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Three copper(11) salts with a chloride, bromide or nitrate counterions in combination with the
ditopic ligand 1,3-bis(imidazol-1-ylmethyl)benzene (L) were used to study the influence of the
metal to ligand molar ratio on the formation of the final product. Single-crystal X-ray analysis
revealed structural diversity of the products formed, ranging from discrete species to extended 1D
and 2D coordination polymers. Similar types of 1D chains were formed for all counterions.

Introduction

Structure prediction is still one of the most interesting and
pressing aspects of the field of crystal engineering.! Indeed,
many groups devote considerable effort to the elucidation of
diverse factors that influence the process of crystallisation, and
hence the resulting structure.” This requires a systematic
approach since, in addition to the nature of the building
blocks,? the structure adopted can also depend on the choice
of solvent,* temperature’ and the molar ratios of the molecular
components.® Structure prediction is further complicated by
the frequent occurrence of polymorphism, supramolecular
isomerism and multicomponent crystals such as co-crystals
or solvates.” Gaining insight into the role of any of the various
structure-directing factors represents an important step to-
wards driving the process of crystallisation in the desired
direction.

Supramolecular isomerism® can be loosely described as the
formation of multiple types of framework superstructure by a
given set of (usually host) components, and with fixed stoi-
chiometry. This phenomenon has not yet gained widespread
recognition and, to date, only a few reports have described
“proper” supramolecular isomers.” On the other hand,
pseudo-supramolecular  isomerism  (implying  different
composition, usually due to the presence of solvent molecules)
is far more common.'°

The simultaneous formation of different polymorphs in the
same crystal growth environment (i.e. “‘concomitant poly-
morphism™)'! is somewhat disconcerting with regard to our
efforts to gain control over the process of crystallisation. It has
been suggested'” that the seemingly rare occurrence of con-
comitant polymorphism is mainly due to the general lack of
effort aimed at searching for such phenomena. Indeed, this is a
claim that we fully support.
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+ Dedicated to Professor Jerry Atwood on the occasion of his 65th
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1 CCDC reference numbers 681408—-681415. For crystallographic data
in CIF or other electronic format see DOI: 10.1039/b800720a

As part of our ongoing studies of the different factors that
influence the formation of metal complexes using imidazole
derived ditopic ligands,'* we decided to investigate the influ-
ence of the metal/ligand ratio in solution on the formation of
the final solid product. We selected a ditopic ligand (L = 1,3-
bis(imidazol-1-ylmethyl)benzene) with two imidazole rings
occupying meta positions of a phenylene spacer group by
means of methylene linkages (Scheme 1). The aim of this
study was to use a conformationally flexible exo-bidentate
ligand in order to explore its structural diversity when influ-
enced by only one parameter (i.e. the metal/ligand molar

ratio).
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Scheme 1 1,3-Bis(imidazol-1-ylmethyl)benzene (L).

Results and discussion
Crystal growth

The crystals of the metal complexes presented here were
prepared using metal to ligand (M : L) molar ratios of 1 : 4,
1:1and4:1 in methanol and the Cu(m) salts CuCl,-2H-0O,
CuBr; and Cu(NO3),-H,O (see Table 1). Each solution was
allowed to crystallise by slow evaporation over a period of
several days to yield crystals suitable for single-crystal X-ray
diffraction analysis.

Crystal structures

In all cases X-ray diffraction analysis proved to be unambig-
uous and no further analytical techniques were deemed neces-
sary to verify the constituents of the crystals.

[Cu,Ly(p-C1),Cl,] (1). Complex 1 consists of a discrete
dinuclear complex (Fig. 1) with each Cu ion in a distorted
square-based pyramidal coordination environment.§ The
vertices of the square consist of two imidazole nitrogen
atoms (Cu-N = 1.971(3) and 1.981(3) A) situated trans with
respect to one another, a terminal chloride ion (Cu-Cl =
2.337(1) A) and one of the two bridging chloride ions (Cu—Cl
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Table 1 M : L molar ratios used for the formation of 1-8 together with connectivity changes

