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ABSTRACT: Understanding ubiquitous methyl transfer reactions e o
requires a systematic study of thermodynamical parameters that
could reveal valuable information about the nature of the chemical ‘
bond and the feasibility of those processes. In the present study,
the O-CHj; bond dissociation enthalpies (BDEs) of 67 compounds
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belonging to phenol/anisole systems were calculated employing oo &J, L ™
the Gaussian-4 (G4) method. Those compounds contain different LT 3
1 1 1 - i 1 | 1 1 1
substituents including alkyl groups, electron-donating groups L L - - —
t

(EDGs), and electron-withdrawing groups (EWGs). The results
show that the bigger branched alkyl groups and EDGs will b 9%
destabilize the O-CH; bond, while EWGs have the opposite effect.
A combination of different effects including steric effects, hydrogen

bonds, and substituents and their position can achieve around 20 kcal/mol difference compared to the basic phenyl frame. Also, the
linear correlation between o," and O-CH; BDE can provide a reference for the O-CH; BDE prediction. The present study
represents a step forward to establish a comprehensive O-CH; BDE database to understand the substituent effect and make its
contribution to the rational design of inhibitors and drugs.
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1. INTRODUCTION

Methylation, a ubiquitous transformation in nature, is one of
the most basic and important reactions in organic chemistry
and biological organic chemistry.'~* Phenols were intensively
studied because of their involvement in many chemical,
electrochemical, and biochemical reactions’ and the important
role they play in chemical synthesis, industrial production,
pesticides, spices, dyes, and especially drugs.6 Catechols,
including adrenaline, noradrenaline, and dopamine, are closely
associated with several neurological diseases such as
Parkinson’s disease.”” Scientists have designed hundreds of
related drug precursors, several of which, like Entacapone and
Tolcapone, are already on the market to treat neurological
diseases.” Phenols are common substrates for methyl transfer
reactions, and thus the factors that affect the stability of the O-

challenging,'" using reliable theoretical approaches to predict
BDEs is an ideal alternative.

In the past few years, the development of computational
methods, which can accurately and economically calculate
BDEs, make it possible to systematically predict the O-CHj
BDE in phenol/ anisole systems. Several studies have been
reported to calculate the BDE in different systems.'”'’
However, few of them are involved in the O-CH; bond,
which is indispensable to the mechanistic understanding of the
methyl transfer reaction. Pratt et al.'* used a combination of
experiment and theory to examine the influence of Y
substituents on the O-CH; bond dissociation enthalpies of
4-YCH,O-CH;. They found that both electron-withdrawing
(EW) and electron-donating (ED) groups of Y substituents
reduce C—X bond dissociation enthalpies relative to the parent

CH; bond of the anisole products have a direct impact on the
methyl transfer reaction.'’ There is limited thermodynamic
information available for a full understanding of the
methylation process. BDE (bond dissociation enthalpy) is a
thermodynamic parameter that could reveal valuable informa-
tion about the nature of the chemical bond. Thus, it is
desirable to study the O-CH; BDE of anisoles, which is the
enthalpy change for the dissociation of the anisole O-CHj;
bond to corresponding radical products, in a systematic and
comprehensive manner. This could provide insights into
factors that affect the stability of the O-CH; bond. As
measuring BDEs for every molecule experimentally is
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compound. Wu et al." calculated substituent effects on O-CH,
and O—H bond dissociation energies for a series of 11 para-
substituted anisoles and 18 para-substituted phenols using
JMW/DN and BLYP/6-31G*. It showed that the density
functional method can give satisfactory results for analyzing
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Figure 1. Structures of target molecules.
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substituent effects on the anisole O-CH; BDEs and the phenol
O—H BDEs. Also, the substituent effects on phenol O—H BDE
and anisole O-CH; BDE are nearly identical. Though those
research studies did not give a comprehensive analysis about
the substituent effect, they expanded on the findings of related
aspects and laid a certain theoretical foundation. Recently, the
G4 approach was selected as the preferred method for the
accurate theoretical estimation of the O-CH, bond.'" Based on
this study, the G4 method was applied in the present work to
predict the O-CH; BDEs of anisole systems to study the
factors, including but not limited to steric effects, electronic
effects, and H-bonding effects, that influence the magnitude of
O-CHj; BDEs. The present investigation is the first important
step to establish a comprehensive O-CH; BDE database, which
could facilitate the understanding of the mechanism of
methylation and providing guidance for designing correspond-
ing inhibitors and drugs.

