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The combination of three pyridyl appended tetrathiacalix[4]arene (TCA) and tetramercaptotetrathiacalix[4]arene 
(TMTCA) derivatives in 1,3-alternate imposed conformation behaving as neutral tectons with octahedral FeII(NCS)2 
complex as a metallatecton, leads to the formation of new coordination networks. Whereas the tecton 4, a tetrasubstituted 
TCA derivative (pyridyl in ortho position), leads to a 2D grid-like network, for the other two tectons 5 and 6, the 
formation of 3D diamond-like architectures is observed.
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и тетрамеркаптотетратиакаликс[4]арена 

А. С. Овсянников,a С. Ферлэй,b С. Е. Соловьёва,a,c И. С. Антипин,a,c 
А. И. Коновалов,a Н. Киритсакас,b М. В. Хоссейниb

aКазанский федеральный университет, 420008 Казань, Россия 
bЛаборатория молекулярной тектоники, Университет Страсбурга, F-67000 Страсбург, Франция 
cИнститут органической и физической химии им. А.Е. Арбузова КазНЦ РАН, 420088 Казань, Россия 
@E-mail: osaalex2007@rambler.ru

Взаимодействие пиридильных производных тетратиакаликс[4]арена и тетрамеркаптотетратиакаликс[4]
арена в конформации 1,3-альтернат с тиоцианатом железа(II) привело к образованию 2D (структура решётки) 
и 3D пористых координационных сеток (алмазоподобная структура) в кристаллической фазе.
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Introduction 

Molecular tectonics[1] is a powerful approach for the 
design of molecular networks[2] in the crystalline phase and 
on surfaces.[3] This approach, taking place under self-as-
sembly conditions, is based on combinations of complemen-
tary tectons[4] capable of mutual bridging through molecular 
recognition events. Among different types of molecular 
networks based on a variety of recognition patterns such 
as van der Waals contacts, H-bonding, π-π or M-M interac-
tions, coordination bonding, the latter has attracted consid-
erable attention over the last two decades.[5] 

Calix[4]arene (CA) 1,[6] tetrathiacalix[4]arene (TCA) 
2,[7] for which all four CH2 moieties are replaced by four 
S atoms, tetramercaptocalix[4]arene (TMCA)[8] and 
tetramercaptotetrathiacalix[4]arene (TMTCA) 3[9] for which 
the OH phenolic groups are replaced by SH moieties (Figure 1) 
in their 1,3-alternate (1,3-A) conformation are interesting 
macrocyclic backbone for the design of coordinating tectons. 
Indeed, this conformer, displaying a S4 rotoinversion axis, 
may be appended with four coordinating groups. The latter, 
oriented in a divergent fashion (two above and two below 
the main plane of the macrocyclic unit) may interconnect 
consecutive metal centres offering free coordination sites 
leading thus to periodic metal-organic networks. 

Based on calix[4]arene derivatives blocked in its 1,3-A 
conformation, different coordination polymers,[10] such as 

coordination networks[11] or metal organic frameworks[12] 
have been reported. For example, using a CA derivative 
bearing four nitrile groups in the upper rim, a 1D coordi-
nation network was generated in the crystalline phase in 
the presence of Ag+ cation.[13] The formation of extended 
assemblies resulting from combinations of CA based tectons 
bearing carboxylate groups with AgI[14] or CuII, ZnII, CoII or 
CdII cations has been also described.[15] The combination of 
a CA bearing pyridyl moieties with CuII cation was found to 
lead to the formation of extended architectures.[16] 

Several periodic infinite silver or mercury coordination 
networks based on TCA derivatives in 1,3-A conformation 
bearing four nitrile,[17] pyridyl,[18] carboxylate[19] or benzoni-
trile groups[20] have been described. In some cases, the 
combination of TCA and silver(I)[21] or copper(I)[22] cations 
leads to the formation of extended metal-organic structures 
for which only S-atoms are involved in coordination of the 
metal cation. Furthermore, combinations of TCA derivatives 
bearing carboxylate groups with CoII, CdII or MnII cations and 
auxiliary ligands generate infinite architectures.[23] Dealing 
with TMТCA in 1,3-A conformation, only few examples of 
coordination networks resulting from combinations of its 
pyridyl appended derivatives with HgII,[24] FeII, CoII or AgI[25] 

cations have been reported.
Here, we report on formation of 2-D (grid type) 

and 3-D (diamond type) coordination networks based on 
combinations of TCA (4) and (5) and TMTCA (6) in 1,3-A 

