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Abstract&uanine, guanosine, and 5’-guanylic acid were methylated with t-butylhydroperoxide in the 
presence of ferrous ion to &e the corresponding &Me derivatives in fairly good yields. Adenine. 
hypoxanthine, and their ribosides also underwent the methylation to give the corresponding mono- and 
di-methyl derivatives where Me groups were substituted in position-2, -8, or both. N,N- 
Dimethylcarbamoyl group was introduced to Position-8 of guanosine under a similar condition using 
dimethylformamide as the reaction solvent. 

IhTRODUCllON 

Extensive investigation has been done on the chem- 
ical modifications of nucleic acid bases in relation 
to the lesion of the genetic principle of DNA be- 
cause of its biological importance. The chemical 
process in such modifications involves ordinary 
ionic, photochemical, and/or radiochemical 
mechanisms but no information is available of free 
radical reactions induced by metal-ion catalysis, 
especially with purine bases. This paper describes 
C-methylation of guanine, adenine, hypoxanthine, 
and their ribosides and in addition, S-guanylic acid 
as a model of the nucleotides, with the Me radical in 
acidic media. Preliminary results of general appli- 
cation of this free radical process with radicals 
other than Me will also be described. As the Me 
radical source, the one homolytically derived from 
t-butylhydroperoxide catalyzed by ferrous ion was 
used. The latter reaction system was extensively 
studied by Minisci et al. with the protonated species 
of N-heteroaromatic compounds such as 
quinolines, as illustrated in Chart l.‘l 

All the reaction conditions chosen in the present 
study were analogus to those described by Minisci 
et al.; with excess amounts of the peroxide and 
catalyst in acidic media (O-1 or 1-O N H2S01 in 
almost all cases). 

‘Part VI: G.-F. Huang, T. Okamoto, M. Maeda and Y. 
Kawazoe, Tetrahedron Letters 4541 (1973) 

bA part of this work was preliminarily reported as a 
communication to the editor. Y. Kawazw, M. Maeda and 
K. Nushi, Chem. Pharm. Bull. Tokyo 20, 1341 (1972). 

I’Generously supplied by Drs. T. Miyamae and A. 
Yamazaki of Ajinomoto Co. Ltd. 

Guanine, guanosine, and S-guanylic acid were 
readily methylated with excess of t-butyl- 
hydroperoxide and ferrous sulfate in aqueous IN 
H2S01 to afford the corresponding &Me derivatives 
in fairly good yield. The results are summarized in 
Chart 2 and Table 1. The UV and I?, data of the 
products are shown in Table 2. 

&Methylguanine thus obtained was identified 
with an authentic specimedt by cochro 
matography and by UV and NMR spectroscopy. 
The spectroscopic data of the product of guanosine 
suggested that it might be I-methylguanosine and 
when a sample of this was heated at 100” for 1 h in 
IN HCl, 8-methylguanine was obtained in quantita- 
tive yield. In order to identify the structure of the 
8-Me derivative of S-guanylic acid, the sample was 
hydrolyzed by incubating with E. coli alkaline 
phosphomonoesterase to give 8-methylguanosine in 
quantitative yield. 

In the reaction of guanine, the total UV intensity 
recovered from the mixture corresponded to that of 
the starting material originally used, indicating that 
the guanine nucleus was almost quantitatively reco- 
vered, not accompanied by any great extent of 
degradation of the guanine nucleus under the reac- 
tion conditions used. However, in other cases of 
guanine derivatives and also of other bases and 
their nucleosides, the UV recoveries of the crude 
products were somewhat less than those expected 
from the starting amount of the materials, indicat- 
ing that degradation of the aromatic nucleus might 
take place to some extent during the reaction. It 
may be worth mentioning that one of the factors 
influencing the UV recovery was acid- 
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CHART 2. 
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Table 1. Methylation of nucleic acid bases and their derivatives by treatment with 
t-butylhydroperoxide and ferrous sulfate in aqueous sulfuric acid at 0°C or room 

