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Theoretical Studies on the Mechanism of DNA Alkylation by the
Metabolites of 3,5-Dimethyl-1-nitrosopiperazine

Liu, Tingting Zhao, Lijiao™ Zhong, Rugang
(College of Life Science & Bioengineering, Beijing University of Technology, Beijing 100022)

Abstract Ab initio computations were carried out at MP2/6-3114G(d,p) level to study the mechanism of
the formation of DNA alkylation agents from the metabolism of 3,5-dimethyl-1-nitrosopiperazine (DMNP)
and its derivatives. The influence of the substituent groups of the N' atom was investigated in the formation
of the two alkylation centers on the a- and y-positions of the DMNP metabolites. The relationship between
the formational activities of the two active centers and the carcinogenic potency of the parent compounds
was also explained. The results show that the parent compounds are inclined to exhibit higher carcinogenic
activity when their a-position and y-position metabolites are easier to produce the active electrophilic inter-
mediates. However, if one alkylation center is blocked, the carcinogenic potency of the compounds is de-
creased obviously. Therefore, the carcinogenecity of DMNP was supposed to depend on the synergetic al-
kylation of the a- and the y-positions. It is necessary to consider the alkylating activity of these two alkyla-
tion centers and the relationship between them in the appraisement of the carcinogenecity of DMNP.
Keywords N-nitrosopiperazine; carcinogenic mechanism; alkylation activity; ab initio
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Table 1 Main structural parameters of the reactant, transition
state (TS%) and intermediate of DMNP on the key step of the
formation of  oa-alkylation center  obtained from
MP2/6-311+G(d,p) calculations [bond length in nm, bond angle
in (°)]

Reactant ~ TS*  Intermediate
0(8)—0(10) 0265 0242 0.361
0(10)—H(9) 0.094  0.145 0272
H(9)—O(8) 0.196  0.102  0.095
N(1)—C(2) 0.148  0.170  0.283
O(8)—H(9)—0(10) 1276 1562 1558
08 —N(7)—N()—CQ2) —126 —13 —192
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Figure 1 The mechanism for the formation of the a- and y-position alkylation centers on DMNP
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Figure 2 The mechanism of the formation of a- and y-position alkylation centers on the metabolites of DMNP
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Figure 3 The molecular structures of DMNP and its derivatives

U T AL TR0 - BB 1 I, AR T4 T
RO TR p-BR R . AR S iR, AR
TR, [ R E W &, TR A

gERIE A&, BL TSY-2 A, O(16)—C(11)A!



816 %

i Vol. 67, 2009

j\ N{-g.\cu 1,1\ ;} ;m

CB}f 5(5)
C(2) 0(5),‘\ —_— c2)

0(10) : N(1) g ] 0{10)._: Nt1‘)

HE) N(7) ¢ H(9)a. N7

0(8) & o
DMNP

El

I 9
-& C(11) "
C“”A'\ . ;@k
%"’ C(3) C(5)

Cl2) Cl6)

/ 9}.@*\1 " oo) N(1)

N(7)

H(9
Cow®

Intermediate

B4 MP2/6-311+G(d,p)/K VL5432 a-frke b bt B B R P I B N A S IR AN m T A 931 45 4

Figure 4 The molecular structures of the reactant, transition state and intermediate in the formation of a-position alkylation center ob-

tained from MP2/6-311+G(d,p) calculations
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Figure 5
MP2/6-311+G(d,p) calculations
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The molecular structures of the transition states in the formation of p-position alkylation center obtained from
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Table 2 Main structural parameters of the reactant, transition state (TS") and intermediate of the DMNP on the key step of the formation

of y-alkylation center obtained from MP2/6-311+G(d,p) calculations [bond length in nm, bond angle and dihedral angle in (°)]

Compound Reactant TSY Intermediate
O(16)—C(11) 0.265 0.193 0.147
C(11)—0(12) 0.145 0.199 0.275
0(16)—C(11)—0(12) 170.1 176.3 175.7

2 C(5)—C(11)—H(13)—H(14) —125.8 —177.1 130.4
O(16)—N(15)—N(4)—C(5) 14.0 5.4 1.9
N(@4)—C(5)—C(11)—0(16) 29.6 13.2 5.5
N(4)—C(11) 0.240 0.186 0.147
C(11)—0(12) 0.144 0.205 0.388

DMNP
N(#)—C(11)—0(12) 144.5 159.7 59.8
C(5)—C(11)—H(13)—H(14) —1233 —165.6 —154.1

R 3 DMNP A% a-Fl p-f7 1 RMA G 1L BE, TDso, CPC LUK HP A KPESEE C 5§ # Mulliken charge
Table 3 Activation energy of the formation of a- and y-intermediates, TDs,, CPC of DMNP, and the mulliken charge on the aldehydic C

atom of the intermediates

Compound E* /(kJemol ") E! /(kJemol ") TDs,"/(mgekg '«d ") CPC? Mulliken charge
DMNP 87.85 165.28 0.12 +++ 0.060
1 96.56 139.96 0.15 +++ 0.095
2 78.82 103.20 0.09 ++++ 0.064
3 73.90 103.94 — +++ —0.071
4 91.81 109.88 9.66 + —0.147

“The data set was collected from Carcinogenic Potency Database (CPDB) of the National Cancer Institute and National Toxicology Program of USA. * Potent car-
cinogenic activity (+ + + =), marked (+ + +), certain (+ +), slight (+), and non (—).
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