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Hydroformylation of Allyl Acetate with Cobalt Hydrocarbonyl Catalyst

Michiaki Oshio
Yukihiro Tsutsumi

Hydroformylation of allyl acetate in the presence of HCo(CO); catalyst gave 4-acetoxybutylaldehyde

(4-ABC) as the major product, together with 3-acetoxy-2-methylpropionaldehyde and Z2-acetoxybutylalde-

hyde which arose from the isomerization of allyl acetate and subsequent hydroformylation of the resulting

1-propenyl acetate. Conditions were varied as to reaction time, temperature, pressure, hydrogen to carbon

monoxide ratio, and catalyst concentration in order to ascertain the maximum yield of 4-ABC. The

reaction was found not to be highly selective in that the yield of 4-ABC, useful as precursor to 1,4-

butanediol and tetrahydrofuran, was never greater than 70%.
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Fig- 2 Effect of Reaction Time
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Table 1 Effect of Reaction Temperature

Exp. No. s [ 1|7 |3]als
React. Temp(°C) | 100 | 120 |140 160 | 180 | 200
“Conversion of .
(%) 78.2) 99.9.__9?7\ 98.9| 96.6 98.8
Selectivities of
Products (%)
n-BC 2.1} 1.2 1.3 0.8 0.4, 0.1
iso-BC 1.7, 1.1 10.5/ 10.3] 10.0{ 9.0 !
4-ABC 53.5| 59.0| 56.1| 56.4| 46.3| 13.0
3-ABC 14.51 16.6| 8.2 7.1 2.7 2.3
2-ABC 23.0, 16.8| 10.7| 10.1] 5.7 8.6
4-ABA 1.00 1.3 1.2] 0.8 4.0/ 4.1 {
3-ABA 4 1.3 2.00 1.2 4.2 4.4 (@
2-ABA | 2.8 2.7 4.3 3.8 9.0 9.3 |
Heavy Product —  —| 5.7 9.5 17.7| 49.2
(AcOH) - —  —|10.2/ 10.1] 10.1] 8.5
(Reaction Conditions]
O Pressure 200 kg/cm? oCat. Concn. 1.0 wt%
oH,/CO=1 0 Solvent Benzene

oTime 30 min

Table 2 Effect of Reaction Temperature

262

T§;3$ELW2m\2$}2@ 272

Remn.Témp(°C)\ 100\ 120 | 130 140\ 150

erione (3 | 21:3| 18:0 | 985 | 99.8 | 99.0.

Selectivities of

Products (%)
n-BC 4.0 2.0 1.8 2.4 1.8
iso-BC 0.2 0.3| 0.3| 0.9 1.2
4-ABC 58.6 | 59.2 | 60.8 | 60.6 | 60.8
3-ABC 15.0 | 18.1118.4 | 17.1 | 17.2 .
2-ABC 20.0 | 18.2 | 16.2 | 14.4 | 12.7
4-ABA 0.4 0.4 05| 0.8 1.4
3-ABA 06| 0.7 09| 1.6 2.1
2-ABA 1.0l 1.1 11] 2.2] 2.8

Heavy Product — - — — —

{Reaction Conditions]
o Pressure 200 kg/cm? oCat. Conen. 0.25 wt%
0H,/CO=1 0O Solvent Benzene
oTime 30 min
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Fig. 3 Relation between Reaction Temperature and Product Ratio
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Partial Pressure (H,/CO)

(Reaction Conditions]

O Temp. 140°C, o Cat. Concn. 0.5 wt%

O Pressure 200 kg/cm?

O Time H,/CO=2...... 8 min.
H,/CO=1~1.5---15min H,/CO=14...... 30 min

Fig. 4 Effect of Partial Pressure on Selectivity
of 4-ABC 3-ABC and 2-ABC, and
Conversion of Allylacetate
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H%o
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Table 3 Effect of Catalyst Concentration

Exp. No. 187 186 211 188

Catalyst
Concentration 1.0 0.75 0.5 0.12
wtZ%)
Time (min) 15 15 15 60

“Conversion of : =
Allylacetate(%)| -8 | 784 | 72.4 | 71.8

Selectivities of

Products (%)

n-BC 4.3 | 2.3 8 1.9
1sc-BC 6.5 1.9 .4 1.0
4-ABC 62.0 66.1 65.4 64.2
3-ABC 12.6 16.6 15.5 18.9
2-ABC 13.2 12.0 12.7 13.3
4-ABA 0.4 0.3 0.3 0.4
3-ABA 0.5 0.4 0.5 —
2-ABA .0.5 0.4 0.5 0.4
Heavy Product - — — —
Linear ProEL;t N