temperature 

Compound 
Cont. Product yield (%) Recovery (%) of 

sulfuric acid 2-Me &Me 2,8-diMe starting material 

Guanine 0.2N 45 50 
1.0 57 40 

Guanosine (I& 68 7 
5’-Guanylic acid 1.4 31 

0.2 7.4 13 
0.5 30 52 
1.0 43 53 
1.0 59 30 
2.0 35 36 

Hypoxanthine I.0 2.1 19.0 3.6 19.5 
Inosine 1.0 1.0 19.4 2.6 20.9 
Adenine 1.0 5.1 13.8 9.9 38.1 
Adenosine 0.2 8.3 8.3 6.3 65.1 

1.0 5.4 7.2 8.3 49.4 

Table 2. W and R, data of alkylated guanine derivatives 

Compound 

W Absorption maximum (nm) R, (Avicel-SF) 
(e) solvent system 

PH 1 PH 7 pH 12 A” Bb D 

Guanine 

g-Me-guanine 

Guanosine 

&Me-guanosine 

8-(Dihle-carbamoyl) 
guanosine 

SHydroxymethyl- 
guanosine 

S’Guanylic acid 

8-Me-5’guanylic 
acid 

248 

249 
(12300) 

256 

257 
(11700) 

(IEO) 
259 

256 

258 

276 
(sh) 

275 
(sh) 

;; 
275 
(sh) 

246 

241 
(18700) 

253 

253 
(12800) 

(1EO) 
257 

252 

257 

276 
(sh) 
276 
(sh) 
271 
(sh) 
275 
(sh) 

272 
(sh) 

$) 
275 
(sh) 

274 

275 
(9100) 

256266 

(SO) 

(lZ0) 
262-270 

258 

258 

0.10 0.14 

O-26 0.21 

0.21 0.18 0.22 

0.35 0.24 

0.30 0.29 

0.17 

0.45 

0.61 

“MeGH:conc. HCl:H,O=7:2:1. 
b Isopropanol : cont. NH.OH : Hz0 = 7 : 1: 2. 
‘n-Butanol:AcOH:H,O=3:1:1. 

concentration of the medium, as seen in Table 1, 

Hypoxanthine, inosine, adenine, and adenosine 
underwent the methylation reaction under the same 
conditions described for guanine derivatives to give 

although details are still left unclear. 

the corresponding methyl derivatives. The results 
are summarized in Chart 2 and Table 1. The UV and 
RI data of the products are shown in Table 3. 

The products from hypoxanthine and adenine 
were identical to those which were synthesized by 
the authentic preparative methods, respectively.” 
Those from inosine and adenosine were converted 
to the corresponding bases by acid-hydrolysis, 

which were identical to the authentic Me deriva- 

In order to extend applicability of this hind of 
tives of hypoxanthine and adenine, respectively. 

homolytic C-C formation reaction catalyzed by 
ferrous ion, guanosine was treated with t-butyl- 
hydroperoxide and ferrous sulfate in dimethyl- 
fonnamide (DMF) containing 1% sulfuric acid, 
when 8-(dimethylcarbamoyl)guanosine was pro- 
duced in 24% yield. When the reaction solvent was 
@aced by methanol containing 1% sulfuric acid, 
the products were g-methyl and 8-hydroxymethyl 
derivatives of guanosine, structures of which were 
suggested by UV and NMR spectroscopy. The 
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Table 3. UV and R, data of methylated hypoxanthine and adenine derivatives 

Compound 
UV Absorption maximum (nm) R, (Avicel-SF) 

PH 1 PH 7 pH 12 solvent system A’ 

Hypoxanthine 
2-Me-hypoxanthine 
&Me-hypoxanthine 
Z&DiMe-hypoxanthine 
Inosine 
2-Me-inosine 
&Me-inosine 
2,8-DiMe-inosine 

Adenine 
2-Me-adenine 
I-Me-adenine 
2,8-DiMe-adenine 

246 248 261 
249 250 261 
247 250 262 
249 250 264 

248 246 253 
250 250 255 
250 250 255 
250 250 254 

261 262 268 
264 262 269 
265 263 269 
265 268 270 

0.22 
0.32 
0.45 
0.71 
0.26 
0.42 
0.36 
0.63 

0.13 
0.41 
0.49 
0.70 

“MeOH:conc HCI:H,O=7:2:1. 

yields were 22% and SO%, respectively. It is worth 
noting that ghydroxymethylguanosine was the 
only product when the reaction was carried out 
with hydrogen peroxide (instead of t-butylhydro- 
peroxide) and ferrous sulfate in acidic methanol. 
The details are now under investigation. 

