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Abstract
C39H46BClCuN6·CH2Cl2, monoclinic, C2/c (no. 15), a = 18.1441(7) Å,
b = 15.6735(8) Å, c = 28.1341(13) Å, β = 90.247(4)°, V = 8000.7(6) Å3,
Z = 8, Rgt(F) = 0.0563, wRref(F2) = 0.1306, T = 168 K.

CCDC no.: 2424368

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list of
the atoms including atomic coordinates and displacement
parameters.

1 Source of material

A solution of {hydridotris[3-mesityl-5-methyl-1H-pyrazol-1-yl-
κN3]borato}thallium(I)5 ([Tl{HB(3–Mes-5–Mepz)3}], 144.36mg,
0.178mmol) in dichloromethane (15mL) was added slowly to a
solution of CuCl2⋅2H2O (34.7mg, 0.204mmol) in methanol
(5mL). After the mixture was stirred for 60min, the solvent
was evaporated under vacuum and the resulting solid was
extracted with dichloromethane (25 mL) to separate the
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

x y z Uiso*/Ueq

Cu . () . () . () . ()
Cl . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () −. () . () . ()
N . () −. () . () . ()
N . () −. () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () −. () . ()
HA . . −. .*
HB . . −. .*
HC . −. −. .*
C . () . () . () . ()
C . () . () . () . ()
C −. () . () . () . ()
H −. . . .*

Table : Data collection and handling.

Crystal: Red prism
Size: . × . × .mm
Wavelength: Mo Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: Rigaku XtaLAB P, ω scan
θmax, completeness: .°, %
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), ,
N(param)refined: 

Programs: CrysAlisPRO, IL MILIONE, SHELX, WinGx

Table : (continued)

x y z Uiso*/Ueq

C −. () . () . () . ()
C −. () −. () . () . ()
H −. −. . .*
C . () −. () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
HC −. . . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
HC . −. . .*
C . () . () . () . ()
C . () . () −. () . ()
H . . −. .*
C . () −. () −. () . ()
C . () −. () −. () . ()
HA . −. −. .*
HB . −. −. .*
HC . . −. .*
C . () −. () . () . ()
C . () −. () . () . ()
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
HC . −. . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
HC . −. . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
HC . −. . .*
C . () −. () . () . ()
C . () −. () . () . ()
H . −. . .*
C . () −. () . () . ()
C . () −. () −. () . ()
HA . −. −. .*
HB . −. −. .*
HC . −. −. .*
B . () −. () . () . ()
H . −. −. .*
C . () . () . () . ()
HA . −. . .*
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resulting salts. A red powder was obtained after evapora-
tion of the solvent. Red crystals for X-ray crystallography
were obtained by the slow evaporation of a saturated
dichloromethane/n-heptane (1:1 v/v) solution held at room
temperature which were characterised as [Cu(Cl){HB(3–
Mes-5–Mepz)3}]·CH2Cl2 (72.2 mg, 0.102 mmol, 58 %). Anal.
calcd. for C39H46BClCuN6: C, 66.10; H, 6.54; N, 11.86. Found: C;
65.94, H; 6.58, N; 11.90 %. IR (KBr, cm−1): 3002 m ν(C–H),
2954 s ν(C–H), 2920 s ν(C–H), 2858 m ν(C–H), 2527 s ν(B–H),
1615 s ν(C=N). Far–IR (CsI, cm−1): 383 ν(Cu–Cl). UV–Vis
(CH2Cl2, λmax, nm (ε, M−1 cm−1)) 298 (1100), 376 (2400), 505
(480), 1020 (180).

2 Experimental details

The B- and C-bound H atoms were geometrically placed (B–
H = 1.12 Å and C–H = 0.95–1.00 Å) and refined as riding with
Uiso(H) = 1.2–1.5 Ueq(B, C).

3 Discussion

Hyridotris(pyrazolyl)borate ligands are still recognised as one
of the most well-studied classes of ligands in contemporary
coordination chemistry. The reason for their popularity relates
their easy derivatisation to introduce substituents of varying
steric and electronic profiles into the pyrazolyl rings. This key
feature of this ligands flexibility for the fine-tuning of the co-
ordination environments for a wide range of metal centres. In
2016, the structure andproperties of a thallium(I) salt ligated by
a relatively sterically hindered mesityl-substituted pyrazolyl
ring, i.e. [Tl{HB(3–Mes-5–Mepz)3}], were described.5 Here-
in, in continuation of these studies, a related chlorido
copper(II) complex, [Cu(Cl){HB(3–Mes-5–Mepz)3}], isolated
as its dichloromethane mono-solvate, (I), is described.

