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Abstract
C30H52BBrCuN6, monoclinic, P21/n (no. 14), a = 9.4265(3) Å,
b = 17.4945(5) Å, c = 20.2269(5) Å, β = 99.926(3)°,
V = 3285.73(17) Å3, Z = 4, Rgt(F ) = 0.0387, wRref(F 2) = 0.1055,
T = 184 K.

CCDC no.: 2424361

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 K{HB(3-tBu-5-iPrpz)3} (potassium{hydri-
dotris(3-tert-butyl-5-isopropylpyrazol-1-yl)borate}; 373.1 mg,
0.682 mmol)5 in dichloromethane (20mL)was added slowly to
a solution of CuBr2 (183.4mg, 0.821 mmol) in methanol
(20mL). After the mixture was stirred for 90min, the solvent
was evaporated under vacuum, and the resulting solid was
washed with methanol (15 mL). A brown powder was ob-
tained. Red-brown crystals were obtained by the slow

Table : Data collection and handling.

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

Diffractometer, scan mode: Rigaku XtaLAB P, φ and 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
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evaporation of a saturated dichloromethane/n-heptane
solution of the product held at room temperature and
characterised as [Cu(Br){HB(3-tBu-5-iPrpz)3}]·1/2H2O
(250.0 mg, 0.379 mmol, 56 %). Anhydrous, single crystals
suitable for X-ray crystallography were also obtained by
the slow evaporation of a saturated dichloromethane/n-
heptane solution of the recrystallisedmaterial held at room
temperature. Anal. calcd. for C30H52BBrCuN6·1/2H2O (bulk
material): C, 54.59; H, 8.09; N, 12.73 %. Found: C, 54.33; H,
8.16; N, 12.77 %. IR (KBr, cm−1): 3348 m ν(O–H), 2965 s ν(C–
H), 2932 m ν(C–H), 2868 m ν(C–H), 2566 m ν(B–H), 1533 m
ν(C=N). Far–IR (CsI, cm−1): 287 ν(Cu–Cl). UV–Vis [CH2Cl2,
λmax, nm (ε, M−1 cm−1)] 325 (1,640), 387 (790), 469 (800), 1048
(100).

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å)

x y z Uiso*/Ueq

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

Table : (continued)

x y z Uiso*/Ueq

HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
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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) = 1.2–1.5Ueq(B, C). Owing to poor agreement,
two reflections, i.e. (−11 1 2) and (−11 2 6), were omitted
from the final cycles of refinement.

3 Discussion

The coordination chemistry of strategically substituted hydro-
tris(pyrazolyl)borate ligands has proven to be a very produc-
tive area of research to control the secondary coordination
sphere about themetal centre.5,6 Herein, is reported a bromido
copper(II) complex, [Cu(Br){HB(3-tBu-5-iPrpz)3}], (I), where the
copper(II) centre is ligated by a highly sterically hindered
hydridotris(pyrazolyl)borate ligand; [HB(3-tBu-5-iPrpz)3]– is the
hydridotris(3-tert-butyl-5-isopropylpyrazol-1-yl)borate anion.
Recently, related structures with the same ligand were re-
ported, i.e. the three-coordinate thallium(I) complex [Tl{HB(3-
tBu-5-iPrpz)3}],7 the four-coordinate chlorido copper(II) com-
plex, [Cu(Cl){HB(3-tBu-5-iPrpz)3}]8 and the four-coordinate
hydroxido copper(II) complex [Cu(OH){HB(3-tBu-5-iPrpz)3}].5

The reaction of K{HB(3-tBu-5-iPrpz)3} with CuBr2 led to
the title complex, (I), in 58 % yield. The IR spectrum shows
the B–H stretching band at 2566 cm−1, which is slightly
shifted from the absorption band at 2562 cm−1 for [Tl{HB(3-
tBu-5-iPrpz)3}]7 and signficantly from that at 2469 cm−1

for the uncoordinated anion, K{HB(3-tBu-5-iPrpz)3}.8 In the
far–IR spectrum, (I) shows a characteristic band at 287 cm−1,
assignable to Cu–Br stretching. This band was also clearly
shifted from that at 359 cm−1 for [Cu(Cl){HB(3-tBu-5-iPrpz)3}],
which was assigned to Cu–Cl stretching.8 The value of the
ν(Cu–Cl)/ν(Cu–Br) ratio (= 1.25) is consistent with the calcu-
lated reduced mass (1.25). The d-d transition band was
observed at 1048 nm (ε = 100 M−1 cm−1), which is almost the
same energy to 1009 nm (ε = 50M−1 cm−1) for [Cu(Cl){HB(3-
tBu-5-iPrpz)3}].8 The red-shift in the UV–Vis spectra arises
from the ground state change from d(x2-y2) to d(z2).6,8

