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Crystal Chemistry of the 4,4-Dimethyl-2,2'bipyridine/Copper Bromide System
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The reaction of 4,4dimethyl-2,2-bipyridine (henceforth dmbp) with copper(l) and/or copper(ll) bromide under

a wide variety of conditions has led to the isolation of 10 different crystalline materials. These include one Cu(l)
salt, [Cu(dmbpyBr (a distorted tetrahedral Cu species and a latticei@n); two mixed valence Cu(l,ll) compounds,
[Cu(dmbp}Br][CuBr] (discrete 5-coordinated Cu(ll) and linear Cu(l) species) and Cu(ciBbP),Br; (linked
5-coordinate Cu(ll) and trigonal planar Cu(l) species); and seven Cu(ll) compounds, (dmbpjStadked planar
monomers), [(dmbp)CuB}(five coordinate bibridged dimers), (dmbp)Bu, (stacked planar bibridged dimers),
(dmbp)CuBp(DMSO) (five coordinate monomers), [Cu(dmbR)]OH-5%,H,0 and [Cu(dmbpBr](Br/OH)-5Y

2H20 (five coordinate monomers), and (dmbpEuBry-H,O (distorted tetrahedral monomers). The crystal structure
determinations of these materials are reported. A common thread in their structural chemistry is the supramolecular
architecture developed through interdigitation of the dmbp rings on neighboring molecular species. The
interdigitation leads to layer structures in many of the materials. The distances between the interdigitated dmbp
rings are in the range 3-8.7 A. The Cu(dmbppBr* species exhibits an exceptionally large distortion from
tetrahedral geometry due to deviation of the dihedral angle between the mean planes of the Cu(dmbp) fragments
from 90°. The Cu(dmbpBr* cations have distorted trigonal bipyramidal geometry, the iBn occupying an
equatorial position. The length of the €Br bond in the Cu(dmbpBr species is correlated with the change in
dihedral angle between the planes of the two dmbp ligands. The mono-dmbp complexes show a greater variation
in coordination geometry for the Cu(ll) species, including distorted trigonal bipyramidal and augmented square
planar 4+ 1 and 4+ 2 coordination.

Introduction excited-state distortions and on redox beha¥iour laboratory
has had a strong interest in the stereochemistry and structural

Metal ion complexes with bidentate ligands continue to be . . .
P g chemistry of copper(ll) halide complexes and in the character-

of strong interest in many areas of chemistry. Ligands based '™ . .
on the 2,2bipyridine (bpy) and the>-phenanthroline frame- ization of their thermal and magnetic properttds.the course

works have played a particularly important role because of the _Of t_he synthesis of these compounds, we have observed frquent
imbeddedr electron system present. Their complexes with metal Incidents of autoredox processes, particularly when the halide
ions spanning much of the periodic table have led to a wide 'S bromide. This has led to aninterest in the preparation of mixed
variety of systems with interesting structural, spectroscopic, vale_nce _CU(I)/CU(”) halide complexes _and in the crystal
catalytic, biomimetic, etc. propertiéCopper complexes have ~€ndineering of extended Cu(l) halide Iattlcfes. o

been studied for a variety of reasons, including interest in their 1N 1999, Hammond et al. reported an investigation of the
properties as catalysts in organic synthesis and in control of hydrothermal synthesis of a variety of materials in the Cu(l)/
polymerization reactions, efcOther recent studies of Cu(lly ~ Cu(ll)/Br/bpy systent! This included both Cu(l) and Cu(ll)
with o-phenanthroline type ligands have focused, for example, SPecies, as well as the existence of a mixed valence Cu(l/1l)
on the effect of substituents on the ground state as well as
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species. One of the observed structures involved a one- (a) [Cu(dmbp),]Br (1). A mixture of 0.5 mmol CuBr, 1.0 mmol
dimensional polymer based on the aggregation of planar four dmbp, and 4 mL wate_rwere placed in a closed test tupe and h_eld at 90
coordinate Cu(ll)(pby)Brspecies. Here the coordination sphere °C for 24 h. After cooling to room temperature, the solid material was
of the copper(ll) ion is augmented by two longer semicoordinate filtered off. It consisted primarily of reddish-orange platelets. A crystal

Cu—Br bonds in the formation of the polymeric chain structure.
A second reported structure contained a mixed valence syste
of Cu(Il)(bpy):Br+ monomers linked to Cu(lBrs?~ oligomers

via Cu(Il)=Br—Cu(l) bridges. In this system, the five-coordinate
copper(ll) ion has a distorted trigonal bipyramidal geometry
while the anionic oligomer has copper(l) ions with either a

of dimensions 0.4< 0.2 x 0.05 mm was selected for X-ray analysis.
The compound is triclinic, space grolfi, with a = 7.671(2),b =

M 1.478(3)c = 13.808(3) Ao = 95.01(2),8 = 100.92, angy = 109.09

with Z = 2.

(b) Cu[(dmbp).Br](OH) -5%,H,0 (2). A 1:1:1.6 mole ratio mixture
of CuBr, CuBg, dmbp was dissolved in 40 mL of water in a 50 mL
beaker. The solution was slowly evaporated until near dryness, at which

trigonal planar geometry or a tetrahedral geometry. In a more time thin green slats had crystallized. A crystal with area 0f:0.8.2

recent repofe of their study of the Cu(l)/Cu(ll)/en system (en

mm and a thickness of less than 0.02 mm was used for the data

= ethylenediamine), the authors reported two mixed valence collection. The apparent space group for the monoclinic lattié®ie

systems: Cu(en)GBr; and Cu(en)CgBr;. Both contain Cu(l)

bromide chains stabilized by the formation of semicoordinate

bonds between the Cu(ef) species and halide ions associated
with the Cu(l) bromide chain. In the former case, the chains
consist of face-shared CuBtetrahedra, while in the latter the
chains are formed by the formation of €Br bridges between
pentagonal bipyramidal GBr-2~ oligomers. On the other hand,

with a = 51.952(10)b = 7.775(2),c = 14.098(3) A, ang8 = 105.67-
(3)° with Z = 8.

(c) [Cu(dmbp).Br](Br/OH) -5%,H,0 (2) and [Cu(dmbp).Br]-
[CuBr 2] (3). A mixture of 0.5 mmol CuBr, 0.5 mmol CuBr0.8 mmol
dmbp, and 2 mL water were place in a closed test tube held &90
for 24 h. After cooling to room temperature, the solid material consisted
of pleochroic crystals a2, reddish-orange crystals tfand green rods
of 3. A thin slat of 2" with dimensions 0.5x 0.2 mm and less than

because of their importance as polymerization catalysts, Levy 0.02 mm thick was selected for X-ray analysis. The structure is
et al have recently looked at the structure of one of the products monoclinic,P2/c, with a =13.390(3) b = 7.487(2),c = 14.449(3) A,

of the reactions of 4,4substituted bipyridines with CuBf.They
obtained a salt that contained a distorted tetrahedral Cu(gbpy)
cation and a linear CuBT anion (sbpy= substituted bpy).
Another structural type for Cu(l)/sbpy complexes is theBr
dimer as observed by Skelton et al. inB(bpy),?" where

andp = 105.85(3) with Z = 2. For3, a green, nearly opaque crystal
of dimensions 0.3« 0.3 x 0.1 mm was selected and analysis gave a
triclinic cell, space groupPl, with a = 8.8329(5),b = 11.2819(6) ¢
= 14.0647(7) Ao = 99.956(2),8 = 100.252(2), angy = 94.901(23
with Z = 2.

