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A compound containing two cis-Pt(NH,)$ 
moieties and two I-methylthyminato ligands (I-MeT) 
in a head-tail arrangement has been prepared and the 
X-ray structure determined. cis-[Pt(NH,)2(C6H7- 
Nz 02 )/ z (NO3 )2 -4. SH, 0 crystallizes in space group 
PI with the cell parameters a = 11.32(l) A, b = 
13.37(l) A, c = 22.63(l) 4 (Y= 109.61(6)“, (3 = 
82.07(6)“, y = 115.58(7)“, Z = 4. The structure was 
refined on 7304 reflections to R = R, = 0.086. The 
crystallographic unit consists of two independent 
head-tail dimers with intramolecular Pt-Pt distances 
of 2.915 and 2.920 W respectively, and intermolec- 
ular Pt-Pt distances of 3.878 and 3.964 A The 
dimers are linked by hydrogen bonds (2.895-3.054 
A) between the non-coordinating keto oxygens of 
I-MeT and the two NH, groups of adjacent dimer 
units. Platinum binding occurs through N3 and 04 
in all cases, and H-bonding through 02. The crystal 
structure of the title compound is different from a 
previously described head-tail dimer (monohydrate) 
with regard to intra- and intermolecular Pt-Pt 
separations. A differenh’ation of the title compound 
from the corresponding head-head dimer is possible 
on the basis of their different reactions with excess 
NaCl: while the head-head dimer is decomposed into 
equimolar amounts of cis-Pt(NH3)2(l-MeT)2 and 
cis-Pt(NHJ )2 Clz , the head-tail dimer forms cis- 
Pt(NH,),(l-MeT)Ct as the sole product. 

Introduction 

The interest in complexes of cis-I%(H) with the 
model nucleobases 1-methyluracil and l-methyl- 
thymine orgmates, among others [l], in the yet 
unresolved structure of ‘platinum pyrimidme blues’ 
[2-61. Despite the full characterization of a crys- 
talline blue platinum complex containing o-pyri- 
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done as ligand [7 1, the transformation of these results 
to Nl substituted or fully unsubstituted pyrimidine- 
2,4diones with respect to coordination aspects 
remains questionable, due to the higher number of 
potential donor sites and combinations of these in 
the latter [8]. 

During the reaction of cis- [Pt(NHa), (Hz O), I*+ 
with sodium I-methylthyminate we obtained, among 
other products, yellow crystals of a I%(H) dimer with 
two bridging 1-methylthyminato, (I-MeT), ligands 
in head-tail arrangement, cis-[Pt(NHa),(l-MeT)1,- 
(N03)2*4.5H20. Alternately we isolated a second 
crystalline modification of this head-tail dimer 
from a solution of cis- [Pt(NHa)*( 1 -MeT)(H20)] N03, 
prepared by reaction of cis-Pt(NHs)2( 1 -MeT)Cl* 
H,O [9] with AgNOa in water, which was identical 
with the monohydrate previously described by Lock, 
Rosenberg and co-workers [lo]. An unambrguous 
crystallographic differentiation of the exocyclic 
oxygens of the I-MeT ligands is not possible, due 
to the existence of the pseudo twofold axis through 
N3 and C6, but N3,04 platinum binding gives the best 

fit with the experimental results. N3, 04 bridging 
has been found/assumed to occur in other di- and 
polynuclear 1 -MeT complexes [ 1 l- 151, and has been 
shown unambiguously to exist in several complexes 
of 1 -methyluracil [ 16- 181. 

We herewith report the crystal structure of bis- 
(/~-1-methylthyminato-N3,04)brs-(cis-diammineplat~ 
num(II))dinitrate-4Shydrate and on a method of 
differentiation between head-head and head-tail 
platinum dimers which is based on the easy cleavage 
of the l-?-O bond in the presence of chloride. This 
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is another example of the apparent ease by which 
Pt-nucleobase complexes crystallize m different 
modifications, previously observed by us with mixed 
chloro, 1-methylcytosine [19] and mixed thymmato, 
I-methylcytosine complexes [20] of cis-Pt(I1). 

