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Abstract 

The crystal structure of crk-[(NH,),Pt(l-MeT)(l-MeTH)][PtCl,],,~2H,O, where l-MeTH=neutral 
1-methylthymine, C6HsN202, and l-MeT is the corresponding anion, is reported. The compound contains 
both heterocyclic bases bound to Pt via the N3 positions, with the neutral l-MeTH protonated at 04. 
It hence represents the rare enol tautomeric structure of this nucleobase. The compound crystallizes 
in the space group P&/n with cell dimensions a = 11.814(4), b = 13.270(3), c = 14.738(3) A, p = 74.02(2)“, 
z=4. 

Introduction 

The proper tautomeric structure of a nucleobase 
and the anti conformation of the base about the 
glycosyl bond are basic requirements for the correct 
storage of genetic information [l]. Metal ions are 
known to affect the structure and function of nucleic 
acids [2] and there are many reports that metal ions 
and/or metal coordination compounds are mutagenic 
[3]. The mechanisms by which these metals exercise 
their mutagenic effects are still speculative. One 
feasible way of achieving base mispairing is a shift 
in tautomer equilibrium as a consequence of metal 
coordination to a nucleobase. In two previous reports 
[4,5] we have provided structural evidence for metal- 
stabilized rare tautomers and speculated on the 
possible biological relevance. As a follow-up to a 
paper dealing with the spectroscopy of the rare 2- 
oxo-Chydroxo form of 1-methylthymine (l-MeTH) 
platinated at the N3 position [6] we herewith report 
on the X-ray structure of (1-methylthyminato-N3)- 
(1-methylthymine-N3)-cis-diammineplatinum(I1) 
hemihexachloroplatinate(IV) which contains the neu- 
tral nucleobase in its unusual tautomeric form. 

*Authors to whom correspondence should be addressed. 

Experimental 

Preparation 

cis-(NH&Pt(l-MeT),.H20 was prepared accord- 
ing to a modified version of a previously published 
procedure [7] as follows. cis-(NH&PtC& was reacted 
with slightly less than the stoichiometric amount of 
AgN03 to prepare cis-[(NH&Pt(H20),](NO&. 2.5 
Equiv. of 1-methylthymine and 2 equiv. of NaOH 
were added and the resulting mixture (0.15 M based 
on Pt) was kept in a stoppered flask for 3 days at 
70 “C. The resulting solution wa filtered (occasionally 
very small amounts of Pt” are present) and brought 
to pH =6 with 1 N HN03. The solution was con- 
centrated by rotary evaporation to a very small 
volume, the precipitate then filtered off and stirred 
in excess MeOH. After 3 days cis-(NH&Pt(l- 
MeT),.H20 was filtered and washed with a few ml 
of icewater and acetone (yield 80%). According to 
its ‘H NMR spectrum, the product is free of 
l-MeTH. Recrystallization from Hz0 yields colorless 
columns of an n-hydrate (n= ?) which rapidly loses 
part of the water when in air and then analyzes as 
a 2.5hydrate [7]. 

The title compound was prepared by reacting 0.3 
mmol of cis-(NH3)2Pt(l-MeT)2~Hz0 in 6 ml Hz0 
with 0.3 mmol of NazPtCl,. After filtration from 
yellow cis-[(NH3)2Pt(l-MeT)zNa](PtCl,)o.S the acidic 
solution (pH= 2) was allowed to crystallize at 4 “C 
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by slow evaporation. Orange single crystals were 
isolated in 32% yield. Anal. Calc. for [(NH,),Pt(l- 
MeT)(l-MeTH)][PtCl&, .2H,O: C, 19.26; H, 3.36; 
N, 11.23. Found: C, 19.00; H, 3.30; N, 11.10%. 

Crystallography 
A polyhedral crystal was mounted on a glass fiber 

at random orientation on an Enraf-Nonius CAD4 
diffractometer for the unit cell and space group 
determination and for the data collection. Unit cell 
dimensions were obtained by least-squares fit of the 
26 values of 25 high order reflections (9~ 9-< KY) 
using the CAD4 centering routines. Selected crys- 
tallographic and other relevant data are listed in 
Table 1. 

