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It is known that aluminum tr ialkyls  when reacted  with CO 2 are  conver ted ei ther  to te r t ia ry  alcohols or  
to carboxylic acids, depending on the conditions [1, 2]. The following scheme was proposed for the f o r m a -  
tion of the acids, according to which 2 moles of acid are  formed f rom 1 mole of the aluminum trtalkyl [31. 

R3A1 c_o& B2AIOCOR co, RAI(OCOR)2 HO., 2RCQH -1- RH 

The simultaneous formation of acids, te r t ia ry  alcohols, and hydrocarbons  was observed when the 
react ions of organoaluminum compounds, containing cyclic and aliphatic di- and triene radicals ,  with CO 2 
were studied. Thus, the reaction of t r i s - [2 - (3-cyc lohexenyl ) - l -e thy l ]a iuminum (I) [4] with CO 2 at 140~ 
in xylene solution gave 3- (3-cyclohexenyl)propionic acid (II), t r i s - [2 - (3 -cyc lohexenyl ) - l -e thyI lca rb ino[  (III), 
and e thyl-3-cyciohexene (IV). If the carbonation is run in an autoclave at 250~ and 200 atm, then only acid 
(II) and te r t i a ry  alcohol alcohol (III) are formed. The reaction of t r i s - [1 - (2 -me thy t -3 -cyc lohexeny l ) -2 -  
propyl]aluminum (V) [5] with CO 2 in xylene at 140~ proceeds in a s imi lar  manner ,  and here  the products 
are 3 - (1-methyl -2-cyc lohexen-6-y l ) -2-methylpropionic  acid (VI), 3-methyl -4-propyleyclohexene (VIII) 
and te r t ia ry  alcohol (VII). Carbonation under drastic conditions gives acid (VI) and alcohol (VII). 

A study was made of the react ion of unsaturated aliphatic aluminum tr ialkyls  with CO 2 at 140~ The 
carbonation of compounds of s imilar  type was not studied previously,  although the application of this r e -  
action to polyunsaturated hydrocarbons  is a convenient method for the preparat ion of unsaturated acids. 
The react ion between t r i s - (3-methyl -4 ,6-heptadienyl)a luminum (IX) [6] and CO 2 leads to 4 -methy l -5 ,7 -  
octadienoic acid (X), 3-methyl-4,6-heptadiene (XI), and t r i s - (3-methyi -4 ,6-heptad ienyl )carb  ol (XII). 
4-Methyl-5,9,11-dodecatr ienoic  acid (XIV) was obtained f rom t r i s - (3-methyl -4 ,8 ,10-undeca t r ienyl )a lumi-  
num (XIII) under these conditions. 
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As a resul t ,  the react ion  of a luminum t r i a lky l s  with CO 2 at 140~ and a tmospher ic  p r e s s u r e  leads to a m i x -  
ture  that cons is t s  of acid, t e r t i a ry  alcohol, and hydrocarbon.  Under CO 2 p r e s s u r e  the y ie ld  of the acid is 
i nc rea sed  a lmos t  double, while the hydrocarbon  is not formed.  

In a sea rch  for  a sa t i s fac to ry  explanation of these  data we studied the carbonat ion of one of the pos -  
s ible  in te rmedia te  products  of the react ion,  namely  an alumoxane of type R2AIOAIR 2. At 140~ atumoxane 
(XV) is conver ted  to a mix tu re  of acid (II) and hydrocarbon (IV), whereas  only acid (II) is fo rmed  under 
dras t ic  conditions. In both c a s e s  the format ion  of the t e r t i a ry  alcohol was not o b s e r v e d . .  These e x p e r i m e n -  
tal data make it poss ib le  to ref ine the scheme for  the carbonat ion of a luminum t r ia lky ls .  The react ion be -  
gins with the fo rmat ion  of the dia lkylacyloxyaluminum (XVI), which when reac ted  with the t r ia lky la luminum 
is conver ted  to the ketone and alumoxane (XVII). The ketone r eac t s  with the t r i a lky la luminum and is con-  
ve r t ed  to the dialkylaluminum alcoholate of the t e r t i a ry  alcohol (XVIII). The carbonat ion of alumoxane 
(XVII) and alcoholate (VIII) leads a f te r  hydro lys i s  to a mix tu re  of acid, t e r t i a ry  alcohol, and hydrocarbon.  
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Complete carbonat ion of compounds (XVII) and (XVIII) occurs  under  m o r e  dras t ic  conditions, and a f -  
t e r  hydro lys i s  only a mix ture  of acid and t e r t i a r y  alcohol is formed.  

(XVII) 4c~ H20~4RCO~-I 

(xvIII) 2co,~ n,COAi/ocn~ a , o  B3COH + 2nco~I 
/ . ! 
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E X P E R I M E N T A L  

The IR spec t r a  were  r eco rded  on a UR-20 spec t rophotomete r ,  while the NMR spec t r a  were  r eco rded  
on a BS-487 B ins t rument  (80 MHz), using CCI 4 as the solvent and HMDS as the internal  s tandard.  

The organoaluminum compounds were  obtained by the genera l  t ransa lkyla t ion  p rocedure  [4, 6]. 

Carboxylat ion of T r i s - [2 - (3 -cyc lohexeny l ) - l - e thy l ] a luminum (I). A CO 2 s t r e a m  was p a s s e d  through 
a solution of compound (I) in 100 ml  of xylene for 4 h at 140~ The react ion  mix ture  was t r ea t ed  with 10% 
HC1 solution. The organic l ayer  was sepa ra t ed  and t r ea t ed  with 20% KOH solution. The alkaline solution 
was ex t rac ted  three  t imes  with e ther  and acidif ied with HC1 solution. The l ibera ted  acid was ex t rac ted  
with e ther .  We obtained 8.0 g (31% yield) of 3-(3-cyclohexenyl)propionic  acid (II), bp 130~ (4 mm),  mp 
32-33~ In f ra red  spec t rum (r, cm-1): 740, 1280, 1380, 1720, 3020. NMR spec t rum (6, ppm): 2.29 (2H), 
5.54 (2H), 11.72 (H); m/e 154. 

