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It  was  shown p rev ious ly  in [1] that  BF 3 complexes  with acet ic  o r  propionic  acids a r e  highly ac t ive  and 
s table  ca ta lys t s  of the carbonyla t ion  of b ranched  olefins and t e r t i a r y  alcohols .  These  ca t a ly s t s  a r e  ea s i ly  
s e p a r a t e d  f r o m  the r eac t i on  p roduc t s  and can be used  repea ted ly  without a reduct ion of act iv i ty .  

The p r e s e n t  p a p e r  d e s c r i b e s  the effect  of the CO t e m p e r a t u r e  and p r e s s u r e ,  the m o l a r  ra t io  of ca ta lys t  
to olefin, and the addition of w a t e r  and solvents  on the carbonyla t ion  of isobutylene,  its o l i gomer s ,  and n-  
olefins in the p r e s e n c e  of complexes  of BF 3 with C2HsCOOH, CH3COOH, and CH2C1COOH. The ac t iv i ty  of the 
ca t a lys t s  with r e p e a t e d  use  has  been  studied. 

Carbonyla t ion  of i sobutylene  (Table 1) c a r r i e d  out under op t imum conditions [ca ta lys t  (Ct) BF 3 . 2C2HsCOOH , 
80~ PCO 100 a tm,  a Ct: i-C4H8: w a t e r  m o l a r  ra t io  2 : 1 : 1] led to the fo rma t ion  of a m ix tu r e  of acids  with a 
mean  y ie ld  of 95.2% a f t e r  us ing the ca t a lys t  f ive t imes .  In the ~presence of BF 3 �9 2CH3COOH at  80 ~ the yield of 
acids  was subs tan t ia l ly  unchanged but the content  of t r ime thy l ace t i c  acid (TMAA) in the mix tu r e  d e c r e a s e d  
f r o m  54.0 to 44.5%. It  fol lows f r o m  Fig. 1 and Tab le  1 that  the t e m p e r a t u r e  r i s e ,  dur ing ca rbonyla t ion  of i s o -  
butylene in p r e s e n c e  of BF 3 �9 2CH3COOH, causes  an i n c r e a s e  in the yield of ca rboxyl ic  acids f r o m  27.8% at 
50 ~ to 91.0% at 80% and then a d e c r e a s e  to 35.0% at  125 ~ In this  case ,  the TMAA content  of the mixed acids 
d e c r e a s e d  f r o m  58.3% at  50 ~ to 22.0% at 125~ the m e a n  m o l e c u l a r  weight (Mav) of the resu l t ing  acids mix tu re  
i nc rea sed  f r o m  110 to 140-142. 

Carbonyla t ion  of di isobutylene (DIB) without adding wate r ,  o r  adding it  m o r e  s lowly than the DIB, caused  
a lower  y ie ld  of ca rboxy l i c  acids (Table 2). Only s imul taneous  addition of equ imo la r  quant i t ies  of wa te r  and 
DIB or ,  s t i l l  be t t e r ,  i t s  p rev ious  addition to the ca ta lys t ,  i n c r e a s e d  the yie ld  of acids.  When DIB was ca rb o n y -  
la ted with n -hexane ,  ch lorobenzene ,  o r  methyl  ace ta te  p re sen t ,  the yield of acids d e c r e a s e d  f r o m  99.6 to 92.1, 
67.4, and 42.2%, r e spec t ive ly .  In the p r e s e n c e  of methanol ,  DIB fo rms ,  bes ides  t heb ranched  acids,  thei r  methy l  
e s t e r s  and methy l  propionate ,  which l a t t e r  is  a component  of the ca t a ly s t  BF 3 �9 2C2HsCOOH. This  leads  to an 
expendi ture  of ca t a ly s t  and its deact ivat ion.  

With r epea t ed  use  of the ca t a lys t  BF 3. 2C2HsCOOH under  op t imum condit ions (80~ PCO 100 arm; Cti 
DIB:water  m o l a r  r a t io  = 2 : 1 : 1) i ts  act ivi ty  is  unchanged (Table 3, Fig. 2). The ca rboxyl ic  acids  f o r m e d  a f t e r  
the f i r s t  e x p e r i m e n t  a re  not comple te ly  ex t r ac t ed  (about 85%), but a f t e rwards  a re  eas i ly  s e p a r a t e d  in s u b s e -  
quent expe r imen t s ;  quant i ta t ive  ex t rac t ion  is  achieved a f t e r  the fifth t r i a l ,  BF 3. 2CH3COOH also p roved  to be  
a highly ac t ive  and s tab le  c a t a l y s t  fo r  the carbonyla t ion  of DIB; the y ie ld  of acids was 93.4% a f t e r  i t  had been  
used  six t imes .  The organic  acids  p r e p a r e d  in this ca se  c o m p r i s e d  25% TMAA, 50% C 9 acids ,  20% C13 acids ,  
and 2-3% of C 6 and C~ acids .  The ca rboxy l i e  acids f o rmed  f r o m  the (1 : 1) mix tu re  of 2 , 4 , 4 - t r i m e t h y l - 1 -  and 
-2 -pen tenes  or  f r o m  the pure  i s o m e r s  had approx ima te ly  the s a m e  qual i ta t ive and quant i ta t ive  composi t ion.  
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Fig. 1. Effect  of t e m p e r a t u r e  on c a r -  
bonylation of isobutylene:  1) y ie ld  of 
acids;  2) t r ime thy lace t i c  acid content  
in mixed acids; 3) mean  mo lecu l a r  
weight of mixed acids .  

