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Abstract A study of the mechanism of 8-ammoguanosine formation in the reaction of guanosme 
with hydroxylamme-O_-sulfomc acid (HAOS) revealed that the reaction proceeds in three steps, 
1) electrophlhc N-7 ammatlon by HAOS, 2) nucleophlllc C-8 hydroxyammation by NH OH 
accompanied by elimination of the N-7 ammo group and by aromatization, and finally 3)2the 
reduction of the C-8 hydroxyammo group by NH20H to give 8-ammoguanosme The slgmflcance 
of formatlon of the 7-aminoguanosme intermediate IS discussed briefly m relation to the reaction 
of carcmogemc arylammes and arylhydroxylammes with cellular DNA 

Carclnogemc arylammes and arylhydroxylammes are known to be metabolically activated 

to Ij-aryl-_O-acylhydroxylammes which are capable of modlfylng cellular DNA resulting in 

chemical carcmogenesis However, reactivity of the ultimate forms of the carcinogens toward 

nucleic acid components is poorly understood To clarify the mechamsms involved, we have 

been studymg the reaction of nucleosides with the simple electrophlhc ammatmg agents, 

hydroxylamme-Q-sulfomc acid (HAOS) and 2,4-dmitrophenoxyamme (DNPA) l-71 These are 

expected to react via the same type of reaction pathway as those involved m ammatlons by - 
carcmogemc arylammes and arylhydroxylamines Our previous study showed that the reaction 

of guanosme with HAOS at pH 2 to 4 yielded 8-amlnoguanosme, 1) the ammated position of 

which is the same as that of the major guamne-carcinogen adducts generally formed m cellular 

DNA treated with the carcinogens In this report, we describe the mechanism of 8-amino- 

guanosine formation and briefly describe a mechanism of DNA modification by the carcinogens 

concerned 

Reactlon of guanosme (la) with 10 eq mol of HAOS at 70°C and pH 2 to 4 for 2 h 

gave 8-ammoguanoslne (2a) in 20% yield in addition to the recovered guanosine, as reported 

previously ‘) (Scheme I) Although the C-8 position of guanosine is reported to be reactive 

toward either electrophlles or radicals, 8) details of the mechanism are not clear m most cases 

When deoxyguanosine was subjected to amlnatlon, 7-ammoguamne and 8-ammoguamne were 

obtamed in 20% and 5% yields, respectively, together with recovered deoxyguanosine and its 

deglycosllated guamne This result, together with our previous finding that 7-ammoguanoslne 

IS very reactive toward nucleophlles, 5,6) suggested that amination at C-8 of the guamne nucleus 

might proceed 2 the mltial amlnatlon at the N-7 posltlon Then, 7-ammoguanoslne (3a), 

which was prepared from guanosine and DNPA in N,N-dimethylformamlde (DMF) usmg our 

reported method, 5) was tested for Its subsequent conversion to 8-ammoguanosine (2a) (Scheme 
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II). As expected, 8-ammoguanosme was formed when 7-aminoguanosme was treated with HAOS 

under the same reactlon condltlons as employed for the ammatlon of guanoslne It was further 

shown that NH2OH * HCI could be substituted for HAOS m the converslon of 7-ammoguanoslne 

to 8-ammo derivatives This IS unequivocal evidence to support the fact that hydroxylamlne, 

liberated by hydrolysis of HAOS during the reactlon with guanosme, took part m converting 

7-ammoguanosine to 8-ammoguanosme Since hydroxylamme 1s a nucleophlle and also a powerful 

reducmg agent, one can demonstrate the reactlon mechanism involved as shown m Scheme 

I HAOS amlnates the most nucleophlhc N-7 posItIon of guanosine (la) m an electrophlllc 

manner to yield 7-aminoguanosme (3a), which undergoes nucleophlhc attack by hydroxylamme 

(or NH20S03-) to form the 7,8-dlhydro-7-ammo-8-hydroxyammo intermediate, followed by 

aromatization to 8-hydroxyammoguanosme, accompanied by ehmlnatlon of the 7-ammo group 

