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CRYSTAL STRUCTURE DETERMINATION
OF DICHLOROBIS(1-PHENYL-3,5-DIMETHYLPYRA-
ZOLE)COPPER(I) - [ CuCl,(pdmp),]

R. H. P, FRANCISCO and J. R. LECHAT
Instituto de Fisica e Quimica de Sdo Carlos (USP) C'P.369 — 13.560 Sdo Carlos, S.P., Brasil

A. C.MASSABNI, C. B. MELIOS and M. MOLINA
Instituto de Quimica de Araraquara (UNESP) C.P. 174—14.800 Araraquara, S.P., Brasil

(Received July 10, 1979; in final form October 1, 1979)

The crystal structure of dichlorobis (1-phenyl-3,5-dimethylpyrazole)copper(Il), [CuCl, (pdmp), ] CuCl, C, ,H, ,N,,
monoclinic, P2, fc, 2 = 13.121(5), b= 10.610(2),c = 13.973(5) &, 8 = 145.51(1)°, Z = 2, D, = 1.44 (flotation),
Dy = 1.44 g.em 2, u(CuKa) = 37.6 cm ', has been determined from three dimensional X-ray diffractometric data.
The structure was solved by direct methods and refined by full-matrix least-squares calculations to R = 0.060 using
2072 reflexions for which I > 3o(1). The copper atom is tetracoordinated and the stereochemistry around it is trans-
square planar. The relevant distances are Cu—Cl 2.268(1) and Cu—N 1.979(1) A, Spectral and magnetic properties
of the complex are reported and their relations with the present structural data are discussed,

INTRODUCTION

Structural studies on Cobalt(1I), Nickel(IT),
Copper(1l) and Silver(I) complexes with
1-phenyl-3,5-dimethylpyrazole(pdmp) are in progress
in our laboratories' ™ with the main purpose of
comparing the configurations of such compounds
with those of complexes involving closely related
pyrazole derivatives. Single-crystal X-ray studies on
two metal-pdmp complexes have been completed.®’¢
For the most part of CuCl; L, complexes
(L = pyrazole-derived ligands), polymeric structures
with tetragonal six-coordination about copper
achieved by chloride bridges have been assigned.”
However, the features shown by the electronic
spectrum of [CuCl,{pdmp), ] are not consistent with
the named structures nor with those of dimeric units
in which the copper(II) ion is pentacoordinated.! ®-!1
Hence, an X-ray investigation of the title complex
was undertaken in order to elucidate its structural
situation.

Experimental

[CuCl, (pdmp), ] was obtained by mixing hot
ethanolic solutions of CuCl, + 2H; O and pdmp in the
molar proportion M : L of 1 : 2. On cooling at room
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temperature the dark green crystalline compound
began to separate. The solid was filtered and washed
three times with cold solvent. Ethanol was also used
for recrystallization. The crystals were elongated
blocks (0.2 mm x 0.1 mm x 0.08 mm) with prismatic
habit. All X-ray experiments were performed using a
single crystal CAD-4 automatic diffractometer with
graphite-monochromated CuK « radiation
(A=1.5418 A). The unit cell was determined on the
basis of 25 strong reflexions found by mounting the
crystal at random, with the detector position varying
between 6 = 10° and 6 = 60°. The unit cell was
found to be monoclinic and the experimental density
(1.44 g.cm ) determined by flotation, in a mixture
of carbon tetrachloride and benzene, is in agreement
with that calculated for Z = 2 (1.44 g.cm ~3). Precise
lattice parameters and their standard deviations were
determined by means of least-squares calculation
minimizing Z(sin 6, —sin 4)? tor the 25

reflexions cited above. They are: ¢ = 8.073(2),
b=10.610(2),c = 13.121(5) A, 3= 101.46(1) °,
V=1101(1) A.> The w — 2 0 scan technique was
used to record the intensities for all reflexions for
which 0° <6 < 75°. Scan widths were calculated
from the formula sw= 17 + 0.142° tan . This
calculated scan angle was extended at each side by
25% for background determination. From the 2269
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unique reflexions thus considered, the 2072 having
net intensity greater than 3o(I) (o = standard error
based on count statistics) were used in structure
determination and refinement. Every two hours three
standard reflexions were monitored to check the
crystal stability. Only statistical variations were
observed. Lorentz and polarization corrections were
applied but no absorption correction was made
[u(CuKa) = 37.6 cm ™! ]. The systematic extinctions
were consistent with the space group P2, /n.
Electronic spectra in solution (25.0 — 6.7 kK
range) at 25.0 2 0.1 °C were recorded on a Cary
mod. 17 spectrophotometer using matched silica
cells, with the pure solvent as a reference. Magnetic
moments of the solid complexes were determined at
room temperature (26 °C) by the Gouy method. The
values have been corrected for the diamagnetic
susceptibilities of the ligands in the usual way.'?

