Inorg. Chem.2001,40, 809-811 809

Notes

Dimeric Cu(l) Bromide Species Consisting of l, two compounds containing Gl¢*~ anions formed by the
Two Edge-Shared Tetrahedra: Crystal Structure edge-sharing of two CuxXtetrahedra have been reporfed.
of (CgH14N2)-,Cu,Brg Higher oligomers are generally formed by edge, corner, or face

sharing of either triangular CuX or tetrahedral CuX~ species.

. These include trimeric (edge sharing of triangular and tetrahedral

Salim Haddad species)? tetrameric (edge sharing of triangular specfés),
Department of Chemistry, University of Jordan, Pentameric (face sharing of tetrahedral spediesid hexameric

Amman, Jordan complexes (more complex structur@§everal one-dimensional
networks are also known involving primarily edge sharing or

Roger D. Willett* face sharing of tetrahedral specfé&?Interestingly, the extended

structures proposed by Subramanian and Hoffrhaliitontain

edge-shared tetrahedral species.

Subramanian and Hoffmahhave discussed the factors that
enter into the formation of oligomeric and polymeric anionic
Cu(l) halide species. In the examination of the known structures,
_ one significant structural feature is the existence of short{2.6
Introduction 2.9 A) Cu—Cu contacts with acute CtX—Cu bond angles.

One of the current interests in our laboratory has been the Examples in which a halide ion bridges two, three, four, or five
synthesis of extended anionic copper(l) halide systems, espe-Cu(l) ions are known. This feature has been rationalized by
cially two-dimensional networks. Several synthetic strategies SuPramanian and Hoffmann in terms of the localization af sp
can be employed. One approach utilized extensively in crystal |one pairs on the halide ions upon formation of the-Gtbonds.
engineering is the use of small synthons or building blocks to One consequence of this lone pair formation, not fully appreci-
develop higher order oligomers and extended structures. A ated previously, is the ability of organoammonium cations to
second approach is the use of organic counterions as templatind'ydrogen-bond to the halide ions. This can help reduce the
agents based on their shape and their hydrogen-bondingcharge density on the halide ions, thus giving the possibility of
capabilities. formation of new oligomers. In addition, it should be possible

In the attempt to synthesize these anionic networks, it is 0 Use the structural features of the organic cations to template
desirable to identify possible synthons. The stereochemistry of Néw extended anionic copper(l) halide salts. Using this concept,
copper(l) halides appears to be relatively well-defined; linear We recently synthesized the first two-dimensional Cu(l) halide
two-coordinate species, trigonal planar three-coordinate speciesanionic network utilizing a bulky organic cation as a tempfate.
and tetrahedral four-coordinate species are the dominant ge- For neutral Cux complexes with coordinating ligands, several
ometries observed, although distortions, both angular and radial,Fécurring structural motifs have been identified, primarily by
can be rather severe in the last species. This regularity in White'>and co-workers and by Hékand co-workers. The same
coordination geometry is not surprising, given tH& config- progress has not been made with the anionic systems, and it is
uration of the central Cu(l) cation and the spherical nature of Of interest to find new synthons and to establish structural motifs
the coordinating halide anions. Anionic copper(l) halides are that can be used to predict (or postulate) possible solid-state
known to form a number of oligomeric and polymeric spedies. Structures. In an attempt to further exploit these techniques, we
It is possible for the oligomers to serve as such synthons to have undertaken the synthesis of anionic copper(l) halide lattices
build extended structures. Known monomeric species include — _ - -
the linear Cu~ aniorf and the planar triangular CyX anion? ©) fgsg%[gb'*ibgg"’(%ﬁ"ﬂb'y”eﬁﬂf’ﬁiﬁlﬁﬁaﬁéﬁfﬁ%ﬁl '\(':"ﬁgrrrfggsgcg
Isolated tetrahedral CuX™ anions do not appear to be known 587
probably because of the high charge density that would be (7) (&) Hu, G.; Holt, E. MActa Crystallogr 1994 C50, 1578. (b) Asplund,

produced. Nevertheless, conceptually, it is an important synthon g’géﬂg?”g;gﬁ %ﬁfn'}egc‘;i? ”ﬁggpgsfosg’lgﬁ (¢) Andersson, S:
for higher oligomers. Two types of dimers based on triangular (gy Hartl, H.; Mahdjour-Hassan-Abadi, Rngew. Chem., Int. Ed. Eng|

species have been previously reported:;>Géanions formed 1984 23, 378.
by edge sharing of two of the triangular anibr®id CuXs3 (9) (a) Andersson, S.; Jagner, Acta Chem. Scand. 2989 43, 39. (b)