RatioM : L CuCl,-2H,0 CuBr, Cu(NOs),-H,O
1:4 Blue prism (2) Blue prism (3) Violet block (6)
One-dimensional strand One-dimensional strand One-dimensional strand
Blue prism (7)
One-dimensional strand
1:1 Green block (1) Blue prism (3) Violet prism (5)
Discrete dinuclear complex One-dimensional strand 2D layers
Violet block (6)
One-dimensional strand
4:1 Green block (1) Green block (4) Blue plate (8)

Discrete dinuclear complex

Discrete dinuclear complex One-dimensional strand

Fig. 1 Atomic displacement (50% probability) plot showing the
molecular structure of complex 1. Unlabeled atoms are related to
labelled atoms by the symmetry operation —x, 2 — y, 1 — z.

= 2.339(1) A). The apex of the pyramid consists of the
remaining bridging chloride ion (2.698(1) /o\) and the complex
is situated on an inversion centre. The conformation of the
exo-bidentate ligand L is approximately C-shaped such that it
is able to coordinate simultaneously to both Cu ions which are
separated by a distance of 3.555(1) A. The complexes pack in
the well-known herringbone arrangement as shown in Fig. 2.

(ICul,CL,]- 2CH30H) ., (2). Complex 2 forms an infinite
one-dimensional strand running parallel to [001] (see Fig. 3).
Each metal centre is linked to an adjacent centre by means of
two ligands L. Each copper ion is in an octahedral coordina-
tion environment and coordinates to four symmetry-related
imidazole groups (Cu-N = 2.026(2) A) that occupy the
vertices of an almost ideal square plane (L N-Cu-N =
90.46(10)° and 89.54(10)°). The apical positions of the octahe-
dra are occupied by chloride ions (Cu—Cl = 2.832(1) A) and
the Cu—Cl bond forms an angle of 93.84° with respect to the
square plane occupied by the imidazole nitrogen atoms.
Furthermore, methanol solvent molecules are present in the
structure and form O-H---Cl hydrogen bonds (O---Cl =
3.067(3) A) to the ligated chloride ions.

§ The coordination spheres given as square-based pyramids are in
agreement with the geometric parameter © formulated by Addison er
al® as an index of the degree of trigonality, which is close to 0 in both
1 and 8 but shows larger distortion in 1. The values are as follows:
0.080 for 1 (N1'-Cul-N16 = 171.06(12), Cl1-Cul-CI2' = 166.24(4);
(i) —x, —y + 2, —z + 1) and 0.015 for 8 (022-Cul-026 = 173.87(12),
N1-Cul-N16' = 172.96(15); (i) x + 1/2, —y + 1/2,z — 1/2). The same
parameter for 4 is 0.066 (NI'-Cul-N16 = 170.89(11),
Br1-Cul-Br2' = 166.91(2); (i) —x + 1, —y + 1, —z + 1).

Fig. 2 Ball-and-stick plot showing the packing arrangement of 1 as
viewed along [100]. Hydrogen atoms have been omitted for clarity and
adjacent columns of the herringbone pattern are coloured green and
blue to distinguish them from one another.

(ICul,(H,0),IBr;), (3). Complex 3 forms a 1D chain
similar to that of 2 in that each metal centre in the chain is
linked to an adjacent metal centre by means of two ligands L
(Cu—N = 2.031(4) and 2.009(4) 1&) which are situated on the
square plane of an octahedral coordination environment
(Fig. 4). However, the apical positions of the octahedra in 3
are occupied by water molecules (Cu—-O = 2.498(4) /OX) which
are in turn hydrogen bonded to non-coordinated bromide ions
(O---Br = 3.431(4) A). By virtue of these hydrogen bonds and
inversion symmetry, adjacent 1D strands are connected to one
another to form 2D layers parallel to (101) as shown in Fig. 5.

[Cu, L (n-Br);Br;] (4). The molecular structure of 4 is similar
to that of 1 (see Table 2). Indeed, the unit cell parameters and
space group are sufficiently similar that 1 and 4 can be
considered to be isostructural (in a non-rigorous sense). The
unique Cu—N distances are 1.970(3) and 1.969(3) A and the
Cu-Br distances in the square plane (terminal and bridging
bromide ions) are 2.491(1) and 2.480(1) A, respectively. The
apical p-Br is situated at a distance of 2.798(1) A from the
metal centre.

