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Reactions between Co(NCS)2 and 24,24-[2,5-bis(cyclohexyloxy)-1,4-phenylene]di(13,22 : 26,33-terpyridine) (1),
24,24-[2,5-bis(cyclohexylmethoxy)-1,4-phenylene]di(13,22 : 26,33-terpyridine) (2), and 24,24-[2,5-bis(2-phenylethoxy)-
1,4-phenylene]di(13,22 : 26,33-terpyridine) (3) under conditions of crystal growth by layering at room temperature
lead to 3-dimensional nets with either a cds or trinodal self-penetrating topology depending upon the solvents
(MeOH/C6H5Cl, MeOH/1,2-Cl2C6H5, or MeOH/CHCl3) used in the crystallization experiments. The cds network was
found for [Co(NCS)2(1)]n·2nC6H4Cl2, [Co(NCS)2(2)]n·4nC6H4Cl2, and [Co(NCS)2(3)]n·2.5nC6H5Cl, while a trinodal self-
penetrating net was observed in [Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH. Preliminary structural data for single
crystals from the reactions of Co(NCS)2 and 1 or Co(NCS)2 and 3 from MeOH/CHCl3 solvent combinations also
evidenced the assemblies of trinodal self-penetrating nets. Both net topologies assemble from a combination of
planar, 4-connecting metal and ligand nodes. The role of the solvent in directing the network type is
investigated.

Keywords: cobalt, cobalt(II) thiocyanate, coordination network, lattice solvent, ligand nodes, solvent effects,
3,2’ : 6’,3’’-terpyridine.

Introduction

The use of 3,2’ : 6’,3’’-terpyridines (=13,22 : 26,33-terpyr-
idines), in coordination chemistry has gained in
popularity over the last decade, although this isomer
of terpyridine remains less well exploited than the
bis(chelating) 2,2’ : 6’,2’’-terpyridine (=12,22 : 26,32-ter-
pyridine) and the divergent 4,2’ : 6’,4’’-terpyridine (=
14,22 : 26,34-terpyridine; Scheme 1).[1–5] The coordination
chemistry of derivatives of 3,2’ : 6’,3’’-tpy was first
explored by Grafino et al. who reported the structure
of [Zn2(μ-4’-Ph-3,2’ : 6’,3’’-tpy)(acac)4]·H2O (4’-Ph-
3,2’ : 6’,3’’-tpy=4’-phenyl-3,2’ : 6’,3’’-terpyridine; Ha-
cac=pentane-2,4-dione).[6] This revealed coordination
only through the outer pyridine rings of the 3,2’ : 6’,3’’-

tpy unit. There are now around 123 structures of
compounds containing metal-coordinated 3,2’ : 6’,3’’-
tpy units in the Cambridge Structural Database (CSD)
version 2022.2.0,[7] (searched using ConQuest version
2022.2.0[8]), and these demonstrate that the ditopic
nature of the 3,2’ : 6’,3’’-tpy domain is the norm, with
the central pyridine ring remaining non-coordinated.
There are two examples in which the central pyridine
ring is present as the N-oxide.[9] Both 3,2’ : 6’,3’’- and
4,2’ : 6’,4’’-tpy can be considered as having divergent
donor sets. However, the conformational flexibility of
the 3,2’ : 6’,3’’-tpy unit sets it apart from the 4,2’ : 6’,4’’-
isomer which has a fixed V-shaped coordination mode
(Scheme 1). Conformation I of 3,2’ : 6’,3’’-tpy is suited to
the formation of discrete dinuclear complexes, for
example, with cyclic structures,[6,10–12] whereas con-
formations II and III are more typically encountered in
coordination polymers and networks. A range of
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3,2’ : 6’,3’’-terpyridines in which a functional group has
been introduced into the 4’-position is known, and the
conformation of the 3,2’ : 6’,3’’-tpy domain varies with
the 4’-substituent,[13–22] presumably because of pack-
ing interactions. Such conformational flexibility makes
functionalized 3,2’ : 6’,3’’-tpy ligands attractive building
blocks in coordination assemblies.

Moving from a ditopic 3,2’ : 6’,3’’-tpy unit to a
tetratopic bis(3,2’ : 6’,3’’-tpy) domain modifies the role
of the ligand from a linker to a 4-connecting node,
and we have recently reported a series of 3-dimen-
sional networks directed by a combination of 4-
connecting bis(3,2’ : 6’,3’’-tpy) ligands (Figure 1), and a
4-connecting cobalt(II) center.[23–25] With one
exception,[23] two structural motifs for [Co(NCS)2(L)]n
compounds persist: a cds network and a trinodal self-

penetrating net.[24,25] An overview of our previous
results suggested that, for the range of R groups
studied, the choice of the substituent in 1 was not the
deciding factor, but rather the choice of solvents for
crystal growth by layering. For the general family of
ligands, L, shown in Figure 1 with R=propyl, butyl,
pentyl, hexyl, heptyl or octyl, we have previously
observed that a cds net forms when either 1,2-
dichlorobenzene or chlorobenzene is used in combi-
nation with MeOH in reactions of the ligand with
Co(NCS)2 to give solvated [Co(NCS)2(L)]n.

[25] In contrast,
a trinodal, self-penetrating network formed when
MeOH and chloroform were used in reactions of
Co(NCS)2 with L in which R=2-ethylbutyl or 3-meth-
ylbutyl.[24] Preliminary data for crystals grown by
layering an MeOH solution of Co(NCS)2 over a CHCl3
solution of L with R=n-butyl confirmed the assembly
of a trinodal self-penetrating network.[25] These obser-
vations motivated us to move to more sterically
demanding R groups while at the same time using
different solvent mixtures for the reactions of Co(NCS)2
with ligand L. A phenyl unit also has the potential for
π-stacking interactions in the solid state, which may
influence the assembly process. Our aim was to see if
the structural trends that had so far emerged with
alkyloxy substituents would be further supported
when the ligand was structurally modified.

Scheme 1. Structures of three isomers of terpyridine: 2,2’ : 6’,2’’-tpy typically behaves as a bis(chelate), 4,2’ : 6’,4’’-tpy typically
behaves as a ditopic ligand, and 3,2’ : 6’,3’’-tpy is also a ditopic ligand but with three limiting, planar conformations I, II and III.

Figure 1. Structure of a general tetratopic bis(3,2’ : 6’,3’’-tpy)
ligand, L, with functionalized central arene core.

