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A New Process for Producing 1, 4-Butanediol from Allyl Alcohol

Shoji ARAI

Toshihiro SAITO
Hideaki MATSUNAGA
Yukihiro TSUTSUMI

As an alternative for the existing acetylene process, a new process for producing 1, 4-butanediol from
allyl al ohol has been investigated. —The process involved is in two stages; hydroformylation of allyl

alcohol in the presence of a rhodium catalyst and subsequent hydrogenation of the resulting 7-hydroxy.

butyraldehyde. The optimum conditions for obtaining the desired aldehyde were determined; the selectivity

at high conversion was as high as 81%.

Three different methods, i. e., “distillation”,“solvent extraction”, and “direct hydrogenation” methods were

compared with respect to the efficiencies involved in the separation of the product from a reaction mixture

as well as the recovery of the rhodium catalyst. In every case, a loss of the catalyst was slight and the

recovered catalyst solution was active enough to be recycled into further hydroformylation.

Catalytic hydrogenation of the hydroxyaldehyde in aqueous media proceeded smoothly in the presence of

Raney nickel, giving a high yield of the title diol.
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1 H; gas cylinder, 2 CO gas cylinder, 3,4, 15 rotameter, 5,6, 13 automatic pressure controller,
7,16 gas sampler, 8,17 gas meter, 9 AOH reciever, 10 AOH feed pump,
11 300 m# stainless reactor, 12 water bath, 14 dry-ice methanol trap

Fig. 1 Apparatus and flow diagram of the hydroformylation
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H2/CO ; 1.4, reaction temp. 66°C

Fig. 2 Effect of reaction pressure on the hydro-
formylation of AOH
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Rh complex 0.2 mmol, PPhs/Rh ; 20 mol/mol, solvent DOP )
100 m¢, AOH feed 24 m4/h, reaction temp. 66°C
Fig. 3 Effect of Hy/CO molar ratio on the hydroformylation

of AOH
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Table 1 Effect of AOH feed rate on the hydroformylation

;)iz::(s:g.on ;E?il:r feed AOIjonversion selectivity (%) HBA/MHP
(kg/cm?atm) (Hz/CO) (m¢/h) (%) HBA MHP Pald PrOH
2.0 2.16 16.8 99.5 80.2 11.6 7.2 1.0 6.9
2.33 24.0 98.2 79.4 7.9 10.1 2.6 10.1
2.42 31.5 92.3 76.1 6.4 13.0 4.6 11.9
4.0 2.86 31.0 98.7 77.0 8.8 9.0 5.2 8.8
2.47 40.0 98.2 76.8 10.0 8.8 4.4 7.7
2.51 48.0 93.0 68.3 5.2 14.1 12.4 13.1

Rh complex 0.2 mmol, solvent toluene 100 m¢, PPhy/Rh; 80 mol/mol, reaction temp, 73°C
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Table 2 Thermostability of hydroxyaldehydes
PPh,;/Rh heavy product from HBA (wt%/h) heavy product from MHP (wt%/h) -
temp. (°C) HBA/PPh, temp. (°C) MHP/PPh,
(mol/mol) 100 125 (mol/mol) 80 100 125 (mol/mol)
20 0 1.95 37.1 0 1.10 6.25 6.54
100 0.54 — 7.6 0 1.93 — 1.34
200 — — 3.8 0.35 - — 0.67

N; atmosphere, solvent DOP 100 m¢, Rh complex 0.2 mmol

Table 3 Effect of reaction temperature and optimum H,/CO molar ratio on the hydrofor-

mylation of AOH

reaction
temp.

(°C)

66

73
79

Optimum
molar ratio

(H,/CO)

2.34
2.70
2.26
1.71
1.93
2.30

AOH

selectivity (%)

feed conversion HBA/MHD
{(m¢/h) (%) HBA MHP Pald PrOH
20.0 93.7 75.9 17.8 5.2 1.4 4.3
19.3 94.2 78.2 10.2 7.7 3.1 7.7
30.0 95.5 79.1 10.8 7.7 2.4 7.3
30.5 97.3 76.9 16.0 6.1 1.0 4.8
30.0 97.8 79.1 12.4 7.1 1.4 6.4
31.0 95.7 70.5 4.9 16.1 8.5 14.4

Rh complex 0.2 mmol, PPh;/Rh; 75 mol/mol, solvent toluene 100 m/, reaction press. 4 kg/cm2atm, reaction

time 90 min.

Table 4 Maximum selectivity of HBA in various solvents

solvent 8?)%2?1?&0 coneggilon selectivity (%) HBA/MHP
(H,/CO) (%) HBA MHP Pald PrOH
benzene 1.90 94.7 81.2 7.6 9.4 1.8 10.7
toluene 2.08 95.3 81.0 11.1 7.3 0.6 7.3
ethylbenzene 2.89 93.4 80.5 7.1 10.3 3.9 11.3
P-xylene 2.57 92.9 81.1 10.3 7.5 1.1 7.9
mesitylene 2.51 93.9 81.4 10.3 7.3 1.0 7.9
cumene 2.46 94.2 80.7 9.0 8.8 1.5 9.0
anisole 2.02 95.5 78.4 9.9 9.8 1.6 7.9
MIBK* 2.78 97.9 80.1 8.2 10.1 1.6 9.8
DBP** 2.27 96.3 78.9 10.9 7.5 2.7 7.2
DOP 1.23 97.9 79.0 10.9 8.1 1.1 7.2

Rh complex 0.2 mmol, PPhy/Rh; 75 mol/mol, solvent 100 m¢, reaction press. 2 kg/cm?atm (DBP 5 kg/cm?2atm)

reaction temp. 70°C, AOH feed 16 m¢/h, reaction time 90 min., *methylisobutylketone, **dibutylphthalate,
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solvent DOP 100 m{, reaction temp. 66°C,
initial Hy press. 3.8 kg/cm?2atm, charge AOH
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Fig. 6 Hydrogenation and isomerization of AQH
with Rh complex catalyst
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Fig. 7 Routes of the reaction products in AOH
hydroformylation
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Table 5 Hydrogenation of hydroxyaldehydes catalyzed by Raney-Ni

H, time conversion yield (mol%)
pressure (mol %)

(kg/cm?G)  (min) MHP HBA MPD BDO

reaction solution* (g) Rzli\?iiyk- temprature
hydroxyaldehydes water (%) “cC)
“distillation”
43.1 79.4 5 84
40.1 79.5 5 63
65
40.5 82.1 10 { 85
“solvent extraction”
60
(40.5) (80.2) 5 { &
60
(41.0) (82.4) 5 { &
“direct hydrogenation”
119.3
(17.5) 34 10 70
113.8
(18.0) 37 10 80
102.2
60
(15.0) 29 10 { 80

20 100 100 9.6  97.7  99.0
20 120 100 99.8 100 96.3
60
20 {8 100 100 100 99.8
60
20 { 8 9.9 9.8  99.8 99.5
60
20 { 80 100 100 100 99.8
20 120 100 99.2 100 96.5
20 120 100 100 100 99.6
[ 60
20 (o0 100 100 100 100

* in parentheses; analytical value by gaschromatography, ** wet weight 9% against hydroxyaldehydes,
Pald and AOH contained in the reaction solution were completely converted to PrOH at this hydro-

genation of hydroxyaldelydes.
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