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Metal-Stabilized Rare Tautomers of Nucleobases. 6.Imino Tautomer of Adenine in a
Mixed-Nucleobase Complex of Mercury(ll)

Félix Zamora, '@ Michele Kunsman2? Michal Sabat,*1 and Bernhard Lippert* 12

Fachbereich Chemie, Univer&itBortmund, D-44221 Dortmund, Germany, and Department of
Chemistry, University of Virginia, Charlottesville, Virginia 22901

Receied September 20, 1996

(1,3-Dimethyluracil-5-yl)mercury(ll), (1,3-DimelG5)Hg", reacts with the model nucleobase 9-methyladenine
(9-MeA) to give the mixed-nucleobase complex [Hg(1,3-Dimeéb){9-MeA-N6)]NO3-H,O. Hg(ll) binds to the
adenine via the N6 position with N1 being protonated. The neutral adenine nucleobase is therefore present in its
imino form, which represents the rare tautomer form of this nucleobase. The X-ray crystal structure analysis
reveals aranti orientation of the (1,3-Dimel@G5)Hg" entity with respect to N1 of 9-MeA and substantial differences

in nucleobase geometry as compared to the amino tautomer form of 9-MeA. These differences refer to both the
pyrimidine and the imidazole rings of the purine base. The possible relevance of this compound with regard to
nucleobase cross-linking in DNA and nucleobase mispairing is discussed. Attempts to demonstrate mispairing
between the metalated rare tautomer and “the wrong” bases 1-methylcytosine (1-MeC) and 9-ethylguanine (9-
EtGH) in DMSO4;s proved unsuccessful due to a ligand exchange process at the heavy metal.

Introduction Scheme 1

It is estimated that the amino tautomer of the nucleobase N N hH
adenine (A) exceeds the rare imino form (A*) by a factor of e ' 7u\> Kr H | N\>
10*—1C° (Scheme 1% In principle, the rare tautomer can KS N K N
mispair either with cytosine, with adenine in ggnform, or R R

with guanine in itssynform.3 If not repaired, this may lead to
spontaneous substitution mutations, specifically to transitions
in the case of the A*C mispair and transversions with the
purine—purine mispairs A*Ay, and A*Gsyn. In many cases neutral 9-methyl-8-azaadenine, in which the mercury is bonded
metal ions capable of covalently binding to DNA prove to the exocyclic amino group and orienteghwith respect to
mutagenict One possibility for nucleobase mispairing, among N1.°
others, involves a metalated rare tautomer. We have been
studying this question in a number of ca8ewith adenine we
have tried to estimate the effect of Pt(Il) binding to the N7
position on the tautomer equilibriukgr but found the effectat ~ (OAc)Hg(1,3-DimeUCH™ and 9-methyladenine (9-MeX) were
most to be margindl. We have now isolated a mixed 9-meth- prepﬁred 35% PfeViSO_USIy deszribHeCéb;,d’o’D-Dimsthkyluracil (1,3-DimeU) was
; ~ A ; Ni purchased from Sigma, and Hg om Fluka.
e o™ Fipaaion o (5 Omehrac Cay i HeA o140

. . The compound was prepared by reacting (OAc)Hg(1,3-Dir@sy
exclusively. Generation of the metalated rare tautomer has beer*to_07 mmgl) with 9-|v|epA (%_07 mn):ol) in 1.E?n£L of vatér with the pH

accomplished by Hg(ll) binding to the exocyclic amino group  agjusted teca. 1.2 by meansfol N HNO,. After 3 days the crystals
of the adenine with a simultaneous proton shift from N6 to N1. formed were filtered off, washed with water, and dried at 4D
The adenine thus remains in a neutral state, unlike in relatedovernight. Anal. Calcd (found) for GHieNgOsHg: C, 25.3 (25.1);
complexes of ChHg'", where the nucleobase becomes anidnic. H, 2.8 (2.8); N, 19.7 (19.9). Yield: 30%H NMR (D20, pH* 2.4):
The only other structurally characterized complexes that appears8-44, 8.29, 7.44, 3.90, 3.40, 3.30 ppri®™Hg NMR (D;O, pH* 2.0):

to be relevant to our compound are those of aMomplex ~ —1347 ppmJ(*H—*Hg) 185 Hz. IR selected data (KBr; crj): 3317
containing neutral 9-ethyladenine, [MEHF,CO,)(9-EtA-N7,- m, 1688 s, 1665 s, 1324 s, 651 m.

