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Abstract: Reaction of 7-amino-9-ethylguaninium chloride with lead(IV) acetate (LTA) in MeOH yielded 8-aza-

O-ethylguanine. Similarly, the reaction of 1-amino-3-methylbenzimidazolium chloride or its substituted

derivatives (6-methyl, 5,6-dimethy! and 5-nitro) with LTA gave the corresponding 1-methyl-1H-benzotriazole

(or 1-methyl-2-azabenzimidazole) derivatives along with N-methylformanilide derivatives. © 1999 Eisevier Science
Ltd. All rights reserved.

The imidazole moiety of guanine residues in DNA is a major site at which carcinogens react to form
adducts. When cells are treated with arylaminating carcinogens, such as N-acetylaminofluorene and 4-
nitroquinoline 1-oxide, C8-arylaminated deoxyguanosine (dG) is produced as a major DNA adduct.! It is
believed that the reactive species, arylnitrenium ion, reacts with dG in DNA to form adducts. One of the
reaction mechanisms proposed is that the C8-arylamino adduct is formed via an N7-arylaminated
intermediate,2-3 however, the details are still unclear. In order to elucidate the mechanisms, we carried out an
intensive study of amination of 9-substituted guanine derivatives2.:6-10 and other nucleic acid base
components! 1-13 using the simple electrophilic aminating agents, hydroxylamine-O-sulfonic acid (HAOS) and
0O-(2,4-dinitrophenyl)hydroxylamine (DPHA). In addition to nucleic acid bases, we also used a series of 1-
methylbenzimidazole derivatives (pKa 1.6-6.0) as substrates, because these compounds can be handled more
easily than nucleic acid bases and they give basic information on the reactivity of the imidazole moiety.!0.14
We reported previously the formation of 7-amino-9-ethylguaninium salt and a series of 1-amino-3-
methylbenzimidazolium salts from the reaction of 9-ethylguanine and 1-methylbenzimidazoles with DPHA,
respectively.!® We also reported on the reactivity of these N-amino derivatives for nucleophiles such as
H207.10 and NH20H.2 As a part of our continuing study on the reactivty of N-amino derivatives,2.7.10,15-19
we examined the reaction of 7-amino-9-ethylguaninium salt and 1-amino-3-methylbenzimidazolium salt
derivatives with the oxidizing agent, lead(IV) acetate (LTA). Although many studies on the reaction of N-
amino (or N, N-disubstituted hydrazino) compounds with LTA have been reported,20-27 none were carried out
with N-aminoimidazolium compounds. We report here that N-aminoimidazolium compounds with a fused ring
give the corresponding triazoles by reaction with LTA.
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Reaction of 7-amino-9-ethylguaninium chloride (1) with LTA (1.5 equivalent mole) in MeOH for 30 min
at room temperature gave 8-aza-9-ethylguanine (2) in 61% yield (Scheme 1). Similarly, the reaction of 1-
amino-3-methylbenzimidazolium chloride derivatives (3a—d) with LTA gave 1-methyl-1H-benzotriazole (or 1-
methyl-2-azabenzimidazole) derivatives (4a—d) in 9-40% yield along with N-methylformanilides (Sa—d) in 4
17% yield. The structure of 2 was determined from spectroscopic data and elemental analysis. The structures
of the benzotriazole derivatives, 4a,28 4b,29 4¢30 and 4d,3! were identified by comparing spectral data with
those of authentic specimens. In the reaction with 1, no product corresponding to compound § was obtained.
In the reaction with 3a—d, no electronic effect of the substituent on the yields of products was observed. Since
the total yield of products was so low (m. 18%) with 3b and 3d, analyses of products from compounds 3
were carried out using reversed phase HPLC. As soon as compounds 3 and LTA were mixed in MeOH, the
color of the reaction mixtures changed to deep brown and precipitates of salts were formed. The reactions were
completed within five minutes and no starting material remained. The main products were 4 and 5 and a trace
amount of deaminated product of 3, i.e. 1-methylbenzimidazole derivatives, was also observed. There were
numerous unidentified colored products which eluted where much more hydrophobic compounds appear.
It is known that oxidation by LTA proceeds in a variety of ways such as radical, ionic substitution and addition
reactions.23.24 The selectivity of the reaction depends on the structure of the substrate (position of the
substituent and its number) and the reaction conditions (solvent, temperature, LTA concentration, etc). The
reaction of N-aminoarenium ion with LTA in acetic acid was reported for 1-aminopyridinium bromide
derivatives, 1-aminoquinolinium bromide and 2-aminoisoquinolinium bromide, which produced 1-acetylamino-
2-pyridone derivatives, 1-acetylamino-2-quinolone and 2-acetylamino-1-quinolone, respectively.20 In our
reaction conditions using LTA in MeOH, 1 and 3a-d gave triazole derivatives, 2 and 4a-d, respectively.
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These may have resulted from the intramolecular reaction of the activated N-amino group and subsequent
rearrangement and extrusion of a carbon, however, the reaction mechanisms are still unclear and are under
investigation. An example of the reaction that extrudes a carbon was reported for 1-amino-3,4,5,6-tetraphenyl-
2-pyridone, which formed 3.,4,56-tetraphenylpyridazine on treatment with LTA in CH2Cl2.2!  When
uncharged 1-aminobenzimidazole was allowed to react with LTA in MeOH, I,1"-azobisbenzimidazole, a
tetrazene, was obtained (data not shown). Its structure was identified by comparing spectral data with those of
the product prepared by the reaction of 1-aminobenzimidazole with NO2BF4.32 Such tetrazene formation is
well known for the reaction of a variety of N,N-disubstituted hydrazines with LTA.23-25

