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ABSTRACT

In this study, the hydrogenation reactions of flavonoids 1a-b by (Z)-1,2-diazene 2 and by
(E)-1,2- diazene 2' have been investigated using quantum chemical methods. SCF and DFT/
B3LYP calculations with the standard basis set 6-311G*, explain the possibility and the
stereoselectivity of molecules such as flavanone 3a and flavanonole 3b obtained respectively by
simple reduction double bond C2=C3 of flavone 1a and flavonol 1b molecules. The transition states
of the reaction between (Z)-1,2-diazene 2 and flavonoids molecules type 1a-b have been
calculated and discussed.
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INTRODUCTION

Flavonoids are a natural compounds of
the polyphenols family present in substantial
amounts in plants, fruits and vegetables consumed
daily by humans™®. Most of these compounds show
an interesting biological activities such as radical

scavenging and antioxidant®''. The structure of
flavonoids is given in Fig 1. This structure is also
called the flavone 1a.The flavone 1a with OH groupe
in position C3 is called flavonol 1b. The reduction
double bond C2=C3 of flavone 1a and flavonol 1b
give respectively flavanone 3a and flavanonole 3b
molecules.

Fig.1: Structure of flavonoids
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In order to explain the existence of flavanol
3a and flavanone 3b molecules obtained
respectively by simple reduction double
bond C2=C3 of flavone 1a and flavonol 1b
molecules''3. We found interesting to study from
thermodynamic point of view the possibility and the
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stereoselectivity of hydrogenation reactions
between flavonoids molecules 1a-b and (Z) 1,2-
diazene 2 and reactions between flavonoids 1a-b
and (E)-1,2-diazene 2' (Fig 2). In each case of these
reactions we determine the corresponding transition
states.

Fig. 2:
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Calculation methods

This study was carried using the
GAUSSIAN 03 program'. The calculations were
performed at SCF and DFT with the standard basis
6-311G*. We used the B3LYP functional in which
the exchange energy is calculated by Becke’s three
parameters method and the correlation method of
Lee, Yang and Parr'>'. The choice of the DFT
method is justified by its efficiency in the treatment
of this systems type'. Computations of harmonic
vibrational frequencies have been executed to
verify the nature of the corresponding stationary
points. The stationary points are classified as
minima in the case, when no imaginary frequencies
are found, and as a transition state if only one
imaginary frequency is obtained®. In order to ensure
that the transition states connect products, the
intrinsic reaction coordinate (IRC) method® at the
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SCF/6-311G* and at B3LYP/6-311G* level of theory
have been applied to each transition state of every
reaction. Zero-point energies (ZPE) have been
computed at the SCF/6-311G* and at the B3LYP/6-
311G* level of theory, and the thermal corrections
of each species has been added at 298,15K.

RESULTS AND DISCUSSION

Thermodynamic study

We study from thermodynamic point of
view the possibility and the stereoselectivity of
reactions between flavonoids molecules type 1a-b
and (Z)-1,2-diazene 2 and the reaction between
flavonoids type 1a-b and (E)-1,2-diazene 2' (Fig 2).
We determine under standard conditions of
temperature and pressure (298.15 K and 1atm; 1atm
= 100.325 kPa) the values of the different

Table 1 : Thermodynamic results of AEr, AGr,
AHr and ZPE for reactions (I-VIIl) (kcal.mol)

Reactions Produits AEr+ZPE AHr AGr
B3LYP/ 6-311G*
Réaction (l) 3a -79,39 -79,28 -77,12
3b -85,15 -85,25 -83,19
Réaction (Il') 3b, -81,24 -81,34 -78,86
Réaction (Ill') 3b, -80,02 -80,13 -77,03
Réaction (IV) 3’a -77,31 -77,21 -75,31
3’b -83,83 -83,93 -81,75
Réaction (V) 3a3b -73,15-78,30 -73,25-78,41  -71,36-76,40
Réaction (VI) 3b1 -74,95 -74,85 -72,91
Réaction (VII') 3b, -72,83 -72,93 -70,84
Réaction(VIIl') 3'a -69,87 -69,98 -68,19
3b -80,21 -80,10 -78,97
SCF/ 6-311G*
Réaction (l) 3a -78,54 -78,64 -76,88
3b -83,69 -83,70 -82,06
Réaction (Il') 3b, -79,28 -79,18 -77,30
Réaction (Ill') 3b, -78,81 -78,91 -76,19
Réaction (IV) 3’a -75,87 -75,97 -74,35
3b -81,92 -81,82 -80,23
Réaction (V) 3a -71,83 -71,82 -70,07
3b -76,88 -76,87 -75,24
Réaction (VI) 3b1 -74,22 -74.21 -72,04
Réaction (VII') 3b2 -73,01 -73,11 -70,16
Réaction(VIIl') 3’a -69,77 -69,87 -67,95
3b -80,12 -80,02 -78,41
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thermodynamic reaction state functions, such as
energy AEr, free energy AGr, enthalpy AHr and ZPE
corresponding to reactions (I) (1) (i) (IV) (V) (VI)
(VII) and (VII).

