob-  
tained from CO and t r ia lkylboranes  in aqueous medium at 500-900 atm [4]. These same carbinols were 
synthesized in good yield direct ly  from the olefins at a tmospher ic  p ressure  in diglyme medium by succes -  
sively running the react ions of hydroborat ion with diborane, carbonylat ion with CO in the presence  of ethyl-  
ene glycol, and oxidation with H202 [5]. 

The react ion of CO with t r icyclohexylborane at a tmospher ic  p ressu re  in diglyme medium was studied 
in the present  paper.  Here we studied the effect of adding ethylene glycol, metall ic  Na, NaBH4, or LiA1BH 4 
on the reaction,  and we also ascer ta ined the nature of the intermediate compounds. 

Of special in teres t  are  the data obtained by us in the experiments  with No, the addition of which led, 
after  oxidation, to the format ion not of t r ieyelohexylcarbinol ,  but of dicyclohexylcarbinol.  As a resut t ,  
despite the fact  that the react ion of CO with t r icyelohexylborane went in diglyme medium and the react ion 
product,  p r io r  to oxidation, was heated at 160~ only two of the eyclohexyl groups migra ted  from the boron 
atom to the carbon atom. In contras t  to No, the addition of either NaBH 4 or LiA1H 4 failed to affect the 
course  of the reaction. It is interest ing that Brown observed the catalytic action of both NaBH 4 and LiBH 4 
on the carbonylat ion react ion of t r ia lkylboranes  at 45 ~ in either diglyme or THF with the formation,  after 
oxidation, of p r imary  alcohols [5], and on the react ion of CO with diborane in THF with the formation of 
t r imethylboroxin [6]. According to [4], in the carbonylat ion of t r ia lkylboranes  in aqueous medium at 500- 
900 arm and 25-27 ~ the react ion product ,  af ter  alkaline hydrolys is  or oxidation with H202 in alkaline m e -  
dium, was converted to the dialkylcarbinol containing t races  of the dialkyl ketone, whereas  when it was 
heated to 150-160 ~ it gave the t r ialkylcarbinol  after  oxidation. 

According to the data given in [5], the charac te r  of the end product was determined not only by the 
tempera ture  of the earbonylation of t r ia lkylboranes  with CO or the type of t rea tment  to which the react ion 
product  was subjected, but also by the nature of the solvent: in diglyme medium they obtained t r ia lkyl -  
carbinols ,  the addition of water  to the diglyme gave dialkyl ketones,  while the methyloI der ivat ives  of ole-  
fins were obtained in ether  medium, which are formed as the resul t  of only one alkyl group migrat ing from 
the boron atom to the carbon atom. 

The role of added ethylene glycol was established in our experiments .  A repetit ion of the react ion 
for the carbonylat ion of t r icyclohexylborane with CO in diglyme medium, but in the absence of ethylene 
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glycol, followed by oxidation or without it, led only to the formation of h igh-molecular  products.  The addi- 
tion of 1-3 M of ethylene glycol per  mole of t r ieyelohexylborane gave the cyclic glycol es ter  of t r i eyc lo-  
hexylearbinylborie  acid in 73-80% yield, with a quantitative absorpt ion of CO. From this it follows that the 
formation of this es te r  is the route by which the ethylene glycol prevents  the polymerizat ion of the inter-  
mediate carbonylat ion products.  This cyclic es te r  is oxidized in quantitative yield to t r ieyclohexylcarbinol .  
Trieyelohexylearbinol  was obtained in 80% yield when the earbonylat ion react ion was run in diglyme m e -  
dium in the presence  of ethylene glycol and subsequent oxidation. 

The migrat ion of alkyl groups from the boron atom to the carbon atom during the earbonylation of 
t r ia lkylboranes  can be depicted as a stepwise p rocess ,  which begins with the formation of adduct (I). This 
is followed by a number of r ea r rangemen t s  with the formation of acyl organoboron compound (II), boron 
epoxide (III), and then the anhydride of the t r ia lkylcarbinylbor ic  acid (IV) [4, 5] 
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The format ion of t r ia lkylboraneearbonyl  (I), with a coordination bond between the boron and carbon 
atoms,  finds substantiation in the analogy with the react ion of CO with diborane in sealed tubes at 100 ~ and 
20 arm, with the formation of boranecarbonyl  H3BCO [7]. Tr imethylboroxin  (V) was obtained under these 
conditions in the presence  of 0.3-2 mole % of NaBH 4 from CO and diborane in THF medium [6] 
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The format ion of (V) is accompanied by the migra t ion of three hydrogen atoms from the boron atom 
to the carbon atom. 

