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sport rate is made very fast may reveal the detailed 
knowledge of this process. Measurements with a rotating 
disk electrode is in progress and will be reported in due 
course. We hope to distinguish contribution by kinetic or 
surface diffusion to overall, current from mass transport rate. 
The arguments based on FePc mutilayer formation and thus 
the decrease in the effective number of FePc exposed to the 
solution dose not hold in this case since FePc is not likely 
to form a multilayer and this phenomenon was also ob
served when the coverage was far below monolayer. Al
though nitrite reduction was independent of surface cov
erage of FePc, reduction current at a constant amount of ca
talyst showed a linear dependence on a tested range of ni
trite concentration (0.08 to 20 mM) as expected. Our ex
periments may imply important aspects in the practical ap
plications. A minimum amount of electrocatalyst is needed 
to get full catalytic activity as long as one can be sure that 
ele아transfer rate overrides diffusion or any other mass 
transport processes.

In this work, we showed FePc is a very efficient catalyst 
for the nitrite reduction in acidic solutions and Fe(II)Pc(-2)/ 
Fe(II)Pc(-3) pair is responsible for such a high activity. 
Also we showed the reduction current is independent of the 
surface coverage within our experimental conditions and ex
plained this effect in terms of kinetic vs diffusion control.
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The nitrosoureas form a class of compounds with tumor- 
inhibitory property and they derive their clinical usefulness 
from high lipophilicity together with low toxicity.1 The 
chloroethylnitrosoureas which have been of clinical import
ance are 1,3-bis(2-chloroethyl)-l -nitrosourea (BCNU, car- 
mu아ine), 1 -(2-chloroethyl)-3-cyclohexyl-1 -nitrosourea (CCNU, 
lomustine), 1 -(2-chloroethyl)-3-(4-methylcycloethyl)-1 -ni
trosourea (MeCCNU), l-(2-chloroethyl)-3-(2,6^dioxo-3- 
piperidyl)-l-nitrosourea (PCNU).2,3

Especially, the CCNU displays therapeutic activity against 
brain tumors, c이orectal tumors, Hodgkin's disease, multiple 
myeloma, gastrointestinal carcinoma, lung carcinoma, and 
prostate tumors The antitumor activity of nitrosoureas is 
이os이y related with their alkylation activity7'8 and solubility.9 
Under physiological conditions, it was proposed that chloro
ethylnitrosoureas decompose to produce chloroethylcarbon
ium ions or diazonium hydroxides which function as the 
alkylating agents.2 Because N-nitroso group in nitrosoureas
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labilizes the bond between the nitrosated nitrogen and the 
adjacent carbonyl group so that decomposition can occur 
under physilogical conditions to give electrophiles. DNAs 
have been found to be the major targets of the electrophiles.10 
And organic isocyanates are formed that carbamoylate the 
lysine residues of proteins.11 The mechanism by which 
chloroethylnitrosoureas effect their biological action was 
thought as in Scheme I.12'13 CCNU is highly lipid soluble 
and also has water solubility as well. In the previous struc
ture-activity analysis, alkylation activities, carbamoylating 
activities, and the decomposition rates of chloroethylnitro
soureas were correlated with lethal toxicity, myelotoxicity, 
and L1210 leukemia antitumor activity in mice.8

Even though CCNU and BCNU possess wide ranging ac
tivities, PCNU and MeCCNU have been found to have a 
greater activity toward solid tumors than other nitrosoureas.214 
PCNU is an interesting compound which has 3- to 4-fold 
higher alkylating activity than CCNU. In a previous note 
published in this journal, we had carried out an ab initio 
theoretical structural study on PCNU and Antineoplaston A 
10 molecules.15 The optimized structures and atomic 
charges were obtained for both molecules. Interests이y, 
PCNU and CCNU have closely related 아ructural features. 
The 2,6-dioxo-3-piperidyl group of PCNU is only at vari
ance with cyclohexyl group of CCNU.