The complex, [Cu(Cl){HB(3–Mes-5–Mepz)3}], was ob-
tained by the reaction of [Tl{HB(3–Mes-5–Mepz)3}] with
CuCl2⋅2H2O in 58 % yield. The IR spectrum of [Cu(Cl){HB(3–
Mes-5–Mepz)3}] shows the B–H stretching band at 2527 cm−1

is slightly shifted from the absorption band at 2522 cm−1 for
[Tl{HB(3–Mes-5–Mepz)3}].5 In the far–IR spectrum, [Cu(Cl)

{HB(3–Mes-5–Mepz)3}] shows a characteristic band at
383 cm−1, which is assignable to Cu–Cl stretching. Similar
bands were also observed at 375 cm−1 for the phenyl
analogue [Cu(Cl){HB(3–Ph-5–Mepz)3}]6 and at 359 cm−1 for the
t-butyl/i-propyl analogue, [Cu(Cl){HB(3-tBu-5-iPrpz)3}].7 The
d-d transition band was observed at 1020 nm (180M−1 cm−1),
which compares to 960 nm (180M−1 cm−1) reported for [Cu(Cl)
{HB(3–Ph-5–Mepz)3}].6 This low-energy shift of the d-d tran-
sition arises from the ground state change from d(x2 − y2) to
d(z2).6,7

The molecular structure of (I) is shown in figure (50 %
probability ellipsoids; the solvent dichloromethane mole-
cule is not shown). The copper(II) centre exists within a ClN3

donor set defined by a chlorido ligand and three pyrazolyl-
nitrogen atoms derived from a tridentate {HB(3–Mes-5–Me-
pz)3}− anion. The angles subtended at the copper(II) atom
range from 90.96(10)°, for N11–Cu–N31, to 144.09(8)°, for N11–
Cu–Cl1. Using the τ4 parameter as a guide,8 which is calcu-
lated from the equation, τ4 = [360 − (α + β)/141], the α and β
angles being the two widest angles subtended at the cop-
per(II) centre, an indication of the nature of the coordination
geometry is given. In (I), τ4 computes to 0.73, a value inter-
mediate between 0.64, for a see-saw geometry, and 0.85, for a
trigonal-pyramidal geometry.8 The angles substended at the
copper(II) atom by the tridentate ligand span a narrow
range, i.e. 90.96(10)° [N11–Cu–N31] to 92.40(10)° [N11–Cu–
N21] and are systematically narrower than the N–Cu–Cl
angles. The latter fall in two distinct values, i.e. 112.54(7) and
112.34(8)° for N21, N31–Cu–Cl1, respectively, and a wide
144.09(8) for N11–Cu–Cl1. The pattern of bond lengths in-
dicates a significant deviation from the putative three-fold
axis incorporating the Cu, Cl and B atom. The reason for the
wide N11–Cu–Cl1 angle could relate the presence of a weak
Cl/H contact between the complex and solvent dichloro-
methane molecule [C40–H40b/Cl1: H40b/Cl1 = 3.03 Å with
angle at H40b = 100°] as well as a relatively close intra-
molecular contact [C22–H22c/Cl1: H22c/Cl1 = 3.21 Å with
angle at H22c = 123°]. It is also noted the Cu–N11 bond length
of 1.963(2) Å is significantly shorter than the Cu–N21, N31
bond lengths of 2.041(2) and 2.079(3) Å, respectively.

The Cu–Cl bond length in (I) is 2.1253(9) Å, which can be
compared with other Cu–Cl bonds in related tetrahedral
chlorido copper(II) complexes having tridentate hydrido-
tris(pyrazolyl)borate ligands. Thus, the Cu–Cl bond in (I) is
experimentally equivalent to the Cu–Cl bond length of
2.125(6) Å in [Cu(Cl){HB(3,5-iPr2pz)3}],9 but shorter than
2.167(1) Å, in [Cu(Cl){HB(3-tBu-5-iPrpz)3}],7 2.1706(9) Å, in
[Cu(Cl){HB(3–Ad-5-iPrpz)3}],7 and 2.1738(14) and 2.1760(13) Å
for the two independent molecules in [Cu(Cl){HB(3-tBu-
5–Mepz)3}].10

Table : (continued)

x y z Uiso*/Ueq

HB . . . .*
Cl . () . () . () . ()
Cl . () −. () . () . ()
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In the crystal of (I), several interactions are noted. First
and foremost are the interactions between the complex
molecule and the dichloromethane molecule of crystal-
lisation. Here, the solvent molecule bridges two mesityl
substituents via C–Cl/π [C40–Cl2/Cg(C1–C6): Cl2/Cg(C1–
C6) = 3.7745(18) Å with angle at Cl2 = 136.31(14)°] and C–H/π
[C40–H40a/Cg(C27–C32): H40a/Cg(C27–C32) = 2.98 Å,
C40/Cg(C27–C32) = 3.916(5) Å with angle at H40a = 158°]
interactions to form a two-molecule aggregate. These form a
linear chain along [1 −1 0] featuring C–H/π [C21–
H21c/Cg(C27–C32)i: H21c/Cg(C27–C32)i= 2.73 Å, C21/Cg(C27–
C32)i = 3.576(5) Å with angle at H21c = 145° for symmetry oper-
ation (i) −1/2 + x, 1/2 + y, z] interactions. Centrosymmetrically
related chains assemble into double-chains which feature
additional C–H/π [C26–H26a/Cg(C14–C19)ii: H26a/Cg(C14–
C19)ii = 2.99 Å, C26–H26a/Cg(C14–C19)ii = 3.907(4) Å with angle
at H26a = 157° for (ii) −x, −y, −z] interactions. The chains
assemble in the crystal without directional interactions be-
tween them.
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