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Abstract – The mutagenicity of N-nitrosamines is usually detected in the 

presence of an S9 mix, which includes cytochrome P450. The mutagenicity of 

N-nitrosodialkylamines is induced by Fe
2+

-Cu
2+

-H2O2, which can be used as a 

chemical model for cytochrome P450. However, a direct-acting mutagen derived 

from N-nitroso-N-methylbutylamine (NMB) by the same oxidation system has not 

been reported. In this study, we determined the structure of a direct-acting 

mutagen obtained from the reaction of NMB with Fe
2+

-Cu
2+

-H2O2 by comparing 

its instrumental data (
1
H, 

13
C NMR and IR) with that from the synthesized 

compound. We confirmed that the direct-acting mutagen derived from NMB with 

Fe
2+

-Cu
2+

-H2O2 was 5-methyl-5-nitro-1-pyrazoline 1-oxide. Furthermore, we 

investigated the mechanism of the mutagenicity by 5-methyl-5-nitro-1-pyrazoline 

1-oxide using Salmonella typhimurium strains. The mutagenicity of 

5-methyl-5-nitro-1-pyrazoline 1-oxide in S. typhimurium YG7108, which is 

deficient O
6
-alkylguanine alkyltransferase, was higher than that in the parent 

strain S. typhimurium TA1535, indicating that the mutations are caused by DNA 

alkylation.
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INTRODUCTION 

N-Nitrosamines are genotoxic chemical carcinogens that occur in the human diet and in the environment 

and can be formed endogenously in the human body.
1,2

 Since most N-nitrosamines cause a wide range of 

tumors in all the species tested so far,
3
 N-nitroso compounds are suspected to be causative agents for 

human cancer.
4
 The oxidative metabolism of nitrosamines is mediated by cytochrome P450 enzymes, 

which implies the formation of α-hydroxyalkylnitrosamines in animals and humans.
5
 The 

α-hydroxyalkylnitrosamines decompose spontaneously to give aldehydes and alkyldiazonium ions via the 

diazotates. Alkyldiazonium ions are considered to be the ultimate alkylating species formed by the 

oxidation of nitrosamines, and they react with nucleophilic substrates such as DNA bases. Almost all the 

nucleophilic oxygen and nitrogen centers in nucleic acid bases can be modified by the alkylating agents 

generated from nitrosamines.
6
 The predominant DNA adducts formed by nitrosamines are N-alkylpurines 

(7-alkylguanine and 3-alkyladenine), which are repaired by glucosylases such as 3-methyladenine DNA 

glycosylases. A minor amount of O
6
-methylguanine residues in DNA causes GC→AT transitions during 

replication. These DNA lesions can be detected by the Ames assay.
7
 We proposed a possibility of another 

activation pathway of N-nitrosodialkylamine by Fenton’s reagent supplemented with copper ion 

(Fe
2+

-Cu
2+

-H2O2). Fe
2+

-Cu
2+

-H2O2 activates N-nitrosodialkylamines, which has an alkyl chain longer than 

propyl, into a direct-acting mutagen.
8,9

 5-Ethyl-5-nitro-1-pyrazoline 1-oxide is a direct-acting mutagen 

derived from N-nitroso-N-methylpentylamine (NMPe) by Fe
2+

-Cu
2+

-H2O2.
10

 The aim of this study is to 

identify a direct-acting mutagen derived from N-nitroso-N-methylbutylamine (NMB; Figure 1) in the 

presence of Fe
2+

-Cu
2+

-H2O2. 

ON N

CH2CH2CH2Me

Me

 

Figure 1.  Structure of N-nitroso-N-methylbutylamine 

 

RESULTS AND DISCUSSION 

Identification of a mutagenic NMB oxidation product from NMB and Fe
2+

-Cu
2+

-H2O2 

NMB and Fe
2+

-Cu
2+

-H2O2 were allowed to react in 1 M acetate buffer (pH 4.5) under nitric oxide gas for 

2 h at 37 ºC. The reaction mixture was extracted with hexane, CCl4, CH2Cl2, and ethyl acetate 

consecutively. Each of the organic phases was dried over anhydrous sodium sulfate, and the solvent was 

subsequently evaporated. The mutagenicity of the CH2Cl2 extract was the highest among the organic 

phases. The CH2Cl2 extract was fractionated several times by silica gel column chromatography and by a 
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preparative HPLC. A major product, which had no direct mutagenic activity, was identified by 
1
H-NMR 

and IR spectra as N-nitroso-N-methyl-3-oxobutylamine (yield 10%). The spectrum of the product was the 

same as that of an authentic sample (data not shown).  