Solution and Refinement of the Structure

The structure was solved by direct methods
(MULTAN) ? in the space group P2, /n. The overall
temperature factor and absolute scale were estimated
from a Wilson plot. The distribution of the £’s was in
good agreement with the theoretical centrosymmetric
values. The phases of the reflexions (1 11 4).(19 1)
and (6 1 9) were chosen to fix the origin and three
other reflexions (04 8), (46 8)and (36 11) were
used in the starting set. The £-map computed with
the chosen MULTAN solution (ABS FOM = 1.0239,
RESID = 20.10, COM FOM = 3.0000) showed a
chemically reasonable structural fragment consisting
of Cu(1l), the C! ™ and the pyrazolic ring. The R
factor calculated with these seven atoms was 0.30
after one cycle of refinement of the scale factor. All
the refinements were made by full-matrix least
squares method by minimization of

Twlk | Fy |~ 1 F, 1)?.where w =1 for the observed
reflexions and w = O for the others. Subsequent
difference — Fourier calculations led to the location
of all non-hydrogen atoms. The refinement with
isotropic temperature factors brought the R factor to
0.17. Anisotropic temperature factors were assigned
to all the atoms. When the R factor became 0.08 the
weighting scheme was changed to w = a(F,)~? for
the observed reflexions and «w = 0 for the others.
After two cycles of refinement (R = 0.07) the
hydrogen atomic positions were calculated and an
isotropic temperature factor of 5.0A? was assigned to
them, The refinement was continued until all atomic
parameters shifts were smaller than each standard
deviation. The final unweighted R factor omitting

FIGURE 1. View of the molecule with distances (A) and
angles (°) around the metal with their e.s.d.’s in parentheses.

unobserved reflexions was 0.060 and including them
0.061; the weighted R factor defined as
[Zw(k | Fo | — | F, D?Zw(k | Fo 1)?1/? was 0.059.
Complex neutral-atom scattering factors were used.! *
Suitable transformations were performed to change
the space group to P2, /c, in order to refer the
structure to a conventional space group. The new unit
cell was: ¢ = 13.121(5), b = 10.610(2),
c=13.973(5) A, 8= 145.51(1)°, V=1101(1) A2 All
computer calculations were performed using the
Enraf Nonius Structure Determination Package.
Figure 1 was drawn with the ORTEP Fortran plot
program.' ® The final atomic parameters are given in
Table I.

Results and Discussion

The structure is built up of isolated
CuCl(C, Hy 4 N;), units and the copper ion is
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TABLE I
Fractional atomic coordinates (x 10°) for chloride and (x 10*) for the others. Anisotropic thermal parameters (x 10°) for copper and chloride ions and (x 10*) for

the other non-hydrogen atoms. Estimated standard deviations are in parentheses.
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The temperature factor expression used was exp—(h®g, , +k?8,, +128;, + hkg, , + hlg, , + kIg, ,).

coordinated by two chlorides and two nitrogen atoms
of the organic ligands. Since the copper ion is situated
on a center of inversion, the coordination has to be
exactly planar and frans-square. The equation of the
plane, referred to the conventional orthogonalized
coordinates, is:

—0.9412x +0.1648y — 0.2951z =0 1)

The stereochemistry of the copper ion is shown in
Figure 1. The two rings of each organic ligand are
planar within the standard deviations. The equations
of the phenyl and pyrazole rings mean planes are

respectively:
—0.0436x +0.6462y — 0.7620z = 2.5858 2)
0.0489x — 0.3300y — 0.9427z = 0.0968 3)

The dihedral angles are: (1)—(2) : 68.1°,
(1)~(3): 79.8° and (2)—(3) : 59.8°.

All the bond distances and angles are given in
Figure 1 and in Table II. They compare well with the
values found in tris(1-phenyl-3,5-dimethylpyrazole)-
silver(I) nitrate® and in dinitratebis(1-phenyl-3,5-
dimethylpyrazole)copper(II)¢.

In [Cu(NO3),(pdmp), ] the Cu—N distance is

1.989 A (mean value). In [CuCl,(pdmp), ] the Cu—N
and the Cu—Cl bond lengths (1.979 and 2.268 A
respectively) are similar to the respective mean values
reported for other Copper(Il) chloride complexes:
1.976 and 2.350 A in dichlorobis[1-(2-pyridy!-
methyl)imidazole] copper(Il),' ¢ 2.00 and 2.23 A in
dichlorobis(2-methylpyridine) copper(I)* 7

and 2.00 and 2.28 A in dichlorobis(4-ethyl-
pyridine)copper(If).! 8

The electronic spectrum of [CuCl,(pdmp),] in
nitromethane solution exhibits three absorption
bands: one very broad and asymmetrical, with its
maximum located at 13.1kK (e=86M™.cm™)
and two others, both sharp, with maxima at 7.1 kK
(e=23M1'.cm™)and 6.8kK (e=3M~1.cm™).
Nitromethane was chosen because it proved to be
the less coordinating solvent in which the complex
still presents significant solubility. Moreover the
named solvent presented convenient features in
comparison with other common solvents in
connection with spectroscopic studies on transition-
metal complexes involving pyrazole derivatives.”-!°
The absorption maxima, their respective molar
absorptivities and the magnetic moment (1.9 £ 0.1
B.M.) are consistent with the square-planar structure
presently determined through X-ray data.20-22

It is interesting to note that for many CuCl, L,
complexes (L = pyridine, pyrazole and imidazole
derivatives having no bulky substituents adjacent to



20: 24 23 January 2011

Downl oaded At:

152 R. H. P. FRANCISCO et al.

TABLE il

Bond distances (A) and angles (°) with their e.s.d.’s.