2. RESULTS AND DISCUSSION

Using the G4 simulation method, the BDEs of more than 50
target molecules (Figure 1) were calculated, as shown in
Tables 1—3. The range of BDEs varies from 50.1 kcal/mol
(Compound 6) to 74.8 kcal/mol (Compound 26e). To fully
understand the intrinsic element that controls the size of the
BDE, factors including steric and electronic effects were
systematically investigated by appropriate theoretical simu-
lation for more than 50 well-designed anisoles.

2.1. BDE of O-CH; with Steric Effects. When dealing

with steric effects, chemists are always faced with the dilemma

Table 1. Bond Dissociation Enthalpy (BDE) of O-CH; for
Molecules with Various Substituted Alkyl Groups in Group
I and the Corresponding Different Types of Steric Effect
Parameters

BDE AD
substituent compound#  (kcal/mol) —E* vr (10* J/mol)

H 1 65.3 —-1.24 0
Me 2 57.9 0 0.52 0
Et 3 58.23 0.07 0.56 0.86
n-Bu 4 58.21 0.39 0.68 0.86
i-Pr S 56.8 0.47 0.76 2.29
t-Bu 6 50.1 1.54 1.24 3.82

“Eg, gross steric effect constants, belongs to kinetic and thermody-
namic parameters derived from reaction rate constants of substituents
and the reference bases in hydrolytic reactions (data from ref 16). be,
steric parameter, is based on the calculation from volumes and bond
lengths defined by van der Waals radii (data from ref 17). “ADy, steric
substituent constant for alkyl groups, is a set of parameters from
computational calculation based on molecular mechanics taking into
account the tension energy of a molecule including bond length
deformation, bond angle tension, bond torsion tension, and nonbond
interaction (data from ref 18).

of which methods and parameters are used to correlate or
predict results. Steric effects encounter difficulty in finding
reference reactions in which they can operate independently of
the substituent electronic effects. One possibility is to employ a
series of groups with different sizes but almost constant
electronic effects such as alkyl groups. Thus, a series of
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Table 2. Bond Dissociation Enthalpy (BDE) of O-CH; for
Molecules with Different Substituents in Group II (Units in
kcal/mol)

substituent compound# o-position m-position p-position
NH, 7 53.7 64.2 57.3%
OH 8 51.8/57.0° 64.6 60.4*
OCH; 9 59.0 66.17 59.6°
CONH, 10 57.8/61.9" 66.5 65.9
CH, 11 63.3 64.4 63.3°
F 12 62.0 66.2 63.6
Cl 13 62.4 66.4“ 64.3
Br 14 62.5 66.5 64.7
CCly 15 64.8 65.1 65.9
H 1 65.3° 65.3 65.3
COOCH; 16 65.0 65.7 65.8
CF, 17 66.1 66.0 66.9
COOH 18 66.5 66.4 66.8
CHO 19 67.7 67.4 66.6
NO, 20 66.7 67.8 68.4
CN 21 67.7 68.3° 67.5

“Data from ref 11. “Two different structures (substituent group
oriented toward the —OCHj; group of the ring favoring the hydrogen
bond formation is shown in bold, see text).