As shown in Table 1, values of free energy
reaction AGr are all negative, so reactions are
thermodynamically possible. We notice that the
values of free energy reaction AGr corresponding
to reactions (I) (ll) () and (IV) are respectively
higher (in absolute values of free energy reaction
AGr) which corresponds to the reactions (V) (VI)
(VII) and (VIII). This allow us to say that reactions (l)
(I (llfy and (IV) are respectively more stable from
thermodynamic point of view than the reactions (V)
(VI) (vIl) and (VIII). Moreover, the reactions (I) always
give the major product of the reaction between
molecules type 1a-b and (2)-1,2-diazene 2. We also
notice that the values of energy AEr corresponding
to reactions (I) are higher (in absolute values of
energy reaction) which corresponds to reactions
(I (11') and (IV). This confirms again that the major
products of the reactions are the stereocisomeres
type 3a-b given by reaction (I).

We also notice that the values of free
energy reaction AGr corresponding to the reaction
between flavonol 1b and (Z)-1,2-diazene 2 are
higher (in absolute values of free energy reaction)
than the reaction between the flavone 1a and (Z) -
1,2-diazene 2. This allow us to say that the reaction

Fig. 3: Description of transition states 3a*
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between flavonol 1b and (Z)-1,2-diazene 2 is more
stable from thermodynamic point of view than the
reaction between flavone 1a and (Z) -1,2-diazene
2.

Transition states

The thermodynamic study shows that
hydrogenation reactions between molecules type
1a-b and (Z)-1,2-diazene 2 are more stable than
the reactions between molecules 1a-b and (E)-
1,2-diazene 2 ‘. We then continue our transition state
study on the reactions between flavonoids 1a-b
and (Z)-1,2-diazene 2.

First, we determine the transition state of
reaction between (Z)-1,2-diazene and flavone 1a
in both approaches endo and exo. As shown in Fig
3, the endo form 3'a*_ , gives the product 3'a (2S)
and the exo form 3a*(ex0) gives the stereoisomer 3a
(2R). Table 2 shows that the activation energy
corresponding to exo form 3a* | -is higher than the
activation energy corresponding to endo form
3’a*(endo). This implies that the endo form is more
favorable than the exo form. Furthermore, the
stereoisomer 3’a is the kinetic product and the
stereisomer 3a is the thermodynamic product of
reaction between (Z)-1,2-diazene 2 and flavone 1a
(Fig 4). This confirms the existence of flavanone
3a(2R). However the existence of compound
3’'a(28) is not possible in nature’.

Fa (29

and 3’a*

(exo) (endo)

leading respectively

to stereoisomers 3a (2R) and 3’a (2S) (distances A °). (SCF/6-311G*)
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Fig. 4: Profil energy reactions leading to products 3a (2R)
and 3’a (2S) in B3LYP/6-311G* (energy in kcal.mol)

Second, we determine the transition states
of reaction between (2)-1,2-diazene 2 and flavonol
1b in both approaches endo and exo. As shown in
fig 5, we find transition states of compounds 3b,* /.
3D" oy 3Dy " engy @ND 3'D” ) leading respectively
to stereisomers 3b,(2R 3S), 3b(2R 3R), 3b,(2S 3R)

Table 2: E*(kcal.mol"') energies of
transition states relative to reactants
energies (B3LYP/ 6-311G* and SCF/6-311G*)

(B3LYP /6-311G*)  ( SCF/ 6-311G*)

2
1a

3a” ., 27.8 28.1
3a*, ., 1b 26.3 26.7
3b" ) 29.7 30.2
3, ey 29.2 29.8
mm B

(endo)

and 3'b(2S 3S). The corresponding Activation
energies are reported in table 2. The results show
that the activation energy corresponds to endo forms
3b* 4 and 3b ", are less than the activation
energy corresponding to exo forms 3b*(exo) and
3b,* .- Moreover, the activation energy
corresponding to endo form 3’b*(endo) is less than
endo form 3b,* _ .. Therefore the compound 3'b(2S
3S) is the kinetic product but 3b(2R 3R) is the
thermodynamic product of the reaction between
flavonol 1b and (Z)-1,2-diazene 2.

