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Abstract: Through B3LYP/6-31G** calculations, the 1, 4-pyrone effects on O-H bond
dissociation energies (BDEs) of catechals inrings A or B of flavonoids were investigated.  For
the catechol in ring A, athough 1, 4-pyrone enlarged the conjugation system, its
electron-withdrawing property increased the O-H BDE ~ 3 X 4.184 kJmol compared with that of
catechol. However, for the catechol inring B, 1, 4-pyrone was poorly conjugated with the moiety,
and therefore, had little effect on the O-H BDE.
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In recent years, there has been growing interest in selecting efficient antioxidants with
low toxicity to reduce the damage of free radicals. Among these antioxidants
flavonoids have been paid much attention, owing to their excellent antioxidative and
pharmacological activities'.

Up to now, many efforts have been given to summarize the structure-activity
relationships (SAR) for flavonoids. It has been widely accepted that two structural
factors are critica for flavonoids to enhance their free radical scavenging activities.
Firgtly, a catechol moiety is necessary*®.  Secondly, a 2, 3-double bond in conjugation
with the 4-oxo function in ring C, namely, a 1, 4-pyrone moiety, is also helpful>®>. The
first factor was understood by the fact that the catechol radical generated after the
hydrogen abstraction was stabilized by the electron-donating effect of ortho OH and the
intramolecular hydrogen bond (IHB)?. The second factor was considered stemming
from the good conjugation between therings A, B and C3*.

However, there still exist some opposite demonstrations about the 1, 4-pyrone effect.
For example, catechin (Scheme 1) is more active than luteolin (Scheme 1), though the
latter is better conjugated®. Moreover, according to the above mentioned SAR,
xanthonoids, such as chinonin (Scheme 1), would be more active than other flavonoids
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to scavenge free radicals, dueto its better conjugation between ringsA, Band C. Butin
fact, chinonin is not a good free radical scavenger at all’. Apparently, there exist some
confusions in the undergtanding of the 1, 4-pyrone effect in the SAR of flavonoids.
Since quantum chemical calculations have been used effectively to elucidate the SAR for
antioxidants™, in this letter we attempt to investigate the 1, 4-pyrone effect by the
calculations of the density functional theory (DFT).

Schemel Molecular structures of several flavonoids

Chinonin 6,7-Dihydroxyflavone

The molecular geometries were optimized, firstly, by molecular mechanic method
MMX™, and then, by semiempirica quantum chemical method AM1%. Finally, DFT
method B3LYP/6-31G** was used for the full geometry optimization. The quantum
chemical calculations were accomplished by Gaussian 94.

Results and Discussion

As the freeradical scavenging activity of the phenolic antioxidants can be characterized
by the O-H bond dissociation energy (BDE)****, the effect of 1, 4-pyrone on free radical
scavenging activity could be elucidated by its effect on O-H BDEs of flavonoids. We
focus the study on 1, 4-pyrone’s effect on O-H BDEs of catechols in flavonoids.
Moreover, two kinds of structures of catechals, i.e., catechol in ring A and catechol in
ring B have been studied (Scheme 2).

According to the implication of O-H BDE, the parameter is governed by two factors,
the stabilities of parent molecule (SPM) and phenoxy radical (SPR). Three isodesmic
reactions were constructed to calculate the relative O-H BDE, the SPR, and the SPM for
catechols'’. The effectiveness of the isodesmic method has been evaluated by Wu and
Zhangle'ﬂ.
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1, 4-Pyrone effect on O-H BDE of catechol inring A

The O-H BDEs for molecules| and 11 (Scheme 2, Table 1) indicate that the 1, 4-pyrone
increases the O-H BDE 2.84 or 2.64 x 4.184 kJmol compared with that of catechal.
For molecule I, the increasing effect of 1, 4-pyrone on O-H BDE not only arises from
destabilizing the radical, but also from sabilizing the parent molecule. However, for
molecule II, the increasing effect mainly comes from destabilizing the radical.
Although the SPRs or SPMsfor | and I1 are much different, the relative O-H BDEs are
similar to each other. Hence, the free radical scavenging effects of the two kinds of
hydroxyls are similar as well.

