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Abstract 

Methylmercury(I1) complexes of 3-methyladenine 
(3made) have been isolated from aqueous solution in 
the pH range 2-8 and structurally characterized. The 
results establish N7 as the primary and N9 as the 
secondary binding site for CHsHg+ with neutral 3- 
methyladenine. The following complexes, [(3made)- 

W&l [N&l 3 WmadeVWW~l PQIz and 
[(3madeH_r)(HgCH&] [N0s12.Hz0 were obtained 
from aqueous solutions in the pH range 2-4. N7-, 
N7,N9- and N&N7,N9coordination respectively were 
established for the complexes by X-ray structural 
analysis. Two complexes [(3madeH_r)(HgCH&]- 
[NOs] aHa0 and [(3madeHa)(HgCHs)s] [NOa] were 
prepared at a pH value of 8. ‘H NMR data suggest 
N6,N7- and N6,N6,N9coordination. 

Introduction 

Alkylation of endo- or exocyclic heteroatoms of 
purine bases can lead to pronounced changes in metal 
binding properties. For instance, the logarithmic for- 
mation constant for the binding of 3-methyladenine 
(3made) to the bis(acetylacetonato)nitrocobalt(III) 
moiety is approximately twice as large as that for the 
isomeric 9-methyladenine (9made) [l ,2]. 

Semi-empirical calculations [3] and NMR spectro- 
scopic studies [4] have indicated that the amino form 
of 3methyladenine A is thermodynamically more 
stable than the alternative imino forms B and C. 
INDO molecular orbital calculations suggest a clear 
preference for N7 over Nl as the primary metal 

A B C 

binding site [5]. Coordination of the second imida- 
zole nitrogen N9, which carries essentially the same 
charge as N7, will be restricted by the presence of the 
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methyl substituent on N3 to metal cations with low 
coordination numbers. A crystal structure analysis of 
cis-[(NHs),Pt(3made)s] [N0s]2*3Hz0 has confirmed 
N7 as the platinum coordination site [5]. 

On account of its ability to function as a unili- 
gating Lewis acid with minimal steric effects, the 
CHaHg+ ion has proved to be a suitable cation for the 
analytic characterization of binding sites in nucleo- 
bases [6, 71. A systematic study of the interaction of 
9-methyladenine with CHsHg+ led to the isolation of 
the following complexes [8-l 11, [(9made)HgCHa]- 

[NW, Wmade~dWfG-W~l [CQII, PmadeHd- 
HgCHs] and [(9madeHs)(HgCH&] with respective- 
ly Nl-, Nl ,N6-, N6- and N6,N6-coordination. These 
results establish Nl as the primary binding site for 
CHaHg+ with neutral 9-methyladenine and contrast 
with findings for other metals which, in general, 
display a preference for N7 [ 121. An exception is 
found for the complex [(9madeH)ZnCls], in which 
Nl-coordination allows the formation of intra- 
molecular N-H.**Cl hydrogen bonds [ 131. We now 
report a systematic analysis of the interaction of 
CHaHg+ with 3-methyladenine in the pH range 2-8. 
Our aim was to establish the primary and secondary 
binding sites for the neutral base. We present the 
preparation and ‘H NMR characterization of the com- 
plexes [(3made)HgCHs] [NO,] (li), [(3madeHr)- 

(HgCHs)al W,l.HzO (2i-H*O), [(3made)- 

@D-WJ [NO312 W), WmadefLXH&H3)31- 
[NO31 (3i) and [(3madeH_r)(HgCH3)3] [N03]s*H20 
(3ii*Hz0). In addition X-ray structural analyses were 
carried out on complexes li and 2ii. A partial X-ray 
study of 3ii*HaO, which is disordered in the crystal 
lattice, allowed the location of the mercury positions 
and, thereby, the establishment of the base coordina- 
tion pattern*. 

*3ii*HaO crystallizes monoclinic C2/m with a = 12.180(2), 
b = 25.522(3), c = 12.744(2) A, 0 = 93.44(2)“, Z = 8. 1372 
independent reflections (20 Q 45”, MO Ka, F,,2 > 20(Fo2)) 
were collected on an Enraf-Nonius CAD4 diffractometer; R = 
0.114 for the disordered mercury atom positions. The 3 

Hg “*Hg distances in two disordered cations are consistent 
only with N6,N7,N9-coordination. 
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served value of 239.5 in 2ii, which represents an 
average value for the Hg7-N7 and Hg9-N9 bonds, is 
considerably larger than that of 224.5 Hz in li, 
indicating that the metal binding propensity of the 
second imidazole nitrogen in the 2:1 complex must 
be weaker than that displayed by the primary binding 
site N7 in the 1: 1 complex. 

