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Abstract—The effect of bulky tridentate ligands on the geometry of carboxylate complexes was studied in rela-
tion to hexahydro-1,3,5-trimethyl-1,3,5-triazine (TACH). The reaction of [Co2Gd(NO3)(Piv)6(MeCN)2]
(Piv is the pivalic acid anion) with TACH gave the complex [Co2Gd(NO3)(Piv)6(TACH)2] (I), in which the
initial heterometallic moiety was retained and cobalt(II) ions coordinated the N-donor ligand to give a half-
sandwich structure. The use of Cd(II) and Eu(III) pentafluorobenzoates in the reaction with TACH resulted
in the isolation of only the homometallic complex [Cd(Pfb)2(TACH)2] (II) (Pfb is pentafluorobenzoic acid
anion). Owing to high coordination number of cadmium(II) ion in II, a sandwich complex with two TACH
molecules coordinated to the same metal ion was obtained. The structure of new complexes was determined
by X-ray diffraction (CIF file CCDC nos. 2062230 (I) and 2062229 (II)). It was shown that binding of an N-
donor ligand to a metal ion induces a significant distortion of the metal coordination polyhedra and a con-
formational change of hexahydro-1,3,5-trimethyl-1,3,5-triazine.
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INTRODUCTION
N-Donor ligands are widely used in coordination

chemistry. Depending on the structural features and
the coordination capacity, these ligands are used to
design a specified environment of the metal centers.
Among the large number of primary, secondary, and
tertiary amines, mention should be made of 1,4,7-tri-
azacyclononane (TACN), hexahydro-1,3,5-triazine,
and their derivatives in which nitrogen atoms can
occupy coordination sites of one triangular face of the
metal environment [1–4].

Quite a few researchers have been engaged in the
synthesis and studies of compounds of TACN and its
derivatives. Numerous publications of top specialists
in coordination, organometallic, physical, and
organic chemistry are devoted to complexes of these
ligand [5–7]. Facial coordination is preferable for
macrocyclic 1,4,7-triazacyclononane. It can be
avoided only if the coordination environment com-
pletely rules out this type of binding (e.g., a square
geometry), or if some of the sites of the coordination

polyhedron are strongly blocked by other ligands.
Despite the unique character of TACN, the behavior
of this ligand is trivial in some respect, i.e., the modes
of coordination inherent in this ligand are limited.
There are only two known sandwich cationic com-
plexes with 1,4,7-trimethyl-1,4,7-triazacyclononane
(L'): [Na(L')2](A)2 [8] and [K(L')2](A)2 [9] (A is
tetrakis(3,5-bis(trif luoromethyl)phenyl)borate). No
sandwich moieties with 1,4,7-triazacyclononane were
obtained for rare earth elements; only half-sandwich
complexes [ScCl3(L')], [MCl3(L')] (M = Sc, Y), are
known from the literature [10, 11].

Although a large number of compounds have been
obtained with TACN derivatives, probably, in some
cases, diethylenetriamine or its derivatives, which are
also capable of facial coordination to the metal, could
be used instead.

There are other cyclic tridentate N-donor ligands
that are also capable of facial tridentate chelating
coordination, namely, hexahydro-1,3,5-triazine and
its 1,3,5-derivatives. Among them, hexahydro-1,3,5-
551



552 SHMELEV et al.
trimethyl-1,3,5-triazine (TACH) and 1,3,5-tribenzyl-
hexahydro-1,3,5-triazine were used most often. In our
opinion, in quite a few cases, the use of hexahydro-
1,3,5-triazines instead of 1,4,7-trimethyl-1,4,7-tri-
azacyclononane would allow one to avoid steric hin-
drance and attain a much greater structural diversity of
compounds.

The environment of the metal center can be com-
pletely composed of two coordinated TACH mole-
cules thus giving cationic sandwich complexes. In the
case of metals with large coordination numbers, these
sandwich moieties can attach two or three more
ligands with partial compensation of the positive
charge (to give cationic complexes) or with full charge
compensation (to give molecular complexes) [12–17].