Then an excess of hydroxylamme, the hydrolyzed product of HAOS, reduces 8-hydroxyamlno- 

guanosine to 8-ammoguanoslne (Za) as the isolated product The ready reduction of b-hydroxy- 

aminoguanosme to 8-ammoguanoslne IS strongly supported by the evidence obtained from the 

reaction of 8-bromoguanosme with NH20H, the reaction yielded mainly 8-amlnoguanoslne and 

guanosine in a ratio of 5 3 1, with only a trace amount of 8-hydroxyaminoguanosme ” A 

slmllar amination reaction using NH OH 1s described elsewhere 10) 
2 

The mechanism stated above was further confirmed by 15 N-analysis of the product obtained 

by treatment of 7-aminoguanosme with 

8- 15NH 

15NH20H * HCI The isolated product was 

2 -guanosme, the structure of which was conflrmed by comparison of the spectral data 

with those of an authentic specimen When CH3NHOH - HCl was allowed to react with 

7-aminoguanosine, the product obtained was 8-methylammoguanosme This result also supports 

the proposed mechamsm 

7-Ammoguamne formation m the reaction of deoxyguanosme with HAOS at pH 2 to 4 

is readily understood, the cationic 7-ammodeoxyguanosme formed is easily deglycosylated to 

stable 7-amlnoguamne under acidic condltlons before It IS attacked at the C-8 position by 

hydroxylamlne 

The narrow optimal pH range (2 to 4) for 8-ammoguanosine formation in the reaction 

of guanosine with HAOS IS discussed For the formatlon of 7-ammoguanosine in the initial 

step, the free form of guanosme (p&a at N-7, I 9) is required, therefore, the optimal pH 1s 

not much below I 9 For the conversion of 7-ammoguanoslne to 8-ammoguanosme in the second 

step, a higher pH 1s unfavorable, because as we previously reported, 7-aminoguanosine readily 

undergoes, even in neutral media, nucleophlllc attack by OH- and intramolecular 5’-O-, 

accompamed by ellmlnatlon of the 7-ammo group, to yield 8-hydroxyguanosme 11) and 

8,5’-anhydro-8-hydroxyguanosme (8,5’-e-cycloguanosine), respectively 5, In contrast, the 

nucleophlhc attack of NH20H (pKa, 6 03) on 7-aminoguanosme involved in the second step 

proceeds slower as the pH decreases under 6 03 In this step, nucleophlllc NH20S03- may 

also take part m forming the 8-NHOH adduct via the 8-NHOS03H adduct since HAOS has - 
the ablhty to act both as electrophlle and nucleophlle As a compromise of the above 

requirements, the optimal pH IS allowed to range from 2 to 4 In fact, when the reaction 

of guanosme with HAOS was carried out at pH 6 to 8, I-ammoguanosine, 8-hydroxyguanoslne 
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and 8,5’-anhydro-8-hydroxyguanosme were produced wlthout the formation of 8-ammoguanoslne 

In media at pH 6 to 8, attacks by OH- and mtramolecular 5’-O- at the C-8 posltlon of 

7-ammoguanosine might have predommated over that of hydroxylamme. 

Some guamne derivatives other than guanosme and deoxyguanosme were subjected to 

the electrophihc ammatlon reactlon described above (Scheme I) Treatment of l-ammo- 

guanosine (1~) with HAOS at pH 2 to 4 ylelded the 8-ammated derivative (2~) as well 

1,7-Dlammoguanosine is thought to be the reactlon mtermedlate for convertmg to the 8-ammo 

derivative When I-ammo-9-methylguamne (Id) was treated with HAOS at pH 2 to 4, the 

mam product was 1,7-dlamlno-9-methylguamne (3d) and not the expected product, 

1,8-dlammo-9-methylguamne The structure of 3d was confirmed by comparison with an 

authentic sample prepared from the reactlon of Id with DNPA m DMF Compound 3d was 

more stable toward nucleophlhc attack than the corresponding 9-rlbosyl derivatives such as 

7-ammoguanosme and 1,7-dlammoguanosme In fact, more vigorous conditions were required 

for converslon of 1,7-diammo-9-methylguamne (3d) to 1,8-dlammo-9-methylguamne (2e) and 

I-ammo-8-hydroxy-9-methylguamne (4c) by reactmg with NH20H and H20, respectively It 