[CuL;(NO3);] . (5). The structure of 5 consists of 2D layers
parallel to (102) as shown in Fig. 6. Each metal centre is in an
octahedral coordination environment: imidazole groups are
situated at the vertices of the square plane (unique Cu—-N =
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Fig. 3 Ball-and-stick plot showing the 1D chain formed by 2.
Colours: carbon, grey; hydrogen, white; nitrogen, dark blue; chloride,
yellow; copper, light blue; oxygen, red.

Fig. 4 Ball-and-stick plot showing the 1D chain formed by 3
Bromide ions are coloured brown and hydrogen bonds are shown as
dotted red lines.

2.021(2), 2.007(2) A) and the apical positions are occupied by
monodentate nitrate ions (Cu—O = 2.449(4) A). Each ligand LL
bridges two Cu ions and assumes an approximate L-shaped
conformation. The 2D layer consists of fused 48-membered
rings each consisting of four Cu centres and four bridging
ligands.

[Cul,(NO3),]., (6). Complex 6 forms 1D strands in a
fashion similar to those of 2 and 3. Each metal centre is linked
to its neighbour by means of two bridging ligands L, and is in
an octahedral coordination environment (Fig. 7). The square
plane is occupied by four imidazole groups (Cu—N = 1.994(3)

X b

v*v*v',‘-‘
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Fig. 5 Packing arrangement of 3 to form 2D layers parallel to [101].

"’ A . . \ .

and 1.995(3) A), while the apical positions are occupied by
monodentate nitrate anions (Cu-O = 2.647(4) A).

Both 5 and 6 were isolated from the same solution consist-
ing of a 1 : 1 molar ratio of Cu : L and both structures have the
same chemical composition of CgH,gCulN;oOg.

([CuLx(CH30H),][Cul»(H20):l(NO3)42H,0) . (7). The
asymmetric unit of 7 consists of two metal ions, two ligands
L, two nitrate ions, two water molecules and one molecule of
methanol. The structure contains two unique 1D strands, both
running parallel to [100] (see Fig. 8). Both strands consist of
metal centres doubly linked to one another by means of ligand
L as observed in 2, 3 and 6. However, the apical positions of
the octahedra in one strand are occupied by water molecules
while those of the other strand are occupied by methanol
molecules. One of these water molecules is hydrogen bonded
to a nitrate anion (O---O = 2.831(12) /OX) and to non-coordi-
nated water molecule (O---O = 2.690(2) A). The latter in turn
donates a hydrogen bond (O---O = 2.820(2) A) to another
nitrate anion. A different oxygen atom of the latter is hydro-
gen bonded (O---O = 2.826(9) A) to a methanol oxygen atom

Table 2 Selected bond distances (A) and angles (°) for complexes 1 and 4

Compound 1

Cu(1)-N(1)’ 1.971(3) Cu(1)-Cl(2) 2.698(1)
Cu(1)-N(16) 1.981(3) Cu(1)-CI(1) 2.337(1)
Cu(1)-C1(2)! 2.339(1)

N(1)'~Cu(1)-N(16) 171.06(12) N(1)'-Cu(1)-CI(2) 92.81(9)
N(1)-Cu(1)-CI(1) 88.41(9) N(16)-Cu(1)-Cl(2) 96.11(9)
N(16)-Cu(1)-CI(1) 88.94(9) CI(1)-Cu(1)-CI(2) 103.17(3)
N(1)-Cu(1)-CI(2)" 89.21(9) Cl(2)'—Cu(1)-Cl1(2) 90.48(3)
N(16)-Cu(1)-Cl1(2)' 91.3509) Cu(1)—Cu(2)-CI(1) 89.52(3)
CI(1)-Cu(1)-Cl(2) 166.24(4)

Compound 4

Cu(1)-N(1)' 1.970(3) Cu(1)-Br(2) 2.798(1)
Cu(1)-N(16) 1.969(3) Cu(1)-Br(1) 2.491(1)
Cu(1)-Br(2)' 2.480(1)

