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Abstract

The crystal structure of bis(u-1-methylthyminato)-
bis-(cis-diammineplatinum(Il))dinitrate is reported.
The compound crystallizes in space group P2i/n
with a = 8.424(2) A, b = 17.618(5) A, ¢ = 15.861(2)
A, B =9433(2)°, Z = 4. The structure was refined
on 3534 reflections to R = 0.046 and R,, = 0.050.
The compound contains the 1-methylthyminato
ligands, 1-MeT, in head—head arrangement with Pt
binding through N3 and O4. Both Pt atoms have
square-planar coordination spheres with the two
coordination cPlanes nearly eclipsed, yet tilted by an
angle of 31.4°. The Pt—Pt distance within the cation
is 2.927(1) A, whereas the shortest intermolecular
Pt—Pt separation is 5.66 A. The crystal packing of
this 1-MeT compound is different from that observed
on related head—head dimers of cis-(NH3),Pt.

Introduction

Dinuclear complexes of cis(NH;),Pt containing
two deprotonated cyclic amide ligands such as a-
pyridone, a-pyrrolidone, 1-methylhydantoin,
1-methyluracil, and I-methylthymine (Fig. 1) in
head—head arrangement have aroused substantial
interest because of their assumed role as precursors
of ‘platinum pyrimidine blues’ [1]. With a-pyridone,
for example, a close structural similarity between
a pair of head—head dimers with Pt in its +2 oxida-
tion state and a partially oxidized tetranuclear unit
with an average +2.25 oxidation state for Pt has been
demonstrated [2]. More recently, a tetranuclear
a-pyrrolidone complex with an average Pt oxidation
state of +2.5 has been shown to have a structure
analogous to that of the a-pyridone blue [3]. These
findings suggest that association of two head—head
dimers is essential for the formation of partially
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Fig. 1. Cyclic amide ligands with reported head-head
arrangement in complexes of cis-(NH3),Pt: a-pyridone, I,
a-pyrrolidone, II, l-methylhydantoin, III, 1-methyluracil,
IV, and 1-methylthymine, V.

oxidized species, at least if the heterocyclic ligand
contains a single amidate group. With ligands contain-
ing additional functional groups as in the case of
uracil or its derivatives, for example, other ways of
producing extended Pt—Pt interactions seem to be
possible as well. For this reason we have been
interested in the crystal packing of related head—
head dimers of cis-Pt(II) containing bridging 1-
methyluracil [4] and 1-methylthymine ligands. In
this paper we report the crystal structure of bis(u-1-
methylthyminato-N3,04)bis<(cis-diammineplatinum-

(I1)) dinitrate which was previously described by us
in preliminary form [S] and compare it with other
head—head dimers of cis-diammineplatinum.

Experimental

The compound was prepared as previously describ-
ed by reaction of cis<(NH;),Pt(1-MeT), with cis-
[(NH3),Pt(H,0),](NOs), [5]. A crystal fragment
of dimensions 0.15, 0.15, 0.20 mm was used for
the X-ray measurements which were carried out on
a Philips PW 1100 instrument using graphite-mono-
chromatized Mo-K,, radiation (A = 0.71069 A). The
space group of the monoclinic crystal as determined
from the systematic absences is P2;/n. The cell
parameters were determined by a least-squares fit
of the parameters of the orientation matrix to
the setting angles of 21 reflections. They are a =
8.424(2), b = 17.618(5), ¢ = 15.861(2) A, 8 =

© Elsevier Sequoia/Printed in Switzerland
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Fig. 2. Molecular cation cis-[(NH3)2Pt(1-MeT)]22+ (head —
head).

94.33(2)°, D, = 2.424 g cm ™2 for Z = 4 and mol. wt.
860.66, D, = 245 g cm™>. Intensity data were
recorded using a 6/260 scan technique (20 < 50°,
scan width 1°, 2°/min in 20, 10 sec background
counts at the limits of the scan). There was no
significant change in intensity of three check reflec-
tions measured every 30 min. 4113 unique reflections
were obtained. Lp and an empirical absorption cor-
rection (based on Y scans for 6 reflections with x

N122 N2
~ AN

settings near 90°, u = 115.1 ¢cm ) were applied to
I and o(I) values. 3534 reflections with £, = 20(F,)
were used for the subsequent calculations.