(d) Cu(dmbp).BrCu,Br; (4). A mixture of 0.5 mmol CuBr, 0.5

the CuBgN; coordination sphere has a distorted tetrahedral mmo| cuBg, 0.05 mmol CuO, 0.8 mmol dmbp, and 2 mL water were

geometry. These examples represent the typical coordinationpiace in a closed test tube held at 80 for 24 h. After cooling to
geometries observed for copper(l) and copper(ll) species in room temperature, the solid material consisted of opaque needles of

bipyridine type complexes.

Our interest in bipyridine-based systems has focused 6n 4,4
dimethyl-2,2-bipyridine (henceforth dmbp) complexes, follow-
ing our synthesis of the novel dimer complexes (dmbp)Gu
(X = ClI, Br).% During our initial investigation, several different
complexes were isolated, in addition to the (dmbp)XCu
complexes. Following the publication of Hammond e#'aif

in addition to smaller amounts of crystals identified1a®, and6. A
crystal with dimensions 0.% 0.075 x 0.075 mm was used for the
X-ray study. This compound is also triclinic, space grdlp with a
= 8.5021(3),b = 10.8577(4)c = 15.591(1) A,a = 89.116(2),8 =
82.644(2), andy = 79.418(2 with Z = 2.

(e) [(dmbp)CuBrj], (5). Evaporation of a 1:1 mixture of CuBand
dmbp dissolved in water at € yielded thin purple plates. A brown,
nearly opaque crystal 0.6 0.1 x 0.02 mm also gave a triclinic unit

their study of the bpy system, we decided to further investigate el with space groupPl, with a = 7.4524(3),b = 9.6154(3),c =

the dmbp system, with the hope of isolating new mixed valence 11.5976(1) Ao = 107.821(2),8 = 97.491(2), ands = 112.248(2)
or Cu(l) halide systems. In this paper we report the results of with Z = 2.

our crystal chemistry study of the system, which resulted in
the isolation of 10 different crystalline substances.

Experimental Section

Synthesis.Initial synthetic strategies simply involved the crystal-
lization by slow evaporation of aqueous containing varying molar ratios
of CuBr, and dmbp. The CuBlmbp ratios were varied between 1:1
to 3:1. A small amount of HBr was added to the solution to retard
hydrolysis of Cu(ll). In one case, crystallization from concentrated HBr

(f) (dmbp)CuBr, (6). Evaporation of a 1:1 mixture (0.10 mol) of
CuBr, and dmbp dissolved in 50 mL of water acidified with a small
amount of concentrated HBr at room temperature yielded pleochroic
needles. A crystal 0.% 0.2 x 0.15 mm was chosen and yielded a
monoclinic space groug;2/c, with a = 18.32(4),b = 9.817(2),c =
7.483(2) A, ang8 = 107.86(33 with Z = 4.

(9) (dmbp)Cu.Br4 (7). Evaporation of 50 mL of acidified aqueous
solution containing a 2:1 ratio (0.20 and 0.10 mol) of Curdmbp
at room temperature yielded purple multifaceted crystals. A purple
crystal 0.4x 0.2 x 0.15 mm was chosen and yielded a monoclinic

solution was carried out while, in another case, DMSO was used as aspace groupC2/c, with a= 17.3718(5)b = 13.3189(1)c = 7.4432-

solvent. Following the report of Hammond et #la modification of

their procedure was used to attempt to further explore the crystal

chemistry of this system. To reduce the risk of air oxidation for the
Cu(l) salt and the mixed valence Cu(l/ll) materials, excess solid

(2) A, andB = 110.686(2) with Z = 4.

(h) (dmbp)CuBr,(DMSO) (8). Crystallization of an equimolar
mixture of CuBp and dmbp (0.10 mol) from 50 mL DMSO acidified
with a few drops of concentrated HBr yielded green crystals. A small

materials were placed in a small test tube in a hot mineral oil bath at crystal of dimensions of approximately 01 0.2 x 0.2 mm was
90 °C and hot water was added. The tube was then sealed with a rubberse|ected for x_ray analysisl The structure is monoclinic space group,
septum. The tubes were held at that temperature for 24 h and thenpp /c, with a = 8.142(1),b = 15.395(3),c = 14.472(2) A, ang3 =

allowed to cool to room temperature. A wide variety of ratios of CuBr,
CuBr, CuO, and dmbp were used, similar to the ratios utilized by

103.21(1y with Z = 4.
(i) (dmbpH3)CuBr4-H,O (9). Evaporation of a 1:1 mixture (0.10

Hammond et al. The solid materials were separated and crystals selecteghol) of CuBr, and dmbp dissolved in 30 mL concentrated (18 M) HBr

for diffraction studies.

Starting Materials. CuBr(Baker), CuBr(Aldrich), CuO(Baker),
dmbp (Aldrich), DMSO(Fisher) and HBr (Fisher) were used without
further purification.

(6) Willett, R. D.; Bond, M. R.; Pon, Glnorg. Chem.199Q 29, 4160.

at room temperature yielded purple platelets. A sample with dimensions
roughly 0.2x 0.4 x 0.4 mm was chosen for X-ray work. The analysis
yielded a monoclinic space groug:/c, with a= 7.930(2),b = 12.645-
(2), c = 18.494(3) A, ang3 = 102.40(2) with Z = 4.

The varying conditions under which the reactions were carried out
have lead to the formation of compounds with various Cu(l)/Cu(ll)/
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Table 1. Crystallographic Data for Compounds-4 and5—9
1 2 2 3 4
chem formula GqH24N4CUBI' CZ4H37N406_5CUBI' CZ4H35_1N405_6CUBF1_9 Cz4H24N4CUZBr3 C24HQ4N4CLbBI'4
a A 7.671(2) 51.982(10) 13.390(3) 8.8329(5) 8.5021(3)
b, A 11.478(3) 7.275(2) 7.487(2) 11.2819(6) 10.8577(4)
c A 13.808(3) 14.098(3) 14.449(3) 14.0647 15.5912(1)
o, deg 95.01(2) 90 90 99.956(2) 89.116(2)
B, deg 100.92(2) 105.67(3) 105.85(3) 100.252(2) 82.644(2)
y, deg 109.09(2) 90 90 94.90(2) 79.418(2)
Vv, A3 1113.3(4) 5133(2) 1393.5(5) 1348.63(12) 1403.10(7)
z 2 8 2 2 2
fw 255.96 628.02 687.15 735.28 878.73
space group P1 P2/c P2/c P1 P1
, 298 298 298 298 298
A, A 0.71073 0.71073 0.71073 0.71073 0.71073
Dealo, g CNT3 1.527 1.625 1.638 1811 2.080
w, mmt 2.793 2.46 3.61 6.040 7.969
R12 0.0472/0.0595 0.124/0.180 0.0588/0.0745 0.0736/0.0970 0.106/0.155
WR2 0.0916/0.0989 0.316/0.359 0.138/0.148 0.141/0.154 0.206/0.241
5 6 7 8 9
chem formula G4H24N4CWBry C1oH1N>CuBR C1oH1oNCwBry C14H1gN>,OSCuBs C1oH16N2OCuBry
a, 7.4524(3) 18.320(4) 17.3718(5) 8.142(1) 7.930(2)
b, A 9.6154(3) 9.817(2) 13.3189(1) 15.395(3) 12.645(2)
c, A 11.5976(1) 7.483(2) 7.4432(2) 14.472(2) 18.494(3)
o, deg 107.821(2) 90 90 90 90
S, deg 97.491(2) 107.86(3) 110.686(2) 103.21(2) 102.40(2)
y, deg 112.248(2) 90 90 90 90
vV, A3 703.10(4) 1281.0(4) 1611.13(6) 1766.1(5) 1811.1(6)
z 1 4 4
fw 815.19 407.60 632.96 485.76 587.48
space group P1 C2/c C2lc P2i/c P2i/c
) 298 298 298 298 298
A 0.71073 0.71069 0.71069 0.71069 0.71069
Dea, g CNT2 1.925 2.113 2.61 1.83 2.15
w, mmt 7.22 7.92 12.55 58.4 99.5
R1 0.142/0.185 0.0293/0.0359 0.0560/0.1777 0.0490/ 0.0463
wR2 0.358/0.401 0.676/0.0704 0.129/0.1578 0.0334/ 0.0501