TABLE 1. Carbonyla t ion  of Isobutylene  in the P r e s e n c e  of BF 3 Com-  
p lexes  with Acet ic  or  Propionic  Acid (PCO 100 atm; Ct; i-C4H8: w a t e r  
m o l a r  ra t io  = 2 : 1 : 1; isobutylene feed ra t e  1.0-1.5 m o l e / h  p e r  mole  
of Ct) 

I conTn o ici0 yield of ~ o=. ~ , ~ . ~ . ~  ] , ~  
Catalyst T,., ~ acids, ~0 ~ ~ ]~.~ ~ ] ~  ~]w.~o[~rN'~ ~ o~ o /~av 

I ~  ~ l ~ , ~ l ~  , ~ al~,~ 

50 27,8 58,3 t5,9 t2,3 3,7 t,9 2,2 tt0,0 
65 [ 85,9 ~. 53,t 12,2 t3.5 7,5 3,8 4,6 t25,0 
80 I 91,0 44,5 i7,t t8,8 6,3 2,2 3,8 i29,5 

t00 I 90,5 32,4 t6,8 i5,t 10,4 5,7 1t,6 142,0 
t25 135,0 22,9 2t,0 20,5 7,8 2,7 6,2 t40,0 

*In addition the mix tu re s  of acids contained 1.0-2.0% of C s acids,  0.6- 
1.5% of C~ acids ,  and 2-5% of a C 9 acid. 
?Mean yield a f t e r  using ca ta lys t  f ive t imes .  
SThe s ame ,  a f te r  us ing four  t imes .  
**The s ame ,  a f t e r  using twice. 

BFa. 2C~H~COOH 
�9 BF.~-2CH3COOH 

The same 

Carbonyl ic  acids  have been p r e p a r e d  f r o m  t r i i sobuty lene  (TIB) (Table 4) in 87-92% yield  which c o m -  
p r i s ed  40-50% TMAA, 30-40% C 9 acids ,  and only 10-15% of Ct~ acids.  The va r ia t ion  of the Ct to olefin (DIB 
or  TIB) m o l a r  ra t io  o v e r  the 2 : 1 - 1 . 1  range  showed no s ignif icant  effect  on the reac t ion  (see Table  4 and Fig. 
2). It can be assumed ,  however ,  that  the op t imum ra t io  is  2 : 1, because  it enables  carbonyla t ion  to be c a r r i e d  
out, not only producing ca rboxyl ic  acids in high yield but also p r e s e r v i n g  the act ivi ty  of the ca t a lys t  during 
i ts  repea ted  use .  

F r o m  TIB (a mix tu re  of 2 ,2-dineopentyle thylene and 2 ,2 ,4 ,6 ,6 -pen tamethy l -3-hep tene)  it was expected 
that  2 ,2-dineopentylpropionic  acid would be fo rmed  through the in t e rmed ia te  t e r t i a r y  ca rbonium ion A (on 
chart) .  However ,  the PMR s p e c t r u m  showed the p r e s e n c e  of another  i s o m e t r i c  acid - 2 - t e r t - b u t y l - 3 , 5 , 5 -  
t r ime thy l cap ro i c  acid. This  is  evidently f o rmed  through carbonium ion B and is m o r e  probable  under  the 
reac t ion  conditions mentioned.  The fo rmat ion  of 2 ,2 ,4 ,4 ,6 ,6-hexamethylenanthic  and 2 - i sop ropy l -3 ,3 ,5 ,5 -  
t e t r a m e t h y l c a p r o i c  acid p robab ly  occu r s  at  the s tage when the or iginal  TIB mix tu re  i s o m e r i s e s  to a mix tu re  
of 2 ,4 ,4 ,6 ,6 -pen tame thy l -1 -  and -2 -hep tenes ,  through the in t e rmed ia t e  ca rbon ium ions C and D, which a r e  
subsequent ly  carbonyla ted  (see Scheme 1). 