The positions of the Pt atoms were determined
from a Patterson map. The remaining non-hydrogen
atoms were located by means of F, calculations
and Fourier maps. Hydrogen atoms were not
considered at any stage. Least squares refinement
gave the parameters listed in Table 1. The structure
was refined to R = 0.046, R,(F) = 0.050 (for 3534
reflections with F = 20(F), 308 parameters, w =
1/(6*(F) + 0.0007 F?)). The maximum e/A® was 1.7
(0.9 A away from Ptl). Scattering factors were taken
from Cromer and Mann [6], Af" and Af” corrections
applied [7], and the Shelx-76 program package [8]
used.

Since 1-MeT has a pseudo-twofold axis through
N3 and C6, the possibility that N1 and C5 atoms
might be interchanged, has been considered [5].
This would imply that Pt coordination takes place
trhough N3 and O2 and not, as assumed (vide infra)
through N3 and O4. However, such a possibility
seems unlikely for two reasons: first, treatment of
Nla and N1b as C atoms leads to unacceptably low
temperature factors of these atoms, and second, the
R value increases from 0.046 to 0.049.

Fig. 3. Projection of the title compound along the Pt1, Pt2 vector. Possible hydrogen bonds between the molecular cation and sur-
rounding nitrate groups are indicated. Symmetry transformations are given in Table IV.
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TABLE II. Interatomic Distances (A) and Angles (deg).

(a) Coordination sphere

Pt1-Pt2 2.927(1) Pt1-Pt2—-04b’ 80.2(2)
Pt1-N11 2.060(9) N21-Pt2-N22 89.7(4)
Pt1-N12 2.047(9) N21-Pt2—0O4a’ 177.3(3)
Pt1-N3a 2.031¢8) N21-Pt2—-04b’ 90.4(3)
Pt1-N3b 2.042(8) N22-Pt2--O4a’ 90.6(3)
Pt2—-N21 2.031(9) N22-Pt2-04b’ 174.03)
Pt2—-N22 2.037(9) O4a’—Pt2-04b’ 88.9(3)
Pt2—04a’ 2.012(7)
Pt2-04b’ 2.023(7)
Pt2—Pt1 —N11 102.9(3)
Pt2—-Pt1-N12 100.1(3)
Pt2—Pt1—-N3a 81.5(2)
Pt2—Pt1-N3b 81.6(2)
N11-Pt1-N12 89.5(3)
N11-Pt1-N3a 89.5(3)
N11-Pt1-N3a 89.5(3)
N11-Pt1-N3b 175.1(3)
NI12-Pt1-N3a 178.2(3)
NI12-Pt1~-N3b 87.8(3)
N3a—Pt1 -N3b 93.1(3)
Pt1-Pt2—N21 102.5(2)
Pt1-Pt2—N22 105.6(2)
Pt1-Pt2-0O4a’ 80.0(2)

