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Phosphasilatriptycene, a phenylene spacer and a pyridyl moiety represent the building blocks

of TRIP-Py, the first heteroditopic ligand featuring a phoshatriptycene scaffold. The P and N
donor sites located at opposite ends of the prolate TRIP-Py molecule selectively coordinate metal
cations matching their Pearson character. The harder pyridyl donor binds to Zn'!, the softer phos-
phorus donor to Pt, Hg't and Au’. The remarkably short Au—P bond in the latter underlines the
good © acceptor character of the phoshatriptycene moiety. When both the chloride salts of hard
Zn! and soft Au! cations are available for coordination, TRIP-Py acts as selective ditopic linker
in the discrete trinuclear mixed-metal complex [ZnCl,(TRIP—PyAuCl),]. For Cd", a cation with
intermediate Pearson character, selectivity withers, and a monometallic coordination polymer is
obtained. Its significantly elongated Cd—P coordinative bonds underline, however, the preference
of Cd! for the harder N donor. When Zn!" and Hg'! halides are combined, their preference for the
matching donor sites in TRIP-Py and for tetrahedral coordination afford 1D and 2D heterobimetal-
lic polymers with and without solvent-accessible voids. TRIP-Py enables the use of two important
analytical tools: its rigidity facilitates crystallization and allowed to investigate 14 crystalline solids,
and its P donor provides a powerful NMR probe for coordination.

1 Introduction

The chemistry of coordination polymers (CPs) and metal-organic
frameworks (MOFs) is developing rapidly.}"® The plethora of
potentially useful organic molecules and the special properties
of metal cations allow new compounds and materials to both be
refined for established applications like optics,®7 catalysis, 810
magnetism®' and chemical separationl2"l4 as well as to be
designed for specialised applications such as cancer therapy,12
proton transport for fuel cells,1® electrochemical sensorsZ
magnetic refrigeration.'® Leaving the classical crystalline CPs
and MOFs, their amorphous and glassy relatives are also under
investigation.1?

Most of these materials contain a single type of metal cation
and one or more polytopic ligands. Unequally less research is
concerned with the selective incorporation of multiple different
metal cations in the same compound, which is inherently synthet-

or

@ RWTH Aachen University, Institute of Inorganic Chemistry, Landoltweg 1, 52074
Aachen, Germany. Fax: +49 241 8092288; Tel: +49 241 8094666; E-mail:
ullrich.englert@ac.rwth-aachen.de

b Key Laboratory of Materials for Energy Conversion and Storage, Institute of Molecular
Science, Shanxi University, Taiyuan, Shanxi 030006, People’s Republic of China.

T Electronic supplementary information (ESI) available: Refinement and Crystal
Structure Details, PXRD patterns, NMR spectra, X-ray crystallographic tables and
CCDC 2155645-2155658. See DOI: 00.0000/00000000.

ically more challenging.2%2ll Nevertheless, this greatly enhances
the structural variety and, accordingly, enables a more precise
customisation of a material and suggests new applications.’22
Independent of mono- or heterometallic compounds, the ligand
design for CPs and MOFs usually follows a few key principles:
the ligand should feature two or more coordination sites which
are spacially separated to avoid chelation. These coordination
sites should feature strong donors to yield a stable compound.
If a porous material is desired, the geometry between the
coordination sites should be sufficiently rigid to support the pores
upon desolvation.2372>