IS worth noting that the susceptlblhty of the C-8 posltion of 7-ammoguamne derivatives to 

nucleophlles is dependent on the 9-substltuent, a rlbosyl or a methyl 

For a model of 7-ammoguanosme, I-methyl-3-ammobenzimidazole was synthesized and 

the reactlvlty of the C-2 posltlon toward nucleophlles was studied I-Methyl-3-ammo- 

benzimldazole was so stable that it ylelded neither I-methyl-2-hydroxybenzlmldazole nor 

I-methyl-2-amlnobenzlmldazole after reacting with H20 or NH20H This may be due to the 

higher electron density of the lmldazole rmg of I-methyl-3-ammobenzlmldazole compared to 

that of 7-ammoguanosme 

Syntheses of several 7-ammoguanine derivatives and their converslon to 8,5’-Q-cycle and/or 

8-hydroxy derlvatlves by treatment with hot H,O are summerlzed m Scheme II It IS worth 

noting that in converslon of 

8-ammoguanoslne was formed 

of hydroxylamme is present m 

OH- at the C-8 positlon of 

mtermedlates, followed by the 

L 

7-ammoguanosme to 8-hydroxyguanosme, a trace amount of 

Another mechanism could work in practice unless an excess 

the reaction media As a probable mechanism, the attack of 

7-ammoguanosme forms 7,8-dlhydro-7-ammo-8-hydroxyguanosme 

ellmmatlon of the OH group and the concerted cychzation to 

a diazirldlne Intermediate, which leads to formatlon of the 8-ammo derlvatlve This mechanism 

IS remmlscent of our recent frndmg that the 8-arylammated guamne adduct 1s formed together 

with the 8-hydroxyguanme residue in cellular DNA treated with carcmogemc 4-hydroxyamlno- 

qulnolme l-oxide 12,13) This suggests that such a mechanism possibly operates m DNA 

modifications by carcinogenic arylammes and arylhydroxylammes m general Further study 

m this area 1s m progress 

EXPERIMENTAL 

1 H NMR spectra were recorded on a JEOL FX-100 spectrometer Chemical shifts are 

expressed m parts per mllhon relative to Me4SI Mass spectra were obtamed on a JEOL 
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DX-300 spectrometer, and samples of nucleosldes were trlmethylsllylated with 

&J,O_-b~s(tr~methylsilyl)tr~fluoroacetam~de - 1% trlmethylsllyl chloride m pyrldlne before use 

UV spectra were obtamed on a Shlmadzu UV-2100 spectrophotometer TLC (cellulose) and 

paper chromatography (Whatman 3 MM) were carried out usmg the solvent system (Isopropanol 

1% aqueous NH4S04 = 3 2, v/v) unless otherwise specified 

Reaction of deoxyguanosine with HAOS Deoxyguanosme (600 mg, 2 25 mmol) was dissolved 

in 25 mL of H20 contammg 2 87 g of CH3COOK, and the solution was kept at 70°C Then, 

HAOS (2 54 g, 22 5 mmol) in 25 mL H20 was added in small portlons to the solution During 

the reaction, the pH of the reaction mixture was maIntamed at 2 to 4 by further addltlon 

of concentrated CH3COOK solution After 2 h, products were separated by Whatman 3MM 

paper chromatography and/or cellulose TLC and further purlfled on an LH 20 column eluted 

with H20 Products obtained were 7-amlnoguanine 7, (about 20% yield, Rf on cellulose TLC, 

0 32), 8-ammoguamne (about 5% yield, Rf 0 21), guamne (Rf 0 43), and recovered deoxyguanoslne 

(F&f 0 66) Structures of the products were confirmed by spectral data compared with those 

of authentic samples 

Reactlon of 7-ammoguanoslne with HAOS, NH20H, 15NH20H, or CH3NHOH Cationic 

7-ammoguanosme was prepared by the reaction of guanoslne with DNPA as described 

previously 5) The 7-aminoguanosme obtained contained small amounts of 8-hydroxyguanosme 

and 8,5’-anhydro-8-hydroxyguanosme, which were formed during the separation of 7-amino- 

guanosme First, the following two preliminary experiments were carried out A) 7-Ammo- 