DISCUSSION 

Recent investigations have enabled us to intro- 
duce an alkyl group directly to the ring carbons of 
the purine nucleus through photo- or radio- 
chemical processes involving production of alkyl 
free radicals as the reactant. In general, the purine 
bases are relatively stable under the influence of 
UV light and y-ray, compared with the pyrimidines 
which readily undergo photohydration, photo- 
dimerization, homolytic addition of hydroxyl radi- 
cal, etc.6” Rurine itself undergoes photochemical 
hydroxyalkylation and aminoalkylation in the pres- 
ence of alcohols and alkylamines, respectively, to 
give 6-substituted 1 ,~dihydropurines.6’0 Caffeine 
and some purine nucleosides are converted to 8- 
hydroxy- and amino-alkyl derivatives by treatment 
with alcohols and alkylamines, respectively, under 
UV or y-ray irradiation.“-‘9 The present study dealt 
with homolytic alkylation of purine nucleus with 
alkyl radicals initiated by ferrous ion catalysis. Tak- 
ing into account the metal-catalyzed redox system 
in the living organisms, it may be suggested that the 
latter type of homolytic alkylation may play a role 
in modifications of genetic substances such as DNA 
by carcinogenic peroxides.20” Discussion along this 
line will be made elsewhere in the near future. It 
became evident that methylation occurred in purine 
bases probably through nucleophilic attack of a Me 
radical as Minisci et al. evidenced with other clas- 
ses of heteroaromatic compounds.‘Z The possibility 
also occurred that Me radical or probably OH 
radical, produced from t-butylhydroperoxide or 
hydrogen peroxide by metal-catalysis, abstracts a 
hydrogen from solvent molecules to generate other 

types of carbon radicals such as CONMe and 
CH20H. which, in turn, react with the substrate of 
purines. Details are now under investigation. 

EXPERIMENTAL 
The solvent systems for TLC on Avicel-SF cellulose 

plates used for separation and identification of the pro- 
ducts were as follows: solvent system A [MeOH:conc 
HCI : water = 7 : 2 : 11; solvent system B [i-PrOH : cone 
ammonia : water = 7 : 1: 21; solvent system C [n- 
BuOH : formic acid: water = 45 : 5 : 51; solvent system D 
In-BuOH : AcOH : water = 3 : I : 11. The nucleic acid bases. 
nucleosides, and nucleotide used were purchased from 
Sigma Chem. Co. (Missouri) or Takeda Pharm. Co. 
(Osaka). t-Butylhydroperoxide was a product of Nippon 
Oil and Fat Co. (Tokyo) and all other reagents were those 
of Tokyo Kasei Kogyo (Tokyo). The papers for 
chromatography were No. 51A of Toyo Roshi Kaisha or 
Whatman 3MM. Avicel-SF thin-layer plates were purch- 
ased from Funakoshi Pharm. Co. (Tokyo). NMR spectra 
were taken with JNM-3H-60 spectrometer operating at 60 
MHz and UV spectra were recorded with a Cary-14 spec- 
trometer. 