While the ligands designed for polymers with a single type
of metal cation mostly exhibit multiple copies of the same co-
ordination site, e.g. in 4,4-bipyridine, 1320 the selective coor-
dination of two different metal cations is most often achieved
by using heteropolytopic ligands with at least two distinctly dif-
ferent coordination sites with a discrepancy in their respective
Pearson hardness.?Z A well ordered heterobimetallic polymer can
then be achieved by a stepwise coordination of the two metal
cations.28732
Most examples combine one or more hard anionic oxygen donor
atoms such as carboxylates and f-diketonates with a softer neu-
tral nitrogen donor function to achieve a selective coordina-
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tion. 23739 Few others expand this scope to sulphur, carbon and
phosphorus donors on the soft coordination site while retaining
the anionic oxygen based donor.27*% The need for deprotonation
additionally increases selectivity by introducing different reaction
conditions for the two coordination sites, and this contribution
can hardly be separated from the effect of the Pearson charac-
ter. In order to address only the latter issue and possibly con-
struct heterobimetallic CPs purely by selectivity through the Pear-
son character, we envisaged to use a heteroditopic ligand with
two different neutral coordination sites, namely an N donor as
the harder and a P donor as the softer coordination site. That
this combination can display selectivity has been demonstrated
numerous times in discrete bimetallic complexes. 41744 There are
even quite a few examples of P,N heteroditopic ligands that form
coordination polymers, however, all of these were monometallic
CPps. 142 H64.

With our ligand design we want to adhere as closely as possible to
the key principals mentioned above which is straightforward for
the N donor by choosing a pyridine moiety. Inclusion of a phos-
phorus donor into a linear and semi-rigid scaffold poses a greater
challenge. The equivalent phosphabenzene motive is inherently
63 and the more stable triarylphosphines are flexible
and tend to form discrete supramolecules.“Y Both issues can be
rectified at the same time. Caged phosphines enable a fixed di-
rection of the phosphorus lone pair with respect to the remaining
ligand structure and at the same time they are predominantly air
stable.©® We chose the air stable 9-phosphatriptycene scaffold as
a candidate to prepare a heteroditopic ligand and aimed to com-
bine it with a pyridyl donor. While the coordination chemistry of
pyridine derivatives has been exhaustively investigated, the num-
ber of coordination compounds with phosphatriptycene deriva-
tives is almost negligible. Even if the secondary bridgehead atom
is left unspecified, as there are a few atom types to chose from
(Figure , there are only 18 entries to this dat in the CSD.®7
In general, the geometric constraint of the phosphatriptycene en-
forces acute C—P—C angles and higher p character of the orbitals
involved, lowering the basicity and o-donor strength of the phos-
phorus lone pair.©8%72 At the same time, the 7-acceptor strength
increases which should favour the coordination of soft transition
metal cations with high numbers of electrons in d orbitals.”Z3
Complexes have so far been documented for the metal cations
Coll, Fell, pdll, ptI, Rh! and Aul.7475 For a few P! and Rh! com-
plexes catalysis has been tested and activity has been found to de-
pend highly on the bridgehead atom.Z%77 For the latter we chose
silicon. This affords an overall neutral ligand which should be in-
ert to most reaction conditions required for coordination of either
site. Both is also true for the carbon analogue, but the prepara-
tion of the silicon derivative is both more simple from a synthetic
point of view and the procedure allows a modular adaption of the
functional group attached to the triptycene scaffold.”8 One might
also consider the aza derivative by Hellwinkel and Schenk”? as
a ditopic ligand, but triarylamines are rather unsuitable as lig-
ands. Finally, we devised 10-(4-(4-pyridyl)-phenyl)-9-phospha-
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Fig. 1 Four types of 10-hetero-9-phosphatriptycenes from different au-
thors and our ligand.

10-silatriptycene (TRIP-Py, 4, Figure [1) for the investigation of
P,N heterobimetallic CPs, a rigid, neutral molecule and the first
heteroditopic phosphatriptycene.