. . . _ Hartl, H.; Mahdjour-Hassan-Abadi, F.; Fuchs Ahgew. Chem., Int.
anions formed by corner sharing of two such aniofer X = Ed. Engl 1984 23, 514.
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Table 1. Crystal Data and Structure Refinement for
(m-Xylylenediaminium)Cu,Bre

Notes

Table 2. Cu and Br Bond Lengths [A] and Angles [deg] for
(m-XylylenediammoniumCu,Bre?

formula GH14BrsCuN,
fw 441.48
temp (K) 293(2)

A A 0.710 73
cryst syst monoclinic
space group P2,/c

a(d) 9.077(2)

b (R) 15.102(3)
c(A) 9.709(2)

p (deg) 97.87(3)

V (A3) 1318.4(5)
VA 4

Pcaic (Mg/m) 2.224

w (mm™2) 10.716
R1( > 20(1))2 0.0373
wWR2 (all data) 0.1157

*R1= 3 |[Fo| — IFcll/X|Fol. ®WR2 = FW(|Fo| — |Fcl)¥3WIFo[

utilizing bulky multifunctional organic cations as counterions.
In this paper, we report the isolation of a dimeric copper(l)
bromide synthon obtained as part of this effort.

Experimental Section

Synthesis.A total of 5 mmol m-xylylenediamine (Aldrich, 99%)
was added to 5 mmol of CuBr in 60 mL of ethanol that had been
acidified by the addition of 1.5 mL of concentrated HBr. The light-

Br(1)-Cu  2.4669(13) Br(3yCu#l  2.4308(15)
Br(2)—Cu 2.5033(14) Br(3)Cu 2.6698(17)
Cu#1-Br(3)—Cu 86.29(5) Br(3)#+Cu—Br(3) 93.71(5)
Br(3)#1-Cu—Br(1) 113.29(5) Br(1)Cu—Br(3) 110.97(5)
Br(3)#1-Cu—Br(2) 112.16(6) Br(2)-Cu—Br(3) 117.28(5)

Br(1)-Cu-Br(2) ~ 108.90(5)

a Symmetry transformations used to generate equivalent atoms. #1,
—x+1 -y, —z+ 1

Br1A)

Figure 1. lllustration of the structure ohf-xylylenediammoniumCu-
Bre. Thermal ellipsoids shown at 50% probabilities.

2.670(2) A. The terminal bonds show a much smaller spread
(2.467(2) and 2.503(1) A), averaging 0.07 A shorter than the
average bridging bond distance. The barely acute Bru-Cu
angle of 86.29(5) leads to an unusually long GCu contact

of 3.492 A. Because of the smaller than tetrahedrat Gu—

brown solution was stirred at room temperature. Colorless crystals were Br angle_(93._7(5‘)) in th_e bridging framework, significant
separated during stirring. The volume of the solution was increased angular distortions from ideal tetrahedral geometry occur. The

with 30 mL more of ethanol, and the solution was warmed tdG0

trans B-Cu—Br angle is also less than the ideal tetrahedral

and stirred for 5 min. The colorless crystals that separated upon coolingangle; all the rest are greater than ideal (up to 117°2(5)

were removed by filtration. A second crop came from the mother liquor
in 12 h. A single crystal with dimensions of 0.15 m®0.25 mmx
0.4 mm was mounted for structure determination.

X-ray Diffraction . Data were collected on a Bruker three-circle
platform diffractometer equipped with a CCD detector using the
SMART? software at 295 K using Mo & radiation ¢ = 0.710 73
A). The data were processed using the SAINT softwarand
absorption corrections were performed using the SADRR&gram.