The comparison of energy profiles of
reactions leading respectively to stereoisomers
3b,(2R 3S), 3b(2R 3R), 3b,(2S 3R) and 3'b(2S 3S)
is given in Fig 6. We notice that the stereoisomer 3b
(2R3R) is more stable from thermodynamic point
of view than stereoisomers 3b,(2R 3S), 3b,(2S 3R)
and 3'b(2S 3S). So we can say that the compound
3b (2R3R) is the thermodynamic product and
compound 3'b(2S 3S) is the kinetic product of
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A/ Exo approches B/ Endo Approches

)™

Fig. 5: Description of transition states 3b,* _ ,3b* _ .3b*  , and3’b*_ . leading
respectively to products 3b,(2R 3S), 3b(2R 3R), 3b,(2S 3R) and 3’b(2S 3S) (distances A °)
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Fig. 6: Profile energy reactions leading to products 3b,(2R 3S),
3b(2R 3R), 3b,(2S 3R) and 3’b(2S 3S) in B3LYP/ 6-311G* (energy in kcal.mol)
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Table 3: Bond lengths of C,H, and C H, formed
in the transition state of reaction between (Z) -
1,2-diazen 2 and flavonoids type 1a-b

B3LYP/6-311G* SCF/6-311G*

C2H1 C3H2 CZH1 C3H2
3a* (exo)  1.569 1.571 1.572 1.574
3a*(endo) 1.569 1.572 1.571 1.575
3b*(exo) 1570 1571 1.571 1.574
3b,*(endo) 1.569 1.571 1572 1.574
3b,*(ex0)  1.571 1.572 1571 1.573
3b*(endo) 1.569 1.571 1.571 1.573

the reaction between flavonol 1b and (Z)-1,2-
diazene 2.

Our theoretical results clearly confirm the
existence of stereoisomere 3b that is
thermodynamically more  stable than
stereoisomeres 3’b(2S 38), 3b,(2S 3R) and
3b,(2R38). This explains well the existence of
flavanone 3b in different plants'.

In the end, we compare the formation bond
lengths in the transition state of reaction between
flavonoids 1a-b and (2)-1,2-diazene 2 (Fig 3 and
Fig 5). We find that the bond C_H, is shorter than
the bond C_H, (Table 3). These distances are quite
similar to that found by McKee et al for the reaction
between (Z)-1,2-diazene 2 and ethene®.
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CONCLUSION

In this work, we study the possibility and
the stereoselectivity of the hydrogenation reactions
between flavonoids 1a-b and (2)-1,2-diazene 2 and
reaction between flavonoids 1a-b and (E)-1,2-
diazene 2'. Our theoretical results show that these
reactions are possible from thermodynamic point of
view. Further reactions between (Z)-1,2-diazene 2
and flavonoids type 1a-b are more stable from
thermodynamic point of view than the reactions
between (E)-1,2-diazene 2' and flavonoids 1a-b.
The results also show that stereocisomere 3a(2R) is
more stable from thermodynamic point of view than
stereoisomere 3’a(2S). Although the activation
energy corresponding to endo form 3’'a*(endo) is
less than the activation energy corresponding to exo
form 3a*(exo). This implies that 3'a (2S) is the kinetic
product and flavanone 3a (2R) is the thermodynamic
product of the reaction between flavone 1a and (2)-
1,2-diazene 2.

In the case of reaction between flavonol
1b and (Z)-1,2-diazene 2, results show that
flavanonole 3b (2R3R) is more stable from
thermodynamic point of view than products
3b’(2S3R), 3b, (2S3R) and 3b, (2R3S). However,
the transition state calculations show that the endo
forms 3'b*(endo) and 3b,*(endo) are more stable
than the exo forms 3b*(exo) and 3b,*(exo).
Furthmore, the activation energy corresponding to
3’b*(endo) is less than the activation energy
corresponding to 3b*(exo0). This implies that
3'b(2S3R) is the kinetic product and 3b(2R3R) is
the thermodynamic product of the reaction between
flavanol 1b and (Z)-1,2-diazene 2.
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