Ethylcyclohexene (IV) [8.1 g (43.5%)] was isolated by chromatographing the xylene solution on A1203, 
bp 135-136~ (760 mm); n~ 1.4555; cf. [7]. 

Tris-[2-(3-cyclohexenyl)-l-3thyl]carbinol (Ill) [5 g (20%)] was removed from the aluminum oxide by 
elution with chloroform; mp 41-42~ Infrared spectrum (~,, cm-l): 740, 1050, 1150, 3030, 3350. NMR 
spectrum (6, ppm); 3.35 (H), 5.50 (6H). 
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Carboxylation of (I) under Drastic Conditions. A solution of 20 g of compound (I) in 100 m[ of hep-  
tane was loaded into an autoclave and 75 g of solid CO 2 was added under cooling. The react ion mixture  
was kept at 250~ and 200 atm for 5 h. Fur ther  t rea tment  was the same as descr ibed  above. We obtained 
15.6 g (60%) of acid (II) and 4.5 g (18%) of alcohol (III). 

Carboxylat[on of Tr i s - [1 - (2 -methy l -3 -cyc lohexeny[ ) -2 -propy l ] -a luminum (V). -Under s tmi ta r  condi-  
tions, f rom 60 g of compound (V) we obtained 19 g (26% yield) of 3 - (1 -me thy l -2 -cyc lohexen-6 -y l ) -2 -me thy l -  
propionic acid, bp 165-170~ (0.5 ram); n~ 1.5025. Infrared spec t rum (v, cm-1): 740, 1480, 1710, 3040. 
NMR spec t rum (6, ppra): 0.94 (3H, J 7 Hz); 1.04 (3H, J 7 Hz); 5.04 (2H); 11.20 (H). We isolated by 
chromatographing on A1203: 1) 25.5 g (45% yield) of 3- rae thyl -4-propylcyclohexene (VIII), bp 180-181~ 
(760 ram); n~ 1.4529. Infrared spec t rum (~,, cm-1): 690, 1380, 1460, 3020. NMR spect rum (6, ppra): 
0.90 (3H, tr iplet ,  J 7 Hz); 0.95 (3H, J 7 Hz); 5.30 (2H); 2) 7 g (12% yield) of t e t r i a ry  alcohol (VID, bp 
205-210~ (0.5 ram); n~ 1.5070. t~frared spec t rum (~,, era-l):  740, 1150, 1480, 1460, 3450. 

The carboxyiat[on of 30 g of compound (V) with 80 g of CO 2 gave acid (V[) [yield 19.5 g (54%)] and t e r -  
t ia ry  alcohol (VII) [yield 6 g (21%)]. 

Carboxylation of Tr is- (3-raethyl-4 ,6-heptadienyl)a luminura  (IX). F r o m  45 g of compound (Di:) we ob-  
tained 25 g (42% yield) of 4-methyl-5 ,7-octadienoic  acid (X), bp 129-130~ (0.5 ram); n~ 1.4780. Infrared 
spec t rum (:,, cm-1): 910, 1100, 1710, 3040. Ultraviolet  spectrum: ~max 227 nm, log a 4.83. NMR spec-  
t rum (6, ppm): 1.05 (3H, doublet, J 6 Hz); 4.78-6.40 (5H, multiplet); 10.73 (H, singlet); m / e  154. We 
isolated by chromatograph[rig on AI20~: I) 15 g (36% yield) of 3-raethyI-4,6-heptad[ene (XI), bp 95~ (760 
ram): n~ 1.4471. Infrared spec t rum (:,, cm-l):  900, 1010, 1380, 1460, 1650. Ultraviolet  spectrum: 
hmmx 227 nra0 log e 4.2; m / e  110; 2) 2.5 g (5.5% yield) of t r i s - (3-methyl -4 ,6-heptad ienyl )carb inol  (XII), 
bp 200-202~ (0.4 mm; n~ 1.4885. Infrared spec t rum (~, cm-1): 910, 1000, 1070, 1150, 3040, 3350. 
Ultraviolet  spectrum: Xma x 227 nm, log e 5.05; m / e  356. 

The carboxylat ion of 20 g of compound (IX) gave acid (X) [yield 18 g (67%)] and t e r t i a ry  alcohol (XII) 
[yield 3 g (15%)]. 

Carboxylation of Tr is - (3-methyl -4 ,8 , I0-undeeat r [eny[)a lura[num (XIII). F ro m  70 g of eompomld 
(XIII) we obtained 19 g (22% yield) of 4-methyl -5 ,9 ,11-dodecat r ienoic  acid (XIV), bp 145-148~ (0.5 mra); 
n~  1.4875. I n f r a r e d  spec t rum (v, cm-1): 910, 1000, 1460, 1710. Ultraviolet  spectrum: ~max 232 nm, 
log e 4.80. NMR spect rum (6, ppm): 1.05 (3H); 268 (H); 4.80-5.40 (7H); i l . 6 0  (H). 

Alumoxane (XV). As descr ibed  in [7], we obtained (XV) in ~100% yie ld  f rom 40 g of compound (I) 
and 0.1 g of water.  

C O N C L U S I O N S  

Some polyunsaturated carboxylie  acids were synthes/zed and the scheme for  the carboxylat ion of 
aluminum tr ia lkyls  was refined. 
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