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NUCLEOSIDES AND NUCLEOTIDES, 2 ( 5 ) ,  459-464 (1983)  

6 A ONE STEP SYNTHESIS OF 0 -METHYL-2'-DEOXYGUANOSINE 

Jean Bernadou, Michel Blandin* and Bernard Meunier 

Laboratoire de Pharmacologie et de Toxicologie Fondamentales 
Centre National de la Recherche Scientifique 
205, route de Narbonne 31400 Toulouse, France 

ABSTRACT 

I A single step chemical synthesis of N -methyl-Z'-deoxyguanosine 
7 1 1 

6 
(m dG), N -methyl-2'-deoxyguanosine (m dG) and 06-methyl- 

2'-deoxyguanosine (m dG) is described. The products were separated on 

the silica1 gel plates and characterized by nuclear magnetic resonance 

and mass spectrometry. 

they 

Alkylating agents are powerful mutagens (1) and carcinogens (2) and 

interact with DNA both in vivo and in vitro ( 3 ) .  

The N 7 position of the guanine is the main target of simple 

alkylating agents such as N-methyl-N'-nitro-N-nitrosoguanidine (MNNG). 

However it is generally accepted that such a modification is not harmful 
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460 BERNADOU, BLANDIN, AND MEUNIER 

Main products o b t a i n e d  a f t e r  m e t h y l a t i o n  
of dG w i t h  M " G  (dR = 2-deoxyribose)  

and can p e r s i s t  i n  t h e  c e l l  f o r  g e n e r a t i o n s ,  even i f  i t  h a s  been 

r e c e n t l y  observed (4.5) t h a t  i t  can  be  removed a t  a v e r y  low rate.  On 

t h e  o t h e r  hand MNNG b i n d s  a l s o  t h e  0 

l e s i o n  a p p e a r s  t o  be t h e  major  mutagenic  l e s i o n  (3,6). The mode of 

r e p a i r  o f  t h i s  damage (0  -methylguanine) i s  of a p a r t i c u l a r  i n t e r e s t  

because c a r c i n o g e n e s i s  induced by m e t h y l a t i n g  a g e n t s  i s  a p p a r e n t l y  

c o r r e l a t e d  w i t h  d e f e c t i v e  o r  i n s u f f i c i e n t  r e p a i r  of t h i s  l e s i o n  (7.8) .  

6 
p o s i t i o n  o f  t h e  guan ine ,  t h i s  

6 

I n  t h i s  r e s p e c t ,  i t  i s  wor thwi l e  t o  n o t e  t h a t  i n  E s c h e r i c h i a  

a n  i n d u c i b l e  form of r e p a i r  c a l l e d  a d a p t a t i o n ,  i s  e x p r e s s e d  a f t e r  

exposure of t h e  b a c t e r i a  t o  low c o n c e n t r a t i o n s  o f  a l k y l a t i n g  a g e n t s  (9 ) .  

T h i s  i n d u c i b l e  r e p a i r  r e s u l t s  i n  a r a p i d  removal of  t h e  

0 -methylguanine r e s i d u e s  t h e r e b y  r educ ing  t h e  m u t a t i o n s  caused by t h e  

exposure of  t h e  b a c t e r i a  t o  t h e s e  a g e n t s  (10). 

6 

A number of i n  v i t r o  expe r imen t s  have been unde r t aken  t o  e l u c i d a t e  

6 t h e  r o l e  of 0 -methylguanine d u r i n g  r e p l i c a t i o n  (11) and t r a n s c r i p t i o n  

( 1 2 ) .  I n  a-ddi t ion t h e  molecu la r  mechanism of removal of 

06-methylguanine r e s i d u e s  from DNA is now beg inn ing  t o  be unde r s tood  

i n  v i t r o  ( 1 3 ) .  -- 
A l l  t h e s e  s t u d i e s  r e q u i r e d  enzymatic  or chemica l  h y d r o l y s i s  of DNA 

s u b s t r a t e s ,  t h e  r e s u l t i n g  p r o d u c t s  b e i n g  i d e n t i f i e d  by ch romatograph ic  

a n a l y s i s  (13). I n  o r d e r  t o  f o l l o w  t h e s e  p rocedures ,  t h e  a v a i l a b i l i t y  o f  

s u i t a b l e  markers  such  as m dG i n  r e a s o n a b l e  q u a n t i t i e s  i s  o f  g r e a t  

i n t e r e s t .  U n f o r t u n a t e l y  t h e  methods r e p o r t i n g  t h e  s y n t h e s i s  of m dG 

6 

6 
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46 1 6 SYNTHESIS OF 0 -METKYL-2-DEOXYGUANOSINE 

are laborious and time consuming (14,15). We present here a convenient 

and quick method for the synthesis of methylated 2'-deoxyguanosine (dG) 

on 06, N and N positions and their spectrometric identification. 1 7 

EXPERIMENTAL 

N-methyl-N'-Nitro-N-Nitrosoguanidine (MNNG) was purchased from 

Aldrich and 2'-deoxyguanosine (dG) from Sigma. 

