
CARBONYLATION REACTION 

COMMUNICATION 13. REACTION OF CARBON MONOXIDE 

WITH TRIALKYLBORANES 

K. V. Puzitskii, S. D. Pirozhkov, 
K. G. Ryabova, I. V. Pastukhova, 
and Ya. T. Eidus 

UDC 542.97:546.262.3-31:547.244 

The use of organoboranes  as organometa l l ic  reagents  in organic synthesis  is constant ly increas ing  
[1]. The t r ia lkylcarb inols  were  obtained previous ly  f r o m  CO and cer ta in  t r i a lky lboranes  at 500-900 atm 
in aqueous medium [2], or  d i rec t ly  f r o m  olefins at a tmospher ic  p r e s s u r e  in diglyme medium by s u c c e s -  
s ive ly  running the reac t ions  of hydroborinat ion,  carbonylat ion in the p resence  of ethylene glycol,  and oxi-  
dation without isolat ing the in te rmedia te  products  [3]. We ran  the reac t ion  of CO with the t r icyc lohexyl -  
borane that was isolated af ter  hydroborinat ion at a tmospher ic  p r e s s u r e  [4]. 

In the presen t  paper  we studied the reac t ion  of CO with some  other t r ia lkylboranes :  the t r i - n - p r o p y l - ,  
t r i - n - h e x y l - ,  t r i - n - h e p t y l - ,  and t r icyc lopenty lboranes ,  at a tmospher i c  p r e s s u r e  and 100 ~ in diglyme 
medium,  in the p r e s e n c e  of excess  ethylene glycol. The exper iments  were  run by two methods:  with the 
isolat ion of the carbonylat ion products  f r o m  the reac t ion  mix ture  (Table 1), and without their  isolat ion and 
subsequent oxidation with alkaline H202 solution (Table 2). The isolat ion of the carbonylat ion products made 
it possible  to obtain the cyclic  e s t e r s  of ethylene glycol and the corresponding t r i a lky lca rb iny lbor ic  acids 
in 60-67% yields.  F r o m  t r ip ropylborane ,  bes ides  the glycol e s t e r  of t r i - n -p ropy l ca rb iny lbo r i c  acid, the 
cyclic  t r i m e r  of the anhydride of this acid was obtained in 19~ yield. The obtained e s t e r s  were  oxidized 
in quanti tat ive yield to the t r ia lky lcarb inols .  The carbonylat ion of the t r i a lky lboranes  and subsequent oxida- 
tion with alkaline H202 solution, without isolat ing the carbonylat ion products ,  gave the t r ia lkylcarb inols ,  
which had one m o r e  carbon atom than the s tar t ing  organoborane,  in 65-74% yields.  

The change in the di rect ion of the reac t ion  when smal l  amounts of sodium meta l  are added to the r e -  
action medium dese rves  attention: the carbonylat ion of t r i - n -p ropy lbo rane  af ter  oxidation gave d i - n - p r o p y l -  
carbinol  in 39% yield; this is s i m i l a r  to the si tuation where  dicyclohexylcarbinol  was obtained f r o m  t r i -  
cyclohexylborane when sodium was added [4]. We will mention that the reac t ion  of CO with t r i a lky lboranes  
in diglyme medium, in the absence of ethylene glycol,  usual ly gave highly po lymer ic  products .  

A s tepwise scheme for  the reac t ion  of CO with t r i a lky lboranes  was proposed previous ly  [2, 3], and 
was cited in [4]. The impor tan t  s teps  of the reac t ion  a re  in t r amolecu la r  r e a r r a n g e m e n t s ,  with the suc -  

