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It was shown earlier [1, 2] that complexes of BF; with CH3COOH, CHsCH.COOH, or CH,ClCOOH
in a 2:1 mole ratio are highly active and stable catalysts of the carbonylation reaction of
olefins and tertiary alcohols. The reaction proceeds easily at 80-100°C at a CO pressure of
100 atm with formation of e,a~dialkyl- and higher-branched alkane acids in yields close to
100%. These catalysts can be used repeatedly without a decrease in initial activity. Carbon-
ylation of primary, secondary, and tertiary alcohols at a CO pressure of 100 atm and temper-
atures of from 25 to 150° was studied in this research.

It is seen from Table 1 that tertiary alcohols of aliphatic and cyclic structure are
transformed easily and in high yields to carboxylic acids in the presence of all of the used
catalysts: BF3-2CH5CH,COOH (Cl), BF3-2CH5CO0H (C2), and the catalytic system (3:1) BF3°2CHo~-
C1COOH-BF3-2CH3CO0H (C3). It should be noted that (I) reacted in the presence of Cl at 80°,
being transformed to carboxylic acids in higher yields (average yield of acids 98.57% after
10-fold use of C1) then in the presence of C2 (average yield 81.1% after sixfold use of C2).
In the presence of C3 (I) reacted at 70° with an 87.4% yield of acids. 1In the presence of
Cl and C3 (I) was transformed with greater selectivity into trimethylacetic acid (63-64%)
than in the presence of C2 (47.1%). In addition, from (I) were obtained dimeric Cs acids:
2,2,4,4~tetramethylvaleric acid, 2-isopropyl-3,3-dimethylbutyric, 2-ethyl-2,3,3-trimethyl-
butyric, and C,s acids, formed by carbonylation of 2,4,4-trimethyl-l-pentene, 2,4,4—~trimethyl-
2-pentene, 3,4,4~trimethyl~2-pentene, and triisobutylenes, respectively, Cs, C;, and Cs
disproportionation acids.

In the presence of Cl, C2, and C3 at 80-90° (II) was transformed in yields of 94.7-98.9%

into acids, which amounted to 45-55% a,a~dimethylbutyric, 17-187% a,a—-dimethylvaleric and a-
methyl-a-ethylbutyric, 10-15% trimethylacetic, and small amounts of Csz—C,o acids. Carbon-
ylation of (II) was accompanied by disproportionation, the degree of which increased with
increasing temperature (Table 2) and upon going from Cl (41.7%) to C2 (45%) and further to

C3 (55%). It is interesting to note that at 150° (II) in the presence of Cl was transformed
in 93,.8% yield into acids, which consisted of 75% 2,2,3,3~tetramethylvaleric acid, the
formation of which evidently proceeds by the presented scheme. The structure of 2,2,3,3~
tetramethylvaleric acid was confirmed by elemental analysis data and PMR and mass spectro-

scopy
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TABLE 2. Effect of Temperature on Carbonylation of Tertiary
Alcohols in the Presence of BFs;-Complex Catalysts (Cat) (mole
ratio of Cat:alcohol = 2:1, rate of addition of alcohol to Cat
1 mole/mole of Cat-h, pco = 100 atm)

tert-Butanol, C3

content of acid, %
yield of |trimeth- 2,2,4,4- |2-iso- -ethyl-
T.,°C jacid, % |ylacetic tetra~  (propyl- % ?? t{?—y !
G| & | c methyl- 8.3-dic \rymery | s
valeric - g}:et;n o |ylbutyric
25 71,7 68,0 2,6 -~ - 16,3 45 1,1 7.5
45 838 60,4 1,7 ~ - 20,0 12,1 3,1 2,7
70 874 64,0 4,3 48 - 16,1 6,0 - 48
90 745 72,6 76 | 79 | 26 93 - _
100 64.5 79,2 9.1 55 1.8 52 » - -
2-Methyl-2-butanol, Cl
© content of acids, %
T, °C y”‘.:’;d of trimethyl- | o, a-dimethyl- o, t-dimethyl-| at~methyl- o~