Scheme 2 Structures of model molecules
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Tablel Réative O-H BDE, SPR and SPM ( x 4.184 kJ/mol) for catechols

Molecules RelaiveO-H BDE?  SPR° SPM ©

| ¢ -2.84 -1.39 1.45

e -2.64 -2.98 -0.34

11 (planar) f 0.09 0.58 0.49
(twisted) -0.006

@ Calculated according to Eq. 4+, °Cal culated according to Eq. 5. “Cal culated according to Eq. 6.
YData for 6-OH. ® Data for 7-OH. 'Data for 4-OH. Rings A and B are restricted in the same plane.
9Data for 4'-OH. rings A and B are twisted to the natural angle for 20°. In this case, the
isodesmic method to calculate the SPR and SPM is invalid, because the stereo-structures for the
parent molecule and free radical are not identical.

1, 4-Pyrone effect on O-H BDE of catechol inring B

To evaluate the 1, 4-pyrone effect on O-H BDE of ring B, the relative O-H BDEs for two
conformations of molecule I 11 (Scheme 2), planar and twisted, were calculated (Table 1).
The conformation for theradical is planar, due to the conjugation between rings A and B.
But the natural conformation for parent 111 is twisted, due to the steric effect between
rings A and B (Table 1). Hence, the O-H BDE for planar |11 is alittle lower than that
for twisted I11.  And the difference between the two O-H BDEs, 0.096 x 4.184 kJmol,
reflects the steric effect between rings A and B of the parent [II.  Owing to the poor
conjugation between 1, 4-pyrone and catechol in ring B, the 1, 4-pyrone has little effect
on the O-H BDE (Table 1), implying that flavonoids with catechol in ring B will be
more active than that with catechal in ring A to scavenge free radicals, which redly has
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been observed in experiments'®®°.

In brief, although 1, 4-pyrone enlarges the conjugation system of flavonoids, it is not
beneficial to reduce the O-H BDE, due to its e ectron-withdrawing property, and thus, it
isunlikely favorable to enhance the free radical scavenging activity of flavonoids.

Acknowledgment

This study was supported by the Nationad Naturd Science Foundation of China (Grant No.
30100035).

References
1. P.G. Petta, J. Nat. Prod., 2000, 63, 1035.
2. C.A. Rice-Evans N. J. Miller, G. Paganga, Free Radic. Biol. Med., 1996, 20, 933
3. W. Bors, W. Hetter, C. Michel, M. Saran, Methods Enzymoal., 1990, 186, 343.
4. H.Y.Zhang, &i. China (series B), 1999, 42, 106.
5. S. A. B. E. van Acker, M. J. de Groot, D. J. van den Berg, M. N. J. L. Tromp, G. D. O. den
Kelder, W. J. F. van der Vijgh, A. Bast, Chem. Res. Toxicol., 1996, 9, 1305.
6. V.A. Roginsky, T. K. Barsukova, A. A. Remorova, W. Bors, J. Am. Oil Chem. Soc., 1996,
73, 777.
7. Y. Tian, W. Shen, M. Li, Adv. Free Radic. Life i., 1995, 3, 5.
8. J. S Wright, E. R. Johnson, G. A. DiLabio, J. Am. Chem. Soc., 2001, 123, 1173.
9. H.Y.Zhang, J. Am. Oil Chem. Soc., 1999, 76, 745.
10. H.Y. Zhang, D. Z. Chen, Acta Biochim Biophys. Sn., 2000, 32, 317.
11. J.J Gaewski, K. E. Gilbert, J. McKelvey, Adv. Mol. Model., 1990, 2, 65.
12. M. J. S Dewar, E. G. Zoehisch, E. F. Hedly, J. J. P. Stewart, J. Am. Chem. Soc., 1985, 107,
3902.
13. S. A.B.E. vanAcker, L. M. H. Koymans, A. Bast, Free Radic. Biol. Med., 1993, 15, 311.
14. E. Migliavacca, P. A. Carrupt, B. Testa, Helv. Chim Acta, 1997, 80, 1613.
15. H.Y. Zhang, J. Am. Oil Chem. Soc., 1998, 75, 1705.
16. Y.D.Wuy, D.K.W. Lai, J. Org. Chem., 1996, 61, 7904.
17. H.Y.Zhang, Y. M. Sun, D. Z. Chen, Quant. Sruct.-Act. Relat., 2001, 20, 148.
18. M. Fati, M. Piattelli, M. T. Baratta, G. Ruberto, J. Agric. Food. Chem., 1996, 44, 497.

19. M. Ogata, M. Hoshi, K. Shimotohno, S. Urano, T. Endo, J. Am. Oil Chem. Soc., 1997, 74,
557.

Received 27 August, 2001