*R1= 3 |[Fo| — [Fell/2|Fol% PWR2 = { F[W(Fo* — F)/ 3 [w(FH)F}H2

Scheme 1

dmbp

dmbp ratios. Given the nature of the coordination chemistry of both
the Cu(l) and the Cu(ll) ions, the redox active nature of the cu/Br
system, and the bridging capabilities of the"Bmions, it is unlikely

of dmbp to total copper is 2:1 for the Cu(l) sdlt,and two hydrated
Cu(ll) systems2 and2'. The ratio is 1:1 for the Cu(ll) polymorpHs
and6 (as well as forl8 and9, obtained from DMSO and concentrated
HBr solutions respectively). The ratio drops to 1:2 for the Cu(ll) dimer
system,7, and for the ionic mixed valence sat,Finally, the molecular

mixed valence compound, has a 1:3 dmbp/total Cu ratio.

X-ray Diffraction. Data for compound4—7 were collected on a
Bruker 3-circle platform diffractometer equipped with a CCD detector.
The frame data were acquired with the SMARSoftware at 295 K
using Mo Ko radiation ¢ = 0.71073 A) from a fine-focus tube. Final
values of the cell parameters were obtained from least squares

refinement of the positions of all observed reflections. A total of 1271
frames were collected in three sets and a final set of 50 frames, identical
to the first 50 frames, was also collected to determine crystal decay.
The data were processed using the SAINT softWakdsorption
corrections were performed using the SADABS8ogram. The struc-
tures were solved by direct methods or Patterson techniques using the
SHELX-90'° program and refined by least-squares method én F
SHELXL-93! incorporated in SHELXTL V 5.03? Hydrogen atoms

for the dmbp ligands were generally found on the difference Fourier
maps, except for the methyl protons. For the cases where the protons
were located, their positional and thermal parameters were usually
refined. When not located, they were included at calculated positions.
Hydrogen atoms for the lattice water moleculeiand2’ were not

included, for the reasons discussed below.
X-ray diffraction data for compoundsand9 were collected with a
SyntexP2; diffractometer, upgraded to Siemens P3 specifications, and

equipped with a graphite monochromator. Lattice constants were
that all possible crystalline materials have been isolated, particularly if Obtained from 25 accurately centered high angle” (2720 = 35°)

more extreme thermal conditions were to be employed. The variation 'eflections. Data were collected out t6 2 45° and those withF,| >

in composition of the compounds obtained can be best represented by30(F) retained for structure analysis.Data were corrected for
construction of a three component phase diagram (Scheme 1). The raticdbsorption utilizing psi scan data assuming an ellipsoidal shaped crystal.

(7) SMART V 4.045 Software for the CCD Detector Systmker AXS

Inc.: Madison, WI, 1996.

(8) SAINT V 4.035 Software for the CCD Detector SystBraoker AXS

Inc.: Madison, WI, 1996.

(9) SADABS, Program for absorption correction for area detectBraker

AXS Inc.: Madison, WI, 1996.

(10) Sheldrick, G. M.SHELXS-90, Program for the Solution of Crystal
Structure University of Gdtingen: Germany, 1986.

(11) Sheldrick, G. MSHELXL-97, Program for the Refinement of Crystal
Structure University of Gdtingen: Germany, 1997.

(12) SHELXTL 5.10 (PC-Version), Program library for Structure Solution

and Molecular GraphicsBruker AXS Inc.: Madison, WI, 1997.



4,4-Dimethyl-2,2bipyridine/Copper Bromide

The structure solutions were obtained via the direct methods routine
SOLV in the SHELXTL crystallographic packag&The hydrogen
atoms for the lattice water molecule3rwere located on the difference
Fourier map and their positional and thermal parameters refined.

The structure solution and refinement for all structures was
straightforward except f& and2'. Both compounds grew as very thin
slats and larger crystals examined were invariably twinned. Thus it
was necessary to collect data on small crystals where the diffracted
intensity was marginal, even for a system with a CCD detector2For
there were two complications encountered in the refinement. First, the
structure analysis indicated that crystals2btontained a mixture of
Br~ and OH anions as lattice counterions. Data were collected on
crystals from three different syntheses. The observed fraction of bromide
ion roughly ranged from about 0.6 to 0.9 in these three samples. The
structure reported in this paper is for the sample with the highest
percentage of bromide ion. Because of the nonstoichiometric nature of
the counteranions, the structure also indicated a disorder in the location
of the lattice water molecules. For this reason, no attempt was made to
locate their hydrogen atoms or position them in calculated positions.
A further complication arises because of the ambiguity of the space
group, P2/c or Pc. The structure reported is for the refinement in the
centrosymmetri®2/c space group. Since it is possible that the observed
disorder is due to refinement in the incorrect higher symmetry group,
refinement was also pursued in tRe space group. However, it was
more difficult to model the disorder, and the refinement led to a higher
R; value. Hence, it was concluded that th2/c refinement provides
the best description of the structure at this stage.

The refinement o was also beset by multiple problems. The unit
cell initially indexed as orthorhombic with lattice constants of ap-
proximately 51.6x 7.5 x 14.5 A. Elucidation of a probable orthor-
hombic space group was ambiguous and initial solution attempts were
not successful. Examination of the weighted reciprocal lattice plots
clearly indicated a 4-fold superlattice structure parallel toafraxis.

The recognition of a close match between kthandc lattice constant

of 2 and2' suggested a close relation between the two structures and,
indeed, it was possible to transform the orthorhombic cel ofto a
monoclinic lattice with nearly the same valuestpt, andy as for2'

and with a 4-fold multiplication of the lattice constant. Finally, because

of this, the compound crystallizes with inherent twinning, given by
the twin law matrix

[102,0-10,00-1]

With this assumption, a preliminary refinement of the structure has
been obtained which delineates the essential features of the structure.
However, at this point, it has not been possible to use appropriate
restraints to constrain the anisotropic thermal parameters to be positive
definite on al C and N atoms. Further refinement of the structure is
planned and will be reported in a specialized journal.

Table 1 summarizes the most important structural and refinement
parameters for the 10 compounds. Tables 2 and 3 give the bond distance
and angle information for the copper coordination spheres in the various
compounds, while Table 4 gives some of the relevant dihedral angles.
Full crystallographic details for all structure determinations are available
as Supporting Information.