acid, % acetic butyric valeric ethylbutyric

30 80,0 158 67.5 6,0 10,8

45 85,2 17.5. 65,1 6,4 11,0

60 91,0 18,3 62,4 7.3 12,0

70 90,7 20,6 613 6,2 11,9

80 91,7 22,5 59,9 9.4 12,2

90 94,7 23,5 38,3 7.8 104

105 88,0 25,2 21,8 11,9 11,1

115 73,5 28,5 53,8 8,9 8,8

125 62,5 32,0 48,0 9,5 12,5

Formation of 2,2,3,3-tetramethylvaleric acid proceeds by interaction of tert-dimethylethyl
carbonium ion A with 2-methyl-2-butene, formed from (II), with intermediate formation of a
labile (at 150°) bridge cyclopropenyl transition cation B, which under acidic conditions de-
composes with cleavage of an ethyl cation and the more stable tert-carbonium ion C, which is
carbonylated further. Dimerization of 2-methyl-2-butene occurs at lower temperatures (<150°)
with formation of C,o olefins, which decompose into C, and Cg¢ olefins, being transformed
further into trimethylacetic acid and C, acids, respectively. Compound (II) underwent dis-
proportionation to a small degree and at 90° in the presence of C2 was transformed in 84.6%
yield to carboxylic acids containing 52.5% a,a~dimethylvaleric, 24.67% a-methyl-a-ethylbutyric,
5.4% a-ethylvaleric, and 2.6% a-methyl-caproic acids, and only 14.5% of total Cs, C¢, C;, and
Cs acids.

Compounds (IV) and (XI) were transformed selectively to l-methylecyclohexane-l-carboxylic
and l1-n-propylcyclopentane-l-carboxylic acids in yields of 62-667%. Compound (V) under optimum
conditions (125°, Pco = 100 atm) was transformed in the presence of C3 to carboxylic acids
(707% yield) containing 29.0% trimethylacetic, 29.0% o-methylbutyric, and 42.0% Cs acids. The
method of preparative chromatography and PMR and mass spectroscopy demonstrated the structure
of the Cs acids formed from (V), which were a mixture of 2,2,4-trimethylcapronic, 2-ethyl-2,
3-dimethylvaleric, 2,2,5-trimethylcapronic, 2,2,3,4-tetramethylvaleric, and 2-ethyl-2,4-
dimethylvaleric acids, with the first three acids being formed from 2-butylene dimers; 2,2,3,-
4-tetramethylvaleric acid is formed from 2,3,4-trimethyl-2-pentene and 2-ethyl~2,4-dimethyl-
valeric acid is formed from the dimer of isobutylene and 2-butene.

It should be noted that secondary alcohols in the presence of Cl and C2 were transformed
into carboxylic acids in insufficiently high yields. In .the presence of C3 carbonylation of
secondary alcohols proceeded with formation of acids in high yields. Thus, (VI) and (IX)
were transformed in yields of 82-85% to Cs acids and (VIIL) upon 10-fold use of C3 formed C,
acids in an average yield of 89.6%. Cyclic alcohols (X) and (XII) were transformed into
cyclic acids in a yield of 50-76%, the composition of which depends on the used catalyst.
Thus, carboxylic acids formed from (X) in the presence of Cl contained 72.0% cis-decalin-9-
carboxylic acid, 167 trans—decalin-9-carboxylic acid, and 12% unidentified decalincarboxylic
acis. Acids formed from (X) in the presence of C2 had approximately the same composition.
In the presence of C3 from (X) in addition to the indicated decalincarboxylic acids were
formed cyclooctane~, cycloheptane-, cyclohexane-, cyclopentane-, cyclobutane-, and cyclo-
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Fig. 1. Effect of temperature on the
carbonylation of alcohols in the pres-
ence of Cl or Cs at pgp = 100 atm and
a mole ratio of Cat:alcohol = 2:1.
Yields of carboxylic acids: 1) from
tert-butanol, C3; 2) from 2-methyl-2-
butanol, Cl; 3) from l-hexanol, C3; 4)
from 2-butanok, C3; 5) from 2-hexanol,
C3; 6) from 2-octanol, C3.

propanecarboxylic acids, and also l-methylecyclobutane-l-carboxylic l-ethylcyclopentane~1-
carboxylic, l-methylcyclobutane-l-carboxylic, and l-methylecyclopropane-l-carboxylic acids
in a total content of 29.5%. Carboxylic acids from (XII) consisted of l-methylcyclopentane~
l-carboxylic and cyclohexanecarboxylic acids in a 1:1 ratio in the presence of €2 (yield
54.5%) and in a 1.5:1 ratio in the presence of C3 (yield 69.5%).