(b) Ligand geometry

Nla—-Cla’ 1.489(17) Pt1 -N3a—C4a 126.2(7)
Nla-C2a 1.367(15) Ptl1 —-N3a—C2a 114.9(6)
C2a—-02a’ 1.249(14) C4a—N3a—C2a 118.9(9)
C2a—N3a 1.409(13) 04a’-C4a--C5a 119.2(9)
N3a—Cda 1.365(13) O4a’—C4a—N3a 120.509)
C4a—-04a’ 1.259(12) C5a—C4a—N3a 120.2(9)
C4a—Csa 1.438(14) Pt2—04a’'-C4a 131.6(6)
Csa—Csa’ 1.525(16) CSa'—CSa—Céa 123.5(10)
C5a—Cé6a 1.343(16) C5a'-C5a—C4da 118.0(9)
C6a—Nla 1.382(15) C6a—C5a—Cda 118.4(9)
Nla—C6a—C5a 121.7(10)
N1b-Clb' 1.475(117)
N1b-C2b 1.380(15) Clb'—~N1b-C2b 118.6(9)
C2b-02v’ 1.238(13) C1b'—N1b-C6b 121.5(10)
C2b~N3b 1.383(14) C2b-N1b-C6b 119.9(9)
N3b-C4b 1.350(12) 02b'-C2b—-N3b 120.4(10)
C4b—04b’ 1.265(12) 02b’'—C2b—N1b 119.8(10)
C4b-C5b 1.449(15) N3b-C2b-N1b 119.8(9)
C5b-C5b’ 1.491(16) Pt1-N3b—-C4b 125.4(7)
C5b—-Cé6b 1.381(16) Pt1-N3b-C2b 113.7(6)
C6b—N1b 1.372(16) C4b—-N3b-C2b 120.5(8)
04b'—C4b—N3b 122.2(9)
Cla'~Nla-C2a 116.4(10) 04b’'—C4b-C5b 116.7(9)
Cla'—~Nla—C6a 123.3(10) C5b—C4b—N3b 121.0(9)
C2a—Nla—-Cé6a 120.2(9) Pt2—-04b'—C4b 129.9(6)
02a"~C2a—N3a 120.2(10) C5b'—C5b—Cé6b 121.5(10)
02a'—C2a-Nla 120.0(10) C5b'—C5b—C4b 122.5(10)
N3a—-C2a—Nla 119.8(9) C6b—-CS5b—-C4b 116.1(9)
C5b—C6b—N1b 122.4(10)

(continued on facing page)
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TABLE II. (continued)

(c) Anion geometry

N20-020 1.136(21)
N20-021 1.233(18)
N20-022 1.088(22)
N30-030 1.209(17)
N30-031 1.204(21)
N30-032 1.204(23)

020-N20-021 128.1(18)
020-N20-022 120.3(18)
021-N20-022 111.6(16)
030-N30-031 121.7(15)
030-N30-032 118.1(14)
031-N30-032 120.1(15)

TABLE III. Conformational Parameters.*

(a) Deviations of Pt atoms from least squares coordination planes.

APtl  0.050 A from N11, N12, N3a, N3b (plane I)*
APt2 —0.077 A from N21, N22, O4a’, 04b' (plane ID)°

(b) Deviations of Pt atoms from least squares 1-MeT planes

APtl —0.172 A, APt2 —0.061 A from Nla, C2a, N3a, C4a, C5a, C6a (plane 1n°
APt1 —0.032 &, APt2 —0.402 A from N1b, C2b, N3b, C4b, C5b, C6b (plane IV)d

(c) Dihedral angles
plane I/plane III 77.26°
plane I/plane IV 7242
plane II/plane III 80.29
plane II/plane IV 84.33
plane I/plane II 31.37
plane III/plane IV 94.37

(d) Torsional angles

NI11, Pt1, Pt2, N22 -1.2°
N12,Ptl, Pt2, N21 -2.6

*Equations of the planes refer to the a b ¢ basis.  28.4178x — 0.5103y — 0.8000z = 0.030. b7.0992x +1.0159y +7.4573z =

5.677. ©2.1615x+10.0391y — 12.6541z = 2.977.

Results and Discussion

Molecular Structure

In Fig. 2 a view of the dinuclear cation perpendic-
ular to the Pt1—Pt2 axis is given, in Fig. 3 the cation
is viewed along the Pt2—Ptl vector. Table I lists
atomic parameters, Table Il selected interatomic
distances and angles, and Table III conformational
parameters. The cation consists of two cis-(NH;),-
Pt(II) units each bridged by two 1-methylthyminato
ligands through N3 and O4, with the 1-MeT ligands
arranged in head-head fashion. The intramolecular
Pt—Pt distance is 2.927(1) A and both Pt atoms are
slightly out (av. 0.06 A) of their coordination planes,
directed towards each other. The Pt coordination
planes are substantially tilted (31.4°), but nearly
ecligsed (twist angle about the Pt—Pt vector av.
1.97). This feature, which can be seen particularly
well in Fig. 3, is unique for the 1-MeT dimer and