Helv. Chim. Acta 2022, 105, e202200131

www.helv.wiley.com (2 of 14) e202200131 © 2022 The Authors. Helvetica Chimica Acta published by Wiley-VHCA AG

Wiley VCH Donnerstag, 15.12.2022

2212 / 276617 [S. 35/47] 1

 15222675, 2022, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hlca.202200131 by U

niversitätsbibliothek B
asel, W

iley O
nline L

ibrary on [22/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.helv.wiley.com


Results and Discussion

Ligand Synthesis and Characterization

The ligands selected for the investigation, 1–3, are
shown in Scheme 2. Each bears terminal cyclohexyl
(Cy) or phenyl groups in the substituents attached to
the central arene core of the ligand. Compound 3 was
prepared as previously reported,[26] and the synthetic
routes to 1 and 2 are summarized in Scheme 2. The
second step follows the one-pot strategy described by
Wang and Hanan.[27] The precursors 1a, 1b, 2a and 2b
were fully characterized (see Figures S1–S15 in the
Supporting Information) with NMR spectra assigned
using routine 2D methods (see Experimental Section).
Attempts to record mass spectra of 1a and 2a (MALDI
and electrospray MS) were unsuccessful. Compounds
1 and 2 were characterized by 1H- and 13C{1H}-NMR
spectroscopic methods, with signals assigned using
COSY, NOESY, HMQC and HMBC techniques (see
Figures S16–S23 in the Supporting Information). The
spectra are consistent with a single 3,2’ : 6’,3’’-tpy
environment and with the presence of the cyclohexyl
units. The MALDI-TOF mass spectrum of 1 exhibited a
base peak at m/z 736.85 arising from the [M+H]+ ion
(Figure S24), and for 2, the base peak in the MALDI-
TOF mass spectrum (m/z 765.04) also arose from the
[M+H]+ ion (Figure S25). The solid-state IR spectra of

1 and 2 are similar (Figures S28 and S29), with strong
absorptions at 2930 and 2922 cm� 1, respectively,
assigned to the cyclohexyl groups, and absorptions in
the fingerprint region arising predominantly from
vibrations within the terpyridine domains. Figure 2
displays the solution absorption spectra of 1 and 2
which are dominated by intense absorptions arising
from π* !π transitions. The spectra are reminiscent of
those of structurally related 1,4-bis(n-alkyloxy)-2,5-
bis(3,2’ : 6’,3’’-terpyridin-4’-yl)benzene ligands.[28]

Colorless block-shaped single crystals of 1 were
grown at room temperature by slow evaporation of a
chloroform solution of the compound. The compound
crystallizes in the monoclinic space group P21/c with
half the molecule of 1 in the asymmetric unit. The
second half of the molecule is generated by inversion,
and Figure 3 shows the molecular structure. The
3,2’ : 6’,3’’-tpy unit adopts conformation I (Scheme 1)
with the angles between the least squares planes of
the pyridine rings containing N1/N2 and N2/N3 being
24.9 and 19.3°. Bond lengths and angles are unexcep-
tional, although it is worth noting that a comparison
of the bond lengths of O1� C17=1.377(5) Å and
O1� C19=1.457(5) Å indicates extension of π-conjuga-
tion from the arene ring across C17� O1. The
C17� O1� C19 bond angle of 119.3(3)° is consistent
with sp2 hybridization. The pyridine ring containing N2
is twisted through 38.5° with respect to the plane of
the arene ring containing atom C15, consistent with
minimizing inter-ring H···H contacts. The CHCl3 mole-
cule is disordered and has been modelled over two
sites of equal occupancies. In the lattice, adjacent
molecules of 1 engage in face-to-face π-stacking
interactions between thee pyridine rings containing

Scheme 2. Structures of ligands 1–3, and the synthetic route to
1 and 2 with atom labelling for NMR spectroscopic assign-
ments, starting from 1a or 2a. Reaction conditions: i) BuLi, Et2O,
0 °C; DMF, 0 °C warmed to room temperature (ca. 22 °C); ii) EtOH
solvent, 3-acetylpyridine, KOH, aqueous NH3, room temperature
ca. 22 °C.

Figure 2. Solution absorption spectra (CHCl3, 2.0 ×
10� 5 moldm� 3) of 1 and 2. See Experimental Section for values
of λmax and ɛmax.
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N2 and N3ii (symmetry code ii=1� x, � 1/2+y, 3/2� z).
The angle between the planes of the rings is 5.6°, and
the centroid···centroid distance is 3.65 Å, making this
an efficient packing interaction.[29] This leads to the
assembly of chains of molecules running parallel to
the crystallographic b-axis (Figure 4).

Reactions of Co(NCS)2 with Ligands 1–3

Ligands 1–3 were reacted with cobalt(II) thiocyanate
under ambient conditions by layering a methanol
solution of Co(NCS)2 over a chloroform, chlorobenzene
or 1,2-dichlorobenzene solution of the ligand. Pink
single crystals grew after around two weeks, and the
reaction vessels were left to allow sufficient crystalline
material to accumulate. No attempt was made to
optimize yields and after crystals had been selected
for single X-ray analysis, the remaining crystals were
analyzed by powder X-ray diffraction (PXRD) and solid-

state IR spectroscopy (see later). Combinations of
Co(NCS)2/1 from MeOH/chlorobenzene, Co(NCS)2/2
from MeOH/1,2-dichlorobenzene, Co(NCS)2/3 from
MeOH/1,2-dichlorobenzene, and Co(NCS)2/2 from
MeOH/CHCl3 produced X-ray quality crystals for which
the structures are detailed below.

Crystal Structures of [Co(NCS)2(1)]n·2nC6H4Cl2,
[Co(NCS)2(2)]n·4nC6H4Cl2, and [Co(NCS)2(3)]n·2.5nC6H5Cl

The compounds [Co(NCS)2(1)]n·2nC6H4Cl2, [Co-
(NCS)2(2)]n·4nC6H4Cl2, and [Co(NCS)2(3)]n·2.5nC6H5Cl
crystallize in the monoclinic space groups P21/c or P21/
n (see Experimental Section) and the contents of the
asymmetric units are displayed in Figures S30–S32. In
each case, the asymmetric unit contains half of a
bis(3,2’ : 6’,3’’-tpy) ligand with the second half gener-
ated by inversion. The three structures are similar to
one another, with the Co atom in an octahedral
environment with a trans-arrangement of thiocyanato
ligands. Figures 5,a–5,c illustrate that each of ligands
1, 2 and 3 coordinates to four Co(II) centers through
the outer pyridine rings of the 3,2’ : 6’,3’’-tpy units, and
atom Co1 in each structure coordinates to four differ-
ent bis(3,2’ : 6’,3’’-tpy) ligands. The Co� N bond lengths
(Table 1) are typical. In each compound, the 3,2’ : 6’,3’’-
tpy domain adopts conformation II (Scheme 1),
although note that Scheme 1 shows limiting, planar
conformations, and the angles between the planes of
the pyridine rings in [Co(NCS)2(1)]n·2nC6H4Cl2, [Co-
(NCS)2(2)]n·4nC6H4Cl2, and [Co(NCS)2(3)]n·2.5nC6H5Cl
range from 5.0 to 28.7° (Table 1). The variation in the
angles is possibly a response to the different steric
requirements of the R groups (Cy, CH2Cy versus
CH2CH2Ph) in ligands 1–3, although the overlay of the
three structures in Figure 5,d illustrates that the
conformational changes do not have a significant
impact of the directionalities of the N� Co vectors. The

