INDUSTRIAL SYNTHESIS OF ISOVALERIC ACID
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In a previously published article we described a laboratory method for synthesizing isovaleric acid
from isobutyl alcohol (I) via isobutyl bromide (II) and isovaleronitrile (IIl) [1]. On the basis of this method,
we have developed a semi-industrial method for preparing synthetic isovaleric acid (IV) and have solved a
number of chemical-technological problems,

When we increase the scale of the batches in the stage involving the preparation of II, the reaction
time at a temperature of 82-84° increases from 14 to 18 h, The necessity of increasing the reaction time
is confirmed by gas—Iliquid chromatography (GLC) investigations., The composition of samples taken from
the apparatus was determined from the variation in the height of the peaks of the initial I and the bromides
formed, Figure 1 shows a chromatogram of the reaction mixture and an equilibrium plot of the relative
content of butyl bromides in the mixture being analyzed versus the reaction time. The formation of II is
complete in 15-17 h. An induction period (up to 7-8 h) is observed on the curve, evidently due to the
formation of an oxonium compound, A sharp rise in the rate of II formation is characteristic in the 10-17h
range,

When the batch size is increased, the hydrolysis of the bromides with water for 5 h at 18-20° for the
purpose of destroying the tertiary butyl bromide does not achieve this purpose because of insufficiently ef-
ficient mixing of the aqueous and organic layers, This difficulty was overcome by adding an alkali and in-
creasing the hydrolysis temperature to 25-28°, The best results are obtained using sodium bicarbonate as
the alkali; the use of caustic soda or sodium carbonate results in appreciable resinification of II, More-
over, the use of an aqueous sodium bicarbonate solution for purifying the technical Il simplifies apparatus
desgign in this stage since it allows stainless steel apparatus to be used instead of enamelled steel, As a
result of these changes, the yield of II was increased from 52-55% [1] to 54-57%, the purity being 93%.

For the stage involving the cyanation of II, it was shown that a quantitative yield of III is achieved
when a twofold molar excess of sodium cyanide is used, The yield of III decreases abruptly when the excess
of sodium cyanide is decreased (Fig, 2),

The isolation of IV under semiindustrial conditions by acidifying the sodium salt with 35% sulfuric
acid (according to the laboratory method of [1]) is accompanied by the formation of a solid monolithic mass,
which leads to local overheating and losses of up to 15% IV, These difficulties are overcome by adding wa-
ter until the reaction mixture has completely dissolved and subsequently extracting the IV with methylene
chloride, The yield of IV is 86%, calculated on III, and the purity is 97%.

The purity of the IV depends substantially on the quality of the I used for its synthesis, From tech-
nical I, we obtain IV containingup to 8% of "heavy" impurities. When different batches of chemically pure
grade I are used, the impurity content of IV ranges from 0,9 to 3%. Table 1 shows the results of a chroma-
tographic analysis of several samples of I and IV,
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Fig. 1, Chromatogram of reaction mixture (a) and plot of the rela-
tive content of butyl bromides in the mixture versus reaction time

(). (a): 1) butyl bromides; 2) I (the dotted line shows the peaks for
the butyl bromides and I at the start of the reaction); (b): hy, is the

peak height for the butyl bromides; h, is the peak height for I.

Fig, 2. Plot of isobutyl cyanide (III) yield versus the amount of so-
dium cyanide used in the reaction. The x axis shows the yield of III
(in %) and the y axis shows the molar ratio of sodium cyanide to IL,

TABLE 1. Gas-Chromatographic Analysis Data for Isobutyl Alco-
hol (I) and Isovaleric acid AV)

Composition of I (in wt.%) Compositign of IV obtainedirom
tampe Tt T A ey
ities aleohol ympuritiey jrigs | v ites
Technical 0,457 | 95,88 | 1,36 2.5 0,5 90,5 8,0
Analytical grade 0,11 99,19 0,7 0 0,i8 99,13 0,68
Chemically pure| 0,446 08,94 0,25 i 0,35 0.3 97,1 2,56
0,028 99,43 0,54 ] 4 0,5 99 0,5

* Together with methylethylacetic acid, the amount of which is not
more than 2%,

EXPERIMENTAL

Gas-Chromatographic Investigations

1. Analysis of I (Fig. 3a): separation column 500 X 0.3 cm; solid carrier Chromosorb WHMDS, 0,25~
0.40 mm fraction; stationary liquid phase 1.5% polyethylene glycol 400 and 20% mineral oil, based on the
weight of the solid carrier; column temperature 80-85°% injection block temperature 200% carrier gas flow
rate 60 ml/min; volume of injected sample 3-4 pl. The quantitative determination of impurities in the I
samples was carried out by means of an internal standard; isopropyl alcohol was used as the standard, The
relative sensitivity correction factors for the identified impurities were determined experimentally using

synthetic mixtures. For the unknown components, the correction factors were taken to be equal to the sen-
sitivity of the standard.