Data were measured with variable scan speed to 
ensure constant statistical precision on the collected 
intensities; no significant variation in the intensities 
was detected by monitoring 3 standards every hour. 
Data have been corrected for Lorentz and polari- 
zation factors and for adsorption using azimuthal 

(*) scans of three reflections (x> 85.4; 
12.7 < 6< 18.5”). The standard deviations on inten- 
sities were calculated in terms of statistics alone; an 
F,= 0.0 was given to those reflections having negative 
net intensities. 

The structure was solved by a combination of 
Patterson and Fourier methods and refined by full 
matrix least-squares [8] (the function minimized was 
[Cw( IF, I - 1 lk I F, I )‘I). No extinction correction was 
applied. 

The scattering factors used, corrected for the real 
and imaginary parts of the anomalous dispersion 
were taken from the literature [9]. Anisotropic tem- 
perature factors were used for all but the hydrogen 
atoms. The contribution from the hydrogen atoms 
in their idealized positions (C-H= 0.95 A, B=5.0 
A’) was taken into account but not refined. 

Upon convergence (no parameter shift > 0.20@)) 
the Fourier difference map showed no significant 
feature. 

To check the possibility that due to the pseudo- 
binary axis through atoms N3 and C6 of both rings, 
atoms Nl and C5,02 and 04 could be interchanged, 
both possible models were refined, using isotropic 
temperature factors for the above mentioned atoms. 
For both refinement R, R, and the GOF were the 
same, while the Bi, for the atoms NlA, NlB, C5A, 
C5B were 4.8(3), 5.1(3), 1.8(2), 2.1(2) A2, respectively, 
for the model reported in Table 2 and 2.9(2), 3.2(3), 
3.2(2) and 3.5(2) A* for the other. In this context 
we note that: (i) even though the latter model gives 
a more uniform distribution of values for the thermal 
factors, the differences between the B parameters 
of the atoms in the ring obtained from the refinement 

TABLE 1. Experimental data for the X-ray diffraction 
study of cis-[(NH,),Pt(l-MeT)( l-MeTH)][PtCI,],, .2H,O 

Formula 
Molecular weight 
Crystal dimensions (mm) 
Data collection T (“C) 
Crystal system 
Space group” 

a (A) 
b (A) 
= (A) 
P( 

R V( ‘) 
Z 
p (talc.) (g cm-‘) 

p (cm-‘) 
Radiation 

Measured reflections 
4 range (“) 
Scan type 
Scan width (“) 
Max. counting time (s) 
Background time (s) 
Max. scan speed (” min-‘) 
Prescan rejection limit 
Prescan acceptance limit 
Horizontal receiving slit (mm) 
Vertical receiving slit (mm) 
No. independent data collected 
No. observed reflections (no) 
(IF012>2.0a(lFIZ)) 
Transmission factors 
No. parameters refined (nV) 
Rb 

RW’ 
GOFd 

GHzC1,O~N,P~,.~ 
748.34 
0.10x0.15x0.40 
23 
monoclinic 
&In 
11.814(4) 
13.270(3) 
14.738(3) 
74.02(2) 
2221.3 
4 
2.229 
99.35 
MO Ka (graphite 
monochromated 
A = 0.71069 A) 
zth, +k, +I 
2.20 < 79 < 25.0 
o/24 
1.20f0.35 tan 6 
70 
OS* scan-time 
10.5 
0.55 (1.8 0) 
0.03 (33.3 a) 
1.80+tan 6 
4.0 
3891 
2386 

0.60114.9930 
259 
0.035 
0.042 
1.256 

“The p2,ln space group may be converted to P2,/c by 
the transformation matrix: [l 0 - 1; 0 1 0; 0 0 -11. 
bR=CIIF,I -l/klF,IIICIF,,I. cR,=[GvlF,I -l/klFcl)2/ 
CWIF,,I~]‘~ where w= [a’(FJ-’ and (FJ = [a’(r) + 
f(F$)]‘%Fo with f=0.045. dGOF=[&v( IF,/ - 
(Ilk) lFcl)*/(~,-~v)]‘~. 