The fraction showing strong mutagenicity contained a single compound, which was recrystallized from 

CH2Cl2-hexane at a yield of 0.5% (colorless plates, mp 46.5-47.5 ºC). Spectral data of the isolated 

mutagen are shown in Table 1. 

 

Table 1. Spectral data of the isolated direct-acting mutagen 

 

Elemental analysis : Calculated for C4H7N3O3 C33.10, H4.86, N28.96 

Found  C33.45, H4.84, N28.60 

1
H-NMR (at -65 

o
C, δ ppm in CDCl3) 

   2.13 (s, 3H), 2.58 (dt, 1H, J=7.7, 15.0 Hz), 

3.03 (dt, 1H, J=6.6, 15.0 Hz), 4.29 (dt, 2H, J=6.6, 7.7 Hz) 

13
C-NMR (at rt, δ ppm in CDCl3)  

20.9 (q), 33.5 (t), 54.3 (t), 114.1 (s) 

 IR (KBr)    1570, 1526 cm
-1

 

UV (EtOH)    λ=218nm (ε=11200) 

EI-MS    M
+
 = 145, M

+
-44=101, M

+
-46=99 

 

 

The molecular formula of the direct-acting mutagen was determined to be C4H7N3O3 by elemental 

analysis of C33.45, H4.84, and N28.60 (calculated for C33.10, H4.86, N28.96). The molecular formula 

(C4H7N3O3) indicated that the direct-acting mutagen was formed by the demethylation of NMB 

(C5H12N2O) and the addition of nitric oxide (NO). The involvement of NO in the formation of the 

direct-acting mutagen is in accordance with the literature.
9
 

The 
13

C-NMR spectra showed four carbon signals, consistent with the number of carbons found by 

elemental analysis. The 
1
H-NMR spectrum suggested that the direct-acting mutagen had a cyclic structure 

due to the specific couplings observed. A proton signal at 2.13 ppm integrated 3 protons with a single 

peak, indicating the presence of a methyl group adjacent to a carbon atom. Two proton signals at 3.03 and 

2.58 ppm changed to doublet signals (J=15.0 Hz) by decoupling at 4.29 ppm, indicating that the 

direct-acting mutagen was composed of -CH2CH2- with highly restricted structure such as a ring. A 

carbon resonance at δ 114.1 was a single peak by off-resonance 
13

C-NMR, indicating a tertiary carbon in 

the structure. The 
1
H- and 

13
C-NMR spectra indicated that the direct-acting mutagen was composed of 
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-CH2CH2-C-CH3. The IR spectra at 1570 and 1526 cm
-1

 were characterized as nitro or nitrite groups. The 

EI-MS spectrum of the mutagen gave a molecular ion at m/z 145 and fragment ions at m/z 101 (M-N2O) 

and m/z 99 (M-NO2). 

Since 5-ethyl-5-nitro-1-pyrazoline 1-oxide is the direct-acting mutagen derived from NMPe and 

Fe
2+

-Cu
2+

-H2O2 in the presence of NO, 5-methyl-5-nitro-1-pyrazoline 1-oxide was presumed to be the 

mutagen formed from the reaction of NMB with Fe
2+

-Cu
2+

-H2O2-NO. 5-Methyl-5-nitro-1-pyrazoline 

1-oxide was synthesized by the reaction of 2-nitropropene and diazomethane, followed by the 

N-oxidation with m-CPBA (Scheme 1). The instrumental data (
1
H and 

13
C NMR and IR spectrum) of 

synthesized 5-methyl-5-nitro-1-pyrazoline 1-oxide was identical to that of the direct-acting mutagen 

isolated from the reaction extract.  

 

NN

NO2

Me

O
NN

NO2

Me

NN

NO2

Me

-+

a b

H2C

H2C

 

Scheme 1.  Reagents and conditions: a) Et2O, - 78 ºC, 30 min → rt, 3 h ; b) m-CPBA / CH2Cl2, rt, 12 h 

 

The direct-acting mutagen appeared to have been formed by N-demethylation and ω-1 oxidation at the 

butyl group on NMB. It was reported that the longer n-alkyl chains of asymmetrical N-nitrosamines, the 

greater was the oxidation of methyl groups.
11

 The preferred position of the N-nitrosodibutylamine 

oxidation is greatest at the ω-1 position, which is in agreement with the position of the oxidation on the 

alkyl chains of NMB. The formation mechanism of the direct-acting mutagen from NMB and 

Fe
2+

-Cu
2+

-H2O2 has been presumed that hydroxyl radical formed from the metal ion and H2O2, oxidizes 

NMB to generate NO, the NO reacts with another NMB molecule in the presence of Fe
2+

 and Cu
2+

, 

followed by the formation of the direct-acting mutagen.
9,10

 The formation of 

5-methyl-5-nitro-1-pyrazoline 1-oxide may occur through γ-nitrosation of the butyl group with NO and 

α-demethylation, followed by cyclization. 