1 -Pen tene  and 2 -pe tene  did not r eac t  with CO in the p r e s e n c e  of BF32 C2H5COOH and B F 3 - 2 CH3COOH at 80-90 ~ 
and 100 a tm  of CO (mola r  ra t io  Ct :o lef in :water  = 2 : 1 : 1). T h e y w e r e ,  however,  quanti tat ively conver ted  to mix tu re s  
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TABLE 2. Carbonylation of Diisobutylene (DIB) in the Presence of 
Various Solvents and Methods of Adding Water to BF~. 2C2H~COOH 
Catalyst (PCO I00 atm; Ct:DIB:water molar ratio = 2 : 1 : I; 80~ DIB 
feed rate 1.0-1.5 mole/h per mole of Ct) 

Solvent. method of 
adding water to Ct 

Acid 
Yield of ~ .  
acids, ~ >.' y >. 
of theor. ~a=." r  v v'a 

COntent, 070* 

o,~ . n ~ o  . , ~ o  , 

I 
Without added water ] 
Water, addition rate half that [ 
of DIB I 

Water and DIB added 1 
simultaneously 

Water added to Ct not more than[ 
DIB 

Water added to Ct not more than 
DIB and DIB added wkh equal 
volume of b-hexane 

Water added to Ct not morethan 
DIB and DIB added with equal 
volume of methyl acetate 

Water added to Ct not more than 
DIB and DIB added with an, i 
equal volume ofehlorobenzene ! 

Methyl alcohol in molar ratio 
DIB: CHsOH= 1:1 

33,3 
54,0 

89,2 

99,65 

92,~$ 

42,2 

67,4 

56,0 * * 

15,2 33,0 
31,0 25,2 

28,t 26,8 

29,5 18,7 

5t,0 i4,8 

18,7 24,2 

3t,2 I 24,7 

<6 I!8,o I 

19,1 
2t,i 

24,2 

24,2 

20,9 

16,9 

19,7 

19,3 

7,5 6,9 
4,3 3,7 

6,2 3,5 

7,0 3,9 

1,3 -- 

9,4 7,2 

5,3 t,9 

3,0 2,2 

t3,9 
6,0 

4,9 

4,2 

i5,5 

5,5 

4,8 

*In addi t ion,  the m i x t u r e s  of ac ids  con ta ined  1.5-3.0% of C 6 ac ids ,  
1 .0-2.5% of C 7 ac ids ,  and 5-6% of a C 9 acid.  Mav fo r  the m i x t u r e s  
of ac ids  was  123-159.  
t M e a n  y i e ld  a f t e r  u s ing  c a t a l y s t  t en  t i m e s .  
$The s a m e ,  a f te r  u s i n g  twice.  
**Methyl e s t e r s  of p r o p i o n i c  ac id  and b r a n c h e d  ac ids  w e r e  f o r m e d  
with to ta l  y i e ld  27.3%. 

of the n o r m a l ,  s e c o n d a r y ,  and t e r t i a r y  amyl  e s t e r s  of p rop ion i c  o r  ace t i c  acid.  N e v e r t h e l e s s ,  a t  100 ~ i - p e n -  
tene  in  the  p r e s e n c e  of BF  3 �9 2CHaCOOH was  a l r e a d y  21% c o n v e r t e d  to c a r b o x y l i c  ac ids .  

[(CH~)aCCH~ ]2C(CHs)C00H 

I -kCOq-H~O 
~- [ (CH~)aCCH, I~C=CH~- +H+ I + 

- -  I ~ [ (CHa)aCCH2]2C(CHa) 
(CHa)aCCH~C(CHa)=CHC(CHa)s-- 

+ 
(CH3) 3CCIt2CH(Ctt.~)CHC(CH3)a 

B [ +cO+tt~O 

(CHa)3CCH~CH(CH3)CH(COOH)C(CHa)3 

(CHa)aCCH~C(CHa)2CH2C(CHa) =CH2 (CH3)3CCH2C(CHa)~CH=C(CHs)~ 

t-t-H+ [+H+ 
+ + 

(CHa)aCCH~C(CH3)2CH2C(CHa)2 (CH3) 3CCH2C(CH~)..CHCH(CHa)2 
C I +CO+H,O D I +CO+H~O 

(C Ha)aCCH~C(CH3)..CH2C(CHa)~COOH (CHa)aCCH2C(CHa)~CH(COOH)CH(CHa)2 

Scheme 1 

l-Hexene was converted in the presence of BF$- 2CHaCOOH at I00 ~ to carboxylie acids with a yield of 84.0% 
(Table 5). When the more acid catalyst BF a �9 1.65CH2CICOOH was present, l-hexene at 80 ~ was quantitatively 
converted to the C? carboxylic acids: 2,2-dimethylvaleric and 2-ethyl-2-methylbutyric acids. At 40 ~ the yield 
of acids from l-hexene was only 11o8% and in the mixture of acids, besides those mentioned, 19% of 2-ethyl- 
valeric and 2-methycaptoic acids was present. 