8-Methylguanine. To a soln of guanine (1OOmg; 
0.67 mmoles) and FeS0,7H,O (750 mg; 2.7 mmoles) in 
25 ml of 1N HaSO., t-butylhydroperoxide (18Omg; 
2.0mmoles) in 5ml water was added in drops at room 
temp during 5 min with stirring. After 30 min standing at 
this temp. Ba(OHh aq was added to adjust the pH of the 
mixture to above 10. After centrifugation of the brown 
slushy mixture, the supematant was separated and satu- 
rated with CO1. The ppt was collected on a funnel and 
separated into I-methylguanine and guanine by paper 
chromatography (solvent system A or B). The yield of 
8-methylguanine was 57%. When 70ml of 0.2N H,SO. 
was used instead of l.ON H,SO,, the yield lowered to 
45%. The 8-methvlauanine thus obtained was identical 
with an authentic-s&met? by UV and NMR spectros- 
copy and by cochromatography with solvent system A 
and B. 

8Methylguanosine. To a soln of guanosine (1OOmg; 
0.35 mmoles) and FeS0.7H10 (4COmg; 1.4 nunoles) in 
20 ml 1N H,SO,, t-butylhydroperoxide (100 mg; 
1.1 mmoles) in 5 ml water was added in drops at room 
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temp during 5 min with stining. After 30 min standing at 
this temp, KOHaq was added to adjust the pH of the 
mixture to neutral. After centrifugation of the brown 
slush, the supematant was separated. The brown slush 
was washed with hot water. The washings were combined 
with the supematant and concentrated under reduced 
pressure. The concentrated soln was applied on a charcoal 
column (2.2 cm x 16 cm). After the column was washed 
with 11 of water, the product was eluted with 2 I of a 
mixture of MeOH and cone ammonia (3 : 1 in volume). The 
eluate was evaporated to dryness to give a crude product 
consisting of 90% of I-methylguanosine and 10% of the 
starting material. The crude product was recrystallized 
twice from Hz0 to give 8-methylguanosine as white 
needles which melted at 185” and decomposed at 230”. The 
yield was 68%. (Found: C, 41.79; H, 5.33. Calcd. for 
CIIHI,N,O,HIO: C, 41.90; H, 5.43%). A sample of this was 
heated in I N HCI at loo” for 1 h. The hydrolyzate was 
identical with 8-methylguanine by TLC on Avicel plate 
(solvent system A and B). The UV and NMR data 
supported this structural identity. 

8-Methylguanosine S’monophosphate. To a soln of 
disodium guanosine 5’-monophosphate (360 mg; 
090 mmoles)- and FeSo. 7H,O (i-12i 4.0 mmoles) in 
21 ml l-ON H,SO,, t-butylhydroperoxide (270 mg; 
3.Ommoles) in IOml water was added in drops at room 
temp during 5 min with stirring. The mixture was made 
alkaline with NaOHaa. After centrifuaation. the DH of 
the supcmatant was adjusted to 7.5 byaddition oi cone 
HCI. The aqueous soln thus obtained was concentrated to 
a volume of 50 ml under reduced pressure. The concen- 
trated soln was applied on a charcoal column (I.7 cm X 
7 cm). The column was washed with about 11 of water and 
then, the product was eluted with a mixture of MeOH and 
cone ammonia (3 : 1 in volume). The residue was separated 
into 8-methylguanosine 5’-monophosphate and the start- 
ing material by thin-layer and paper chromatography (sol- 
vent system D). The yield of the product was 5% and 
30% of the starting material was recovered. The 8- 
methylguanosine 5’-monophosphate thus obtained was 
confirmed as the phosphoric monoester by electro- 
phoresis @H 8.0 in triethylammonium bicarbonate 
buffer). The product was hydrolyzed into 8- 
methylguanosine by incubating with E. coli alkaline phos- 
phomonoesterase (Boehringer Mannheim) in 0.05 M 
triethylammonium bicarbonate at 37” for one day. 