Table 3. Bond Dissociation Enthalpy (BDE) of Molecules in
Group III with Mono-, Di-, and Tri-substituents

substituent compound# BDE (kcal/mol) type

NH, 22 53.7 mono
47.8 di
43.4 tri

OCH; 23 59.0 mono
58.5 di
52.1 tri

F 24 62.0 mono
61.3 di
60.5 tri

Cl 25 62.4 mono
62.2 di
61.1 tri

Br 26 62.5 mono
62.7 di
61.9 tri

CHO 27 67.7 mono
73.3 di
71.9 tri

NO, 28 66.7 mono
67.4 di
74.8 tri

CN 29 67.7 mono
67.2 di
69.1 tri

aromatic compounds (Compounds 2—S$ in Group I, Figure 1)
with different alkyl substituents including methyl, ethyl,
isopropyl, n-butyl, and t-butyl were designed to explore the

steric effect on the O-CH; BDEs (Table 1). The alkyl groups
are at the 2,6-positions. The O-CH; BDEs are all within a
range of 50—60 kcal/mol with the tertiary butyl substituent
having the smallest one (50.1 kcal/mol). Compounds 2—4,
whose substituents contain methyl, ethyl, and n-butyl
belonging to the chain alkyl group, show a very similar size
of O-CHj; BDE at around 58 kcal/mol within a 0.5 kcal/mol
difference. This similarity suggested that the length of the
straight chain in the alkyl group did not alter the size of O-CHj,
BDE. When turning to the branched alkyl groups, it is obvious
that there is a significant drop of O-CH; BDEs to 56.8 and
50.1 kcal/mol when the substituents are isopropyl (i-Pr, 5) and
tertiary butyl (t-Bu, 6), respectively. As it is known that the
steric hindrance of the isopropyl and tertiary butyl group is
larger than that of the straight chain alkyl group (methyl, ethyl,
and n-butyl herein), the corresponding O-CH; BDE on
benzene becomes smaller. The order of the steric hindrance
effect (+-Bu > i-Pr > n-Bu ~ Et & Me) of the alkyl substituent
on the benzene ring is just the opposite of the trend of the
corresponding O-CH; BDEs (#-Bu < i-Pr < n-Bu ~ Et & Me).
We could conclude that the bigger the alkyl group, the smaller
the value of O-CH; BDE. This fact suggested that the more
crowded region around the O-CHj; functional group could
facilitate the carbon—oxygen cleavage, that is, the C—O bond is
easier to break with lower O-CH; BDE.

The steric effect comes from the fact that every atom in a
molecule takes up a certain amount of space.'* This effect
mainly arises from three kinds of steric tensions including a
repulsive force (crowding of large atoms or groups), the
tension (the bond angle deformation), and the torsional
deformation (the rotation of the sigma bond). The decreasing
BDE herein for the case of O-CH;, R—H, and R-CH; with
bulky substituents came from the crowding and deformation of
the alkyls, the stability of the resulting radicals and the
hyperconjugation of the adjacent alkyl groups stabilizing the
resulting radical center. In fact, the steric effect could be
quantified to a certain extent. More than a century ago,
Hofmann first reported the steric effect when methyl iodide
could not react with methylated anilines under normal
conditions."> Various methods have been proposed to estimate
the importance of steric factors in reaction. The first consistent
scale used for quantifying this structure—activity property was
proposed by Taft'® who defined Eg as the gross steric effect.
The significant contribution of Taft was to propose a general
scale of the steric effect and choose a model hydrolytic reaction
in which only steric effects were involved without any other
electronic effects. After that, other parameters such as steric
parameters V,'” and steric substituent constants ADy"” derived
from different methods and standards were proposed, as shown
in Table 1. Compared to Eg, the scale V, is a different method
based on the calculation from volumes and bond lengths
defined by van der Waals radii. This is a scale proposed by
Charton,'” which is generally accepted at present. ADy is a set
of parameters based on molecular mechanics that takes into
account the tension energy of a molecule including bond
length deformation, bond angle tension, bond torsion tension,
and nonbonding interactions. The plots of —Eg, V,, and ADg
against O-CH; BDEs are displayed in Figure S1. All the
negative slopes shown in Figure S1 could reflect the decline of
O-CH; BDE with crowdedness around the methyl group.
Interestingly, regardless of which steric parameter was
considered, there is a general trend where with increasing
parameter size, the BDE decreases. This trend consists of the
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steric effect influence on R—H BDE and R-CH; BDE'® (Table
S1). When referring to R-OH, the bond strength with the
corresponding substituent increase in the order of CH; < Et <
i-Pr < t-Bu while the O-CH; (anisole), R—H, and R-CH; bond
strength with the corresponding substituent decrease in that
order.