It is seen from Fig. 1 and Table 2 that tertiary alcohols (I) and (II) were transformed
correspondingly into carboxylic acids in high yields in the presence of €3 and Cl in a broad
temperature range. Upon increasing the reaction temperature the yield of acids from (I) in-
creased from 77.7% at 25° to 87.47% at 70° and then decreased to 64.5% at 100°; in this case
the content of trimethylacetic acid increased in the acid mixture from 68.0 to 79.2%, the
content of Cy acids decreased from 21.8 to 5.2%, and the content of C,s acids decreased from
7.5 to 0%. With an increase in temperature the content of Cg~Cs acids increased in the
acid mixture from 07 at 25° to 19.4% at 100°. Upon increasing the temperature the yield of
acids from (II) increased from 80.0% at 30° to 4.97%7 at 90° and then gradually decreased to
62.5% at 125°. 1In this case the content of a,a-dimethylbutyric acid in the acid mixture
decreased from 67.5% at 30° to 46.0% at 125°, the content of trimethylacetic acid increased
from 15.8 to 32.0%, and the content of a,o~dimethylvaleric and a-methyl-a-ethylbutyric acids
in the mixture did not change and amounted to 19-237%.

It is seen from Fig, 1 and Tables 1 and 3 that the ease of transformatin of alcohols to
carboxylic acids increases upon going from primary to secondary and then to tertiary alcohols:
and that the catalytic activity increases upon going from Cl to C2 and then C3. The most
active and selective catalysts of carbonylation of tert-alcohols are Cl and C2. System C3
was found to be most appropriate for carbonylation of secondary alcohols. Optimal tempera-
tures of the carbonylation reaction of secondary alcohols in the presence of C3 decreased
with an increase in molecular weight of the alcohol and were equal to 125° for (V) (vield of
acid 69.2%), 100° for (VII) (91.3%), and 90° for (VIII) (89.6%).

It is seen from Table 3 that the composition of acids obtained from (XIII), (VII), and
(VIII) changed insignificantly with an increase in temperature. An increase in reaction
temperature during carbonylation of (V) led to an increase in content of dimeric C, acids
from 17.4% at 90° to 41.0% at 125° and to a further decrease in their content from 5% at 135°.
In this case the content of ‘trimethylacetic acid decreased from 35.5% at 90° to 27.5% at 135°
and the content of -a-methylbutyric acid increased correspondingly from 47.1% at 90° to 59.6%
at 135°. It should be noted that a large portion of C, dimeric acids consisted of a mixture
of 2,2,4~trimethylcaproic, 2-ethyl-2,3-dimethylvaleric, and 2,2,5-trimethylcaproic acids,
i.e., acids formed from 2-butene dimers, while the content of 2,2,3,4-tetramethyl- and 2-
ethyl-2,4-dimethylvaleric acids formed from 2,3,4-trimethyl-2-pentene and from the dimer of
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TABLE 3. Effect of Temperature on Carbonylation of Primary
and Secondary Alcohols in the Presence of the Catalytic System
3BF3*2CH,C1COOH—BF3*2CH3CO0H (C3) (mole ratio of Cat:alcohol =
2:1, rate of addition of alcohol to the Cat 1 mole/mole of
Cat-h, pco = 100 atm)

