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Complexes of Cu(ll) derived from two new nonfacially coordinating heteroscorpionate ligands, (4-carboxyphenyl)-
bis(3,5-dimethylpyrazolyl)methane (L4c) and (3-carboxyphenyl)bis(3,5-dimethylpyrazolyl)methane (L3c), have been
synthesized and characterized by X-ray diffraction, ESI-MS, IR, and UV-vis spectroscopy, electrochemistry, and
magnetic susceptibility. The use of these new complexes as building blocks for the construction of supramolecular

architectures is discussed.

Introduction

The development of coordination polymers or metal

rational design of such systems is through molecular self-
assembly of simple building blocks and linké?s!® Poly-

organic frameworks (MOF) is of great current interest topic organic carboxylates and nitrogen heterocycles have

because of their potential applications in a variety of different

areas including molecular magnetidmi,electronic conduc-
tivity,% host-guest chemistry,® sensor$, and optical de-

vices!® These materials are constructed of metal centers
connected through organic ligands that can lead to extende

multidimensional topologies:*?2 One approach for the
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been widely used as bridging motifs in the development of

these metallosupramolecular complek&$® On the other

hand nitrogen-, oxygen-, and sulfur-based multidentate

scorpionate and heteroscorpionate ligands have been used
qalmost exclusively as nonbridging, facially coordinating
i

gands designed to enforce mononuclealtsf Recently,
however new bispyrazolyl derivatives and other scorpionate
ligands have been developed to generate metallosupramo-
lecular complexedt—25
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Metal Yield: 71%.'H NMR (500 MHz, d-chloroform): 6 2.18 (s, 6H,
} CHa), 2.238 (s, 6H, Ch), 5.912 (s, 2H, PzH), 7.017 (d, 2H,=
03,220 Metal 7.8 Hz, ArH), 7.753 (s, 1H, CH), 7.946 (d, 28l= 7.7 Hz, ArH).
o] / 13C (CDCh): o 168.99, 148.71, 141.40, 140.97, 130.64, 130.31,
3 127.22, 107.34, 73.92, 13.47, 11.56. FT-IR (KBrjcm™: vop)
© 3448 (br, carboxylate), 2920,vc-0) 1690 (carboxylic
acid), v (c=n) 1560 (s, pyrazolyl),yc-oy 1257, v(ay 753. mp:
HsG cHy S CHs 173(1)°C.
H ?‘ NN h H J 'I‘l N N (3-Carboxyphenyl)bis(3, 5-dimethylpyrazolyl)methane, L3c.
_—=N L\ =N ,‘\,\ This ligand was synthesized in a manner similar to that described
\ / \ / for L4c using 3-carboxybenzaldehyde in place of the 4-carboxy-
HaC Metal CHs HsC Metal CHs benzaldehyde. The white solid began to precipitate at pH 4.6.

Yield: 65%.H NMR (500 MHz, ((CD),SO): 6 2.08 (s, 6H, CHj),
Here we redesign several heteroscorpionate ligands and?-12 (S, 6H, CH), 5.92 (s, 2H, PzH), 7.23 (d, 2H, = 7.8 Hz,
explore their potential use as diatopic bridging units for the ArH), 7.50 (t 1H,J = 7.7 Hz, ArH), 7.66 (s, 1H, ArH), 7.92 (d,

- _2H,J=7.7 Hz, ArH).13C NMR: ¢ 166.97, 147.01, 140.24, 137.31,
development of new supramolecular assemblies. To ac-}41%0 130 7215007 128 51, 128,27, 106.40, 71.78, 13.45. 10.94,
complish this, we have altered the position of the X

. L FT-IR (KBr) v/cm™%. 3448, 2920, 1690, 1560, 1257, 753. mp:
functional group on the aromatic ring in theXNheteroscor- 206(1FC.

