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ABSTRACT. In the present paper we present geometrical and electronic characters of the intermediate
products of the synthesis reaction of some phenylgycidates, such as heat of formation (AHf), the ionization
potential (I), the dipole momentum (11), the net atomic charge (qi) and the bond order (Pij), using quantum-
chemical non-empirical density functional theory (DFT) and quantum-chemical semi-empirical AM1
methods. Epoxides are regarded as important synthons due to their versatile functionalities into the fine
organic synthesis. For the production of safe drugs it is required such objects to be prepared from the
particular enantiomers. Epoxides synthesis can be realized by the Darzen’s reaction mechanism — the
interaction of Ketones or Aldehydes with the a-halogen esters yielding the o, B-epoxy esters. The 3,4-
dibenzyloxyphenyl and zert-butyl-2-chloracetate were chosen as an initial materials for zer-butyl-3-(3,4-
dibenzyloxyphenyl)-oxirane-2-carboxylate synthesis. We calculated geometrical, energetic and electronic
characteristics of the starting, intermediate and final states of the zer-butyl-3-(3,4-dibenzyloxyphenyl)-
oxirane-2-carboxylate synthesis reaction using the density functional theory (DFT). Interaction of the
3,4-dimethoxybenzaldehyde and the methyl-2-chloracetate is one of the possibilities of the methyl-(3,4-
dimethoxyphenyl)-oxirane-2-carboxylate synthesis. Geometrical, energetic and electronic characteristics
of the starting, intermediate and the final states of methyl 3-(3,4- dimethoxyphenyl)-oxirane-2-carboxylate
were calculated using the semi-empirical quantum-chemical (AM1) method. The quantum-chemical
calculations revealed that zert-butyl-3-(3,4-dibenzyloxyphenyl)-oxirane-2-carboxylate synthesis reaction
is exothermic while the 3-(3,4-dimethoxyphenyl)-oxirane-2-carboxylate synthesis reaction is endothermic.
The activation energy is high in both cases. However, in convenient environment (temperature, pressure,
pH) tert-butyl-3-(3,4-dibenzyloxyphenyl)-oxirane-2-carboxylate and 3-(3,4-dimethoxyphenyl)-oxirane-2-
carboxylate synthesis reaction can be realized according to the considered scheme. © 2015 Bull. Georg.
Natl. Acad. Sci.
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o, B-epoxy carbonyls are basic building blocksin  opening into a variety of oxyfunctionalized com-
organic synthesis, as these versatile functionalities  pounds [1]. Esters of glycidic acid usually are pre-
are readily and stereoselectively transformed by ring  pared by base-promoted reaction of esters of a-
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Scheme 1. Synthesis of tert-butyl-3-(3,4-dibenzyloxyphenyl)-oxirane-2-carboxylate (3) by reaction
dibenzyloxybenzaldehyde (1) and tert-butyl-chloracetate (2).

halogeno acids with carbonyl compounds (Darzen’s
condensation) [2].

The goal of this work was modeling of Darzen’s
synthesis of glycidates using density functional
theory (DFT) [3]. For the modeling of the synthesis
of tert-butyl-3-(3,4-dibenzyloxyphenyl)-oxirane-2-
carboxylate (3) by Darzen reaction dibenzyloxybenz-
aldehyde (1) and fert-butyl-chloracetate (2) were
taken as a starting materials (scheme 1). The geo-
metrical, energetic and electronic possibilities of start-
ing, intermediate and final states of Darzen reaction
have been calculated. The 3D structures of starting
and final compounds of reaction are shown on
Figs. 1,2 respectively. The length between carbon
atoms C,and C,, was taken on 1.0 A larger than the
length of the bond in final products (1.50 A). The
changing of the length R ¢ between carbon at-
oms C,and C,, was changing by 0.05 A interval. The
dependence of the full energy of the system (AH) on
the length R . between carbon atoms is given on
Fig. 3. Asitis evident from Fig. 3, the approaching of

carbon atom C, to carbon atom C,, on the length of

Fig. 1. 3D structures of the starting compounds
dibenzyloxybenzaldehyde (1) and tert-butyl-
chloracetate (2).
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RC7 ~Cyy
order between C_ andC,, is increased from 0.008 till
0.078. At the same time the bond orders between car-
bon atom C_and chlorine atomCl,, (P, = 0.892-0.702)
and carbon atom C,, and hydrogen atomH, (P, =
0.926-0.879) are decreased. In the expected products
take place formation of new bonds (R . =0.008-
0.078; P =0.009-0.021). Anew compound tert-
butyl-3-(3,4-dibenzyloxyphenyl)-oxirane-2-carboxy-
late (3) is obtained due to this reaction (R
0.947). Hydrogen and chlorine atoms split out from