N6);(MeCN);](BF4), in which the dinuclear metal core spans Instrumentation. IR spectra (KBr pellets) were recorded on a

g Perkin-Elmer 580B spectrometetd and®**Hg NMR spectra (200.13,
I
across the N7 and N6 positiohsind of a CHHg" complex of 35.79 MHz) were recorded on a Bruker AC200 instrument. Chemical

shifts are given in ppm and are referenced to internal TS®)@nd
TMS (DMSO-ds) (*H) and external HgMe (***Hg), respectively.
J(*®%Hg—1H) values in complexes were determined with help of
nondecoupled®Hg NMR spectra and/or taken directly frotd NMR
spectra. [, values (in BO) were determined by plottingH NMR
chemical shiftsus the uncorrected pH (pH?*).

Experimental Section

Preparation of Starting Compounds. The starting materials

T For part 5, see ref 5.
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Table 1. Crystallographic Data

formula Gi2H16NsOsHg
fw 568.90
cryst dimens, mm 0.0& 0.09x 0.17
cryst syst monoclinic
space group P2;/c (No. 14)
a, 11.976(3)
b, A 6.958(2)
c,A 20.550(6)
B, deg 106.31(2)
Vv, A3 1644(2)
d(calcd), g cm® 231
Z 4
u(Mo Ko, cmt 94.11
temp,°C —-120
260max 46°
no. of reflecs measd total: 2013 . . . .
no. of indep reflecsl(> 3o(1)) 1254 Figure 1. View of molecular cation of [(1,3-DimelC5Hg(9-MeA-
no. of variables 165 N6)]NO3+H-0 with atom-numbering scheme.
ggztji}eszwof fit 0103223 0.036 Table 3. Selected Bond Lengths (A) and Angles (deg) of the Hg
max peak in final diff map, e/A 0.6 Coordination Sphere
aR = _ .n = _ 2 112 Hg—NG6A 2.06(1) N6A-Hg—C5U 174.6(4)
R= Y(IFol) = IFc)/ZIFol; Ry = [ZW(IFol) — [Fel)¥Z|Fol?2. Hg—C5U 2.04(1) Hg-N6A—CBA 120(1)
i 2 Hg—01W 2.769(9) Hg-C5U—-C4U 121(1)
Table 2. Positional Parameters affeq) (A2) Values Hg—N7A 2.87(1) Ha-CaU—-C6U 120.2(8)
atom X y z Beqy
Hg 0.10281(4) 0.20204(7) —0.00318(3) 1.32(3) eters for the Hg and O yielded the finglof 0.028 R, = 0.036). All

hydrogen atoms were found in difference Fourier maps and refined

Oo(1w)  —0.2503(7) 0.771(1)
with isotropic thermal parameters, except for the hydrogen atoms of

0(2V) 0.4376(7) —0.078(1)

0.0852(5)  2.4(4)
0.2597(4)  2.2(4)

O(4u) 0.3749(6) 0.052(1) 0.0356(4) 1.5(4) the methyl groups which were treated as fixed contributions to the
0(11) —0.1925(7) 0.035(2) 0.2338(5) 2.3(4) refinement. The final difference map was essentially featureless with
0(12) —0.0625(7) —0.074(1) 0.1885(5)  2.1(4) the highest peak of 0.6 efA

0(13) —0.0262(7) —0.063(1) 0.2978(4) 2.0(4)

N(1U) 0.2620(7) 0.042(1) 0.02021(5) 1.4(2) Results and Discussion

N(1A)  —0.2172(8) 0.409(2)  —0.1340(6)  1.6(2)
N(3U) 0.4076(8)  —0.007(1) 0.1478(6)  1.7(2)
N(3A)  —0.3598(8) 0.443(1) —0.0767(5) 1.6(2)
N(6A)  —0.0257(8) 0.296(2) —0.0867(6)  1.8(2)
N(7A)  —0.1035(8) 0.254(1) 0.0401(6)  2.0(2)