1-Hexanol
acid content, %
yield of  {trimeth- o, a-di- | o-meth- b
. S i i methyl- |yi-a-  |@-ethyl=(o-meth-
T..°Clacid, % |ylacetic & valeriyc veth)(lxl . |valetic |yleaproic Ciz
butyric .
80 7.2 - - 44,0 342 | 135 2,7 5.6
90 21,7 - 1,3 42,0 33,6 14,6 29 6.9
100 458 1,4 32 38.5 348 158 25 38
110 30,2 3,0 4,5 35,0 318 - 15,2 45 6,0
2-Butanol (V)
acid content, %
yield of a-meth-|2,2,4-  |2-ethyl- [2,2,5- J2.2,3,4- 2-ethyl-
T..°C |aeid trimeth- |yphyryrcltrimeth- 2,3-di- juimethyetra- — 12,4-di-
id, % |ylacetic yl  [|methyl- |y1 methyl- |methyl-
caproic {valeric caproic valeric  |valeric
90 483 35,5 471 44 6,0 35 1,7 18
100 65,0 319 49,0 4,7 6,4 45 1.9 1.6
125 69,2 29,2 29,2 10,6 119 6 28 ~
135 432% 275 59,6 28 22 - - -
2-Hexanol (VII)
acid content, %
. o, o~di~ {e-meth-
T, G yxe_ld of crimeth- methyl- |yl-a- a-ethyl- | a-methyl-
aCld, 070 ylaCCtiC Cq valeric ethyl-v valeric CaPIOiC
butyric
80 67,0 - 1.6 326 49,7 12,8 33
90 89,5 20 | 48 38,6 41,0 14,0 -
100 91,3 — 39 36,8 452 141 —
110 82,5 43 6,5 43,2 312 5.1 3,7
Octanol-2 (VIII)
acic content %
1.,c¢ |yieldof uimethyl- |a-methyl- |y._ethyl- a-methyl- | o_methyl-
: i : - - 4 o-propyl- .
acid, % acetic gajrtgi}::l enanthic valga rigy caproic
60 62,7 37,6 36.8 83 13,2 41
70 79,2 28,0 445 84 15,4 3,6
80 85,0 41,9 313 6,1 11,4 33
90 89,6 ¥ 342 43,6 58 11,4 53
100 82,3% 31,2 M8 6,2 14 154

*The mixture also contained 7.9% C, acids.
tAverage yield of acids after 10-fold use of the catalyst.
IThe mixture contained 4.6% total Cs, Cs, and Cs acids.

isobutylene with 2~butene, respectively, were insignificant (1.7-2.87) in the mixture of
acids.

Thus, it can be concluded on the basis of the obtained data that complex catalysts Cl,
C2, and C3 are highly active and stable in the carbonylation reaction of tertiary and second-
ary alcohols and can be used repeatedly without a decrease in their activity. Primary al-
cohols in the presence of these catalysts were transformed in low yield into carboxylic acids.

EXPERTMENTAL

Carbonylation of alcohols under a CO pressure was carried-out inm a 0.3-liter stainless-
steel reactor having a shielded motor with addition of the alcohol to the catalyst over 20— .
30 min. 1In contrast to carbonylation of olefins, carbonylation of alcohols was carried out
without addition of equimolar amounts of water to the catalyst. Carboxylic acids formed
from alcohols during the reaction were separated from the homogeneous reaction mixture by
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extraction with n-hexane (4 x 50 ml). After one use of the catalyst the carboxylic acids
were separated by dilution of the reaction mixture with water.

The catalysts were prepared by the earlier described method [1, 2]. The obtained com-
plexes had the following specific weights at 20°: BF;-2CHsCOOH 1.366; BF3-2CHsCH,COOR 1.250;
3BF°2CH,C1COOH—_BF5+2CHsCOOH 1.538. Alcohols with a purity 98.07% were used in the reaction.

The acid composition was determined on an LKhM-8MD chromatograph with a stainless-steel
column, 2.5 m x 2 mm (at 186°), containing a stationary phase of 10% polyethylene glycol adi-
pate and 3% HiPO, (of weight of support) on Chromosorb G with a flame-ionization detector
and He as the carrier gas [1, 2, 5]. The carboxylic acids obtained by carbonylation of (I)
were transformed into methyl esters and separated on an LKhP-5A preparative chromatograph of
SKB KOKh AN SSSR construction on an 8 m X 20 mm column containing a stationary phase of 157
Carbowax 20M on Chromaton (0.25 mm); at 155° methyl 2-ethyl-2,3,3-trimethylbutyrate CioH200:
was separated, bp 188.9-190.3° (760 mm), nf°® 1.4370. PMR spectrum (S, ppm): 0.845 s [9H,
(CH3)s C]; 1.03 s [3H, (CH3)C(CH.CHs)COOCH3]; 0.92~1.17 t with the center at 1.0 ppm (34,
CH,CHs, J = 4.5 Hz); 1.12 q (2H, CH.CHs;, J = 4.5 Hz); 3.50 s (3H, COOCHj;). Mass-spectral
data: 172 (M%), 157 (M — CH,), 116 (Mt — C.He), 115 (M — (CHs)5sC), 113 (MF — COOCH,), 101
(Mt — CHs + (CHs)3C, 57 (CHs)sC, 29 (C.Hs).