pionat_e Iigands. so that the_y can no anger function as _fac?ally Copper Complexes. Cu(L4c)o(H20)(Cl02), (1). A methanol
coordinating tridentate tripods but instead allow bridging sojution (10 mL) of ligand L4c (120 mg, 0.370 mmol) was added
interactions between metal nuclei. These new heteroscorpi-to an aqueous solution (10 mL) of Cu(G)@6H,0 (137 mg 0.370
onates can thus be expected to function as binucleatingmmol) at room temperature, and the mixture was stirred for 2 h.
ligands?® It is hoped that these binuclear blocks can, when The resulting green precipitate was collected by filtration, washed
combined with various linkers, produce unique and control- with methanol and water, and dried under vacuum for 2 h. Yield:
lable supramolecular architectures. This paper is the first of 166 mg (0.164 mmol, 89%). Anal. Calcd (Found) for i#c),-

a series of reports in which the full details of our work be (H20)A(ClO4)2]-2H;0, CseHacClo-CuNsgOss: C, 41.38 (41.45); H,
presented. We report herein the preparation, synthesis, and-44 (4.06); N, 10.72 (11.32). IR (KByyem™: 3415, 1558, 1487,
characterization of five potential copper-containing building 1436, 1109, 862, 769, 62Bmaf CHCN): 734 nMmosierr: 2.8441g

. - . lid, 295 K). ESI-MS: . 774, 873.
blocks and evaluate their ability to produce higher-order (so '.d‘ 95 K). ES .S mz , 873 .
structures Single crystals suitable for X-ray analysis were prepared by the

careful diffusion of a methanol solution of L4c containing sodium
methoxide into an aqueous solution of Cu(QK6H,0.

< Linkers Hetesoorpignate inkers == Cuy(L4c),Cl; (2). This complex was prepared in a manner
analogous to that of using CuC} in place of the perchlorate.
Yield: 425 mg (0.5 mmol 73%). Anal. Calcd (Found) for
[Cux(L4c),Cly]-3H,0, CaeHsCl,CNgO7: C, 48.11 (48.07); H, 4.93
(4.55); N, 12.47 (12.98). IR (KBny/cm™1: 3448, 1560, 1502, 1436,

<— Linkers Hetescorpionate Linkers — 1253, 858, 835, 766, 714w 2.75us. ESI-MS: miz (acetoni-
trile): 775, 810.
Experimental Section Single crystals suitable for X-ray analysis were prepared by the

Materials. All chemicals and solvents used during the syntheses careful diffusion of a methanol solution of L4c containing sodium

were reagent grade. Bis(3,5-dimethylpyrazolyl)ketone was prepared Methoxide into aqueous solution of CuCl

according to the procedure described by Peterson?&Gaution: Cu(L4c)acac(HO) (3). A methanol solution (10 mL) of Cu-

Perchlorate salts are dangerous (especially if they are dry) and (cac} (570 mg 2.17 mmol) was added to a methanol solution (10

should be handled with care. mL) of ligand L4c (706 mg, 2.17 mmol). The resulting dark green
Ligand Synthesis. (4-Carboxyphenyl)bis(3,5-dimethylpyra- solution was allowed to stand, and crystals were obtained by slow

zoly)methane (L4c).Bis(3,5-dimethylpyrazolyl)ketone (2.4 g, 11 evaporation. These were collected by filtration, washed with water

mmol) was placed in a 100 &mound-bottomed flask. 4-Carboxy- and ether, and dried under vacuum for 1 h. Yield: 625 mg (1.24
benzaldehyde (1.62 g, 10.8 mmol), CeG20 mg), and triethy- mmol, 57%). Anal. Calcd (Found) for [Cu(L4c)acae®]-2H.0,

lamine (4 mL) were then added. The mixture was heated to 120 C23H32C”N407:_1c_;' 51.15 (50.70); H, 5.97 (5.45); N, 10.37(10.55).
°C for 4 h with vigorous stirring, during which the mixture turned 'R (KBr) »/cm™™ 3416, 1592, 1552, 1519, 1373, 825, 770, 715.

deep purple and evolved GOThe flask was then allowed to cool ~ Amax (CHCN, €): 730 nm (63.0 M* cm™). per: 1.68 g (solid

to room temperature. The solid was taken up in water and filtered. 295 K). . .
The filtrate was neutralized wit 6 M hydrochloric acid. At Cu(L4c)Cl; (4). An acetonitrile solution (10 mL) of Cug(69.6

approximately pH 5.4, a white solid began to precipitate. This solid M9 0.52 mmol) was added to acetonitrile solution (10 mL) of ligand

was collected by filtration, washed with water, and dried in vacuum. L4¢ (168 mg, 0.52 mmol) at room temperature, and the mxture
was stirred for 1 h. The resulting light green solution was