Structure of the Title Compound. Figure 1 gives a view
of the cation of [Hg(9-MeAN6)(1,3-DimeULC5)]NO3-H0.
Selected interatomic distances and angles are provided in Table
3. Hgis bound to the N6 position of the 9-methyladenine and

mgi‘)) _8'382‘11% _006?’3%7(%) 00'2%%171((7?) 11'7?(2? C5 of the uracil ring. Bond lengths are in the normal range for
' ! ! ! —N14 10,15,16 i i

c(2v) 0.374(1) —-0.017(2) 0.2069(8) 1.7(2) Hg—N?* and Hg-C bondst%1>:16 Relative to the N1 site of

C(2A) —0.327(1) 0.460(2) —0.1311(7) 1.5(2) adenine the heavy metal is in @mti orientation. Since the

C(4V) 0.337(1) 0.056(2) 0.0858(8)  1.5(2) adenine-N1 position is protonated, 9-MeA is present in its imino

C(4A)  —0.277(1) 0.375(2)  —0.0212(7) ~ 1.4(2) form, mercurated at the exocyclic amino group in the 6-position.

C(5V) 0.2188(9) 0.113(2) 0.0845(7)  1.2(2)

C(5A)  —0.1639(9) 0.327(2) —0.0217(6)  1.2(2) The coordination geometry of Hg is not exactly linear (angle

174.6(4}), probably because of a weak interaction with the

C(6V) 0.188(1) 0.107(2) 0.1413(7)  1.9(2)

C(6A)  —0.128(1) 0.341(2) —0.0803(7) 1.3(2) water molecule (HgO1W 2.769(9) A). Although the N7A:
C(7V) 0.224(1) 0.029(2) 0.2635(7)  2.1(3) Hg distance is only slightly longer (2.87(1) A), the direction of
gggxg 78-572;3((11)) _06026675§(22)) 0(510573519(8) 21-385(332) the folding angle at Hg seems to rule against any substantial
C(104) _0:389(1) 0:358(2) 0:0640(7) 2:3(3) Hg—N7 bonding. In a 2-fold mercurated complex, [(Hg&§}H

(9-MeA-N6,N1)]*, virtually the same HgN7 separation (2.86-
(7) A) is seert’ Binding to the 1,3-dimethyluracil ring is
cosy + 2Usaaacct cos f + 2Uzdbb*cct cos al. through the 5-position. The title compound thus represents
X-ray Crystal Structure Determinations. All X-ray measurements another example of a crystallographically confirmed metal
were carried out on a Rigaku AFC6S diffractometer using Mo K binding pattern to the C5 position of an uracil nucleob4dé16
radiation ¢ = 0.710 69 A). Calculations were performed on a VAX  There are no unusual features as far as bond lengths and angles
station 3520 computer by using the TEXSAN 5.0 softéaend in of the uracil nucleobase are concerned. The two nucleobases
th.e later stages on a Silicon Graphics Personal Iris 4D35 computer 5ve close to planar, except for some of the exocyclic groups of
with the teXsan 1.7 package. o .. the 1,3-DimeU (maximum deviation of O2U, 0.047 A) and are
Relevant crysFaIIographlc dat'a are I|§ted in Table 1, and po_smonal almost coplanar with each other, the dihedral angle beint 2.9
parameters are in Table 2. Unit cell dimensions were determined by The Hg(ll) is slightly out of the pl,ane of the two bases, by 0 66

applying the setting angles of 25 high-angle reflections. Three standard :
reflections were monitored during the data collection showing no A from 1,3-DimeU and by 0.09 A from 9-MeA. The proton at

significant variance. The intensities were corrected for absorption by C6U is pointing in the direction of N7A, but the distance
applyingy scans of several reflections with the transmission factors C6U-+*N7A is too long (3.67(2) A) for H bond formation.
ranging from 0.88 to 1.00. Intermolecular H bond formation of less the8 A occurs

The structure was solved by Patterson and Fourier techniques. Full-between the water molecule and O4U (2.80(1) A) as well as
matrix least-squares refinement with anisotropic displacement param-

3 Beq = 87%3[U1i(aa*)? + Uzy(bb*)? + Ugg(cc¥)? + 2U1, aa*bb*

(14) Charland, J.-P.; Beauchamp, A.lhorg. Chem 1986 25, 4870.
(12) TEXSAN 5.0: Single Crystal Structure Analysis Software. Molecular (15) Zamora, F.; Sabat, M.; Lippert, Bhorg. Chem 1996 35, 4858.
Structure Corp., The Woodlands, TX 77381, 1989. (16) Toma, P. H.; Dalla Riva Toma, J. M.; Bergstrom, D. Acta
(13) teXsan 1.7: Single Crystal Structure Analysis Software. Molecular Crystallogr. 1993 C49 2047.
Structure Corp., The Woodlands, TX 77381, 1995. (17) Olivier, M. J.; Beauchamp, A. lActa Crystallogr.1982 B38 2159.
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Table 4. Comparison of 9-MeA Geometries of the Title Compound Scheme 2
and Amino Tautomer Form