Methylation of hypoxanrhine. To a soln of hypoxan- 
thine (272 mg; 2 mmoles) and FeSO. 7H,O (2.22g; 
8 mmoles) in 40ml 1N H,SO,, t-butylhydroperoxide 
(540 mg; 6 mmoles) in IO ml of water was added in drops 
at room temp during 5 min with stirring. After 30 min 
standing at this temp. NaOH aq was added to adjust the 
pH to above IO. After centrifugation of the brown slushy 
mixture, the supematant was neutralized with cone HCI 
and evaporated to dryness in ~acuo. The residue was 
applied to a charcoal column (2.2 cm x IS.5 cm). After the 
column was washed with about 1 I of water, the bases 
were eluted with about I I of a mixture of MeOH and cone 
ammonia (3: I in volume). The eluate was evaporated to 
dryness to afford a mixture of the bases in 44% yield. The 
mixture was separated by paper chromatography into the 
starting material, 2-methyl-, 8-methyl-, and Z&dimethyl- 
hypoxanthine in 19.5, 2.1, 19.0, and 3.6% yield, respec- 
tively. The products were identified with the respective 
authentic specimens”&” by co-chromatography (solvent 
systems A and B) and by UV and NMR spectroscopy. 

Methylation of inosine. To a soln of inosine (268 mg; 

1 mmole) and F&O. 7H10 (I * 11 g; 4 mmoles) in 20 ml IN 
HSO,, t-butylhydroperoxide (270 mg; 3 mmoles) in 10 ml 
water was added in drops at room temp during 5 min with 
stirring. After 30 min at this temp, NaOH aq was added to 
adjust the pH to above 10. After centrifugation of the 
brown slushy mixture, the supematant was neutralized 
with cone HCI and evaporated to dryness in uacuo. The 
residue was applied to a charcoal column (2.2cmx 
20 cm). After the column was washed with about 2 I of 
water, the nucleosides were eluted with about 21 of a 
mixture of MeOH and cone ammonia (3: I in volume). 
The eluate was evaporated to dryness to afford a mixture 
of the nucleosides in 44% yield. The mixture was sepa- 
rated by paper chromatography (solvent system A) into 
the starting material, 2-methyl-, &methyl-. and 2,8- 
dimethylinosine in 20.9, 1 .O, 19.4. and 2.6% yields, respec- 
tively, the structures of these products being suggested by 
UV and NMR spectroscopy. By treatment with 1N HCI at 
100” for 1 h. the products were hydrolyzed into the 
respective methylated hypoxanthines which were iden- 
tified with the authentic specimens by co-chromatography 
(solvent systems A and B). 

Methylation of a&nine. To a soln of adenine (270 mg; 
2 mmoles) and FeSO. 7H,O (2.22 g; 8 mmoles) in 30 ml 1N 
H,SO,, t-butylhydroperoxide (540 mg; 6 mmoles) in 10 ml 
water was added in drops at room temp during 5 min with 
stirring. After 30 min at this temp, NaOH aq was added to 
adjust the pH to above 10. After centrifugation of the 
brown slushy mixture, the supematant was neutralized 
with cone HCI and evaporated to dryness in uacuo. The 
residue was applied on a charcoal column (2.2cm x 

13 cm). After the column was washed with about 1 I of 
water, the bases were eluted with about I .5 I of a mixture 
of MeOH and cone ammonia (3 : 1 in volume). The eluate 
was evaporated to dryness to afford a mixture of the bases 
in 67% yield. The mixture was separated by paper 
chromatography (solvent system A) into the starting ma- 
terial, 2-methyl-. 8-methyl-. and 2,8-dimethyl-adenine in 
38.1, 5.1, 13.8, and 9.9% yields, respectively. The pro- 
ducts were identical to the authentic-specimens, res&- 
tivelv.-.*‘2’.u bv co-chromatoaranhv (solvent svstems A 
and B) and by GV and NMR &‘ctioscopy. _ 