Figure 3. The structure of ligand 1 in 1·CHCl3. H-atoms and the
solvent molecule are omitted for clarity; ellipsoids are plotted at
40% probability level. Symmetry code: i=1� x, 1� y, 1� z.

Figure 4. Molecules of 1 interact through pyridine···pyridine ring π-stacking to generate chains following the b-axis.
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angles between the planes of the pyridine ring
containing N2 and the arene spacer in coordinated
ligands 1, 2 and 3 are similar (Table 1) and are
consistent with minimizing repulsive H···H interactions.

Both the cobalt(II) center and bis(3,2’ : 6’,3’’-tpy)
ligand are 4-connecting nodes, and each is essentially
planar leading to the assembly of a 3-dimensional
network with a cds topology (Figure 6). Thus, the
networks in [Co(NCS)2(1)]n·2nC6H4Cl2, [Co-
(NCS)2(2)]n·4nC6H4Cl2, and [Co(NCS)2(3)]n·2.5nC6H5Cl

follow the pattern established for solvated [Co-
(NCS)2(L)]n containing bis(3,2’ : 6’,3’’-tpy) ligands with
R=propyl, butyl, pentyl, hexyl, heptyl or octyl (Fig-
ure 1) and in which the lattice solvent is also 1,2-
dichlorobenzene.[25] In [Co(NCS)2(1)]n·2nC6H4Cl2, [Co-
(NCS)2(2)]n·4nC6H4Cl2, and [Co(NCS)2(3)]n·2.5nC6H5Cl,
the disordering of some of the solvent molecules
makes detailed discussion of the structural roles of the

Figure 5. Ligands 1, 2 and 3 act as 4-connecting nodes in (a)
[Co(NCS)2(1)]n·2nC6H4Cl2, (b) [Co(NCS)2(2)]n·4nC6H4Cl2, and (c)
[Co(NCS)2(3)]n·2.5nC6H5Cl, respectively. H-atoms and solvent
molecules are omitted for clarity. (d) An overlay of the three
structural units containing ligands 1 (green), 2 (red), and 3
(blue).

Table 1. Selected structural parameters for the cobalt(II) coordination networks.

Compound Co� NNCS [Å] Co� Npy
[Å]

Angle between planes of py
rings containing N1/N2 and
N2/N3 [°]

Angle between planes of py
containing N2 and arene [°]

[Co(NCS)2(1)]n·2nC6H4Cl2 2.078(5) 2.154(5),
2.266(4)

9.0, 20.0 43.9

[Co(NCS)2(2)]n·4nC6H4Cl2 2.066(3) 2.199(3),
2.229(3)

5.0, 28.7 50.7

[Co(NCS)2(3)]n·2.5nC6H5Cl 2.060(3) 2.168(3),
2.241(3)

15.1, 25.9 51.6

[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH 2.080(5) (for Co1),
2.091(6) (for Co2)

2.187(4),
2.257(4)
(for Co1)
2.147(5),
2.150(4)
(for Co2)

9.3, 16.4[a]

31.0, 35.5[b]
46.7[a]

34.3[b]

[a] For the tpy unit containing N1 N2 N3. [b] Tpy unit containing N4 N5 N6.

Figure 6. Part of the cds net in [Co(NCS)2(1)]n·2nC6H4Cl2 as
representative of the nets in [Co(NCS)2(1)]n·2nC6H4Cl2, [Co-
(NCS)2(2)]n·4nC6H4Cl2, and [Co(NCS)2(3)]n·2.5nC6H5Cl. Co and
ligand nodes are shown in maroon and orange, respectively.
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solvent molecules difficult. In [Co(NCS)2(2)]n·4nC6H4Cl2,
one 1,2-dichlorobenzene molecule is ordered, while
the second is disordered and was modelled over two
sites of occupancies of 70 and 30%. The ordered
C6H4Cl2 molecule lies over the pyridine ring containing
N2, with a centroid···centroid distance of 4.1 Å and
inter-plane angle of 9.5°, leading to a weak face-to-
face π-stacking interaction. In [Co(NCS)2(1)]n·2nC6H4Cl2,
the disordered 1,2-dichlorobenzene molecule was
modelled over three sites of occupancies 20, 30 and
50%; however, there is evidence for face-to-face
stacking with the pyridine ring containing N2.
Although the structure of [Co(NCS)2(3)]n·2.5nC6H5Cl
suffers significant disorder, both in the solvent mole-
cules and phenylethyl group (see the caption to
Figure S32), there is evidence once again for face-to-
face stacking between the central pyridine ring of the
tpy unit and a chlorobenzene molecule. However,
these are not the sole packing interactions involving
the solvent molecules. It is relevant to consider that
the unsolvated cds networks in [Co(NCS)2(1)]n, [Co-
(NCS)2(2)]n, and [Co(NCS)2(3)]n have large voids. Using
a probe radius of 1.2 Å, the voids were calculated in
Mercury 2022.2.0[30] to be ca. 40% in each of the
structures with ligands 1 and 2; the void space in
[Co(NCS)2(3)]n is also large, but we have not quantified
it because of the disordered phenylethyl substituents.

Figure 7 shows the [Co(NCS)2(1)]n network and the
manner in which the 1,2-dichlorobenzene molecules
occupy the channels; although the cyclohexyl substitu-
ents point into the channels, the remaining solvent
accessible void remains large, and the dimensions of
the aromatic solvent molecules match well to those of
the channels.