NH, NH
title compd amino tautom&@ / N K H L N
N1-C2 1.38(1) 1.335(2) k | \> LA k | \>
C2-N3 1.29(1) 1.326(2) X N N N
N3—C4 1.37(1) 1.351(2) CH, CH,
C4-C5 1.40(2) 1.380(2) A A
C5-C6 1.39(2) 1.411(2) /
C6—N1 1.39(1) 1.357(2)
C5-N7 1.37(2) 1.389(2) NH
N7—C8 1.37(2) 1.311(2) o N
C8-N9 1.38(1) 1.365(2) | \>
N9—C4 1.33(1) 1.370(2) g N
C6-N6 1.31(1) 1.329(2) eH,
N9—C10 1.48(2) 1.453(3)
CIPOR-)
N1-C2-N3 123(1) 129.9(2) A=A
C2—-N3-C4 115(2) 110.0(2)
N3—C4—-C5 124(1) 127.4(1) ring of the base. To a first approximation, the geometry of the
gé:gg:ﬁ? ﬁf(i) ﬂ?-g(i) 9-MeA ligand found in our complex can therefore be taken as
C6-N1—_C2 126§1)) 118‘7((5 that of the free imino tautomer of this nucleobase.
C5-N7—C8 105(1) 103:5(1) Effect of Hg(ll) on the Acidity of A*. The acidity of the
N7—C8—N9 109(1) 114.4(2) free imino tautomer of 9-MeA (A*) can be estimated from the
C8-N9—-C4 109(1) 105.4(1) cycle outlined in Scheme 2 taking into account the reported
’C\‘:Z—gg—ﬁg %288)) igg-g&)) pK, of 16.723 or 17.024for the deprotonation of the amino group
— — . - i = 5
N6—CB—C5 127(1) 124.3(1) of 9-MeA and assuming Kt = 10™>. Then,
N6—C6—N1 122(1) 118.4(1)
C8-N9—C10 126(1) 128.4(1) PKax a0 = PKa are — PKA ax
C10-N9—C4 125(1) 126.1(1)

. ) gives Kararo ~ 12.
nitrate oxygen O12 (2.84(1) A) and between the nitrate oxygen ~ Experimentally, the acidity of the proton at N1 of the Hg(l)
011 and the proton at N1A (2.84(2) A). . complex has been determined by pH-dependéhtNMR

Geometry of the Rare Tautomer. In Table 4, geometries  spectroscopy (vide infra). Its value oKp~ 4.5 is virtually
of the normal amino tautomer of 9-MeA, as based on an accuratejdentical with that of the free nucleobasekgof 9-MeAH" =
X-ray diffraction study:8 and the imino_ tautomer ligand inour 4.4+ 0.16). The effect of Hg(ll) in our compound in increasing
Hg(ll) complex are compared. Despite the lower accuracy of the acidity by 7.5 log units is thus higher than that of Pt(IV)
the present structure determination, a number of signifiéant (increase by 6.9 and 4.5 log urf@sand that of Pt(ll) (increase
differences in the geometries exis_t. In the metal complex, the py 3 log unit§) in similar iminooxo cytosine complexes. In
N1-C2 and N1-C6 bond lengths increase by 0.045 A @5  essence, the electronic effect exercised by the (1,3-dimethyl-
and 0.033 A (3.8), respectively, while C2N3 and C4-C9 uracil-5-yl)mercury(ll) entity is comparable with that of a
bonds become shorter, by 0.036 A @@nd 0.040 A (4.6). proton. A strongly acidifying effect of Hg(ll) is also observed
Almost all internal ring angles undergo significant changes. The in aqua complexes of Hg(ll), for whichKy values of 2.6-
most prominent change is the increase in the internal ring angle3.725 have been measured.
C2-N1-C6 from 118.7(1) to 126(%) corresponding to 7.8. NMR Spectra. The!H NMR spectra of the title compound
This change is clearly consistent with a proton sitting at the N1 in D,O consist of single, sharp resonances of the aromatic and
position?%:21 hence proving the imino tautomer structure. H gliphatic protons in the pH range-12. Above pH 9 some
bond formation with a nitrate oxygen (cf. above) further agrees precipitation of an unknown species occurs. Since the chemical
with this interpretation. The increase of the internal ring angle shifts of the adenine resonances in our complex and the pH
at N1 is accompanied by a decrease in the adjacent ring anglesiependence of these resonances are very similar to those of free
N1-C6-C5 (by 6.3, 6.30) and N}-C2-C3 (by 6.9, 5.10). 9-MeA, the possibility of complex decomposition and formation
Qualitatively, these changes follow the trend seen in Pt of [(1,3-DimeUC5Hg(H.0)]* was considered. However,
complexes of the rare iminooxo tautomer form of cytosif€.  neither the chemical shift of thé®Hg resonance nor the
Moreover, both the C2N3—C4 (by 5, 50) and the C4C5~  coupling constantJ(*H(6)—19Hg) of 185 Hz, visible at least
C6 angles (by 5.2 5.20) open up. An effect is even seen in  yp to pH* 7.6, is consistent with an oxygen donor beirans
the imidazole ring: The internal ring angle at C8 gets reduced to C5. ThenJ values of=200 Hz are to be expectddl.Rather,