guanosme (5 mg) and 10 eq mol of HAOS in 1 mL of H20 (pH 2 to 4) were heated at 70°C 

for 2 h B) 7-Amlnoguanoslne (5 mg) and 10 eq mol of pre-heated HAOS solution (1 mL), 

which was prepared by heating HAOS solution at 70°C and pH 2 to 4 for 2 h, were mixed 

and the solution was heated at 70°C for 2 h It was shown that pre-heated HAOS had no 

ammating ability when it was allowed to react with guanosine After experiments A and B, 

products were analyzed by cellulose TLC The results showed that 8-ammoguanosme (e 0 34) 

was the mam product in both experiments Next, 7-ammoguanosme (10 mg) was dissolved 

in 2 mL of H20 and the pH of the solution was kept at 2 to 4 by addition of cone CH COOK 3 
solution Then, 10 eq mol of NH20H * HCl, 15NH20H HCI, or CH3NHOH HCl was added, 

and the mixture was heated at 70°C for 2 h maintaining the pH of the reactlon mixture at 

2 to 4 Products were separated by cellulose TLC and purified further on an LH 20 column 

eluted with H20 The yield of d-ammo- or 8-methylammoguanoslne was around 60 to 70%, 

and others were 8-hydroxy and 8,5’-Q-cycle derivatives The structures of 8-amino-, 

8-15N-amlno-, and 8-methylamlnoguanosmes were ldentlfled by NMR, mass, and UV spectra 

compared with those of the corresponding authentic samples Rf values of the products on 

cellulose TLC were 7-amlnoguanosine 5) (0 25), - 8-amlnoguanoslne 14,16) (0 34), 

8,5’-anhydro-8-hydroxyguanosme 5) (0 37), 8-hydroxyguanosme14’16) (0 52), and 8-methylamlno- 

guanosme 15,16) (0 59) 
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Authentic 8-15N-ammoguanosme One gram of 15 NH2-15NH2 - H2S04 (MSD Isotopes, Montreal, 

Canada) was added to a solution of sodium hydroxide (0.63 g) m 3 mL of H20. From the 

solution, the mixture of 15 NH2-15NH2 .H20 and H20 (total 2 8 mL) was separated by use of 

a micro disttllatlon apparatus (180°C, 30 mmHg) After 8-bromoguanoslne (80 mg) and 0 5 

mL of H 0 were added to this 15 
2 NH -15NH 2 2 solution , the mixture was heated at 95°C for 

24 h TLC of the reaction mixture on a cellulose plate showed two products No starting 

material (Rf 0 63) was observed - 8-15NH2-Guanosme (x 0 34) and guanosine (Rf 0 52) were 

obtatned at a product ratio of 2 to 3 8-15NH2-Guanosme was isolated by repeated TLC 

separations, and further purified on an LH 20 column eluted with H20 ‘H NMR (JEOL GX 

400 MHz, DMSO-46) d 3 61 (m, 2H, 5’-H), 3 87 (q, lH, 4’-H), 4 08 (m, IH, 3’-H), 4 54 (q, 

lH, 2’-H), 5.01 (br d, lH, 3’-OH), 5 24 (br d, lH, 2’-OH), 5 50 (br t, lH, 5’-OH), 5 73 (d, 

lH, L = 7 4 Hz, l’-H), 6 06 (br d, 2H, 1 = 84 4 Hz, 8-15NH2), 6 22 (br s, 2H, 2-NH2), 10 62 

(br s, lH, NH) The UV spectra m acidic, neutral and alkaline media were identical to that 

of 8-ammoguanosme 

Reaction of guanosine with HAOS at pH 6 to 8 Guanosme (600 mg, 2 12 mmol) was dissolved 

In 25 mL of H20 contamlng 2 70 g of CH3COOK, and the solution was kept at 70°C Then, 

HAOS (2 40 g, 21.2 mmol) m 25 mL H20 was added m small portlons to the solution During 

the reaction, the pH was kept between 6 to 8 by addltlon of con NaOH solution After 2 

h, product analysis was carried out by comparmg Rf values with those of authentic samples 

on a cellulose TLC plate. Products obtamed were 8-hydroxyguanosme (Rf 0 52), l-ammo- 

guanosme (Rf 0 43), and 8,5’-anhydro-8-hydroxyguanosme (Rf 0 37) 