It is indicated that other than the steric repulsion, the
intramolecular charge-induced dipole in R—X should be
considered (X = H, CH; and OH). Our result is also
supported by the view of the aspect that intramolecular charge-
induced dipole and germinal repulsion could alter the trends of
R—X BDE.”” Simulation of benzylic p-YC¢H,G-X molecules
also supports the dipole argument” where the effect of
substituents on benzylic C—H bonds would be opposite of the
effect on C-halogen bonds. It is clear that the larger the
bulkiness of the R group with a more repulsive effect between
the R and CHj, the smaller the BDEs of R-CHj.

2.2. Mono-substituted Anisole Compounds. When the
substituents are extended from the alkyl group to the other
functional group with different electronic effects, the steric
effect is not the main factor controlling the size of O-CHj;
BDE. A series of 45 substituted anisoles (Group II in Figure 1)
have been studied in this work to understand the direction and
magnitude of the electronic effect. All of the calculated O-CHj
BDEs are arranged in ascending order, as shown in Table 2.
The span of BDEs ranges largely from 51.8 kcal/mol (0-OH,
8a) to 68.4 kcal/mol (p-NO,, 20c) with a range of 16.6 kcal/
mol. In general, the electron-donating substituents including
NH,, OH, OCH,;, CONH,, and CHj; with halo substituents F,
Cl, and Br weaken the O-CH; bond, while electron-
withdrawing groups COOCHj;, CF; COOH, CHO, NO,,
and CN strengthen the O-CHj; bond at all ortho-, meta-, and
para- positions. Furthermore, it is interesting to find that in the
ortho-position, the substituent effect was the largest of all
(—13.5 to 2.4 kcal/mol using anisole 1 as the standard). The
meta-substituent effect distributes more evenly with a much
narrower variation (—1.1 to 3.0 kcal/mol). The para-position
is intermediate of the other two (—8.0 to 3.1 kcal/mol).

If we take a detailed examination on each substituent in
different o-, m-, and p- positions, it is shown that the size of the
O-CHj; BDE took the order of o < p < m for all the electron-
donating substituents and halo substituents (7—14). The trend
of BDE values switched to 0 < m < p when electron-
withdrawing groups were induced to the system except with
the —CHO and —CN substituents (15—18 and 20). This small
BDE of the substituent o-position is most probably due to the
radical resonance stabilization effect. Especially for 8a, it is
clear that the O radical single electron is delocalized to the C
atom next to the 0-OH, which is stabilized by the OH group
through the resonance effect and could enhance the stability of
the phenoxy radical, which causes the O-CH; bond to weaken.
Aldehyde (—CHO, 19) and cyano (—CN, 21) groups belong
to a special catalog with the order p < 0 < m for O-CH; BDE.
This modest difference between o-, m-, and p- and the re-order
are presumably due to the possible intermolecular interaction
provided by the aldehyde and cyano groups in para- and ortho-
positions.

Compared to experimental data, the computational method
tends to underestimate the BDE value with the standard error
between 1.4 and 2.9 kcal/mol (Table S2) in most cases. For
substituents including —NH,, —OH, and —OCHj;, which
belong to electron-donating groups, the computational method
will overestimate the BDE value for both o- and p-positions.