(24) Reger, D. L.; Semeniuc, R. F.; Pettinari, C.; Luna-Giles, F.; Smith, Precipitated with diethyl ether. The bright yellow precipitate was

M. D. Cryst. Growth Des2006 6, 1068-1070. collected by filtration, washed with ether, and dried under vacuum
(25) %g&dzgﬂz Do MeCleverty, J. A.; Jeffery, J. Coord. Chem. Re for 1 h. Yield: 122 mg (0.265 mmol, 51%). Anal. Calcd (Found)
(26) Gavrilova, A. L.; Bosnich, BChem. Re. 2004 104, 349-384. for [Cu(LA4C)CLIHZ0, CigH22CUNOSClz: C, 45.34 (45.00); H, 4.65
(27) The K. I.; Peterson, L. KCan. J. Chem1973 51, 422. (4.64); N, 11.75 (12.06). IR (KBr)/cm%: 3448, 1717, 1560, 1459,
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1259, 1108, 873, 814, 75@max (CH:CN, €) 453 nm (785 M?
cmY). uerr: 1.73ug (solid 295 K).

Single crystals suitable for X-ray analysis were prepared by the
careful diffusion of diethyl ether into an acetonitrile solution of
the complex.

Cuy(L3c)2(H20)4(ClOy); (5). A methanol solution (10 mL) of
ligand L3c (510 mg, 1.57 mmol) was added to an aqueous solution
(10 mL) of Cu(ClQ),6H,O (582 mg, 1.57 mmol) at room
temperature, and the mixture was stirred for 3 days. The resulting
blue precipitate was collected by filtration, washed with methanol
and water, and dried under vacuum for 2 h. Yield: 509 mg (0.48
mmol, 62%). Anal. Calcd (Found) for [GlL3c)x(H;0)4(ClO4),]-H,0,
CsaHs2CLCWNgOe: C, 39.35 (39.30); H, 458 (4.83); N, 10.20 Figurg 1. ORTEP diag_ram Wi.th 40% thermal ellipsoids of ligand L4c
(10.34). IR (KBr)vicmi: 3425, 1561, 1467, 1396, 1120, 1090, SnoWing complete atomic labeling.

762, 695, 6364mafCHsCN, €) 736 nm (176 M®cm2). ue: 2.49
ug (solid, 295 K). ESI-MS (acetonitrile)m/z 775, 873.

Single crystals suitable for X-ray analysis were prepared by the
careful diffusion of a methanol solution of L3c into a sodium
methoxide-containing aqueous solution of Cu(@¥®»H,0.

Physical Methods.Elemental analyses were performed on all
compounds by Numega, San Diego, CA. All samples were dried
in vacuo prior to analysisH and3C NMR spectra were collected
on Varian 200, 300, or 500 MHz NMR spectrometers. Chemical
shifts are reported in parts per million relative to an internal standard
of TMS. IR spectra were recorded as KBr disks on a ThermoNicolet
Nexus 670 FT-IR spectrometer and are reported in wavenumbers.
Cyclic voltammetric experiments were conducted using a BAS
Epsilon (Bioanalytical Systems Inc., West Lafayette, IN) voltam-
metric analyzer. All experiments were done under nitrogen at Figure 2. ORTEP diagram with 40% thermal ellipsoids of ligand L3c
ambient temperature in solutions with 0.1 M tetrabutylammonium showing complete atomic labeling.
hexafluorophosphate as the supporting electrolyte. Cyclic voltam-
mograms (CV) were obtained using a three-electrode system
consisting of glassy carbon or Pt working, platinum wire auxiliary, F2, All non-hydrogen atoms were refined with anisotropic displace-
and SCE reference electrodes. The ferrocinium/ferrocene couplement coefficients and treated as idealized contributions using a
was used to monitor the reference electrode and was observed afiging model except where noted. All software and sources of the

+0.442 V withAE, =75 mV andipdipa = 1.0 in acetonitrile under  scatering factors are contained in the SHELXTL 5.0 program
these conditions. IR compensation was applied before each CV WaSjibrary (G. Sheldrick, Siemens XRD, Madison, WI).

