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A halogen-bonded eight-fold interpenetrated diamondoid net was 
constructed employing a node generated in the solid state. 
Specifically, co-crystallization of a tetrahedral-like tecton, rctt-
tetrakis(4-pyridyl)cyclobutane (4,4’-TPCB), combined with a rigid 
halogen-bond donor, 1,4-diiodoperchlorobenzene, achieved a 
diamondoid architecture. In the co-crystal, 4,4’-TPCB is found to 
form three types of linkages based on one cis and two trans 
orientations enabled by the intrinsic rctt-stereochemisty of the 
central cyclobutane ring. Thus, 4,4’-TPCB is able to adapt to the 
constraints of the diamondoid net owing to the flexability of the 
pendant 4-pyridyl groups.

Predictability and reliability in the formation of multi-
component solids still remains a fundamental goal in the design of 
highly-connected networks.1-3 Therefore, when designing these 
multi-component nets, careful consideration of both the node and 
the linker is required, since each will ultimately influence the overall 
connectivity as well as the resulting topology.4 Successful 
approaches in forming these targeted architectures have included 
diversifying bonding capabilities5,6 and bond angle flexibility7 which 
allows the various components to assemble in the solid state. This 
tolerance allows these molecules/ions to interact even with slight 
misalignment of the donor and acceptor sites.

Tectons generated in the solid state, such as through the [2 + 2] 
cycloaddition reaction,8 have been successfully incorporated into 
these connected networks. In particular, the photoproduct rctt-
tetrakis(4-pyridyl)cyclobutane (4,4’-TPCB) has been utilized as a 
tetrahedral-like connecting node in various extended solids.9-17 This 
cyclobutane node contains four identical and divergent pendant 
groups radially splayed from the central cyclobutane ring. 
Collectively, the 4-pyridyl groups can act as a 4-connecting node, 
forming coordinated covalent bonds with different metal centres as 
well as participating in various halogen and hydrogen bonds. 

Previously, Metrangolo and Resnati reported the ability of 4,4’-
TPCB to yield a two-fold interpenetrated two-dimensional square 
lattice (sql) net when coupled with the halogen-bond donor 1,4-
diiodoperfluorobenzene (C6I2F4).10

A highly studied architecture within these polymeric solids has 
been the diamondoid (dia) network which is a three-dimensional 
solid containing a tetrahedral node.18-21 Recently, Aakeröy and co-
workers utilized tetrakis(4-(iodoethynyl)phenyl)methane as a 
halogen-bond donor that adopts the required tetrahedral geometry 
due to the central sp3-hybridized carbon.22 The extended solid 
forms via I···X- halogen bonds with various co-formers based upon 
tetraphenylphosphonium halides.

Recently, the ability of 1,4-diiodoperchlorobenzene (C6I2Cl4) to 
act as a halogen-bond donor has been reported.23-25 Similar to 
C6I2F4, molecules of C6I2Cl4 form reliable I···N halogen bonds to 
pyridyl groups and as a result should be a suitable linker in the 
formation of extended solids. As such, it was envisioned that a 
purely organic net incorporating 4,4’-TPCB could be realized when 
combined with C6I2Cl4.7

Using this as inspiration, we report the first fully-organic dia net 
based upon 4,4’-TPCB as a 4-connecting node sustained by I···N 

halogen bonds and subsequent formation of an eight-fold 
interpenetrated solid (Scheme 1). A rigid halogen-bonding linker 
C6I2Cl4 was combined with 4,4’-TPCB to generate a co-crystal in the 
form of (4,4’-TPCB)·2(C6I2Cl4)·2(toluene) (1). The ability of 4,4’-TPCB 
to yield different topologies is attributed to the flexibility of the 4-
pyridyl groups to adopt and conform to the constraints of the dia 
topology.

Scheme 1. Components of the dia net topology where the tetrahedral node was 
generated from a solid-state [2 + 2] cycloaddition reaction.
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The components of this dia net are not commercially available 
and thus, required synthesis. The linker C6I2Cl4 was synthesized 
using a previously reported method.26 In addition, the node 4,4’-
TPCB was generated through a template-based approach utilizing 
resorcinol;27 after quantitative photoreaction, resorcinol was 
removed using base extraction.

The co-crystal 1 was realized by combining a warm ethanol 
solution of 4,4’-TPCB and a toluene solution of C6I2Cl4 (respective 
1:2 molar ratio) that was then allowed to cool and slowly 
evaporate. Colourless block-like single crystals suitable for X-ray 
diffraction formed within 2 days.

