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An Investigation of Reaction Mechanisms of Urethane Formation Reaction by
Computational Chemistry and Kinetic Experiment

Satoshi MURAYAMA
Yu YANAGIHARA

0 Reaction mechanisms of urethane formation reaction from isocyanate group and hydroxy group have been

analyzed in detail by means of computational chemistry and kinetic experiment using "H-NMR. A six-membered

pseudo-ring transition state (TS) structure constructed from 1 mol of isocyanate and 2 mol of hydroxy group was

found to be the most rational, because the activation Gibbs energy via the TS agrees with that obtained through

the kinetic experiment. The computational method shows that urethane group has the ability, like hydroxy group,

to make the six-membered pseudo-ring TS and that the reaction rate should be accelerated by constructing the TS

structure. However the acceleration ability of urethane group was found to be inferior to that of hydroxyl group.

The results of the kinetic experiment showed that no acceleration of reaction by the generated urethane group was

observed. This result supports that obtained via computational chemistry. In addition, it was found by the kinetic

experiment that DMSO accelerates the reaction but that acetone has the opposite effect.
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Table O Calculated Activation Parameters[] B3LYP[ 60310G! d, p[1]
Reaction State of Reactant . AH e A G e
Mechanism or Product e 298.15K 303.15K 308.15K 313.15K 318.15K 298.15K 303.15K 308.15K 313.15K 318.15K
S:A“SIZZEZ? 2013 2854 2854 2854 2854 2854  41.03 4124 4145 4166 4187
NCO-OH:4 Optimized after
P 31.06 29.81 29.80 29.78 29.76 29.74 34.80 34.88 34.97 35.05 35.13
IRCI ComplexO™
Smlijae‘;h 608 512 512 513 513 513 2930 2070 3011 3051 30.92
NCOI20H:6 Optimized after
P 13.66 11.81 11.78 11.76 11.73 11.71 18.58 18.70 18.81 18.92 19.04
IRC] Complex[
f Each
Sll\J/IrEIZCUIZZ 19.24 18.83 18.84 18.85 18.86 18.87 43.09 43.49 43.90 44.31 4471
NCOIOHEULG Optimized after
P 25.32 2324 2321 23.18 23.15 23.13 32.52 32.67 32.83 32.99 33.14
IRC] Complex[
Tabled O Calculated Formation ParametersC] B3LYPI 60310G d, p(TJ
Reaction State of Reactant AEa AH e AG’ cac
Mechanism or Product “° 298.15K 303.15K 308.15K 313.15K 318.15K 298.15K 303.15K 308.15K 313.15K 318.15K
S:AT.ZZUEEC: 11909 01976 01976 01977 01977 01977 10699 0678 1656 0635 0613
NCOIOHI4 L.
Optimized after
017.16 018.49 101851 (1853 01855 1018.56 013.22 [013.13 013.04 01296 012.87
IRC] Complex[d
Sum of Each
Molecules 019.09 019.76 019.76 019.77 019.77 1019.77 06.99 06.78 06,56 06.35 [6.13
NCOI20HI6 ..
Optimized after
016.75 01790 01791 01793 01794 1017.96 013,58 (01351 013.44 1013.36 013.29
IRC] ComplexO
Sum of Each
Molecules 019.09 019.76 019.76 019.77 019.77 10119.77 06.99 06.78 06.56 06.35 [6.13
NCOUOHIUI6 .
Optimized after
01559 017.03 017.05 017.07 017.09 017.11 [010.98 [10.88 010.78 010.68 010.57
IRCI Complex™
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