2. The analysis of the mixture of butyl bromides (Fig. 3b) was carried out under the same conditions,
except that the chromatographic column temperature was reduced to 55-60°, The quantitative determination
of the components of the butyl bromide mixture was carried out by a normalization method; the calibration
factor for all the components was taken as unity on the basis of experimental data,
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Fig. 3. Chromatograms of starting
materials and intermediates in the
synthesis of isovaleric acid (IV), a) I:
1) unidentified impurity; 2) isopropyl
alcohol; 3) n-propyl alcohol; 4) I; 5) n-
butyl alcohol; 6,7) unidentified impur-
ities; b) II: 1) unidentified impurity; 2)
tertiary buty! bromide; 3) secondary
butyl bromide; 4) II; 5) n-butyl bromide;

¢) aqueous alcoholic solution of III: 1) ~

water and ethanol; 2) III; 3) o-xylene
(standard); d) synthetic IV: 1) ethyl al-
cohol; 2) methylene chloride; 3) water;
4) IV (together with methylethylacetic
acid): 5) n-valeric acid; the impurities
were registered at 8 times higher sen-
sitivity than IV,

3. Investigation of the rate and termination of the for-
mation of II: chromatography column 100 X 0,3 em; solid
carrier Chromosorb WHMDS, 0,25~0.4 mm fraction; station-
ary liquidphase 15 wt.,% triethanolamine; column andblock
temperatures 80 and 150°, respectively; carrier gas flow
rate 40 ml/min,

4. Content of III in aqueous aleoholic solution (Fig. 3c):
chromatography column 200 X 0.3 em; solid carrier Chro-
mosorb WAWDMCS, 0.25-0.4 mm fraction; stationary liquid
phase 10% polyethylene glycol adipate; column and block
temperatures 80 and 140°, respectively; carrier gas flow
rate 50-55 ml/min. The amount of III was determined using
an internal standard, o-xylene being used as standard,

5. Monitoring the purity of IV (Fig, 3d): chromatogra-
phy column 200 X 0,3 cm; solid carrier Chromosorb P with
a particle size of 0.25-0,35 mm modified with 29 stearic
acid; stationary liquid phase 10 wt.% polyethylene glycol adi-
pate; column and block temperatures 130 and 250° respec~
tively; carrier gas flow rate 40 m1/min, The impurity con-
tent was determined by normalization, taking into account
correction factors determined experimentally,

The total analysis of the aqueous alcoholic solution
and the determination of the methylethylacetic acid content
of IV were carried out by methods described in [1].

With the exception of the total analysis of the agueous
alcoholic solution of I, all the gas-chromatographic inves~
tigations were carried out on Fractovar Cand B instruments
with thermal conductivity detectors, The carrier gas was
helium, the flow rate of which was measured at the outlet of
the column,

Isovaleric Acid (IV),

Isobutyl Bromide (II). A suspension of 52,5 moles so~
dium bromide in 40 moles of pure I is treated with 6,2 liters
of 65% sulfuric acid at 8~-12°, The reactionmixture is heated
to boiling (82-84° and kept at this temperature for 18 h, af-
ter which 3.84 liters of technical II (bp 75-105°) is distilled
off under atmospheric pressure, The II is treated succes~
sively with 450 ml of battery sulfuric acid, 200 ml water,
200 ml of 29 potassium permanganate and a further 200 ml

of water, After washing with water, 4.12 kg of the mixture of II with tertiary and secondary butyl bromide
is stirred vigorously with 10.3 liters of 7% agueous sodium bicarbonate solution at 25-28° for 5 h, After
termination of hydrolysis, II is separated and washed with 200 ml water,

Yield 3.2 kg, purity 95%, D?01,2530~1,2588; n¥) 1.4360-1.4370. The yield corrected for 100% pure sub-

stance is 55.5% calculated on I,

Isobutyl Cyanide (I}, A mixture of 45 moles sodium cyanide, 22,2 moles II, 10.6 liters of 96% ethyl
alcohol, and 2.66 liters water is stirred and heated to boiling (75-80° in the bulk) and kept at this tempera-
ture for 32 h, after which a ternary mixture is distilled off under atmospheric pressurefor1¢h (bp 75-98°),
The mixture contains about 73.4% ethyl alcohol, 16.1% water,and 16.5% III,

The yield of the mixture is 10,7 kg (13.2 liters). The yield of III calculated on 100% pure substanceis

1.83 kg (quantitative).

Isovaleric Acid (V). A mixture of 10,7 kg of 16.5% agqueous-alcoholic III solution and 4,04 kg of 44%
technical caustic soda solution is heated to boiling (79-80° in the bulk) and stirred at this temperature for
32 h, after which 11 liters of ethyl alcohol (sp. gr. 0.834) was distilled off under atmospheric pressure,
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The thick residue is cooled to 80-81°, treated with 9.5 lifers of hot (60°) water, and stirred at this temper~
ature for about 1 h, The resulting solution (13 liters) of the sodium salt of IV is cooled to 25° and treated
with 5,55 liters of 35% sulfuric acid over 1 h, the temperatui > being kept at 20-25°,

After adding the sulfuric acid, the IV is extracted with .nethylene chloride (3 X 1200 ml), Theextract
obtained (5.9 liters) is distilled under atmospheric pressure for 6 h to remove 3 liters of methylene chlo-
ride (bp 37-44°). The residue (technical IV) was distilled in vacuo and the fraction with a bp of 83-85° (20~
25 mm) collected,

The yield of IV is 1,95 kg, purity 97.14%. The yield corrected for 100% pure substance is 1.89 kg, i.e.,
84% calculated on II or 45% calculated on I,
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