The structures were solved by the direct method using the SHELX-

90 program and refined by the least-squares methdePpSHELXL-
938 incorporated in SHELXTL, version 5.08.The crystal used for

the diffraction study showed no appreciable decomposition during data

The m-xylylenediammonium dication has approximaie
symmetry, with the €N bonds nearly perpendicular to the
plane of the xylylene moiety. This minimizes the repulsive
interactions between the ring hydrogen atoms and the methylene
hydrogen atoms. EachNH3; moiety participates in four NH-
--Br hydrogen bonds: one short bond ©B.25 A and three
longer bonds of-3.5 A. The short bonds are to the terminal
bromine atoms, with N(1) forming a short bond to Br(2) and
N(2) to Br(1). Each—NHj3; group forms one hydrogen bond to
a bridging Br atom.

It is instructive to compare the structure reported here with

collection. Table 1 summarizes the most important structural and {he structures of the two Glg*~ anions previously reported

refinement parameters, while a list of important distances and angles

is given in Table 2. Figure 1 illustrates the molecular species.

Discussion

The structure consists of centrosymmetric bibridgesBtyi~
anions andn-xylylene diammonium cations. As illustrated in
Figure 1, the anion can be visualized as two fused GUBr

tetrahedra forming a dimeric copper(l) halide moiety. This edge-
shared arrangement of two tetrahedra forms the basis for a

The anion in [(py)dCH2].Cwls, Where (py)CH2t is the
dipyridinemethane catiotf has a geometry remarkably similar
to the geometry of the GBrs*~ anion reported in this study.
The bridging Ca-X—Cu angles are 86.67(3)n the iodide salt,
compared to 86.29(53)for the Br salt. Similarly, the bridging
geometry is asymmetric, with a difference of 0.169(2) A
compared to 0.239(3) A in the Br salt. In contrast, thelgu
anions in TiCwlg have a very different structufé, with
symmetric bridges and very acute €+-Cu angles of 60.77-

synthon to be utilized in the design and synthesis of extended (4)°. This difference is presumably due to the difference in the

anionic Cu(l-X structures.
In this structure, the bridging CtX—Cu linkage shows
significant asymmetry with CuBr distances of 2.431(2) and

(14) SMART, Software for the CCD Detector Systeension 4.045; Bruker
AXS, Inc.: Madison, WI, 1996.

(15) SAINT, Software for the CCD Detector Systerrsion 4.035; Bruker
AXS, Inc.: Madison, WI, 1996.

(16) SADABS, Program for Absorption Correction for Area Detectors
Bruker AXS, Inc.: Madison, WI, 1996.

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

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

(19) SHELXTL Program Library for Structure Solution and Molecular
Graphics PC version 5.10; Bruker AXS, Inc.: Madison, WI, 1997.

nature of the electrostatic interactions and the hardness associ-
ated with the two different cations. The*Tlons are tightly
bound on the triangular faces of the Guétrahedra. These
“hard” interactions compress the dimer, forcing the-CtCu
angles to be acute. In the (p@H22" salt, a much softer lattice
exists. Each dication in this salt wraps around one of the terminal
iodine atoms of the dimer. The asymmetric nature of this
interaction leads to the asymmetric bridging in the dimer.

The edge-shared @Xis*~ dimer can be recognized as a useful
synthon for developing extended structures. While two- and
three-coordinate Cu()X species are more common for mon-
omeric and dimeric species than four-coordinate geometries
because of electrostatic charge considerations, this will not be
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the case for extended systems. Here the existence of bridgingusually assume a structure that results from the fusion to a pair
(sharing) reduces the X/Cu ratio and so reduces electrostaticof (CuXz)n,"~ chains. The recently reported Alls structure
repulsions between the halide ions. Similarly, the use of (where &*is the paraquat catioHf can be visualized as Gu
hydrogen-bonding counterions can also be effective in reducing Clo oligomers fused into chains with the &ils synthons.
electrostatic repUlSionS and thus favors the formation of four- Supporting Information Available: An X-ray crystallographic file

coordinate species, as observed in this report. in CIF format for the compoundhgxylylenediaminium)CuBre. This
o material is available free of charge via the Internet at http://pubs.acs.org.
Examination of the known extended structures shows that
IC000672Q

the CuyXe synthon can be recognized in many of them. The

n— i i H
_(C_U)_(Z)” chains in the (paraquat)Cu)Structl.Jre.%O consist of (20) Scott, B.; Willett, R. D.; Porter, L.; Williams, Jnorg. Chem 1991,
infinite X synthons. The linear systems of stoichiometry A4 31, 2483.






