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In the presence of an Ag carbonyl-ion catalyst, prepared in situ from the Ag compound and carbon monoxide
in H,SO,, olefins or alcohols reacted with carbon monoxide at room temperature and atmospheric pressure to

produce exclusively tertiary carboxylic acids in high yields.
The optimum reaction temperature is 0—40 °C. The reaction proceeds prac-
Saturated hydrocarbons, containing a tertiary hydrogen, also

out the reaction is ca. 0.2 mol/l.
tically at above a 90% H,SO, concentration.

The amount of Ag compound sufficient for carrying

reacted with carbon monoxide in the presence of alcohols or olefins as carbonium ion precursors, thus producing

tertiary carboxylic acids.

In our previous papers, we have reported the car-
bonylation reactions of olefins,) alcohols,? and satu-
rated hydrocarbons® by the catalysis of the Cu(I)
carbonyl ion? to produce tertiary carboxylic acids in
high yields at room temperature and atmospheric pres-
sure. The present investigation will deal with the use
of the Ag compound as a catalyst for the same reaction.

Results

Olefins or alcohols react with carbon monoxide in
the presence of the Ag carbonyl ion catalyst in a concd
H,SO, solution at room temperature and atmospheric
pressure to produce tertiary carboxylic acids exclusively,
because olefins or alcohols are protonated and rearrange
to the most stable tertiary carbonium ion prior to the

TaBLE 1. CARBONYLATION OF OLEFIN OR ALCOHOL®
Products
CH,
I
Temp. Time R,-C-COOH Yield
Substrates (°C) (min) 1 lI{ 2 (%)
—t——
R, R,
1-Hexene 30 40 n-C,H, CH, 80
C,H, C,H, 16
1-Octene 30 40 n-C;H,; CH, 61
n-C,H, C,H; 24
n-C,H, n-CgH, 12
1-Decene 30 60 n-C;Hy;; CH, 60
n-CeH,,  C,H, 24
n-CsH,, n-C;H, 10
Cyclohexene 10—12 55 {COLH 84
1-Butanol 30 3hr CH, CH, 29
C,H; H 17
1-Hexanol 30 2hr n-GH, CH, 79.
- C,H; C,H; 19
C N\ (CH,
yclohexanol 30 1hr {COOH 81
. o is 33
2,5-Dimethyl- ~ -‘> CH,
cyclohexanol 30 lhr  CH, <_ \CO%)H
trans 33

a) In all cases, 8 mmol of Ag,0, 40 ml of 989, H,SO,,
and 20 mmol of olefins or alcohols were used. The
pressure of carbon monoxide was 1 atm.

Conversion of 1-Octene (%)

Time (hr)

Fig. 1. The catalytic effect of Ag,O.
1-Octene 5 mmol and 989, H,SO,; 10 ml were used
at 30 °C.
I: Ag,O O mmol, II:Ag,O 0.1 mmol, IIT: Ag,O
1 mmol, IV:Ag,0O 2 mmol, V:Ag,O 4 mmol.

carbonylation. The results are shown in Table 1.

The effect of the amount of Ag compound is illustrat-
ed in Fig. 1. Without Ag,O, the rate of reaction is
very slow and the yield of carboxylic acid is less than
159%. When Ag,O is added in concd H,80,, the rate
of reaction and the yield increase considerably. The
amount of Ag,O sufficient for carrying out carbonyla-
tion is ca. 0.2 mol/l. In concd. HySOy, the polymeriza-
tion reaction proceeds in competition with' the car-
bonylation reaction of olefin. When the amount of
Ag,O is not enough, the CO concentration enriched
by Agt in the solution is not sufficient for its reaction
with the carbonium ion. Therefore, polymerization
predominates over carbonylation.

Saturated hydrocarbons bearing tertiary hydrogen
also react with carbon monoxide in the presence of
olefins or alcohols, which form carbonium ions and
which can abstract hydride from branched hydro-
carbons. The results are shown in Table 2. The
added olefins or alcohols in the reaction mixture also
yield tertiary carboxylic acid.

As shown in Table 3, the effect of the H,SO, con-
centration upon the carbonylation is parallel to its
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TABLE 2. THE CARBONYLATION OF SATURATED HYDROCARBON IN THE PRESENCE OF OLEFIN OR ALCOHOL®
Olefin or Reaction Yield
Substrates alcohol tirrfe Em(i)n) Products (021 )
Methylcyclohexane 1-Hexene 40 Methylcyclohexanecarboxylic acid 45
tert-C, acids 33
Methylcyclohexane 1-Hexanol 90 Methylcyclohexanecarboxylic acid 42
tert-C, acids 31
Methylcyclohexane 1-Octene 60 Methylcyclohexanecarboxylic acid 72
tert-Cy acids 23
1,4-Dimethylcyclohexane 1-Octene 60 1,4-Dimethylcyclohexanecarboxylic 60
acid (cis: trans=1:1)
tert-Cy acids 30
Methylcyclopentane 1-Octanol 120 Methylcyclopentanecarboxylic acid 60
tert-Cy acids 27
n-Octane 1-Hexanol 90 tert-Cy acids 0
tert-C, acids 75

a) In all cases, 1.856 g of Ag,O, 40 ml of 98%, H,SO,, 20 mmol of saturated hydrocarbons, and 20 mmol of
olefins (or alcohols) were used. The reaction temperature was approximately 30 °C. The CO pressure was 1
atm. The components of feri-C, acids and tert-Cy acids were the same as in Table 1.

effect upon the formation of the unstable Ag carbonyl
ion, Ag(CO),*, in the HySO, solution. As was shown
in our previous paper, Agt does not absorb carbon
monoxide in H,SO, of less than an 809, concentration.