Hexahydro-1,3,5-triazine derivatives are quite
widely used in the coordination and organometallic
chemistry, e.g., to increase the stability of compounds
unstable to water or oxygen [14, 18]. As a rule, these
ligands are coordinated to metal centers by all three
nitrogen atoms to give half-sandwich moieties.
Despite ready accessibility and low cost of hexahydro-
1,3,5-triazines, there are only a few carboxylate com-
plexes with the trimethyl-substituted derivative,
TACH, in which it forms half-sandwich moieties.
These are the mononuclear [Ln(L)(OOCC(Ph)3)3]
(Ln = La, Nd) and binuclear [Ln2(L)(OOCC(Ph)3)6]
lanthanide complexes [2].

In this communication, we consider two important
examples of TACH coordination in carboxylate com-
plexes. In one case, TACH provides the formation of a
half-sandwich moiety in the complex [Co2Gd-
(NO3)(Piv)6(TACH)2] (I) with a stable heterometallic
core, and in the other case, it gives a sandwich moiety
composed of two monodentately coordinated triazine
ligands in [Cd(Pfb)2(TACH)2] (II).

EXPERIMENTAL
All operations related to the synthesis of new com-

plexes were performed in air using commercial aceto-
nitrile (99.9%) and TACH (97%, Sigma-Aldrich). The
complexes [{Cd(Pfb)(H2O }n·n(Pfb)] (Pfb is penta-
fluorobenzoate anion), [Eu2(Pfb)6(H2O)8]·2H2O, and
[Co2Gd(NO3)(Piv)6(MeCN)2] (Piv is pivalate anion)
were prepared by known procedures [19, 20]. IR spec-
tra were measured on a Spectrum 65 FTIR spectro-
photometer (PerkinElmer) by attenuated total reflec-
tance (ATR) method in the 4000–400 cm–1 frequency
range. Elemental analysis was performed on a EuroEA
3000 CHNS analyzer (EuroVector).

Synthesis of [Co2Gd(NO3)(Piv)6(TACH)2] (I).
TACH (0.036 g, 0.294 mmol) was added to a solution
of [Co2Gd(NO3)(Piv)6(MeCN)2] (0.150 g,
0.147 mmol) in 15 mL of MeCN (Co : TACH = 1 : 1),
and the mixture was stirred for 20 min with heating up
to 70°C. The resulting solution was kept at room tem-

4)+
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perature in a closed vial. The crystals formed after
7 days, which were suitable for X-ray diffraction, were
separated from the mother liquor by decanting and
washed with acetonitrile (T = ~5°C). The yield of I
was 0.147 g (82.5% based on [Co2Gd(NO3)-
(Piv)6(MeCN)2]).

IR (ATR; ν, cm–1): 3675 w, 2956 m, 2867 m, 2803 m,
1608 s, 1578 m, 1563 s, 1481 s, 1458 m, 1419 s, 1400 s,
1377 m, 1355 s, 1270 w, 1223 m, 1168 w, 1123 s, 1117 m,
1091 w, 1049 w, 1000 m, 981 w, 961 m, 930 m, 903 m,
840 m, 805 w, 791 m, 698 w, 612 s, 573 m, 549 m, 432 s,
443 s, 419 s, 403 s.

Synthesis of [Cd(Pfb)2(TACH)2] (II). TACH
(0.042 g, 0.322 mmol) was added to a solution of
[{Cd(Pfb)(H2O }n·n(Pfb)–] (0.100 g, 0.166 mmol) in
7 mL of MeCN (Cd : L = 1 : 2). The reaction mixture
was stirred for 15 min, and the resulting transparent
solution was kept at 75°C in a closed vial. The colorless
crystals formed after 10 days, which were suitable for
X-ray diffraction, were separated from the mother
liquor by decanting and washed with cold acetonitrile
(T = ~5°C). The yield of II was 0.055 g (42.3% based
on [{Cd(Pfb)(H2O }n⋅n(Pfb)–]).

