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Abstract
C14H20Cl6N8O5Pt, monoclinic, P21/n (no. 14), a = 13.4907(2) Å,
b = 13.32240(10) Å, c = 13.8035(2) Å, β = 102.241(1)∘, Z = 4,
V = 2424.48(5) Å3, Rgt(F ) = 0.0256,wRref(F 2) = 0.0740, T = 290 K.

CCDC no.: 2370674

1 Source of material and general
procedures

All chemicals were obtained from commercial sources and
used as purchased (Tables 1 and 2).

Table : Data collection and handling.

Crystal: Yellow plate
Size: . × . × .mm
Wavelength:
μ:

Cu Kα radiation (. Å)
.mm−

Diffractometer, scan mode:
θmax, completeness:

XtaLAB Synergy,
.°, %

N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: DIAMOND, CrysAlisPRO, SHELX–
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The title compound was synthesized by dissolving
0.18 g (1 mmol) theophylline (180.16 g/mol) and 0.14 PtCl4
(0.5 mmol) in 1 mL concentrated hydrochloric acid. Short-
time warming until both components were dissolved,
yielded a yellow/orange solution. From the aforementioned
solution a large number of block crystals grew upon slow
cooling to room temperature within minutes.

The Raman spectra were measured using a Bruker
MULTIRAM spectrometer (Nd: YAG-laser at 1064 nm; InGaAs
detector) with an apodized resolution of 8 cm−1 in the region
of 4000–70 cm−1.

2 Experimental details

A single crystal of the title compound was directly selected
from the mother liquor and rapidly transferred to the
Xcalibur four-circle diffractometer equipped with an EOS
detector.2 An absorption correction (Gaussian method)
was applied.2 The structure solution and the refinement
were successfully carried out using the SHELX program
system.3–5 Pseudosymmetry is present in this structure, as
the complex [PtCl6]2− anions almost occupy positions that
meet the conditions of a higher symmetry (right part of
the figure).6,7

All hydrogen atoms were seen in the Fourier map after
all non-hydrogen atoms were located. C-bound hydrogen
atoms were included using a riding model. Coordinates
of nitrogen- and oxygen bound atoms were refined
using distance restraints and individually refined Uiso

parameters.

3 Comment

3.1 Introduction

Theophylline is a natural product and was first described by
Kossel after its isolation from tea leaves which is responsible
for the naming up to now.8,9 There is still a fundamental
interest in this compound, the corresponding solid state
phases10,11 and its co-crystals.12–15 Nowadays theophylline is
often used as pharmaceutical agent due to its effects on the
respiratory system.16–19 We have already shown that meth-
ylxanthines like caffeine20 and especially theophylline21–24

are excellent tectons to construct hydrogen bonded net-
works. A database check (Cambridge Structural database25)
showed that not more than about twenty crystal structures
have been deposited so far, that contain a theophyllinium
cation. From the reaction of theophylline (systematic name:

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Pt . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
H . . . .*
N . () . () . () . ()
H . . . .*
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
H . . . .*
N . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
HC . −. . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
OW . () . () . () . ()
HW . () . () . () .*
HW . () . () . () .*
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1,3-dimethyl-3,7-dihydro-1H-purine-2,6-dione) with hydro-
chloric in the presence of one half of an equivalent of PtCl4,
block crystals of the title compound were obtained.

3.2 Structural comments

The asymmetric unit of the title structure consists of two
N-protonated theophyllinium cations (TheoH), one hexa-
chloridoplatinate(IV) dianion and one water molecule,
which are all located in general positions. Bond lengths
within the TheoH cation are all in the expected ranges.21–24

The same is true for the hexachloridoplatinate(IV) anion.26

The TheoH cation I (N1···N4) is connected to three neigh-
boring TheoH cations and one water molecule by NH···O
hydrogen bonds (see left part of the figure). The TheoH
cation II (N5···N8) accepts one OH···O hydrogen bond
from a water molecule and it is involved in hydrogen
bonds with three neighboring TheoH cations. The water
molecule furthermore donates a OH···Cl hydrogen bond
(H···Cl: 2.28(2) Å; O···Cl: 3.121(3) Å; O–H···Cl = 160°). These
connections create a network of the cationic sub structure
with the flat theophyllinium cations to be oriented
perpendicular to each other (see the left part of the Figure).
It should not go unmentioned that the C–H group of the
five membered ring of each TheoH cation forms a weak
hydrogen bond to neigboring hexachloridoplatinate(IV)
anions (C4···Cl4: 3.530(4) Å; C11···Cl2: 3.574(4) Å) Finally it
should be mentioned that there is a halogen-π interaction
between the chlorido ligand Cl3 and the N7 atom of the
cation II (3.198(3) Å). All the aforementioned intermolecular
interactions create a complex hydrogen bonded frame-
work. In the right part of the figure the packing is shown
with view along [001]. It is clearly visible that the TheoH
cations are oriented almost perpendicular (82.1°) to each
other to create the network including the water molecules.

3.3 Raman spectroscopy

There are three very strong signals in the Raman spectrum
at 346, 319 and 163 cm−1 respectively. These signals must be
assigned to the [[PtCl6]2− anion and perfectly agree with
reported spectra.27,28
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