Experimental 

PTeparation 
cis-Pt(NHa)2Clz was prepared according to the 

method of Dhara 1211 and recrystallized from DMF/ 
aqueous HCl. The title compound was prepared as 
follows: 5 mmol of cis- [Pt(NH,)2(Hz O),] (NOa), , 
obtained in situ from cis-Pt(NHJ)aClz and 2 AgNOs 
in water after filtration of AgCl, 20 mm01 l-methyl- 
thymine (Vega Biochemicals) and 7 mm01 NaOH 
were stirred at 80 “C for 4.5 h. The total volume 
was 100 ml. The purple-black solution (pH 3.7) was 
filtered hot from an unidentified precipitate and 
concentrated to 30 ml volume. After filtration of 
1.6 g of 1-methylthymine the solution was allowed 
to evaporate at room temperature. 100 mg of the 
previously described head-head dimer cis-[Pt(NH&- 
(1 -MeT)] z(N0a)2 [ 121 (yellow cubes, transparent 
on air) were collected first, then 200 mg of the title 
compound (yellow, transparent columns, rapidly 
loosing water of crystallization on air), later on 250 
mg of a mixture of both compounds and of more 
unreacted I-methylthymme. When the solution was 
dry, 1.55 g of a mrxture, consisting predommantly 
of cis-Pt(NHa)a( 1 -MeT),*NaNO,*(HaO),, was obtain- 
ed. 

The extremely fast loss of water of crystallization 
of the title compound did not permit performance 
of a reliable elemental analysis. This was therefore 
carried out with a sample kept on an until weight 
constancy was reached. Anal. Calcd. for [Pt(NH,),- 
(C~H,NZO~)]~(NO&.H~O. C, 16.40; H, 3.22; 
N, 15.94; 0, 20.03; Pt, 44.41. Found: C, 16.38; H, 
3.38; N, 15.72; 0, 20.25; Pt, 44.5. Formulatron of 
the title compound as 4.5-hydrate therefore was 
based on the results of the structure determination 
and the density measurements (uide infra). 

In another preparation 0.5 mm01 cis-Pt(NHa)z- 
(l-MeT)Cl*H20 [9] and 0.5 mm01 AgNOa were stn- 
red in 10 ml water for 24 h at room temperature, the 
precipitated AgCl centrifuged and the resulting solu- 
tion briefly warmed to 50 “C, then allowed to 
evaporate. Among other products, yellow crystals 
were isolated which stayed transparent in air and 
which had a density of 2.46. This density compares 
with the value of 2.47 for the head-tail drmer modifi- 
cation previously reported [lo]. Although the cell 
constants of the isolated compound could not be 
determined due to twin formation, we obtained 
the corresponding 1-methyluracil compound in an 
analogous way and unambiguously identified it [22]. 

Moreover, recrystallization of the yellow, transparent 
I-MeT product from water gave the title compound 
(4.5-hydrate) in low yield. 

Surprisingly, we could not find suitable conditions 
of recrystallization to transfer our compound into 
the P2r/c product of Lock tt al. [lo]. In all cases 
only the starting material (Pi product) was recov- 
ered. However, with the mrxed thymmato, l-methyl- 
cytosine complexes similar problems had been 
noticed by us [20]. 

Density Measurements 
Like elemental analysis, the determination of the 

density of the title compound by flotation (CH212/ 
CC14) presented a problem. Densities of the title com- 
pound (Pi) varied from 2.17 to 2.23, depending upon 
the degree of dehydration, which compare with the 
value of 2.15 expected for a 4.5 hydrate. A sample 
kept on air for several hours, which analyzed as a 
monohydrate (bhnd, broken crystals), gave D E 2.3, 
and this may explain the higher values found for 
the title compound. In contrast, the P2,/c product 
of Lock et al. [IO], which is stable on air, gave a 
D = 2.46. 

Apparatus 
IR spectra were recorded as Nujol mulls (CsI win- 

dows) on a Perkin Elmer 580 grating spectrometer. 
‘H NMR spectra were obtained on a Jeol JNM-FX 
60 Fourier-transform spectrometer at 30 “C. The 
solvent was DzO and [N(CH3),]BF4 was used as an 
internal reference. Shifts (6 scale) were calculated 
relative to sodium 3(trimethylsilyl)propanesulfonate 
(3.1869 ppm upfield). pD values were obtained by 
adding 0.4 units to the pH meter reading. 