2 Results and Discussion

2.1 Ligand synthesis

The ligand 10-(4-(4-pyridyl)-phenyl)-9-phospha-10-
silatriptycene (TRIP-Py, 4) was prepared similar to the route
established by Tsuji et al. (Figure , 78 with slight modifications
for safety.

oy cde

Fig. 2 Synthesis scheme for the ligand 4. a: 1. 6 eq. {-BuLi in THF/Et,O
2. SiCl, 3. TMSCI; b: (NH,),SiFg in DME; c: 4-(4-bromophenyl)pyridine,
t-BuLi.
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The 9-phospha-10-silatriptycene scaffold is prepared by triple
lithiation of tri-2-bromophenyl-phosphine (1) and reaction with
SiCl,. The subsequent halogen exchange to fluorine enables the
following reaction with a carbon nucleophile. This does not work
with the Si—Cl derivative which is evident as it does not react
with the excess t-Buli in the first step. The higher reactivity
of the Si—F bond in the case of sterically encumbered silicon
electrophiles is caused by the smaller radius of the fluorine as
well as the stronger electrophilicity of the silicon induced by the
high electronegativity of fluorine.8? Tsuji and coworkers used
HF in a large excess for this halogen exchange. To circumvent
the challenging experimental requirements and potential safety
hazards of HF we used (NH,),SiF¢ in dimethoxyethane as a
safer fluorine source. A similar reactivity was demonstrated by
Damrauer and coworkers.®ll The final reaction step with the
lithiated 4-phenylpyridine gives 4 in an acceptable yield of 29%
over 3 steps. We also attempted the synthesis of the shorter
version of this ligand without the phenylene spacer between
the triptycene scaffold and the pyridyl ring. This would require
the use of 4-bromopyridine as a starting material, an organic
compound which in its pure form rapidly self polymerises giving
a dark red cationic polymer. Several articles describe the isolation
and lithiation of 4-bromopyridine without self polymerisation
in diluted solution, but this approach was unsuccessful for our
attempted synthesis. In contrast, 4-(4-bromophenyl)pyridine is
a stable solid and the reaction with this pyridine source worked
immediately.

Crystallization attempts afforded two polymorphs and a hemi-

ethyl acetate solvate of 4. The crystal structures and the polymor-
phism are discussed in the Supporting Information (section S1.1).
While the triptycene scaffold is inherently very rigid, the overall
ligand shows a minor degree of conformational flexibility which
we will express with the help of two numerical parameters. The
first quantity 1 measures linearity and simply corresponds to the
angle P---Si---N. The second parameter o represents the relative
position of the phenylene ring to the triptycene scaffold as shown
in Figure|3| With respect to the second quantity, a staggered con-
formation may be expected to minimise steric repulsion.
Figure [4] shows a scatter plot of all values for @ and n we col-
lected so far from single crystal analyses. It reveals that @ can
adopt virtually any value between the completely staggered and
the eclipsed conformation. In contrast to our initial expectation
the energy barrier between the staggered and eclipsed conforma-
tion appears to be very low. Based on a simple MM282 force
field estimation as implemented in Chem3D®3 it is lower than
9kJmol !,

For reference, the rotational barrier about the C-C bond in ethane
is estimated to be about 11 kJmol~! by MM2, in good agreement
with the results from ab initio methods.®4 Independent of the
correct estimation of the barrier it is evidently low enough to be
overcome both in the solid by packing interactions as well as in
solution. The latter results in a single set of signals for the trip-
tycene protons in the 'H-NMR spectrum (Supporting Information
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Fig. 3 Schematic representation of the conformational extremes for the
angle o which is defined as the largest of the angles between the mean
plane of the phenylene ring of 4 between the triptycene and the pyridyl
moiety and each of the triptycene rings. The pyridyl ring is omitted for
clarity.
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Fig. 4 Scatter plot of the parameters w and 1 for the 14 crystal structures
presented in this study and further TRIP-Py derivatives prepared by us
but not reported in this article. The red background intensity encodes the
energy obtained from a MM282 conformational analysis as implemented
in Chem3D;3 this energy scan corresponds to a pure o rotation.

b
0/

Fig. 5 Excerpt of the packing of 4 showing two symmetry equivalent
molecules by inversion. Each molecule embraces the pyridyl moiety of
its neighbour with one of the triptycene grooves.
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[AUCI(TRIP-Py)] (6)~—| P
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J
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[ZnClx(TRIP-Py)>AusCly] (10)
[Au(TRIP-Py)]!OTf

