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In studies on the carboxylation of aluminum trialkyls it was shown that the carboxylation of aluminum 
alkyls proceeds stepwise, with the formation of alkylaluminum mono- and dicarboxylates [1-4]. The third 
AI-C bond does not react even under drastic conditions. The LiAI(C2Hs) 4 complex when treated with CO 2 is 
converted to propionic acid and diethyl ketone [5]. In contrast to these data, the reaction of CO 2 with the 
tetraacetylide complexes of aluminum of type MAI (C-- CR) 4 proceeds under comparatively mild conditions, 
with yields as high as 90% of the corresponding acids [6]. In view of this, it seemed interesting to us to 
make a more detailed study of this reaction on the example of the tetraalkyl compounds of aluminum of type 

MAIR 4 (M = Li, Na; R = C2H 5, n-C6Hi3, n-CyHis, n-CsHIT, n-Ci01-I21). 

The reaction was studied in a wide range of pressures (from normal to 230 atm) and temperatures 
(from 25 to 220~ using ether, aliphatic, aromatic and mixed solvents. The obtained experimental data are 
given in Table i. From these data it follows that the main product from the reaction of CO t and MAIR 4 are 
earboxylie acids, the yield of which under the optimum conditions reaches 87%, i.e.,the fourth AI-C bond 
is also partially involved in the reaction 

MAIR4 + C02 -* MAI (OCOR)~ H_~o> RCOOH. 

The degree of convers ion of the A 1 - C  bonds of the tetraalkyl  complex depends p r imar i ly  on the r e a c -  
tion t empera tu re .  Thus, two A 1 - C  bonds react  at 25-135 ~ In the case of NaA1R 4 an increase  in the t em-  
pera tu re  up to 180-220 ~ enables achieving convers ion of the third bond and, par t ia l ly ,  of the fourth A 1 - C  
bond. In this connection the conversion (reaction of A 1 - C  bonds) of the tetraalkyl  complex reaches  87-95%. 
The lithium derivat ives  LiA1R 4 reac t  more  slowly with CO2; at 200 ~ not more  than 70% of the A I - C  bonds 
of the complex react  in 17 h. 

The high yield of carboxylic  acids (82-91% when based on reacted MA1R4) testif ies to the high se l ec -  
tivity of the carboxylat ion react ion.  Besides the carboxylic  acids,  we detected the corresponding dialkyl 
ketones (5-8%) and paraffins (6% and more)  in the react ion products  af ter  hydro lys is .  The yield of c a r -  
boxylic acids and the degree of convers ion of the tetraalkyl  complexes are but slightly dependent on the 
nature of the employed solvent.  On the basis  of the previously  published communicat ions [1-6] and the data 
of the present  study it must  be assumed that the react ivi ty of organoaluminum compounds when reacted with 
CO 2 inc reases  with increase  in the polar i ty  of the A 1 - C  bonds in the se r i e s :  A1R 3 < LiAIR 4 < NaA1R 4 < MA1 
�9 (C---- CR)4. 

E X P E R I M E N T A L  

The react ion of the tetraalkyl  complexes MA1R 4 with CO 2 was run at a tmospher ic  p r e s s u r e  in a glass 
r eac to r  equipped with a s t i r r e r ,  while at elevated p r e s s u r e  it was run in a rotated autoclave.  In all of the 
exper iments  a 4-6-fold amount of CO 2 was added to the react ion direct ly  f rom a cyl inder .  The degree of 
convers ion of the higher tetraalkyl  complexes was determined f rom the decrease  in the concentrat ion of the 
cor responding  paraffin in the hydrolys is  products  of the react ion mixture when compared with the original 
concentrat ion.  The amount of paraffin in the hydrolys is  product ,  corresponding to the unreacted MAIR4, 
was determined by GLC. The anaIysis  was run on a "Tswett -2"  chromatograph at 80-100 ~ using a column 
with a d iameter  of 1.2 mm and a length of 3 m, and 20% PEG-20,000 deposited on Celite 545. 
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TABLE 1 

MAIR 4 
T,~ 

NaA1 (C~H5)4 
NaA1 (CsHIT)4 
NaA1 (C~Hs)a 
NaA1 (C~Hs)~ 
NaAI (C~Hs)a 
NaA1 (CGHIa)4 
NaA1 (C7H~ h 
NaA1 (CsH17)~ 
NaA1 (C~Hmh 
NaA1 (CeHla)~ 
NaA1 (C~H5)4 
LiAI (CloH21)~ 
LiA1 (C1oH21)a 
LiAl (C~HIs)a 

50 
135 
25 

t50 
100 
t65 
t60 
180 

t80--190 
2t0--220 

200 
200 
200 
t95 

* Octane - ether ratio, 1:4. 