recorded. Electronic spectra were recorded using a Cary 56 UV

vis spectrophotometer. Room-temperature magnetic susceptibility

measurements of the metal complexes were determined using aResults and Discussion

MSB-1 magnetic susceptibility balance manufactured by Johnson

Matthey and calibrated with mercury(ll) tetrathiocyanatocobaltate-  Synthesis and Characterization. Using our standard
("E((ng: 16'?;4(8)X 107 e g™7). Dlanr;éagn?tp corrections were gy nthetic methodology, we placed the carboxyl donor group
taken from those reported by O'ConridrSolution studies were in a phenyl-substituted heteroscorpionate in a para or meta

carried out in Wilmad coaxial NMR tubes in either acetonitrile or " d th d the I df faciall
methanol with TMS as the internal standard. Electrospray mass position and thus converted the ligand irom a facially

spectra (ESI-MS) were recorded on a Finnigan LCQ ion-trap mass c0ordinating tripodal one favoring mononuclear complexes
spectrometer equipped with an ESI source (Finnigan MAT, San into one capable of bridging interactions. The structures of
Jose, CA). A gateway PC with Navigator software version 1.2 these two new ligands have been determined by X-ray
(Finnigan Corp., 19951997) was used for data acquisition and crystallography and are shown in Figures 1 and 2. The
plotting. Isotope distribution patterns were simulated using the reaction of thep-carboxylate ligand designated L4c in MeOH
program IsoPro 3.0. with aqueous solutions of the divalent metal Cu(ll) leads to
X-ray Crystallography. Crystals of ligand L4c and L3c and 3 head-to-tail 2M:2L dimer as the primary species as
complexes1—5 were mgunted glther in capillaries for room- _ characterized by X-ray crystallography (vide infra). With
temperature data collection or with nylon loops and paratone oil copper perchlorate, the aquo complex is isolated, while the

(Hampton Research) and were placed in the cold stream for low- di hl derivati . ith GuCl
temperature collection on a Bruker X8 APEX CCD diffractometer. corresponding chloro derivative ensues starting with Gu

The structures were solved using direct methods or via the PattersoroYNthesis in nonaqueous solvents (methanol or acetonitrile)
function, completed by subsequent difference Fourier syntheses,starting from CuGl or Cu(acac) as the metal source leads
and refined by full-matrix least-squares procedures on to mononuclear complexe3 and 4. In these cases, the
carboxylate group of the heteroscorpionate remains unco-
(28) O'Connor, C. JProg. Inorg. Chem1982, 29, 203. ordinated, while the metal retains one or more of the anionic

Inorganic Chemistry, Vol. 46, No. 5, 2007 1753
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Figure 3. ORTEP diagram with 40% thermal ellipsoids of the cationic
portion of [(L4ckCu, (H20)2])(ClO4), showing complete atomic labeling.

ligands present in the starting material. These reactions are
summarized in the following graphic

Figure 4. Crystal packing diagram for [(L48Fux(H20)2](ClO4), as seen
along the crystallographicaxis. Hydrogen bonds are shown as dotted lines.

Ldc 0

Heterescorpionate
(L4c) Q’(ac cl

< 9 Ldc
QJC' o}
é &
AQV Figure 5. ORTEP diagram with 40% thermal ellipsoids of [(L4C)-
Cl Lo Cl,] showing complete atomic labeling.
C 65.27. The Cu atom sits 0.38 A out of the mean N1, N3,

01, O3 plane. Because the complex is cationic, there is a

With the m-substituted ligand L3c, substantial changes in Slightly disordered perchlorate in the lattice that functions
coordination about the copper ensue. In this case, sterics?S @ counterion and is involved in the hydrogen-bonding
dictate that the carboxylate group coordinate in a unidentateinteractions that lead to extended structures in the crystal
rather than bidentate mode in the 2M:2L complexes so that (Figure 4). The complex packs in extended columns because
the still pentacoordinate copper responds by picking up a ©f H-bonding interactions between the ligand water mol-
second water molecule to complete the coordination sphere€cules and the carboxylate groups on succesive dimeric units.