=2.00 A, energy of system is increased, bond

Hﬁ? _Clﬁ

Cr=Cy -

carbon atom and interconnect by the formation of
= 0.924). The final

state of the system is given on Fig. 2. According to

the hydrogen chloride (Py_ ¢

diagram (Fig. 3.), the reaction of synthesis is
exothermal (AAH=-11,52751 kJ/mol) and energy of
activation is larger. However, under favorable experi-
mental conditions (temperature, pressure, catalyst,
pH) probability of the reaction according to the
scheme 1 yielding tert-butyl-3-(3,4-dibenzyl-
oxyphenyl)-oxirane-2-carboxylate (3) seems quite
high.

Fig. 2. The final state of the reacting substances.
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Scheme 2. Synthesis of methyl-(3,4-dimethoxyphenyl)-oxirane-2-carboxylate (6) by reaction ofdimethoxybenzaldehyde

(4) and methylchloracetate (5).

For the modeling of the synthesis of methyl-
(3,4-dimethoxyphenyl)-oxirane-2-carboxylate (4) by
Darzen reaction, dimethoxybenzaldehyde (5) and
methylchloracetate (6) were adopted as a starting
materials (scheme 2). The geometrical, energetic and
electronic possibilities of starting, intermediate and
final states of this Darzen reaction was calculated
by using semi-empirical quantum-chemical method
AM1 [4]. The 3D structures of starting final com-
pounds are shown on Figs. 4,5, respectively. The
length between carbon atoms C.and C,, was taken
on 1.0 A larger than the length of the bond in final
products (1.50 A). The changing the length
R _¢, between carbon atoms C, and C , occurs in
the interval of 0.05 A. The dependence of the full
energy of the system (AH) on the length R _. be-
tween carbon atoms is given on Fig. 6. As it is evi-
dent from Fig. 6, the approaching of carbon atom C,
to carbon atom C , on thelength of R, . =2.05 A,
energy of the system is increased, bond order be-
tween C,and C , is increased from 0.008 to 0.049. At
the same time, bond order between carbon atom C ,
and hydrogen atom H,, (P, =0.924-0.869) and car-

AH, kI/mol

245 235 225 215 205 195 185 175 165 155 145
Ree, A

Fig. 3. The difference of the system energy (DH) as a

function of distance between the carbon atoms R . .
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=0.977-

C-Cl

0.970) decreased. In the expected products methyl

bon atom C , and chlorineatom Cl (P

3-(3,4-dimethoxyphenyl)-oxirane-2-carboxylate in-
volves the formation of new bonds (P. . =0.007-
0.048; PCM7 _n,, =0.001-0.002). The structure of the in-
termediate state is given on Fig. 6. Between carbon
atoms, C,and C , on the length of 2.0 A energy of
the system is decreased, bond order between C,
andC , atoms reased till 0.061. At the same time it is
decreased bond order between carbon atom C ,and
hydrogen atom H,,and carbon atom C ,andchlorine
atom CI , till 0.850 and 0.966, respectively. The de-
crease of energy continues till the length of
Re ¢, =1.5 A. At this time bond order between car-
bon atoms, C, and C,, reaches 0.944. However, the
bond orders between carbon atom C , and hydro-
gen H,, and chlorine CI  atoms are decreased till
0.00002 and 0.00099, respectively. Thus, a new com-
pound methyl 3-(3,4-dimethoxyphenyl)-oxirane-2-
carboxylate is obtained ( PC7,C12 =0.943). At the same
time, hydrogen and chlorine atoms split out from
carbon atoms and is interconnected by the forma-
tion of the hydrogen chloride (P, _; =0.890). The

Fig. 4. The starting state of the reacting compounds.
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Fig. 5. The final state of the reacting substances.

final state of the system is given on Fig. 5. As it is
evident from Fig. 6, the reaction is endothermal (AAH
= 6.64 kJ/mol) and energy of activation (AAH*=
409.48 kJ/mol) is high. However, in favorable experi-
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Fig. 6. The difference of the system energy (DH) as a
function of R.

mental conditions (temperature, pressure, catalyst,

pH) probability of the reaction according to the

scheme 2 yielding methyl 3-(3,4-dimethoxyphenyl)-

oxirane-2-carboxylate seems high enough.
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