The d imers  and t r ime r s  of t r ia lkylboranecarbonyls  (RaBCO)n, where n = 2-3,  were obtained from CO 
and t r ia lkylboranes  at 100-200 arm and 10-18 ~ in THF [8]. However,  the earbonyl nature of these com-  
pounds was not proved. Apparently,  the d imers  have the s t ruc ture  of boradioxanes (VI). 

The formation of acyl organob0ron compounds (II) is analogous to the intermediate step of forming 
acyl organometal l ic  compounds [1, 2]. The formation of the boron epoxide form (III) finds substantiation 
in the format ion of its d imers  as the 2 ,3 ,3 ,5 ,6 ,6-hexaalkyl -2 ,5-d ibora- l ,4-d ioxanes  (VI), which were i so-  
lated from the react ion products  of CO with t r ia lkylboranes  in aqueous medium at 25-80 ~ and 500-900 atm 
[4]. Tr i s - t r i a lky learb iny lboroxins  (VII) were obtained when this r e a e t i o n w a s r u n a t a  higher temperature  
(>-150~ which represen t  cycl ic  t r i m e r s  of the anhydrides of t r ia lkylcarbinylbor ic  acids [4]. The fo rma-  
tion of the monomer ie  form of the anhydride of t r icyclohexylcarbinylbor ic  acid is proved in the present  
paper by the prepara t ion of the cycl ic  es ter  of ethylene glycol and this acid. 

From what has been said it can be seen that the chemis t ry  of the carbonylat ion of t r icyclohexylborane 
in diglyme medium at a tmospher ic  p re s su re ,  and in aqueous medium at p r e s s u r e s  of 500-900 arm, has a 
variable charac te r .  Compounds (VI) and (VII) were not isolated by us; in place of them we obtained the 

cycl ic  glycol es te r .  

E X P E R I M E N T A L  M E T H O D  

Trieyelohexylborane was obtained from diborane and cyclohexene as descr ibed in [9]; yield 85-90%; 
m p l 0 0 ~  ef. [10]. 

Carbonylation of (C6Htl)3B. The react ion of CO with (C6Hn)3B was run at 100-110 ~ and a tmospher ic  
p r e s su re ,  in diglyme medium (100 ml) cofitaining ethylene glycol,  and subsequent oxidation of the carbonyla-  
tion product  (without isolating it from the react ion mixture) with alkaline H202 solution. In the experiments ,  
which were run for 0.3-3 h, we took 50-150 mM of (C~Htl)3B , and for every  mole of the lat ter  we used 0.0- 
0.9 M of additive (NaBH4, LiA1H4, or Na) and 0.0-3.0 M of ethylene glycol. The react ion components were 
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c h a r g e d  in the fo l lowing  o r d e r :  d i g l y m e ,  a d d i t i v e ,  e thy lene  g lyco l  a f t e r  s t i r r i n g  fo r  5 min ,  and f ina l ly  the 
o r g a n o b o r a n e .  V i g o r o u s  r e a c t i o n  with the evo lu t ion  of H 2 o c c u r r e d  when the e thy lene  g lyco l  w a s  added .  
About  1 /3  of the t aken  e thy l ene  g lyco l  w a s  c o n s u m e d  fo r  th i s .  When N a w a s  added  the H 2 evo lu t ion  o c c u r r e d  
when  the m i x t u r e  was  h e a t e d  to 100 ~ A f t e r  a l l  of the o r g a n o b o r a n e  had  b e e n  added  the s t i r r i n g  w a s  c o n -  
t inued  fo r  a n o t h e r  5 min ,  a f t e r  which the m i x t u r e  was  h e a t e d  to 100-110 ~ and CO was  p a s s e d  in.  The r e -  
a c t i o n  wi thou t  an add i t i ve  w a s  ended  in 0.5-1 h ,  in  20 m i n  when Na w a s  added ,  whi le  in  the e x p e r i m e n t s  
u s i n g  LiA1H 4 the r e a c t i o n  l a s t e d  a s  long  a s  3 h.  At the end of r e a c t i o n  the m i x t u r e  w a s  h e a t e d  for  1 h a t  
150-160 ~ in a CO s t r e a m ,  coo led ,  and then  i t  was  o x i d i z e d  by  the add i t i on  of NaOH s o l u t i o n  and e x c e s s  
H202, fo l lowed  by  h e a t i n g  a t  80-90 ~ The  ox ida t i on  p r o d u c t  s e p a r a t e d  on  s u b s e q u e n t  d i l u t i on  with w a t e r  and 

coo l ing .  One of the e x p e r i m e n t s  i s  d e s c r i b e d  be low.  