Solid-State Chemistry. An ORTEP drawing of the the water molecules serves to link the columns together.
cationic part of Cp(L4c)x(H,0)x(ClO,), (1) is shown in The corresponding dinuclear complex Luc).Cl, (2)

Figure 3. The crystal structure reveals that the molecular (Figure 5), prepared from Cughs a starting material, is
entity possesses a crystallographic inversion center makingextremely similar. Each copper is again pentacoordinate but
only one-half of the dimer unique. In this complex, the two With a chloride rather than a water as the axial ligand. In
copper atoms are both five coordinate and can be describedaddition, the Cu is significantly further out of the basal plane,
as having a distorted square pyramidal geometry, where the(0.45 vs 0.38 A) than in the aquo complex. Otherwise, the
two nitrogen and two carboxylate oxygen donors of the bond lengths and angles are similar with the only notable
chelating L4c ligands occupy the four positions of the basal difference being the 2.354 A GiCl distance that is
plane, while one KD molecule is 2.202(2) A away in the expectedly larger than the €uaer distance. While there
apical position. The intramolecular E€u distance is large  is no counterion in the lattice, a disordered methanol of
(7.762 A). The carboxylate groups are bound to the copperscrystallization is present whose H-bonding interactions drive
in a regular bidentate mode with very similar-€0 bonds ~ the extended network seen in the crystal packing (data not
of 2.013 and 2.035 A. The averagg,NCu(1)-0(3) angle shown).

is 104; both the N,—Cu(1)-O bond angles in the basal plane  On the other hand using methanol as a solvent, without
therefore deviate significantly from 90The N(3)-Cu(1)- any deliberately added water, and Cu(agay a copper
N(1) angle is 90.59 while the bidentate binding mode of source, we isolate the mononuclear complex Cu(L4c)acac-
the carboxylate constrains the ©Cu(1)-0O(3) angle to (H20) (3) shown in Figure 6 which crystallizes in space
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Figure 8. ORTEP diagram with 40% thermal ellipsoids of the cationic

Figure 6. ORTEP diagram with 40% thermal ellipsoids of [(L4c)Cu(acac)- portion of [(L3ckCus (H:0),](ClO.). showing complete atomic labeling.

H>0] showing complete atomic labeling.

carboxyl group lead to a zigzag extended network in the solid
state (data not shown).

When the mrsubstituted ligand, L3c, is used, a new
dinuclear 2M:2L complex, GL3c)z(H20)4(ClOy)2 (5), is
produced using copper perchlorate as the metal source. Here,
the dinuclear unit does not possesses a crystallographic
inversion center, and there are substantial changes in
coordination about the copper as compared to the analogous
complexesl and 2. In 5, steric considerations dictate that
the carboxylate group coordinate in a unidentate rather than
bidentate fashion (CtiOcamoxyiaedistances of 1.96 and 3.27
A) so that the still pentacoordinate copper responds by

i picking up an additional water molecule to complete the
Figure 7. ORTEP diagram with 40% thermal ellipsoids of [(LAC)CHEl  coordination sphere (Figure 8). The geometry around each
MeOH showing complete atomic labeling. . . . .
copper can still be described as distorted square pyramidal
with one molecule of KD, two pyrazole nitrogens, and one
carboxylate oxygen donor of the chelating L3c ligands

groupC2/c. Structurally, the copper is again pentacoordinate

in a square pyramidal geometry with the two pyrazole 4 . ) i
occupying the four positions in the basal plane, while a

nitrogens and the two acetylacetonate oxygens now making L ) -
second HO molecule sits in the apical position. The

up the basal plane with a water molecule occupying the axial | . .
position. Since there are no counterions in the structure,'ntram0|eCU|ar CeCu distance is near 6.8 A, about an

charge considerations indicate that either the coordinatedangStrom cI.oser together than in the anailogm&sac
. . . carboxylate ligand complexes. The perchlorate ions and water
water” is actually a hydroxide or that the carboxylate group,

S . : molecules contribute H-bonding interactions that lead to a
which is uncoordinated, is deprotonated. The average 2.27 . :
: o . different packing and extended network structure than that
A Cu—0 distance clearly indicates a coordinated water and A
not a hvdroxide ion: hence the carboxvlate must be depro seen for the complexes of L4c, as shown in Figure 9. Here
Y - . y PO ihe dinuclear units are stacked in columns held together by
tonated and (surprisingly) uncoordinated. Other bond lengths

