ISSN 0023-1584, Kinetics and Catalysis, 2007, Vol. 48, No. 2, pp. 204-213. © MAIK “Nauka/Interperiodica” (Russia), 2007.
Original Russian Text © S.L. Solodova, E.T. Denisov, 2007, published in Kinetika i Kataliz, 2007, Vol. 48, No. 2, pp. 220-229.

Competition of Monomolecular and Bimolecular Reactions
of the Alkyl Radicals of Artemisinin

S. L. Solodova and E. T. Denisov
Institute of Chemical Physics, Russian Academy of Sciences, Chernogolovka, Moscow oblast, 142432 Russia
e-mail: det@icp.ac.ru
Received August 21, 2006

Abstract—The competition between monomolecular and bimolecular reactions of alkyl radicals of artemisinin
is considered theoretically. The enthalpies of these reactions are calculated. The activation energies and rate
constants of intramolecular hydrogen atom transfer, of the decyclization of the alkyl radicals of artemisinin, and
of the bimolecular reactions of these radicals with C-H, S—H, and O—H bonds of biological substrates and their
analogues are calculated in the framework of the parabolic model. The intramolecular hydrogen transfer reac-
tions proceed at the highest rate. The bimolecular reactions occur somewhat less rapidly. The fastest of them
are the reactions of the alkyl radicals with the thio groups of cysteine. The decyclization reactions of all arte-

misinin alkyl radicals are very slow.
DOI: 10.1134/S0023158407020048

INTRODUCTION

At present, artemisinin and its derivatives are
regarded as the most efficient and rapidly acting anti-
malarial drugs. The structure of artemisinin is rather
complicated, and the curing effect of this medicine is
due to the presence of a peroxide bridge [1-4].

In our previous study [5], we considered reactions of
the alkoxyl radicals resulting from the reduction of the
peroxide bridge of artemisinin by divalent iron che-
lates. The fast intramolecular transformation of the
artemisininoxyl radicals results in the formation of
artemisinin radicals with a free valence on the carbon
atom. Such carbon-centered radicals are very reactive
and can enter into various intramolecular and bimolec-
ular reactions. For this reason, in the present work, we
analyze the competition between the monomolecular
and bimolecular reactions of the alkyl radicals forming
from the primary alkoxyl radicals of artemisinin. The
object of this study is seven carbon-centered artemisi-
nin radicals resulting from the fastest intramolecular
transformations of the artemisininoxyl radicals [5]. The

dissociation energies of the attacked bonds (D¢_p) in
these radicals are given in Table 1 [6-8].

Furthermore, we analyze the bimolecular reactions
of the artemisinin alkyl radicals with a number of HY
substrates:

R*"+HY —RH+Y".

The substrates were the following compounds: cis-
methyl oleate (Dq_y = 344.0 kJ/mol [6]), cis-cis-methyl
linoleate (D = 318.0 kJ/mol [6]), glycerol (D¢ =
387.7 kI/mol [7]), glucose (Dq_y = 371.4 kJ/mol [7]),
D-ribose (D¢_y = 370.0 kJ/mol [7]), L-cysteine (D¢_y =
360.0 kJ/mol [9]), a-tocopherol (D¢ = 330.0 kJ/mol
[10]), and ubiquinol (D¢_y = 343.8 kJ/mol [10]).

The activation energies and rate constants of the
monomolecular and bimolecular reactions were calcu-
lated using the intersecting parabolas model (IPM) as
applied to bimolecular [11, 12] and intramolecular [13]
radical reactions.

COMPUTATIONAL PROCEDURE

Enthalpy of Bimolecular and Intramolecular Hydrogen
Atom Transfer Reactions

The enthalpies (AH) of intramolecular hydrogen
atom transfer in the artemisinin alkyl radicals and of the
reactions of these radicals with the substrates were cal-
culated as the difference between the dissociation ener-
gies of the breaking (D;) and forming (D;) bonds: AH =
D; — D;. The average error of estimation of the dissocia-
tion energies of the C—H bonds is 2.0 kJ/mol [6].
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Table 1. Dissociation energies of individual bonds in the artemisinin alkyl radicals [6-8]
. Analogous Dc_y, . Analogous Dc g,
Radical Formula compound KJ/mol Radical Formula compound J/mol
H H
HO H
HO .
R, o) H 403.9 Ry 404.7
0 o
o
HO . H H
. HO .
R, o) 408.8 R, OH 388.4
0) H
O
HO
. HO
R, 390.0 o) R-CHj 422.0
O .
CH,
O
H_
o
R, 404.7 438.5
H
H><H H
R, U 388.0 3853

These calculations are applicable to reactions in nonpo-
lar solvents.