N(1)=Cu(1)-N(16) 170.89(11) N(1)'~Cu(1)-Br(2) 93.7909)
N(1)~Cu(1)-Br(1) 88.01(8) N(16)-Cu(1)-Br(2) 95.25(9)
N(16)-Cu(1)-Br(1) 89.20(9) Br(1)-Cu(1)-Br(2) 101.21(3)
N(1)~Cu(1)-Br(2)' 89.40(8) Br(2)—Cu(1)-Br(2) 91.76(3)
N(16)-Cu(1)-Br(2)’ 91.36(9) Cu(1)-Br(2)-Cu(1) 88.24(3)
Br(1)-Cu(1)-Br(2)' 166.91(2)

Symmetry transformations used to generate equivalent positions: 1 (i) —x, —y + 2, —z + 1;4 (1) —x + 1, -y + 1, —z + 1.
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Fig. 6 Capped-stick representation of the 2D layers formed by 5.
Hydrogen atoms have been omitted for clarity and a selected 48-
membered ring is indicated by orange bonds.

which is also coordinated to the Cu ion of an adjacent strand.
It is interesting that crystals of both 6 and 7 were isolated from
a solution containing a M : L ratio of 1 : 4.

[CuL(H,0)(NO3),] . (8). In 8 the Cu ions are in a square-
based pyramidal coordination environment.§ The vertices of
the square base are occupied by two ligands L situated trans to
one another (Cu-N = 1.966(4) and 1.959(3) A), and by two
trans-coordinated NOj3 anions (Cu—O = 2.041(3) and 2.033(3)
A). The apical position is occupied by a water molecule (Cu—-O
= 2.269(3) A). A 1D strand running parallel to [101] is formed
(Fig. 9) in which neighbouring Cu ions are linked to one
another by means of a single bridging ligand L. The ligated
water molecules and nitrate ions cooperate in the formation of
hydrogen bonds that link strands to one another along [010]
and result in 2D layers (see ESIi for details of hydrogen
bonding parameters) (Fig. 10).

Effect of molar ratios

It is interesting to compare the effect of the solution M : L
molar ratios for the CuCl,-2H,O and CuBr, salts with regard
to the resulting M : L ratios in the solid state. In both cases,
when the relative M : L ratio is high (i.e. 4 : 1), a dinuclear
complex with an overall M : L ratio of 1 : 1 is formed. Indeed,
these complexes (1 and 4) are structural analogues of one
another and also pack in the same manner. When the M : L
ratio is low (i.e. 1 : 4), an infinite 1D strand with M : L = 1:21is
formed in both cases. The most significant difference between
the structures of 2 and 3 is the nature of the apical coordination
sites of the octahedra. In 2, these sites are occupied by chloride
ions which are hydrogen bonded to non-coordinated methanol
molecules. In 3, the apical sites are occupied by water molecules

Fig. 7 Capped-stick representation of the 1D strands formed by 6.
Hydrogen atoms have been omitted for clarity and nitrate ions are
shown in the ball-and-stick metaphor.

Fig. 8 Capped-stick representation of the 1D strands formed in 7.
Ligand hydrogen atoms have been omitted for clarity and hydrogen
bonds are indicated by dotted red lines.

which hydrogen bond to non-coordinated bromide ions.
Although the formation of 1 to 4 from either high or low
M : L molar ratios as described above is somewhat intuitive, it
is less obvious why 1 : 1 solutions might produce vastly
different results for CuCl,-2H,O and CuBr,. In the former,
the solution 1 : 1 ratio is reflected in the resulting solid state
complex 1. However, in the case of the latter, the 1 : 1 solution
yields the same solid state structure as the 1 : 4 solution (i.e. 3
with M : L = 1 : 2). Perhaps the simple explanation is that
under the conditions of crystallisation, Cu binds more readily
to Cl than to H,O, but more readily to H>O than to Br.