Another overestimation is for —CF; substituents at the para-
position. In the case of meta-position substituents, there is a
narrow range of BDE values for both theoretical BDEs and
experimental BDEs, suggesting that the change of the
functional group at the m-position cannot alter the BDE
value significantly.

For the —OH and CONH, substituents, two structures with
the substituents in the ortho-position were analyzed: (i) the
—OH and —CONH, groups oriented toward the —OCHj;
group of the ring favoring the hydrogen bond formation; (ii)
no consideration for the possible hydrogen bonding formation.
From Table S2, it is noticed that the BDE for the ortho-
hydroxyl substituent 8a with a value of 57.05 kcal/mol is in
good agreement with the experiment. This is due to the
formation of intramolecular hydrogen bonds of 2.074 and
1.968 A between the oxygen atom from the —OCH; group and
the hydrogen atom from the OH group and from the radical
oxygen and —OH hydrogen, respectively. The hydrogen
bonding could stabilize both the radical and the parent
molecule. The formation of CO-H intramolecular hydrogen
bond as the key factor to stabilize the oxygen radicals has been
reported by Alvareda et al., who demonstrated that the lower
BDEs of the C-OH bond of some flavonoids present radicals
stabilized by a hydrogen bond.”” The same effect is observed
for CONH, for which there is no experimental data available.
The BDE value for the structure with hydrogen bonding
formation is 61.87 kcal/mol. The intramolecular hydrogen
bonding distances between the —CONH, group and oxygen
radical and the hydrogen atom from the —OH group are 1.937
and 1.916 A, respectively. With the strong electron-with-
drawing ability of the nitro substituent, it is not surprising to
find the largest BDE (20c) with the nitro group at the para-
position. Although the strength of the O-CHj; bond is limited
with the involvement of the nitro group (1—3 kcal/mol), this
small thermodynamical difference could be the key point for
the design of the corresponding pharmaceutical inhibitor.

In fact, the effect of electron-donating groups (EDGs) and
electron-withdrawing groups (EWGs) are a combination of
conjugative and inductive effects.”’ Figure S2 shows the
activity of different substituents divided into a strongly
activating group, moderately activating group, weakly activat-
ing group, weakly deactivating group, moderately deactivating
group, and strongly deactivating group based on the effects on
the reactivity of benzene rings. In general, a good correlation
between the activity of substituents and BDEs of O-CH; could
be observed by EDGs making the O-CH; bond in phenols
easier to break, while EWGs stabilize the oxygen—carbon
bond. However, as a weakly deactivating group, F, Cl, and Br
did not strengthen the O-CH; bond but decreased the O-CHj,
BDE value compared to H. There is controversy over the
property of halo substituents: F, Cl, and Br are generally
classified as electron-withdrawing groups, while it is also
reported that they could stabilize the radical and destabilize the
ground state, having the property of electron-donating
substituents.'* This difference may come from where the
parameters are derived, through either the kinetic model or
thermodynamic method. Furthermore, strongly deactivating
groups such as CF; and CCl; do not show the corresponding
weakening ability as expected. The BDE of CCl;-substituted
anisole is almost the same as the BDE value of anisole. In these
cases, steric effects make a more obvious contribution to the
decrease in the BDE value. Especially at the o-position, the O-
CH; BDE size of CCl;-substituted anisole is bigger than that of
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CF;, which has a more obvious steric effect to make the O-
CH; bond break easily.

For further quantitative analysis, the factor of electro-
negativity was taken into consideration. However, there is no
obvious correlation between O-CH; BDEs with the electro-
negativity of the functional group, regardless of which
parameters were used from different groups (Table S3). It is
believed that the electron demand (i.e., electron-donating or
electron-withdrawing ability) rather than the electronegativity
had a decisive role in the substituent effect on the bond
dissociation enthalpy.”*

The Hammett equation with its extended forms is one of the
most extensive means of studying and understanding organic
reactions and the corresponding mechanisms.”> Panel a in
Figure 2 and Figure S3 display the correlation plots between

= —0.02. These totally different behaviors toward resonance
and field effects upon different positions of substituents (ortho-,
meta-, and para-) enables us to adjust the BDE values using the
proper substituent group.