Crystallography 
For X-ray analysis a crystal (dimensions approx- 

imately 0.4 X 0.4 X 0.5 mm) was sealed in a capillary 
together with a drop of water. The cell parameters 
and the space group were determined by precession 
photographs and refined by centering 15 reflections 
(219 > 15’) on a Syntex P2r diffractometer. The 
crystal data are: a = 11.32(l), b = 13.37(l), c = 
22.63(l) A,(Y = 109.61(6)“, /3 = 82.07(6)‘, y = 
115.58(7)“, 1/ = 2610.0 A3, space group Pi, 2 = 4, 
mol wt. 941.8, DC = 2.15, D, 2.2 g cm-j (cfi text), 
~Mo-K, = 101.9 cm-‘. Intensity data of 8782 
independent reflections were measured (MO-K, 
radiation, X = 0.71069 A, graphrte monochromator, 
2” < 219 < 48”, w = scan). After Lorentz and 
polarization corrections the structure was solved by 
the SHELX-system. The main difficulty of the 
structure determinatron arose from the fact that the 
four Pt atoms lay almost exactly on a line. After 
several assays, however, the best solution of the direct 
methods of the SHELX-system gave the heavy atoms, 
and the subsequent difference Fourier maps showed 
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Fig. 1. The two crystallographrcally independent dlmer 
cations of the title compound cis-[Pt(NHa)z(l-MeT)]z- 
(N03)2*4.5HzO. Hydrogen bonding interactions are shown 
as dotted lines. 

the positions of the light atoms. The structure was 
refined by full matrix least squares with anisotropic 
thermal parameters for the I’t atoms. The refinement 
of the temperature factors showed that the platinum 
atoms are bound to 04 of the l-MeT ligands, and not 
to 02. With 04 binding, the temperature factors of 
Nl and C5 are as follows: 

Nl: 0.04644 (ligand A), 0.03890 (B); 0.04031 
(C); 0.04754 (D); C5: 0.04558 (A); 0.03872 (B); 
0.04695 (C): 0.04695 (D). 

For the interchanged atomic coordinates the 
temperature factors are: 

Nl: 0.029060 (ligand A); 0:02190 (B); 0.02270 
(C); 0.03090 (D); C5: 0.06100 (A); 0.05330 (B); 
0.06420 (C); 0.07120 (D). 

The hydrogen atoms were not located and the 
thermal parameters of the water oxygens and the 
nitrates showed that they are not exactly located. 
The final R value were R = R, = 0.086 for 7304 
reflections with F, 2 2.0 u(F,). 

Results and Discussion 

Structure 
In Fig. 1 the two crystallographically independent 

dimer cations of the title compound are shown, and 

Fig. 2. The stacking of the dimer cations in the crystal. Pt 
atoms, NH3 nitrogens and amidate hnkages N3, C4,04 are 
given only. Other atoms of the heterocyclic rings are omitted 
for clarity. 

in Fig. 2 the arrangement of the dimers along the 
crystallographic y axis is depicted. For clarity, only 
the coordinating amidate units (N3-C4-04) of the 
l-MeT ligands are given in Fig. 2. Table I lists atomic 
parameters, in Tables II-IV selected interatomic 
distances, angles, and conformational parameters 
(as suggested by Orbell, Marzilli and Kistenmacher 
[24]), as well as possible hydrogen bonds are listed. 
Because of the relatively large errors, no comparison 
of l-MeT hgand bond lengths and angles with those 
of the neutral 1 -methylthymine [24] was undertaken. 
The cations consist of cis-drammineplatinum(I1) 
units linked in a head-tall fashion by two l-methyl- 
thiminato hgands through N3 and 04. The Pt atoms 
have square planar coordination spheres with slight 
deviations of the metals from the best planes (Table 
III), giving intermolecular Pt-Pt separations of 
2.915( 1) and 2.920(l) A respectively. These Pt-Pt 
distances are shorter than the 2.974(l) A found in 
the P2r/c modification [lo], but slightly longer than 
in the head-head dimer (2.909(3) A) [12]. Dif- 
ferences in the Pt-Pt separations are accompanied 
by differences in the tilt angles of the Pt coordination 
planes, being smallest in the head-head dimer i29.5’) 
largest in the head-tail-(P2r/c)dimer (36,1 ), and 
intermediate in the head-tail dimers of the Pl product 
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TABLE I. Atormc Coordmates and Thermal Parameters. 