It is more revealing to compare the four structures obtained
using Cu(NO3),-H,0 (5-8) with one another than with those
obtained from CuCl,-2H,0 and CuBr, (1-4). Only one struc-
ture (i.e. 8) was observed to crystallise from the solution with
M : L = 4:1 and, as may be expected, this structure has the
highest M : L ratio (i.e. 1 : 1). In contrast, structures 5 to 7 all
have a M : L ratio of 1 : 2. Structure 6 forms from both the 1: 4
and 1 : 1 solutions and is reminiscent of the structures of 2 and
3. This perhaps indicates that this structure type is preferred for
this particular ligand when the M : L ratio is less than or equal
to unity. Of significant interest is that the 1 : 4 and 1 : 1
solutions both yielded two different crystal forms (see phase
identification in the ESI): form 5 crystallised concomitantly
with form 6 from the 1 : I solution (estimation of ca. 6 vol% of
5 and 94 vol% of 6 in the resulting mixture—see ESIT), whereas
a few blue crystals of 7 appeared after a few weeks among
violet crystals of form 6 from the 1 : 4 solution, probably due to
the influence of water molecules. Form 6 shares similarities
with both 5§ and 7. The coordination environments about the
metal centres in both 5 and 6 consist of octahedra with ligands
L at the corners of a square plane, and nitrates at the apical
positions. The major difference is that 5 forms a 2D network
while 6 forms a 1D chain. Forms 5 and 7 both form 1D chains
with each metal centre linked to its neighbour by means of two
ligands L. In both structures, L occupies the corners of a
square plane of the octahedra but, whereas the apical positions

Fig. 9 Capped-stick representation of the 1D strands formed in 8.
Ligand hydrogen atoms have been omitted for clarity.
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Fig. 10 Capped-stick representation of the formation of 2D layers in
8 by hydrogen bonding, with hydrogen bonds indicated as dotted red
lines.

of 6 are occupied by nitrate anions, these positions are occu-
pied by methanol molecules in 7.

Nomenclature

A comparison of the structures of 5 and 6 raises interesting
questions about the nomenclature of crystal forms.'* Since 5
and 6 have the same structural formula (i.e. [Cu,L(NO3)5]..),
it is tempting to consider these forms to be concomitant
polymorphs!!' of one another. Polymorphism can loosely be
described as different arrangements of the same structural
component(s). As suggested by Desiraju,’® the definition of a
structural unit can be subjective: when one considers interac-
tions such as hydrogen bonds, coordination bonds and cova-
lent bonds, the question of whether 5 and 6 are polymorphs of
one another depends on where one draws the line with regard
to the formation of atomic or molecular networks. Most solid-
state chemists would probably agree that polymorphs could
have different hydrogen bonding patterns, but not different
covalent connectivity. However, does one classify coordina-
tion bonds together with hydrogen bonds or with covalent
bonds in this context? We believe that the latter is more
appropriate and that a good analogy is provided by a com-
parison of the structures of cisplatin and transplatin. These
compounds are simply structural isomers that can be consid-
ered as distinctly different such that their structures would not
be considered to be polymorphs.

Conclusions

We have conducted a systematic study to show that the metal-
to-ligand molar ratio in solution plays an important role with
regard to the structures of the resulting crystals. In general, the
use of excess ligand leads to the formation of extended one- or
two-dimensional polymeric systems. In one case, we observed
the concomitant crystallisation of different crystal forms from
the same solution, and we believe that this phenomenon is
probably more common in coordination chemistry than it is
generally thought to be. In many cases there may be no
obvious difference in crystal morphology or the colour of
concomitant forms, and this fascinating phenomenon might
thus go unnoticed without the routine (albeit tedious) applica-

tion of X-ray powder diffraction to screen the bulk crystalline
material.

Experimental
Reagents and materials

All commercially available chemicals were of reagent grade
and were used without further purification. The ditopic ligand
1,3-bis(imidazol-1-ylmethyl)benzene (L), was synthesised by
the Sn2 reaction of imidazole with o,o/-dibromo-m-xylene.
The metal complexes were obtained in methanol (40 ml) by
usinga l:1,1:4 and 4 : 1 ratio of metal salt to ligand,
respectively. The phase composition of the crystals that de-
posited, was verified using X-ray powder diffraction of the
bulk solid material in each case.