Experimental

'H and '3C NMR spectra were recorded on JEOL EX 270 and GSX 400 spectrometers and chemical shifts
are reported in ppm using Me4Si as the internal standard. Mass spectra were obtained with a JEOL JMS-
DX300 spectrometer. Melting points were measured with a Yanagimoto micro-melting point apparatus and are
uncorrected. HPLC analyses were carried out using a Shimadzu LC-10AD apparatus equipped with a
photodiode array UV detector SPD-M6A. A Merck LiChrospher 100 RP-18(e) column was used and was
eluted with a 1/15 M phosphate buffer (pH 6.8)-MeOH system. Silica gel 60 PF254 (Merck) and alumina 1103
(Merck) were used for preparative thin-layer chromatography (PLC). 7-Amino-9-ethylguaninium chloride (1),
1-amino-3-methylbenzimidazolium chloride (3a), 1-amino-3,5,6-trimethylbenzimidazolium chloride (3¢) and
1-amino-3-methyl-5-nitrobenzimidazolium chloride (3d) were prepared as previously reported.!0

1-Amino-3,6-dimethylbenzimidazolium chloride (3 b). 1,5-Dimethylbenzimidazole33 (219 mg, 1.5 mmol) and
O-(2,4-dinitrophenyl)hydroxylamine?4 (450 mg, 2.25 mmol) were dissolved in 5 mL of DMF and the mixture
was kept at 37 °C for 24 h. After DMF was removed by evaporation, 20 mL of 1 N HCl was added, the
mixture was washed with AcOEt (10 mL x 3), and the aqueous layer was evaporated to dryness. Product was
separated by PLC (silica gel, CHCI3:MeOH = 8:2) and recrystallized from MeOH-AcOEt. Yield 185.2 mg
(62.7%). mp218-220°C. 'H NMR (Me280-ds) & 2.54 (s, 3H, C-CH3), 4.03 (s, 3H, N-CH3), 6.92 (s,
2H, NH2), 7.52 (d, 1H, J4,5 = 8.6 Hz, 5-H), 7.69 (s, 1H, 7-H), 7.87 (d, 1H, 4-H), 9.65 (s, 1H, 2-H). Anal.
Calcd for CsH12CIN2-2/3H20: C, 51.55; H, 6.41; N, 20.04. Found: C, 51.53; H, 6.69; N, 20.42.