Carbonylation of n-olefins took place easily in the presence of the more active, and more conveniently 
c o n v e r t e d ,  c a t a l y s t  s y s t e m  3BF 3. 2 CH2C1COOH + BFa �9 2CH3COOH. Unl ike  BF2" 2CH2C1COOH it does not c r y s -  
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T A B L E  3. Ca rbony la t ion  of  Di i sobuty lene  in P r e s e n c e  of BF 8 C o m -  
p lexes  with Ace t i c  o r  P rop ion i c  Ac id  (PCO 100 a tm;  C t :DIB:wa te r  
m o l a r  ra t io  = 2 : 1 : 1; 800; DIB feed r a t e  1 .0-1 .5  m o l e / h  p e r  mole  
of Ct) 

Catalyst 

Yield of ~ '~ Yield of acids, 
acids, % ~ i  ~ ~ 
of theor. ~ ~'~, r 

I C Q ~  

Mixture (! : 1) of 2,4,4-trimethyi-l-pentene and 
BFa.2C~HsCOOH, ~esh 
From expt. 1 
The same 

3 
4 
5 
6 
7 
8 
9 

Mean ~ 

84,8 
t05,5 
i07,0 
102,2 
100,0 
98,0 

100,5 
99,3 
98,6 
99,6 
99,6 

29,1 t9,3 20,3 
28,8 16,9 20,8 
36,5 20,2 28,0 
27,6 t8,6 23,4 
26,3 17,3 19,4 
32,0 17,7 24,2 
29,4 t7,7 26,0 
28,8 t8,7 24,5 
24,~ 17,6 24,8 
3t,6 21,4 30,0 
27,5 t8,7 24,2 

% of theor. 

, ~o'~ ~ , . ~ ' .~  , . ~ 0 ~ > " ~  

~ o  ~ ~ o o 

2,4,4-t rimethyl-2-pentene 
7,9 
8,t 
4,8 
8,7 
9,2 
7,3 
8,4 
6,9 
9,6 

7,0 
2,4,4- Trimethyl- 1-pentene 

Fresh without added water I 33,3 I 15,2 ] 30,0 [ 19,1 ] 7,5 

2,4, 4- Trimethyl-2-pentene 
Fresh ] 97,3 [ 3t,9 [ t9,4 I 20,2 [ 5,5 ] 

2,4,4-Trimethyl- 1-pentene 

Ct:DIB =2 : t , 5  98,4"* , 26,8 I 2i,7 l 2t,4 I 6,0 
Ct : DIB = t : t  95,2** 23,2 21,6 20,6 7,1 
BFs .2CHsCOOH 93,4*** 25,t 22,8 23,3 8,2 

5,9 8,8 
7,0 9,9 

47 4; 
6,2 6,2 
3,0 2,6 
3,1 2,2 
3,8 2,5 
5,0 4,7 

45 

6,9 t3,9 

5,4 10,6 

5,7 it,4 
7,0 13,9 
4,5 6,5 

*In addit ion,  the m i x t u r e s  of  ac ids  con ta ined  2.0-3.5% of C 6 ac ids ,  2 .0 -  
3.5% of C? ac ids  and 3-8% of C 9 ac ids .  Mav f o r  the m i x t u r e s  of ac ids  
was  132-159.  
T Mean y ie ld  a f t e r  us ing  c a ta lys t  t h r e e  t imes .  
$The s a m e ,  a f t e r  s ix  t imes .  

T A B L E  4. Ca rbony la t i on  of  T r i i s o b u t y l e n e  (TIB) in the P r e s e n c e  of 
BF 8 with Ace t i c  o r  P r o p i o n i c  Ac id  (PCO 100 arm; C t : T I B : w a t e r  m o l a r  
r a t i o  = 2 : 1 : 1; 80~ TIB feed  r a t e  1 .0-1 .5  m o l e / h  p e r  mo le  of Ct) 

Catalyst 
Yield of tri- 
acids, % methyl- 
of theor, acetic 

Acid content, % * 
2,2,4,4- 3,3-di- [2-tert- 2 2 4 4 [3,3,5 5- 
tetra- methyl- ] butyl- [6'6:h'exa~ etrameth- 
methyl- 2-isopro- 3,5:5- Imethyl- [yl-2-iso- 
v aleric ylcaproi~enanmzc t~apr~ic pylbutyr- trimeth-/ _~. Ipropvl- 

ic 

Mixture (1: 1) of 1,1-dineopentylethylene and 2,2,4,6,6-pentamethyl-3-heptane 

BFa-2CHaCOOH 87,8"~ 31,8 18,t 20,i 9,t 5,i 715 
BFs.2C2H6COOH 92,5 "~ 48,0 t3,t t4,1 5,1 3,8 8,4 
The same 90,5 $ 44,9 i3,4 14,4 7,6 4,6 7,8 
BFa.2C~HsCOOH 90,3 ** 40,i 14,2 t8,2 6,4 5,3 8,9 
c t : r IB =2:1,5 
BFs.2C~HsCOOH, 86,0 ** 41,i li,0 t0,9 5,3 7,0 12,5 
Ct : TIB Z~l: l  

*In addit ion,  the m i x t u r e s  of ac ids  conta ined 1o5-2.5 gc of C 6 ac ids ,  
2 .0-1 .5% of C 7 ac ids ,  and 3 - 7 . 5 % o f  a C 9 acid.  Mas f r o m  the m i x -  
t u r e s  of  ac id s  was  132-140.  
t Mean y ie ld  a f te r  us ing  c a t a l y s t  f ive t i m e s .  

t a t  7 0  ~ . 