Crystal Structure of
[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH

With a change in the crystallization solvent system from
MeOH/C6H5Cl or MeOH/1,2-C6H4Cl2 to MeOH/CHCl3, it
was possible to isolate single crystals of
[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH. The compound
crystallizes in the monoclinic space group C2/c, and the
asymmetric unit contains two independent half-mole-
cules of 2, both second halves being generated across
inversion centers. The crystallographically independent
cobalt atoms, Co1 and Co2 are both octahedrally sited
and are coordinated by trans-NCS� ligands and the N-
donors of four different ligands 2. Selected bond lengths
and inter-ring angles are given in Table 1. Each
bis(3,2’ :6’,3’’-tpy) ligand coordinates to two Co1 and two
Co2 atoms, and both crystallographically independent
3,2’ :6’,3’’-tpy units adopt conformation II (Scheme 1).
Thus, the local environments of ligand 2, Co1 and Co2

Figure 7. Part of the network in [Co(NCS)2(1)]n·2nC6H4Cl2 (a) without and (b) with solvent molecules (shown in space-filling
representation).
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(Figure 8) mimic those of the ligands and metal centers
in [Co(NCS)2(1)]n·2nC6H4Cl2, [Co(NCS)2(2)]n·4nC6H4Cl2, and
[Co(NCS)2(3)]n·2.5nC6H5Cl. However, in

[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH, the combination of
four chemically distinct planar, 4-connecting nodes
defined by Co1, Co2 and the centroids of the two
independent phenylene rings results in the assembly of
a complex 3-dimensional network. Since the two ligand
nodes are topologically equivalent (as described in our
previous work[24]), the net is trinodal. The network is self-
penetrating as shown in Figure 9 and is analogous to
that found in [Co(NCS)2(L1)]n·nMeOH·3nCHCl3 and [Co-
(NCS)2(L2)]n·0.8nMeOH

.1.8nCHCl3 where ligands L1 and L2
are in the family defined in Figure 1 with R=2-ethylbutyl
and 3-methylbutyl, respectively.[24]

Combinations of Co(NCS)2/1 and Co(NCS)2/3 from
MeOH/CHCl3 gave rise to crystals for which only
preliminary structural data could be obtained. However,
in both cases, the data confirmed the assembly of
trinodal self-interpenetrating networks analogous to that
found for [Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH. As in the
structures described in the previous section, the void
space in the non-solvated [Co2(NCS)4(2)2]n lattice is large
(ca. 34%, calculated using a probe radius of 1.2 Å with
Mercury 2022.2.0[30]). The persistence of the trinodal self-
interpenetrating net when the crystallization solvent
mixture is MeOH/CHCl3 and the absence of the cds net
under these crystallization conditions suggests that the
cavities accessible to solvent in the trinodal self-inter-
penetrating net are compatible with the relatively small

Figure 8. Repeating unit in
[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH; H-atoms and solvent mol-
ecules are omitted and symmetry generated Co atoms are
labelled: symmetry codes i=1� x, 1+y, 1/2� z; ii=

3/2� x,
3/2� y,

1� z; iii= 3/2� x,
1/2+y, 1/2� z; iv= 1/2+x, 1/2+y, 1+z; v= 3/2� x,

1/2� y, 1� z. See Figure S33 for additional atom labels.

Figure 9. (a) Part of the trinodal (62.84)(64.82)(65.8)2 net in [Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH with the Co1 nodes shown in
maroon, Co2 nodes in blue, and ligand centroid nodes in orange. (b) Part of the lattice showing self-penetration defined by the
interlocking of the shortest circuits shown in green and magenta.
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CHCl3 and MeOH molecules, but not chlorobenzene or
1,2-dichlorobenzene.

Bulk Material Characterization

After selection of single crystals for structure determi-
nation, the remaining crystals in each reaction tube
were analyzed by solid-state IR spectroscopy and
powder X-ray diffraction. Figures S34–S37 display the
IR spectra of [Co(NCS)2(1)]n·2nC6H4Cl2, [Co-
(NCS)2(2)]n·4nC6H4Cl2, [Co(NCS)2(3)]n·2.5nC6H5Cl and
[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH, respectively. The
complexes containing ligands 1 or 2 give rise to IR
absorptions around 2930 cm� 1 which resemble those
in the free ligands (compare Figures S34, S35 and S38
with Figures S28 and S29) and are assigned to the
cyclohexyl groups. The coordinated NCS� ligands lead
to very strong absorptions (νCN) at 2056 cm� 1 in
[Co(NCS)2(1)]n·2nC6H4Cl2 (Figure S34), 2064 cm� 1 in
[Co(NCS)2(2)]n·4nC6H4Cl2 (Figure S37), 2054 cm� 1 in
[Co(NCS)2(3)]n·2.5nC6H5Cl (Figure S36), and 2064 cm� 1

in [Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH (Figure S35).
PXRD data for the bulk material for [Co-

(NCS)2(1)]n·2nC6H4Cl2 and [Co(NCS)2(3)]n·2.5nC6H5Cl re-
vealed excellent fits between the experimental PXRD
patterns and those predicted from the single-crystal
structures (Figure 10,a and 10,c), thus confirming that
the cds coordination nets observed in each single
crystal structure represented the bulk material. For
[Co(NCS)2(2)]n·4nC6H4Cl2, the experimental powder
pattern contains all the predicted peaks, but there are
additional peaks present at low values of 2θ (Fig-
ure 10,b) indicating the presence of at least one other
species in the bulk material. Crystals of
[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH were extremely
sensitive to solvent loss and it was not possible to
obtain a PXRD pattern that was consistent with the
predicted pattern from the single crystal structure.

Conclusions

The bis(3,2’ : 6’,3’’-tpy) ligands 1, 2 and 3 act as 4-
connecting nodes and react with Co(NCS)2 under
conditions of crystal growth by layering at room
temperature to produce 3-dimensional nets with
either a cds or trinodal self-penetrating topology. Both
these nets contain planar, 4-connecting metal and
ligand nodes. The choice of solvents (MeOH/C6H5Cl,
MeOH/1,2-Cl2C6H5, or MeOH/CHCl3) used in the crys-
tallization experiments is critical, with the aromatic
solvents occupying channels in the cds nets found for

[Co(NCS)2(1)]n·2nC6H4Cl2, [Co(NCS)2(2)]n·4nC6H4Cl2, and
[Co(NCS)2(3)]n·2.5nC6H5Cl. In contrast, the smaller
CHCl3 and MeOH molecules are accommodated in
cavities in the trinodal self-penetrating net in
[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH. Preliminary
structural data for single crystals grown by layering a
MeOH solution of Co(NCS)2 over a CHCl3 solution of 1
or 3 confirmed the assemblies of trinodal self-pene-
trating nets in both products. PXRD data for the bulk
materials of [Co(NCS)2(1)]n·2nC6H4Cl2 and [Co-
(NCS)2(3)]n·2.5nC6H5Cl confirm that the single crystal
structures are representative of the bulk sample;
solvent loss from crystals of
[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH contributed to
the poor match between experimental and predicted
powder patterns. The solvent-dependent, selective
assembly of either a cds or trinodal self-penetrating 3-
dimensional network in reactions of Co(NCS)2 with 1, 2