[ZnXo(TRIP-Py)2HgoXa]!
(11)  [Cd2Bry(TRIP-Py),(HOE)2OTf (15)

(12-14)

Fig. 6 Overview of the compounds presented in this article. The coordination compounds are sorted by the donor which is coordinated to the metal

cation(s).

section 3.1). The n angle adopts values between 160° and 180°
which is consequently not ideally linear but sufficiently close to
180° to consider TRIP-Py as a rod-shaped linker in terms of con-
nectivity and crystal design. No strong correlation between the
two geometry descriptors is observed. The tendency of the n val-
ues does, however, appear to scatter wider with an increase in
o.

The non-polar nature of 4 results in an absence of specific direc-
tional intermolecular contacts. The most prominent packing fea-
ture found in the crystal structures of the uncoordinated molecule
and a series of its metal complexes is the embrace of two TRIP-Py
entities with each other, with the pyridyl ring of one molecule sit-
uated inside one of the three triptycene grooves of its neighbour
(Figure|5).

Before attempting the preparation of heterobimetallic coordi-
nation polymers it is advisable to test the selectivity of the dif-
ferent donor sites in isolation. An overview of the coordination
compounds presented in this article is given in Figure 6}

2.2 P Coordination

Selective P coordination could be achieved with the soft 5d metal
cations Ptl, Au' and Hg"l. The former two can be observed
with NMR spectroscopy as the resulting chloride complexes cis-
[PtCl, (TRIP—Py),] (5) and [AuCI(TRIP—Py)] (6) are sufficiently
soluble. Both display a prominent downfield shift and in the case
of 5 the expected 93Pt satellites (Supporting Information section
3.2) with a coupling constant of J = 3782 Hz corresponding to
the cis isomer.®> The selectivity is also reflected in the 'H NMR
because only the triptycene protons shift upon addition of the
metal cations while the pyridyl protons remain stationary. The
linear AuCl complex 6 and the insoluble [Hg,Cl,(TRIPPy),]
(7) both give well behaved single crystals. 6 crystallises in the
triclinic space group P1 with Z = 2 (Figure[7).

With a length of 2.2184(11) A the P—Au bond is remarkably
short compared to other triarylphosphines (Figure[8) underlining
the strong m-acidity of the phosphatriptycene moiety.Z3

Compound 7 crystallises in a dimeric structure in the triclinic
space group P1 with Z = 1 (Figure EI) and is to the best of our

4| Journal Name, [year], [vol.],1

knowledge the first Hg complex of a phosphatriptycene. The
two Hg!! cations are related by inversion (I on Wyckoff position
1h) and are bridged by two chlorido ligands. The fourfold
coordination sphere is best described as trigonal pyramidal, with
a 74 value of 0.79.8% The three closest neighbours subtend a
triangle about Hgl, and a significantly more distant symmetry
equivalent of Cl1 (by inversion about Wyckoff Position 1h)

Fig. 7 Displacement ellipsoid plot of 6 (50% probability). Selected in-

teratomic distances (A) and angles (°): Aul—P1 2.2184(11), Au1-CI1
2.2790(11), P1—Au1-CI1 176.89(5), Si1---P1—Au1 177.86(6).

30 [] Cl—Au—PAr,
q) — __
S 20+
o
3
(&)
(&)
O 10
6
i | |
0= =l N = =

221 2.22 2.|23 224 225 2.26
d(P-Au) / A

Fig. 8 Histogram of the P—Au distances in linear triarylphosphines com-
plexes. The search was limited to error-free datasets collected at 7' <
200 K with R; < 0.05 and polymers and disordered structures were ex-
cluded.
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Fig. 9 Displacement ellipsoid plot of 7 (50% probability; solvent
molecules omitted).  Selected interatomic distances (A): Hg1—P1
2.4022(19), Hg1-CIH 2.535(2), Hg1-Cl12 2.7806(19), Hg1-Cl2
2.3900(18); t4(Hg1) = 0.79, Var(X-Hg1-Y) = 274.28°". Symmetry op-
erationa: 1 —x,1—y, 1—z.