 

Mutagenicity of the 5-methyl-5-nitro-1-pyrazoline 1-oxide  

We investigated the mechanism of mutagenicity of 5-methyl-5-nitro-1-pyrazoline 1-oxide by comparing 

its mutagenic potency in Salmonella typhimurium YG7108, which is deficient in O
6
-methylguanine 

methyltransferase, to the parent strain S. typhimurium TA1535.
12,13

 (Figure 2). The mutagenicity was 

greater in S. typhimurium YG7108, suggesting that it is due to DNA alkylation. Thus, the present 

direct-acting mutagen and α-hydroxynitrosamines induced mutation through the DNA alkylation. 
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Figure 2.  Mutagenicity of 5-methyl-5-nitro-1-pyrazoline 1-oxide in S. typhimurium TA1535 (▲) 

and YG7108 (●)  

 

The unique structure of the direct-acting mutagen is formed by NMB oxidation. N-Nitrosodialkyl- 

amines are known to be metabolically activated through α-hydroxylation, and our results reveal 

another possible activating pathway. 

EXPERIMENTAL 

Melting points were measured on a Yanagimoto microapparatus and were uncorrected. The EI-MS 

was obtained with a Hitachi M-4100 mass spectrometer. The NMR experiments were performed with 

a JEOL JNM-GX270 using tetramethylsilane as an internal standard. HPLC was performed using a 

Shimadzu LC-6A system [SPD-6AV UV/vis spectrometric detector, Lichrosorb Si 60 (10 µm, 7.5 × 

250 mm)]. TLC was performed on precoated Kieselgel 60F254 (Merck), and spots were visualized 

under UV light. Column chromatography was performed on silica gel 60 (0.063 – 0.200 mm, Merck). 

Chemicals.  NMB was synthesized as described,
14

 and then purified by distillation (b.p. 87 ºC/18 

mmHg).
8
 In order to decompose unknown direct-acting mutagen, crude NMB was dissolved in methanol 

saturated with sodium hydroxide and the entire solution was stirred overnight at room temperature. The 

reaction mixture was extracted three times with water and CH2Cl2, and the combined organic phases were 

dried over Na2SO4, filtered, and then evaporated in vacuo to produce a pale yellow oil. Bacto agar and 

bacto nutrient broth were obtained from Becton Dickinson Microbiology System (Sparks, USA). Sodium 

ammonium hydrogen phosphate tetrahydrate was purchased from Merck (Darmstadt, Germany). Copper 

(II) acetate monohydrate (Cu(OAc)2·H2O) was obtained from Kanto Chemical Co., Ltd. (Tokyo, Japan). 

Other reagents were purchased from Wako Pure Chemical Industries (Osaka, Japan). 2-Nitropropene was 
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synthesized from 2-nitro-1-propanol as previously reported.
15,16

 Professor B. N. Ames (University of 

California, Berkeley, USA) kindly provided the S. typhimurium TA1535 and Dr T. Nohmi (National 

Institute of Health Sciences, Tokyo, Japan) kindly provided the S. typhimurium YG7108. 

Bacterial mutation assay. The bacterial mutation assay was conducted according to the 

plate-incorporating method.
12,17

 All of the yellow oil obtained was dissolved into DMSO. Five DMSO 

solutions with concentrations of 12.5, 25, 50, 100, and 200 µg / 50 µL were put into separate test tubes. 

Then 0.5 mL of 0.1 M sodium phosphate buffer (pH 7.4) and 0.1 mL of a culture of tester strain were 

added to each test tube, followed by 2 mL of top agar. The mixture from each tube was then poured onto 

a minimal-glucose agar plate. Colonies were counted after incubation for 44 h at 37 ºC. All plates were 

prepared in duplicate and the experiments were repeated at least twice. Data represent the means of 

duplicate determinations. The results were considered positive if the assay produced reproducible and 

dose-related increases in the number of revertants.
17

  

The synthesized 5-methyl-5-nitro-1-pyrazoline 1-oxide was dissolved in 50 µL of acetonitrile and the 

assay was performed by the method as described above.
 