IR (ATR; ν, cm–1): 3298 w, 2804 w, 1705 w, 1625 w,
1555 m, 1351 s, 1470 с. 1400 m, 1372 s, 1350 s, 1298 m,
1163w, 1114 m, 990 m, 938 w, 841 m, 743 m, 526 m,
473 w, 439 w, 404 w.

Single crystal X-ray diffraction was carried out on a
Bruker Apex II diffractometer equipped with a CCD
array detector (MoKα, λ = 0.71073 Å, graphite mono-
chromator) [21]. The semiempirical absorption cor-
rections were applied for all compounds using the
SADABS program [22]. The structures were solved by
direct methods and refined by full-matrix least squares
in the anisotropic approximation for all non-hydrogen
atoms. The hydrogen atoms at the carbon atoms of
organic ligands were generated geometrically and
refined in the riding model. The calculations were car-
ried out by the SHELX program package [23] using
OLEX 2 software [24]. The geometry of metal polyhe-
dra was determined using the SHAPE 2.1 program
[25, 26]. The crystallographic data and structure
refinement details for I and II are given in Table 1;
selected bond lengths and bond angles are presented in
Table 2.

For C42H84N7O15Co2Gd
Anal. calcd., % C, 41.9 H, 7.2 N, 8.1
Found, % C, 42.2 H, 7.5 N, 8.3

For C26H30N6O4F10Cd
Anal. calcd., % C, 39.4 H, 3.8 N, 10.6
Found, % C, 39.3 H, 3.4 N, 10.8

4)+

4)+
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Table 1. Crystallographic parameters and structure refinement details for I and II

Parameter
Value

I II

M 1202.27 792.96
T, K 296(2) 296.15
System Monoclinic Triclinic
Space group P21/c P1
a Å 12.134(8) 10.5023(4)
b Å 23.002(14) 15.5799(6)
c Å 22.025(14) 20.8838(10)
α, deg 90 75.171(2)
β, deg 102.487(10) 85.547(2)
γ, deg 90 74.271(2)

V, Å3 6002(7) 3179.5(2)

Z 4 4

ρ(calcd.), g/cm3 1.331 1.657

μ, mm–1 1.698 0.788

θmax, deg 26.000 26.000
Tmin/Tmax 0.5874/0.7725 0.2893/0.3812
Number of measured reflections 23212 31483
Number of unique reflections 11115 12419
Number of ref lections with I > 2σ(I) 8899 7249
Rint 0.0234 0.0416
Number of refined parameters 7066 8303
GOOF 1.020 0.966
R1 (I > 2σ(I)) 0.0332 0.0690
wR2 (I > 2σ(I)) 0.0892 0.2124

Δρmin/Δρmax, e Å–3 –0.806/0.626 –0.536/1.521
The atomic coordinates and other parameters for
compounds I and II are deposited with the Cambridge
Crystallographic Data Centre (CCDC) (nos. 2062230
(I) and 2062229 (II), respectively); deposit@
ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk/
data_request/cif).

RESULTS AND DISCUSSION

The reaction of the pre-synthesized heterometallic
complex [Co2Gd(Piv)6(NO3)(MeCN)2] [20] with
TACH (Co : TACH = 1 : 1) in MeCN gave crystals of
compound [Co2Gd(NO3)(Piv)6(TACH)2] (I), in
which the heterometallic moiety is retained and
cobalt(II) ions coordinate the N-donor ligand mole-
cule to give a half-sandwich structure. Upon the reac-
tion of [{Cd(Pfb) }n⋅n(Pfb)–] and [Eu2(Pfb)6-
(H2O)8]⋅2H2O with TACH (Cd : Eu : TACH = 1 : 1 :
2) in MeCN, only the homometallic cadmium(II)

2 4(H O)+
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complex [Cd(Pfb)2(TACH)2] (II) was isolated. Note
that a similar procedure was previously used to prepare
a number of heterometallic Cd/Eu complexes with
monodentate, bridging, and chelating N-donor
ligands and substituted benzoic acid anions [27–32].
Compound II was also synthesized in the absence of
lanthanide salts in the reaction mixture (see Experi-
mental). Owing to the high coordination number of
the cadmium(II) ion in II, a sandwich complex with
two TACH molecules coordinated to one metal ion
was formed. 