1-Ammo-9-methylguanme 9-Methylguanine (1 32 g, 8 00 mmol) was dissolved m 20 mL of H20 

containing NaOH (1 28 g, 32 0 mmol) HAOS (1 80 g, 15 9 mmol) was added m small portions 

with stirring at room temperature After 16 h, the precipitate which appeared was collected 

by filtration and washed with EtOH and then Et20 Recrystallyzatlon of the precipitate from 

H20 ylelded needles (1 10 g), mp 305-307°C 11-t NMR (DMSO-d+) 6 3 55 (s, 3H, CH3), 5 40 

(br s, 2H, I-NH2), 7 14 (br s, 2H, 2-NH2), 7 76 (s, lH, 8-H) By addition of D20, the l-NH2 

protons were exchanged slth D faster than those of the 2-NH2 UV X,,,nm pH 1, 253 and 

279, H20 and pH 12, 254 and 270(sh) MS m/z = 180 Anal Calcd for C6H8N60 - 1/5H20 

(dried m vacua at 50°C for 2 h) C, 39 22, H, 4 58, N, 45 75 Found C, 39 50, H, 4 44, N, 

45 67 

Reaction of 9-methylguamne with DNPA 9-Methylguamne (50 mg, 0 30 mmol) was suspended 

m 30 mL of DMF, and DNPA (302 mg, 1 52 mmol) was added to the solution The mixture 

was left at 40°C for 4 days with stlrrmg Because of the low solublhty of 9-methylguamne 

in DMF, the preclpltate which separated was almost all the starting material used for the 

reaction TLC of the mother hquor showed formatlon of 7-ammo-9-methylguamne UV 

x max nm pH 1 and H20, 253 and 282, pH 12, 268 _ Rf (cellulose TLC) 9-methylguanme, 0 74, 

7-ammo-9-methylguanme, 0 50 When DMSO was substituted for DMF, 9-methylguanme 
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completely dissolved, however, the ammatlon reactlon did not proceed at all 

Reactlon of I-amino-9-methylguanme with HAOS I-Ammo-9-methylguamne hydrate (184 mg, 

1 00 mmol) was dissolved m 12 mL of H20 contammg 1 27 g of CH3COOK, and the solution 

was warmed to 70°C HAOS (1 13 g, 10.0 mmol) m 12 mL of H20 was added dropwlse to 

the solution and the mixture was left at 70°C for 2 h, mamtammg the pH between 2 to 4 

by addition of cone CH3COOK sol After the reaction, TLC (cellulose) of the reactlon mixture 

showed the formation of 1,7-dlammo-9-methylguamne (20% yield, rlf 0 21) and unreacted 

I-ammo-9-methylguamne (Rf 0 36) Further heatmg (IOO’C, 2 h) of the reaction mixture gave 

1,8-dlammo-9-methylguamne 

Reactton of I-ammo-9-methylguamne with DNPA (Synthesis of 1,7-dlamino-9-methylguamruu_m 

chloride (3d)) To the solution of I-ammo-9-methylguamne hydrate (184 mg, 100 mmol) m 

15 mL of DMF, DNPA (796 mg, 4 00 mmol) was added, and the mixture was left standlng 

at 45°C for 4 days After the reaction, TLC (cellulose) of the reactlon mixture showed 

quantltatlve formatlon of 1,7-diammo-9-methylguammum chloride (Rf I-ammo-9-methylguamne, 

0 36, 1,7-dlammo-9-methylguammum chloride, 0.21) After removal of DMF by evaporation, 

the residue was dissolved m 20 mL of 1 N HCI and washed with ether (20 mL x 2) The 

aqueous solution was concentrated to 5 mL by evaporation EtOH-Et,0 was then added to 

cause precipitation of a product with mp 211-212°C dec ‘H NMR ?DMSO-d+) 6 3 64 (S, 