**Mean y ie ld  a f t e r  us ing c a t a l y s t  t h r ee  t i m e s .  

t a l l i ze  on s tanding.  With a C t :o l e f in :wa te r  r a t io  = 2 : 1 : 1, at 80 ~ and PCO 100 atm,  1 -pen tene  was  94.7% c o n -  
v e t t e d  to ac ids .  1 -Hexene  and 1 -hep t ene  gave  ac ids  with an a v e r a g e  y ie ld  of 93.8 and 92.6%, r e s p e c t i v e l y ,  
a f t e r  the c a t a l y s t  had been  used  ten  t imes .  The c a r b o x y l i c  ac ids  f o r m e d  f r o m  1-hep tene  cons i s t ed  of 92.5% 

of C 8 and 7.5% of Ci5 ac ids .  
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Fig. 2. Effect of molar ratio of Ct to olefin (X) and number of re- 

peat experiments (n) on yield of carboxylic acids: i) from DIB 

with repeated use of Ct(BF 3- C2HsCOOH); 2) from DIB with Ct to 

DIB molar ratios from 2 : 1 to 1 : I; 3) from TIB with Ct to TIB 

molar ratios from 2 : 1 to I : i. 

Fig. 3. Effect of CO pressure on carbonylation of l-pentene 

(Ct : 3BF a �9 2CH2CICOOH + BF a - 2CHaCOOH, 90 ~ Ct : l-pentene : 

water molar ratio = 2 : 1 : I). !) Yield of acids; 2) 2,2-dimethyl- 

butyric acid content. 

T A B L E  5. C a r b o n y l a t i o n  of n - O l e f i n s  in the  P r e s e n c e  of B F  3 C o m -  
p l e x e s  wi th  CHaCOOH and CH2C1COOH (PCO 100 a im;  C t :o le f in :  
w a t e r  m o l a r  r a t i o  = 2 : 1 : 1; o l e f in  f e e d  r a t e  1 m o l e / h  p e r  m o l e  of  
ct) 

Olefin 

1-Pentene 

1-Hexene 

1-Pentene 

1-Hexene 
3-Hexene 

1-Heptene 

1-Octane 

T ~ 

00 

00 

40 

80 

9O 

90 
9O 

9O 

90 

Yield of 
acids,% 
of theor 

21,0 

84.0 

11.8 

100.0  

3BF 3 

94 .7  

93.8'* 

96.0 

92.6* 

93.5 

Acid content, % 

BF 3 "2CH aCOOH 

43.6 2, 2, -dirnethylbutyric ; 11 �9 2, 2, 2-dimethylvaleric ; 
6.0, 2-ethyl-2-methylbutyric; 2.4, C 8 acids, 36.8, 

C11 acids 
43.3 2,2-dimathylvaleric; 56.7, 2-ethyl-2-methylbutyric 

BF 3 �9 1.65CH2CICOO H 

37.6 2,2-dimef~ylvaleric; 43.4, 2-ethy~-2-methylbutyric; 
19.0 of a mixture of 2-ethylvaieric and 2-methyl- 
caproic 

62.4 2,2-dimethylvaleric; 37.6, 2-ethyl-2-methylbutyric 

2CHIC1COOH + BF 3 �9 2CHaCOOH 

75.3 2,2-dirnethylbutyric; 21.5, 2-ethylbutyric and 3.2, 
2-methytvaleric 

47.8 2,2-dimethylvaleric; 52.2, 2-ethyI-2-methylbutyric 
29.8 2,2-dimethylvaleric; 45.4, 2-ethyl-2-methylbutyric; 

18.0, 2-ethylvaleric; 7.1, 2-methylcaproie 
Fraction 1, 92.5, C~ acid:42.3, 2,2-dimethylcaproic; 49.5, 

2-ethyl-2-methyivaleric; 8.0, 2-ethyleaproic and 
2-methylenanthic 

52.0 2,2-dimethylenanthic; 48.0, 2-ethyl-2-methyl- 
caproie 

*Mean yield after using catalyst ten times. 