Figure 10. PXRD (CuKα1 radiation) patterns for (a) [Co-
(NCS)2(1)]n·2nC6H4Cl2, (b) [Co(NCS)2(2)]n·4nC6H4Cl2, and (c) [Co-
(NCS)2(3)]n·2.5nC6H5Cl. Each experimentally obtained pattern
(red) is compared with the best fit from the Rietveld refinement
analysis (black). Bragg peak positions (green) and differences
between the calculated and experimental plots (blue) are also
displayed.
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and 3 is consistent with our previous results using
different 1,4-bis(alkyloxy)-2,5-bis(3,2’ : 6’,3’’-terpyridin-
4’-yl)benzene ligands.[24,25]

Experimental Section

General
1H- and 13C{1H}-NMR spectra were recorded on a
Bruker Avance III-500 spectrometer equipped with a
BBFO probe head at 298 K. The 1H- and 13C-NMR
chemical shifts were referenced with respect to
residual solvent peaks (δ 7.26 ppm for CHCl3 and δ
77.2 ppm for CDCl3, respectively with δ TMS=0).
Matrix-assisted laser desorption ionization time-of-
flight (MALDI-TOF) mass spectra were recorded on a
Shimadzu MALDI 8020 instrument using α-cyano-4-
hydroxycinnamic acid (CHCA) or 2,5-dihydroxybenzoic
acid as the matrix as detailed in the captions to figures
in the Supporting Information. PerkinElmer UATR Two
and Shimadzu UV-2600 instruments were used to
record FT-IR and UV-Vis absorption spectra, respec-
tively. Melting points were determined using a Stuart
melting point SMP 30 device. Elemental analyses and
high-resolution electrospray (HR-ESI) mass spectra
were performed using a Vario MICRO Cube device and
Bruker maXis 4G QTOF instrument, respectively. Ana-
lytical thin-layer chromatography was conducted with
pre-coated silica gel 60 F254 aluminum sheets (Merck
KGaA) and visualized using UV light (254 nm and
366 nm). Flash column chromatography was per-
formed on a Biotage Selekt system with pre-packed
silica gel columns (50 g Biotage Sfär Silica High
Capacity Duo 20 μm) using ethyl acetate in
cyclohexane (gradient) as eluent and monitoring and
collecting at 366 nm.

3-Acetylpyridine and cyclohexyl bromide were
purchased from Acros Organics and [Co(NCS)2] from
Alfa Aesar, and (bromomethyl)cyclohexane and 2,5-
dibromobenzene-1,4-diol were from Fluorochem. Crys-
tal growth experiments were carried out under
ambient conditions using glass test-tubes (i.d.=
13.6 mm, 24 mL). Ligand 3 was prepared according to
a previously reported method.[26]

Compound 1a

2,5-Dibromohydroquinone (4.00 g, 14.9 mmol,
1.0 equiv.), bromocyclohexane (15.6 mL, 127 mmol,
8.5 equiv.) and anhydrous K2CO3 (17.51 g, 126.7 mmol,
8.5 equiv.) were combined in dry DMF (100 mL) and

the mixture was heated to 100 °C and stirred for 48 h
under N2. The mixture was then allowed to cool to
room temperature, poured onto ice water (200 mL)
and stirred for 20 min. The resulting suspension was
extracted with chloroform (3×150 mL). The organic
layers were combined, dried over MgSO4 and concen-
trated in vacuo. The crude product was purified by
column chromatography (silica, 100% dichlorome-
thane) yielding 1a (910 mg, 2.10 mmol, 14.1%) as off-
white crystals. M.p. 92.8–95.6 °C. 1H-NMR (500 MHz,
CDCl3): 7.11 (s, 2 H, H

3); 4.16 (tt, J=8.3, 3.7, 2 H, Ha);
1.96–1.88 (m, 4 H, Hb� eq); 1.85–1.77 (m, 4 H, Hc� eq);
1.65–1.57 (m, 4 H, Hb� ax); 1.57–1.50 (m, 2 H, Hd� eq);
1.41–1.30 (m, 6 H, Hc� ax+d� ax). 13C-NMR (126 MHz,
CDCl3): 149.3 (C

2); 121.4 (C3); 113.0 (C1); 78.5 (Ca); 31.7
(Cb); 25.7 (Cd); 23.6 (Cc). UV-Vis (CHCl3, 6×
10� 5 moldm� 3): 302 (ɛ/dm3mol� 1 cm� 1 4,170). Anal.
calc. for C18H24Br2O2: C 50.02, H 5.60; found: C 50.34, H
5.64.

Compound 2a

2,5-Dibromohydroquinone (2.50 g, 9.33 mmol,
1.0 equiv.), (bromomethyl)cyclohexane (4.6 mL,
33 mmol, 3.5 equiv.) and anhydrous K2CO3 (4.50 g,
32.6 mmol, 3.5 equiv.) were combined in dry DMF
(100 mL) and the mixture was heated to 100 °C and
stirred for 16 h under N2. The mixture was then
allowed to cool to room temperature, poured onto ice
water (150 mL) and was stirred for 20 min. The
resulting suspension was extracted with chloroform
(3×150 mL). The organic layers were combined, dried
over MgSO4 and concentrated in vacuo. The crude
product was reprecipitated under gentle stirring from
a hot EtOH (25 mL) and chloroform (15 mL) solution
over 16 h. The resultant precipitate was collected by
filtration, washed with EtOH and dried in vacuo to
yield 2a (2.43 g, 5.28 mmol, 56.7%) as a white solid.
M.p. 130.0–132.7 °C. 1H-NMR (500 MHz, CDCl3): 7.06 (s,
2 H, H3); 3.74 (d, J=6.3, 4 H, Ha); 1.92–1.86 (m, 4 H,
Hc� eq); 1.86–1.80 (m, 2 H, Hb); 1.80–1.73 (m, 4 H,
Hd� eq); 1.74–1.67 (m, 2 H, He� eq); 1.30 (qt, J=12.5, 3.3,
4 H, Hd� ax); 1.20 (qt, J=12.7, 3.2, 2 H, He� ax); 1.14–1.02
(m, 4 H, Hc� ax). 13C-NMR (126 MHz, CDCl3): 150.3 (C

2);
118.5 (C3); 111.2 (C1); 75.8 (Ca); 37.8 (Cb); 29.9 (Cc); 26.6
(Ce); 25.9 (Cd). UV-Vis (CHCl3, 6×10