3H, CH3), 5 57 (s, 2H, I-NH2), 6 95 (s, 2H, 2-NH2), 9 26 (s, lH, 8-H) 7-NH2 protons were 

not observed as a peak The 8-H proton was completely exchanged with D when the compound 

was heated m D20 at 60°C for 30 mm UV Xmaxnm pH 1 and H20, 253 and 283, pH 12, 

266 Anal Calcd for C6H10CIN70 C, 31 10, H, 4 35, N, 42 33 Found C, 31 26, H, 4 54, 

N, 41 82 

Reactlon of 1,7-dlamlno-9-methylguanine with H20 (Syntheses of I-ammo-8-hydroxy-g-methyl- 

guamne (4d)) 1,7-Dlammo-9-methylguammum chloride (35 0 mg) was dissolved m 3 5 mL of 

H20 and the pH of the solution was adJusted to 7 5 with dll NaOH sol The mixture was 

heated at 70°C for 5 h After coolmg, the preclpltate which appeared was collected and 

recrystallized from H20 to yield a powder (20 mg), mp > 300°C ‘H NMR (DMSO-d+$ 6 

3 08 (s, 3H, CH3), 5 38 (br s, 2H, I-NH2), 7 14 (br s, 2H, 2-NH2), 10 6 (hump, IH, 7-NH) 

UV Xmaxnm pH 1 and H20, 248 and 290, pH 12, 260 and 292 MS S/L = 196 Anal Calcd 

for C6H8N602 H20 (dried m vacua at 50°C for 2 h) C, 33 64, H, 4 67, N, 39 25 Found 

C, 33 87, H,4 65, N, 39 34 Rf (cellulose TLC) 0 36 

Reaction of I-amlnoguanoslne with HAOS (Synthesis of 1,8-dlamlnoguanosme (2~)) I-Ammo- 

guanosine 17) (600 mg, 2 01 mmol) was treated with HAOS (2 28 g, 20 1 mmol) at pH 2 to 

4 as described for the reaction of deoxyguanosme with HAOS After the reactlon, TLC 

(cellulose) of the reactlon mixture showed the formatlon of 1,8-dlammoguanoslne (25% yield, 

Rf 0 26) and recovered I-ammoguanosme (Rf 0 43) 1,8-Dlamlnoguanosme was separated by 
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TLC and paper chromatography and purlfled on an LH 20 column (H20). ‘H NMR (DMSO-$$ 

6 3 60 (m, 2H, 5’-H), 3.86 (m, IH, 4’-H), 4 09 (m, lH, 3’-H), 4 54 (m, lH, 2’-H), 5 01 (br d, 
lH, 3’-OH), 5 22 (br d, lH, 2’-OH), 5 29 (br s, 2H, I-NH2), 5 49 (br t, lH, 5’-OH), 5 73 (d, 

lH, _j = 7 4 Hz, II-H), 5 99 (br s, 2H, 8-NH2), 6 70 (br s, 2H, 2-NH2) UV h,,xnm PH 1, 
251 and 286, H20 and pH 12, 257 and 288 

Reaction of l-ammo- or 1-methylguanosme with DNPA, and conversion of the product to 

B-hydroxy and 8,5’-0-cycle derivatives I-Ammoguanosme (298 mg, 1 00 mmol) m 20 mL of 

DMF-H20 (3 1, v/v) was treated with DNPA (796 mg, 4 00 mmol) as described for the reaction 

of I-ammo-9-methylguamne with DNPA. The yield of 1,7-diammoguanosme was about 45% 

It was isolated by paper chromatography and used wlthout further purification in the subsequent 

experiment Rf (cellulose TLC) I-aminoguanosine, 0 43, 1,7-dlammoguanosme, 0 20. - 
1,7-Diammoguanosme was heated m H20, and products were separated and purified as described 

above Products were mamly I-ammo-8-hydroxyguanosme and I-ammo-8,5’-anhydro-8-hydroxy- 

guanosme and a trase amount of 1,8-dlammoguanosme _ Rf (cellulose TLC) I-ammo-8-hydoxy- 

guanosine, 0 43, 1 -ammo-8,5’-anhydro-8_hydoxyguanosme, 0 29, 1,8-diammoguanosme, 0 26 

I-Ammo-8,5’-anhydro-8-hydroxyguanosme ‘H NMR (DMSO-d+) 6 3.5 - 4 5 (m, 5H, 2’-, 3’-, 