The structures of compounds I and II were estab-
lished by X-ay diffraction. Complex I crystallizes in
the monoclinic space group P21/c. In the trinuclear
{Co2Gd} core, the central Gd(III) ion is connected to
each terminal cobalt(II) ion by three bridging Piv
anions (Fig. 1a). In one coordinated pivalate anion,
the tert-butyl group is disordered over two positions in
~1 : 1 ratio. The Gd environment is completed to a
  Vol. 47  No. 8  2021
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Fig. 1. (a) Molecular structure of I and (b) coordination polyhedron of Co(1) ion. R = (CH3)3C; in (a), the substituents at the
carboxyl group and hydrogen atoms are omitted. 

(а)

(b)

O(9)

O(6)

O(8) O(12)

O(13)

O(15)

O(14)

O(11)
O(10)

O(1)
O(2)

O(4)

O(5)

O(7)

N(4)

N(6)

N(7)

N(5)N(3)

N(3)

N(4)

N(2)

Co(1) O(9)

O(7)

O(5)

N(2)

Co(1)

Gd(1)

Co(2)

R

R

R

R

R

R

dodecahedron with triangular faces (GdO8) by chela-
tion of a nitrate anion. Each cobalt(II) ion coordinates
a κ3-bound TACH molecule, thus completing its envi-
ronment to a highly distorted octahedron (CoN3O3,
Table 2, Fig. 1b). All N–Co bonds are considerably
longer than the average Co–N coordination bond,
and one of these bonds is elongated compared with the
other two bonds (Co(1)–N(2), 2.455(4); Co(1)–
N(3), 2.307(4); Co(1)–N(4), 2.329(4); Co(2)–N(5),
2.297(3); Co(2)–N(6), 2.267(4); Co(2)–N(7),
2.427(3) Å). The coordinated TACH molecule is in
the chair conformation, and geometry of the hexahy-
dro-1,3,5-triazine moiety is slightly distorted upon
coordination to the cobalt(II) ion (Table 3).

As compared with the previously synthesized
{Co2Ln(Piv)6(NO3)(L)2} complexes with monoden-
tate and chelating ligands (L), the coordination of the
bulky TACH molecule to cobalt(II) leads to elonga-
RUSSIAN JOURNAL OF C
tion of the Co–Ln bonds and increase in the CoLnCo
angle in the {Co2Ln} trinuclear metal core (L =
TACH; Co(1)–Gd(1), 4.143(2); Co(2)–Gd(1),
4.173(3) Å; CoGdCo, 144.21(2)°; L = MeCN [20],
Co…Ln, 3.987(1) Å; CoLnCo, 136.39(1)°; L is pyri-
dine [33]; Co…Ln, 4.034(6) Å; CoLnCo, 137.85°; L is
quinoline [34]; Co…Ln, 4.031(3) Å; CoLnCo,
137.83°; L = 2,4,4,5,5-pentamethyl-2-imidazolin-1-
oxyl 3-oxide [35]; Co…Ln, 3.970(1) Å; CoLnCo,
142.19°).

The crystal packing of complex I is additionally
stabilized by C–H…O contacts between the H atoms
of tert-butyl groups and the O atoms of the Piv anions
to form a supramolecular layer (Table 4).