The purpose of this work is to extend our knowledge to 
CCNU m이ccule and to get basic data for elucidating the ef
fect of geometrical structure and charge distributions on the 
alkylating activity, decomposition rate, and antitumor ac
tivity of CCNU by calculating the structural parameters and 
total atomic charges. Therefore, in order to characterize the 
geometrical and chemical properties, ab initio calculations 
have been carried out to obtain the optimized fracture and 
atomic charges for CCNU molecule. All of these results are 
discussed herein.

Ab Initio Calculations

The calculations were performed with the Gaussian-94 
program16 using the RHF/4-31G basis set to obtain the op
timized geometries and atomic charge distributions of 
CCNU. Before the full geometry optimization of the wh이e 
molecule is attempted, the geometry optimization of two 
moieties-z.e., amido이utarimide and cyclohexyl fragments- 
has been carried out with our previous structural parameters15 
on the closely related molecules, i.e., PCNU and An
tineoplaston A10, as the starting values. In the next step the 
optimized amidoglutarimide and cyclohexyl fragments have 
been connected and completely optimized.

In Table 1 are presented structural parameters, rotational 
constants, dipole moment and total energy for CCNU, and 
in Figure 1 are given total atomic charges of it. The total 
atomic charges of some important atoms, which may affect 
the decomposition rate of CCNU, at the RHF/4-31G level 
are N】= —0.726, C2=1.086, O4=-0.396, O12=~ 0.595, N13= 
-0.894, and H14=0.405. The dipole moment is 5.525 De
bye at the RHF/4-31G level. From the comparison of these 
results with those obtained from our previous study15 on 
PCNU, one can see that the atoms C2, N3, and H” of 
CCNU are less positively charged by about 0.05, 0.01, and 
0.02 unit of one electronic charge than those of PCNU, 
respectively. Therefore, it may be more difficult for CCNU 
to decompose to yield 2-chloroethyldiazene hydroxide and 
isocyanate in an aqueous solution than for PCNU. This may 
be one of the reasons why PCNU has a higher alkylating ac-

Table 1. Structural parameters, rotational constants, dipole mo
ment and total energy for CCNU0 

Para- RHF/ Para- RHF/ Para
meter6 4-31G mete/ 4-31G meter6

r(NrC2) 

r(NrN3) 

r(NrC5) 

r(C2-O12) 

r(C2-NI3) 

r(N3-O4) 

r(C5-H6) 

r(C5-C7) 

r(C5-H8) 

r(C7-H9) 

r(C7-Cl10) 

r(C7-H„)

121.4
113.1
117.5
108.2
113.2
108.7
122.5
118.6
122.3
113.9
112.0
110.9
112.8

1.436 <(NrC2-O12) 
1.341 <(NrC2-NI3) 
1.458 <(NrN3-O4) 
1.213 <(NrC5-H6) 
1.337 <(NrC5-C7) 
1.200 <(NrC5-H8) 
1.077 <(C2-NrN3) 
1.510 <(C2-N13-H14) 
1-083 <(C2-N13-C15) 
1.074 <(N3-NrC5) 
1.898 0(CuC广HQ 
1.073 <(C5-C7-C11O)

r(N13-H14) 0.994 <(C5-C7-Hn)
1.463 <(N]3-C15-C16) 111.3 
1.533 <(N13-C15-C17) 109.4 
1.531 <(C15-C16-C]8) 111.1 
1.082 <(C15-C16-H22) 108.7 
1.533 <(C15-C16-H23) 109.2 
1.087 <(C16-C18-C19) 111.3 
1.082 <(C17-C15-H2i) 109.3 
1.088 <(C18-C19-C20) 111.1 
1.084 <(C19-C18-H2fi) 109.4 
1.533 <(C19-C18-H27) 110.3 
1.087 <(C19-C20-H30) 110.3 
1.084 <(C19-C20-H31) 109.3 
1.533 <(C20-C17-H24) 109.3 
1.084 ^(Qo-Cn-H^) 110.4 
1.087 <(C20-C19-H28) 110.0 
1.084 <(C20-C19-H29) 109.3 
1.074