Reaction of NMB with Fe
2+

-Cu
2+

-H2O2-NO for isolation of the direct-acting mutagen. FeSO4·7H2O 

(28 g, 100 mmol) and Cu(OAc)2·H2O (20 g, 100 mmol) were added to a solution of NMB (13 g, 100 

mmol) in acetate buffer (pH 4.5, 1 L), followed by the addition of 10% H2O2 (34 mL, 100 mmol). NO gas 

(250 mL, 100 mmol) was introduced to the reaction for 1 h under a nitrogen atmosphere, and the reaction 

mixture was incubated for 2 h at 37 ºC, and then was extracted twice with 100 mL hexane, twice with 100 

mL CCl4, twice with 100 mL CH2Cl2, and twice with 100 mL EtOAc. Each organic phase was dried over 

Na2SO4, filtered, and evaporated in vacuo to produce a yellow oil. The CH2Cl2 extract showed the highest 

mutagenicity among the organic extracts. The crude product was purified by column chromatography 

twice (silica gel 60, hexane:CH2Cl2:Et2O=2:2:1, UV 254 nm), and by preparative HPLC (Lichrosorb Si60 

7.5 x 250 mm 10 µm, hexane: CH2Cl2:EtOH=8:1:0.2, 2.0 mL / min, UV 254 nm) to produce a colorless 

oil. The oil was solidified by cooling, and then recrystallized from CH2Cl2 and hexane (mp 46.5–47.5 ºC). 

Synthesis of 3-methyl-3-nitro-1-pyrazoline. Diazomethane was generated from 

N-methyl-N-nitroso-p-toluenesulfonamide (8.45 g, 39 mmol) with aqueous KOH.
18

 2-Nitropropene (2.03 

g, 28 mmol) in 10 mL Et2O was slowly added to a solution of diazomethane in Et2O at -78 ºC, and the 

mixture was stirred. After 30 min, the reaction solution was allowed to warm to room temperature. After 

3 h, the yellow color disappeared. The reaction mixture was washed twice with 50 mL water and 20 mL 

brine. The Et2O phase was dried over Na2SO4, filtered, and evaporated in vacuo to produce a yellow oil. 

The oil was purified chromatographically [Silica gel 60, hexane:CH2Cl2:Et2O=4:2:1, UV 254 nm or 

diphenylamine] to obtain 3-methyl-3-nitro-1-pyrazoline (yield 30%). 
1
H-NMR (CDCl3): δ 1.81 (1H, ddd, 
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J=14.0, 9.2, 5.5 Hz, H-4), 2.00 (3H, s-CH3), 2.41 (1H, ddd, J=14.0, 9.2, 5.5 Hz, H-4), 4.79-4.93 (2H, m, 

H-5). IR (neat) cm
-1

: 1553, 1385. 

Synthesis of 5-methyl-5-nitro-1-pyrazoline 1-oxide. Small portions of m-CPBA (860 mg, 5 mmol) were 

added to a solution of 3-methyl-3-nitro-1-pyrazoline (333 mg, 2.6 mmol) in 6 mL CH2Cl2 at room 

temperature. The reaction mixture was refluxed over 12 h, and 1 mL DMSO was added to decompose the 

excess m-CPBA. The reaction mixture was washed twice with 10 mL water and 5 mL brine, dried over 

Na2SO4, filtered, and evaporated in vacuo to obtain a residue. The crude product was purified by column 

chromatography (Silica gel 60, hexane:CH2Cl2:Et2O=2:2:1, UV 254 nm, diphenylamine, 

anisaldehyde/sulfuric acid), by a preparative HPLC (Lichrosorb Si 60, hexane: CH2Cl2:EtOH=8:1:0.4, 

UV 254 nm), and by a preparative TLC (silica gel, hexane:CH2Cl2:Et2O=4:4:1, UV 254 nm) to produce a 

colorless oil (yield 1%). 
1
H-NMR (CDCl3): δ2.13 (3H, s-CH3), 2.50-2.62 (1H, m, H-4), 2.96-3.06 (1H, m, 

H-4), 4.27-4.33 (2H, m, H-3). 
13

C-NMR (CDCl3): 20.9 (-CH3), 33.5 (C-4), 54.3 (C-3), 114.1 (C-5). IR 

(neat) cm
-1

: 1520, 1439, 1355, 1051. HR-FAB-MS calcd for C4H8O3N3 146.0566, found 146.0579.  
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