Synthesis 

M"G 1 g (6.8 moles) was cautiously added by aliquot to 3 ml KOH 

40 % and 10 ml ether in an ice bath under the hood. The resulting 

solution of diazomethane in ether was dried over KOH pellet for 2 hours 

and filtered. This solution was mixed with 20 ml methanol containing 60 

mg of dG (0.225 moles). The reaction was followed by thin layer 

chromatography in CH30H/CHC1 

1 7  disappearance of dG and three main spots corresponding to N , N , 
0 -methyl derivatives were observed.At the end of the reaction a 

precipitate formed and corresponded to m dG. The resulting filtrate 

was evaporated to dryness under vacuum. The solid material was then 

dissolved in a minimun of CH OH and chromatographied on two 

preparative plates of silica gel (Kieselgel Merck 60 F 254) and was 

then developped in CH30H/CHCL3(3:7). 

(3 : 7) and after 2 hours a complete 3 

6 

7 

3 

Three main bands were observed with the following Rfs 0.02, 0.52 

and 06- methyl derivatives. 1 and 0.74 corresponding to the N7, N 

These bands were excised and eluted with CH30H at 4°C overnight. The 

solvent was removed under vacuum and an aliquot of each product was 

chromatographied on TLC in order to check the print of each derivative. 

The structural characterisation of each compound was conducted with 

nuclear magnetic resonance and mass spectrometry. The purity of the 

three products dissolved in isopropyl alcohol/H20 (7:3) was also 
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462 BERNADOU, BLANDIN, AND MEUNIER 

checked by using analytical paper Whatman 1M and the following Rfs were 

obtained : 0.45 (m'dG, 10 % yield), 0.59 (m'dG, 19 % yield), 0.73 

(m dG, 22 X yield). We observed that m dG and m dG were fluorescent. 6 7 6 

Analytical Methods 

Mass spectra were recorded on a Riber R10-10 with desorption 

chemical ionisation method and nuclear magnetic resonance spectra on a 

Bruker WH90 (90 MHz) i n  the FT mode. Chemical shifts are expressed in 

ppm (6) with tetramethylsilane (TMS) as internal standard, solvent DMSO-d , 

concentration~4 mg/ml (6 - singlet, d = doublet, t = triplet, m - 
multiplet; b - broad). 

6 

6 

E m  dG : 6 3.55 (m, 4H, 2'-H and 5'-H). 3 . 8 4  (m, IH, 4'-H), 

3.93 ( 8 ,  3H, CH3), 4.35 (m, 1H, 3'-H), 5.00 (b.l., IH, 5'-OH), 5.30 

(b.l., IH, 3'-OH), 6.22 (t, J = 6,3 Hz, 1H, 1'-H), 6.45(b.s.. 2H. 

NH2), 8.08 (s, 1H. 8-H). 

1 m dG : 6 3.37 ( 8 ,  3H, CH3), 3.49 (m, 4H. 2'-H and 5'H),3.70 

1H94'H). 4.33 (m, lH, 3'-H), 4.95 (b.s., lH, 5'-OH), 5.29 (b.s., 

3'-OH), 6.11 (t, Jp6.7 Hz, lH, l'-H), 7.03 (b.6.. 2H, NH2), 7.92 

lH, 8-H). 
7 m dG : 6 3.59 (m, 4H, 2'-H and 5'-H), 3.82 (m, lH, 4'-H), 4.00 

(6 ,  3H, CH3), 4.37 (m, 1H, 3'-H), 4.91 (b.s., 1H, 5'-OH), 5.39 (b.s., 

lH, 3'-0H), 6.19 (t, J = 696 Hz, 1Hs l'-H)s 6.55 (b.s.9 2HS NH2)S 7.78 

(6 ,  1H. 8 - H ) .  

MS m6dG : m/e 282, 100 X (MH') ; 166, 15 % (BH') ; 134, 42 % 

1 + ; 166, 24 X (BH+) ; 134, 25 % 

7 
(dR). m dG : m/e 282, 100 % (MH) 

(dR). m dG : m/e 282, 47 % (MH') ; 166, 100 X (BH') ; 134, 84 X (dR).  

Others physical constants (m.p., UV) agreed with the literature 

values (14). 

RESULTS (Structural Characterisation) 

Mass spectrometry and nuclear magnetic resonance were used to 
7 characterize easily the three different compounds m dG, mldG and 
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6 SYNTHESIS OF 0 -METHYL-2-DEOXYGUANOSINE 

6 1 
3 m dG. Nuclear magnetic resonance ( H) spec t roscopy showed 6CH 

from m dG and m dG very c l o s e  (4.00 and 3.93 ppm) ; they  can  be  

d i s t i n g u i s h e d  from m dG f o r  t h e  methyl group of 3.37 ppm w i t h  chemical  

s h i f t .  

7 6 

1 

I n  t h e  mass spectrometry of t h e  guanosine compounds, even under  

good c o n d i t i o n s ,  e x t e n s i v e  p y r o l y s i s  o c c u r s  and t h e  s p e c t r a  e x h i b i t s  no 

molecular  ion.  Only (M-H,O)+ is t h e  i o n  of  h i g h e s t  mass, c leavage  

of t h e  g l y c o s i d i c  bond l e a d s  t o  t h e  base and sugar  ion .  Desorpt ion 

chemical i o n i s a t i o n  method permi t ted  a more s a t i s f a c t o r y  approach 

without  us ing  v o l a t i l e  d e r i v a t i v e s .  Molecular  i o n  MH' is obta ined  f o r  

t h e  t h r e e  products  m dG, m6dG, m7dG but  w e  observed 100 % 

i n t e n s i t y  only  w i t h  t h e  f i r s t  ones,  and 47 % w i t h  the l a s t  one. 

1 
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