of the first model (e.g. in Table 2 the values of B,, 
for C4B and C5B: 2.9(3) and 2.2(3) A’, respectively) 
are, at the best, only marginally significant; (ii) static 
disorder caused by the presence of both head-head 
and head-tail arrangements of the two rings with 
respect to l-MeT (cf. Fig. 1) would also affect the 
thermal parameters of C5 and Nl. Thus an un- 
ambiguous differentiation between the two orien- 
tations of the rings is not possible using the diffraction 
data alone. 

All calculations were carried out by using the SDP 
crystallographic package [8]. Final atomic coordinates 
and thermal factors are given in Table 2. See also 
‘Supplementary material’. 
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TABLE 2. Final positional coordinates and isotropic equiv- 
alent thermal factors (A*) for cis-[(NH,),Pt(l-MeT)(l- 
MeTH)][PtC16],,S. 2H,O 

Atom x Y z B (A*) 

Ptl 
Pt2 
Cl1 
Cl2 
Cl3 
02A’ 
02B’ 
04A’ 
04B’ 
NlA 
NlB 
N3A 
N3B 
NlO 
Nil 

ClA’ 
ClB’ 
C2A 
C2B 
C4A 
C4B 
C5A 
C5A’ 
C5B 
C5B’ 
C6A 
C6B 
owl 
ow2 

0.11644(4) 
0.000 
0.0982(4) 
0.0816(4) 

- 0.1600(3) 
0.0301(8) 
0.1762(7) 
0.2852(8) 
0.3658(7) 
0.247(l) 
0.469(l) 
0.157’2(8) 
0.2700(8) 
0.0712(8) 

- 0.0377(8) 

0.322( 1) 
0.576(l) 
0.098( 1) 
0.267(l) 
0.228(l) 
0.366(l) 
0X92(9) 
0.058(l) 
0.3703(9) 
0.369( 1) 
0.187(l) 
0.466( 1) 

-0.2088(9) 
-0.119(l) 

0.11009(3) 
0.500 
0.4162(3) 
0.3892(3) 
0.3953(3) 

- 0.0451(7) 
- 0.1039(6) 

0.2214(7) 
0.1947(6) 
0.147(l) 
0.065(l) 
0.0878(7) 
0.0465(7) 
0.1370(8) 
0.1789(8) 

0.223( 1) 
0.132(l) 
0.0136(8) 

-0.0516(9) 
0.1506(9) 
0.107(l) 
0.0033(8) 

- 0.078( 1) 
- 0.0922(8) 
-0.197(l) 

0.068( 1) 
- 0.034( 1) 
- 0.0243(9) 

0.1425(8) 

0.06465(3) 2.267(8) 
0.000 2.83(l) 
0.0930(3) 6.1(l) 

-0.1209(3) 5.7(l) 
0.0567(3) 4.45(8) 
0.2246(6) 3.8(2) 

-0.0145(6) 3.3(2) 
0.1589(6) 3.9(2) 

-0.0142(6) 3.7(2) 
0.3083(8) 5.0(3) 

-0.1088(9) 5.2(3) 
0.1889(6) 2.4(2) 

-0.0136(6) 2.4(2) 
-0.0581(7) 3.1(2) 

0.1390(7) 3.3(2) 

0.3381(9) 3.6(3) 
-0.147(l) 5.3(4) 

0.2479(9) 3.0(3) 
- 0.0430(8) 2.8(3) 

0.2163(8) 3.0(3) 
-0.0435(7) 2.9(3) 

0.3353(7) 1.9(2) 
0.3987(9) 4.1(3) 

-0.1023(8) 2.2(2) 
-0.132(l) 5.5(4) 

0.3651(9) 3.5(3) 
-0.139(l) 3.9(3) 

0.2224(8) 6.5(3) 
0.3597(8) 6.1(3) 

Anisotropically refined atoms are given in the form of the 
isotropic equivalent thermal parameter defined as: (4/ 
3)[u*B(l,l) +b2B(2,2)+c2B(3,3)+ab(cos y)B(1,2) +ac(cos 
p)B(1,3) +bc(cos a)B(2.3)]. 

