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Square-planar platinum cations (L \ nicotinamide) form layer structures dominated by interdigitationPtL42`
of the ligands via “herringboneÏ packing motifs ; intercation amideÈamide hydrogen bonding adapts to
accommodate anion-channel or anion-layer structures.

SpeciÐc and directional intermolecular interactions such as
hydrogen bonds have been used to assemble organic molecu-
lar building blocks into well-deÐned crystalline networks.1
Metals of well-deÐned coordination geometry have been inter-
connected via (typically rigid) ““ spacer ÏÏ ligands to yield coor-
dination polymer grids of a variety of topologies.2 However,
these two branches of the Ðeld of crystal engineering1h3 have
to a large extent developed separately. In this Letter we
combine the major features of these two approaches. Thus,
rigid ligands are coordinated to metals in well-deÐned geome-
tries, as in the strategy for designing inorganic coordination
polymers. However, the chosen ligands do not have a second
site suitable for coordination to another metal center, but
rather carry hydrogen bonding substituents suitable for
linking molecules together.

This study also provides an extension of earlier work, which
has examined the various roles of metals in hydrogen-bonding
interactions4 taking place in the metal and ligand domains, to
adopt the terminology of Dance.5 Here hydrogen bonding
taking place in the periphery domain is considered. The elec-
tronic inÑuence of the metal on the peripheral hydrogen bond
donor/acceptor groups can be anticipated to be small.
However, metals with well-deÐned coordination geometries
might be expected to play a spatial role in directing hydrogen
bonding in this domain.

It is important for the advancement of crystal engineering
using molecular building blocks to develop an understanding
of the relative importance of di†erent possible intermolecular
interactions, and of the ““ robustness ÏÏ of particular intermolec-
ular arrangements, termed supramolecular synthons.6 These
aspects are explored here by use of a hydrogen-bonding ligand
(L) with limited conformational Ñexibility and by examining
the role of changing the anion (X) in the crystal structures
presented.

Complexes of the form were selected as good can-[PtL4]X2didates to meet the previously outlined criteria for this com-
bined coordination compound/hydrogen bonding approach to
crystal engineering. Platinum(II) forms four-coordinate com-
plexes of square-planar geometry, with few exceptions. The
nicotinamide ligand (L) was used since much is known about
amideÈamide hydrogen-bonding patterns in supramolecular
organic systems.7 An analogous approach has recently been
reported for silver(I) complexes which have the added
advantage or disadvantage of a variable coordination number
at the metal.8 The nicotinamide ligand(s) can in principal
exhibit two degrees of freedom in positioning the amide func-

tional group, namely (restricted) rotation about the MwN
bond and about the amide-ring CwC bond, permitting the
possibility of amideÈamide hydrogen bonds being perpendicu-
lar or even parallel to the plane.PtN4The chloride salt, (1) was pre-[Pt(NC5H4CONH2)4]Cl2pared quantitatively by adapting a literature procedure9 and
crystallized from water or waterÈacetone mixtures. Stoichio-
metric anion exchange using in aqueous solutionNH4PF6then yielded (2), which was[Pt(NC5H4CONH2)4][PF6]2crystallized from aqueous solution and isolated as its mono-
hydrate. Single-crystal X-ray structures of 1 and 2 ÉH2OshowÒ that both structures comprise cation sheets with the
metal coordination plane inclined approximately parallel (1,
9.0, 2, 13.9¡) to the sheet. However, unexpectedly it is arene
ring interdigitation (herringbone packing and pÈp stacking)
within the cation sheets and not the pattern of hydrogen
bonding that is the persistent feature of the two structures.
This suggests that the amideÈamide hydrogen-bonding inter-
actions, which di†er in the two structures, then accommodate
this preferred arrangement as well as the presence of the
anions (and solvent in 2).

In both 1 and 2 the coordinated arene rings lie approx-
imately perpendicular to the square plane. The metalsPtN4sit at inversion centers, and this deÐnes the orientation of the
amide groups (““ two-up, two-downÏÏ) relative to the metal
coordination plane (Scheme 1). Fig. 1 shows that in the crystal
structure of 1 the cations form layers in the bc plane
(interlayer spacing ca. 7.690 with each cation being linkedÓ),
to another in the plane above and below by a pair of the
familiar hydrogen-bonded ring motifs.1b The remainingR22(8)
NwH group forms a short NwHÉ É ÉCl hydrogen bond to an
anion and locks the orientation of the amide groups. Indeed
each anion sits in a binding pocket approximately axial to one
metal center (PtÉ É ÉCl 3.713 surrounded by two NwH andÓ)