The molecular structure of (I) is shown in the figure
(70 % probability ellipsoids) and features a tridentate
[HB(3-tBu-5-iPrpz)3]− anion coordinated to copper(II) which
is also connected to a bromido ligand. The tridentate ligand
coordinates in a fashion so that the t-butyl groups are
orientated towards the copper(II) atom. The Cu–N bond
lengths are not equivalent with Cu–N11 of 1.9365(17) Å being
significantly shorter than those for Cu–N21 and Cu–N31 of
2.0670(16) and 2.0636(16) Å, respectively.With respect to the
bromido atom, the N11 atom subtends the widest angle at

the copper(II) centre, i.e. 136.45(5)∘, compared with the N21,
N31–Cu–Br angles of 114.15(4) and 115.25(4)∘, respectively. It is
proposed that this feature of the molecular structure is
related to the presence of intramolecular methyl–C–H/Br
interactions which are less than the sum of the van derWaals
radii and are directional. These interactions involve two
t-butyl methyl groups derived from two pyrazolyl residues,
i.e. containing the coordinating N21 and N31 atoms that for-
m the longer Cu–N bonds [geometric parameters:
C11–H11/Br: H11b/Br = 2.83 Å and angle at H11b = 153°;
C12–H12c/Br: H12c/Br = 2.84 Å and angle at H12c = 151°;
C21–H21c/Br: H21c/Br = 2.81 Å and angle at H21c = 153°;
C22–H22b/Br: H22b/Br = 2.92 Å and angle at H22b = 151°]. It
is the presence of the intramolecular methyl–C–H/Br in-
teractions that draws theN21- andN31-containing 3-tBu-5-iPrpz
residues away from the copper(II) centre, thereby elongating
the Cu–N21, N31 bonds and widening the N11–Cu–Br angle.

The four-coordinate geometry about the copper(II) atom
exhibits a wide range of angles, spanning 91.61(6)∘, for N11–
Cu–N31, to 136.45(5)∘, for N11–Cu–Br. From the equation,10

τ4 = [360– (α+ β)/141],whereα and β are the twowidest angles
subtended at the copper(II) centre, an indication of the coor-
dination geometry may be obtained. The value calculated for
(I) is 0.77 and compares with 0.85 for a trigonal-pyramidal
geometry and 0.64 for a see-saw geometry; a value of 1.00
corresponds to an ideal tetrahedral geometry.10

The Cu–Br bond length in (I) is 2.3105(3) Å which com-
pares to 2.2891(4) Å in the structure of [Cu(Br){HB(3,5-
iPr2pz)3}].11 The reduction of the Cu–Br bond length in the all
i-propyl molecule reflects the lack of signifcant intra-
molecular C–H/Br contacts described above for (I).

Being surrounded by hydrogen-rich regions and with
the bromide atom engaged in four close intramolecular
methyl–C–H/Br interactions, see above, the molecule in
(I) does not form any directional intermolecular interactions
in the crystal; a similiar conclusion was made for the iso-
structural chlorido complex.8

These observations are confirmed by the calculation of the
Hirshfeld surface contacts and two-dimensional fingerprint
plots which were conducted with CrystalExplorer12 using
standard protocols.13 This analysis shows there are only four
types of surface contacts in the crystal of (I), namely, and in
order of significance,H/H (84.5 %) >CH/H/C (5.8 %) > Br/H/
H/Br (4.9%) > N/H/H/N (4.7 %). Similiar calculations were
performedon the isostructural chlorido species.8 In this crystal,
the contribution fromH/H contacts increased to 85.4 % cf. (I),
with small, concomittant decreases in the C/H/H/C (5.6%),
Cl/H/H/Cl (4.4 %) and N/H/H/N (4.5 %) surface contacts.
Calculations were also performed on the all i-propyl/bromido
complex, [Cu(Br){HB(3,5-iPr2pz)3}].11 As expected with the
decrease percentage content of hydrogen in the latter complex,
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there is a decrease in the contribution of H/H contacts to the
surface, i.e. 80.2 %. This decrease is compensated by increases
in the C/H/H/C (6.9 %), Br/H/H/Br (6.7 %) and N/H/
H/N (6.2 %) surface contacts.
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