D. Neugebauer and B. Lippert 

Atom xla Yb z/c U 

Wl) 
Ma 
ptt3 
ptt41 
0(4B) 
N(3A) 
N(13) 
NO41 
0(4A) 
NW 
N(3W 
W4) 
C(4A) 
C(51A) 

C(5A) 
C(6A) 
WA) 
C(llA) 

C(2A) 
O(2A) 
C(4B) 
C(5B) 
C(51B) 

C(6B) 
N(lB) 
C(llB) 

C(2B) 

O(2B) 
O(4D) 
N(3C) 
N(33) 
M34) 
W3D) 
O(4C) 
NC431 

W44) 
C(4C) 
C(5C) 
C(51C) 

Ct6C) 
WC) 
C(llC) 

C(2C) 
WC) 
C(4D) 
C(2D) 
0(2D) 
N(lD) 
C(llD) 

C(6D) 
C(5D) 
C(5 1D) 

N50) 
O(51) 
O(52) 
O(53) 
N(60) 

0.3730(l) 
0.3960(l) 
0.4383(l) 
0.4202(l) 
0.3164(19) 
0.1895(21) 
0.4271(26) 
0.5602(23) 
0.2399(19) 
0.5124(23) 
0.2780(24) 
0.5455(26) 
0.1652(28) 
0.0015(42) 
0.0372(32) 

-0.0514(35) 
-0.0195(22) 
-0.1107(40) 

0.0941(32) 
0.1235(21) 
0.2731(28) 
0.2076(29) 
0.1985(44) 
0.1568(34) 
0.1533(20) 
0.0977(38) 
0.2162(29) 
0.2135(23) 
0.4779(20) 
0.6261(23) 
0.4018(24) 
0.2516(24) 
0.5415(22) 
0.5713(19) 
0.2933(24) 
0.2747(24) 
0.6586(27) 
0.7850(33) 
0.8259(40) 
0.8681(40) 
0.8330(21) 
0.9204(38) 
0.7149(30) 
0.6835(19) 
0.5419(32) 
0.6188(28) 
0.6287(22) 
0.6943(22) 
0.7822(45) 
0.6877(35) 
0.6137(35) 
0.6073(38) 
0.1470(37) 
0.1079(37) 
0.0882(37) 
0.2441(29) 
0.2819(136) 

1.1758(l) 
0.9541(l) 
0.6833(l) 
0.4877(l) 
1.1108(16) 
1.0729(18) 
1.2566(22) 
1.2834(19) 
0.9218(16) 
0.9887(19) 
0.9106(21) 
0.9629(22) 
0.9770(23) 
0.7977(37) 
0.9140(27) 
0.9691(29) 
1.0669(18) 
1.1239(35) 
1.1193(27) 
1.2141(18) 
1.0044(23) 
0.9706(24) 
1.0652(38) 
0.8679(29) 
0.7790(17) 
0.6504(32) 
0.8043(24) 
0.7253(20) 
0.7519(17) 
0.6893(19) 
0.6304(20) 
0.6791(21) 
0.6196(18) 
0.5068(16) 
0.3491(21) 
0.4645(20) 
0.6046(23) 
0.6167(28) 
0.5156(35) 
0.7153(35) 
0.8071(17) 
0.9037(32) 
0.8039(25) 
0.8786(16) 
0.7306(26) 
0.5971(24) 
0.4977(19) 
0.6823(19) 
0.6584(39) 
0.7873(30) 
0.8107(30) 
0.9331(33) 
0.7744(34) 
0.8315(34) 
0.6653(34) 
0.8188(25) 
0.3538(112) 

0.7356(l) 
0.6987(l) 
0.7122(l) 
0.7492 
0.6453(g) 
0.7620(10) 
0.8271(12) 
0 7116(10) 
0.7575(8) 
0.7689(10) 
0.6269(11) 
0.6358(12) 
0.7702(13) 
0.8067(20) 
0.7975(14) 
0.8092(16) 
0.7963(10) 
0.8141(19) 
0.7726(14) 
0.7596(10) 
0.6104(13) 
0.5510(13) 
0.5311(21) 
0.5161(16) 
0.5395(9) 
0.4971(17) 
0.5925(13) 
0.6122(11) 