+ 
cess ive  migra t ion  f rom the boron atom to the carbon atom in the adduct R3B : CO, fo rmed f r o m  CO and 
the organoborane,  of one, two, and three  alkyl groups.  It was found [2, 3] that the number  of alkyl groups,  
migra t ing  f r o m  the boron atom to the carbon atom, is de te rmined  by the reac t ion  conditions, and espec ia l ly  
by the t empe ra tu r e ,  p r e s s u r e ,  and nature of the reac t ion  medium.  When the reac t ion  is run in diglyme or 
THF at 45 ~ in the p resence  of NaBH 4 or LiBH4, only one alkyl group mig ra t e s ,  which makes  it possible  to 
synthes ize  e i ther  p r i m a r y  alcohols or aldehydes.  Two alkyl groups mig ra t e  in w a t e r - d i g l y m e  medium at 
o rd inary  p r e s s u r e  (synthesis of e i ther  secondary  alcohols or  ketones);  three  alkyl groups mig ra t e  in aque- 
ous medium at 500-900 atm and 150 ~ (synthesis of t e r t i a r y  alcohols).  The data obtained by us show that the 
addition of smal l  amounts of Na to the reac t ion  medium makes  it  possible  to stop the p roces s  at the step 
of the migra t ion  of two alkyl groups,  with the format ion,  af ter  oxidation, of secondary  alcohols instead of 
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tertiary alcohols. Under the adopted conditions, contrary to the data given in [2, 3], additional heating 
of the rem~tion mixture at 150 ~ is not required for migration of all three alkyl groups (without adding the 
Na). Miglation of the three alkyl groups occurs even during the reaction process when the reaction is run 

in diglyme medium at !00-Ii0 ~ and, after oxidation, the tertiary alcohols are obtained. 

EXPERIMENTAL METHOD 

The starting trialkylboranes were synthesized as described in [7], by the passage of diborane into an 
ether solution of the olefin. The mixture of isomeric trialkylboranes obtained in the hydroborination of the 
olefins was carbonylated by the passage of a CO stream for 5-6 h at atmospheric pressure and I00 ~ in the 
presence of 1.5-3 mole of ethylene glycol per mole of trialkylborane and 100--400 ml of diglyme. This 
method of running the reaction differed from that cited in [4] in that, on conclusion of reaction at i00~ 
the mixture was not heated at 150-160 ~ (see above). In the experiments, given in Table i, after carbonyla- 
tion the reaction product was isolated by the addition of 600 ml of water and 20 ml of hydrochloric acid, 
with cooling in ice water. The method for the oxidation of the carbonylation products with alkaline H202 
solution is given in [4]. In the experiments with added Na the reaction components were loaded in the fol- 
lowing order: diglyme, 1 g Na, and ethylene glycol. The stirred mixture was heated at i00 ~ until the so- 
dium glycolate was formed. Then the organoborane was added and the CO stream was passed through. At 
the end of CO absorption the carbonylation product was oxidized with H202. 

Di-n-propylcarbinol was formed when the reaction with tri-n-propylborane was run in the presence 
of Na, which was isolated by fractional distillation through a column with an efficiency of 90 theoretical 
plates (see Table 2). 

The synthesized aliphatic tertiary alcohols, which were obtained by starting with a mixture of iso- 
meric trialkylboranes, evidently also represent a mixture of tertiary alcohols, which contain isomeric 
aliphatie radicals. We were able to obtain tri-n-propyicarbinol and di-n-propylcarbinol in a fairly pure 
state by fractional distillation (see Table 2). Tri-n-hexylcarbinol and tri-n-heptyicarbino[ are solids. 
Several raerystallizations from various solvents (hexane, benzene, ethanol) failed to change the melting 
point, which indicates that they are quite pure. The molecular weights, determined by the mass spectro- 
scopy method, as well as the elemental analyses of the obtained products, are given in Tables 1 and 2. 

C O N C L U S I O N S  

1. Cyclic glycol e s t e r s  of t r ia lky lcarb inylbor ic  acids were  synthesized f rom t r ia lkylboranes  and 
carbon moaoxide in 60-70~ yield, while t e r t i a r y  alcohols were obtained by their  oxidation. 

2. ~he addition of small  amounts of sodium metal  changed the direct ion of the react ion,  which made 
it  possible to obtain secondary  alcohols. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
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