9_2.4768x + 13.5634y +9.2739z = 9.706.

is not observed in any of the other structures of
related compounds. In these compounds, the Pt
coordination planes are twisted by angles between
20 and 25°. The 1-MeT rings are essentially planar.
Pt1, which binds to the 1-MeT rings through N3, is
almost coplanar with one of the two rings (b), but
significantly out of the plane of the other (ring a),
0.032 A vs. 0.172 A. With Pt2, bound through 04,
conditions are reversed; while it is only slightly
out of the plane of ring a, it is markedly displaced
out of the plane of ring b, 0.061 A vs. 0.402 A.
The two 1-MeT planes are almost perpendicular to
each other, while the dihedral angles between the
Pt coordination planes and the 1-MeT planes range
from 72° to 84°,

Within the two 1-MeT rings, bond lengths and
angles do not differ significantly. Compared with
neutral 1-methylthymine [9], no great changes in
bond lengths occur on Pt binding, but the trend in
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Fig. 4. Arrangement of molecular cations of cis-[(NH3),Pt-
(1—MeT)]22+. Hydrogen bonding occurs between the exo-
cyclic O2 sites of one cation with the NH3 groups N21 and
N22 of the adjacent cation.

changes of angles in the vicinity of the Pt coordina-
tion sites is the same as in the corresponding head—
tail dimers of 1-MeT [10] and 1-MeU [14]. Speci-
fically, the internal 1-MeT angles at C2, N3, and C4
are all close to 120° (e.g. N1, C2, N3: 119.8° (ring
a and ring b); C2, N3, C4: 118.9° (a), 120.5° (b);
N3, C4, C5: 120.2° (a), 121.0° (b)), whereas in the
neutral 1-methylthymine these angles exhibit an
alternating pattern (115.4°, 126.3°, 116.1°). Dimers
of the title compound are arranged as shown in Fig.
4, forming infinite strands. Within a strand, dimers
are held together by moderately strong hydrogen

H. Schéllhorn, U. Thewalt and B. Lippert

TABLE 1V. Possible Hydrogen Bonding Interactions.*

(a) Between NH3 and O2

Pt2—N22---02a"!  110.5°
Pt2-N21.--02b'! 998

N22-022'! 2854
N21-02v'!  2.83

(b) Between NH3 and NO3 ™~

Pt1-N11---030 110.7°
Pt1-N11:--022  110.1
Pt1_N12.--021 104.9
Pt2—N21+-.021 103.6
Pt2-N22-+.030 109.8
N30-031---N122> 1474
N30-032::-N21% 1235
Pt1-N12:--020> 88.8
Pt1-N12:--0223 1207
Pt2-N22:.-020 113.8

N11-030 2974
N11-022 291
N12-021 3.1
N21-021  3.01
N22-030 293
031-N12* 299
032-N21%2 311
N12-020°  3.28
N12-022°>  3.27
N22-020*  3.10

1y +X,Y,2; 20.5 - x,0.5
41 -X1 -y, -z

*Symmetry transformations:
+y,05—2; *—x,1-y,-z

bonds (2.83 and 2.85 A) between the non-coordinat-
ing exocyclic 02 oxygens of the 1-MeT rings and
NH; groups of the neighboring cation. Different
dimer strands are linked through a network of hydro-
gen bonds formed between the NH; groups and
the nitrate oxygens (Table IV).

There are two structural aspects of this head—head
dimer that deserve some further comment. The very
small torsional angle between the Pt coordination
planes, leading to a nearly eclipsed conformation,
and the hydrogen bonding pattern between adjacent
dimers.