Fig. 10 Displacement ellipsoid plot of 8 (50% probability). Solvent
molecules have been omitted for clarity. Selected interatomic distances
(A): Zn1—ClH 2.1983(13), Zn1—CI2 2.2380(13), Zn1—N1 2.056(2),
N1-Zn1-N12 97.89(7), P1.--Zn1.--P12 77.12(2); 14(Zn1) = 0.91, Var(X-
Zn1-Y)=61.2 2 Symmetry operation a: x, 1.5—y, z.

occupies the apex of the pyramid. An additional weak contact
exists between Hgl and a THF molecule disordered about an
inversion center (Wyckoff position 1f).

2.3 N Coordination

Selective N coordination can be achieved with Zn'' cations. The
reaction with ZnCl, gives the tetrahedral complex [ZnCl,(TRIP-
Py)>] (8) which crystallises in the orthorhombic space group
Pnma with Z = 4 alongside partially occupied chloroform
molecules (Figure . The structure features the Zn! cation on
the crystallographic mirror plane. It resides in regular tetrahedral
coordination by a chlorido and an N-coordinated TRIP-Py ligand
in general position and their symmetry equivalents. The ligand is
not strictly linear, as evidenced by the fact that the angle P---Zn---P
is smaller than N—Zn—N.

The 'H NMR of a solution displays a clear shift of the protons
in close proximity to the pyridyl moiety whereas the triptycene
protons and the phosphorus signal remain stationary (Support-
ing Information section 1.6).

The same selectivity is observed for salts of weakly coordinating
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Fig. 11 Displacemen} ellipsoid plot of 9 (50% probability). Selected in-
teratomic distances (A): Zn1—-01 2.187(3), Zn1—-04 2.190(3), Zn1—N1
2.145(3), Zn1-N2 2.157(3), Zn1—-N3 2.123(3), Zn1—N4 2.136(3), Var(X-

Zn1-Y) = 5.62°.

Fig. 12 Structure overlyay 10a (blue) and 10p (orange) generated with
Mercury. &’

anions such as trifluoromethanesulfonate (OTf~). The coordi-
nation to Zn(OTf), gives the complex [Zn(OTf),(TRIP-Py)4] (9)
which crystallises in the triclinic space group P1 with Z =2 (Fig-
ure [TI). The regular octahedral coordination sphere is formed
by four of the pyridyl moieties in the equatorial plane and two
axially coordinated OTf~ anions. The four pyridyl ligands form
a propeller like structure to minimise inter-ligand steric repul-
sion. The structure features large solvent filled channels between
the complexes which are filled with chlorobenzene and pentane
molecules.

2.4 P,N bimetallic Coordination

The motives of the linear AuCl and the tetrahedral ZnCl, TRIP-Py
complexes can be combined to yield a discrete heterobimetallic
compound [ZnCl, (TRIP-Py);Au,Cl,] (10). It can crystallise as
two different chloroform solvates 1000 and 103 which despite
their completely different packing are remarkably similar with
respect to the conformation of the heterometallic target complex
(Figure [12). The crystal structure details and solution analytics
are discussed in the Supporting Information (section 1.6).
Selectivity of the soft phosphine towards the terminal Au! is com-
promised once the second coordination site becomes available.

Journal Name, [year], [vol.], 1{10] | 5
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Fig. 13 Displacement ellipsoid plot of 11 (50% probability). The cocrys-
tallised solvent molecule has been omitted for clarity. Selected in-
teratomic distances (A) and angles (°): Au1—P12 2.233(2), Au1—N1
2.081(6), Aul---O1c 3.269(6), P12—Au1—N1 176.35(17); Symmetry op-
erationsa: 1 —x, 1—y, 1 —z.