From the mixture of carboxylic acids obtained from (II) in the presence of Cl at 150°
and a CO pressure of 100 atm by rectification was separated 2,2,3,3-tetramethylvaleric acid
[Found: C 68.55; H 11.36%. CsH,s0,. Calculated: C 68.4; H 11.4%; bp 130-135° (15 mm), nﬁ°
1.4347], which by reaction with SOCl, was transformed into its acid chloride and then to
methyl 2,2,3,3-tetramethylvalerate Cy0H200;, bp 188.5-189.1° (760 mm), n2°® 1.4218, d?° 0.8783.
PMR spectrum upon addition of a shift reagent (FOD)3;Eu (&, ppm): 1.16 ang 1.25, 2 g [12H,
C(ng)zc(C§5)2' COOCH,); 0.83 distorted t (3H, CH,CHs;, J = 6.5 Hz); 1.42-1.75 q (2H, CH,CHs;,

J = 6.5 Hz); 3.82 s (3H, COOCH;). Mass-spectral data: 172 (M%), 144 (rF — C,H,), 116 (Mt —
C.Hg), 113 (MT —COOCH5), 102 (MT — CsH,o), 101 (Mt — CsH,,), 71 (CsH,:), 59 (COOCH5); 57
(CuHs) .

The dimeric Cs acids formed upon carbonylation of (V) were transformed into the methyl
esters, from which by the method of preparative chromatography were separated esters of the
acids (indicated in order of emergence from the analytical and preparative columns): 2,2,4-
trimethylcaproic CioH2002, bp 181.8-181.9° (760 mm), n2°® 1.4207; 2-ethyl-2,3-dimethylvaleric
Ci0Hz002, bp 183.4-183.6° (760 mm), n6° 1.4225; 2,2,5-trimethylcaproic CyoH200,, bp 187-187.2°
(760 mm), nf°® 1.4270; 2,2,3,4-tetramethylvaleric CioH2002, bp 85-87° (33 mm), nBO 1.4342,
d2° 0.9084, and 2-ethyl-2,4-dimethylvaleric C;oHz002, bp 189.8-190.1° (760 mm), n3° 1.4287.