Enthalpy of Radical Decyclization Reactions

The enthalpies of decyclization of artemisinin alkyl
radicals were calculated using the Benson increment
method [14]. The numerical values of the increments of
the groups were taken from [15]. The enthalpies of the
groups having a free valence were calculated using the dis-
sociation energies of C—H bonds in structurally similar
hydrocarbons (Table 1). The average error in the calculated
enthalpies of reactions is approximately +5 kJ/mol. An
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example of the calculation of the decyclization enthalpy by
the increment method is given below. In the reaction

HO HO_ /= .
HO HO
0 — 0
6] o)
o) o)

the C—(C);(H), C—(C),(H),, and C'—(C),(H) groups
disappear and the C,—(H),, C,.—(H)(C), and C"—(C),(H)
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Table 2. Kinetic parameters o, br,, logAc_y, and E, , for the reactions considered [10, 12, 13, 16]

Type of reaction o br,, (kJ/mol)!/? logAc g [s71] E, ¢, kJ/mol
cyclo-R" —= R; 1.00 14.42 13.6 52.0
cyclo-R"™ — RO’ 1.256 16.46 8.0 53.2
Decylization of cyclo-R’ 0.832 16.96 13.3 85.7
R +R'H 1.00 17.30 9.0 74.8
R’ +R’H 1.00 18.60 8.0 86.5
R’ +RSH 0.887 12.86 9.0 46.4
R™ + ArOH 1.247 17.61 8.0 61.5

Note: R'H and R?H are aliphatic and unsaturated compounds, respectively.

groups are formed. In addition, the seven-membered
cycle is opened and its strain energy disappears. There-
fore, the enthalpy of this reaction is expressed as

AH = AH[C—(H),] + AH[C—(H)(C)]
+ AH[C"~(C),(H)] - AH[C~C);(H)] 1)
— AH[C~C)y(H),] - AH[C"—(C),(H)].

The [C*—(C),(H)] increment can be derived from the
[CHC),(H),] AH[C'(C),(H)] =
AH[C—(C),(H),] + Deyy— AH{ [H'] = -20.63 + 403.9 —
218 = 165.3 kJ/mol. The AH[C"—(C),(H)] increment is
calculated from the AH[C—(C),(H),] increment:
AH[C~C)y(H)] = AH[CHC)y(H),] + Doy~ AH{ [H' ] =
-20.63 + 408.8 —218 = 170.2 kJ/mol. The enthalpy of

the reaction is then AH = 26.32 + 36.32 + 170.2 +
1/17 + 20.63 — 165.3 — 26.34 = 63.0 kJ/mol.

increment:

Equations of the Intersecting Parabolas Method

In the IPM [11-13], a radical abstraction reaction,
for instance,

R'+RH-—~RH+R;,

is viewed as resulting from the intersection of two
potential curves, of which one characterizes the stretch-
ing vibrations of the bond being attacked and the other
characterizes those of the bond forming in the reaction
product. The reaction has the following parameters:

(1) The classical enthalpy AH,, which includes the
difference between the zero-point energies of the
breaking bond (strength D;) and the forming bond
(strength Dy). In intramolecular H atom transfer reac-

tions, these energies are equal and, hence, AH, = AH =

(2) The classical potential barrier E., which is
related to the experimental Arrhenius activation energy
E = RTIn(A/k) by the equation

E.=E +0.5(hN,v; - RT), )

where 4 is Planck’s constant, N, is Avogadro’s number,
v; is the C-H stretching frequency, and 0.5AN,v; =
17.4 kJ/mol.

(3) The coefficients b; and b;, which characterize the
dependence of the potential energy on the amplitude of
the vibrations of the atoms along the valence bond. For
the C-H bond, b = 1tv;(2) /> = 37.43 x 10'° (kJ/mol)'?,
where U is the reduced mass of the bonded atoms. The
parameter o is defined as o = b;/b;.

(4) The parameter r,, which characterizes the total
extension of the two reacting bonds in the transition
state.

