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Abstract — The new complex catalysts were synthesized by the reaction of titanium compounds (titanium chloride
or titanium butoxide) and diamines in this work, and they showed very high catalytic activities for the cyclododec-
atriene (CDT) synthesis from 1,3-butadiene through trimerization. CDT synthetic reaction was performed in an auto-
clave reactor, and the effects of reaction temperature, type of catalyst, catalyst amount added into the system, the
mole ratio of Al/Ti and immobilization method were investigated on the yield of product CDT. The titanium complex
catalyst combined to diamine with 1:1 ratio showed high selectivity to CDT more than 90%. The ratio of TTT-CDT/
TTC-CDT isomers in the product revealed as different values, depending on the type of diamine combined to tita-
nium and Ti/diamine ratios. Those homogeneous complexes could be used as a heterogenized catalyst after anchor-
ing on the supports, and the immobilized titanium catalyst retained the catalytic activities for several times in the
recycled reactions without leaching. The carbon support containing titanium has exhibited superior activity to the sil-
ica support. Especially, when the titanium complex was anchored on the support which was fabricated by the hydrol-
ysis of tripropylaminosilane itself, the resulting titanium catalyst showed the highest BD conversion and CDT
selectivity.
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Scheme 1. The synthetic route from 1,3-BD to dodecanoic acid.

Table 1. The catalytic properties reported in patents [S-10]
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Patent Company Catalyst Temp (°C) BD Conv. (%) CDT Select. (%)  CDT Yield (%)
JP2002-161054 Ube TiCl,/AIEty/AlE, sCl, 5 60 69.6 90.5 63
JP2002-60353 Ube TiCl,/AIEt/AlEL, sCl, 5 + zeolite 3A 60 - 94.5 70

US 6403851 B1 Degu-ssa Ni(acac),/ethoxyEt,Al 85 98 90 88
JP2005-132770 Ube L TiCly/AIEt,Cl + H,O 70 - 93.2 -
JP2005-132770 Ube Brl, TiCl,/AIEt,Cl + H,O 70 - 90.3 -
JP2005-139144 Ube TiCl,/AlEt,Cl + Toluene + H,O 70 80 92 74

US 2007-0265184 Degu-ssa TiCl/AlEt, sCl, s + Benzene 60 98 94.2 92
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Fig. 2. Preparation of new Ti complexes for use as a catalyst in CDT
synthesis.
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Fig. 3. Batch type autoclave reactor used for the synthesis of CDT
from BD.
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Fig. 1. The amine compounds used as a ligand for the preparation of new Ti complex catalysts.
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Table 2. The catalytic activities of pure TiCl, and Ti(OBu), compound
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Catalyst Catal. Conc [mmol] Al/Ti (Et),AICI [mmol] Temp. [°C] TTC/TTT Mol ratio Selectivity [%] Yield
TiCl, 1.2 15 18 40—80 9.34 91.8 94.0
TiCl,+H,O 1.2 20 24 2478 60.2 89.4 83.1
Titanocene 1.2 15 18 3042 - 0.6 43
Ti-(Obu), 1.2 15 18 2433 17.7 944 68.3

Butadiene: 12 ml (0.138 mol basis)
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Table 3. Comparison of various new Ti complex catalysts for the catalytic activities in CDT synthesis from BD
Ti source Amine Ti/Amine Ratio AVTi  (Et),AlCI [mmol] Temp. [°C] TTC/TTT Mol ratio  Select [%] Yield [%]
TiCl, No - 15 18 40—>80 9.34 91.8 94.0
TiCl, Q 1:1 20 24 2564 3.8 97.7 71.7
HoN' NH,
cyclohexane-1,2-diamine
TiCl, Q 1:2 15 18 24—40 16.54 94.1 76.2
H,N NH,
cyclohexane-1.2-diamine
TiCl, Q 1:2 20 24 24—43 18.5 94.8 89.1
cvclzhexane-I.2-diamirzle
TiCl, HZN/_\NHQ 1:1 15 18 2433 673 98.3 92.8
ethane-1,2-diamine
TiCl, HQN/_\NH; 1:2 15 18 24—43 42.8 97.6 60.2
ethane-1,2-diamine
TiCl, HzN/\ﬂ NH, 1:1 15 18 2567 279 959 84.2
N-(aminomethyl)methanediamine
TiCl,  wa 1:1 15 18 2461 254 95.7 82.2
hexane-1.6-diamine
Ti(OBu), No - 15 18 2433 17.7 94.4 68.3
Ti(OBu), Q 1:1 15 18 2743 7.3 87.8 83.0
HoN NH,
cyclohexane-1,2-diamine
Ti(OBu), 1:2 15 18 2430 9.4 90.1 70.7
HoN NH,

cyclohexane-1,2-diamine

Catalyst Concentration: 1.2 mmol, BD; 5 ml
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Fig. 6. Catalytic activity of immobilized TiCl, catalyst for CDT syn-

thesis.
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Fig. 7. The effect of end capping of silanol on the catalytic activity of
immobilized TiCl, catalyst through aminosilane linker: (1) 10
mmol catalyst, (2) 20 mmol catalyst, (3) 2nd reuse after addition
of new AIEt,Cl (20 mmol cata).
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Fig. 8. The oxidation of carbon support to functionalize the surfaces
for immobilization of TiCl, catalyst through aminosilane linker:

(A) low temperature plasma apparatus, (B) IR spectra of carbon
before(a) and after(b) treatment of plasma in air.
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Fig. 9. Catalytic activity of immobilized TiCl, catalyst on carbon sup-
port: (1) 10 mmol, (2) 20 mmol and (3) 30 mmol of catalyst (AVTi
ratio=30).
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Fig. 10. Catalytic activity of immobilized TiCl, catalyst on aminosi-
lane group containing support which was obtained by the
condensation of aminopropyltriethoxysilane.
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Fig. 11. The effect of Ti catalyst amount, Al/Ti ratio and tempera-
ture on the activity of Catalyst (F).
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Fig. 12. Batch type autoclave reactor for 1.5 liter scale used for the
synthesis of CDT (A), the product obtained after catalytic
reaction (B), and the mixture of CDT and benzene solvent
after decomposition of catalyst by alcohol (C).
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