Methylation of adenosine. To a soln of adenosine 
(534 mg; 2 mmoles) and FeSO, 7H,O (2.22 g; 8 mmoles) in 
40ml IN H,SO., t-butvlhvdrooeroxide (54Oma: 
6 mmoles) in 10 ml water was added-in drops uider ice: 
cooling during 5 min with stirring. After 30 min at o”, 
NaOH aq was added to adjust the pH to above 10. After 
centrifugation of the brown slushy mixture, the supemat- 
ant was neutralized with cone HCl and evaporated to 
dryness in uacuo. The residue was applied to a charcoal 
column (2.2 cm x I3 cm). After the column was washed 
with about I I of water, the nucleosides were eluted with 
2.5 I of a mixture of MeOH and cone ammonia (3: I in 
volume). The eluate was evaporated to dryness to afford a 
mixture of the nucleosides in 70% yield. All were the 
nucleosides and the hydrolyzed adenine derivatives were 
not detected by thin-layer chromatography. The yield was 
estimated by the recovered UV intensity. As this mixture 
could not be separated into each of the nucleoside compo- 
nents, they were hydrolyzed to the corresponding bases 
by heating at 100“ for 1 h in IN HCI. The hydrolyzate was 
separated by TLC (solvent system C on Avicel-SF plate) 
into adenine, 2-methyl-. 8-methyl-, and Z&dimethyl- 
adenine which were identical to the authentic specimens, 
respectively, by co-chromatography (solvent systems A 
and B) and by UV and NMR spectroscopy. The yields of 

TEC Vd. 30. No. ICF 
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the methylated adenosines were estimated on the basis of 
the product ratio of the hydrolyzate to be 49.4, 5.4, 7-2, 
and 8.3% for the recovered adenosine. 2-methyl-, and 8- 
methyl-, and 2,8dimethyl-adenosine, respectively.=” 
When the methylation reaction was carried out in 0.2N 
H*SO, instead of IN, the yields of the products slightly 
changed; 65.1,8*3,8-3, and 6.3% for adenosine, 2-methyl-; 
&methyl-, and 2,8dimethyl-adenosine, respectively. 

g(I)l’methylcorbamoyl)guonosfnc. To a soln of guano- 
sine (3 g; 10.5 mmoles) in 30 ml dimethylformamide con- 
taining 2.1 g cone H,SO., FeSO, 7H20 (1 I g; 40 mmoles) 
in 30 ml water and t-butylhydroperoxide (3 g; 33 mmoles) 
in 3Oml water were individually and simultaneously 
added in drops under ice-cooling with vigorous stirring 
during 30 min. After another 30 min stirring, the mixture 
was diluted with 100 ml water under icecooling and make 
alkaline (pH IO-II) by addition of 30% NaOH. After 
centrifugation of the brown slush thus produced, the 
supematant was neutralized with HCI aq and applied on a 
charcoal column (2 cm x 15 cm). The column was washed 
thoroughly with water and the product was eluted with a 
mixture of MeGH and cone NROH (3 : 1 in volume). The 
eluate was evaporated into dryness in uacuo and crystal- 
lized from water to afford 1.5 g of guanosine. The mother 
liquid was evaporated and the residue was crystallized 
from a mixture of EtOAc and acetone. The crystalline ma- 
terial (900 mg) was recrystallized from EtOH containing 
ether to give 8-(dimethylcarbamoyl)guanosine in 24% 
yield. (Found: C, 40*83;, H. 497; N, 21.82 (hygroscopic). 
Calcd. for C,,H,,N,0s.3/2H20: C, 4094; H, 5.55; N, 
22.04%). NMR (6 in dimethylsulfoxided): 3.00 and 3.04 
for two N-Me, 5.84 for I’-H, 6.67 for NH*, J,.* 6-l Hz. 

g(Hydroxymethyl)guonosine. To an ice-chilled soln of 
guanosine (2*83g, lOmmoles), FeSO. TH,O ‘(Il.1 g; 
40 mmoles) and 10~ of cone H,SO. in 2OOml MeOH, 
4.55 g of & 33% H& was added in drops during IO min 
with stirring. After 1.5 h standing under the same condi- 
tions the mixture was applied to a charcoal column (20 ml) 
and washed with water and then, eluted with a mixture of 
methanol and cone ammonia (3 : I in volume). The eluate 
was evaporated to dryness under reduced pressure. The 
reaction was repeated at least once more under the same 
conditions to increase the yield of the product. The 
evaporated residue finally obtained was recrystallized 
from an appropriate votime of water to give pure 
guanosine. The mother liquid contained about more than 
70% of 8-(hydroxymethyl)guanosine. 
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