Structure Descriptions

The Copper(l) Complex: [Cu(dmbp);]Br (1). This com-
pound consists simply of isolated cations and Bnions (Figure
1a). The four coordinate Cu(l) cation has distorted tetrahedral
geometry. Part of the angular distortion is forced by the “bite”
of the bidentate ligand that leads to an averagedd—N angle
of 80.7(2¥. The Cu-N distances average 2.047(11) A. The
dihedral angle between the two Cuilanes is 54.2 This is
probably dictated by the intermolecular forces involvimgr

(13) Nicolet Crystallographic Systems User’s Guidelease 81.3; Nicolet
X-ray Instruments, 1985.

(14) Sheldrick, G. MSHELXTL, version 5.1; Nicolet X-ray Instruments,
1985.
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Table 2. Cu—Ligand Bond Distances
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Figure 1. (a) lllustration of the asymmetric unit df [Cu(dmbp}]Br. Thermal ellipsoids shown at the 50% probability level. (b) Packing diagram
for 1 as viewed down thé axis. The large cross-hatched circles are the iBns.

Table 3.

(a) Bond Angles for Compounds-4?

angle/compound

2 2 2 3 4
Cu(1) Cu(2)
N(1)—Cu—N(1) 80.8(2) 78.3(5) 78.0(13) 80.4(2) 79.3(3) 81.2(8)
N(11)—-Cu—(N11) 80.6(2) 78.9(5) 84.1(13) 79.1(4) 81.0(7)
N(1)—Cu—N11) 114.1(2) 123.2(5) 102.9(13) 122.7(3) 96.3(1) 101.0(8)
N(1)—Cu—N(11) 145.5(2) 100.3(5) 121.4(10) 98.3(2) 108.3(3) 178.1(8)
N(1')—Cu—N(11) 145.2(2) 100.3(5) 174.4(13) 172.4(4) 129.6(8)
N(1')—Cu—N(11) 105.2(2) 177.7(5) 90.6(11) 172.2(3) 96.3(3) 97.7(8)
T 0.91 0.88 0.82 1.07 0.81
N(1)—Cu—Br(1) 118.3(4) 120.6(9) 118.7(1) 120.8(2) 89.2(6)
N(1')—Cu—Br(1) 91.8(4) 91.3(8) 91.4(2) 92.5(2) 108.7()
N(11)-Cu—Br(1) 118.5(5) 92.9(9) 95.1 121.6(6)
N(11')—Cu—Br(1) 90.5(4) 116.9(8) 130.9(2) 89.7(6)
(b) Bond Angles for Cu(ll) in Compounds—8
angle/compound 5 6 7 8
N(1)—Cu—N(1')/N(1i) 80.9(7) 79.6(2) 81.3(4) 80.4(2)
N(1)—Cu—Br(1) 96.0(5) 95.0(1) 96.7(2) 94.3(2)
N(1')—Cu—Br(2)/Br(1i) 96.2(6) 177.0(2) 98.4(2)
Br(1)—Cu—Br(2)/Br(1i) 97.13(13) 90.69(4) 85.5(1) 104.2(1)
N(1)—Cu—Br(2)/Br(1i) 147.8(7) 173.0(1) 104.5(2)
N(ZLi)/N(1i)—Cu—Br(1) 159.3(7) 157.4(2)
(c) Coppefr-Bromine Bond Angles for Compoun@®s4, 7 and9
angle/compound 3 4 4 7 9
Cu(1) Cu(2)
Br(1)—Cu—Br(2) 175.8(1) 125.7(2) 91.20(3) 123.4(1)
Br(1)—Cu—Br(3)/Br(1i) 123.7(2) 93.74(6) 100.9(1)
Br(2)—Cu—Br(3)/Br(1i) 110.7(2) 174.12(5) 102.3(1)
Br(1)—Cu—Br(4)/Br(2i) 105.5(2) 99.8(3)
Br(2)—Cu—Br(4)/Br(2i) 131.2(2) 84.06(4) 101.1(2)
Br(3)—Cu—Br(4) 123.4(2) 130.6(1)
2 The quantityr is defined in the text.
Table 4. Dihedral Angles
pyridine ring CUN,/CuN, CuN,/CuBF, CuBr/CuBr, Cu—Br distance
compound planes (deg) planes (deg) planes (deg) planes (deg) A
1 ligand 1/2 8.8/11.5 54.2
2—Cu(1) ligand 1/2 1.9/4.1 59.3 2.462
2—Cu(2) ligand 1/2 4.0/4.0 58.0 2.473
2 3.4 57.7 2.515
3 ligand 1/2 5.6/4.1 72.0 2.400
4 ligand 1/2 2.2/7.9 51.2 2.550
5 2.2 36.9
6 5.6 64
7 4.8 3.1 4.8
8 24 76.7
9 69.3

and van der Waals interactions between dmbp ligands. In theof N(1) through C(7) form interdigitated stacks parallel to (1 1

structure ofl, the Cu(dmbp)"™ and the Br ions form inter-

0). The interligand distances alternate between 3.462 and 3.462

penetrating pseudo-diamond-like lattices. The ligands composedA. In contrast, the pyridine rings of ligands composed of N(11)
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&C7
Figure 2. lllustration of the [(dmbp)CuBit, dimer in 5. Thermal
ellipsoids shown at the 50% probability level.

through C(17) overlap with pyridine rings of neighboring
ligands lying in the (1 0 4) plane, as seen in Figure 1b. This
packing is not as efficient with inter-ligand distances alternating
between 3.420 and 4.165 A. In both ligands, a small but
significant torsional rotation about the 2,£—C bond is
observed, with dihedral angles of 8.8nd 11.5, respectively,
between the planes of two pyridine rings of the bipyridine
ligands. Examination of packing diagrams clearly illustrates that
this is due to packing forces, so that adjacent pyridine rings

oo

remain parallel to each other. Figure 3. (a) lllustration of the (dmbp)CuBrmonomer in6. (b)
Several comparisons can be made with other Cu(sbpy) Stacking of monomers is. Thermal ellipsoids shown at the 50%
cations?®15The bite angles are restricted to the-82° range probability level.

by the rigid geometry of the bidentate bipyridine ligand.

However, the dihedral angles between the gpMnes show a  stronger dimer interaction exists, with the semicoordinated Cu
wide variation. Goodwin et a6 report typical values in the ~ Br distance now at a more normal value of 3.055 A and the
range 60-70°, with distortions from ideal geometry attributed  primary coordination is closer to planar (trans#u—Br angles

to crystal packing forces. Levy et &F however, found a  of 171.5 and 16879. However, this allows the dimers to
dihedral angle of 89 0while the other extreme is found in our ~ aggregate in dimer pairs with a second semicoordinateRzu
salt, 54.2. They also report dihedral angles between the pyridine bond formed by one of the copper atoms at 4.014 A.

rings of the sbpy ligands of 2.5 and 15.®ur observed values (b) (dmbp)CuBr (6) and (dmbp)CuBr4 (7). Both of these

for these dihedral angles are intermediate. structures have previously been describ&dalthough structural
The Mono(dmbp) Cu(ll) Complexes: [(dmbp)CuBr2], (5) details of the latter have not been givEhhese two monoclinic
(dmbp)CuBr, (6), (dmbp)CwBr4 (7) and (dmbp)CuBrz-’ C2/c structures are very closely related to each othes, lilme