TasLE 3. THE EFFecT oF THE H,SO, CONGENTRATION
UPON THE CARBONYLATION®

Concn of + Conversion Reaction

A * /A .

e Aaco e G Kol
(wt%) 1-octene, %, (min)
100 0.14 97 20
95 0.07 90 25m
90 0.04 80 902
85 0.01 17 1509

80 0 0 —

a) 0.928 g of Ag,O, 1.57 ml of 1-octene, and 20ml of
H,SO, were used at 30°C. The l-octene was added
drop by drop in order to prevent polymerization.
b) In concd H,SO,, 1-octene reacted with CO imme-
diately after the addition of l-octene. c) The reac-
tion rate became slower when the concentration of
H,SO, was less than 909,.

It seems that Ag compounds form the unstable Ag
carbonyl ion by absorbing carbon monoxide in concd
H,SO,, as in the case of the Cu(I) carbonyl ion:?

H,S0,
Ag* + nCO —= Ag(CO)," n=1~2

The Ag(CO),* is very unstable, and in the presence
of such CO acceptors as carbonium ions, CO is liberated
from Ag(CO),* and combines with the carbonium ion
immediately. That Ag* seems to act as a CO carrier
to keep a high CO concentration in solution.

Among the compounds, Ag,O, Ag,SO,, and AgCIlO,
are effective in this reaction. On the other hand,
AgCl, AgBr, Agl, and AgCN do not show any catalytic
activity. The presence of the halogen atom and CN-
may be supposed to prevent the formation of silver
carbonyl ions.

The influence of the reaction temperature was also
studied. The results are shown in Table 4.

I-Hexanol reacts with carbon monoxide at 0—30 °C
and gives tertiary C, carboxylic acids in high yields.
The rate of reaction becomes rapid with an increase
in the temperature. A linear relationship between
log k£ and 1/T was observed. However, the total yield
of carboxylic acids and the proportion of tertiary C,
carboxylic acid decrease with the increase in the tem-
perature. The explanation of this is that the formation
of unstable silver carbonyl ion decreases and the poly-
merization predominates over carbonylation. In addi-
tion, the f scission of carbonium ions begins to proceed
with the increase in the temperature. JIn the reaction
of 1-hexene or cyclohexene, the influence of the tem-
perature is almost the same as that in the case of
l-hexanol. However, the rate of reaction is very rapid

TABLE 4. THE INFLUENCE OF THE TEMPERATURE ON THE REACTION OF 1-HEXANOL®

Rate

Reac tign ’I;?i ;c;{)z:)lxy;lﬁid The component of carboxylic acids Rate Ag(CO)*
temp., °C acids, %, +-Cy -Ce +-C, higher acids  £Xx 105571? Ag
0 99 0 0 100 0 2.78 0.37
10 99 0 0 100 0 4.63 0.30
30 99 0 1 99 0 18.50 0.14
40 83 7 10 77 6 56.0 0.08
55 32 57 25 15 3 — 0.02

a) 1-Hexanol (10 mmol), Ag,O (4 mmol), and 98%, H,SO, (20 ml) were used. b) The first-order rate

constant was calculated from —d[ROH]/d¢t=k[ROH].

c) The rate constant could not be measured

because the rate of reaction was too rapid and because the reaction proceeded immediately after the ad-

dition of 1-hexanol.
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and depends on the rate of the addition of the reactant.
The reactant must be added drop by drop to prevent
polymerization.

Experimental

Preparation of the Ag Carbonyl Catalyst Solution. In a
300 ml three-necked flask, equipped with a thermometer and
a CO gas buret, we placed 1.856 g of Ag,O and 40 ml of
989, H,SO,. The apparatus was evacuated by means of a
vacuum pump to remove the air, and then carbon monoxide
was introduced from the gas buret. When the mixture was
stirred, CO was absorbed by the Ag* solution in 10 min.

Carbonylation of Olefins, Alcohols, and Saturated Hydrocarbons.
From a syringe, 20 mmol portion of olefins (or alcohols or
equimolar mixtures of saturated hydrocarbons and alkyl-
cation sources) was added, drop by drop, to the Ag carbonyl
catalyst solution. The carbon monoxide was soon absorbed.
After the reaction, the reaction mixture was poured over ice
water, and the products were extracted by benzene. The
yield of tertiary carboxylic acid was determined by the
titration of the benzene extract with a 1/10 M NaOH ethanol
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solution, and also by gas chromatography by adding a known
amount of the internal standard. Glpc analysis was per-
formed using a 3m FFAP column (10% on Chromosorb
WAW).

All the identifications were carried out using authentic
samples which had been obtained and characterized by the
carbonylation of olefins, alcohols, or saturated hydrocarbons
using a Cu(I) carbonyl catalyst.l-® The ratios of each
isomer of tert-C, acids and fert-Cy, acids were determined by
13C NMR according to the method described in a previous
paper.?

The author would like to thank Mr. Nobuyoshi
QOokura for his valuable assistance.
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