
Sir:

Catechins, the main components of green tea polyphenols,
including (−)-epicatechin (EC), (−)-epigallocatechin (EGC),
(−)-epicatechin gallate, and (−)-epigallocatechin gallate, are
excellent antioxidants (1,2). The free radical scavenging ac-
tivity of catechins arises from their abstractable phenolic hy-
drogens, specifically, the catecholic hydrogens in ring B (Fig.
1) (1,2). In fact, the O–H bond dissociation enthalpies (BDE)
of hydroxyls in ring B are comparable to that of α-tocoph-
erol, a good radical scavenger (3). Kondo and coworkers
(4–6) have proposed that the allylic hydrogens of catechins
are more abstractable than the catecholic hydrogens, because
the C–H BDE calculated by using the parametric method 3
(PM3) or Austin model 1 (AM1) for allylic hydrogens were
much lower than O–H BDE of the catecholic hydrogens (Fig.
1). If this is true, the structure–activity relationships for cate-
chins will have to be reevaluated, as the allylic hydrogens
were taken out of consideration in recent studies. However,
taking into account that the typical C–H BDE of toluene is
~89 kcal/mol (7) and that the substituents have little effect on
the C–H BDE (8), the unexpectedly low C–H BDE in cate-

chins may result from the inaccuracy of the quantum chemi-
cal method used in the calculations.

Semiempirical quantum chemical methods, such as PM3
(9), AM1 (10), and modified neglect of diatomic overlap
(MNDO) (11), employ experimental data as a part of the pa-
rameters in the calculation process. Hence, these methods are
time saving and rather accurate in many cases, especially for
optimizing geometries. MNDO is a preliminary semiempiri-
cal method; however, it is invalid in calculating hydrogen
bond energy. AM1 was modified on the basis of MNDO, with
the advantage of accurately estimating hydrogen bond energy.
PM3 is the newest semiempirical method and is especially
good at calculating molecules containing sulfur and nitrogen
atoms. 

Although the semiempirical methods are capable of calcu-
lating relative O–H BDE (12-15), there is no evidence that
these methods are appropriate to calculate the absolute O–H
or C–H BDE. In this letter, BDE in catechins were recalcu-
lated by a combined quantum chemical method, and the re-
sults are compared with those of Kondo and coworkers. The
calculation procedures are as follows. The most stable
geometries of molecules were constructed according to the
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FIG. 1. Bond dissociation enthalpies for catechins calculated by semiempirical quantum chemical methods [para-
metric method 3 (PM3) and Austin model 1 (AM1)] and combined density functional theory (DFT).



previous methods (16,17). The geometry optimization and the
determination of vibration frequencies were performed using
the semiempirical AM1 method (10) and then single-point
electronic energies were obtained by density functional the-
ory using the B3LYP functions (18–20) on the 6-31G(p′)
level. The calculation was achieved by the Gaussian-94 pro-
gram. By using the electronic energies and the scaled zero-
point energies (the scaled factor is 0.947), the C–H and O–H
BDE were obtained. The accuracy of this method is well es-
tablished for calculations on C–H and O–H BDE (7,21,22). 

As shown in Figure 1, the recalculated O–H BDE of EC
are slightly higher than those of EGC, which is consistent
with the fact that EGC scavenges peroxyl radicals more
quickly than EC (4,6). Furthermore, the C–H BDE in cate-
chins are higher than the O–H BDE, indicating that allylic hy-
drogens are not more abstractable than catecholic hydrogens
and that the hydrogen abstraction at position 4′ will most
likely occur more quickly than the reactions at other posi-
tions. However, the C–H BDE for position 2 of catechins are
comparable to the O–H BDE for position 3′, implying that the
2-H can compete with 3′-OH to scavenge peroxyl radicals.
Hence, the radical-scavenging mechanisms for catechins pro-
posed by Kondo et al. (4–6) are still reasonable, and the in-
teresting part of their theory is that allylic hydrogens also par-
ticipate in the radical-scavenging processes for catechins.

ACKNOWLEDGMENT

This work was supported by the National Natural Science Founda-
tion of China (Grant No. 30100035).

REFERENCES

1. Rice-Evans, C.A., N.J. Miller, and G. Paganga, Structure–
Antioxidant Activity Relationships of Flavonoids and Phenolic
Acids, Free Radical Biol. Med. 20:933–956 (1996).

2. Pietta, P.-G., Flavonoids as Antioxidants, J. Nat. Prod. 63:
1035–1042 (2000).

3. Wright, J.S., E.R. Johnson, and G.A. DiLabio, Predicting the
Activity of Phenolic Antioxidants: Theoretical Methods, Analy-
sis of Substituent Effects, and Application to Major Families of
Antioxidants, J. Am. Chem. Soc. 123:1173–1183 (2001).

4. Kondo, K., M. Kurihara, N. Miyata, T. Suzuki, and M. Toyoda,
Mechanistic Studies of Catechins as Antioxidants Against Radi-
cal Oxidation, Arch. Biochem. Biophys. 362:79–86 (1999).