X-Ray crystallography

Single-crystal X-ray diffraction data were collected on a
Bruker SMART APEX'"® diffractometer equipped with gra-
phite-monochromated Mo-Ka radiation (4 = 0.71073 A). The
crystals were coated with Paratone-N oil and mounted on a
glass fiber. Data collection was carried out at 100(2) K to
minimise solvent loss, possible structural disorder and thermal
motion effects. Cell refinement and data reduction were per-
formed using the program SAINT!® and all empirical absorp-
tion corrections were performed using SADABS.!” Each
structure was solved by direct methods using SHELXS-97'7
and refined by full-matrix least-squares methods based on F*
using SHELXL-97'" and using the graphics interface program
X-Seed.'® The programs X-Seed and POV-Ray'® were both
used to prepare molecular graphics images. All non-hydrogen
atoms were refined anisotropically. All hydrogen atoms, ex-
cept the O-H hydrogen atoms obtained from a difference
Fourier map and refined independently, were positioned geo-
metrically with C-H = 0.95 (aromatic), 0.98 (methyl) and 0.99
A (methylene) and refined as riding on their parent atoms,
with Uio(H) = 1.2 Ugq (C) and 1.5 Uyq (methyl C). X-ray
powder diffraction (XRPD) intensities for the products of
different M : L molar ratios with nitrate counterion (ESIi)
were measured at 293 K on a Bruker D8 Advance Diffracto-
meter (Cu-Ka, 4 = 1.54056 A).

Crystal data for 1

CogHpsCl4CuyNg, M = 745.46, green block, 0.34 x 0.25 x
0.16 mm?, monoclinic, space group P2i/c (no. 14), a =
9.0726(13), b = 7.3982(11), ¢ = 223193) A, B =
98.604(2)°, VV = 1481.2(4) A, Z = 2, D. = 1.671 g em >,
Fooo = 756, Mo-Ka radiation, 4 = 0.71073 A, T = 100(2) K,
20max = 56.6°, 8203 reflections collected, 3413 unique (Rjy, =
0.0408). Final GooF = 1.114, R1 = 0.0532, wR2 = 0.1098, R
indices based on 2835 reflections with 7 > 2a([) (refinement on
F?), 190 parameters, 0 restraints. Lp and absorption correc-
tions applied, y = 1.832 mm™'.

Crystal data for 2

C30H36C12CUN302, M = 67511, blue pI'iSl’Il, 0.24 x 0.11 x
0.09 mm?>, orthorhombic, space group Pnnm (no. 58), a =
17.992(3), b = 7.6710(12), ¢ = 11.3090(18) A, V' = 1560.8(4)
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A3, Z=2,D.=1436¢g em 3, Fooo = 702, Mo-Ka radiation,
4 =0.71073 A, T = 100(2) K, 20ax = 56.5°, 9262 reflections
collected, 1949 unique (R;,, = 0.0514). Final GooF = 1.123,
R1 = 0.0453, wR2 = 0.0944, R indices based on 1605
reflections with 7 > 2a(I) (refinement on F?), 111 parameters,
0 restraints. Lp and absorption corrections applied, u = 0.913

mm~".

Crystal data for 3

CogH3,Br,CuNgO,, M = 735.98, blue prism, 0.18 x 0.15 x
0.08 mm?, triclinic, space group PI (no. 2), a = 8.683(2), b =
8.762(2), ¢ = 10.844(2) A, o = 75.252(4), B = 67.904(4), y =
80.906(4)°, V = 737.4(3) A>, Z = 1, D, = 1.657 gcm >, Fyq
= 371, Mo-Ko radiation, 2 = 0.71073 A, T = 1002) K,
20max = 56.5°, 8492 reflections collected, 3382 unique (R, =
0.0632). Final GooF = 1.020, R1 = 0.0542, wR2 = 0.0970, R
indices based on 2466 reflections with I > 2¢([) (refinement on
F?), 195 parameters, 3 restraints. Lp and absorption correc-
tions applied, g = 3.491 mm™'.