0.8071(g) 
0.6911(10) 
0.6181(11) 
0.7301(11) 
0.8201(10) 
0.6893(g) 
0.6804(11) 
0.8143(11) 
0.6812(12) 
0.6605(15) 
0.6529(19) 
0.6500(19) 
0.6586(g) 
0.6364(17) 
0.6829(13) 
0.6936(8) 
0.8353(14) 
0.8471(13) 
0.8256(10) 
0.8972(10) 
0.9299(21) 
0.9193(16) 
0.8906(16) 
0.9144(18) 
0.3265(18) 
0.3690(19) 
0.3047(18) 
0.2915(14) 
0.5037(63) 

a 

a 

a 

a 

0.041(5) 
0.029(5) 
0.048(6) 
0.039(5) 
0.037(4) 
0.036(5) 
0.040(6) 
0.046(7) 
0.034(6) 
0.080(11) 
0.046(8) 
0.052(9) 
0.046(5) 
0.067(11) 
0.045(7) 
0.049(5) 
0.036(6) 
0.039(7) 
0.078(12) 
0.052(S) 
0.039(5) 
0.064(10) 
0.036(7) 
0.057(6) 
0.042(5) 
0.034(5) 
0.040(6) 
0.043(6) 
0.035(5) 
0.037(5) 
0.042(6) 
0.044(6) 
0.034(6) 
0.047(8) 
0.071(11) 
0.066(11) 
0.040(5) 
0.060(10) 
0.038(7) 
0.037(4) 
0.043(7) 
0.036(6) 
0.053(6) 
0.048(5) 
0.084(13) 
0.057(9) 
0.054(9) 
O.OSS(lO) 
0.081(10) 
0.121(12) 
0.120(12) 
0.083(8) 
0.293(64) 

(continued on facmg page) 
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TABLE I. (contmued) 

Atom xla Ylb r/c U 

O(6I) 0.1857(58) 0.3608(49) 0.5059(26) 0.173(20) 

O(62) 0.3546(38) 0.2947(33) 0.4564(18) 0.118(12) 

O(63) 0.3850(57) 0.3768(49) 0.5520(27) 0.199(21) 

N(70) 0.5556(57) 0.1709(54) 0.4975(28) 0.154(20) 

O(71) 0.5419(47) 0.0868(43) 0.5339(23) 0.195(16) 

O(72) 0.5367(45) 0.2682(42) 0.4838(22) 0.225(16) 

O(73) 0.6226(46) 0.1999(43) 0.5764(23) 0.106(16) 

N(80) 0.1699(76) 0.1945(77) 0.9117(36) 0.225(31) 

O(81) 0.1816(58) 0.3121(57) 0.9095(28) 0.315(23) 

(X82) 0.1242(64) O.OSOS(55) 0.9389(28) 0.302(23) 

O(83) 0.2630(64) 0.1068(52) 0.9191(28) 0.317(23) 

O(90) 0.1316(27) 0.4376(24) 0.6313(13) 0.078(8) 

O(91) 0.1213(31) 0.6008(27) 0.8425(15) 0.105(9) 

W’2) 0.3400(30) 0.7700(27) 0.1484(14) 0.107(9) 

W93) 0.1368(33) 0.5437(29) 0.1887(16) 0.142(10) 

(X94) 0.3676(34) 0.0307(30) 0.9044(16) 0.149(11) 

O(95) 0.3872(35) 0.5443(31) 0.9496(17) 0.167(11) 

006) 0.6 196(35) 0.4146(31) 0.5272(17) 0.167(11) 

(X97) 0.2248(36) 0.8117(32) 0.9464( 17) 0.180(12) 

O(98) 0.3949(36) 0.7779(32) 0.0218(17) 0.171(11) 

aAmsotropic temperatures Un were obtained from p3 = 2n’btbrUn where @d’s occur as a temperature effect from exp[-(prt h2 + 
. . . +2p,zhk+.. .)] and bf and b, are the reciprocal lattice vectors. For Pt(l), Urr = 29.5(7), Uaa = 31.0(5), U33 = 42.8(6), Ur2 
= 11.1(5), Urs = 1.1(5), U23 = 13.5(5), Urr = 27.9(7), Uaa = 34.7(6), U33 = 36.9(6), Uta = 12.8(5), Ur3 = -0.4(5), U23 = 
12.4(4), Urr = 29.2(7), U22 = 33.9(6), U33 = 39.8(6), U 12 = 13.8(5), Ut3 = 5.0(5), U23 = 15.6(5), Utr = 38.1(7), U22 = 31.1(5), 
U33 = 33.4(6), Ura = 13.2(5), Ur3 = 1.6(S), U23 = 12.0(4). 

TABLE II. Selected Interatomic Distances (A) and Angles (deg) around the Pt Atoms. 