� 5 moldm� 3): 302
(ɛ/dm3mol� 1 cm� 1 5,060). Anal. calc. for C20H28Br2O2: C
52.19, H 6.13; found: C 52.21, H 6.18.
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Compound 1b

Compound 1a (800 mg, 1.85 mmol, 1.0 equiv.) was
dissolved in dry Et2O (30 mL), and the solution was
cooled to 0 °C under N2. BuLi (15% in hexanes, 1.6 M,
4.6 mL, 7.4 mmol, 4.0 equiv.) was added at 0 °C over a
period of 15 min, and the mixture was stirred at 0 °C
for 2 h. Dry DMF (580 μL, 7.4 mmol, 4.0 equiv.) was
added, and the mixture was stirred for 16 h, allowing
the mixture to slowly warm from 0 °C to room temper-
ature. The now light yellow suspension was quenched
by the addition of saturated aqueous NH4Cl (100 mL)
and subsequently extracted with chloroform (3×
100 mL). The organic layers were combined, dried over
MgSO4 and concentrated in vacuo. The crude material
was purified by column chromatography (silica, AcOEt
in cyclohexane 0–10% gradient). After the removal of
solvent from the fractions collected, the yellow solid
was recrystallized from a hot solution of petroleum
ether (5 mL) and EtOH (5 mL). The yellow solution was
allowed to slowly cool to � 20 °C and was left to
crystallize for 48 h. The resultant crystals were
collected by filtration, washed with petroleum ether
and dried in vacuo to give 1b (129 mg, 390 μmol,
21.1%) as a yellow crystalline solid. M.p. 109.4–
111.4 °C. 1H-NMR (500 MHz, CDCl3): 10.52 (s, 2 H, H

CHO);
7.43 (s, 2 H, H3); 4.42 (tt, J=8.3, 3.7, 2 H, Ha); 2.01–1.94
(m, 4 H, Hb� eq); 1.84–1.73 (m, 4 H, Hc-eq); 1.67–1.55 (m,
6 H, Hb� ax+d� eq); 1.50–1.29 (m, 6 H, Hc� ax+d� ax). 13C-
NMR (126 MHz, CDCl3): 190.0 (CCHO); 154.1 (C2);
130.6(C1); 113.7 (C3); 77.4 (Ca); 31.7 (Cb); 25.6 (Cd); 23.6
(Cc). UV-Vis (CHCl3, 2×10� 5 moldm� 3): 275 (ɛ/
dm3mol� 1 cm� 1 14,400), 283 sh (12,170), 408 (5,050).
MALDI-TOF-MS: 331.29 ([M+H]+; calc. 331.19). Anal.
calc. for C20H26O4: C 72.70, H 7.93; found: C 72.85, H
8.12.

Compound 2b

Compound 2a (2.00 g, 4.34 mmol, 1.0 equiv.) was
dissolved in dry Et2O (80 mL), and the solution was
cooled to 0 °C under N2. BuLi (15% in hexanes, 1.6 M,
10.9 mL, 17.4 mmol, 4.0 equiv.) was added at 0 °C over
a period of 15 min, and the mixture was stirred at 0 °C
for 2 h. Dry DMF (1.4 mL, 17 mmol, 4.0 equiv.) was
added, and the mixture was stirred for 16 h, allowing
the mixture to slowly warm from 0 °C to room temper-
ature. The now light yellow suspension was quenched
by the addition of saturated aqueous NH4Cl (100 mL)
and subsequently extracted with chloroform (3×
100 mL). The organic layers were combined, dried over
MgSO4 and concentrated in vacuo. The crude material

was purified by column chromatography (silica, AcOEt
in cyclohexane 0–10% gradient). After the removal of
solvent from the fractions collected, the yellow solid
was recrystallized from a hot solution of petroleum
ether (15 mL) and AcOEt (5 mL). The yellow solution
was allowed to cool slowly to room temperature and
was left to crystallize for 16 h. The resultant crystals
were collected by filtration, washed with petroleum
ether and dried in vacuo to give 2b (530 mg,
1.48 mmol, 34.1%) as a yellow crystalline solid. M.p.
141.3–143.6 °C. 1H-NMR (500 MHz, CDCl3): 10.53 (s, 2
H, HCHO); 7.41 (s, 2 H, H3); 3.88 (d, J=5.9, 4 H, Ha); 1.90–
1.82 (m, 6 H, Hb + c� eq); 1.78 (ddd, J=13.8, 4.4, 2.3, 4 H,
Hd� eq); 1.74–1.67 (m, 2 H, He� eq); 1.31 (qt, J=12.5, 3.1,
4 H, Hd� ax); 1.25–1.16 (m, 2 H, He� ax); 1.14–1.04 (m, 4
H, Hc� ax). 13C-NMR (126 MHz, CDCl3): 189.6 (CCHO);
155.5 (C2); 129.5 (C1); 111.7 (C3); 74.7 (Ca); 37.8 (Cb);
30.0 (Cc); 26.5 (Ce); 25.9 (Cd). UV-Vis (CHCl3, 2×
10� 5 moldm� 3): 275 (ɛ/dm3mol� 1 cm� 1 14,980), 283 sh
(12,620), 406 (5,840). MALDI-TOF-MS: 359.07 ([M+H]+;
calc. 359.22). Anal. calc. for C22H30O4: C 73.71, H 8.44;
found: C 73.84, H 8.65.

Compound 1

Compound 1b (100 mg, 303 μmol, 1.0 equiv.) was
dissolved at room temperature in EtOH (5 mL). 3-
Acetylpyridine (170 μL, 1.5 mmol, 5.0 equiv.) and
crushed KOH (85 mg, 1.5 mmol, 5.0 equiv.) were then
added to the yellow solution and slow addition of
aqueous NH3 (32%, 4.4 mL) followed. The mixture
turned over a dark red into an orange suspension and
was stirred at room temperature for 7 d. The solid that
formed was collected by filtration, washed with H2O
(3×5 mL) followed by EtOH (3×5 mL) and dried in
vacuo. The title compound 1 was isolated as a light-
brown solid (109 mg, 147 μmol, 48.6%). Decomposi-
tion >262 °C. 1H-NMR (500 MHz, CDCl3): 9.39 (d, J=