The presence of a stoichiometric amount of OTf~ anions in a
solution of 6 suffices to precipitate the linear cationic polymer
[Au(TRIP-Py)]LOTf-CHCl; (11) even when more equivalents
of ligand are added. The compound crystallises in the triclinic
space group PI with Z = 2. The Au! cation is coordinated by both
the phosphatriptycene moiety as well as by the pyridyl, and the
resulting 1D polymer propagates in [1 1 1] direction (Figure [13).

The OTf™ anion is located in close proximity between two sym-
metry equivalent Au' cations. The shortest distance is 3.268 A to
one of the anion oxygen atoms. The coordination sphere is
slightly offset by 4° from a perfectly linear P-Au—N geometry.
The Au' cation is shifted in the rough direction of the anion but
the low degree of deformation is in the range of a packing effect
and may be unaffected by the secondary interaction.

The observed unselective coordination is not surprising as a
small but well-characterised number of Au! pyridine complexes
have been described.®® Complexes 5, 6 and 7 nevertheless
demonstrate the selectivity for the softer phosphorus donor in
a direct competition between the alternative coordination sites.
The driving force for the formation of the homopolymer 11 over
a cationic P—Au—P complex may be the low solubility of the
former. While this demonstrates the limits in the selectivity of
4 it also emphasises that both coordination sites offer donors
capable of forming strong dative bonds.

Heterobimetallic polymers, the target compounds of this
study, could be obtained combining Zn" and Hg! halides. The
emerging polymer structures all share the same overall formula
[ZnX, (TRIP-Py),Hg,X41L (X = Cl (12), Br (13), I (14)) but
differ substantially with respect to structural arrangement and
porosity (Figure[T4).

12 is a perfect combination of the structural motives presented
in the previous sections and crystallises in the triclinic space
group P1 with Z =2 (Figure [15). In contrast to the discrete
Au-Zn complex this polymer displays a stretched geometry of
the ligands around the Zn"! cation in a tetrahedral coordination
sphere leading to thin polymer strands along [2 2 1]. A close
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Fig. 15 Displacement ellipsoid plot of 12 (50% probability). The mi-
nority conformers of the main residue disorders have been omitted for

clarity. Selected interatomic distances (A): Zn1—N1B 2.029(7), Zn1—N2
2.079(5), Zn1—-ClI5 2.2219(17), Zn1-CI6 2.232(2), Hg1A—P1 2.403(3),
Hg1A—CI1 2.544(2), Hg1—-CI2 2.592(3), Hg1—CI3A 2.442(5), Hg2—P2?*
2.3957(16), Hg2-ClH 2.676(2), Hg2-Cl2 2.8576(19), Hg2—Cl4
2.3632(3), Hg2—Cl4" 3.2193(18); Symmetry operations a: 2 —x, 2 —y,
l—z;b: —1—x, —1—y, —z.

contact occurs between Hg2 and the chlorido ligand Cl4° of
a neighbouring chain with a distance of 3.2192(18) A. If this
interaction is perceived as topologically relevant, 12 represents
a double stranded 1D polymer. The cavity between each ZnCl,
pair in a double strand is occupied by one chloroform molecule
disordered around a centre of inversion. These solvent-filled
cavities are isolated, and no extended pores exist in the structure
of 12.

In contrast, 13 and 14 display more complex arrangements in
which the halide ligands act as bridges between Zn!! and Hg!!
cations. 13 crystallises in the triclinic space group P1 with Z =2
and features trinuclear [ZnHg,Br¢] arrangements (Figure .
The Zn1 tetrahedron shares a corner with the Hgl coordination
sphere. The latter is the least regular as there are four Hg---Br
contacts of different proximity.