(DMSO) (8). These four compounds are each characterized by CU(!l) ion, which sits on a 2-fold axis, has a cis planar geometry
a single dmbp ligand coordinated to a Cu(ll) ion. The first three (Figure 3a) with the bidentate dmbp ligand and two bromide

contain a neutral (dmbp)CuBspecies as the primary building NS in the_ primary coordln_at|on sphere.b 2'If'he _monocllmc
block. The structure o6 differs from that of the other two in ~ compound is isostructural with (bpy)CuB>2" which also

the extent of connectivity’5 contains dimer species whig belongs to the space groge/c. The (dmbp)CuBr moieties
and7 are polymeric. The structures of these latter two are closely @5Sémble into polymeric stacks through the formation of longer
related; the former containing stacks of monomers while in the Sémicoordinate CerBr bonds of 3.147(1) A. This is illustrated
latter dicopper units are the basis of the stacks. Finall\g, in

in Figure 3b. The repeat pattern seen is that figure is designated
the DMSO ligand enters the primary coordination sphere to form & 2(1/2,1/2)(1/271/2) stack in the Geiser notatiéh A slight
a monomeric five-coordinate complex.

twist in the copper coordination sphere is observed, with the
(a) [(dmbp)CuBr3] (5). In this triclinic compound, pairs of

dihedral angle between the Cplind CuBs planes of 5.6. In
(dmbp)CuBs species are weakly linked into dimeric molecules 7, & second CuBrgroup is appended to the (dmbp)CuBr
around centers of inversion via very long ©Br interactions

moiety, forming the planar dimeric unit illustrated in Figure
of 3.718 A, as seen in Figure 2. Because of this interaction, the

4a, where the second Cu(ll) ion also assumes a nearly planar
primary coordination geometry is distorted toward tetrahedral. four-coordinate geometry. Thus the polymeric stacks formed
The trans N-Cu—Br angles are compressed to 1484dnd

have the same translational symmetry6aas shown in Figure
159.3 while the dihedral angle between the Guand CuBs 4bh. The semicoordinate bond distances in the dimer stacks are
lanes is 36.9 The Cu atom is displaced 0.20 A out of the 3.098(1) and 3.256(1) A.
pl f th .b' idine i dt pt th b' ide i (c) (dmbp)CuBry(DMSO) (8). In this compound, a DMSO
pang otthe |.pyr| i€ ligand, frans fo the roml.e on. molecule inserts itself into the copper coordination sphere,
This weak dimer structure can be compared with that found ye|ding a distorted square pyramidal complex. This is illustrated

for a 3,3-dicarboxylic acid substituted bpy compléxHere a i, Figure 5. The nitrogen atoms of dmbp, the oxygen atom from
(15) (a)Goodwin, K. V.; McMillin, D. R.; Robinson, W. Rnorg. Chem. (16) (a) Atria, A. M.; Baggio, R.; Garland, M. T.; Gonzalez, O.; Manzur,
1986 25, 2033. (b) Munakata, M.; Kitagawa, S.; Ashara, A.; Masuda, J.; Pena, O.; Spodine, E. Crystallogr. Spectrosc. Rek993 23, 943.
H. Bull. Chem. Soc. Jpri987, 60, 1927. (c) Dobson, J. F.; Green, B. (b) Garland, M. T.; Grandjean, D.; Spdine, E.; Atria, A. M.; Manzur,
E.; Healy, P. C.; Kennard, C. H. L.; Pukawatchai, C.; White, A. H. J. Acta Crystallogr.1988 C44, 1209. (c) Menon, S.; Rajasekharan,

Inorg. Chem.1984 37, 649. M. V.; Tuchagues, J. Anorg. Chem.1997, 36, 4341.
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Figure 4. (a) lllustration of the (dmbp)Gir, dinuclear species if. (b) Stacking of the dinuclear units in The stacks propagate in tfee

direction. Thermal ellipsoids shown at the 50% probability level.

Figure 5. lllustration of the asymmetric unit 08, (dmbp)CuBs-
(DMSO). Thermal ellipsoids shown at the 50% probability level.

Figure 6. (a) Packing diagram fob as viewed from the direction.
Theb axis is horizontal. (b) Packing diagram féis viewed from the
c direction. Theb axis is horizontal.

DMSO, and Br(1) form the base of the pyramid with Br(2)
occupying the apical site. The apical €Br distance of 2.635-
(1) A is substantially longer than the basal-€Br length of

Figure 7. lllustration of the Cu(dmbpBr* cation in 2'. Thermal
ellipsoids shown at the 50% probability level.

A unifying factor in the structures &, 6, and7 is the nature
of the m—m stacking interactions that provide the molecular
superstructure. All of these three compounds form layered
structures through interdigitation of the dmbp ligands, as shown
in Figure 6a and b fos and6, respectively. These figures show
the close relationship between the polymorphic structurés of
and6 even though the molecular geometries in the two structures
appear to be disparate. The uniform CpBhain in6 distorts
via dimerization. Concomitantly, the extent of interdigitation
of the dmbp ligands increases. This leads to a shortening of the
intermolecular distances within the layer with a large increase
in the distance between layers. There is a surprisingly large
increase in volume in this process, with the volume per formula
unit increasing from 320.25 to 355.553Aan 11% increase.
These structural results are consistent with DSC measurements
on 6, which show the onset of a phase transitiom&0 °C
(presumably to th& structure), followed by thermal degradation
above 105°C. This increase in volume is reflected in a
corresponding increase in the distance between the interdigitated
dmbp ligands. The distance between the dmbp moleculés in
is 3.39 A, while in5 the distances alternate between 3.67 and
3.77 A. This leads to an increase in their thermal motion, with
the values of lyin 5 being 50% larger than those @ Similar
interdigitation of dmbp ligands occurs 8) but this leads to a
chain type structure in this case.

It is worthwhile to compare the polymorphism observed for
(dmbp)CuBs to that observed for the Cugbpy) system’
where two polymorphs also exist. One of the polymorphs in
the latter system is isomorphous@pin which each Cu atom
attains a 4+ 2 geometry through the formation of bibridged
stacks. The Cu atoms in the second polymorph, however, have

2.439(1) A, as anticipated for a square pyramidal complex. The @ 4+ 1 coordination through the formation of mono-bridged

trans basal angles are essentially equal, with BrQ)—N(1')
= 157.4(2) and N(1>-Cu—0O = 157.0(2). The dmbp ligands

on pairs of adjacent molecules overlap with a distance of 3.53

A between the planes of the pairs of ligands.

(17) (a) Garland, M. T.; Grandjean, D.; Spodine, E.; Atria, A. M.; Manzur,
J. Acta Crystallogr.1988 C44, 1209. (b) Hernandez-Molina, M.;
Gonzalez-Platas, J.; Ruiz-Perez, C.; Lloret, F.; Julvelridrg. Chim.
Acta 1999 284, 258.
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Figure 8. (a) The layered structure @i viewed parallel to thé axis. Thec axis is horizontal. Layers of cations are separated by layers of hydrated
bromide and/or hydroxide ions. Thermal ellipsoids shown at the 50% probability level. (b) View of one of the layers, illustrating the intemdigitatio
of the dmbp ligands.

stacks, rather than the dimerizationsnA consequence of this . 0 — =5 2
stacking pattern is that all of the bpy ligands lie on the same %- Cu2A) % CuBl
side of the stack. Hence, no interdigitation of ligands occurs. o % Py ’%""
Interconversion between these two polymorphs will be less facile >
than in the (dmbp)CuBrsystem.