Branched Product | 41 4.2 4.4 4.0

(Reaction Conditions]
OTemp. 140°C
0H,/CO=1

O Pressure 60 kg/cm?
O Solvent Benzene

TR BT A LERALTWBEEL bR
Do MEFEET VLD EMALE BEREE X D HERT S
& Table 4 %87,

LT/ v T AT e D=AF A LRI L D&
B LFE—n— " r_= Db ¥ eht 3 A{LEIEY
fTv>, Table 5 W DFEREPR Uiz, KRG TORER
Wi 2 —ABCTHA D L FHEINIHFERET VL L[
R STEDREAIVER L, TAERMT4 —~ABCTH
ol COHID, FEE7 VAR IOE—Dn—7 =
=D F ek I ARG EL B CAEB & 52k
BROCIIZED T Ex b, 2—ABCRUO3—ABC
HINKAETE 7 VNV OFE LB EBETERIRDD

Table 4 Themodynamic equilibrium

Temp.

Temp. (°K)

Allyl acetate 3.4% 6.1%| 7.0%
cis—1-Propeny! acetate | 25.2 26.4 26.5
trans—1-Propenyl acetate 1 71.5 68.5 66.5

Calculated by 4G°=—RTInK

(36 )
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Table 5 Hydroform\uatlon of 1- Propenvl acetate

Exp. No, | 277 ] 272
Olefine scctr | mehe
Solvent q gfg]yl l Benzene
Conversion (%) | 99.0 i 80 8
Selectivities of Products |
(%) | |

n-BC | 2.4 2.4
1so-BC I‘ — 0.9
4-ABC Jl 60.8 60.8
3-ABC | 10.8 17.1
2-ABC ‘ 16.9 14.4
4-ABA | 1.9 0.5
3-ABA | 2.4 1.6
2-ABA { 4.8 2.2

Heavy Product

(Reaction Conditions)
O Temp. 140°C
O Pressure 120 kg/cm?
OoH,/CO=1

0Cat. Conen. 0.25 wt%
OTime 30 min

CH,CH.CH,0Ac.CO, ?HCHgnuOAc
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I

|
. CHO OH
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N
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(I

2C\
H C Co(CO)s
|

Hac

CHy-CH=CHOAc HCo(CO),
(1-Propenyl acetate)

CH3CHCH20AC £2> CHaclHCHZOAC LS—ABA

cqcon CHO
(IV) (3—ABC)
l-HoAc

iso- BC
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| —
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(V) (2—ABC)
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Fig. 5 Reaction Route

(37)




90 FREHERI R 19% %28 (1975)

WE s, Tiebb, n—#ik (1) (1) o EHEfH
vk Table 4 X b & AKBREM: T TiX #4750 FHHic £
TETHCEL TN WEEZELBR BN, L vk s
AMERIEOHETC & bt » THERICES SO TH Y,
2—ABCRUTHNT S Lickhs, O FHERIGA
B FEE 7 U EEERE D — 7w R = D SPECSUGET
WE, FANHECRLFEIh L EELDRETE,
7UADE Fakry b bRUGE, BEY LA e 5 &
4 —ABCOERITERE 5. Zhixmiad Fig. 3 ®)
DR Y b, BED LA L e 4 —AB CAEMOHIA
bbb, cOFT, BEFRLce Frkr i
(LI R D A EPELEEE L ) ek & 7e b
ZEHERLTWA,

R 7 A5 EOFE T4 —A B CARILKES) LD
WAL e Bmy 3,

(1) BUSRE

FERGHEE D B, BREET U A 1 e b —fgqL R
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—t Pt_Pf

fo2 U, f o BOGER (min), Py B (kg/ed)
Pt 5o BIUED (g/et), Pr RIGHTEEICKE
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FIRE k1T B G EE A Table 6 ¢, W RIGHE
EXh7v=vAarsey il Fig. 6 &#Rbdic,
Fig. X niEMb=F ¥ -t E=23.5 keai/mol
Frelr vy HRTREED THo T,

-log

Table 6 Kinetic Constants

Temp (°C) |
150 ' 0.146
140 i 0.071
130 0.031
120 1 0.017
110 i 0.005
(Reaction Conditions]
O Pressure 120 kg/cm?
oCat. concn. 0.25 wt% OH,/CO=1

0 Solvent Benzene

4. = L &
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