Diffraction data determined the formula of 1 to be (4,4’-
TPCB)·2(C6I2Cl4)·2(toluene). The components of the solid crystallize 
in the orthorhombic space group Aba2. The asymmetric unit 
contains half of a molecule of 4,4’-TPCB, one molecule of C6I2Cl4, 
and two disordered toluene molecules with half occupancies due to 
mirror plane symmetry (Figure S1). The 4-pyridyl groups on 4,4’-
TPCB all participate in I···N halogen bonds with C6I2Cl4 [I···N 
2.841(3) and 2.872(3) Å; C-I···N 175.4(1) and 177.2(1)°] (Figure 1).

A notable feature of 1 is its ability to self-assemble into a three-
dimensional halogen-bonded uninodal dia net (point symbol 66) as 
determined by TOPOS.28 Nodes of the dia net are defined by 4,4’-
TPCB, with centroids near the centre of the cyclobutane rings. The 
expected and observed rctt-stereochemistry27 of the cyclobutane 
core provides tetrahedrally-disposed cisoid and transoid halogen-
bond-acceptor sites to sustain the 4-connected net (Figure 1). The 
ability of 4,4’-TPCB to adapt to diverse topologies based on the 
identity of the linker is highlighted by the flexibility of the pendant 
4-pyridyl groups. In contrast, the rigidity of the rctt-conformation 
around the cyclobutane ring, generated through covalent bond 
formation via the [2 + 2] cycloaddition reaction, mitigates other 
undesirable motifs constructed from this tetrahedral node.

Molecules of 4,4’-TPCB and C6I2Cl4 halogen bond to generate six-
membered rings that are interconnected, which is a requirement of 
the dia net (Figures 2a and 3). As a result of dia net formation, the 
co-crystal generates hexagonal channels running throughout the 
structure (Figure 2b). Due to the size of these channels, the large 
void space is addressed by interpenetration of seven additional 
independent dia nets resulting in a remarkable overall eight-fold 
interpenetrated structure (Figure 2c).

Complexity within the dia net arises based upon the connectivity 
generated though the stereochemistry of the 4-pyridyl groups 

Figure 1. X-ray structure of 1 illustrating the 4-connected 4,4’-TPCB node 
halogen bonding to four C6I2Cl4 linkers.

Figure 2. Topology of 1: (a) X-ray structure with a space-filling view of molecular 
building blocks constructing a single dia net, (b) illustration of the extended 
hexagonal channels, and (c) eight-fold interpenetrated dia nets highlighted in 
different colours.

disposed around the cyclobutane core. Every node supports three 
types of linkages based on positions and relative orientations of the 
4-pyridyl groups around the cyclobutane ring, namely 1,2-cis, 1,3- 
trans, and 1,4-trans (Figure 3). Six-membered rings characteristic of 
the dia topology are generated from two 1,2-cis, two 1,3-trans, and 
two 1,4-trans linkages in an alternating pattern. Due to these 
different stereochemical orientations in 4,4’-TPCB, along with the 
divergent nature of the C6I2Cl4 linker, the six-membered rings adopt 
a chair-like conformation with relatively large edge lengths of 43.97 
Å x 22.68 Å (Figure 3).

The connectivity of each cyclobutane to generate halogen-
bonded six-membered rings differs from the previously reported 
four-membered rings of the sql net observed within (4,4’-
TPCB)·2(C6I2F4) (Figure 4).10 Specifically in the sql net, the corners of 
the smallest four-membered rings are based upon molecules of 
4,4’-TPCB interacting though halogen bonds with C6I2F4 via 1,2-cis 
and 1,3-trans orientations of 4,4’-TPCB (Figure 4). The 1,4-trans 
orientation serves to connect edges of two 4-membered rings 

Figure 3. X-ray structure of 1 illustrating the six-membered ring generated from 
the three unique linkages, namely 1,2-cis, 1,3-trans, and 1,4-trans.
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Figure 4. Space-filling view of the nets incorporating 4,4’-TPCB: (a) dia net of 1 
and (b) sql net of (4,4’-TPCB)·2(C6I2F4).

within the sql net, rather than forming the required six-membered 
rings of the dia net.

