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Lipase-catalyzed esterification of structural butanol isomers and n-butyric acid was investigated in supercritical carbon dioxide.
The experiments were performed in a high pressure cell for 5 hrs with a stirring rate of 150 rpm at 323.15 K and 130 bar.
The Candida Antarctica lipase B (CALB) was used in whole system as a catalyst. The experimental results were analyzed
by GC-FID using a INNOWax capillary column. The conversion yield and the tendency of the esterification in supercritical
carbon dioxide were compared with estimated results by molecular dynamics simulation. Based on the Ping-Pong Bi-Bi mech-
anism with competitive inhibition, each step of the reaction was optimized; using this result the transition state was predicted.
Conformational preference of isomers was also analyzed using molecular dynamics simulations. This kind of approach will
be further extended to the prediction of enzyme-catalyzed reactions using computers.
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Figure 1. The experimental apparatus of enzyme-catalyzed ester-
ification reaction by CALB: (1) CO; gas cylinder (2) Pressure gauge
(3) Filter (4) Chiller (5) High-pressure pump (6) Check valve (7)
Pre-heater (8) Pressure transducer (9) Temperature indicator (10)
Sampling part (11) High-pressure cell with impeller.
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Table 1. Conformational Energy of Butyric Acid and Butanols by
CALB

Relative energy (kJ/mol)

Pathway n-butyl iso-butyl sec-butyl tert-butyl

butyrate butyrate butyrate butyrate
1 0 0 0 0
2 2483 247.1 232.0 223.6
3 1152 106.3 116.8 136.5
4 154.5 158.8 194.6 255.8
5 15.7 22 253 81.5
6 263.0 188.6 176.0 196.1
7 138.1 1742.6 161.8 192.6
8 228.7 262.0 279.7 285.7
9 221 -22.5 -8.9 182

L]
Asp 187

Al

Figure 2. Close-up of active sites of Candida Antarctica Lipase B
structure; color code: C: black, H: white, O: gray, N: dark gray.
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Figure 4. Complete reaction pathway by the proposed reaction mecha-
nism for Ping-Pong Bi-Bi kinetic system.

Table 2. Maximum Yield of Butyl Butyrate Isomers

n-butyl iso-butyl  sec-butyl tert-butyl
butyrate butyrate  butyrate  butyrate
Max. conversion 98.7 83.4 313 1.0

yield (%)
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Figure 3. Substrate structures: (a) butyric acid, GGH;COOH; (b) n-butanol, CG;H,CH,OH; (c) iso-butanol, CH;CH(CH;3)CH,OH; (d) sec-butanol,

C;HsCH(CH;)OH; (e) tert-butanol, C(CH;);OH.
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Figure 5. Structures of (a) the sites of significant hydrogen bonding by function-based subset in the CALB-(R)-form of n-butyl butyrate complex;
(b) the sites of significant hydrogen bonding by function-based subset in the CALB-(S)-form of n-butyl butyrate complex.
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Figure 6. The conversion yields of the enzymatic reaction of n-(a), iso-(b), sec-(c), and tert-butyl butyrate (d) by CALB enzyme.
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Figure 7. Minimization structures for 9 detailed steps and transition states.
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Figure 8. Trajectories and histograms of hydrogen bonds in CALB-(R, S)-n-butyl butyrate complex; (a) and (b) represent the hydrogen bond lengths
of O and @), (c) and (d) represent the hydrogen bond lengths of ® and @.
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Figure 9. Trajectories and histograms of significant hydrogen bonds of @, @ and ® from n- to tert-butyl butyrate complexes.
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