Ò Crystal data : 1, M \ 754.50, triclinic, a \ 8.1500(1),P16 ,
b \ 8.7935(1), c\ 10.0075(1) a \ 85.985(1), b \ 89.699(1),Ó,
c \ 70.680(1)¡, U \ 675.06(1) Z\ 1, Mg m~3,Ó3, Dc\ 1.856
l \ 5.442 mm~1, T \ 213(5) K, R1(F)\ 0.039, wR2(F2)\ 0.080,
S(F2)\ 0.97 for 33 422 F2[ 2r(F2). 2, M \ 1009.57, triclinic, P16 ,
a \ 9.678(3), b \ 10.099(2), c\ 10.321(2) a \ 69.03(2), b \ 65.40(2),Ó,
c \ 70.32(2)¡, U \ 835.3(4) Z\ 1, Mg m~3, l \ 4.416Ó3, Dc \ 2.007
mm~1, T \ 213(5) K, S(F2) \ 0.99R1(F)\ 0.063, wR2(F2)\ 0.104,
for 4236 F2[ 2r(F2). Distances and angles involving hydrogen atoms
are calculated assuming NwH and CwH bond lengths normalized to
standard neutron values of 1.01 and 1.08 respectively. CCDC refer-Ó,
ence number 440/066.
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Scheme 1

four CwH hydrogen-bond donor groups and may exert a
templating e†ect upon the cation self-assembly. Furthermore,
collectively the chloride ions sit 4.1 apart along a channelÓ
that runs along the b axis. Both anion-templating and ion-
channels are topics attracting considerable current interest.10

Fig. 2 shows one cation layer of 1 viewed perpendicular to
the layer (i.e. orthogonal to the view in Fig. 1). The nicotina-
mide ligands are interdigitated in a closely packed arrange-
ment within the layer. Along the b axis propagation occurs via
a true herringbone arrangement (between cations shown in
the same shade of grey in Fig. 2), with a pair of short
CwHÉ É Ép hydrogen bonds [HÉÉÉp(ring centroid) 2.55 Ó;
CwHÉ É Ép 160.3¡]. A similar, but slipped, herringbone inter-
action occurs between cations along the c axis except that the
para CwH of one ring points not at the ring centroid of the
other but towards the ring carbon bearing the amide group
(HÉ É ÉC 2.80 CwHÉ É ÉC 175.4¡). This less compact arrange-Ó;
ment is consistent with the c axis [10.0075(1) being longerÓ]
than b axis [8.7935(1) Ó].

Complex 2 exhibits similar cation layers to those seen in 1,
again in the bc plane. However, in this case the anions and
water molecules fully occupy the interlayer region leaving no

direct links between cation layers. Cations interact through
hydrogen bonds with the anions and water, both ofPF6~which are well-ordered (Fig. 3). Accommodation of the larger
anions leads to an increased interlayer spacing (8.582 andÓ)
the water molecules occupy a similar site to the chloride ions
in 1.

Turning to the intralayer arrangement of cations, it is clear
that the persistent feature of the two structures is the interdigi-
tation of nicotinamide ligands along b in 2 analogous to the
arrangement along c in 1 (between molecules of di†erent
shade in Figs. 4 and 2, respectively). This is further evidenced
by comparison of the corresponding axial lengths :
c\ 10.0075(1) in 1 and b \ 10.099(2) 2. The shortÓ Ó
CwHÉ É Ép hydrogen bonds found in 1 are absent in 2 due to a
slippage of the rows of the cations within the layer. Thus, the
cations in 2 are now linked along the c axis, by amideÈamide
NwHÉ É ÉO hydrogen bonds and by CwHÉ É ÉO hydrogen
bonds graph set1b], in a less compact cation arrange-[R12(7)
ment than along b in 1. This leads to an increased cell dimen-
sion [c\ 10.321(2) in 2 vs. b \ 8.7935(1) in 1] and, ofÓ Ó
course a substantial change in cell angle [*a \ 16.95(2)¡].

The present study demonstrates the importance in crystal
engineering and its development toward the design of new
materials of carefully considering all intermolecular inter-
actions when planning crystal synthesis. While it is important
to develop a ranking of the signiÐcance of possible inter-
actions it is not always the few strongest (hydrogen bonds)
that ultimately dominate the Ðnal arrangement of molecules.
Attention has been drawn to this point recently by Desiraju
and collaborators in rationalizing the structures of the three
isomers of aminophenol where the persistent feature of the
structures is again herringbone packing of the arene rings, and
the pattern of strong hydrogen NwHÉ É ÉO and OwHÉ É ÉN
bonds adapts in each case to accommodate this arrange-
ment.11 Ongoing work seeks to extend the present study by
varying the ligand substitution pattern (e.g. nicotinamide vs.

Fig. 1 View of 1 parallel to cation layers shown extending horizontally along the c axis (cations shown in alternating shades). amideÈR22(8)
amide hydrogen bonding occurs between cations shown with the same shade but in di†erent layers and chloride channels run along the b axis
(perpendicular to page)
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Fig. 2 Single layer of cations of 1 viewed perpendicular to the layer shown in Fig. 1 and illustrating the two types of interdigitation between
cations (represented in the same shade of grey) along the b axis and between cations (shown in di†erent shades of grey) along the c axis

Fig. 3 View of 2 parallel to cation layers extending horizontally along the b axis (neighboring cations are shown in di†erent shades). Anion/
solvate layers alternate with the cation layers along the a axis
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Fig. 4 Single layer of cations of 2 viewed perpendicular to the layer shown in Fig. 3, showing interdigitation between cations (represented in
di†erent shades) along the b axis and amideÈamide hydrogen bonding between cations (represented in the same shade) along the c axis

isonicotinamide) and selective variation of the ligand set as
well as exploring templating by the anion and by guest mol-
ecules.
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