Reaction of a mixture (1:1) of (I) and (V) in the presence of 75Z H;S0, by the known
method [6] yielded 2,3,4~trimethyl-2-pentene, bp 116.1-116.5° (760 mm), nj® 1.4272, dz°
0.7446, the carbonylation of which in the presence of 82.5% H,S0, (molar ratio of H»S50,:
olefin 3:1) at 10° and a CO pressure of 120 atm [7] or in the presence of Cl (80°, 100 atm
of CO) yielded 2,2,3,4-tetramethylvaleric acid CoH,s0:, mp 97.7° (n-~hexane). PMR spectrum of
methyl 2,2,4-trimethylcaproate (8, ppm): 1.05 s [6H, C(CH3),COOCHs): 0.50-0.93 combined t and
d [6H, CHsCH,CH(CHs)]; 1.12-1.72 m [5H, CHsCH,CH(CHs)CH2]; 3.55 s (3H, COOCH:). PMR spectrum
of methyl 2-ethyl-2,3~dimethylvalerate (8-ppm): 0.69-0.85 t [6H, CHsCH,CH(CH5;)C(CHs)(CH,CHs5),
J = 4.55 Hz]; 1.02-1.07 two s [6H, CH(CHa)C(CH5)]}: 1.19-1.85 m [5H, CH3CH,CH(CH3)C(CH2CH3);
3.50 s (3H, COOCH,). Mass-spectral data: 172 (MF), 144 (M" — C,H.), 116 (MT — C.He), 113
(M+ — (COOCH3)), 102 (M+ — CsHio), 101 (M+ — CsH;q.), 71 (CsH;y), 59 (CuHe). PMR spectrum of
methyl 2,2,5-trimethylcaproate (8, ppm): 0.815 d [6H, (CHs;).CH]; 0.95 s [6H, C(CHa)-]; 1.11-
1.98 m [5H, (CH3).CHCH.CH.); 3,48 s (3H, COOCHs). Mass-spectral data: 172 (Mh), 116 (Mt —
C,He), 113 (M —COOCH,)), 102 (M'CyHyo) 101 (M —CsHyy), 87 (MF—CsHio +CHs)), 71 (CsHyy), 57
(C4He)» In the mass spectrumwere observed the metastable ions m*=44,9m,%=74,2, confirming
the structure of the ester, namely the transitions 71"CH2 57 and 102_§H3~87, respectively.
PMR spectrum of methyl 2,2,3,4-tetramethylvalerate (8, ppm): 0.835 and 0.99, the first s
coincides with half d [10.5 H and 4.5 H, C(CHs),] and 1/2 d [(CH,)CHCH(CHs), J = 7 Hzl;
1.45-2.29 m [2H, (CHs),CHCH(CHs)]; 3.50 s (3H, COOCH;). Mass spectrum: 172 (MY), 116 (Mt —
C.Hs), 102 (MY — CsH;o), 87 (CHs—CY* = C(OCH3)(OH)), 70 (CsHio), and a strong metastable ion
w* = 74.2, confirming the transition 102 CEB 87. PMR spectrum of 2-ethyl-2,4-dimethylvalerate
(6, ppm): 0.85 s [3H, (CHs(C,Hs)COOCHs]; 0.92 d [6H, (CHs),CH, J = 7 Hz); 0.69 t [3H, (CHs)-
C(CHzCﬂg)COOCHs, J =7 Hz]; 1.08-1.82 m [5H, (CHs).CHCH,C(CH.CHs)(CH:)[; 3.50 s (3H, COOCHs).
Mass=spectral data: 172 (M), 144 (MY — C.H.), 143 (MY — C,Hs), 116 (Mt — (COOCH;)), 102
(MT = CeHy1), 71 (CsHy1), 67 (CuHs).
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CONCLUSIONS

The complexes BF3:2CH3CH>COOH and BF;-2CH3COOH and the system 3BF3+2CH,C1COOH—BF3+2CH ;-
COOH are active and stable catalysts of the carbonylation reaction (80-100°, Pco = 100 atm)
of tertiary and secondary alcohols of aliphatic and cyclic structure with formation of
carboxylic acids in high yields and can be used repeatedly without a decrease in the initial
activity.
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CATALYTIC HYDROCONDENSATION OF CARBON MONOXIDE WITH OLEFINS

AND THEIR HYDROPOLYMERIZATION ON EXPOSURE TO CARBON MONOXIDE AND
HYDROGEN.

55.*# HYDROPOLYMERIZATION OF LOWER OLEFINS IN THE

PRESENCE OF Co—Zr0, AND Co-TiO, CATALYSTS

A. L. Lapidus, I. V. Guseva, _ UDC 542.97:542,953:542.952.6:
V. I. Mashinskii, and Ya. T. Eidust 547.313:546.262.3-31

Precipitated Co-catalysts, including oxides of metals of Groups II and III of the period-
ic system, are active in hydropolymerization reactions of olefins initiated by CO [1-3]. The
nature of the metal oxides used as supports of Co-catalysts, has a significant effect on
their activity. It was of interest to study the behavior of oxides of metals of Group (IV)
(Zr0, and TiO,) as supports of Co-catalysts of the hydropolymerization reaction of lower
olefins initiated by CO, since these oxides are promoters of precipitated Co-MgO-kieselguhr
catalysts in processes of ethylene hydropolymerization and synthesis of aliphatic hydrocarbons
from CO and H, [4, 5].

EXPERIMENTAL

The apparatus and experimental method for hydropolymerization of olefins at atmospheric
pressure were described in [1l, 2]. Catalyst samples were loaded into a quartz reactor placed
in an electric-heating oven. All catalysts were treated before experiments with H, by the

*See [1] for Communication 54,
+Deceased.
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