L X H-bonding between the water molecules and Cu ligands;
and angles within the structure are unexceptional except that

he Cu is he basal bl 0.95 A) than in the oth w—z stacking interactions also appear to be important. The
the Culis closertot € basal plane ©. )t an in the Ot, er resulting 1-D columns are in turn H-bonded via the perchlo-
two structures. A series of water molecules in the lattice

. ) X rate ions and lattice water molecules which interact with each
provides hydrqgen bond interactions that lead to extendedoﬂ1er and the water ligands on the copper to produce an
structures within the crystal (data not shown).

extended array.

The coordination environment around the copper in Cu-  gg|ution Chemistry. Although complexed, 2, and5 are
(L4c)Cl; (4) is considerably different than the pseudosquare clearly dimeric in the solid state, the question is do such
pyramidal geometry seen -3 (Figure 7). Thus, ird, the  structures persist in solution? The positive-ion mode ESI
Cu is only four coordinate and is best described as distortedmass spectrum in acetonitrile solution is shown for #Cu
tetrahedral where the largest angular deviations from ideal (L4c),(H,0)4](ClO.,)2 in Figure 10. The highest-mass cluster
are found for N+-Cu—CI2 and N3-Cu—CI1, which are near  corresponds to the cation [gu4c)(H,0)4(ClO)]*, as
132. The remaining angles are all below the idealized°109 expected if the complex remains dinuclear. The calculated
and average-99°. The twist angle between the GtCul- isotope pattern is also in agreement with this formulation.
Cl2 and N1:-Cul—-N3 planes at 636is much closer to the A second intense mass cluster occurs with a nominal mass
90° angle expected of a tetrahedron, as compared tothe 0 of 775 amu which corresponds to [§L4c),] ", a dinuclear
angle for the alternate square planar description. H-bondingspecies, where presumably one of the Cu ions has been
between the lattice methanol, the chloride, and the protonatedreduced from Cu(ll) to Cu(l) during the ionization process.

Inorganic Chemistry, Vol. 46, No. 5, 2007 1755
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Figure 9. Crystal packing diagram for [(L3gFw(H20),](ClO.), as seen along the crystallographi@xis. Hydrogen bonds are shown as dotted lines.
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Figure 10. Positive-ion ESI-MS of [(L4g)Cw(H20)2)(ClO4), in acetonitrile. The upper frame shows the peak clusters associated with the;@uAc)
(ClOg)] " ion (right) and the [(L4a)Cw] " ion (left). The lower frames show the calculated isotope distribution pattern expected for the fragments proposed.

The situation is different in methanol however (Figure 11) by the magnetic susceptibility and electrochemistry results
where the primary mass cluster at 711 amu corresponds topresented below.

[Cu(L4c)]* indicating that the dimer has dissociated with  Magnetic Measurements Magnetic measurements gave
loss of Cu to produce a mononuclear complex. Similar values of near 2.8 for all the dimers in the solid state.
behavior is seen foR and 5. That the apparent reductive  This corresponds to moments near 1.g8Cu indicative of
events are the results of the electrospray ionization processsimple nonmagnetically interactind €u(ll) ions. This is
and not indicative of the generic solution chemistry is shown expected given the very long6 A through-space distance
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Figure 11. Positive-ion ESI-MS of [(L46)Cux(H20).](ClO4)2 in methanol. The left panel shows the peak cluster associated with the JQujc)ion,
while the right panel shows the calculated isotope distribution pattern expected for the fragment proposed.
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Figure 12. Cyclic voltammogram of [(L3g)Cux(H20),](ClO4); in aceto-
nitrile at a scan rate of 100 mv-&