(by 5.4, 5.40) while that at N9 becomes larger (by 3.8.60). this coupling constant is close to that observed for [(1,3-DimeU-
The increase of the external angle N@6—N6 (by 3.6, 3.60) C5Hg(1-MeCN4)]* (179 Hz)> Moreover, thelH NMR
is possibly related to the heavy metal coordination at N6. spectrum in DMSQds provides no indication of complex

As we have previously discussed in detail for cytosthe, decompositiondide infra). We therefore conclude that the (1,3-
heavy metal binding to an exocyclic group of a nucleobase has pimeU-C5)Hg' in fact resembles a proton as far as the effects
a very minor effect on the overall geometry of the heterocyclic on acid/base equilbria and chemical shifts are concerned. There
is no indication from'H NMR spectra in RO for any

(18) ((g)) Kistenmacher, T. J.; Rossi, Mcta Crystallogr.1977 B33 253. ' dismutation of our complex with formation ¢{(1,3-DimeU-
ee also: Clowney, L.; Jain, S. C.; Srinivasan, A. R.; Westbrook, . A

3 Olson, W. K., Berman, H. Mi. Am. Chem. $04.996 118 509 C5Hgx(9-MeA)} and free 9-MeA, as is typical of GiHig"
(19) o defined aso = (012 + 02,22 with o1 and o, being the errors in

bond lengths and angles that are compared. (23) Stuart, R.; Harris, M. GCan. J. Chem1977, 55, 3807.
(20) Singh, CActa Crystallogr.1965 19, 861. (24) Taylor, S. E.; Buncel, E.; Norris, A. R. Inorg. Biochem1981, 15,
(21) Taylor, R.; Kennard, QJ. Mol. Struct.1982 78, 1. 131.
(22) Lippert, B.; Schbbhorn, H.; Thewalt, U.J. Am. Chem. So4986 108 (25) Basolo, F.; Pearson, R. G. Mechanismen in der anorganischen

6616. Chemie Thieme: Stuttgart, Germany, 1973; p 27.
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J\ Scheme 3
NCH3(9-MeA)
<) T O Ten®)
gl p H 4 ==
4 — Mt 0= s '
H2,8(0-MeA) ~ 0=, ¥ H“"‘”‘"""'\\/*c&+M 4< / M Aen,
4 &
H, | I
H6(1,3-DimeU)
@ IV AR
' ‘ L o H ,N_\\N ‘ CH, o H B N
TN —( = NN N,
;/.' NN NG M NMen
N o ©
H2,8(0-MeA) ch, © 3
TSN HE(1,3-Dimel) " v
HB(1-MeC). s
Sl ¢ NH2{1-MeC) . . .
H28OMoR)—— 1 / scale. The cytosineNH, resonance is broad and overlaps with
® L i\ HS(1-MeC) the H6 resonance of the 1,3-DimeU. No statement concerning
— a possible structure of the new compound can be made.
However, the fact that two sets of aromatic 9-MeA resonances
are observed, free and complexed, with the latter displaying
HosoMeny [~ HE(13-Dimeu) shifts that are not identical with those of the compound in the
/ absence of 1-MeC, tentatively suggests that Hg has extended
its coordination sphere and that a compound containing 9-MeA,
HB(9-EtGH) :
©  Moroeen X‘,JL k NHGEGH)  NEKOEIGH) 1-MeC, and 1,3-DimeU may have formed. In@(pH*6.3),
o B ,\JL_«*MW_,_,_, 1L dlsplacement of the adgnlng ligand by 1-MeC (e_ldded in
i e e equimolecular concentration) is complete. The chemical shifts