Results 

Figure 1 provides a view of the cation of the title 

compound, czk-[(NH,),Pt(l-MeT)(l-MeTH)]+. In- 
teratomic distances and angles are listed in Table 
3. The coordination sphere of Pt is square-planar 
with minor deviations from the ideal case. Rings a 
and b refer to the neutral l-MeTH ring and the 
anionic l-MeT, respectively. Because of the pseudo- 
twofold axis of 1-methylthymine, a rigorous differ- 
entiation of atoms at the 1 and 5 as well as 2 and 
4 positions is not unambiguous (see preceding dis- 
cussion in ‘Experimental’). However, we assign the 
atom denoted O(4a’) as the site of protonation for 
the following reasons. First, in the related l-methyl- 
uracil system 04 is protonated initially [5] and in 
all cases of metal binding [lo] except with trans- 
(NH3)2Pt(l-MeU)2 [ll], 04 appears to be distinctly 
more basic than 02. We are aware that the crys- 

d Cllb'l 
Fig. 1. View of cir-[(NH,),Pt(l-MeTH)(l-MeT)]+ cation 
and [PtCI,]‘- anion with atom numbering scheme. 

tallographic evidence is indeed insufficient to prove 
this point beyond doubt. Second, the C(4a)-O(4a’) 
distance of 1.32(l) 8, is significantly longer (5-7~) 
than any of the other CO bond lengths and therefore 
clearly indicates protonation of the carbonyl oxygens 
O(4a’). Other bond lengths and angles do not differ 
significantly in the two rings. They are also similar 
to those in closely related 1-methylthymine complexes 
[12]. The orientation of the anionic l-MeT ring b 
in Fig. 1 is head-to-head with respect to l-MeTH 
(a) and follows the finding in the l-MeU/l-MeUH 
system as crystallographically there is no way of 
differentiating a head-head from a head-tail ar- 
rangement. The geometry of the PtCl,‘- anion is 
normal [5]. 

As expected, there is a short (2.49(l) A) intra- 
molecular hydrogen bond between O(4b’) and the 
protonated O(4a’) atom of the l-MeTH ring. The 
molecular packing is dictated by a complex network 
of hydrogen bonds involving both intermolecular 
interactions between the NH3 groups and the oxygen 
atom 0(2b’), NH3 and water, as well as the two 
water molecules (Table 4). Only weak interactions 
may be assumed between the [PtCl,]*- anion and 
the water molecules (3.3-3.5 A). 

Spectroscopic data (rH NMR, UV, IR) of the title 
compound are closely similar to those of the cor- 
responding Cl-, N03- and ClO.,- salts [6]. Likewise, 
the solution behaviour (cleavage of the Pt-N(3) bond 
of the l-MeTH ligand) confirms our earlier findings. 

A recent observation [13] on base pairing between 
two thymines in the crystal of a hairpin hexadeca- 
nucleotide has tentatively been interpreted as oc- 
curring between the rare enol and the preferred 
dioxo tautomer of thymine. It seems to conlirm our 
previous speculation [5, 61 that a rare thymine tau- 
tomer might be sufficiently long lived to accomplish 
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TABLE 3. Interatomic distances (A) and angles (“) in the 

title compound 

Pt coordination sphere 
Pt(l)-N(l0) 2.065(9) N(ll)-Pt(l)-N(3b) 177.5(4) 
Pt(l)-N(11) 2.056(9) N(Sa)-Pt(l)-N(3b) 93.1(3) 
Pt(l)-N(3a) 2.041(9) N(lO)-Pt(l)-N(11) 89.2(4) 
Pt(l)-N(3b) 2.048(9) N(lO)-Pt(l)-N(3a) 177.8(3) 