In the IPM, these parameters are interrelated by the
equation

br.=o(E, — AH)'? + E.” Q3)

where b = b; and, therefore, refers to the bond being
attacked. Reactions of one class are characterized by a
fixed br, value. The classical potential barrier of a ther-
mally neutral reaction (AH, , = 0) is calculated using
the formula

_ br,
T 1+

/\/Ee,O

This method provides a good description both for
intramolecular hydrogen atom transfer reactions [12]
and for the decyclization of cyclic free radicals [13].
The values of o, br, and other parameters for the reac-
tions considered here are listed in Table 2. Of the pos-

“)
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sible intramolecular hydrogen atom transfer reactions,
we took into consideration only the reactions proceed-
ing via a six-membered transition state and having the
lowest activation energy E, ( [13].

The activation energies of the reactions were calcu-
lated using the equation [12]

b _ 2
JE. = r°2{1—oc -1 aAHe}. 5)

l—a (br)’

The preexponential factor A for an intramolecular
hydrogen atom transfer reaction depends on the num-
ber of groups that lose the ability to rotate freely in the
cyclic transition state (m) [13]:

logA, = 13.30 — 0.6m. 6)

Furthermore, the factor A depends on the number of C-H
bonds being attacked, n_g (for the CH, group, nc_y; = 2).
Accordingly, the rate constant was calculated using the
equation

k = nc_pAyexp(—E/RT) = Aexp(—E/RT). @)

RESULTS AND DISCUSSION

The activation energies and rate constants of
intramolecular hydrogen atom transfer reactions in the
artemisinin alkyl radicals calculated by formulas (5)-
(7) are given in Table 3.

The data listed in Table 3 suggest that reactions of
the cyclo-R* — cyclo-R; type occur rather rapidly
(at 310 K, k ranges from approximately 1.3 x 10° to
3.3x10*s7!). By contrast, the reaction of H atom
abstraction from the hydroxyl group (cyclo-R™ —
cyclo-R; type) is slow because of its endothermicity
(at 310 K, k, = 2.5 X 10° s7!). Among the reactions con-
sidered, reactions (V) and (VII) are the fastest.

The AH, E, and k values for the decyclization reac-
tions of the artemisinin alkyl radicals are presented in
Table 4. All these reactions are endothermic and pro-
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ceed several orders of magnitude less rapidly than the
intramolecular hydrogen atom transfer reactions.

The AH, E, k, and specific rate values for the bimo-
lecular reactions of the artemisinin alkyl radicals with a
number of substrates are given in Table 5. Among the
bimolecular reactions considered, the reactions of the
alkyl radicals with S—H bonds of the biological sub-
strates are the fastest (at 310 K, kK[RH] = 5.2 x 10°-
3.0 x 10* s71). The reactions of the alkyl radicals with
the other substrates occur at a much lower specific rate.

The results of the calculation presented in this work
suggest the following. The intramolecular hydrogen
atom transfer in the artemisinin alkyl radicals occurs
more rapidly than the bimolecular reactions of these
radicals with substrates. The rate constants of the
intramolecular hydrogen atom transfer reactions (their
dimension is s7') decrease in the following order (see
Table 3): ks=1.3%x10°>k;=6.0x 10" > k; =2.9x 10° >
ki=10x100=kg=12x100=ky=12x 10>k, =
5.1 x 10*> kg = 3.3 x 10*. By contrast, the decyclization
reactions of the artemisinin alkyl radicals occur much
less rapidly than the bimolecular reactions (Table 4).
Note that the decyclization of the artemisinin alkyl rad-
icals is a much faster reaction [5].

The specific rates of the bimolecular reactions
decrease in the following order (the specific rates of the
reactions involving the R; radicals at 310 K (s!) are

given in parentheses: L-cysteine (2.6 X 10°) > a-toco-
pherol (4.7 x 10%) > ubiquinol (I x 10%) > methyl
linoleate (2.8 x 10°) > D-ribose (540) > glucose (420) >
glycerol (85) > methyl oleate (66). Clearly, the bimo-
lecular reactions of the artemisinin alkyl radicals, spe-
cifically, their reactions with protein thio groups are the
most likely under anaerobic conditions.