Complex II crystallizes in the triclinic space group P .
The independent part of the unit cell contains two
structurally similar molecules [Cd(Pfb)2(TACH)2]

1

OORDINATION CHEMISTRY  Vol. 47  No. 8  2021
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Table 2. Selected bond lengths (Å) and angles (deg) for complexes I and II

I II

Bond d, Å Bond d, Å

Co(1)–N(2) 2.455(4) Cd(1A)–N(1A) 2.452(5)

Co(1)–N(3) 2.307(4) Cd(1A)–N(2A) 2.690(5)

Co(1)–N(4) 2.329(4) Cd(1A)–N(3A) 2.666(5)

Co(1)–O(5) 1.953(3) Cd(1A)–N(4A) 2.467(5)

Co(1)–O(7) 1.963(3) Cd(1A)–N(5A) 2.700(5)

Co(1)–O(9) 1.954(4) Cd(1A)–N(6A) 2.634(6)

Co(2)–N(5) 2.297(3) Cd(1A)–O(1A) 2.311(5)

Co(2)–N(6) 2.267(3) Cd(1A)–O(3A) 2.297(6)

Co(2)–N(7) 2.427(3) Cd(1B)–N(7) 2.441(5)

Co(2)–O(11) 1.971(3) Cd(1B)–N(8) 2.672(6)

Co(2)–O(13) 1.964(3) Cd(1B)–N(10) 2.690(6)

Co(2)–O(15) 1.968(3) Cd(1B)–N(11) 2.463(5)

Gd(1)–O(1) 2.518(3) Cd(1B)–N(12) 2.647(6)

Gd(1)–O(2) 2.525(4) Cd(1B)–N(13) 2.700(7)

Gd(1)–O(4) 2.297(3) Cd(1B)–O(1B) 2.323(6)

Gd(1)–O(6) 2.292(3) Cd(1B)–O(3B) 2.311(6)

Gd(1)–O(8) 2.296(3) Angle ω, deg

Gd(1)–O(10) 2.284(3) N(1A)Cd(1A)N(2A) 53.8(2)

Gd(1)–O(12) 2.327(3) N(1A)Cd(1A)N(3A) 53.7(2)

Gd(1)–O(14) 2.277(3) N(3A)Cd(1A)N(2A) 51.3(2)

Angle ω, deg N(1A)Cd(1A)O(1A) 90.5(2)

N(2)Co(1)N(4) 57.1(1) N(2A)Cd(1A)O(1A) 144.1(2)

N(4)Co(1)O(7) 88.8(2) N(3A)Cd(1A)O(1A) 107.4(2)

O(5)Co(1)O(7) 114.4(1) N(3A)Cd(1A)O(3A) 125.4(2)

O(5)Co(1)N(2) 86.9(1) N(2A)Cd(1A)O(3A) 74.4(2)

N(3)Co(1)O(9) 137.9(2) N(1A) Cd(1A)O(3A) 92.6(2)

O(7)Co(1)O(9) 113.5(2) N(4A)Cd(1A)O(1A) 85.1(2)

O(5)Co(1)O(9) 111.1(2) N(5A)Cd(1A)O(1A) 131.4(2)

N(4)Co(1)O(9) 85.9(2) N(6A)Cd(1A)O(1A) 85.0(2)

N(2)Co(1)O(9) 86.6(2) N(1A)Cd(1A)N(4A) 169.4(2)

N(3)Co(1)N(4) 57.8(2) N(1A)Cd(1A)N(5A) 134.6(2)

N(3)Co(1)N(2) 57.1(2) O(1A)Cd(1A)O(3A) 115.3(2)

N(3)Co(1)O(5) 82.3(2) N(7)Cd(1B)N(8) 53.7(2)

N(3)Co(1)O(7) 88.3(2) N(7)Cd(1B)N(10) 53.6(2)

N(6)Co(2)N(7) 57.8(1) N(8)Cd(1B)N(10) 51.5(2)

N(7)Co(2)O(11) 88.6(1) O(3B)Cd(1B)N(7) 92.5(2)

