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Hydroxymethylation of Olefins with Ironcarbonyl Catalyst [ ][ ]

Reactivity of Olefins and Effect of Solvents

Keiichi Kihara
Yuji Nonaka

Isao Ono

The reactivity of olefins and the influence of solvents on the hydroxymethylation of olefins with carbon

monoxide and water in the presence of ironpentacarbonyl and N.ethylpiperidine are described.

The reactivity of olefins containing 3~8 carbons is decreased in the following order: straight terminal
olefins > cyclic olefins > olefins branched on C=C double bond.

The reaction, especially the formation of ironcarbonyl complex, is subject to the influence of solvents,

and methanol and ethylene glycol were found to be effective solvents.

On the basis of infrared spectra, it seemed reasonable to assume that the catalyst is a mono-nuclear

ironcarbony! hydride.
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Fig. 1 Gaschromatogram of Reaction Mixture of
iso-Butylene
Column : Methoxy-PEG 2m
Column Temp. : 70°C
Vaporizer & Detector Temp. : 100°C
Carrier Gas : Hj, 15 cc/min.

I : Ironpentacarbonyl

II : Methyl formate

IIT : Ethyl formate

IV : Methanol

V : Ethanol

VI1: n-Butanol (internal standard)
VII: is0-Amylalcohol
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Gaschromatogram of Reaction Mixture of
Hexene

Fig. 2

: Hexane

: Hexene—1

: Ironpentacarbonyl

: Cyclohexane (internal standard)
: Methyl formate

: Ethyl formate

: Methanol

: Ethanol

: n-Butanol (internal standard)
: 1so-Heptanol

: n-Heptanol

: n-Octanol (internal standard)
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Fig. 3 Gaschromatogram of Reaction Mixture
of Di-iso-Butylene
Column : Silicon DC~550 2 m
Column Temp. : Room Temp. (33°C)
Vaporizer & Detector Temp. : 100°C
Carrier Gas : Hy, 15 cc/min.

: Methyl formate

: Ethanol

: Ethyl formate

: 2,4,4-Trimethyl pentane

: 2,4,4-Trimethyl pentene—1
: 2,4,4-Trimethyl pentene—2
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Table 1 Effect of Olefins
1 2) Conversion
Ot | Rt | P flrompents |7 ol o

hry | kgfemsy | Cay | (o [Formate|Paraffin 07 1+ i, | Ethanol
Propylene 20 (11 56 4.8 1003 1.6 — 1.6 7.5 1.7
iso-Butylene 45 (300 48 1.1 389) 1.1 | — 0.0 | 4.0 | 4.3
Butene-1 44 (23) 51 0.6 809 1.6 | — 15 | 7.1 | 6.5
Hexene-1 48 (23) 49 1.5 95 1.4 trace 2.8 8.8 4.3
Di-iso-Butylene 51 (40) 33 0.8 75 3.0 8.9 0.0 1.8 4.8
Cyclohexene 48 (30) 45 0.1 95 0.5 0.4 13.1 4.7

1) Values in parentheses indicates the time which elapsed until no drop in the reaction pressure

was observed after reaching a maximum.
2)
3) Calculated from alcohols formed.
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Fig. 4 Pressure Change in Hydroxymethylation
of Olefins

: Propylene

: Hexene—-1

: Butene—1
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Table 2 Effect of Solvents

C17)

Expt Solvents React. Time g?ﬁ%ﬁg% éhT%?mn Sd““WUSOfPS&f§<%>
No. (hr) tac:(ir%(;ny ye (o%e)xene Cyclohexane zgrcl; ir?(})?
7 Methanol 47 93 97 2.6 97.4
8 Methanol 18 82 91 1.8 98.2
9 Ethanol 45 0 0 — —
10 n-Butanol 48 0 0 — ==
11 Ethylene Glycol 48 9 33 10.3 89.7
12 Mathyl Cellosolve 48 0 0 — =
13 Acetone 98 0 0 — —
14 Tetrahydrofuran 48 0 0 — -
15 Cyclohexane 48 0 0 — -
16 Benzene 48 0 0 — —
17 None* 48 15 0 — —
* Excess water (10g) was used.
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Fig. 5 Pressure Change of Reaction with Ironp-
entacarbonyl, N . Ethyl-piperidine and
Water
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