pom of the 1-MeC resonances (GH8.41 ppm; H5, 6.11 ppm, &)

. . 7.4 Hz; H6, 7.66 ppm) clearly indicate complex formation, and
Figure 2. Sections offH NMR spectra (200 MHz, DMS@) of (a) Lo S
the title compound, (b) the title compound in the presence of an Eg is still bound to the uracil ligand (H6, 7.49 ppﬁd(lﬂ(e)— .
equivalent amount of 1-MeC, and (c) the title compound in the presence >*Hg) 190 Hz). The data appear not to be inconsistent with

of an equivalent amount of 9-EtGH. N4 binding of 1-MeC'

In the presence of 9-EtGH (DMS@y) rapid exchange
complexes of 9-MeAand 9-methyl-8-azaadenihin DMSO. between the two different purine nucleobases takes place,
Moreover, no doubling of resonances is observed i0® Ehat leading to sharp resonances in ¢ NMR spectrum (Figure
could be interpreted in terms of slogyn== anti equilibrium, 2c). Compared to free 9-EtGH in the same solvent, all

hence rotation of the Hg entity about the-€/§6 bond. Again, resonances are strongly shifted downfield. At Hg:9-Et&H
this phenomenon is seen with GHb" complexes:®24 Our 1:1 these shifts are ca. 0.07 ppm for £18.19 for CH, 0.52
observation also holds up for the neutral and basic pH range,ppm for NH,, 0.62 ppm for H8, and 0.69 ppm for N(1)H.
where the N1 position becomes deprotonated and the double- Relevance. Our original attempt was to prepare a metal-
bond character of C6N6 is expected to diminish. modified analogue (Scheme 3, Il) of a hypothetical base pair
The H NMR spectrum in DMSQd; is likewise relatively between 1,3-DimeU and 9-MeA in which we had replaced the
simple (Figure 2a). Compared to spectra of related nucleobasearomatic C5 proton by a linear Hg(ll) entity (Scheme 3, I).
complexes of ChHg' in this solvent®24 it is also less Although CH--N hydrogen bonds among nucleobases are?fare,
informative. Neither the N(1)H nor the N(6)H protons are we have recently demonstrated their existence in a metalated
observed, probably because of rapid exchange with residualnucleobase quartét. This metal-modified base pair would have
water, and the two aromatic protons H2 and H8 coincide at had a close similarity with the metalated analogue (IV) of the
8.43 ppm. However, the NCH; resonance of the adenine is Hoogsteen pair between adenine and thymine (lll). The
split (3.84 and 3.81 ppm, 4:1) and there are two weak resonancesorresponding with M= transPt(NHs), has recently been
at 8.31 and 8.37 ppm which, on the basis of their relative described by u8® To our surprise, Hg binding at pH 1 does
intensities, could be due to aromatic protons of a second speciesnot occur at N7 of the 9-MeA but rather at the exocyclic N6
Since resonances due to free 9-MeA are absent, we propose&mino group with a proton shift to N1. This finding thus
that slow rotation of a Hg entity about the €BI6 bond takes confirms a similar observation made with ity and 9-meth-
place, leading teynandanti rotamers. yl-8-azaadenin&. With 1-methylcytosine (1-MeC) instead of
Using*H NMR spectroscopy with DMS@k as solvent, we  9-MeA we had recently observed a similar reaction, again at
have also tried to detect H-bonding interactions between the the exocyclic amino group rather than at the endocyclic N3
Hg(Il) complex and 1-MeC as well as 9-ethylguanine in attempt position. Both findings are surprising in view of reports that
to model base mispairing between the metalated rare 9-MeA* CHsHg'" binds to the exocyclic ring nitrogens of these nucleo-
tautomer and a “wrong” base (see also the section “Relevance”).bases at high pH onkf.?® The question may be raised if the
However, the dynamics of the complex do not permit this aspect possibility of the proton switch to N3, hence generation of a
to be studied. Our findings indicate that with these two metalated rare tautomer, had been overlooked. On the other
nucleobases adenine substitution takes place. Thus, additiorhand, a recent NMR study on the interaction of Hg(g}4@vith
of 1-MeC to the Hg(ll) complex leads to partial displacement
of the adenine nucleobase (Figure 2b). 1-MeC resonances arg26) Taylor, R.; Kennard, Q). Am. Chem. S0d.982 104, 5063.
diferent fom those inthe absence of the (1) complex, and (37 200, 0 LRber . Stbmned epienter, |
variation of the amount of 1-MeC added indicates rapid S0c.1993 115 5538.
exchange of free and coordinated cytosine on the NMR time (29) Simpson, R. BJ. Am. Chem. Sod.964 86, 2059.
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N
/N—(o’ ) Nﬁ (n The A*, C mispair could account for the mispairing step that
R """H—N\\ \ N, causes transitions of type AT GC3 (Scheme 5, Il). This
=N R mismatch has been proposed to involve two H bonds between