 

Figure 1. Tetrathia- and tetrathiatetramercapto-calix[4]arene precursors 1, 2 and 3 and tetrapyridyl appended tectons 4 (para-), 5 (meta-) 
and 6 (meta-) in 1,3-A conformation. 
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conformation based neutral tectons with FeII(NCS)2 species 
used as a 4-connecting metallatecton. 

Experimental 

All reagents were purchased from commercial sources 
and used without further purification. The synthesis of 4[18a] 

(25,26,27,28-tetra[(4-pyridylmethyl)oxy]-5,11,17,23-tetra-
tert-butyl-2,8,14,20-tetrathiacalix[4]arene), 5[18b] (25,26,27,28-
(25,26,27,28-tetra[(4-pyridylmethyl)oxy]-5,11,17,23-tetra-tert-
butyl-2,8,14,20-tetrathiacalix[4]arene) and 6[19] (25,26,27,28-
tetra[(3-pyridylmethyl)thio]-5,11,17,23-tetra-tert-butyl-2,8,14,20-
tetrathiacalix[4]arene) in 1,3-A conformation have already been 
reported. FeII(NCS)2(Py)4 was prepared following a described 
procedure.[26]

Elemental analyses were performed by the Service de 
Microanalyses de la Fédération de Recherche Chimie, Université 
de Strasbourg, Strasbourg, France. 

Data for X-Ray analysis were collected at 173(2) K on a 
Bruker APEX8 CCD Diffractometer equipped with an Oxford 
Cryosystem liquid N2 device, using graphite-monochromated 
Mo-Kα (λ= 0.71073 Å) radiation. For all structures, diffraction 
data were corrected for absorption. Structures were solved using 
SHELXS-97 and refined by full matrix least-squares on F2 using 
SHELXL-97. The hydrogen atoms were introduced at calculated 
positions and not refined (riding model).[27] They can be obtained 
free of charge from the Cambridge Crystallographic Data Centre 
via www.ccdc.cam.ac.uk/datarequest/cif. CCDC: 1411457-
1411459.

Powder diffraction studies (PXRD) diagrams were collected 
on a Bruker D8 diffractometer using monochromatic Cu-Kα 
radiation with a scanning range between 3.8 and 40° using a scan 
step size of 2°/mn.

As it was already demonstrated and currently admitted, for 
all the compounds, discrepancies in intensity between the observed 
and simulated patterns are due to preferential orientations of the 
microcrystalline powders.

Crystallisation Conditions 

4-Fe(NCS)2: In a crystallisation tube (4 mm diameter, 15 cm 
height), a solution of compound 4 (5 mg, 5.8 mmol) in degassed 
CHCl3 (1 mL) was layered with a degassed CHCl3/iso-PrOH (1/1) 
mixture (1 mL). A solution of Fe(NCS)2(Py)4 (2.8 mg, 5.8 mmol) 
in degassed MeOH (1 mL) was carefully added. Slow diffusion 
at room temperature produced red crystals suitable for X-ray 
diffraction studies after several days. Formula: (C49H36N4O4S4Fe
(NCS)2)2

.3(CHCl3) Anal. Calcd.: C, 52.15%; H, 3.16 %; N, 6.76 %; 
Found: C, 52.32 %; H, 3.24%; N, 6.80%. 

5-Fe(NCS)2: A solution of compound 5 (5 mg, 4.6 mmol) in 
degassed CHCl3 (1 mL) was mixed with a solution of Fe(NCS)2(Py)4 
(2.2 mg, 4.6 mmol) in degassed MeOH (1 mL) in a flask. After 
two days, the flask was placed in another flask containing ether. 
Slow vapour diffusion at room temperature produced after several 
days red crystals suitable for X-ray diffraction studies. Formula: 
C64H68N4O4S4Fe(NCS)2

.5(CHCl3) Anal. Calcd.: C, 45.99%; H, 
3.97%; N, 4.53%; Found: C, 46.25 %; H, 4.03 %; N, 4.62 %.