，(Ni3-Ci5)

r(C[5-Ci6)

r(C15-C17) 

r(C15-H21) 

r(C16-C18) 

r(C16-H22) 

r(C16-H23) 

r(C17-H24) 

r(C17-H25) 

0广(二19) 

r(C18-H26) 

r(Ci8~H27) 

r(Ci9-C2o) 

r(C19-H28) 

r(C19-H29) 

(广니 30) 

r(C20~H31)

RHF/
4-31G

t(C2-NrN3-O4) 

t(C2-N3-Ni-C5) 

t(C2-N13-C15-Clfi) 

t(C2-N13-Ci5-C17) 

XN3-NrC2-O12) 

XN3'N1-C2-N13) 

XN3-NrC5-H6) 

WN-C^Cz) 

XN3-NrC5-H8) 

XN3-NrC5-H9) 

乞(貝6(5-(二7出9) 

XH6-c5-c7-ci10) 

XH6-C5-C7-Hn) 

i(oI2-c2-n13-h14) 
t(CT12-C2-N13-C15) 

X^15"C16-C18-C19) 

t(C17-C15-C16-C18) 

XC17-C15-C16-H22) 

t(C17-C15-C]6-H23) 

t(C17-C18-C19-C2o) 

”(Ci7-Ci9-C2(广 H3Q

XCI7-Cl9-C20-H31) - 120.9 

XC17'C2O-C19-H28) 117.4 

t(Ci7-C20-C19-H29) - 65.7 

t(C19-C20_C17-H24)

XC19-C2O-C17-H25) -117.1 

疽二2(广(丄广G5-H21) 

X^2()-C19-C18-H26) 

X^20-C19-C18-H27)

A 

B 
c

-E

15.8
164.9

-84.4 
-207.7

48.4 
-134.6

191.2
68.1

-51.7
63.6
63.6

-52.7
190.2
189.2

0.7
55.7

-55.8
65.0

181.9 
-27.5 
122.1

65.2

一 64.5
65.8
177.3

726.78
298.54
239.36

5.525
1121.1271067

° Bond lengths in A, bond angles in degrees, rotational constants 
(A, B, C) in MHz, dipole moment (卩)in Debye and energy (£) 
in Hartree. fcFor the definition of atom numbers, see Figure 1.
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Figure 1. Structural model and atom numbering of l-(2-chloro- 
ethyl)-3-cyclohexyl-l-nitrosourea (CCNU). The numbers in paren
theses are the atomic electronic charges calculated in this work.

tivity than CCNU. Thus the charge distribution state on the 
atoms of antitumor agents may contribute to the antitumor 
activity of molecules. Therefore, studying the antitumor ac
tivity not only on the aspect of structure but also on the as
pect of charge distribution will give more comprehensive 
and profound understanding about the activity of antitumor 
agents.
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The dipolar interaction between the electronically excited 
solute molecule and the surrounding solvents is expected to 
be important in determining the kinetics of chemical reac
tion such as the excited state charge transfer. Over the past 
decade the dynamic nature of solute-solvent interaction has 
been the focus of many solution dynamics studies1'5 and 
widely investigated using various kinds of ultrafast spec
troscopic techniques.6

Time-resolved Stokes shift experiments have provided fair
ly detailed picture of the polar solvation dynamics. The und

erlying concept of the dynamic Stokes shift experiment re
lies on the presumption that there is significant change in 
the magnitude and/or direction of dipole moment upon elec
tronic excitation. The electronic charge distribution of the 
probe is strongly perturbed upon excitation with a ultrashort 
laser pulse and noneqilibrium configuration between the 
probe and solvents is instantaneously formed. Subsequently 
the solvent molecules start to reorganize in order to lower 
the free energy of solvation. The process of lowering the 
free energy of solvation results in the red shift of emission


