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Hydroxymethylation of Olefins with Ironcarbonyl Catalyst [ ] ]

Effects of Amines, Mole Ratios of Substances and Reaction Temperatures

Keiichi Kihara
Yuji Nonaka

Isao Ono

The effects of amines, mole ratios of substances and temperatures on the hydroxymethylation of olefins,

especially of cyclohexene, with carbon monoxide and water in the presence of ironpentacarbonyl are described.

The pK, and the structure of amines have an influence upon this reaction. Methanol used as solvent has

also an effect on the reaction and it is desirable that the ratio of solvent to olefin is about 6.

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

temperature.
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Fig. 1 Gaschromatogram of Reaction Mixture
of Cyclohexene
Column : Methoxy- PEG 2m
Column Temp. : 70°C
Vaporizer & Detector Temp. : 100°C
Carrier Gas : Hy, 15 cc/min.
T : Ironpentacarbonyl
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: 1s0-Propanol (internal standard)
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Fig. 2 Gaschromatogram of Reaction Mixture
of Cyclohexene
Column : Methoxy-PEG 2m
Column Temp. : 130°C
Vaporizer & Detector Temp. : 200°C
Carrier Gas : Hjy, 15 cc/min.
T : Cyclohexanone (internal standard)
IL : Unknown
TI : Cyclohexylcarbinol

NI Tu~AFNHNE ) —VEEE LT

N 7F0eR) vy BniaBarci, N« X590
ERY DV Wi LR U HETHH Lico
N-zF L) orvrRntgad, N5
ERYDVEBEED AKX ) — )V e DT VFNEHFKIGIC
LoTx& /) — WDKK T %o COT X ) — Uk, &
TTHMr Uiz SHEEYE L L TRV iso—7 m
R =V Ele D, LedioTHRDE D CHF LIz &
T, SR ST ML, F0o7r< b 7S A
MBIX) - VDOV~ TR KD, DT HEIERE
WHEC iso—7 w8 ) —Va Nz TRUEHETHH L,
TDF ¢ — "M BRDA is0—T st ) —Jr T L ) —

NVDEETEEND, BERD TN TR/ — VO EY
Flnted DA iso—7w ) — LDEEY Lize ¥ &
D, R EAVR=N, S Ta~FHreirsnask
Y URER L, Y7 a~FLAME S — VRN - X
FNUVERY DV RAWIEBAR L RIUAETER L1,

N -2 7anFi ) Do fAncBeacl, 4&
HEILTCHM LR VT AERBANTN -2 70
ANFEIIERY D e T anF O E ) — VE
Teho LIcDinT, FFN - AF)ERY D /a2 Bt
BELFEUAECTERSYBELEE LD, K
Ha KA - TRz, C ORI IR Tt
HBLTTIVHBREL, TIVEEERWECS 7 a~
FH/ U PEEEDE L LT TEETTHIL,
Ia~NFUNVANE ) -V EERE L.

B »7ankFLrOe FOFUAFUERBICE &

(FIIR¥ L ORE

TIVEN - TFNER) DU AWTE S 57,
BIGHERQERUTH %o

FEARZ14, 15, 17, 18, 1921210 KISREA W L2) &
FIUHETHIT Uice CONIEETI, B4 2 FEE A
F e FMF A0 Fig 1 o A< v 754
CRWTENTN Za~ntH i TunFr s oY
—VYERDHI Db o, FTORDIK, FREES
16, 20 220 RGIRARIROYWBREC L » THHF L
126

7, MGREREARDGEHITHI Lice DX
7mv 7 % Fig. 3 WiRrliz,

I
6 | I2 4 6 8 10 12

Retention Time (min.)

Fig. 3 Gaschromatogram of Reaction Mixture
of Cyclohexene
Column : Silicone DC-550 2m
Column Temp. : 70°C
Vaporizer & Detector Temp. : 100°C
Carrier Gas : Hg, 15 cc/min.
T : Ethyl formate
II : Cyclohexane
1T : Cyclohexene
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Fig. 4 Gaschromatogram of Reaction Mixture
of Propylene
Column : Methoxy-PEG 2m
Column Temp. : 70°C
Vaporizer & Detector Temp. : 100°C
Carrier Gas : Hy, 15 cc/min.
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Table 1 Effect of Amines
Amines Reaction | Reduced |Conversion
Time Pressure* hZf(egZ clo- Products
Name Structure pKa (hr.) (kg/cm?) (%)
N-Butylpyrrolidine DN-H ‘C.H, 10.4 25 57 62.5
Cyclohexylcarbi-
nol
Triethylamine N-(C.H s)s 10.7 46 21 14.5
gr-nlzt?iethyl-cyclohexy— C N-(C,Hs)2 10 53 14 trace gglclohexylcarbi-
Triethanolamine N(CH.CH :0H)q 20 35 0
N-N-Dimethylaniline QN-(CH3)2 6.6 26 14 0
O
N-Methypyrroridone ‘jN -CH, 30 16 0
Hexamethylenetetramine N,(CH, ), 4 40 0
Tributyramine N ('"' CHy) 10.9 46 16 8.7 Cyclohexane
. \
N-Methyl- morpholine O_\_/N-CH3 7.4 70 43 0
* Pressure change at room temperature between initial and final state.
Table 2 Effect of Amine Structure
<ﬂN—R React. Time Fe(CO)s Conversion Products (g)
— . (unconverted) of
Cycloh Cyclohexyl
R (hr.) (g) ye (O %e)xene Cyclohexane gacrl?ineo};y Unknown

-CHj 26 trace 52.5 14 13.2 0.3
-CH,CH, 47 trace 53.4 1.4 11.3 0.4
-n-C4H, 45 0.9 45.0 1.1 9.9 0.0
< > 74 8.4 23.3 2.3 1.9 1.2
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Table. 4 Effect of Temperatures
React. Temp|Retact. "l.‘ime Reac:zd Ironpenta- Com:)efrsion Products (g) l:
Oletin °C) (hrs.) (kgl;;:;fggre (Cgrg)onyl Cycl(o%e)x €N€|  Paraffin Alcohol
Cyclohexene 120 48 1 9.4 0 0 0
” 150 72 10 3.0 13 0 1.9
” 180 i 48 45 0.1 95 0.4 13.1
” 200 44 30 0.4 79 0.4 10.3
Propylene 100 44 12 8.1 5 — 0.5
» 180 20 56 4.8 100 — 9.1
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Fig. 5 Pressure Change in Hydroxymethylation

of Cyclohexene
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Fig. 6 Pressure Change in Hydroxymethylation

of Propylene
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Fig. 7 Infrared Spectra of Reaction Mixtures
I : Cyclohexene
I : Propylene
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