The artemisinin alkyl radicals in reactivity in the
reactions with L-cysteine are arranged in the following
order: R; > R; = R; = Rg > Ry = R = R;. Letus com-
pare the rate constants of intramolecular H atom trans-
fer to the rate constants of bimolecular H atom abstrac-
tion from the thio group of L-cysteine by various arte-
misinin alkyl radicals:

Radical R, R, R; R,, R R; R,
Kisor 87! 1.05 x 10° 2.91 x 10° 1.30 x 10° 1.24 x 10° 6.05 x 107 0
k[RSH], s7! 2.65 x 10° 5.15% 10° 3.63 x 10* 2.96 x 10° 421 % 10* 2.85x 10*
k[RSH]
F_+ kRSO]’ % 20 15 0.003 19 0.07 100

Clearly, the R radical is not involved in isomeriza-
tion and enters only into the bimolecular abstraction
reaction. The R;, R;, R;, and R¢ radicals participate

KINETICS AND CATALYSIS  Vol. 48
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simultaneously in both reactions, whereas the R; and
R; radicals are mainly involved in the isomerization
reactions.
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Table 3. Enthalpies, activation energies, and rate constants of the intramolecular H atom transfer reactions in the artemisinin

alkyl radicals
AH E
Reaction R . br,, logA k(310K),
eaction o 12 21 1
no. (kJ/mol) [s7] s
kJ/mol
CH,
HO HO
@ OHO . OHO 1.00 14.42 13.18| 18.1 ] 45.3 [1.05 x 10°
(6] O
(0]
HO HO .
HO O
11 o) . (o) 1.256 16.49 12.70| 34.6| 55.2 [2.48 x 103
O (0]
(0]
HO HO
HO HO
(III) 0 o 0 1.00 14.42 13.18| 13.2] 42.7 [2.91 x 10°
0 .
0 N CH,
(0]
HO HO
HO . HO
av) e _ ., HC ¢ 1.00 14.42 13.18| 32.0] 53.1 |5.11 x 10*
O OW
O
V) 1.00 14.42 13.60| —19.4 | 26.6 [1.30 x 10°
HO
. O
(VD _ . HC ¢ 1.00 14.42 13.18| 17.3 | 44.9 [1.24 x 10°
(0]
(0]
KINETICS AND CATALYSIS Vol. 48 No.2 2007
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Table 3. (Contd.)

. AH E
Reaction Reaction o br,, n loglA k(31 91 K),
no. (kJ/mol) [s7'] KJ/mol S
(VID) 1.00 14.42 13.60| —2.7 | 34.5 |6.05 x 107
(VIII) 1.00 14.42 13.18| 34 54.3 [3.26 x 10*
(IX) 1.00 14.42 13.18| 17.3 | 44.9 [1.24 x 10°

Table 4. Enthalpies, activation energies, and rate constants of decyclization of the artemisinin alkyl radicals

Reaction . AH, br., |
no. Reaction KkJ/mol o (KJ /mi) N E, kJ/mol k,s
HO
HO
X) (0] 472  10.728 15.29 92.3 5.66 x 1073
(0]
(0]
HO HO_ /&~ .
HO HO
(XD (0] — (0] 63.0 ]0.832 15.29 94.1 278 x 1073
(0] OW
0] (0]
HO
HO
(X1I) (@) 83.8 |0.832 16.96 1212 |7.53x 108
(0]
(0]

KINETICS AND CATALYSIS  Vol. 48 No.2 2007
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Table 4. (Contd.)