4’-, and 5’-H), 4 85 (br d, lH, 3’-OH), 5 34 (br s, 2H, I-NH2), 5 38 (br d, lH, 2’-OH), 5 73 

(s, lH, 1*-H), 7 10 (br s, 2H, 2-NH2) UV Xmaxnm pH 1, 254 and 276(sh), H20 and pH 12, 

252 and 275(sh) MS ITJ/~ = 656 (5TMS) Identification of I-ammo-B-hydroxyguanosme 17) and 

1,8-diamrnoguanosme was performed by comparison of NMR and UV spectra with those of 

authentic samples In the case of I-methylguanoslne (297 mg, 1 00 mmol), it was dissolved 

m 15 mL of DMF and then DNPA (796 mg, 4 00 mmol) was added Methods for the reaction 

and separation were the same as for I-ammoguanosme TLC (cellulose) of the reaction mixture 

showed 1 -methyl-7-ammoguanosme (90% yield, Rf 0 17) and recovered I-methylguanosme (Rf - - 
0 60) I-Methyl-7-ammoguanosme was separated and heated m H20 as described above 

Products were I-methyl-8-hydroxyguanosme _ (Rf 0 60) and 1-methyl-8,5’-anhydro-8-hydroxy- 

guanoslne (M 0 30). I-Methyl-8,5’-anhydro-8-hydroxyguanosme ‘H NMR (DMSO-d+) 6 3 28 

(s, 3H, CH3), 3 4-4 6 (m, 5H, 2’-, 3’-, 4’-, and 5’-H), 5.2 - 5 6 (hump, 2H, 2’- and 3’-OH), 

5 73 (s, lH, II-H), 7 04 (br s, 2H, NH2) UV hmaxnm pH I, 254 and 275(s), H20 and pH 

12, 253 and 275(sh). MS IJ/~ = 511 (STMS) I-Methyl-8-hydroxyguanosme UV h,,,nm pH 

1 and H20, 249 and 290, pH 12, 261 and 297 MS m/z = 601 (4TMS) _ _ 

Reaction of I-methylbenzlmldazole with HAOS or DNPA I-Methylbenzlmldazole (20 mg, 0 15 

mmol) and DNPA (119 mg, 0 60 mmol) were dissolved m 2 mL of DMF, and the reactlon 

mixture was left standmg at 40°C for 12 h TLC (silica gel, CHC13 MeOH = 9 1, v/v) 

showed a quantltatlve formation of I-methyl-3-ammobenzlmldazole (Rf 0 05) _ Rf of l-methyl- 

benzimldazole was 0 28 After the solvent was removed by evaporation, 2 mL of dll HCI 

was added to the residue, and the solution was washed with Et20 (5 mL x 3) and AcOEt (5 

mL x 3) The aqueous layer was then evaporated to dryness and the product was purlfled 

on an LH 20 column eluted with MeOH Next, I-methylbenzlmldazole (20 mg, 0 15 mmol) 
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and CH3COOK (191 mg) were dissolved in 2 mL of H20, and the mixture was heated at 70°C 

Then, HAOS (170 mg, 1 5 mol) m 2 mL of H20 was added dropwlse to the solution and the 

reactlon mixture was left at 70°C for 3 h, malntammg the pH of the solution between 6 and 

7 TLC (sihca gel, CHC13 MeOH = 9 1, v/v) of the reaction mixture showed the formatlon 

of I-methyl-3-ammobenzimldazole (20% yield, Rf 0 05) and unreacted startmg material (Rf - - 
0 28) The structure of I-methyl-3-ammobenzimidazole 18) was ldentifled by comparison with 

an authentic sample When the reaction was carried out between pH 2 to 4, no ammatlon 

reactlon proceeded due to protonatlon (pKa, 5 6). 

Reactlon of I-methyl-3-amlnobenzlmidazole with H2Q I-Methyl-3-ammobenzimidazollum chloride 

(10 mg) was dissolved m 20 mL of H20 and the pH of the solution was adjusted to 7 0 with 

dll. NaOH sol The mixture was heated at 70°C for 3 h Under these conditions, 

I-methyl-3-ammobenzimidazole was stable and did not yield any products However, when 

the reaction was carried out at pH 12, many products were Identified by TLC Further product 

analyses were not carried out 
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