6-Fe(NCS)2: A solution of compound 6 (5 mg, 4.3 mmol) in 
degassed CHCl3 (1 mL) was mixed with a solution of Fe(NCS)2(Py)4 
(2.2 mg, 4.3 mmol) in degassed MeOH (1 mL) in a flask. After two 
days the crystallization flask was placed in another flask containing 
ether. Slow vapour diffusion at room temperature produced after 
several days red crystals suitable for X-ray diffraction studies. 
Formula: C64H68N4S8Fe(NCS)2

.2(H2O) Anal. Calcd.: C, 57.63%; H, 
5.44%; N, 6.30%; Found: C, 57.82 %; H, 5.51 %; N, 6.35 %. 

Results and Discussion 

Although tectons 4, 5 and 6 offer four divergently 
oriented pyridyl moieties as coordinating sites and thus 
should behave as a 4-connecting building block, owing to 
their flexibility resulting from the interconnection of the 
coordinating sites to the backbone, they can adopt differ-
ent orientations of the binding sites. Consequently, their 
combination with octahedral FeII(NCS)2 complex behaving 
as a 4-connecting node since the two apical position of the 
octahedron are occupied by the two NCS- ligands, may lead 
to different architectures displaying diverse connectivity 
and thus dimensionalities. 

The slow diffusion of a MeOH solution of  
FeII(NCS)2(Py)4 through a 1/1 CHCl3/iso-PrOH mixture as 
buffer into a CHCl3 solution of tecton 4 afforded red single 
crystals (4-Fe(NCS)2, formula (C49H36N4O4S4Fe(NCS)2)2 
.5CHCl3) (see Experimental part), containing the tecton 4, 
Fe(NCS)2 complex and CHCl3 solvent molecules. Single 
crystals of 5-Fe(NCS)2 (C64H68N4O4S4Fe(NCS)2

.5CHCl3) and 
6-Fe(NCS)2 (C64H68N4S8Fe(NCS)2

.2H2O) have been obtained 
upon slow ether vapour diffusion into a CHCl3/MeOH solu-
tion containing either compound 5 or 6 and Fe(NCS)2(Py)4 
complex. 

Structural investigations by X-ray diffraction on single 
crystals revealed that in all three cases, the metal/tecton 
ratio is 1/1. In the case of 4 (para-pyridyl), a 2D network is 
observed, whereas for the meta-pyridyl connected tectons 5 
and 6, 3D architectures are obtained. In all three cases, the 
formation of networks results from bridging of consecutive 
organic tectons by FeII(NCS)2 behaving as a 4-connecting 
node. The geometry around the FeII centre is a deformed 
octahedron and its coordination sphere is composed of 6 N 
atoms (2 from NCS and 4 from pyridyl ligands belonging 
to consecutive tectons). Since bond distances for tectons 4, 
5 and 6 are similar to those previously observed[18,24] they 
are not discussed here. The detailed description of the three 
coordination networks is given bellow. 

4-Fe(NCS)2 crystallises in a monoclinic system 
(P2(1)/n space group) and is composed of neutral ligand 4, 
neutral Fe(NCS)2 complex and CHCl3 solvent molecules. 
Overall, the crystal is formed by packing of 2D grid type 
networks. The 2D connectivity results from the bridging of 
consecutive tectons 4, acting as a deformed tetradentate rec-
tangular unit, by the metallatecton Fe(NCS)2 offering four 
free coordination sites occupying the apices of a square. The 
thiocyanate anions, located in trans disposition within the 
octahedral coordination sphere of the iron, are not involved 
in the connectivity pattern (Figure 2). FeII adopts a slightly 
deformed octahedral geometry. Fe-N bond distances vary 
between 2.106(3) and 2.318(3) Å. N-Fe-N angles vary 
between 88.43(10) and 92.88(11)° (cis) and 175.44(10) and 
177.66(12)° (trans). For precise values see Table 1.