2.3, 4 H, HA2); 8.72 (dd, J=4.8, 1.7, 4 H, HA6); 8.56 (dt,
J=8.0, 2.0, 4 H, HA4); 8.05 (s, 4 H, HB3); 7.50 (dd, J=8.0,
4.8, 4 H, HA5); 7.17 (s, 2 H, HC3); 4.29 (tt, J=8.2, 3.6, 2 H,
Ha); 1.97–1.87 (m, 4 H, Hb� eq); 1.72–1.61 (m, 4 H,
Hc� eq); 1.59–1.43 (m, 6 H, Hb� ax+d� eq); 1.38–1.16 (m, 6
H, Hc� ax+d� ax). 13C-NMR (126 MHz, CDCl3): 154.7 (CB2);
150.1 (CA6); 149.3 (CC2); 148.4 (CC1); 148.3 (CA2); 135.0
(CA3); 134.8 (CA4); 130.7 (CB4); 123.9 (CA5); 120.4 (CB3);
117.9 (CC3); 77.4 (Ca); 31.9 (Cb); 25.5 (Cd); 23.5 (Cc). UV-
Vis (CHCl3, 1×10

� 5 moldm� 3): 261 sh (ɛ/dm3 mol� 1

cm� 1 45,820), 277 sh (39,770), 313 (16,950), 354 sh
(8,010). MALDI-TOF-MS: 737.11 ([M+H]+; calc. 737.36).
HR-ESI MS: 737.3589 ([M+H]+; calc. 737.3599). Sat-
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isfactory elemental analytical data could not be
obtained.

Compound 2

Compound 2b (500 mg, 1.39 mmol, 1.0 equiv.) was
dissolved at room temperature in EtOH (20 mL). 3-
Acetylpyridine (770 μL, 7.0 mmol, 5.0 equiv.) and
crushed KOH (390 mg, 7.0 mmol, 5.0 equiv.) were then
added to the yellow solution and slow addition of
aqueous NH3 (32%, 20 mL) followed. The mixture
turned over a dark red into an orange suspension and
was stirred at room temperature for 3 d. The solid that
formed was collected by filtration, washed with H2O
(3×10 mL) followed by EtOH (3×10 mL) and dried in
vacuo. The crude product was recrystallized from a hot
solution of EtOH (5 mL) and CHCl3 (1 mL). The solution
was allowed to cool slowly to room temperature and
was left to crystallize for 16 h. The resultant crystals
were collected by filtration, washed with EtOH and
dried in vacuo to give 2 (291 mg, 380 μmol, 27.4%) as
an off-white crystalline solid. M.p. 252.9–254.9 °C. 1H-
NMR (500 MHz, CDCl3): 9.39 (dd, J=2.4, 0.9, 4 H, HA2);
8.72 (dd, J=4.9, 1.7, 4 H, HA6); 8.57 (dt, J=8.1, 1.9, 4 H,
HA4); 8.05 (s, 4 H, HB3); 7.51 (ddd, J=8.0, 4.8, 0.9, 4 H,
HA5); 7.15 (s, 2 H, HC3); 3.86 (d, J=5.8, 4 H, Ha); 1.77 (tq,
J=10.0, 6.2, 4.5, 6 H, Hb + c� eq); 1.62 (td, J=16.2, 14.8,
8.6, 6 H, Hd� eq + e� eq); 1.17 (qt, J=13.7, 3.6, 4 H, Hd� ax);
1.10–0.94 (m, 6 H, Hc� ax + e� ax). 13C-NMR (126 MHz,
CDCl3): 154.7 (C

B2); 150.8 (CC2); 149.9 (CA6); 148.2 (CC1);
148.1 (CA2); 135.02 (CA3); 134.97 (CA4); 129.3 (CB4); 123.9
(CA5); 120.5 (CB3); 115.1 (CC3); 75.1 (Ca); 38.1 (Cb); 30.1
(Cc); 26.4 (Ce); 25.8 (Cd). UV-Vis (CHCl3, 1×
10� 5 moldm� 3): 260 sh (ɛ/dm3mol� 1 cm� 1 46,260), 277
sh (40,540), 315 (16,960), 354 sh (10,220). MALDI-TOF-
MS: 765.20 ([M+H]+; calc. 765.39). HR-ESI MS:
765.3896 ([M+H]+; calc. 765.3912). Satisfactory ele-
mental analytical data could not be obtained.

½CoðNCSÞ2ð1Þ�n � 2nC6H4Cl2

A MeOH (5 mL) solution of Co(NCS)2 (1.8 mg,
10 μmol) was layered over a 1,2-dichlorobenzene
solution (4 mL) of ligand 1 (7.4 mg, 10 μmol). Pink
block-shaped crystals grew after 22 d. A single crystal
was selected for X-ray diffraction and the remaining
crystals were analyzed by PXRD and FT-IR spectro-
scopy.

½CoðNCSÞ2ð2Þ�n � 4nC6H4Cl2

A MeOH (5 mL) solution of Co(NCS)2 (1.8 mg,
10 μmol) was layered over a 1,2-dichlorobenzene
solution (4 mL) of ligand 2 (7.7 mg, 10 μmol). Pink
block-shaped crystals grew after 15 d. A single crystal
was selected for X-ray diffraction and the remaining
crystals were analyzed by PXRD and FT-IR spectro-
scopy.

½Co2ðNCSÞ4ð2Þ2�n � 5:5nCHCl3 � 0:2nMeOH

A MeOH (5 mL) solution of Co(NCS)2 (1.8 mg,
10 μmol) was layered over a chloroform solution
(4 mL) of ligand 2 (7.7 mg, 10 μmol). Orange block-
shaped crystals grew after 15 d. A single crystal was
selected for X-ray diffraction and the remaining
crystals were analyzed by PXRD and FT-IR spectro-
scopy.

½CoðNCSÞ2ð3Þ�n � 2:5nC6H5Cl

A MeOH (8 mL) solution of Co(NCS)2 (1.8 mg,
10 μmol) was layered over a chlorobenzene solution
(5 mL) of ligand 3 (7.8 mg, 10 μmol). Pink block-like
crystals visible to the eye were first obtained after 17
d, and a single crystal was selected for X-ray
diffraction. The remaining crystals were analyzed by
powder X-ray diffraction and FT-IR spectroscopy.