Ptl-Pt2 
Pt3-Pt4 
Pt2-Pt3 
Ptl-PM 

2.915(l) 
2.920(l) 
3.964(l) 
3.878(l) 

Ptl-04B 
N3A 
N13 
N14 

2.005(18) 
2.075(21) 
2.025(24) 
2.105(22) 

Pt2-04A 
N3B 
N22 
N24 

2.038(18) 
2.012(23) 
2.005(22) 
2.044(26) 

Pt3-04D 

N3C 
N33 
N34 

2.055(19) 
2.087(22) 
2.043(23) 
2.075(24) 

pt4-04C 
N3D 
y43 
N44 

2.010(18) 
2.045(21) 
2.073(23) 
2.042(23) 

(N14-Ptl-04B) 
(N14-Ptl-N3A) 
(N14-Ptl-N13) 
(N13-Ptl-04B) 
(N13-Ptl-N3A) 
(N3A-Ptl-04B) 
(N34-Pt3-04D) 
(N34-Pt3-N3C) 
(N34-Pt3-N33) 
(N33-Pt3-04D) 
(N33-Pt3-N3C) 
(N3C-Pt3-04D) 

90.4(8) 
178.3(8) 

88.4(9) 
173.8(9) 
89.9(9) 
91.2(8) 
89.6(8) 

177.7(9) 
89.3(9) 

174.6(8) 
88.8(9) 
92.2(8) 

(N24-Pt2-04A) 
(N24-Pt2-N22) 
(N24-Pt2-N3B) 
(N3B-Pt2-04A) 
(N3B-Pt2-N22) 
(N22-Pt2-04A) 
(N44-Pt4-N3D) 
(N44-Pt4-04C) 
(N44-Pt4-N43) 
(N43-Pt4-N3D) 
(N43-Pt4-04C) 
(N3D-Pt4-04C) 

172.3(9) 
91.5(10) 
88.0(10) 
90.8(8) 

177.0(9) 
89.2(8) 
87.3(9) 

175.2(8) 
90.6(9) 

177.1(9) 
91.5(8) 
90.5(8) 
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TABLE III. Conformational Parameters of cis-[Pt(NH3)2- 
(l-MeT)]2(N0&*4.5H20. 

TABLE IV. Possible Intermolecular Hydrogen Bonds. 

(a) Between non-coordinating 02 of l-MeT and NH3 ligands 
(a) Dihedral angles (deg) 

A/B 
C/D 

A/Pt(l)N30 
B/Pt(l)N30 
B/Pt(2)N30 
A/Pt(2)N30 

(b) Tilt angles (deg) 

99.49 
109.51 

93.16 
117.02 

95.05 
111.75 

Pt(l)N30/Pt(2)N,0 30.72 
Pt(3)NJO/Pt(4)N,0 35.18 

C/Pt(3)N30 88.72 
D/Pt(3)N30 118.89 
D/Pt(4)N30 101.41 
C/Pt(4)N30 111.41 

(c) Torsion angle about the Pt-Pt vectors (deg) 

Ptl-Pt2 17.91 
Pt3-Pt4 25.72 

(d) Deviations (A) of Pt atoms from least-squares coordina- 
tion planes 

Apt1 +0.0575 APt3 -0.0584 
Apt2 -0.0943 Apt4 +0.0563 

(30.7 and 35.2'). In contrast to the head-head I-MeT 
dimer, where the NH3 groups of the two Pt atoms lie 
practically above each other (torsional angles 0.4- 
1.7’), the Pt coordination planes are rotated about 
the Pt-Pt vector by 13-14.5’ in the P2r/c com- 
pound and 17.9” and 25.7” in the Pi compound. 

The main difference between the two head-tail 
dimer modifications is in the intermolecular 
arrangements of the dimers in the crystals: in the 
earlier compound adjacent dimers are separated by 
almost 6 A (nearest Pt-Pt distance), whereas here in 
the described compound dimers are less than 4 A 
apart and are held together by extensive interdimer 
hydrogen bonding (Fig. 1). Each non-coordinating 
keto oxygen 02 of the 1 -MeT ligands is in a position 
to form two strong hydrogen bonds (2.9-3.05 A), 
thus leading to a maximum of eight hydrogen bonds 
between one dimer and its two neighbours. The 
resulting arrangement - stacking of Ptz units along 
one axis -thus has some similarity with the struc- 
tures of pyrophosphato-bis(cis-diammineplatinum- 
(II)) [25] and tetrakis(dithioacetato)diplatinum(II) 
WI. 