The 2D grid type arrays, lying in the xOz plane, are 
packed in a parallel mode along the b axis. The CHCl3 
molecules are located between planes with no specific 
interactions with consecutive networks. 

The purity of the 4-Fe(NCS)2 phase was established by 
PXRD on microcrystalline powder which revealed a good 
match between the observed and simulated patterns from 
the XRD data (Figure 3).
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5-Fe(NCS)2 crystallises in a monoclinic system (C2/c 
space group) and is also composed of neutral tecton 5, neutral 
Fe(NCS)2 complex and CHCl3 solvent molecules. Overall, 
the crystal is formed by a pseudo diamond-like 3D network. 
The 3D connectivity results from the bridging of tectons 5, 
behaving as a deformed tetradentate tetrahedral connector, 
by FeII centres acting as a 4-connecting node with the free 
coordination sites located in the basal plane. Again, the two 
thiocyanate anions occupy the two apical positions of the 
octahedron. The combination of the tecton 5, offering a tetra-
hedral disposition of the pyridyl coordinating sites, with the 
metallatecton Fe(NCS)2, behaving as a 4-connecting square 
planar node, leads to the formation of a diamond-like 3D 
architecture (Figure 4). For FeII centre, Fe-N bond distances 
are 2.121(7), 2.227(6) and 2.229(6) Å. N-Fe-N angles for 
the slightly deformed octahedral environment around Fe 

vary between 85.0(2) and 95.0(2)° (cis) and 179.998(1) and 
180.0(3) (trans). For detailed values see Table 1. 

The CHCl3 solvent molecules are located within the 
channels formed along the c axes. No specific interactions 
with the formed network could be spotted. Due to the 
instability of crystals when exposed to air, the purity of the 
microcrystalline powder could not be established by PXRD.

6-Fe(NCS)2 crystallises in the monoclinic system (space 
group C2/c). The crystal is composed of neutral tecton 6, 
Fe(NCS)2 complex and water molecules. The overall structure 
is again a pseudo diamond-like network. The 3D connectivity 
of the architecture results from the bridging of consecutive 
tectons 6, acting as a deformed tetradentate tetrahedral unit 
as in the case of 5 discussed above, by Fe(NCS)2 behaving 
as a 4-connecting node. However, in marked contrast with 
the two previous cases presented above, the network is 

Figure 2. A portion of the crystal structure of 4-Fe(NCS)2 in the xOz plane (a) and the corresponding polyhedral representation (b) 
(tecton 4 in blue and FeII in brown). H atoms and CHCl3 molecules are omitted for clarity. For bond distances and angles see the text. 

Figure 3. Comparison of the simulated (a) and recorded (b) PXRD patterns for 4-Fe(NCS)2. Discrepancies in intensity between the 
observed and simulated patterns are due to preferential orientations of the microcrystalline powders. 
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composed of two types of octahedral FeII centres. For one 
of the positional isomer, as in the case of 4 and 5, the two 
thiocyanate anions occupy the two apical positions (trans 
configuration), whereas for the other one the two NCS- are in 
cis configuration. The 3D architecture may be described as 
resulting from bridging of consecutive tectons 6 displaying 
four pyridyl units as monodentate coordinating sites occu-
pying the apices of a deformed tetrahedron by 4-connecting 
metallatectons Fe(NCS)2 (Fe SP) with square planar disposi-
tion of the free coordination sites  Fe(NCS)2, and Fe(NCS)2 

(Fe T) displaying also four free coordination site but occu-
pying the apices of a deformed tetrahedron (Figure 5). Fe-N 
bond distances and N-Fe-N angles for FeII adopting a slightly 
deformed octahedral environment vary between 2.106(3) and 
2.318(3) Å and between 88.43(10) and 92.88(11)° (cis) and a 
175.44(10) and 177.66(12)° (trans) respectively. For detailed 
values see Table 1.

The H2O molecules are located within channels along 
the a axes. They form dimeric species with O-O distances 
of 2.834(3) Å.