P12, Br3 and Br4 subtend unexceptional ligand-cation distances
and form a rather regular triangle about Hgl. Two significantly
longer Hg:--Br interactions complete the coordination sphere to
a trigonal pyramid or a trigonal bipyramid: Hgl—Br2 amounts
to 3.2648(17) /D\, and the even longer Hgl---Br6 contact with

Page 6 of 10
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Fig. 16 Displacement ellipsoid plot of 13 (50% probability). Selected in-
teratomic distances (A): Zn1—N1 2.048(7), Zn1—N2 2.054(8), Zn1—Br1
2.3520(18), Zn1-Br2 2.3870(18), Hg1-—Br2 3.2648(17), Hg1-Br3
2.4982(15), Hg1-Br4 2.6508(15), Hg1—P1* 2.440(3), Hgl---Bré
3.4317(17), Hg2—-Br4 2.9142(15), Hg2-Br5 2.5118(16), Hg2-Br6
2.6071(15), Hg1—P2" 2.431(3); 4(Zn1) = 0.88, Var(X-Zn1-Y) = 41 9,
7(Hg1) = 0.80, Var(X-Hg1-Y) = 398.79°°, 74(Hg2) = 0.84, Var(X-Hg1-Y)
= 158.9; Symmetry operations a: —x, —y,2—z;b: —x,2—y, 1—z.

Fig. 17 Displacement ellipsoid plot of 14 (50% probability). Se-
lected interatomic distances (A): Zn1—N1 2.045(5), Zn1—I1 2.5655(11),
Hg1—I1 3.0950(11), Hg1—12 2.6702(10), Hg1—I3 2.7416(9), Hg1—P1
2.4909(17); t4(Zn1) = 0.94, Var(X-Zn1-Y) = 61.8, 14(Hg1) = 0.85,

Var(X-Hg1-Y) = 100.5 o Symmetry operation a: 1 —x, y, 0.5 —z.

3.4317(17) A roughly matches the sum of the van der Waals
radii.8220 These more distant coordination partners Br2 and Br6
are engaged in shorter bonds to Zn1 and Hg2, respectively. The
two TRIP-Py ligands attached to Zn1 adopt a stretched geometry
like in 12. The polymer propagates along [0 2 —1] and displays
two structurally different repeat units. The first has the double
stranded connection between two pairs of metal cations that
share a corner of their coordination sphere while in the second
repetition unit the double stranded connection occurs between
pairs of more distant metal cations that do not share a corner.
The latter does not lead to a cavity in the structure as it is
relatively flat and occupied with triptycene phenylene rings of
neighbouring polymer strands. Hence, 13 is not a solvate at all.

Compound 14 crystallises in the monoclinic space group C2/c
with Z = 4 (Figure[17). This polymer along c is single stranded
as the connection point of each repetition unit is a single Zn™!
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cation. Both iodido ligands of Zn1 are shared corners with a Hg'!
cation. The latter are equivalent by symmetry as Znl resides on
the twofold rotation axis. Neighbouring strands are not related
by noteworthy directional interactions. A tight channel along [1
0 1] with a limiting pore diameter of 4.26 A is occupied by two
chloroform molecules per asymmetric unit.

The selectivity of the ligand towards the combination of Zn!!
and Hg! naturally raises the question which site will be preferred
by the intermediate Cd" cation. The reaction of CdBr, with 4
gives the monometallic 2D coordination polymer [Cd;Br,(TRIP-
Py)z(HOEt)]ZOMeCN (15). It crystallises in the monoclinic space
group P2;/c with Z = 4 with two symmetry independent Cdl
cations (Figure . Each Cd" cation is coordinated by one ter-
minal and one bridging bromido ligand. The latter form a one di-
mensional [Cd-Br]. chain along [0 0 1]. For Cd1 the octahedral
coordination sphere is completed by two TRIP-Py pyridyl moieties
and one ethanol molecule while the trigonal bipyramidal sphere
around Cd2 is completed by two of the TRIP-Py P donors. This

Fig. 18 (top) Displacement ellipsoid plot of 15 (50% probability). Se-
lected interatomic distances (A): Cd1—N1 2.315(4), Cd2—N2" 2.306(4),
Cd1-Br1 2.9029(17), Cd1—Br2 2.6030(16), Cd1—Br3* 2.8074(17),
Cd1-01 2.608(5), Cd2—P1¢ 2.949(2), Cd2—P2 2.873(2), Cd2—Br1
2.6258(16), Cd2—Br3 2.6302(16), Cd2—Br4 2.5475(16); Var(X-Cd1-Y)
= 75.4"2, 75(Cd2) = 0.73 (8.4% along Berry Pseudorotation Coordinate);
Symmetry operations a: x, 0.5—y,z—0.5;b: x—1,0.5—y,z—0.5;c: x— 1,
v, z; d: x, 0.5—y, z—0.5. (bottom) Packing of 15. Hydrogen atoms, sol-
vent molecules have been omitted and the triptycene wings simplified for
clarity.

