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Table 1 Enzymatic synthesis of TDC using different enzymes

— Temperature Time TDC Yield TDC Yield of blank experiment
/C /h /% /%

papain 40 1 3.90

Flavourzyme 40 27 3.75

Novozym435 60 72

CCL 30 72

PPL 30 72

TL IM(IM) 40 72

Pepsin 40 72 1.51

Reaction conditions ;n( TDA)/n(DMC) =1/20,Enzyme concentration 34.72 mg/mL
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Table 2 The effect of solvents on the Enzymatic Lsr
synthesis of TDC 1.0 . . . . . . T

Solvent logP TDC Yield/%
Tetrahydrofuran 0.5 3.84
tert-Butyl alcohol 0.8 2.98
Toluene 2.5 0.73
n-Hexane 3.5 1.20
No Solvent - 3.51

Reaction conditions;n(TDA)/n(DMC) =1/10,Biocatalyst
concentration 17. 4 mg/mL, reaction temperature 40 °C, reac-

tion time 40 min
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Fig. 1 Effect of temperature on TDC yield by Papain
Reaction conditions: n (TDA)/n ( DMC) = 1/20, enzyme
concentration 17. 36 mg/mL, reaction time 60 min, revolu-

tions150 rpm/min
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Fig. 2 Effect of substrate molar ratio on TDC yield by Papain
Reaction conditions; TDA 1g, tetrahydrofuran 15 ml/g pa-
pain, reaction temperature 40 °C, reaction time 60 min,

revolutions 150 rpm/min
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Fig. 3 Effect of enzyme concentration on TDC yield by Papain
Reaction conditions; TDA 1g, n(TDA)/n(DMC) =1/20,

reaction temperature 40 °C, reaction time 60 min, revolu-

tions150 rpm/min
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Fig. 4 Effect of Reaction Time on TDC yield by Papain
Reaction conditions; TDA 1g, n(TDA)/n(DMC) =1/20,
reaction temperature 40 °C, revolutions150 rpm/min, en-

zyme concentration 17.36 mg/mL
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Study on the Synthesis of Toluene Dicarbamate over
Biological Enzyme Catalyst

WANG Hai-ou, WANG Yan-ji *,LI Fang, ZHAO Xin-qing
(Key Lab of Green Chemical Technology & High-efficient Energy Saving of Hebei Province ,Hebei
Unversity of Technology , Tianjin 300130, China)

Abstract ; Toluene dicarbamate( TDC) is an important precursor for preparing toluene diisocyanate ( TDI). The bio-
logical enzyme catalyst for the synthesis of TDC from toluene diamine( TDA) and dimethyl carbonate( DMC) is in-
vestigated. It is found that papain exhibits the best catalgtic activity and the most suitable solvent is tetrahydrofu-
ran. The optimal reaction conditions over papain are as follows: reaction temperature,, 40 °C ; reaction time , 40 mi-
nutes; n( TDA)/n(DMC) =1/20, the enzyme concentration, 17.4mg/mL; the yield of TDC is 3.94%.
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Fig. 1 TG-DTA profile of TiO, gel
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