N1H of A* and N3 of C as well as between N6 of A* and

Canti anti N4H of C, with the imino proton at A* not involved and oriented
toward N7% An analogous scheme could not be accomplished
/ with our metal compound since there the imino proton of A*
H /Hg points toward the mismatched base. There is, however, the
( ~NH < HN Nﬁ alternative possibility of a mismatch geometry (Scheme 4, I1)
7\ () as established by X-ray crystallography in a duplex DNA
N Nk Y . ;
Z N\ H \—N dodecamer containing a mismatch between a cytosine and an
R,N\// adenine protonated at N2with the cytosine somewhat slipped

and two H bonds between O2 of C and N1H of Has well as
between N3 of C and N6H of HA While the pseudo-2-fold
the adenine,thymine pair in a DNA dodecamer carried out at axis of the WatsonCrick pairs is lost in this mismatch, the
pH 7 had been interpreted in terms of Hg(ll) cross-linking the interglycosidic distance of 10.3 A still permits accommodation
exocyclic amino group of adenine and O4 of thymine, with the in the double helix. Again, the Hg(ll) ion would sit in the major
adenine rather than the thymine deprotondfedA major groove and be capable of carrying any other ligand.
difference between this proposed model and our model com- A third mismatch, involving A* and Ay during the AT—
pound, apart from uracil being bound to Hg via the C5 position TA transversion (Schemes 4 and 5, Afjcannot be realized
instead of 04, refers to the fact that both nucleobases havewith metalated A* if the metal, as in our compoundaisti to
switched from the normaénti to syn orientations’ As a the N3 site.

consequence of the purine rotation, the distance between the

groups corresponding to the Cdtoms of the sugars in double-  Conclusion

stranded nucleic acids becomes quite short, 7.69(2) A for-€7U

Asyn Anti

C10A. This compares witha. 8.65 A for the Hoogsteen pair A mixed nucleobase complex of Hg(ll) has been prepared
between T and &2 The N9A—C10A—C7U and N1U-C7U— which contains the rare imino tautomer form of the model
C10A angles likewise change from 56 and ##the Hoogsteen nucleobase 9-MeA. The geometry of the rare tautomer in its
pairt? to 50 and 96 in our complex uncomplexed form is expected to be very similar to that found

As to possible mispairing schemes of the title compound, the mlthe metall c%mplex._ on thhe basls of georetrlcallconds@e_r-
following ones are feasible (Scheme 4): First, a mispair with ations, nucleobase mismatches between the metalated imino

guanine in asynand A* in the normalanti orientation (I): tautomer and guanine of cytosi_ne are fgasible, which could very
second, a mispair between cytosine and A* with both bases in well be relevant to the mutagenic potential of Hg(ll) compouqu.
the normalanti conformation (If) We are aware, that other sources of mutagenic events exist as

The existence of A%, G has been postulated as a central well, e.g. formation of wobble pairs that include ionized
mispairing step during the transversion of an AT pair to a CG nucleobases.
pair® (Scheme 5, I). The geometry of this mispair should be
virtually identical with that between neutral guanine irsyn
orientation and protonated adenine in the noramal orientation,
Gsyn HAanii, the existence of which has been established in
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