BDEs=a+fF+rR (1)

Furthermore, Brown”’ and Okamoto came up with the idea
of a 6," constant for substituents conjugated to the center of
the reaction and capable of delocalizing positive charges. The
calculated O-CH; BDEs can be correlated well with o, (R* =
0.9697, Figure 2b). This good correlation suggested that the
stability of the anisole radical is influenced by the polar effect
provided by the para-substituent. The improvement of the
linear correlation from o, to o," indicated the importance of
the conjugation effect in BDEs. Figure 3 shows the correlation

70 .
68- w7
66
64
62
60-
58
56 E

BDE(kcal/mol)

R?=0.8742

-1.0 0.5 0.0 0.5 1.0 15
Hammett constant(a,,)

BDE(kcal/mol)

(b)

Figure 2. Correlation plots of calculated BDEs of O-CHj; in
substituted anisoles with (a) Hammett constants (GP) and (b)

Brown o," constants.

O-CH; BDEs with Hammett constants 6, and o,,, respectively.
The linear correlation is not good for o,, with R* = 0.70SS5,
while for para-substituents, the correlation became better (R*
= 0.8742) but not satisfactory. In addition, the Hammett
constants can be separated to field (induction) and resonance
(conjugation) contributions, which could be reg)resented by
Swain and Lupton F and R values, respectively” (Table $4).
Figure S4 shows the correlation between calculated BDE
values and these parameters (o, F, and R). The poor
correlation for F but good correlation for R suggested that
the resonance effect plays a more important role than the field
effect. This conclusion is also supported by the modified
Hammett equation (eq 1) with the correlation of BDEs to
both F and R simultaneously to access the sensitivity of
resonance and field effects (indicated by f and r, respectively)
(Figure S5).”° From Figure S5, it is clear that for meta-
substituents, the field effect mainly controls the BDE value
with some contribution from the resonance effect with f (4.2)
> r (1.6). In the case of ortho-substituents, the resonance fully
dominates the trend of BDEs with r = 14.8 much larger than f
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68
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67

66

BDE(kcal/mol)

65

64 : : r :
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Creary radical substituent constants(c*)

Figure 3. Bond dissociation enthalpies (BDE) of O-CH; in
substituted anisoles against Creary radical substituent constants (c*)
for meta-substituted anisole. Substituents include CH;, F, Cl, H, CF,,
NO,, and CN.

of calculated BDE (O-CHj;) and available Creary’s radical
substituent constants (c*)** for the m-position with R* equals
to 0.8434. In addition, the other two positions’ parameters (o-
and p-) gave a more discrete distribution with no significant
correlation (Table SS and Figures S6 and S7), illustrating that
the spin delocalization plays a more important role when the
substituents are on the m-position. Our results confirm that in
many free-radical reactions, the correlation can be well
obtained by using polar parameters. Jiang had also pointed
out that in many reactions involving radicals, it is not necessary
to use the radical parameter but the polarity parameter for
correlation.””~** This connection suggested that the polarity
effect plays a more important role than spin delocalization.
2.3. Multi-substituted Anisole Compounds. As is
stated above, we mainly focus on the effect of the O-CH;
bond by a single substituent. It would be interesting to see how
the number of substituents affects the BDEs of O-CH;. Eight
typical substituents including NH,, OCHj;, F, Cl, Br, CHO,
NO,, and CN with mono-, di-, and tri-substituent (Group III,
Figure 1) were selected to investigate the BDEs of O-CHj. The
simulated results are shown in Table 3 and Figure 4. From
Table 3 and Figure 4, it is clear that as the number of electron-
donating (—NH, and —OCHj;) and halo (—F, —Cl, and —Br)
substituents increases, the value of BDE of O-CH; decreases.
This additive effect is especially obvious for —NH, (22) and
—OCHS; (23) substituents where EDGs weaken the O-CHj,
bond. For halo substituents (—F, —Cl, and —Br), the number
of substituents has a neglectable effect on the size of BDEs. In
the case of electron-withdrawing groups (EWGs), in general,
BDE increases slightly as the number of substituents increases.
One surprising finding is that the BDE of anisole with two
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substituents and the number of substituents increases from left to
right.