Hollis and Lippard, in a series of papers of various
a-pyridone complexes of cis-{NH;),Pt, have shown
that in their system a relationship exists between
the Pt—Pt distance within the dimer and the
geometric parameters tilt angle 7 and torsional angle
(or twist angle) w of the Pt coordination planes.
With decreasing Pt—Pt separation the tilt angle
between adjacent Pt planes decreases whereas the
torsional angle about the Pt—Pt vector simultaneously
increases [2, 11, 12]. Although this relationship
is not linear, it holds up both for head—head and
head—tail a-pyridone dimers, unless a high inter-
planar steric repulsion is involved as, for example,
on substitution of the two ammines by ethylene-
diamine [13]. Then the Pt—Pt distance, the tilt
and the torsional angle increase simultaneously
compared to the diammine analogue. A comparison
of related 1-methyluracil (1-MeU) dimers, the head--
tail dimer cis-[(NH;),Pt(1-MeU)],(NO3), [14], a
heteronuclear derivative, cis-[(NH3),Pt(1-MeU)Ag],-
(NO3)s [15], which contains Ag bound to both 02
sites of the 1-MeU rings, and a diplatinum(III) oxida-
tion product, cis-[(H,O)(NH;),Pt(1-MeU),Pt(NH;),-
(NO,)](NO,y); [16] indicates agreement with the
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TABLE V. Compatison of Geometric Parameters of Various 1-MeT and 1-MeU Complexes of cis-(NH3),Pt.2

b c

Pt—Ptintra T w Ref.
[(NH3),P{(1-MeT)], (NO3), (head—head) 2.927(1) 31.4 1.9 d
[(NH3),Pt(1-MeU)], (NO3), (head—head) 2.937(1) 34.1 25.2 4
{Ag[Pt(NH3),(1-MeU)]4}(NO3)5 (head—head) 2.949(2) 31.5 4.5 17
[(NH3)2Pt(1-MeT)]2(NO3), (head—tail) 2.974(1) 36.1 13.8 10

2.920Q1)° 35.2 25.7 18

2.915(1)°¢ 30.7 17.9 18
[(NH3),Pt(1-MeU)], (NO3), (head—tail) 2.954(2) 35.8 20.5 14
[(NH3)2Pt(1-MeU)Ag],(NO3)4 (head—tail) 2.892(1) 29.8 24.3 15
[(H,O0)(NH3),Pt(1-MeU), Pt(NH3),(NO3) ] (NO3); 2.574(1) 215 31.5 16

(head—tail)

Ay . .
Distances in A, angles in deg.
9This work. ®Two crystallographically independent dimers.

trends observed with the cis-(NH3),Pt complexes of
a-pyridone. On the other hand, the two presently
available structures containing head—head arranged
1-MeU ligands in complexes of cis-(NH3),Pt(II)
do not follow this trend, and data of two structures
of head—tail 1-MeT dimers with three crystallo-
graphically different dimer units are contradictory
(Table V). For example, the Pt—Pt distance in
the head—head dimer cis-[(NH;),Pt(1-MeU)] ,(NO3),
(2.937 A) [4] slightly increases in cis-{Ag[Pt(NH;),-
(1-MeU)]14H(NO3)s- 4H,0, which contains two dimers
linked through the available O2 sites by Ag, to 2.949
A [17], yet the tilting of the Pt coordination planes
(by 2.6°) and, most dramatically, the torsion angle
(by 20.7°) decrease simultaneously. With the head—
tail dimers cis-[(NH;),Pt(1-MeT)],(NO3), [10, 18]
Pt—Pt distances of 2.974, 2.920 and 2.915 A and
tilt angles of 36.1, 35.2 and 30.7°, respectively, agree
with the sequence observed with the a-pyridone com-
plexes of cis<(NH;3),Pt and the head—tail 1-MeU
compounds, yet the torsional angles do not: they
are 13.8, 25.7 and 17.9°. Since particular steric
interactions between the Pt coordination planes
in 1.MeU and 1-MeT complexes cannot account for
these discrepancies — all complexes contain the
identical cis{(NH;),Pt moiety — manipulations at
the O2 oxygens seem to be the most plausible reason
for the observed combinations of Pt—Pt distance,
7, and w. Indeed, Ag linking the two O2 atoms of
the two 1-MeU planes in the head—head dimer forces
these ligands into a more rigid structure than does
Pt binding to N3 and O4 alone, leading to a very
small torsion angle of 4.5° in the Pt,, Ag compound.
Hydrogen bonding at the available O2 sites should
have a similar effect. Thus differences in hydrogen
bonding patterns of the O2 oxygens in the three 1-
MeT head—tail structures might account for the
observed values of the torsional angles. Finally, the
flexibility of the Ptl1-N3—-C4—-04-Pt2 moiety,

bTilt angle between Pt coordination planes.

cAverage torsional angle about Pt—Pt vector.