5. Kondo, K., M. Kurihara, N. Miyata, T. Suzuki, and M. Toyoda,
Scavenging Mechanisms of (−)-Epigallocatechin Gallate and 
(−)-Epicatechin Gallate on Peroxyl Radicals and Formation of
Superoxide During the Inhibitory Action, Free Radical Biol.
Med. 27:855–863 (1999).

6. Kondo, K., M. Kurihara, and K. Fukuhara, Mechanism of An-
tioxidant Effect of Catechins, Flavonoids and Other Polyphe-
nols: Methods in Enzymology, Academic Press, New York,
2001, Vol. 355, pp. 203–217.

7. DiLabio, G.A., D.A. Pratt, A.D. LoFaro, and J.S. Wright, Theo-
retical Study of X–H Bond Energetics (X = C, N, O, S): Appli-
cation to Substituent Effects, Gas Phase Acidities, and Redox
Potentials, J. Phys. Chem. A. 103:1653–1661 (1999).

8. Wu, Y.D., C.L. Wong, K.W.K. Chan, G.Z. Ji, and X.K. Jiang,
Substituent Effects on the C–H Bond Dissociation Energy of
Toluene. A Density Functional Study, J. Org. Chem. 61:
746–750 (1996).

9. Stewart, J.J.P., Optimization of Parameters for Semiempirical
Methods I. Methods, J. Comput. Chem. 10:209–220 (1989).

10. Dewar, M.J.S., E.G. Zoebisch, E.F. Healy, and J.J.P. Stewart,
AM1: A New General Purpose Quantum Mechanical Molecular
Model, J. Am. Chem. Soc. 107:3902–3909 (1985).

11. Dewar, M.J.S., and W. Thiel, Ground States of Molecules. 38.
The MNDO Method: Approximation and Parameters, J. Am.
Chem. Soc. 99:4899–4907 (1977).

12. Migliavacca, E., P.A. Carrupt, and B. Testa, Theoretical Param-
eters to Characterize Antioxidants. Part 1. The Case of Vitamin
E and Analogs, Helv. Chim. Acta 80:1613–1626 (1997).

13. Zhang, H.Y., Selection of Theoretical Parameter Characterizing
Scavenging Activity of Antioxidants on Free Radicals, J. Am.
Oil Chem. Soc. 75:1705–1709 (1998).

14. Zhang, H.Y., and D.Z. Chen, AM1 Calculation of a Parameter
Characterizing O–H Bond Dissociation Energy, Chin. J. Org.
Chem. 21:66–70 (2001).

15. Van Acker, S.A.B.E., L.M.H. Koymans, and A. Bast, Molecu-
lar Pharmacology of Vitamin E: Structural Aspects of Antioxi-
dant Activity, Free Radical Biol. Med. 15:311–328 (1993).

16. Zhang, H.Y., Theoretical Methods Used in Elucidating Activity
Differences of Phenolic Antioxidants, J. Am. Oil Chem. Soc. 76:
745–748 (1999).

17. Wright, J.S., E.R. Johnson, and G.A. DiLabio, Predicting the
Activity of Phenolic Antioxidants: Theoretical Methods, Analy-
sis of Substituent Effects, and Application to Major Families of
Antioxidants, J. Am. Chem. Soc. 123: 1173–1183 (2001).

18. Stevenes, P.J., F.J. Devlin, C.F. Chabalowski, and M.J. Frisch,
Ab initio Calculation of Vibrational Absorption and Circular
Dichroism Spectra Using Density Functional Force Fields, J.
Phys. Chem. 98:11623–11627 (1994).

19. Lee, C., W. Yang, and R.G. Parr, Development of the Colle–
Salvetti Correlation Energy Formula into a Functional of the
Electron Density, Phys. Rev. B. 37:785–789 (1988).

20. Becke, A.D., A New Mixing of Hartree–Fock and Local Den-
sity–Functional Theories, J. Chem. Phys. 98:1372–1377 (1993).

21. Wright, J.S., D.J. Carpenter, D.J. McKay, and K.U. Ingold, The-
oretical Calculation of Substituent Effects on the O–H Bond
Strength of Phenolic Antioxidants Related to Vitamin E, J. Am.
Chem. Soc. 119:4245–4252 (1997).

22. Sun, Y.M., H.Y. Zhang, and D.Z. Chen, Evaluation of Theoreti-
cal Methods Used in Calculating O–H Bond Dissociation En-
thalpy, Chin. J. Chem. 19:657–661 (2001).

Hong-Yu Zhanga,* and Lan-Fen Wangb

aLaboratory for Computational Biology,
Shandong Provincial Research Center 
for Bioinformatic Engineering and 
Technique, Shandong University 
of Technology, Zibo 255049, 
P.R. China, and 
bDepartment of Chemistry, 
Shandong Teachers’ University, 
Jinan 250014, P.R. China

[Received January 22, 2002; accepted May 29, 2002]

*To whom correspondence should be addressed.
E-mail: zhang630@mail.zbu.net.cn

944 LETTERS TO THE EDITOR

JAOCS, Vol. 79, no. 9 (2002)