between copper ions in the complexes. Virtually identical

oxidative wave neaf-0.6 V. Given the very long CuCu
distance and their non-interacting nature, this corresponds
to a simple Cu(ll)/Cu(l) couple on each copper. The change
of the bridging ligand from L3c to L4c has little effect on
the reduction potential but substantially reduces the revers-
ibility of the couple suggesting that the latter complexes are
more prone to dissociation in solution. Replacement of the
axial water by a chloride has the expected effect of reducing
the reduction potential by about 100 mV. The cyclic
voltammogram of the mononuclear complex Cu(L4c)acac-
(H20) looks very similar to that of the corresponding dimer,
[Cuy(L4c)x(H20)4(ClO4)] ™, suggesting that the former may
rearrange in solution to the latter. The electrochemical
behavior of the mononuclear, pseudotetrahedral Cu(L4c)-
Cl; is very different as a quasireversible oxidative (Cu(ll)/
Cu(ll), rather than reductive, wave is observedt&t500

V with AE, = 0.110 V.

Conclusions

values are seen in solution as determined by the Evans
method in either acetonitrile or methanol indicating that these  We have shown, by using our previously reported synthetic

complexes remain in the Cu(ll) oxidation state in solution,
but this unfortunately conveys no information about their
nuclearity.

Electrochemical Properties.The electrochemical behav-
ior of all the complexes were examined by cyclic voltam-
metry between 1.5 ane1.5V. The results are presented in
Figure 12 and Table 4. The CV &fis representative of the
dimers and shows a quasireversible wave&gt= —0.850
V (AE, = 0.231 V,v = 0.1 V s1) and an irreversible

strategy, that we can transform heteroscorpionate ligands
from tripodal-coordinating, mononuclear-favoring ligands
into ones capable of bridging and producing dinuclear
species. The dinuclear species appear to persist in solution
in less polar solvents (e.g., acetonitrile) but to rearrange in
more polar ones (e.g., methanol). Changing the position of
the X group in these X ligands produces subtle changes
in the coordination environment around the copper in the
dimers. Replacement of the labile water or halide ligands
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Table 1. Summary of Crystallographic Data and Parameters for L4c,

L3c, [(L4c)Cu(H20)](ClO4)2 (1), [(L4c)LCux(H20)Cly] (2),
[(L4c)Cu(acac)(HO)] (3), [(L4c)CuCh]-MeOH (@), and [(L3c}Cw,