Journal Name, [year], [vol.], 1{i0] | 7


https://doi.org/10.1039/D2DT00728B

Published on 03 May 2022. Downloaded by Rheinisch Westfalische Technische Hochschule Aachen on 5/3/2022 3:37:21 PM.

Dalton Transactions

600
15 Cd—N\ />
© 400
o
C
©
L.
2
3
o200
0- - .
21 2.2 23 2.4 2.5 2.6 27 28
d(N-Cd)/ A
25
] 7>200 Kor R, >5.0%
204 [ 7<200Kand R, < 5.0%
8 15 Cd_PR3
S 15
o
3
o 10+
(o]

25 26 27 28 29
d(P-Cd) / A

Fig. 19 Histograms of the N—Cd and P—Cd distances in Cd pyridyl com-
plexes and Cd tertiary phosphine complexes respectively from the CSD
and the values of compound 15. For the N—Cd plot all structures with
disorders, errors, T < 200K or R; < 0.05 were excluded. For the P—Cd
plot due to the low number of database entries only disordered structures
and those with errors were excluded.

connects the CdBr, strands along [4 0 1] completing the two di-
mensional polymer in the ac plane.

The packing is rather tight with only one slim acetonitrile
molecule in the small cavity between the polymer layers. While
the Cd—N contacts are of regular length compared to structures
retrieved from the database, the Cd—P contacts are remarkably
long with interatomic distances both beyond 2.85 A, longer than
any other Cd—phosphine contact we could find in the CSD (Fig-
ure . 67 The directional nature of this contact clearly indicates
a bonding interaction, and the broad window for interatomic dis-
tances is characteristic for d'© cations. This will surely be a result
of the large steric demand of the triptycene scaffold and the oc-
cupation of the sterically more encumbered axial positions of the
trigonal bipyramidal coordination sphere. The contrary is true for
the bromido ligands around Cd2 which move much closer to Cd2
compared to the octahedral Cd1.

3 Conclusion

The compounds obtained with TRIP-Py clearly display its abil-
ity for selective coordination according to the HSAB principle.
In the presence of two different cations, well-ordered bimetal-
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lic complexes are obtained. These target products may be dis-
crete oligonuclear complexes when the Pearson soft moiety cor-
responds to AuCl or coordination polymers for Hg!' halides. The
existence of monometallic polymers demonstrates that the selec-
tivity can be compromised under certain conditions: the driving
force in the formation of the Au' polymer 11 is its insolubility. For
the lighter coinage metal cation Ag!, such a low solubility might
even find an interesting application in antimicrobial activity. 2122
The homometallic polymer 15 reflects the intermediate Pearson
character of Cd"" but shows a clear preference towards the pyridyl
donor as the Cd—P contacts are the longest ever reported. With
respect to future work, polymer 15 represents a key compound,
indicating how coordination networks extending in more dimen-
sions and featuring higher porosity may become accessible. One
can imagine to replace the bromido ligands by longer spacers such
as terephthalates commonly used in MOF chemistry. Thus, TRIP-
Py may act as a neutral and semi-rigid connector in MOF struc-
tures comparable to the role of 4,4-bipyridine in MOF-50822 but
with the additional benefit of Pearson selectivity. Beyond the en-
tirely structural aspects of TRIP-Py, the properties of the phospha-
triptycene moiety have barely been investigated and offer a large
playground for the development of potential applications.
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