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Abstract: Reaction of Os—methylguanine (1) with CHSI gave 06,3—dimethylguanine, 3,7-dimethyl-
guanine and 3-methylguanine. In the presence of K2C03, 07,9-dimethylguanine and imidazole
ring-opened products of 06,7,9-trimethy1guanine were produced. Methylations of 06,9—dimethyl-
guanine and 06—methyguanosine with CHSI gave the corresponding 7-methylated derivatives.
Reaction of 1 with (CHS) 4N+OH— gave 1,7-, 1,9-, 3,7- and 06,9—dimethylguanines.

Alkylation of nucleic acid bases has long been a fundamental subject since 1950s, not only
in nucleic acid chemistry but also in chemical carcinogenesis and mutagenesis by alkylating agents.
The present study brought to light further methylation of Oﬁ-methylguanine (1) and its 9-substituted
derivatives with iodomethane and tetramethylammonium hydroxide (TMAH). The results revealed
that 1 could be a key intermediate for the synthesis of some N-3 and N-9 substituted guanines
that could not be prepared by direct alkylation of guanine, Alkylation of alkylated guanines has
not been thoroughly studied in contrast to that of alkylated adenines.l)

Biologically, 06-methy1guanine residue formed in cellular DNA has been proven to be a key
DNA-damage component responsible for the induction of cancer and mutation by methylating
agents.z) The present results may be extended to the dynamic electronic structure of 06—methyl-
guanine moiety, which may enable us to find a clue to the molecular mechanism operating in

the enzymatic repair of OG-methylguanine residues in cellular DNA.3)

Methylation of Os—methylguanine

Reaction of Os—methylguanine (1) (82.5 mg, 0.5 mmol) with 2 eq. mol of CHal in 15 ml
of DMF at 50°C for 17 hr resulted in the formation of 06,3-dimethylguanine (2), 3-methylguanine
(3) and 3,7-dimethylguanine (4) at a ratio of 1 : 1.3 : 1.3, respectively,‘ﬂ in 91% overall yield.
The structures of 2, 3, and 4 were identified by comparing their NMR, Mass and UV spectra with
those of authentic specimenss) and by elemental analyses. Treatment of 2 with CHSI under the
same reaction condition as described for 1 gave 4 as the single product, while treatment of 3
with CH31 did not give 4. 2 was converted to 3 by acid hydrolysis. The probable reaction
pathway is as follows: The attack of CH3I takes place at the N-3 position of 1 to give 2. Then,
the HI thereby produced reacts with a part of 2 to result in protonation on the O-6 atom, followed
by nucleophilic attack of I" on the O-methyl group to form 3. Another part of 2 is further
methylated to form unstable 06,3,7-trimethylguanine6) which is subsequently converted to stable
4 by the release of a methyl group from the O-6 atom.

The reaction of 1 (82.5mg, 0.5 mmol) with CHSI (1-5 eq. mol) in the presence of excess
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K CO3 (proton accepter) in 15 ml DMF at 50°C for 17 hr was examined. The products were
0",9-dimethylguanine (5), imidazole ring-opened products (7ab) and an unidentified product. The
yields of these products varied depending on the concentration of CH31; with 3 eq. mol of CHSI,
the imidazole ring-opened products were dominant and 5 was not found. An optimal amount of
CH31 to yield 5 was 1.5 eq. mol, where the yield of 5 was around 60 %. The structure of 5
was supported by NMR, Mass and UV spectroscopies and elemental analysis7) and further confirmed

8)

by leading 5 to 9-methylguanine™ on heating in 1 N HCL 7a and 7b were presumed to be an

alkali-catalyzed decomposition product of 06,7,9-trimethylguaninium ion (6) once produced, and
a further methylated product of 7a, respectively.g)

The reaction of 1 (0.5 mmol) with TMAH (0.6 mmol) under reduced pressure at 200°C without
solvent was examinedlo) and four sublimed main products, 1,7-dimethylguanine (8),“) 1,9-dimethyl-
guanine (9),“) 3,7-dimethylguanine (4) and 6,9-dimethylguanine (5), were obtained in similar ratio.
When 1-methylguanine was treated with TMAH under the same condition as described for 1, 8
and 9 were obtained in the ratio of 3 : 2, Further, when 3 was treated with TMAH, 4 was
obtained selectively in around 50 % yield. From these results, the possible pathway of the reaction
of 1 with TMAH is speculated as follows: The first methylation proceeds at N-1, N-3 or N-9
position of 1. 06,1-Dimethylguanine, once formed, decomposes to I-methylguanine which Iis
subsequently reacted with TMAH to form 8 and 9. Similarly, 2, once formed, decomposes to
3, and then converted to 4 by further reaction with TMAH.

Methylation of 9-substituted Os—methylguanines

The reaction of 5 with 1.5 eq. mol of CH
12)

3I in DMF gave 6, the structure of which was

supported by NMR and UV spectroscopies and confirmed by deriving it to 7,9-dimethylguanine
by acid-hydrolysis. Treatment of 6 with CHBI in DMF containing excess I(2C03 gave a mixture
of 7a and 7b.

OG—Methylguanosine (5 mg) was reacted with 2 eq. mol of CH31 in 2 ml of DMF at 60°C
for 17 hr. The products were separated by HPLC.lS) The main product was collected and heated
in 0.1 N HCl for 1 hr. After the chromatographic purification, the product was isolated and

proved to be 06,7-dimethyguanine (10) by NMR, UV and Mass spectroscopies.ls)

Discussion

The first methylation by CHBI took place at the N-3 position of 1 to give 2, although the
N-7 position is most reactive in guanine toward alkylating agents. 2 was further methylated at
the N-7 position to form 4 via 06,3,7-trimethylguanine. The reactivity of the purine-ring of 1
toward CH31 is the same as that of adenine. The methylated site of 9-substituted OG-methyl-
guanine derivatives was the N-7 position, which is the same as that of 9-substituted guanines.
The basicity of Oe-methylguanosine at N-7 was slightly higher (pKa=2.35) than that of guanosine
(1.9). In the presence of a proton accepter, the reaction site of 1 toward CH3I was the N-9
position, indicating that CH31 attacks on the N-9 position, but not the sterically hindered N-7
position of the anionic form of 1.,

Methylations of adenine and guanine with TMAH are reported to yield corresonding 9-methyl
derivatives.s) It is worth noting, however, that methylation of 1 with TMAH took place at the
N-1, N-3 and N-9 positions. Chemoselectivity might be lost at a high reaction temperature of
200°C.

It is worth emphasizing that 1 would be a key intermediate for synthesis of N-3 and N-9
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substituted guanines since the Os—methy] group of alkylated 1's is readily removable by acid

hydrolysis (100°C for 1 hr in 1 N HCl). A paper discussing the preparation of some 9-substituted
14)

to prepare several N-3 or N-9 substituted guanines.

antiviral guanines was recently published. Synthetic trials are in progress in our laboratory
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