aldehyde groups is considerably higher than those of mono-
and tri-substituents. The BDE of anisole with two aldehyde
groups is considerably bigger than that of the mono-
substituent, which we did not expect. While the possible
formation of weak hydrogen bonds between hydrogen on the
methyl group and oxygen on the aldehyde group plays a more
important role in making the C—O bond more stable. Indeed,
the existence of C—H:-O bonding and the form in the
aromatic system have been systematically reported.”> ¢ It is
hard to explain the smaller BDE value of the tri-substituent
with one more CHO substituent on the p-position compared
to the di-substituent. Furthermore, systematical research
studies will be necessary to explore all these details.

3. CONCLUSIONS

The importance of methyl transfer in both chemical and
biological systems requires the systematic study of the
thermodynamical parameters. The present study is the first
important step to establish a comprehensive O-CH; BDE
theoretical database using the G4 method, which has been
shown to be reliable for it."' The BDE order (¢-Bu < i-Pr < n-
Bu = Et & Me) with the ortho-substitution on the benzyl ring
suggested that bigger alkyl groups usually implied in greater
steric hindrance could make the O-CH; BDE smaller. The
simulation results with different types of substituents suggested
that the electron-donating groups (EDGs) make the O-CHj,
bond on anisole easier to break while electron-withdrawing
groups (EWGs) strengthen the O-CH; bond. The position of
the substitution would also be important to the bond strength.
Furthermore, a linear correlation between ¢," and O-CH; BDE
indicates the importance of taking the conjugate effect into
account. By considering the steric effect, hydrogen bond, and
substituent and its position, a wide range spanning around 20
kcal/mol of BDEs could be achieved in the same basic
molecular frame, providing a useful strategy to scale and select
a candidate compound to achieve certain activity. Besides the
prediction and estimation of BDEs, the present study provides
more perspectives to help in analyzing the role of substituents
through the establishment of O-CH; BDE database, which
would contribute to the rational design of inhibitors and drugs.
The present study will be continued for the full establishment
of the O-CH; BDE database.

4. COMPUTATIONAL DETAILS

Bond dissociation enthalpy of O-CH; corresponds to the
enthalpy change shown in the following reaction (eq 2) in the
gas phase, with a temperature of 298.15 K and pressure of 1
atm:

RO - CH; (g) — RO-(g) + -CH; (g) )

The calculation of dissociation enthalpies at 298 K (Dy)
followed the equation below (eq 3)

Dy = D, + AH; 3)

D, is the dissociation enthalpy, which is the change in
electronic energy, while dissociation (D,) is the zero-point
energy correction at 0 K. AHy is the difference between the
radicals and the undissociated molecule.

The calculations cover more than 50 aromatic molecules
shown in Figure 1. The Gaussian 09 program suite’” was used
to calculate the BDE of O-CHj; in the gas phase at 298 K.
Following a previous study,'" the G4 method was selected to
compute the BDEs. The fourth Gaussian-n’*~*’ quantum
chemical method is based on a battery of single-point energy
calculations with different levels of accuracy and basis sets
designed to approach the exact energy. The application of the
G4 method has been shown to perform well on aromatic
molecules.*" All molecules were previously optimized using the
B3LYP functional” and the def2-TZVP basis set.”> The D3
dispersion of Grimme correction™ was included in all
calculations. Frequency calculations of all optimized structures
were also performed, and no imaginary frequencies were
found.
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