Crystal data for 4

CogHpgBryCu,Ng, M = 923.28, green block, 0.28 x 0.24 x
0.21 mm?®, monoclinic, space group P2i/c (no. 14), a =
9.264(5), b = 7.469(4), ¢ = 22.621(11) A, B = 98.926(9)°, V'
= 1546.3(14) A3, Z = 2, D. = 1.983 gcm ™, Fyp0 = 900, Mo-
Ko radiation, 2 = 0.71073 A, T = 100(2) K, 20,.x = 56.9°,
9476 reflections collected, 3639 unique (R, = 0.0428). Final
GooF = 1.009, R1 = 0.0344, wR2 = 0.0777, R indices based
on 3051 reflections with I > 2a(l) (refinement on F?), 190
parameters, 0 restraints. Lp and absorption corrections
applied, u = 6.578 mm~'.

Crystal data for 5

CygHosCuN 9O, M = 664.14, violet prism, 0.28 x 0.20 x 0.11
mm?, monoclinic, space group P2;/c (no. 14), a = 11.336(5), b
= 9.369(4), ¢ = 13.865(6) A, B = 103.089(8)°, V = 1434.3(11)
A%, Z =2,D. = 1.538 gcm 3, Fyop = 686, Mo-Ka. radiation,
4 =0.71073 A, T = 100(2) K, 20,ax = 56.8°, 8758 reflections
collected, 3332 unique (R;,, = 0.0501). Final GooF = 1.061,
R1 = 0.0536, wR2 = 0.1089, R indices based on 2671
reflections with 7 > 2¢(I) (refinement on F?), 205 parameters,
0 restraints. Lp and absorption corrections applied,
= 0.824 mm".

Crystal data for 6

CosHo3CuN 14O, M = 664.14, violet block, 0.18 x 0.15 x 0.13
mm?, monoclinic, space group C2/c (no. 15), a = 14.821(6), b
= 8.908(4), ¢ = 21.365(9) A, B = 93.632(8)°, V = 2815(2) A%,
Z =4,D, = 1.567 gcm >, Fyoo = 1372, Mo-Ko radiation, A
= 0.71073 A, T = 100(2) K, 20,max = 56.5°, 8521 reflections
collected, 3247 unique (Rj,, = 0.0489). Final GooF = 1.177,
R1 = 0.0785, wR2 = 0.1485, R indices based on 2716
reflections with I > 2¢(I) (refinement on F?), 205 para-
meters, 0 restraints. Lp and absorption corrections applied,
& = 0.840 mm~'.

Crystal data for 7

C53H70CU2N1801(), M = 145040, blue prism, 0.24 x 0.18 x
0.13 mm?, triclinic, space group PI (no. 2), a = 8.7647(14),

b = 10.8794(17), ¢ = 16.984(3) A, o = 89.797(3), f =
89.368(3), y = 84.603(3)°, V = 1612.2(4) Az = 1, D, =
1.494 gcm ™, Fypo = 754, Mo-Ko radiation, A = 0.71073 AT
= 100(2) K, 20,,.x = 56.7°, 18918 reflections collected, 7524
unique (R;,, = 0.0805). Final GooF = 1.012, R1 = 0.0811,
wR2 = 0.1743, R indices based on 4628 reflections with 7 >

26(I) (refinement on F?), 463 parameters, 13 restraints. Lp and

absorption corrections applied, ¢ = 0.747 mm™ .

Crystal data for 8

C14HsCuNgO;, M = 443.87, blue plate, 0.16 x 0.14 x 0.03
mm?, monoclinic, space group P2,/n (no. 14), a = 9.841(4), b
=8.311(3), ¢ = 21.919(8) A, B = 101.047(7)°, V = 1759.4(11)
A, Z =4,D. = 1.676 gcm >, Fyoo = 908, Mo-Ko radiation,
A= 071073 A, T = 100Q2) K, 20 = 56.6°, 10495
reflections collected, 4040 unique (R, 0.0655). Final
GooF = 1.034, R1 = 0.0673, wR2 = 0.1313, R indices based
on 2712 reflections with I > 2¢(I) (refinement on F), 261
parameters, 3 restraints. Lp and absorption corrections
applied, ¢ = 1.295 mm™".
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