The Bis(dmbp)Cu(ll) Complexes: [Cu(dmbp)Br](OH) -
1/,H,0 (2) and [Cu(dmbp).Br](Br/OH) -5%,H,0 (2'). These
two closely related compounds are the most enigmatic of this
series of compounds. Both compounds are formed under similar .
conditions an% crystals have i(?entical and very characteristic 0-1 A longer than that of 2.419 A observed in Cu(by)

8 o . h
morphologies-very thin slats. The only difference in the crystals (BF4).2® The cause of this IS not read|ly apparent, since there
of the two compounds is in their optical properties. The OH are no short hyd_rogen bonding Interactions that ”?'ght lead to a
salt, 2, has a light blue color. In contrast, the mixed BOH" lengthening of this bond. The €Br bond distances in the OH

salts are nearly opaque when viewed normal to the large faceSall: 2. are intermediate in length (2.463(2) and 2.470(4) A).

with ordinary light, but are strongly green/brown pleochroic The structural results dt and2’ again clearly demonstrate

when observed with polarized light (the stronger adsorption the major mfluencg the—z supramolecular interactions have
occurring when the electric vector is parallel to the long axis on dictating the solid-state structures. The layer nature of these

of the slat). This similarity carries over the crystal lattice, where, two materials was demonstrated in Figure 8a and b gives a view

as documented in the Experimental Section, the unit celt of of one of these layers, illustrating how the interdigitation of
is a 4-fold multiple of the unit cell of ' the dmbp ligands leads to the development of this layer structure.

The basic building block of both structures is the five- Adjacent cations are related by centers of inversion, so that the

coordinate Cu(dmbpiBr™ cation, illustrated in Figure 7 from planes of the_ interdigitated dmbp ligands are p_arallel to each
the structure oR'. These cations lie in layers that are parallel other. The d'Staﬁce betv_vegn adja_cen_t plane3 3 3.46 A.

to thebc plane as seen in Figure 8. Again interdigitation of the | "€ depth of the interdigitation, which is not particularly deep,
dmbp ligand is the driving force for the formation of these 'S SUCh, that the C(3),C(4) type bonds on adjacent ligands are
layers. The cationic layers are separated by the disordered"’lppmx'mate'y superimposed.

anionic [X(H.0)s< " layers, where = Br— or OH". This is The Mixed Valence Compounds: [Cu(dmbp) Br][CuBr 7]
illustrated in Figure 8a foP'. In both2 and 2, the cations lie ~ (3) @nd Cu(dmbppBrCu2Brs (4)'+ These two compounds
on 2-fold axes of rotation that run parallel to theaxis, with contain the copper(ll) Cu(dmbr™ moiety, similar to those

the Cu and Br atoms lying on these axes. Adjacent laye®s in present in2 and 2, gocrys?alli_zed with cqpper(l) bromide
are related by primitive translations parallel to thexis so ~ SPecies. Compoung is an ionic salt consisting of the Cu-

o . . .
that the CeBr bonds retain the same orientation from one layer (dMPPYBr™ cations and linear CuBr anions (Figure 10). In
to the next for translation parallel to (1 0 0). In contrast2jn contrast4 contains molecular species in which the Br atom on

the orientation of the CtBr bonds assumes H1 repeat the Cu(dmbpBr* cation is linked covalently to one of the Cu-

sequence for translation in that direction, as illustrated in Figure (!) 1ons, as illustrated in Figure 11. In this manner a planar
9 q 9 bibridged binuclear CiBr,4 unit is developed in which both Cu-

' S o ; ; I) ions have a trigonal planar geometry.
The Cu(dmbpBr+ cation in 2' has nearly ideal trigonal ( ) . . S .
pyramidal geometry with the axial Njt-Cu—N(1') angle of The Cu(dmbpBr* cations retain their basic trigonal bipy-

177.2(3Y and the equatorial anales of NATU—N(1) = 122.7- ramidal geometry in both compounds. The major difference is
@) ar(ldyN(l)—Cu—grz 118.7(19)’. The dﬁllg:dral asn)gle between in the length of the CuBr bond. The observed distance of
the two CuN planes defined by the bidentate ligands is 57.7 2.400(2) A in the isolated cation Bagrees well with that for

These angular values are typical of other Cu(sify) cations?18 the corresponding isolated Cu(bg8) " ion in the BR™ salt°
g P ( The elongation observed i (2.558(4) A) is consistent with

(18) (a) Hathaway, B. J.; Murphy, Mcta Crystallogr.198Q B36 295. the expectations for a bridged system. Angular distortions from
(b) Khan, M. A.; Tuck, D. GActa Crystallogr.1981, B37, 1401. trigonal bipyramidal geometry remain relatively small (Table

:

Figure 9. lllustration of the repeat sequence of Cu(dmBp) ions
parallel to thea axis in 2.

Surprisingly, the Ce-Br bond length of 2.515(2) A is nearly
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Figure 10. lllustration of the asymmetric unit of the mixed valence
[Cu(Il)(dmbp)Br](Cu(l)Br,) species in3. Thermal ellipsoids shown
at the 50% probability level.

Figure 13. lllustration of the packing i4 as viewed from thea
direction. Thec axis is horizontal.

a—m dimer pairs with adjacent molecules, with interplanar
spacing of 3.63 and 3.55 A, respectively. The:Biy moieties

> lie roughly parallel to the dmbp planes, preventing the dmbp
Figure 11. lllustration of the asymmetric unit of the mixed valence |igands from forming infinite stacks.
Cu(Il)(dmbp}BrCu(l).Br, species id. Thermal ellipsoids shown at
the 50% probability level.

The isolated CuBsr anion in3is nearly linear (B-Cu—Br
= 175.8(1)) and symmetrical (CtBr = 2.204(2) and 2.208-
(2) A). These distances are somewhat shorter than average value
of 2.216(10) A for 12 linear CuBr anions reported in the
Cambridge Structural Databa%eOnly one other structure has
a report of shorter CuBr distance£® This is reasonable, given
the lack of any possible hydrogen bonding. The':8,
bibridged species id is essentially planar, with small distortions
from trigonal planar geometry for both Cu(l) atoms (Table 3c).
For Cu(2), the equatorial angles range from 110.7(2) to 125.7-
(2)°, while for Cu(3), the variation is greater, ranging from
105.5(2) to 131.2(2) The bridging Cu-Br distances are all
longer (2.425 A(ave.); range 2.377(5) to 2.492(5) A) than for
the terminal Ct+Br distances (2.281(5) and 2.334(5) A). Despite
this, the acute CaBr—Cu angles in the moiety (67.9(2and
69.0(2Y) yield a short Ct-Cu distance of 2.729(6) A. These
distances and angles are consistent with those found in isolated
CwBr4 anions?! In these previous reports, the bridging-€u
Figure 12. lllustration of the packing in3 as viewed from the Br distances range from 2.438 to 2.488 A, the terminat-8u
direction. Theb axis is vertical. distances vary from 2.239 to 2.334 A, while the bridging-Cu

Br—Cu angles lie between 64.82 and 73.75

3a). Unusual intermolecular interactions in these two compounds  One noteworthy feature of the structureis the Cu(lly-

are Br(1)-Br(1) contacts of 3.796 and 3.712 A, respectively. Br—Cu(l) bridging angle of only 84.7(2) While it is tempting
These distances are substantially shorter than the sum of theo ascribe this to lone pair localization on the Bon induced

Br van der Waals radii (3.9 A). by formation of the two CtBr bonds, in reality, this is dictated
Again, ther—zx supramolecular interactions lead to efficient |argely by packing forces. This acute angle allows theBEu
intermolecular packing of the dmbp ligands.3nthe CuBp~ moiety to lie nearly parallel to an adjacent dmbp ligand. It is

anions lie in layers roughly at= />, with the cations in layers this interaction, which helps prevent the interdigitation of the
aty = 0. Nevertheless, one set of dmbp ligands, comprised of dmbp ligands. It is interesting to note that the [Cu(draB}Cuu-
N(11)—C(17), is able to form interdigitated stacks parallel to

the b-axis with a spacing of 3.5 A. This is illustrated in Figure (19) Allen, F. H.; Kennard, OChem. Des. Autom. New993 8, 31—37.