The C8-C15 o l e f i n s  ( 1 -oc t ene ,  1 - n o n e n e ,  1 - d e e e n e ,  1 - d o d e c e n e ,  and 7 - p e n t a d e c e n e )  w e r e  90-98% c o n -  
v e r t e d  e x c l u s i v e l y  to  b r a n c h e d  a c i d s  (neoac ids )  which  c o n t a i n e d  one m o r e  c a r b o n  a t o m  than  the o r i g i n a l  o ief in .  

I t  c an  be  s e e n  f r o m  F ig .  3 tha t  i n c r e a s i n g  the CO p r e s s u r e  f r o m  50 to 100 a i m  gave  an i n c r e a s e  in the  
y i e l d  of a c i d s  f r o m  1 - p e n t e n e  f r o m  55.5 to 94.7% and the  cor~ent  of  1 , 1 - d i m e t h y l - b u t y r i c  a c i d  imLcreased f r o m  
61.5 to 75.3%. It shou ld  be  no ted  t ha t  the  f o r m a t i o n  of  a m y l  e s t e r s  f r o m  a c e t i c  o r  p r o p i o n i c  a c i d s ,  found d u r i n g  
the  c a r b o n y l a t i o n  of 1 - p e n t e n e  and 2 - p e n t e n e  in the  p r e s e n c e  of  B F  3 - 2CHaCOOH and B F  a �9 2C2HsCOOH , i s  e v i -  
den t l y  c o n n e c t e d  wi th  the  i n a b i l i t y  of  t h e s e  c o m p l e x e s  to a c t i v a t e  the  CO m o l e c u l e  to a s u f f i c i e n t  ex ten t .  In 
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conf i rmat ion  of the l as t  s t a t emen t  is the fact  that  a t e m p e r a t u r e  i nc r ea se  f r o m  90 to 100 ~ causes  ca rbony la -  
tion of 1-pentene  to f o r m  acids  in 21% yield. With the m o r e  acidic ca t a lys t  BF 3. 1.65CH2C1COOH only 12% 
of 1-hexene  was carbonyla ted  at 40 ~ but at  100 ~ the reac t ion  was quanti tat ive.  

It is  known f r o m  [2] that  the protonat ing capabi l i ty  of acid ca ta lys t s  at a h igher  t e m p e r a t u r e  is g rea t ly  
reduced,  but, as is evident f r o m  the r e s u l t s  quoted for  1-pentene and 1-hexene,  the inc reased  t e m p e r a t u r e  
has  a good effect  on the carbonyla t ion  react ion.  This means  that  the reac t ion  is independent of the protonat ion 
s tage and is definitely dependent on the s tage at which CO is added on to the ca rbonium ions which a re  formed.  

F r o m  these  r e su l t s  i t  can be suggested that  the carbonyla t ion  of pentenes  and lower  olefins r equ i r e s  a 
h igher  level  of CO act ivat ion than is needed in the carbonyla t ion  of 1-hexene.  This is evidently assoc ia ted  
with the lower  s tab i l i ty  and s h o r t e r  life of the carbonium ions fo rmed  f r o m  the pentenes  and other  lower  o le -  
f ins,  c o m p a r e d  with the ca rbon inm ions fo rmed  f r o m  1-hexene and olefins with a longer  ca rbon  chain [3]. 

The high act ivi ty  of  the complexes  BF 3 �9 1.65 CH2C1COOH and the s y s t e m  3BF3- 2CH2C1COOH+BF 3. 
CH3COOII should evidently be a sc r ibed  to the cons iderab le  i n c r e a s e  in the acidity of the lower  carboxyl ic  
acids a r i s ing  f r o m  complex  fo rma t ion  with BF 3. The o rde r  of this acidity i nc rea se  among complexes  with 
BF 3 evidently ma t ches  the i nc r ea s e  in the d issocia t ion  constants  of the carboxyl ic  acids and the extent of the i r  
sa tura t ion  with BF 3. The acidity of the complexes  i n c r e a s e s  in the o r d e r  BF~. 2C2HsCOOH < BF 3. 2CH3COOH< 
s y s t e m  3BF 3 �9 2CH2C1COOI4 +BF~ ~ 2CH3COOH < BF 3 ~ 2CH~C1COOH < BF 3 . 1.65 C H2C1COOH. 

Such ha logen-subs t i tu ted  acids as CCL3COOH and CF3COOH do not f o r m  complexes  with BF 3. 