Reaction conditions 

p ,  a t l r l  

t 
t 

70 
t00 
70 

200 
210 
t30 
230 
t60 
220 
220 
230 
2t0 

time, h solvent 

4 Toluene 
3 Decane 
2 Toluene 
3 [The same 
4,0 /Ether 
5 ~Octane- ether 

18 [The same 
10 /Decane 
10 [Octane - ether 
t6 [The same 
12 Ether 

Octane - ether 
17 The same 
I 0  . . . .  * 

Degree 
of MAIR 4 
c o n v e r -  
.sion % 

57,5 
47, 5 
48,0 
95 
54 
67 
7O 
89,5 
91,6 

94,4 
62 
7O 
82 

Yield of 
acid 
RCOOH, 
in % to 
MAIR4. 

47 
41 
42 
87 
49 
56 
57 
79,0 
78,5 
7O 
84 
56 
52 
76 

Reac t ion  of NaAI(C2Hs) 4 with CO 2. A so lu t ion  of 0.131 mole  of NaAI(C2Hs) 4 in 50 ml  of anhydrous  e the r  
was  loaded into a ro ta t ed  0.5 l i t e r  au toc lave  and s a t u r a t e d  with CO 2 up to 50-60 a rm.  Here  the r e a c t i o n  m i x -  
t u r e  w a r m e d  up to 40-45 ~ The au toc lave  was  hea ted  at 200 ~ for  12 h.  The m a x i m u m  p r e s s u r e  was 230 a rm.  
A f t e r  cool ing ,  the r e a c t i o n  m a s s  was  dumped and the e t h e r  was d i s t i l l ed  off, The r e s i d u e  was  t r e a t e d  with 
10% HC1 so lu t ion .  Here  0.66 l i t e r  (5.6%) of C2H 6 was  evolved.  The p r op i on i c  acid was i so la ted  f r o m  the 
h y d r o l y s i s  p roduc t  by r e p e a t e d  e x t r a c t i o n  with e t h e r .  The e t he r  l a y e r  was  d r i ed  over  Na2SO 4 and f r a c t i o n a l -  
ly  d i s t i l l e d .  We obta ined  32.5 g of p rop ion i c  ac id  with bp 140-140.8~ n ~  1.3868; the y ie ld  of the ac id  was  
84% when based  on the s t a r t i n g  t e t r a a l k y l  complex .  We a l so  obta ined  1.8 g of d ie thyl  ketone with bp 101-103 ~ 
(760 m m ) ;  n ~  1.3918. 

Reac t ion  of NaAl(C6H13)4 with CO 2. A so lu t ion  of 0.066 mole  of NaAI(C6H13) 4 in 50 ml  of octane and 50 
ml  of e t h e r  was  t r e a t e d  with CO 2 in the s a m e  m a n n e r  as  in the p r e c e d i n g  e x p e r i m e n t ,  at 180-190 ~ and a 
p r e s s u r e  of 230 a rm for 10 h. The r e a c t i o n  p roduc t  was  hydro lyzed  with 10% HC1 so lu t ion .  The c o n v e r s i o n  
of the t e t r a a l k y l  complex  was  91.6%. Af t e r  s e p a r a t i n g  the aqueous  l a y e r ,  the e t h e r - h y d r o c a r b o n  l a y e r  was 
t r e a t e d  with 8-10% a lka l i  so lu t ion .  The a lka l ine  e x t r a c t s  were  ac id i f i ed ,  and the enan th ic  acid was  ex t r ac t ed  
with e t h e r .  We i so la ted  26.8 g of enan th ic  ac id  (bp 104-106 ~ (6 m m ) ;  n ~  1.4222) in 78.5% yie ld  (when based  
on the s t a r t i n g  t e t r a a l k y l  complex) .  F r o m  the e t h e r - h y d r o c a r b o n  l a y e r  was  i so la ted  2.1 g of a h igh -bo i l i ng  

p roduc t  (bp 114-118 ~ (6 m m ) ;  n ~  1.4280). 

Us ing  the d e s c r i b e d  method ,  p e l a r g o n i c  ac id  and undecano ic  ac ids  we re  syn t he s i z e d  f r o m  sod ium t e t r a -  

o c t y l a l u m i n a t e  and l i t h ium t e t r a d e c y l a l u m i n a t e .  

CONCLUSIONS 

The reaction of the tetraalkyl complexes of aluminum (MAIR4) with carbon dioxide was studied. In this 

reaction more than 3 AI-C bonds react with the formation of carboxylic acids. 
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