12. The nature of the interdigitation alternates within the stack, (20) (a) Asplund, M.; Jagner, S.; Nilsson, Mcta Chem. Scand., Ser. A
with interdigitation of the full dmbp ligands within the cationic 1983 37, 57. (b) Andersson, S.; Hakansson, M.; Jagner,JS.
layers while only single methylpyridine rings stack between the ,, gﬁi‘gﬁ%d S,\ﬂécj%srféf;ﬁg%ﬁgmll‘géand. Ser.1984 38, 135,
anionic and cationic layers. In contrast, for the other set of dmbp (b) Canty, A. J.; Engelhardt, L. M.; Healy, P. C.; Kildea, J. D.:
ligands, comprised of N(£)C(7), only four are able to stack Minchin, N. J.; White, A. H.Aust. J. Chem1987 40, 1881. (c)
together in the (101) direction before other set of ligands ﬁjr;dserzisbsgen\}asi;qjgg-nf;}n ?r?;iiic\r}eqn]{rissf;%%r;?;é%%,g:(LS' ggg
interrupts the stack. As seen in Figure 13, the molecules in (e) Adams, H.; Candeland, G. Crane, J. D.. Fenton, D. E.; Smith, A.

lie in planes parallel to thac plane. Both dmbp ligands form J. Chem. Commuril99q 93.
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Bri3)

Cu

Br(4)

Br{2)
Brit)

Figure 14. lllustration of the asymmetric unit &, (dmbph)CuBr,.
Thermal ellipsoids shown at the 50% probability level.

Brs species cited in the Introducti§itan be recognized as dimer
of the Cu(dmbp)BrCuw,Br3 species .
The dmbpH,™ Salt: (dmbpH2)CuBr4-H,0 (9). This com-

Inorganic Chemistry, Vol. 40, No. 17, 2004351

of species is confirmed by a survey of the Cambridge Data
Basé® for CuL,X™ complexes (L= bpy or o-phenanthroline
based bidentate ligands) which yielded 137 hits. These species
show a range of geometries varying from trigonal bipyramidal
to square pyramidal. This has been characterized by the
parameter = (p1 — ¢2)/60 whereg; and ¢, are the largest
and second largest NCu—N angles** The value ofr = 1
corresponds to trigonal bipyramidal and= 0 to square
pyramidal geometry. Typical values lie in the range-0160,
indicating the trigonal bipyramidal limit is preferred, although
a fewr values in the range 0-10.2 have been fourff.For the
structure reported here, thevalues range from 0.81 to 1.07
(Table 3a), close to the trigonal bipyramidal limit. These values
are in general agreement with those found for a series of Cu-
(o-phenanthrolingBr™ complexe€?2 In that paper, it is seen
that ther values generally increase for the GX* series in

pound contains the diprotonated dmbp cation and the distortedthe sequence(Cl) < 7(Br) < z(l). Thus, large X species appear

tetrahedral CuB#~ anion (Figure 14). The two pyHrings are
now rotated 129.3about the C(2-C(2) bond. The rotation is
a balance between electrostatic repulsion between thel™
moieties and interactions between the-N* group and the
C(3)—H group. This torsional angle is substantially less than
observed in bpyA" salts, where they are in the range 152

to favor trigonal bipyramidal stereochemistry.

In contrast, the four coordinate Cu(dmbp)Bspecies is
extremely susceptible to expansion of its coordination sphere.
In this study, the Cu(ll) ion attains a 4 1 coordination
geometry in5, 4+2 geometry ir6 and7, and square pyramidal
geometry in8. Again, the crystallographic literature is rife with

160°.22 The crystal packing appears to be more dictated by the examples of CuLX species that aggregate into dimers, stacks

electrostatic interactions than—s the interactions, with little
overlap of the pyridinium rings. A substantial number of
structures containing isolated CuBr anions are known, with
23 cited in the Cambridge Crystallographic Datab&@sé/ith

the exception of two TTF-type salts that contain planar anions,

etc through expansion of the coordination geometry tb 4
or 4 + 2. A detailed analysis of the geometries of these types
of system would be a useful chapter in the analysis of the
stereochemistry of Cu(ll) complexes.

Distorted tetrahedral coordination geometry was observed in

the others all have average trans angles between 120 afd 140 this study for both the Cu(dmby) species and the CuBr

A significant feature of the structure is an interspecies contact species. Both show distortions from ideal tetrahedral geometry.
between Br(1) and Br(4) of 3.941 A. Contacts of this type have The distortions observed are consistent with the detailed analysis
proven to be effective antiferromagnetic superexchange path-performed by Raithly et &2on four coordinate Cu(l) and Cu-
ways?23 These contacts should lead to the development of one- () complexes. For the bis bidentate ligand complexes, as in

dimensional antiferromagnetic behavior.

Discussion

This study clearly demonstrates the wide variety of crystal

Cu(dmbp)™, they attribute the observed deviations between the
planes of the bidentate ligands from the ideaP @Mgle to
packing forces. The stacking interactions observed in this study
certainly support this conclusion. For the CiBrcations, the

chemistry that can be obtained through the interaction of an distortions have been shown to occur predominately along the

organic ligand with copper halides. In conjunction with the
structures of other sbpy complexes with Cu(l) and Cu(ll) halides,

D,q distortion pathway for th@®g, to Tq transformatioré?
Despite the wide variety of structural chemistry exhibited in

it is possible to draw several conclusions concerning the naturethis study, it comes short of demonstrating all of the possible
of the complexes formed. From the mixed valence materials, it Structural varieties. For example, bpy forms a hydroxy-bridged
is evident that Cu(l1)/dmbp complexes are more stable than the dimer with copper(ll) bromic®rather than the [Cu(dmbBr]-

corresponding Cu(l)/dmbp complexes. The Cu(l) ion is found
to form either the Cu(dmbp) cation or two- and three-
coordinate anionic copper(l) bromide species. With dmbp, the
dominant species for copper (ll) are clearly the trigonal
bipyramidal Cu(dmbpBrt cation and variations of the Cu-
(dmbp)Bgk complex. Larger dmbp/Cu(ll) ratios favor the forma-
tion of compounds containing the Cu(dmi)" species, while
excess CuBris able to force the formation of the unusual
(dmbp)CuBr4 dimer system.

The stereochemistry of the Cu(dmbB)™ cations observed
in this is close to trigonal bipyramidal. Significantly, this cation
does not distort through the formation of additional bonds. It
can either stand alone in the lattice, or the bromide ion can
bridge to other copper species, aglimhe stability of this type

(22) (a) Ma, G.; llyukhin, A.; Glaser, Acta Crystallogr.200Q C56, 1473.
(b) Troyanov, S. I.; Rybakov, V. B.; Mazo, G. N.; Il'inskii, A. LZh.
Strukt. Khim.1989 30, 193.