Reaction . AH, br,, .
no. Reaction kJ/mol o (K] /mi) )12 E, kJ/mol k,s
HO
HO
(X11I) (0] 69.4 10.832 16.96 112.9 1.81x 107°
(0]
0]
HO
HO
(X1V) 0 92.5 10.832 16.96 126.3 1.03 x 1078
(0]
0]
HO
HO
XV) 0 72.5 ]0.832 15.29 99.6 |3.28x 107
(0]
(0]
HO J HO éHz
HO X HO
(XVI) O . (0] 76.3  |0.832 15.29 101.8 1.37 x 107
(0] OW
0] (0]
(XVID) 90.2 ]0.832 13.97 1004 |2.37x 107
(XVIID) 80.1 0.832 13.97 93.8 [3.05x1073
(XIX) 65.1 0.654 13.97 932 [3.88x1073
KINETICS AND CATALYSIS Vol. 48 No. 2 2007
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Table 4. (Contd.)
E 1|
Reaction Reaction 5 o =) E k,s7!
no. . E | =
3 52| o
(XX) 109.7 |0.654|13.97 | 1189 | 1.86x 1077
(XXI) 104.5 |0.832|13.97 | 110.2 | 5.32x 107
(XXII) 83.9 10.832/13.97| 96.3 | 1.18x 1073
(XXII0) 111.2]0.832|16.96| 137.7 | 1.22x 10710
0
CH —11
(XXIV) . Ho Yy, G2 119.0 [0.832] 16.96 | 142.7 | 1.79x 10
Y
O O
O H
(XXV) ., H Om)'\ 116.8 [0.832] 13.37| 119.1 | 1.70x 1077
T
HO O O
KINETICS AND CATALYSIS Vol. 48 No.2 2007
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Table 5. Enthalpies, activation energies, and rate constants of the bimolecular reactions of the artemisinin alkyl radicals with
the substrates

Reaction no.| Radical AH, kJ/mol E, kJ/mol k (310 K), I mol! 57! [R;H], mol/l kK[RH], g1
Z-C;H,sCH,CH=CH(CH,),CO,Me
(XXVI) R; -59.9 43.0 2.25x 10 2.95 6.64 x 10
(XXVID) R, -64.8 41.0 490x% 10 2.95 1.27 x 102
(XXVIID) | R; -46.0 48.9 0.23 x 10 2.95 0.68 x 10
(XXIX) R,, R -60.7 427 2.56% 10 2.95 7.55% 10
(XXX) R -47.0 48.5 0.27 % 10 2.95 0.79x 10
(XXXI) R, —44.4 49.6 0.18x 10 2.95 0.47x 10
CsH,,CH=CHCH,CH=CHC,H,CO,Me
(XXXIT) | R; -85.9 32.8 5.98 x 107 3.02 1.81x 10°
(XXXI) | R, -90.8 30.9 1.21 x 10° 3.02 3.65x 10°
(XXXIV) | R; -72.0 38.1 7.47 %10 3.02 2.56 x 10%
(XXXV) R,, R -86.7 32.5 6.72 x 10? 3.02 2.03x 103
(XXXVI) | R, -73.0 37.7 8.71 x 10 3.02 2.63 x 10%
(XXXVID) | R; -70.4 38.8 5.84 x 102 3.02 1.76 x 10°
CH,(OH)CH(OH)CH,OH
(XXXVII) | R, -20.8 48.7 0.62x 10 13.69 8.49 x 10
(XXXIX) | R, -25.7 46.4 1.49 x 10 13.69 2.04 x 10%
(XL) R; -6.9 55.3 0.048 x 10 13.69 0.66 x 10
(XLI) R, R -21.6 48.3 0.72x 10 13.69 9.86 x 10
(XLII) RS -7.9 54.8 0.058 x 10 13.69 0.79 x 10
(XLIII) R, -53 56.1 0.035 x 10 13.69 0.48 x 10
C6H1206
(XLIV) R, -325 434 493 %10 8.57 4.22 x 107
(XLV) R, 374 41.2 1.14 x 107 8.57 9.77 x 10%
(XLVI) R; -18.6 49.7 0.42x 10 8.57 3.59x 10
(XLVII) R,, R -33.3 429 5.66 % 10 8.57 4.85 x 102
(XLVIII) | R; -19.6 49.2 0.50x 10 8.57 428 x 10
(XLIX) R, -17.0 50.5 0.31x 10 8.57 2.66 x 10
D-CsH,O5

(L) R, -33.9 427 6.28 x 10 8.57 5.38 x 10%
(LD) R, -38.8 40.6 1.44 x 10 8.57 1.23 x 10°
(LID) R; -20.0 49.1 0.54 x 10 8.57 4.63 x 10
(LIII) R,, R -34.7 424 7.20% 10 8.57 6.17 x 10%
(LIV) R; -21.0 48.6 0.65x 10 8.57 557 % 10
(LV) R, -18.4 49.8 0.41x 10 8.57 3.51% 10

KINETICS AND CATALYSIS Vol. 48 No. 2 2007
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Table 5. (Contd.)