O(11)Co(2)O(15) 113.9(1) O(3B)Cd(1B)N(8) 125.4(2)

N(6)Co(2)O(15) 87.7(1) O(3B)Cd(1B)N(10) 74.2(2)

O(13)Co(2)O(15) 118.0(1) O(3B)Cd(1B)N(11) 80.7(2)

N(6)Co(2)O(13) 89.9(1) O(3B)Cd(1B)N(12) 129.3(2)

N(7)Co(2)O(13) 87.3(1) O(3B)Cd(1B)N(13) 84.3(2)

O(13)Co(2)O(11) 103.6(1) O(3B)Cd(1B)O(1B) 115.8(2)

N(5)Co(2)O(11) 91.6(1) N(11)Cd(1B)N(12) 54.4(2)

N(5)Co(2)O(13) 141.6(1) N(11)Cd(1B)N(13) 53.5(2)

N(5)Co(2)N(6) 59.5(2) N(12)Cd(1B)N(13) 51.7(2)
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Table 3. Geometric characteristics of the uncoordinated TACH molecule [36] and TACH molecule in complexes I and II

Bond/angle TACH [36]
[Co2Gd(NO3)(Piv)6(TACH)2] 

(I)
[Cd(Pfb)2(TACH)2] |(II)

C–N, Å 1.451(1)–1.473(1) 1.410(6)–1.446(7) 1.435(14)–1.469(14)

CNC, deg 109.0–112.4 109.5–111.4 109.0–110.8

NCN, deg 110.4–111.8 103.5–106.7 104.9–108.2

Table 4. Geometric characteristics of the C–H…F and C–H…O contacts in the crystals of compounds I and II

Hydrogen bond
Distance, Å

DHA angle, deg
D–H H…A D…A

I
C(38)–H(38A)…O(15) 0.97 2.59 2.938(6) 101

C(38)–H(38B)…O(3) 0.97 2.56 3.499(7) 164

II
C(15B)–H(15D)…O(2B) 0.97 2.35 3.128(11) 137

C(17A)–H(17A)…O(2A) 0.97 2.35 3.123(11) 136

C(18B)–H(18F)…O(4A) 0.96 2.56 3.517(12) 177

C(20A)–H(20A)…O(4B) 0.96 2.54 3.498(14) 173

C(20A)–H(20C)…F(5A) 0.96 2.53 3.471(12) 168

C(22A)–H(22B)…O(4B) 0.97 2.49 3.430(11) 162

C(22B)–H(22D)…O(4A) 0.97 2.45 3.379(12) 161

C(25B)–H(25F)…F(6B) 0.96 2.54 3.285(13) 135
(II). The cadmium(II) ion coordinates two κ3-bound
TACH molecules to give a sandwich structure (Fig. 2),
in which its environment is completed to a distorted
dodecahedron with triangular faces via monodentate
coordination of two Pfb anions (Fig. 2b, CdN6O2).

Virtually all N–Cd bonds in compound II are notice-
ably longer than the average Cd–N coordination
bond, while the Cd–O bond lengths are usual. The
TACH molecule in II occurs in a chair conformation,
and the geometry of the hexahydro-1,3,5-triazine
moiety is slightly distorted upon coordination to cad-
mium(II) (Table 3).

The crystal packing of complex II is additionally
stabilized by the C–H…F and C–H…O contacts
between the H atoms of the coordinated TACH mole-
cules, f luorine atoms of the pentafluorophenyl sub-
stituents, and carboxyl O atoms (Fig. 3, Table 4) and
by stacking interactions between two pentafluoroben-
zoate anions of neighboring molecules (the distance
between the centers of the interacting moieties and the
angle between the planes are 3.825 Å and 0.00°,
respectively).