N( lO)-Pt(l)-N(3b) 88.9(3) 
N(ll)-Pt(l)-N(3a) 88.9(3) 

Thymine ligands 
Ring a Ring b 

N(l)-C(1’) 

N(l)-C(2) 
C(2)-O(2’) 

C(2)-N(3) 
N(3)-C(4) 
C(4)-O(4’) 

C(4)-C(5) 
C(5)-C(6) 
C(6)-N(1) 
C(5)-C(5’) 

Cl’-Nl-C6 
Cl’-Nl-C2 
C6-Nl-C2 
02’-C2-Nl 
02’-C2-N3 
Nl-C2-N3 
Ptl-N3-C2 
Prl-N3-C4 
C2-N3-c4 
04’-G&N3 
04’-c4-c5 
N3-C4-C5 
C4-C5-C6 
C5-C6-Nl 
c4-c5-C5’ 
c=5-c5 

Anion 
pt2-Cl1 
pt2-Cl2 
pt2-Cl3 

1.46(2) 
1.43(2) 
1.23(l) 
1.33(l) 
1.37(l) 
1.32(l) 
1.39(2) 
1.33(2) 
1.40(2) 
1.48(l) 

125.0(11) 
120.8(11) 
119.1(10) 
116.8(11) 
120.4(11) 
122.8(11) 
120.6(B) 
118.0(7) 
121.0(10) 
122.3(11) 
119.7(10) 
118.0(10) 
121.5(10) 
122.4(11) 
118.6(10) 
119.8(10) 

2.312(4) 
2.310(4) 
2.312(3) 

1.49(l) 
1.44(2) 
1.25(l) 
1.36(l) 
1.38(l) 
1.24(l) 
1.40(l) 
1.35(l) 
1.39(2) 
1.46(2) 

121.5(12) 
119.1(10) 
119.3(11) 
121.2(11) 
121.2(11) 
117.5(11) 
118.1(B) 
118.1(7) 
123.3(10) 
121.0(10) 
121.1(10) 
117.9(10) 
121.1(10) 
120.4(11) 
118.3(10) 
120.2(10) 

Cll-Pt2-CI2 
Cll-Pt2-Cl3 
C12-Pt2-C13 
CII-Pt-Cl2 (a) 
CII-P&C13 (a) 
C12’-Pt-CI3 (a) 

88.9(2) 
89.4(l) 
91.3(l) 
91.1(2) 
90.5( 1) 
88.7(l) 

Chlorine atoms labelled (a) are related to the others in 
the cation by the symmetj operation: i, 1 -y, i. 

mispairing, e.g. with a guanine, thereby causing a 

premutagenic lesion. While a mutation mechanism 

involving a metalated thymine nucleobase is a rather 

unlikely event for ci.s-(NH,),PtCl, 1141, metals with 

a more pronounced affinity for T-N(3) might very 

well make use of such a pathway. The advantage 

of applying Pt(Il), hdwever, is in slow kinetics of 

the ligand displacement reaction which permits the 

isolation of species containing rare tautomers. 

TABLE 4. Some hydrogen bond distances (A) in the title 

compound 

c12-owl* 3.40( 1) 

c13-owl* 3.38(l) it’, 

04a’-04b’ 2.49( 1) 

04b’-OW2* 2.83( 1) (a) 
02a’-OWl 2.85(l) 

02b’-NlO* 2.86( 1) 

02b’-Nil* 2.95(l) 

Nl&OWl* 2.93( 1) 
i’i 

C 

Starred atoms are related to those unstarred by the sym- 

metry operations given in parentheses: (a) 1 -x; 1 +y; -1-z; 

(b) x-l; t-y; f+z; (c) -x; -y; --z. 

Supplementary material 

Lists of calculated and observed structure factors 

and of anisotropic displacement parameters may be 

obtained from the authors upon request. 
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