For the 3:l species 3iisHsO prepared in acidic 
solution (pH = 4), N6 is coordinated in addition to 
the two imidazole nitrogen atoms. This binding 
pattern is suggested for DMSOd6 solution by the ‘H 
NMR spectrum and confirmed for the solid state by 
consideration of the interatomic Hg**-Hg distances in 
the partial structure established by X-ray analysis (see 
footnote on p. 3). As for the ionic species li and 2ii, 
the downfield shift for 6(H8) (0.58 ppm) is markedly 
larger than for 6(H2) (0.22 ppm). This is to be 
expected for N7,N9-binding, as this will lead to a 
pronounced deshielding of H8 owing to the signifi- 
cant reduction in electron density in the imidazole 
ring. The more distant H2 in the pyrimidine ring will 
be less influenced by this coordination pattern. An 
Hg-Nl interaction, on the other hand, should lead to 
a more significant downfield shift of the H2 reso- 
nance. Whereas 6(H8) occurs at 8.34 ppm in both 2ii 
and 3iisHs0, 6(H2) and F(H6) are shifted upfield 
0.13 and 1.02 ppm respectively upon coordination 
of N6. Indeed, the latter resonance experiences an 
upfield shift of 0.12 ppm relative to the free base. 
These findings suggest that the tautomeric form A 
also predominates for the 3-methyladenine ligand in 
complex 3iiaHsO. Steric considerations indicate that 
the CHsHg group must adopt a position syn to 
Nl -C6. 

Two complexes 2i-Hz0 and 3i were prepared from 
aqueous solution at a pH value of 8. A 1: 1 neutral 
species could not be isolated at either this or a higher 
pH value. Crystals of 2i-Hz0 or 3i suitable for an 
X-ray analysis could not be grown. Inspection of the 
‘H NMR spectra of these complexes suggests respec- 
tively N6,N7- and N6,N6,N9coordination. In 
2i*Hz0 only one N6-amino proton is observed, whose 
resonance is shifted upfield from 6(H6) in both 3- 
methyladenine itself (0.33 ppm) and 3ii*Hz0 (0.2 1 
ppm). This suggests N6-coordination of the hetero- 
base for which the tautomeric form A predominates. 
The downfield shift of the imidazole proton H8 (0.3 1 
ppm) is significantly larger than that for the pyrimi- 
dine proton H2 (0.16 ppm), an observation which is 
in accordance with mercury coordination of the 
former ring. In general 6(CHs) for the 3-methyl 
protons is markedly less affected by metal coordina- 
tion than the endocyclic ring protons. With the 
exception of 2i*Hz0 6(CHs) lies within a narrow 
range 0.10-0.14 ppm downfield from its position in 3- 
methyladenine for the cationic species studied in this 
work. In 2i-HzO, however, the resonance is observed 
at the same value as for the free base itself. Coordina- 
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tion of the adjacent nitrogen N9 in the imidazole ring 
rather than N7 would be expected to lead to a more 
pronounced reduction in electron density at N3 sug- 
gesting that the latter imidazole nitrogen will be the 

*chosen site in 2i*Hz0. Dismutation of 2i to li and 3i 
(approximate ratio 2:1:1) is observed in DMSOdb 
solution. A similar phenomenon has been reported 
for an 9-methyladenine [ 161. 

N6,N6,N9-coordination may be assumed for 3i. 
No amino N6-protons are found in the ‘H NMR 
spectrum. Whereas S(H2) is shifted 0.08 ppm upfield 
with respect to 3-methyladenine itself, a downfield 
shift of 0.07 ppm is observed for the imidazole 
proton H8. N7coordination is sterically impossible 
for twofold in-plane coordination of N6 by CHsHg+. 

The present results are in agreement with theoreti- 
cal calculations which predict an increase in the rela- 
tive binding propensity of N7 in comparison to Nl on 
going from 9-methyladenine to 3-methyladenine. 
Indeed no example of methylmercury(I1) coordina- 
tion of Nl was observed. In both 2ii and 3ii*HaO N9 
of the imidazole ring is preferred as a secondary 
binding site. 

Supplementary Material 

Tables of anisotropic temperature factors, ob- 
served and calculated structure factors and IR data 
are available from the authors on request. 
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