Spectroscopy 
A differentiation between the head-head dimer 

I [ 121 and the head-tail dimer 2 by IR and ‘H NMR 
spectroscopy has been attempted. Although dif- 

02A-N43 2.895 A L(Pt4-N43-02A) 98.5” 
N44 2.920 (R4-N44-02A) 98.5 

02B-N33 2.949 (Pt3-N33-OZB) 103.0 
N34 3.054 (Pt3-N34-02B) 98.8 

02C-N22 2.947 (Pt2-N22-02C) 97.6 
N24 2.913 (Pt2-N24-02C) 97.7 

02D-N13 3.050 (Ptl-N13-02D) 102.3 
N14 3.021 (Ptl-N14-02D) 101.2 

(b) Between Hz0 and NH3 groups 

N13-092 2.955 A x(Ptl-N13-092) 110.4” 
N22-092 2.975 (Pt2-N22-092) 122.3 
N34-091 3.023 (Pt3-N34-091) 114.3 
N43-090a 3.049 (Pt4-N43-090) 108.2 
N44-091a 2.895 (Pt4-N44-091) 120.1 
N44-095 3.138 (Pt4-N44-095) 111.7 
N22-094 3.264 (Pt2-N22-094) 111.5 
N33-090 3.090 (Pt3-N33-090) 91.5 

%ymmetry transformation: x; 1 + y; z. 

1 

ferences are observed in the IR spectra, which refer 
to l-MeT modes (e.g. I: 1515, 1500 vs;2: 1510 vs; 
1: 870 m,b; 2: 850 m,b, 800 m,b), skeletal modes 
(e.g. 1: 545 m, 5 12 m; 2: 540,545m, 518s; 1: 335 m, 
320 m; 2: 342 m) and to the OH stretching region 
(2: 3430 vs), these, as well as other minor differences 
do not permit the two compounds to be readily 
differentiated by this method. Crystal packing 
forces and hydrogen bonding effects could also be 
responsible for differences of this magnitude. 

‘H NMR spectra of the two compounds do not 
differ greatly, and resonance of 1 and 2 occur within 
0.01-0.02 ppm of each other in DzO. We were able, 
however, to differentiate between the compounds I 
and 2 by adding excess NaCl to an aqueous solution of 
either compound, CL diagrams on facing page. With 1 
the appearance of signals due to cis-Pt(NHa)2- 
(1-MeT)2 upfield of the original ones of 1, and the 
precipitation of cis-Pt(NHs)zClz were observed (Fig. 
3). In contrast, the head-tail dimer 2, with excess 
NaCl, gave the rather insoluble, almost color- 
less cis-Pt(NHa)2( 1 -MeT)Cl*D20, which was 
isolated from solution and identified by compari- 
son with the identical compound obtained by 
reaction of cis-Pt(NH3),(1-MeT)2 with HCl [9]. 
In the NMR spectrum of 2, on addition of NaCl a 
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decrease in the intensities of the original signals was 
observed. No distinct new signals were observed 
since the chemical shifts of the H resonances of 2 
and the product formed are vntually identical. 

2 

There is definitely no cis-Pt(NH3)z( 1 -MeT)* formed 
as with 1, nor any cis-Pt(NH3)2Clz. 

The structure presented here provides an example 
of how long-range intermolecular hydrogen bonding 

HE 

727 
I 

SOIV 

II 

323 

N-CH3 

/ 
ref 

CH3 

!73 

180 

LC 

H 

1 wm 

Fig. 3. ‘H NMR spectra (DzO) of (a) head-head dimer cis- 
[Pt(NHs)z(l-MeT)]a(NOs)a, 0.15 M Pt, pD = 4.4 (b) 20 h 
after addition of NaCl (1.5 M Cl-), 22 “C. (c) 5 d after addi- 
tion of NaCl, 22 “C. New signals at 7.17, 3.25,1.73 ppm are 
due to crs-Pt(NH&(l-MeT)z. Samples (b) and (c) contain 
yellow precipitate of crs-Pt(NHs)2C12. ref = [NMea]‘; * 
spinning side bands. 

interactions between non-coordinating oxygens of 
pyrimrdine-2,4diones and the NH3 groups of cis- 
Yt(I1) can occur in the solid state, and conceivably 
m solution as well. This pattern is by no means 
restncted to Pt drmers with head-tail arranged uracil 
and thymine ligands, and may play an important role 
in reinforcing metal-metal interactrons in platinum 
blues. 
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