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SUMMARY

To predict the oxidation ability of lignin degrading enzymes without any experiments, the highest
occupied molecular orbital energy (HOMO) of methoxybenzens (MBs) were calculated with semi-empirical
molecular orbital calculation (RHF/PM3), with assumption in water circumstance (RHF/PM3+COSMO) and
ab initio molecular orbital calculation (RHF/6-31G*). Calculated HOMOs were compared with the
experimental data of half-wave oxidation potential (E ,). For RHF/PM3 method, good correlation between
E , and HOMO was obtained within methoxybenzene and dimethoxybenzenes, but not for the larger MBs,
which include trimethoxybenzenes, tetramethoxybenzenes, pentamethoxybenzene and hexamethoxybenzene.
For RHF/PM3+COSMO and RHF/6-31G* methods which are higher accuracy of calculation, the correlations
were comparatively better than RHF/PM3 method, but insufficient for prediction of oxidation. It suggests
that the effect of solvation energy caused by methoxyl groups cannot be disregarded. To solve this problem,
the solvation energy term, which could be calculated from the neutral and the cation radical forms with
RHF/PM3+COSMO method, was introduced as compensation term to HOMO energy. By this compensation,
good correlation (R > 0.9) was obtained for all MBs except hexamethoxybenzene in RHF/6-31G*
calculation. Consequently, it was found that this calculation was applicable to prediction of oxidation of MBs
without any experiments.
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Table 1. Calculated values of the highest occupied molecular orbital energy (HOMO) and the heat of formation (H) for
optimum conformation of methoxybenzenes (MBs).

HOMO energy (eV) Heat of formation (kcal/mol)
£ Neutral form Neutral form cation radical form

Compound (\11/3 RHF/ RHFfM?; RHE/ H, H, AH H H* A
PM3 cosmo  6-31G* (gas) (water) v (gas) (water) soly
MonoMB 1.76 -9.11 -9.57 -8.29 -14.65 -19.95 -5.30 184.98 127.85 -57.13
1,2-DiMB 145 -8.83 -9.35 -7.86 -49.35 -58.40 -9.05 138.53 83.99 -54.54
1,3-DiMB -8.98 -941 -8.11 -52.93 -60.71 -7.79 142.79 85.69 -57.11
1,4-DiMB 1.34 -8.71 -9.21 -1.74 -52.02 -60.20 -8.18 134.94 80.45 -54.50
1,2,3-TriMB 142 -9.23 -9.98 -8.23 -84.85 -97.08 -12.23 102.52 54.71 -47.81
1,2,4-TriMB 1.12 -9.11 -9.48 -7.71 -87.20 -98.55 -11.35 98.02 43.35 -54.68
1,3,5-TriMB 1.49 -9.03 -9.54 -8.22 -91.60  -101.55 -9.95 104.32 48.61 -55.71

1,2,3,4-TetraMB 1.25 -9.56 -9.47 =779 -120.27  -135.23 -14.96 69.48 15.76 -53.72
1,2,3,5-TetraMB 1.09 -8.98 -9.40 -7.79  -123.04  -137.07 -14.03 58.06 5.71 -52.35

1,2,4,5-TetraMB 0.81 -8.82 -9.26 -7.37  -121.81  -136.74 -14.93 61.03 6.89 -54.14
PentaMB 1.07 -9.58 -9.85 -8.35  -189.40  -208.07 -18.66 1.67 -54.74 -56.41
HexaMB 1.24 -9.53 -9.82 -7.75  -155.74  -174.53 -18.79 31.35 -21.43 -52.78

E ,: half-wave oxidation potential presented in Ref. 7.
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Fig. 1. Optimum conformations of methoxybenzens calculated with RHF/6-31G* by Gaussian98.
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Fig. 2. Relationship between E, , and —HOMO of methoxybenzenes calculated with RHF/PM3 (A), RHF/PM3+COSMO
(B), and RHF/6-31G* (C).
Least square fitting lines were calculated the data from MonoMB to DiMBs ( — ), to TriMBs (+--** ), to TetraMBs
(— —), to PentaMB (— * —), and all MBs ( ).
Legend: MonoMB (@), DiMBs (), TriMBs (O), TetraMBs ([]), PentaMB (X), and HexaMB (+).
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Table 2. The intercept, slope and correlation coefficient in diagram of E,, and -HOMO corresponding to Fig. 2.

Data used for

. RHF/PM3 RHF/PM3+COSMO RHF/6-31G*
correlation
Correlation Correlation Correlation
from to Intercept Slope . Intercept Slope . Intercept Slope .
coefficient coefficient coefficient
Mono Di 7.43 0.96 0.999 8.13 0.83 0.991 5.93 1.34 0.999
Mono Tri 8.84 0.11 0.121 9.18 0.24 0.190 6.58 1.00 0.781
Mono  Tetra 8.84 0.15 0.166 9.02 0.35 0.425 6.61 0.98 0.889
Mono  Penta 8.95 0.11 0.098 9.10 0.31 0.339 6.59 0.99 0.887
All 9.20 -0.05 -0.043 9.30 0.18 0.189 6.94 0.77 0.635
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Fig. 3. Relationship between E,, and —HOMO+ AE_ of methoxybenzenes calculated with RHF/PM3 (A),
RHF/PM3+COSMO (B), and RHF/6-31G* (C).
Least square fitting lines were calculated the data from MonoMB to DiMBs (— ), to TriMBs (+**+-* ), to TetraMBs
(— —), to PentaMB (— * —), and all MBs ( ).
Legend: MonoMB (@), DiMBs (), TriMBs (O), TetraMBs ([]), PentaMB (X), and HexaMB (+).
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Table 3. The intercept, slope and correlation coefficient in diagram of £, and -HOMO+AE_ corresponding to Fig. 3.

Data used for

. RHF/PM3 RHF/PM3+COSMO RHF/6-31G*
correlation
Correlation Correlation Correlation
from to Intercept Slope . Intercept Slope . Intercept Slope .
coefficient coefficient coefficient
Mono Di 8.54 1.60 0.992 9.24 1.46 0.996 7.04 1.98 0.988
Mono Tri 9.98 0.67 0.590 10.32 0.80 0.785 7.72 1.56 0.920
Mono  Tetra 10.02 0.67 0.661 10.20 0.86 0.890 7.79 1.50 0.952
Mono  Penta 10.05 0.66 0.644 10.21 0.86 0.890 7.70 1.54 0.909
All 10.28 0.51 0.491 10.38 0.75 0.788 8.02 1.33 0.801
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