N1-N2 1.349(2) N2-N1-C5 111.3(1)
N1-C5 1.358(2) N2-N1-C8 121.9(1)
N1-C8 1.433(2) C5-N1-C8 126.8(1)
N2-C3 1.339¢2) N1-N2-C3 106.4(1)
C3-C6 1.489(2) N1-N2-Cul 126.2(1)
C3-C4 1.386(2) Cul-N2-C3 127.3(1)
C4-C5 1.370(2) N2-C3-C4 109.4(1)
C5-C7 1.496(2) N2-C3-C6 120.9(1)
Cc8-C9 1.382(2) C4-C3-C6 129.8(1)
Cc8-C13 1.379(2) C3-C4-CS5 107.3(1)
C9-C10 1.406(2) N1-C5-C4 105.8(1)
C10-C11 1.377¢3) N1-C5-C7 123.6(1)
C11-C12 1.370(3) C4-C5-C7 130.5(1)
C12-C13 1.394(2) N1-C8-C9 119.3(1)

N1-C8-C13 119.1(1)

C9-C8-C13 121.5(1)

C8-C9--C10 119.4(1)

C9-C10-C11 119.3(1)

Cl10-C11-C12 120.3(1)
Ci1-C12-Ci13 121.5(2)

the N donor site of the ligands) square-planar
arrangements of two chloride and two nitrogen atoms
with one or two distant chloride atoms (from
adjacent copper centers) — completing distorted
tetragonal pyramidal and octahedral structures,
respectively — have been inferred on the basis of
spectroscopic, magnetic and conductivity
data.®»%-23,2% Quch assignments were confirmed
in some cases by X-ray structure determina-
tions.! ¢-11.17.25 In the present study bridging
through chloride atoms has not been observed; the
typical discrete trans square-planar structure is
retained most probably owing to the presence of two
phenyl radicals (bonded to the amine nitrogen atoms
of the pyrazole rings) which introduce steric
hindrance making the approach of chloride atoms
from other units very difficult. Also, the absence of
=NH groups in pdmp (these are, of course, present
in amine nitrogen unsubstituted pyrazoles) rules out
the possibility of hydrogen bonding between the
named groups and chloride atoms. The occurrence of
such hydrogen bonds has been shown to be important
in enhancing the formation of octahedral
environments around transition—metal jons in so far
as pyrazole complexes are concerned.”"??¢

The electronic spectrum of [CuCl,(pdmp). ] is
quite different from that of [Cu(NO3),(pdmp). };in
this last named complex the copper atom is
surrounded by two nitrogen atoms (from the
pyrazole rings) and two oxygen atoms (from the
nitrate groups) in a near square-planar environment,

with a cis geometry.® The N—Cu—N, 0—Cu—O and
the two O—Cu—N angles are 96.6, 84.3, 88.8 and
90.3°, respectively. Its spectrum (in nitromethane
solution) presents a single broad and asymmetrical
absorption band with maximum at 15.0 kK

(e=49 M ™ .cm™). The magnetic moment

(2.0 £ 0.1 B.M.) and the mentioned spectral
behaviour would be more consistent with a tetragonally
distorted six-coordinate complex.”+20-21,27,28
However, it is important to mention that in this
complex one oxygen atom of each planar NO3 group
is coordinated to the Cu(Il) ion (Cu—0O bond lengths
of 2.016 and 2.039 A) and each NO3 has also another
oxygen close to the Cu(Il) ion (Cu--0O distances of
2.494 and 2.473 A; the concerned O—Cu— O angle is
123.4%) completing a very distorted octahedron.

So, there is no conflict among the spectral, magnetic
and structural data determined for the complex under
consideration. On the other hand, the spectral
differences observed for the chloride and nitrate
complexes seem fully justified as they in fact exhibit
distinct configurations.

The values found for the magnetic moments of
these complexes suggest that bridged polymeric
structures and/or strong Cu—Cu interactions should
be absent.®2! Also, it has been found that copper(1l)
complexes to which distorted square-planar or
octahedral structures have been assigned present
magnetic moments slightly but consistently higher
than those displayed by the regular square-planar
complexes.?!»27-28 These conclusions are in line
with the ones drawn from the X-ray investigations
reported herein and elsewhere.®
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