Figure 4. A portion of the crystal structure of the 3D diamond type architecture 5-Fe(NCS)2 (a) and its polyhedral representation (b) 
(tecton 5 in blue, FeII in brown). H atoms and CHCl3 molecules are omitted for clarity. For bond distances and angles see the text. 

Table 1. Main characteristics (distances and angles) for 4-Fe(NCS)2, 5-Fe(NCS)2 and 6-Fe(NCS)2. For definition of SP and T see text.

4-Fe(NCS)2 5-Fe(NCS)2 6-Fe(NCS)2

d(Fe-NPy), Å

2.106(3)
2.114(3)
2.298(3)
2.318(3)

2.227(6)
2.229(6)

Fe SP Fe T

2.269(7)
2.272(6)

2.206(9)

d(Fe-NNCS), Å
2.224(3)
2.231(3)

2.121(7) 2.108(8) 2.103(12)

∠ (NPy-Fe-NPy),°

88.43(10)
89.87(10)
90.50(10) 
91.27(10)
175.44(10)
178.61(10)

85.0(2)
95.0(2)
180.0(3)

86.4(2) 93.6(2) 180.0(5) 175.7(5)

∠ (NPy-Fe-NNCS),°

86.35(11)
89.11(11)
89.45(11)
89.70(11) 
90.04(11)
91.11(11)
91.32(11)
92.88(11)

89.2(2)
89.9(2)
90.1(2) 
90.8(2)

89.0(3) 89.4(3)
90.6(3)
91.0(3)

92.3(4)
91.4(4)

∠ (NNCS-Fe-NNCS),° 177.66(12) 179.998(1) 179.998(2) 59.4(7)
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The purity of the 6-Fe(NCS)2 phase was established by 
PXRD on microcrystalline powder which revealed a good 
match between the observed and simulated patterns from the 
XRD data (Figure 6).

Conclusion

Tetrasubstituted TCA and TMTCA derivatives in 1,3-A 
conformation equipped with four pyridyl monodentate 
coordinating sites 4 (4-pyridyl), 5 and 6 (3-pyridyl) 
respectively behave as 4-connecting coordinating tectons. 
Indeed, their combinations with FeII(NCS)2 neutral 
metallatecton also behaving as a 4-connecting node lead 
to the formation of extended iron coordination networks. 
The nature of the periodic architectures (2D grid type or 
3D diamond like) in the crystalline phase is governed by 
different parameters controlling the connectivity mode 

between the organic coordinating tectons (4, 5 and 6) and 
the metallatecton Fe(NCS)2 such as (i) the position of the N 
atom on the pyridyl coordinating unit (para for 4 and meta 
for 5 and 6), (ii) the presence or absence of bulky groups 
(H for 4 and tert-But for 5 and 6) at the upper rim of the 
calix backbone, (iii) the presence of O (tectons 4 and 5) or S 
(tecton 6) atoms as junctions between appended groups and 
the macrocyclic ring (TCA or TMTCA). 

Interestingly, for tecton 4 it seems that the orienta-
tion of the coordinating groups (4-pyridyl), together with 
the absence of bulky tert-But groups favour the formation 
of grid-like coordination networks when combined with 
Fe(NCS)2. The presence of bulky tert-But groups in 5 and 6, 
increasing the distances between the coordinating groups, 
and the use of the meta position on the pyridyl ring seems 
to favour the formation of 3D diamond-like coordination 
networks. Moreover, comparing the crystal structures 
of coordination polymers constructed by using analogous 

Figure 5. A portion of the crystal structure of the diamond type 3D network 6-Fe(NCS)2 (a) and its polyhedral representation (b) (tecton 6 
in blue and FeII in brown). H atoms and H2O molecules are omitted for clarity. For bond distances and angles see the text. 

Figure 6. Comparison of the simulated (a) and recorded (b) PXRD patterns for 6-Fe(NCS)2. Discrepancies in intensity between the 
observed and simulated patterns are due to preferential orientations of the microcrystalline powders. 
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3-pyridyl containing tectons based on TCA and TMTCA 
one may conclude that the nature of ether junction (O or S 
atoms) influences on the geometry of self-assembly pattern 
but doesn’t change the dimensionality of coordination poly-
mers (3D).     
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