From the structural standpoint, it is of interest to
note a conformational change of hexahydro-1,3,5-
trimethyl-1,3,5-triazine within the metal coordina-
tion sphere compared to the free molecule. Earlier, it
was found that the TACH molecule occurs as the
RUSSIAN JOURNAL OF C
monoaxial conformer in the crystal [36] and in the gas
phase [37] and as a mixture of diaxial and monoaxial
conformers in solution. The all-equatorial conformer
was not detected. According to quantum chemical cal-
culations, the barrier for monoaxial to all-equatorial
transition is 20 kJ/mol [36]. This conformational
behavior is attributable to repulsion of the nitrogen
lone pairs (LPs) of electrons and the anomeic effect
[38–42].

Analysis of the data on TACH geometry in the
crystals of various compounds present in the CCDC
demonstrated [43] that upon introduction of this
ligand to the metal coordination sphere, the monoax-
ial conformation is retained only in the case of coordi-
nation to one nitrogen atom, while binding to two or
three nitrogen atoms is accompanied by a change in
the nitrogen atom pyramidalization, with the ring
conformation being transformed to all-equatorial one.
In this case, LPs of all three N atoms are accessible for
metal coordination, and the energy benefit from the
complex formation exceeds the energy expenditure for
the conformational change of one or several rings. A
similar transition occurs in complexes I and II we pre-
pared (Fig. 4).

For detailed conformational analysis of these com-
pounds, it is convenient to use the CNCg angle, where
C is the methyl carbon atom, Cg is the ring centroid.
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Fig. 2. (a) Molecular structure of II and (b) coordination polyhedron of Cd(II) ion; in (a), hydrogen atoms are omitted. 
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Cd(1A)O(3A)
O(1A)
In the diagram, it can be seen that all angles present in
the three-coordinated molecules are in the 160°–170°
range, while in the singly coordinated molecules, one-
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

Fig. 3. Fragment of the crystal packing of

3

2.54 Å
third of angles are 90°–110°, which corresponds to a
monoaxial conformation of all rings. The most inter-
esting situation is observed for doubly coordinated
  Vol. 47  No. 8  2021

 complex II. Hydrogen atoms are omitted.

.825 Å
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Fig. 4. Superposition of free TACH molecule (green) and
TACH molecule in complex II (yellow).

C

C
C

C

N

NN
molecules: there are altogether eight such structures in
the CCDC; four of them exist in the fully equatorial
conformation, while three exist in a quite unusual
diaxial conformation. Comparison of the structures of
these complexes showed that the equatorial structure
is formed if the TACH molecule is chelated to one ion,
while the diaxial structure is observed in the case of
bridging coordination to two different metal ions
(Fig. 5).

One more structure present in the CCDC (YOL-
COU) is formed by co-crystallization of TACH with
perfluorinated trimercury anti-crown ((o-C6F4Hg)3).

In the crystals of this compound, the heterocycle also
has an all-equatorial conformation, but formally
TACH is not coordinated to mercury, although these
atoms are located strictly one above the other, since
RUSSIAN JOURNAL OF C

Fig. 5. Histogram of distribution of CNCg angles in TACH mo
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the Hg…N distances in this compound are 2.85–

2.94 Å, which considerably exceeds the average length

of the Hg–N coordination bond (2.5 Å). Apparently,

non-covalent interaction of nitrogen LPs with mer-

cury atoms takes place in this case; this requires that

these atoms be accessible, like the formation of coor-

dination bonds [44].

Thus, we isolated the half-sandwich heterometallic

complex [Co2Gd(NO3)(Piv)6(TACH)2] (I) and the

sandwich homometallic complex [Cd(Pfb)2(TACH)]

(II). Owing to large coordination number of cad-

mium(II) ion in II, we were able to obtain a sandwich

complex with two TACH molecules coordinated to

one metal ion. The coordination of κ3-TACH mole-

cules to cobalt(II) and cadmium(II) ions results in a

considerable distortion of the metal coordination

environment and a conformational change of 1,3,5-

trimethyl-1,3,5-triazacyclohexane. These effects were

observed for complexes I and II.
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