(23) (a) Albrecht, A. S.; Landee, C. P.; Sanic, Z.; Turnbull, M. Mol.
Cryst. Lig. Cryst1997, 305, 333. (b) Hammar, P. R.; Dender, D. C;
Reich, K. H.; Albrecht, A. S.; Landee, C. P. Appl. Phys1997, 81,
4615.

OH-6Y/,H,0 salt found in this study. A bibridged [Cu(bpy)-
Br], dimer has been reported, with bridging Br atothlore
recently, a bibridged [Cu(bpy)(Cug)]. dimer has been reported
in which the bridging species are linear CyrChnions?® In
addition, the copper(l) bromide species can take on four-
coordinate geometry and assemble into extended struéf#es.

(24) (a) Harrison, W. D.; Kennedy, D. M.; Ray, N. J.; Sheahan, R.;
Hathaway, B. JJ. Chem. Soc., Dalton Tran$981, 1556. (b) Nagle,
P.; O'Sullivan, E.; Hathaway, B. J.; Muller, E. Chem. Soc., Dalton
Trans 199Q 3399. (c) Addison, A. W.; Rao, T. N.; Reedijk, J.; van
Rijn, J.; Vershoor, G. CJ. Chem. Soc., Dalton Tran984 1349.

(25) (a) Murphy, G.; O'Sullivan, C.; Murphy, B.; Hathaway, Biorg.
Chem 1998 37, 240. (b) Bush, P. M.; Whitehead, J. P.; Pink, C. C.;
Gramm, E. C.; Eglin, J. L.; Watton, S. P.; Pence, Llitarg. Chem.
2001, 40, 1871. (c) Potocnak, I.; Dunaj-Jurco, M.; Miklos, D.; Massa,
W.; Jager, L.AActa Crystallogr.2001, C57, 363.

(26) (a) Raithby, P. R.; Shields, G. P.; Allen, F. H.; Motherwell, W. D. S.
Acta Crystallogr 200Q B56, 444. (b) Keinan, S.; Avnir, DJ. Chem.
Soc., Dalton Trans2001, 941.

(27) Healy, P. C.; Pakawatchai, C.; White, A. . Chem. Soc., Dalton
Trans.1985 2531.

(28) Cui, Y.; Chen, J.; Chen, G.; Ren, J.; Yu, W.; QianA¢ta Crystallogr.
2001, C57, 349.
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One of the common structural themes in these structures arestate. In4, the Cu(ll) ion is coordinate by one of the Br atoms
the intermolecularr— stacking interactions between the dmbp from the nearly planar bibridged GBI~ species. In the bpy
ligands. It is probable that in the mixed valence species, for complex, the Cu(l)/Br moiety has aggregated into a stair step
example, the optimization of these interactions determine tetramer. The two Cu(bpyy" fragments coordinate to terminal
whether the copper(l) bromide species forms isolated anionsBr atoms of the resultant GBrg*~ oligomer. The Cu(bpy)

(3) or are bridged to the Cu(dmb®r* speciesf). It is clearly Cw,Cl, structure is very intriguing, containing both isolated
these interactions that stabilize the layer structur2 and 2, linear CuC}~ anions and Cu(l) chloride chains decorated with
as well as irb, 6, and7. Thus the structural chemistry of copper/ Cu(bpy) moieties. The Cu(l) chains have stoichiometry
sbpy complexes will be very dependent upon the nature of the {[Cu(bpy)]2(CuClg)Cu} ;"= are built up from CuClg dimeric
substituents appended to the bpy ligand. This is evident in the units formed by edge sharing two CuGétrahedra. The Gu
examination of Cu(sbpy) structure¥ where the dihedral angle  Cls synthon units are linked into chains by Cu(l) ions and capped
between the two bpy planes varies from the nearly ideal by the Cu(bpy¥" species. In all three of these cases, the Cu-
tetrahedral value of 300 the minimal value of 54 2observed (Il) ion has a distorted trigonal bipyramidal stereochemistry. In
in this study. While thexr—s interactions are extremely contrast, for the en system, the Cu(l)/Br subsystem now forms
important in the determination of the solid state structures in infinite (CuBr),"~ chains of edge-shared tetrahedra. Without
these systems, they are not unusually strong. For example, interminal halide ions, the Cu(efJ species now can only form
the silver(l) dipyridyl ketone complexes, the inter-ring distances semicoordinate Gu-Br bonds to the bridging bromide ions in
are in the range 3.123.20 A, compared to the 3-8.7 A the chain. Thus it attains a 4 2 elongated octahedral
observed in these structures. stereochemistry in contrast to the other two.

One intriguing question that is raised in this study is the  Finally, it should be stated that any extrapolation of the
source of the variation of CuBr bond lengths in the Cu-  structural chemistry present in the solid state to what is present
(sbpy)Brt species. Comparison of the values observed for the in solution is extremely tenuous, especially concerning extended
two mixed valence compounds strongly suggest that this distanceinteractions. The lability of the Cu(ll) coordination sphere for
is influenced by the formation of a bridging CuHBr—Cu(l) mondentate ligands means that it is likely that the Cu(dmbp)-
interaction (2.400(2) A foB vs 2.558(4) A for4). However, Br, species undergoes at least partial dissociation in solution.
the distances i and2' are intermediate in value (2.47(ave.) The stability of the Cu(sbpyBrt cations are probably sufficient
A'in 2 and 2.515(2) A ir2') and there are no strong hydrogen for its retention in solution, as supported by the recent EXAFS
bonding interactions evident in those structures to explain the study of copper/bpy in styrene solutioisHowever, their
elongation. Examination of Table 4 reveals an interesting suggestion of a Cu(ll)Br species does not seem reasonable.
correlation between the CtBr distance and the dihedral angle While compounds with that stoichiometry are known, they
between the dmbp ligands coordinated to the copper ion. It is always aggregate in the solid state so that the Cu(ll) ion attains
seen that the larger the dihedral angle, the shorter theBZu a higher coordination number.
bond. This correlation extends to the other Cu(skpry) species
report_ed in the literatur€:’” This is logical since interligand Facility at the University of Idaho is gratefully acknowledged.
repulsions between the C(6) and Q(Bydrogen atoms force .
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the dmbp ligands to twist away from an eclipsed configuration.
The longer the CuBr distance, the more space that will exist Supporting Information Available: For compoundd—7, seven
for this twist. In addition, given the importance of the-z X-ray crystallographic files, in CIF format; for compounéisand 9,
discussed above, it is likely that the observed-Bu distances tables listing data collection and refinement details atomic positions
represent a balance between thesex interactions and ant_al equiv_alent isotropic thermal parameters, bond distances_ gnd anglgs,
interspecies interactions involving the bromide ion. an'sotr?p'c thﬁrﬂlalfparaTeéers, and hhyflrogen at%m S/OS'EonS' This

Another lesson reiterated in this and other studies is that the materialls available free of charge via the Intemet at hitp://pubs.acs.org.
solid-state structure cannot be predicted from the stoichiometry.1C010229V
An example of this are the four compounds Cu(dmGp)Br, - :
gl)’ chu(bpyh]cu“BrS]’Zf Cu(bpy)@uz_CIfo and Cu(enCuy- (30) fg\;zeh%amauer, G.; Scider, F. A.J. Chem. Soc., Dalton Trans.

r+,“d which all have the same stoichiometry. Nevertheless, the (31) ickelbick, G.; Reinohl, U.; Ertel, T. S.; Weber, A.; Bertagnoli, H.;
structures all exhibit different connectivities in the crystalline Matyjaszewski, K.Inorg. Chem.2001, 40, 6.
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