Reaction of 7-amino-9-ethylguaninium chloride (1) with lead(IV) acetate 7-Amino-9-
ethylguaninium chloride (50 mg, 0.22 mmol) was dissoived in 5 mL of MeOH. LTA (90% purity, 163 mg,
0.33 mmol) was then added and the mixture was kept at room temperature for 30 min. Precipitates which
appeared were removed by filtration and the mother liquor was reduced to dryness. Products were separated
by PLC (silica gel, CHCI3:MeOH = 88:12, Ry values of starting material and product were 0 and 0.5,
respectively). Yield of 8-aza-9-ethylguanine (2) was 24.0 mg (60.6%). 2: mp > 300 °C (shape of the crystal
changed at around 190 °C); 'H NMR (Me2SO-de) 5 1.43 (t, 3H, J=7.3 Hz, CH3), 4.31 (q, 1H, CH2), 6.92
(br s, 2H, NH2), 10.9 (br s, 1H, 1-NH); !3C NMR (Me2SO-ds) & 14.4 (CH3), 40.6 (CHz2), 124.2 (5-C),
150.7 (4-C), 155.3 (6-C), 155.7 (2-C) (assignment was done according to reported data of 8-aza-9-[(2-
benzoyloxyethoxy)methyl|guanine?3). MS m/z 180 (M*+). Anal. Calcd for CéHsN6O: C, 40.00; H, 4.48;
N, 46.65. Found: C, 40.15; H, 4.50; N, 46.33.

Reactions of 1-amino-3-methylbenzimidazolium chlorides (3a-d) with lead(IV) acetate Each
1-amino-3-methylbenzimidazolium chloride derivative (0.25 mmol) was dissolved in 5 mL of MeOH. LTA
(0.38 mmol) was then added and the mixture was kept at room temperature for 30 min. Precipitates which
appeared were removed by filtration and the mother liquor was reduced to dryness. Products were separated
by PLC (silica gel was used unless otherwise specified) .

Reaction of 3a. PLC (CHCI3:MeOH = 99:0.5). The faster eluting fraction (Ry 0.51) was N-
methylformanilide (5a) and the slower one (Ry 0.45) was 1-methyl-1-H-benzotriazole (4a).28 4a: yield 6.7
mg (20.2%). Sa: yield 5.8 mg (17.2%). Spectral data of Sa were identical with those of a commercially
available authentic sample. Even when DMF was used as the solvent, the reaction gave the same products.

Reaction of 3b. PLC (CHCI3:MeOH = 98:2). The faster eluting fraction (Ry 0.6) was N, 4-dimethyl-
formanilide (5b) and the slower one (Ry 0.5) was 1,5-dimethylbenzo-1H-triazole (4b).29 4b: yield 3.3 mg
(9.0%). Sb: yield 3.4 mg (9.1%). '"H NMR (CDCl3) & 2.37 (s, 3H, C-CH3), 3.30 (s, 3H, N-CH3), 7.06
(d, 2H, J = 8.3 Hz, Ph-2, 6), 7.21 (d, 2H, Ph-3, 5), 8.42 (s, 1H, CHO); MS m/z 149 (M*).
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Reactionof 3¢.  PLC (CHCI3). The faster eluting fraction (R 0.6) was N 3 4-trimethylformanilide (5¢)
and the slower one (R, 0.5) was 1,5,6-trimethyl-1H-benzotriazole (4¢).30 4¢: yield 15.9 mg (39.5%).
5c: yield 4.0 mg (9.8%). 'H NMR (CDCI3) & 2.27 and 2.29 (each s, each 3H, 3- and 4-CH3), 3.28 (s, 3H,
N-CH3), 6.90 (dd, 1H, J = 2.2 and 8.1 Hz, 6-H), 6.95 (d, 1H, 2-H), 7.15 (d, 1H, 5-H), 8.41 (s, 1H,
CHO); MS m/z 163 (M™).

Reaction of 3d.  PLC (alumina, CHCI3). The faster eluting fraction (R; 0.8) was 1-methyl-6-nitro-1H-
benzotriazole (4d)3! and the slower one (R; 0.7) was N-methyl-3-nitroformanilide (5d). 4d: yield 6.1 mg
(13.7%). 5d: yield 1.7 mg (3.8%). 'H NMR (CDClI3) & 3.40 (s, 3H, N-CH3), 7.53 (dd, 1H, J = 2.2 and
8.1 Hz, 6-H), 7.62 (m, 1H, 5-H), 8.07 (t, 1H, J = 2.2 Hz, 2-H), 8.14 (dd, 1H, J = 2.2 and 8.4 Hz, 4-H),
8.62 (s, 1H, CHO); MS m/z 180 (M*).
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