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

Carbonyla t ion  of olefins under  p r e s s u r e  with CO was c a r r i e d  out in a s t a i n l e s s - s t e e l  r eac t ion  v e s s e l  
with a capaci ty  of 0.3 l i ter .  The v e s s e l  was  fi t ted with two dr ipcocks  and a s t i r r e r  with a sc reened  motor .  
The t e m p e r a t u r e  in the ve s s e l  was control led  by an ]~PV-01 in s t rumen t  to an accuracy  of ~1.0 ~ and moni tored 
by a the rmocouple  by means  of a PP  po ten t iomete r .  The s t i r r e r  ro ta t ion  ra t e  was 1400 rpm.  Carbonylat ion 
was effected with the opt imum ra t io  of Ct-olefin~water = 2 : 1 : 1 ,  80-100 ~ and 100-a tm p r e s s u r e .  Equimolecular  
quant i t ies  of wa te r  were  added to the ca ta lys t  be fo re  addition of the olefin. Carbonylat ion was effected by add- 
ing the olefin to the ca t a ly s t  in 15-20 rain. The carboxyl ic  acids we re  ex t rac ted  f r o m  the homogeneous r e a c -  
tion mix tu re  with n-hexane  {4 • 50 ml) and the sepa ra t ed  ca ta lys t  was used again. With single use  of the ca t -  
a lys t  the carboxyl ic  acids we re  i so la ted  by diluting the reac t ion  m a s s  with wa te r  and fu r the r  ext rac t ion  of the 
diluted aqueous solution with benzene.  

The ca t a lys t s  we re  p r e p a r e d  as  desc r ibed  in [1] : BF 3. 2CH3COOH, d42~ 1.366; BF 3. 2C2HsCOOH, d42~ 
1.250; BF 3- 1.65CH2C1COOH, d42~ 1.605; BF 3 �9 2CH2C1COOH, d42~ 1.585,bp. 53-54~ s y s t e m  3BF~. 2CH2C1COOI-t+ 
BF 3. 2CH3COOH , d42~ 1.538. F o r  the reac t ion  isobutylene and n o r m a l  olefins of pur i ty  -> 98% were  used. The 
mix tu res  of di-  and t r i i sobuty lene  were  p r e p a r e d  f r o m  isobutylene in the p r e s e n c e  of 55-60% H2SO 4 [4]. DIB 
(a 1 : 1  mix tu re  of 2 , 4 , 4 - t r i m e t h y l - l - p e n t e n e  and 2 ,4 ,4 - t r ime thy l -2 -pen tene ) ,  bp 102-104 ~ riD20 1.4133), was 
sepa ra t ed  by dis t i l la t ion f r o m  TIB (a 1 : 1 mix tu re  of 1 ,1-dineopentylethylene and 2 ,2 ,4 ,6 ,6 -pen tamethy l -3 -  
heptene), bp 177-178 ~ nD 2~ 1.4303). By f rac t ional  dis t i l la t ion of DIB pure  f rac t ions  of 2 , 4 , 4 - t r i m e t h y l - 1 -  
pentene (bp 101.3-101.5 ~ nD 20 1.4085) and 2 ,4 ,4 - t r ime thy l -2 -pen tene  (bp 104.7-105.0 ~ nD 20 1.4160) were  i so -  
lated. 7 -Pen tadecene  (bp 121.5-122.8 ~ (7 mm),  nD 2~ 1.4408, d42~ 0.7764) was synthes ized  f r o m  n-C?H15MgC1 
and CO accord ing  to [5]. 

The compos i t ion  of the acids was de te rmined  by g a s - l i q u i d  ch romatography  [1,6]. An LKhP-5a  p r e p -  
a ra t ive  ch romatograph ,  with an 8 m • 20 m m  column, with 15% 20M Carbowax on 0 . 2 5 - m m C h r o m a t o n a t  160- 
175, was used  to i so la te  pure  spec imens  of the methyl  e s t e r s  of C13 acids f r o m  isobutylene and di-  and t r i -  
isobutylene.  