Crystallography

Single crystal data were collected on a STOE StadiVari
Eulerian 4-circle diffractometer (CuKα radiation)
equipped with a Dectris Eiger2 1 M detector, or using a
STOE StadiVari diffractometer equipped with a Pila-
tus300 K detector and with a Metaljet D2 source (GaKα
radiation) with data processing using STOE software
(X-Area 1.90, STOE, 2020). Structures were solved using
Superflip[31,32] and Olex2.[33] The model was refined
with ShelXL v. 2018/3.[34] All H atoms were included at
geometrically calculated positions and refined using a
riding model with Uiso=1.2 of the parent atom.
Structure analysis and structural diagrams used CSD
Mercury 2022.2.0.[30]

In some structures, the S-atom of the [NCS]� unit
and the cyclohexyl or phenylethyl substituent suffered
from disorder, and details of the treatment of the
disorders and site occupancies are given in the
Supporting Information in the relevant figure captions.
In [Co(NCS)2(1)]n·2nC6H4Cl2 and [Co-
(NCS)2(3)]n·2.5nC6H5Cl geometrical restraints for the
aromatic ring and restraints for their thermal parame-
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ters had to be used to treat the disordered 1,2-
dichlorobenzene molecules, chlorobenzene respec-
tively, in the modelling process. The cyclohexyl
substituent in [Co(NCS)2(1)]n·2nC6H4Cl2 showed large
thermal motion requiring restraints for the thermal
parameter. A solvent mask was applied to treat part of
the solvent region in
[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH. The electron
density removed was accounted for in terms of added
solvent molecules and these were added to the
formulae and all appropriate numbers.

PXRD data were collected at 295 K in transmission
mode using a Stoe Stadi P diffractometer equipped
with CuKα1 radiation (Ge(111) monochromator and a
DECTRIS MYTHEN 1 K detector). Whole-pattern profile
matching analysis[35–37] of the diffraction patterns was
done using the package FULLPROF SUITE (v. January
2021)[36,37] applying a previously determined instru-
ment resolution function based on a NIST640d
standard. The structural models were derived from the
single crystal X-ray diffraction data. Refined parameters
in Rietveld were scale factor, zero shift, lattice parame-
ters, background points, sulfur atomic positions and
peak shapes as a Thompson–Cox–Hastings pseudo-
Voigt function. Preferred orientations as a March–
Dollase multi-axial phenomenological model were
incorporated into the analysis.

Ligand 1·CHCl3

C49H45Cl3N6O2, Mr=856.26, colorless block, monoclinic,
space group P21/c, a=12.4528(3), b=17.0985(4), c=

9.8901(3) Å, β=95.032(2)°, V=2097.73(10) Å3, Dc=

1.356 gcm� 3, T=150 K, Z=2, μ(CuKα)=2.365 mm� 1,
13047 reflections measured, 4072 unique (Rint=
0.0459). Refinement of 3495 reflections (278 parame-
ters) with I>2σ(I) converged at final R1=0.1296 (R1 all
data=0.1440), wR2=0.2793 (wR2 all data=0.2911),
gof=1.021. CCDC-2204762.

½CoðNCSÞ2ð1Þ�n � 2nC6H4Cl2

C62H52Cl4CoN8O2S2, Mr=1205.96, pink block, mono-
clinic, space group P21/c, a=14.5686(3), b=

15.4967(2), c=16.2412(3) Å, β=115.8540(10)°, V=

3299.69(10) Å3, Dc=1.214 gcm� 3, T=150 K, Z=2,
μ(CuKα)=4.479 mm� 1, 31299 reflections measured,
6498 unique (Rint=0.0493). Refinement of 5392 reflec-
tions (329 parameters) with I>2σ(I) converged at final
R1=0.1409 (R1 all data=0.1579), wR2=0.3042 (wR2 all
data=0.3143), gof=0.980. CCDC-2204764.

½CoðNCSÞ2ð2Þ�n � 4nC6H4Cl2

C76H64Cl8CoN8O2S2, Mr=1528.00, pink block, mono-
clinic, space group P21/n, a=16.1522(4), b=

13.7867(3), c=17.1059(4) Å, β=111.381(2)°, V=

3547.07(15) Å3, Dc=1.431 gcm� 3, T=150 K, Z=2,
μ(GaKα)=3.814 mm� 1, 62521 reflections measured,
6851 unique (Rint=0.0691). Refinement of 5483 reflec-
tions (418 parameters) with I>2σ(I) converged at final
R1=0.0594 (R1 all data=0.0802), wR2=0.1472 (wR2 all
data=0.1683), gof=1.072. CCDC-2204763.

½Co2ðNCSÞ4ð2Þ2�n � 5:5nCHCl3 � 0:2nMeOH

C109.90H103.10Cl16.50Co2N16O4.40S4, Mr=2549.40, or-
ange block, monoclinic, space group C2/c, a=

37.8243(5), b=17.4894(2), c=27.6601(4) Å, β=

135.1620(10)°, V=12901.9(3) Å3, Dc=1.312 gcm� 3,T=

150 K, Z=4, μ(CuKα)=6.191 mm� 1, 119069 reflections
measured, 12759 unique (Rint=0.0640). Refinement of
9771 reflections (695 parameters) with I>2σ(I) con-
verged at final R1=0.1360 (R1 all data=0.1553), wR2=

0.3477 (wR2 all data=0.3710), gof=1.051. CCDC-
2204766.

½CoðNCSÞ2ð3Þ�n � 2:5nC6H5Cl

C69H52.5Cl2.5CoN8O2S2, Mr=1237.36, pink block,
monoclinic, space group P21/n, a=15.0141(2), b=

14.5575(3), c=16.8220(2) Å, β=115.0370(10)°, V=

3331.26(9) Å3, Dc=1.234 gcm� 3, T=130 K, Z=2,
μ(GaKα)=2.662 mm� 1, 43829 reflections measured,
6694 unique (Rint=0.0607). Refinement of 5387 reflec-
tions (369 parameters) with I>2σ(I) converged at final
R1=0.0980 (R1 all data=0.1139), wR2=0.2424 (wR2 all
data=0.2521), gof=1.040. CCDC-2204765.

Supplementary Material

Supporting information for this article is available on
the WWW under https://doi.org/10.1002/hlca.
202200131. Figures S1–S9: NMR spectra of compounds
1a, 2a, 1b and 2b. Figures S10 and S11: Mass spectra of
compounds 1b and 2b. Figures S12–S15: Solid-state IR
spectra of the compounds 1a, 2a, 1b and 2b.
Figures S16–S23: NMR spectra of the ligands 1 and 2.
Figures S24–S27: Mass spectra of the ligands 1 and 2.
Figures S28 and S29: Solid-state IR spectra of the
ligands 1 and 2. Figures S30–S33: Structural figures
with atom numbering. Figures S34–S37: Solid-state IR
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spectra of the coordination compounds [Co-
(NCS)2(1)]n·2nC6H4Cl2, [Co(NCS)2(2)]n·4nC6H4Cl2,
[Co2(NCS)4(2)2]n·5.5nCHCl3·0.2nMeOH and [Co-
(NCS)2(3)]n·2.5nC6H5Cl.
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