Within (4,4’-TPCB)·2(C6I2F4), molecules of C6I2F4 are found to 
engage in both homogenous face-to-face π-π stacking as well as 
heterogeneous π-π interactions with 4-pyridyl rings of 4,4’-TPCB. 
Alternatively, C6I2Cl4 molecules within 1 are found to engage in 
homogenous face-to-face π-π interactions (centroid-centroid: 4.29 
Å) as well as heterogeneous face-to-face π-π stacking with an 
included toluene molecule (centroid-centroid: 3.55 Å) (Figure 5a). 
This π-π stacking arrangement generates an infinite column of 
AABAA type running along the crystallographic a-axis. A second 
unique toluene molecule participates in edge-to-face π-π (3.76 Å) 
and C-H···π (3.60 Å) interactions to 4,4’-TPCB which results in a 
large obtuse angle (127.5°) for the 1,4-trans linkage (Figures 1 and 
5b). Additionally, a second edge-to-face π-π interaction occurs 
between 4,4’-TPCB and C6I2Cl4 through Cl···π interactions29 (3.30 Å) 
which also generates an obtuse angle (105.4°) around the 
cyclobutane core (Figures 1 and 5b).

Ultimately, the ability of 4,4’-TPCB to adopt to both a nearly 
square-planar node in the sql net as well as a tetrahedral-like node 
in the dia net is attributed to the flexibility in the positioning of the 
4-pyridyl groups (i.e. distances separating face-to-face 4-pyridyl 
rings). This is accentuated by a variation of bond angles between 
donor N-atoms of the 4-pyridyl groups in relation to the centre of 
the cyclobutane ring when compared to the sql net (Figure S2). 
Notable differences occur in 1,2-cis groups, where unidirectional 4-
pyridyl groups staggered in a gauche orientation (dia = 29.8, sql = 
21.6° and 23.9°) are subject to steric repulsion30 causing rings to 
‘pucker’ out from the central cyclobutane ring (Figure S3). 
Specifically, the corresponding geometries observed between the 
1,2-cis 4-pyridyl groups, (dia = 70.7, sql = 59.1° and 67.3°) and a 
subsequent change in the 1,4-trans groups (dia = 127.5 and 105.4°, 
sql = 105.8 and 139.0°), allows for the formation of the dia net 
(Figure 4). Lastly, tolerance in the C-I···N halogen-bond angles also 
plays a role in the formation of the given net. In particular, the dia 

Figure 5. X-ray structure of 1: (a) π-π stacking arrangements of the aromatic 
rings and (b) edge-to-face π-π stacking interaction involving 4,4’-TPCB. The 
disorder in toluene was removed for clarity.

net has nearly linear bond angles with values ranging between 175-
177° while the sql net has much lower values ranging from 162-
178°.

The stereoisomer rtct-4,4’-TPCB is considered a more suitable 
tetrahedral node in terms of the bond angle between pendant 4-
pyridyl groups. In particular, Vittal and co-workers reported the 
formation of an extended network based upon rtct-4,4’-TPCB along 
with cobalt(II) fluoride that resulted in a nearly tetrahedral bond 
angle between the 4-pyridyl groups with a value of 105.6°.31 
Although, rtct-4,4’-TPCB inherently is a more tetrahedral-like 
geometry, we demonstrated here that the rctt-isomer can also 
produce the required tetrahedral node to yield the dia net (Figure 
S4). The ability of rctt-4,4’-TPCB to adopt to various positions for 
the pedant groups as well as a wide range of halogen-bond angles32 
again illustrates its capacity to conform to the requirements for a 
particular net and adaptability to the constraints of a given linker. 
This resulting variation in the networks generates complexity from 
simplicity in these extended solids containing 4,4’-TPCB.

Conclusions

In this Communication, we report the formation of a purely 
organic uninodal three-dimensional halogen-bonded dia net of 
composition (4,4’-TPCB)·2(C6I2Cl4)·2(toluene). The dia net is 
constructed using a product generated in the solid state, namely 
4,4’-TPCB, which acts as a 4-connecting node along with a rigid 
halogen-bonding linker C6I2Cl4. The solid exhibits remarkable eight-
fold interpenetration due to the large dimension of the dia net 
caused by the divergent organic linker. The inherent flexibility of 
4,4’-TPCB allows the node to adapt to the constraints of a dia 
topology.
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A purely organic dia net sustained by halogen bonds that 
contains nodes comprised of rctt-tetrakis(4-pyridyl)cyclobutane, 
obtained from a solid-state photoreaction, is reported.
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