) )

N

<Pt1> <Pt2) ( )
P2 Pt Pt1
<Pt2) <lPt‘l> <Pt2
Pt1 pt2 PH}
1 11 I
Fig. 5. Three possible arrangements of head—-head dimers:
(I) Centrosymmetric arrangement with O-coordinating sites
next to each other. (II) Centrosymmetric arrangement

with N-coordinating sites next to each other. (III) Arrange-
ment with N- and O-coordinating sites next to each other.

which manifests itself in the different degrees of Pt
deviations from the ligand planarity (cf. Table III),
probably is another factor influencing the Pt—Pt
separation, the tilt of the Pt coordination planes, and
their torsion.

As for the packing of the 1-MeT head—head dimer,
it is quite different from that in related head—head
dimers. The published structures can be divided into
three groups, differing in their respective hydrogen
bonding patterns, which are interrelated according to
the scheme presented in Fig. 5. The principal features
of these three types are:

— Type L. Centrosymmetric arrangement of two
head-head dimers with the O-coordinating Pt2
atoms next to each other, leading to a (Ptl, Pt2)-
(Pt2, Pt1) sequence.

— Type 1I. Centrosymmetric arrangement of two
dimers with the N-coordinating Ptl atoms next to
each other, leading to a (Pt2, Pt1)~(Ptl, Pt2)
sequence.

— Type HI. Dimers arranged in (Pt2, Ptl), (Pt2,
Pt1), ... sequence.
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Examples of type I are the head-head dimers
of a-pyridone with Pt in its oxidation states +2
[2a] and +2.25 [2b], respectively, of 1-methyl-
hydantoin (Pt oxidation state +2) [19], and of
a-pyrrolidone (Pt oxidation state +2.5) [3]. In
these compounds, two dimers are held together
by hydrogen bonds between NHj; groups and
the Pt-coordinating oxygens of the neighbor and
by metal-metal bonding, respectively. Intermolec-
ular Pt—Pt distances are short, ranging from 3.20
[19] in Pt*® complexes to 2.71 A [3] in the Pt**
compound.

Type I is realized in the 1-MeU head—head
dimer [4]. There, hydrogen bonding between 4
NHj; groups and 4 non-coordinating oxygens of
adjacent units holds two dimers together. Because
of the steric demand of these oxygens and their
mutual repulsion, the intermolecular Pt-Pt dis-
tance is considerably larger, e.g. 4.8 A in the 1-MeU
dimer.

The 1-MeT dimer discussed here represents
an example of Type III. Hydrogen bonds are
formed between 2 NH; groups of one dimer and
2 noncoordinating oxygens of the adjacent dimer.
The intermolecular Pt—Pt separation is large, e.g. 5.66
A in our compound.

While the hydrogen bonding pattern of the
head—head dimers containing ligand with a single
amidate group (a-pyridone and a-pyrrolidone) is
not unexpected, it is surprising that the 1-MeU
and 1-MeT head—head dimers seem to avoid this
pattern. Rather, the still available second exocyclic
oxygen is used as proton acceptor, in a manner very
similar to that for the head—tail 1-MeU and 1-MeT
dimers. Only if the O2 site is not available for
hydrogen bonding is there a type I pattern, for
example between pentanuclear Pt;, Ag units in
CiS-{Ag [Pt(NH3)2(1-MeU)] 4}(NO3)5 [17] (inter-
molecular Pi—Pt separation 3.25 A). 1-Methyl-
hydantoin, which has a great structural similarity to
1-MeT, on the other hand, prefers type I over II or
II1, which are in principle feasible as well. It should
be interesting to find out if 1-MeU and 1-MeT ligands
always behave in the above described way or if
factors such as solvent, degree of hydration, counter
ion(s) etc. affect the crystallization pattern as well.
Such studies are currently underway.
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