In to  a m i x t u r e  of  100 ml  of d r y  d i g l y m e ,  1 g of LiA1H4, 10 m l  of e thy l ene  g lyco l ,  and 25 g of m o l t e n  
(C~HII)aB a t  100-110 ~ w a s  p a s s e d  CO for  2 h.  The r e a c t i o n  m i x t u r e  w a s  h e a t e d  in a CO s t r e a m  for  2 h at  
160 ~ a f t e r  which i t  was  coo led  to 70 ~ and a so lu t i on  of 20 ml  of 6 N NaOH so lu t i on  and 40 m l  of '30% H202 
s o l u t i o n  w e r e  added  in 1 h. The m i x t u r e  w a s  h e a t e d  at  80-90 ~ fo r  1 h,  a f t e r  which 800 m l  of w a t e r  and 20 
ml  of HC1 (to d i s s o l v e  the g l y c o l a t e s )  w e r e  a d d e d  and the m i x t u r e  w a s  coo l ed  in ice  w a t e r .  The ob t a ined  
c r y s t a l s  w e r e  f i l t e r e d ,  w a s h e d  with  w a t e r ,  and d r i e d ;  y i e l d  86%; m p  95 ~ ( f rom hexane ) ;  of. [5]. 

In  the e x p e r i m e n t s  in which Na  was  u s e d  a s  the add i t i ve  we ob ta ined  d i c y c l o h e x y l e a r b i n o l . ,  mp  63 ~ 

( f rom hexane ) ;  cf.  [11]. 

In o r d e r  to a s c e r t a i n  the c h a r a c t e r  of the p r o d u c t  of the  c a r b o n y l a t i o n  of (C6Hll)aB with CO we r a n  
s o m e  e a r b o n y l a t i o n  e x p e r i m e n t s  in 100 ml  of d i g l y m e  at  100-110 ~ w h e r e  ox ida t ion  of the  r e a c t i o n  m i x t u r e  
w a s  o m i t t e d .  At  the end of the c a r b o n y l a t i o n  r e a c t i o n ,  fo l lowed  by h e a t i n g  the r e a c t i o n  m i x t u r e  a t  150-  
160 ~ we a d d e d  800 mt  of w a t e r  and 20 m l  of HC1, and coo l ed  the m i x t u r e  in ice  w a t e r .  The ob t a ined  fine 
whi te  c r y s t a l s  of 2 - t r i c y e l o h e x y l c a r b i n y l - 2 - b o r o n d i o x a l a n e  w e r e  s e p a r a t e d ;  y i e l d  70-76%; m p  157~ bp 
239-240  ~ (9 m m ) .  Found:  C 75.71; H 11.19; B 3.43%; mol .  wt .  333 ( e b u l l i o m e t r i c a l l y ) .  C21HaTO2B. 
C a l c u l a t e d :  C 75.88; H 11.23; B 3.25%; mo l .  wt .  332. Th i s  c y c l i c  e s t e r  does  not  p o l y m e r i z e  when 
h e a t e d  and i s  s t a b l e  when s t o r e d  u n d e r  the c ond i t i ons  of s t e a m - d i s t i l l a t i o n  and in vacuo .  S i m i l a r  e s t e r s  
w e r e  ob t a ined  p r e v i o u s l y  by  the r e a c t i o n  of CO with o t h e r  t r i a l k y l b o r a n e s  in  e thy lene  g lyco l  m e d i u m  a t  

650 a im  [4]. 

To a s o l u t i o n  of the ob t a ined  c y c l i c  e s t e r  (32 g in 200 m l  of  d ig lyme)  w e r e  added  20 m l  of 6 N NaOH 
s o l u t i o n  and 100 m l  of 30% H202 s o l u t i o n  in  1 h a t  50-60 ~ a f t e r  which the m i x t u r e  was  h e a t e d  a t  70-90  ~ fo r  
1 h,  d i l u t ed  with w a t e r ,  and coo led .  We ob ta ined  c r y s t a l s  with mp  95 ~ (from hexane ) .  

CONCLUSIONS 

1. The reaction of CO with tricyclohexylborane in diglyme, in the presence of ethylene glycol, gives 
the cyclic glycol ester of tricyclohexylcarbinylboric acid, which when oxidized with H202 is quantitatively 
converted to tricyclohexylcarbinol. 

2. The addition of Na leads to the formation of an adduct, the oxidation of which gives dicyclohexyl- 
carbinol. The addition of either NaBH 4 or LiAIHr fails to affect the direction of the reaction. 
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