Reaction no.| Radical AH, kJ/mol E, kJ/mol k (310 K), I mol~! 57! [R;H], mol/l k[RH], 57!
L-HSCH,CH(NH,)COOH
(LVI) R; -43.9 13.5 5.31 x 10° 0.05 2.65x 10°
(LVII) R, —48.8 11.8 1.03 x 107 0.05 5.15%x 10°
(LVIII) R; -30.0 18.6 7.25%10° 0.05 3.63 x 10*
(LIX) R,.R; —-44.7 13.2 5.92 x 10° 0.05 2.96 x 10°
(LX) R; -31.0 18.2 8.42 x 10° 0.05 421 % 10*
(LX) R, -28.4 19.2 5.69 x 10° 0.05 2.85x 10*
CH;
HO
H;CO 0 \ CHs
CH; Ci6Ha3
(LXII) R; -73.9 7.9 4.70 x 10° 0.01 470 x 10*
(LXIII) R, -78.8 5.9 9.44 x 10° 0.01 9.44 x 10*
(LXIV) R; —-60.0 13.7 497 x 10° 0.01 497 x 103
(LXV) R;, Rg -74.7 7.6 5.32% 10° 0.01 5.32x 10
(LXVI) R -61.0 132 5.88x 10° 0.01 5.88 x 10°
(LXVII) R, -58.4 14.4 3.79 x 10° 0.01 3.79 x 10°
OH
H;CO CH;
H;CO CH;
OH
(LXVII) | R; -60.1 13.6 1.01 x 10° 0.01 1.01 x 10*
(LXIX) R, —-65.0 11.5 2.27 x 100 0.01 2.27 x 10*
(LXX) R; —46.2 19.9 8.94 x 10* 0.01 8.94 x 103
(LXXI) R;, R; -60.9 13.3 1.15x 100 0.01 1.15 % 10*
(LXXII) R; 472 19.4 1.07 x 10° 0.01 1.07 x 103
(LXXID) | R, —-44.6 20.6 6.68 x 10* 0.01 6.68 x 102
REFERENCES 9. Tumanov, V.E. and Denisov, E.T., Neftekhimiya, 2003,
1. Robert, A., Dechy-Cabaret, O., Caelles, J., and Meunier, B., 1\12164 31;.113?6.86]’.1) -406 [Pet. Chem. (Engl. Transl.), vol. 43,
Acc. Chem. Res., 2002, vol. 35, p. 167. ’
2. Wu, Y., Acc. Chem. Res., 2002, vol. 35, no. 5, p. 255. 10. Denisov, E.T. and Denisova, T.G., Handbook of Antioxi-

Boca R FL: CRC, 2000.
3. Meshnick, S.R., Int. J. Parasitol., 2002, vol. 32, p. 1655. dant.s, oca at.on, CRC, 2000 )
4. O’Neill, PM. and Posner, G.H., J. Med. Chem., 2004, 11. Denisov, E.T., in General Aspects of the Chemistry of

vol. 47, no. 12, p. 2945. Radicals, Alfassi, Z.B., Ed., London: Wiley, 1999.
5. Solodova, S.L. and Denisov, E.T., Izv. Akad. Nauk, Ser. 12. Denisov, E.T, Usp. Khim., 1997, vol. 66, p. 953.

Khim., 2006, no. 9, p. 1502. 13. Denisov, E.T. and Denisova, T.G., Usp. Khim., 2004,
6. Denisov, E.T. and Tumanov, V.E., Usp. Khim., 2005, vol. 73, no. 11, p. 1181.

vol. 74’ no. 9, p. 905: . 14. Benson, S.W., Thermochemical Kinetics, New York:
7. Denisov, E.T., Denisova, T.G., and Pokidova, T.S., Wiley, 1976.

Handbook of Free Radical Initiators, Hoboken, NIJ: ) .

Wiley, 2003. 15. Domalski, E.S. and Hearing, E.D., J. Phys. Chem. Ref.

8. Denisova, T.G. and Denisov, E.T., Kinet. Katal., 2006, Data, 1993, vol. 22, p. 816.
vol. 47, no. 1, p. 124 [Kinet. Catal. (Engl. Transl.), 16. Denisov, E.T., Chatgilialoglu, C., Shestakov, A.F., and
vol. 47, no. 1, p. 121]. Denisova, T.G., THEOCHEM (in press).

KINETICS AND CATALYSIS  Vol. 48 No.2 2007



