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Diels-Alder reaction is a known reaction in chemistry. Theoretical study of intramolecular hetero-Diels-
Alder reaction of ABT-773 is the subject of the present research. Calculations have been performed in
two method of Hartree-fock and B3LYP and by using 6-31G* basis set. The proposed transition state for
the reaction was confirmed by DFT method, while the HF method has not been able to predict the
transition state. Effect of the temperature and solvent has also been studied which is in good

consistency with the experimental results.
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INTRODUCTION

The Diels-Alder reaction is one of the useful synthetic
reactions in chemistry which falls within the group of
cycloaddition reactions. In this reaction one diene reacts
with one olefin or acetylared dieneophile to produce a six
member adduct.

The usefulness of the Diels-Alder reaction is related to
its high degree of variation and its considerable stereo-
chemistry. By changing the nature of diene and dien-
eophile different carboccylated structure could be pro-
duced (Domingo et al., 2003). These peculiarities were
the reasons for the Diels-Alder reaction to become the
subject matter of many articles in recent years
(Noorizadeh and Maihami, 2006; Kotha et al., 2007;
Zdravkovski, 2004; Alen et al., 2007; Mellese et al., 2006;
Mekelleche and Benhabib, 2004).

Recently, Stoner et al. (2005) have reported a Diels-
Alder reaction in which Abbott’s ketolides 1 (ABT-773, a
subclass of macrolide antibiotics based on the erythro-
mycin skeleton) and its cis isomer 3 are converted into
adducts 2 and 4 respectively. Structures of compounds
used in this project have been shown in Figure 1. The
experiments performed by Stoner et al. (2005) along with
proposed mechanism are the subject of theoretical study
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in this project.

CALCULATION METHOD

All calculations were done by using the Gaussian98 package
(Frisch et al., 1998). Optimized geometrical shape of structures
under study have been obtained by using the HF and B3LYP (Lee
et al.,, 1988) method and 6-31G* basis set. Frequency calculations
for the structures under study have been performed by using the
same methods and basis set. In order to study the solvent effect
(here a mixture of water + methanol), PCM model (Tamasi and
Persico, 2007) and B3LYP method were used.
The dielectric constant of mixed solvent is obtained by:

_mE €,

(€)

formula,
I’l1 + n2

in which the n’s are representatives of quantity of constituents of
the solvent and &£ are their corresponding dielectric constants
(Munishkina et al., 2003).

RESULTS AND DISCUSSION

All optimized structures studied in this study have been
shown in Figure 1. To study the issue that whether the
process is stereoselective in relation to double bond
geometry or not, the probability of conversion of different
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Figure 1. Structures of compounds used in this study.

structures (1—2,1—3, 2—4 and 3 —4) with regard to
the values of its gibbs free energy has been investigated.
The different stages of conversions could be summarized
as in Figure 2.

The Gibbs free energy values of each structure and its
variations for different conversions shown in Figure 1
have been obtained with regard to frequency calculations
as well as by considering the Zero Point Energy correc-
tions, and reported in Table 1.

Regarding the values presented in the Table, it is
observed that values of Gibbs free energy variations for
conversions of 1 to 2 and 3 to 4 is negative and for con-
version of 1 to 3 and 2 to 4 is positive, therefore there is
no possibility of conversion of 1 into cis isomer and no
possibility for internal conversion of their corresponding
products. In other words, the process of cycloaddition
relative to geometry of double bond is stereoselective, for
this reason, in Figure 2 the conversions of 1 into 3 and 2
into 4 have been shown with dotted arrow. These results
are consistence with the experimental results reported by
Stoner et al. (2005).

Study of transition state

Regarding the experimental observations rendered by
stoner et al. (2005) a probable mechanism for conversion
of structure 1 into structure 2 has been suggested in
which the initial enolization of the diene system causes
[ -elimination of the desosamine suger, culminating in

the production of the presumed transitional enone 5, in
subsequent stage after the 5 react with 6-o-quinolin
during Diel-Alder reaction, 2 is formed. To investigate this
transition state, structure 1 was used as an archetype
and by elimination of two hydrogen and desosamine
sugar the intermediate 5 was formed. To obtain probable
reaction vector, torsion angle of 6-o-quinoline was
arranged in such a way that olefin and 6-o-quinolin were
located fairly parallel with each other. The structure form
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Table 1. The Gibbs free energy values of different structures under study
along with Gibbs free energy variations for different conversions.

Compound 1 2 3 4
G (KJ/mol) -393901.0 | -420730.5 | -371848.0 | -416284.0
AG,, AG, AG,_, AG,_,
-26829.5 +22053.0 +4446.5 -44436.0

Table 2. Gibbs free energy values of structures 1

and 5 along with AG, 5 and rate constants of
conversion of 1 to 2 in two temperature 298 (K) and

348 (K).
G (KJ/mol) 298(K) 348(K)

1 -393901.0 -646844.0

5 -426085.0 -683971.0

AG,., -3284.0 -37127.0

k 2.69x10'® 2.73x10'®

Table 3. Gibbs free energy values of structures 1 and
2 along with equilibrium constant of its conversion.

G (KJ/mol) Gas phase Solvent phase
1 -393901.0 -288590.3

2 -420730.5 -320425.1
AG,, -26829.5 -31834.8

K 50186.5 378029.8

in this circumstance was optimized by the two methods of
HF/6-31G* and B3LYP/6-31G™.

In order to specify whether this structure is correspond-
ing to a minimum or to a transition state, frequency calcu-
lations were performed for the optimized structure of per-
vious stage with same methods. The transition state is a
saddle point on potential energy surface which corres-
pond to one and only one imaginary frequency in fre-
quency calculations. The number of imaginary fre-
quencies for structure 5 by using two methods of HF and
B3LYP were zero and one respectively, meaning that
structure 5 corresponds to a transition state in B3LYP
method. Lack of ability of HF method in predicting the
transition state could be attributed to ignoring the electron
correlation effect in this method.

Study of temperature effect

To study the effect of temperature, frequency calculations
were performed on structures 1 and transition state 5 by
using B3LYP/6-31G* method in two temperatures 25 C
and 50 C. with regard to the following equations, rate
constant of conversion of 1 to 2 in the two temperatures
were obtained.

AG" =G -G, (1)

(2)

KT AG’
k =—exp| ———
h RT

Gibbs free energy values along with rate constants have
been presented in Table 2.

Regarding the values obtained for rate constant, it is
recognized that the rate of reaction increases with
increase in temperatures, although increase in the rate
constant is not high. This is consistent with experiments
performed by stoner et al. (2005).

Solvent effect

To study solvent effects, frequency calculations have
been done for compounds 1 and 2 in water + methanol
solvent with ratio of 1:1. regarding the calculations per-
formed, Gibbs free energy values have been obtained for
two structures in solvent. Equilibrium constant for conver-
sion of 1 into 2 has been obtained by the following equa-
tions and reported in Table 3 along with Gibbs free
energy values.

AG, ., =G, -G, (3)

AG=—-RTInK (4)
Regarding the values obtained for equilibrium constant it
is recognized that the ratios of 1 to 2 increase in solvent
phase.

Conclusion

To study the new Diel-alder reaction introduced by Stoner
et al. (2005) we used HF and B3LYP ab initio method
along with 6-31G* basis set. Proposed transition state
confirmed with B3LYP/6-31G*, while HF method unable
to predict this transition state. Also, temperature and
solvent effects studied, which is in good consistency with
the experimental results.
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