The PMR s p e c t r a  of the C13 acids methyl  e s t e r s  and of the acids we re  taken on a DA-60- IL  s p e c t r o m -  
e te r .  F r o m  a f rac t ion  of C13 acids  methyl  e s t e r s  [bp 84-86 ~ {4 mm),  nD 2~ 1.4393], the methyl  e s t e r  of 2 - t e r t -  
butyl-3 ,5 ,5- t r imethylcaproic ,  C14H2802, was i so la ted  by p r e p a r a t i v e  chromatography .  It  has bp 84.5-84.6 ~ 
(4 mm) ,  nD 2~ 1.4389, d42~ 0.8858. By i ts  saponif icat ion 2 - t e r t - b u t y l - 3 , 5 , 5 - t r i m e t h y l c a p r o i c  acid, bp 145 ~ 
(!2 mm),  nD 2~ 1.4529 was obtained. The PMR s p e c t r u m  of the methyl  e s t e r  (% ppm) was:  0.80 s (12H, 
(CH~)3CCH2CH(CH~); 0.86 s (gH, (C_H3)3CCH(COOCH3); 0.93-1.89 m (414, CH_2CH(CH3)C_H(COOCH3); 3.50 s (3H, 
COOCH3). The acid s p e c t r u m  (% ppm) was:  0.835 s (12H, (CH3)3CCH2CH(CH3); 0.94 s (gH, (CH3)3CCH(COOH); 
1.40-2.08 m {4II, C_H2CH(CH3)CH(COOH); 12.0 s (1H, COO_H). F r o m  the f rac t ion  with bp 85-85.6 ~ (4 mm),  nD 2~ 
1.4405) the methyl  e s t e r  of 2 ,2 ,~ ,4 ,6 ,6-hexamethylenanthic  acid, C14H2802, bp 85.3 ~ (4 ram), nD 2~ 1.4408, d420 
0.8879 was i so la ted  by p r e p a r a t i v e  ch romatography .  2 ,2 ,4 ,4 ,6 ,6-Hexamethylenanthic  acid was  obtained by  
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saponification of the latter. C13H2602 had bp 145 ~ (12 ram), ni) 20 1.4516. The PIVIR spectrum of the methyl 
ester (~-, ppm) was~- 0.79 s (gH, (CH3)3; 0.82 s 6H, (CH3)3CHfC(CH3)2; 1.08 with accompanying signals at 1.0 
and i.i (10H, C_HfC(CH3)2C__HHfC(C_H3)2COOCH3); 3.50 s (3H, COOC_H3). The PI~:R spectrum of the acid (T, ppm) 
was: 0.82-0.79 two unseparated singlets (15H, (CH3)3CCHfC(CH3)2); 1.08 s with accompanying signals at 1.06 
and 1.17 (10H, CH_2C(CH3)2C_H2C(C_H3)fCOOH); 12.4 s (IH, COO_H). From the same fraction the methyl 
ester of 3,3,5,5-tetramethyl-2-isopropylcaproic acid, C14H2802, was similarly isolated by preparative chroma- 
tography with bp 85.5 ~ (4 ram), nD 2~ 1.4409, d42~ 0.8902. By its saponification 3,3,5,5-tetramethyl-2-isopropyl- 
caproic acid C13H2602 was obtained with mp I01 ~ (cf. [7]). The PM_R spectrum of the methyl ester (T, ppm) 
was: 0.775 s (15H, (CH3)3CCH2C(CHf)2; 1.0 s (SH, CHfC(CH3)2CH(COOCH3)C(CH3)2); 1.16-2.38 m (fH, C_H. 
(COOCH3)C_H(CH3)2); 3.52 s (3H, COOCH3). The PMR spectrum of the acid (~-, ppm ) was: 0.785 s (15H), (CH3) 3. 
CCHfC(C_H3)2; 1.0-1.05 t (SH, C_HfC(CH3)fCH(COOH)CH(C_H3)2; 1.32-2.1 m 1.64 ppm (2H, CH(COOI])C_}I(CH3)2; 
12.25 s (IH, COOH). 

From l-pentene were obtained C G neoacids, bp 186-186.4 ~ (760 ram), nD ~~ 1.4141 (here, and later on, 
the constants should be compared with [8]); from l-hexene C 7 neoacids were obtained, bp 104-105 r (15 ram), 
nD 2~ 1.4218; from l-heptene, fraction i, C 8 neoacids were obtained in 92.5% yield, bp 105-110 ~ (9 ram), nD 2~ 
1.4280 and from fraction 2 C15 neoacids, in 7.5% yield, bp 170-180 ~ (9 mm), nD 20 1.4505; from l-octene C 9 
neoacids with bp 117-120 ~ (8 ram), nD 20 1.4330; from l-nonene C10 neoacids were obtained in 94.5% yield, bp 
130-135 ~ (8 ram), nD 20 1.4368; from l-decene at I00 ~ Cil neoacids were obtained in 89.5% yield, bp 136-148 ~ 
(7 ram), nD 2~ 1.4392; from l-dodeeene C13 neoacids were obtained in 91.0% yield, bp 161, and from 7-penta- 
decene at i00 ~ C16 neoacids were obtained in 98.0% yield, bp 173-178 ~ (7 ram), nD 2~ 1.4490. 

CONCLUSIONS 

i. Complexes of BF 3 with propionic, acetic, and monochloroacetic acid are highly active and stable 
catalysts for the carbonylation of isobutylene, its oligomers, and n-olefins at 80-100 ~ and a CO pressure of 
i00 arm. The catalysts can be used repeatedly, up to ten or more times, without a reduction L~ activity. 

2. Mixtures of carboxylie acids containing C5, Cs, and C13 neoacids are formed from isobu~?lene and 
its oligomers in the presence of BF 3 - 2C2HsCOOH or BF 3 �9 2CH3COOH under optimum conditions (80 ~ 100-arm 
CO) with 92-99% yield. 

3. Olefins of normal structure in the presence of the catalytic system 3BF 3. 2CHfCICOOH + BF 3 �9 2CH3o 
COOH, under the optimum conditions ofl00-atm CO, 90-100 ~ and catalyst:olefin:water molar ratio = 2 : 1 : i, 
form carboxylic acids with a yield of 90-98%. 
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