(H20)2](CIO4) (5) ! 2 °
Lac Lac 5 Cu(1)-0(1) 2.013(2) 2.037(6)
Cu(1-0(2) 2.035(2) 2.051(7) 1.9589(19)
moflgl?nL;IaIra C18H22N402 C18H19N4O2 ClsglzéNAOlr Clstl-iégNAOZF Cu(1)-0(3) 2.202(2) 2.196(2)
u u u
fw 326.40 323.37 504.38 436.37 Cu(1)-0(4) 1,9672(19)
t K 598(2 200(2 598(2 200(2 Cu(1)-N(1) 1.989(3) 1.992(8) 2.018(2)
emp (K) @ @ @ @ Cu(1)-N(3 1.986(2 1.983(7 2.0056(19
cryst syst monoclinic monoclinic monoclinic monoclinic u(1)}-N(3) : (2) : @ : (19)
space group P2i/c P2,/c P2,/c P2,/c Cu(1y-CI(1) 2.354(3)
cell constants Cu(2)—-N(5) 2.013(2)
a(A) 10.1408(3) 12.7148(8) 9.2908(5) 9.300(3) Cu(2-N(7) 1.9959(18)
b (R) 10.8961(3) 9.6352(7) 22.7790(12)  15.852(5) Cu(2)-0(6) 1.961(2)
c (é) ) 1960.3592(4) 33'8772(10) 9%0.0016(5) . 33.942(6) Cu(2-0(7) 2:215(2)
o (deg
g Eggg; 385.9460(10) 9%0.574 9(_‘)L02.100(2) go107.607(10) N(1)—Cu(1)-0(1) 96.47(10) 97.53)
z 4 4 4 N(1)—Cu(1)-0(2) 156.58(10) 150.9(3) 167.53(9)
V (A3) 1738.06(8) 1700.0(2) 2069.66(19)  1959.0(13) N(1)—Cu(1)-0(3) 104.11(10) 93.67(9)
abs coeff, 0.084 0.085 1.234 1.275 N(1)—Cu(1)-0(4) 92.54(9)
HUcaled (MM~ N(1)—Cu(1)-CI(1) 104.6(2)
/';c(gc&gg/‘:m*) 1o 1263 1019 T N(3)—Cu(1)-N(1) 90.59(10) 90.4(3) 88.64(9)
cryst 03x02x 02x03x 04x04x  0.1x0.2x N(3)—Cu(1)-O(1) 152.17(10)  150.5(3)
dimensions 0.3 0.1 0.2 0.1 N(3)—Cu(1)-0(2) 99.46(9) 96.7(3) 87.55(8)
(mm) N(3)—Cu(1)-0(3) 104.09(10) 95.91(8)
radiation Mo Kot Mo Ko Mo Ko Mo Ko N(3)—Cu(1)-0(4) 169.09(9)
(2=0.71073 A) (A =0.7107 A) (2 =0.71073 A) (A = 0.71073 A) N(3)—Cu(1)-CI(1) 104.0(2)
hk,l —13—13, -13—13, -—12—11, —11—10, o
14—14 ~10—0, —28—30. _17—18 O(1)-Cu(1)-0(2) 65.27(9) 63.7(3)
-20—15  -14—13 —11—13  —16—16 O(1)-Cu(1)-0(3) 100.23(10)
Orange (deg) 2.1327.54 2572241 2272895 2572505 O(1)-Cu(1)-CI(1) 101.4(2)
refins 18016 20576 21847 14 850 O(2)-Cu(1)-0(3) 93.94(9) 31.3(3) 98.53(9)
collected 0O(2)—Cu(1)-0(4) 89.00(8)
unique reflns 3948 2193 5299 3456 0(2)-Cu(1)-ClI(1) 100.93(19)
params 221 217 332 253 - '
data/params 17.86 10.10 15.96 13.66 O(3)~Cu(1-0(4) 94.84(9)
ratio
R(F)2 0.0572 0.0534 0.0476 0.0873 Table 3. Selected Bond Distances (A) and Angles (deg) for
Ry(F2)P 0.1709 0.1688 0.1259 0.1781 (L4c)Cu(acac)(H0) and (L4c)Cudd
GOF 1.031 1.034 1.003 0.985
largest diff  0.389 and 0.494 and 0.480 and 1.942 and 3 4
peakand —0.524 —-0.331 —0.353 —0.603
hole (e//) Cu(L)-N(1) 2.047(3) 2.009(4)
Cu(1)-N(3) 2.010(3) 1.969(4)
3 4 5 Cu(1)-0(5) 1.914(3)
molecular formula GsH28N4OsCu CmHzoC'zCUN403 C37H46N8020C|2CU2 EU(i)_g(g) %g%g(g)
u(1-0(3) 272(3)
fw 552.03 486.83 1120.80 Cu(W)-Ci() 2.2000(2)
temp (K) 298(2) 240(2) 200(2) Cu(ty-CI(2) 2.215(2)
cryst syst monoclinic monoclinic monoclinic .
Space group_ C2lc P2y/n P2i/c 0(3)-Cu(1)-0(4) 94.75(12)
O(3)-Cu(1)-0(5 100.48(14
a(A) 24.4844(7) 11.635(3) 16.8155(8) 087 Cugl);N((S)) 96.90 ((12))
b (R) 10.9463(3) 14.149(3) 15.5036(7) O(3)—Cu(1)-N(1) 96.13 (12)
c(R) 19.7862(5) 12.908(3) 18.9048(8) ~ :
o (deg) 90 90 90 O(4)-Cu(1)-N(3) 168.11(12)
5 (deg) 103.899(2) 93.928(10) 100.917(2) O(4)-Cu(1)-N(1) 88.66(12)
7 (deg) 90 90 90 O(4)-Cu(1)-0(5) 92.91(13)
7 8 4 4 N(3)—Cu(1-0(5) 87.28(12)
V (R3) 5147.7(2) 2120.2(8) 4839.3(4) N(3)—Cu(1)-N(1) 87.78(11) 91.72(16)
abs coeff, 0.901 1.310 1.073 N(1)—Cu(1)-0(5) 163.12(13)
Ucalea (MM™2) N(1)—Cu(1)-Cl(1) 105.04(13)
Ucaica (9/CTF) 1.425 1.525 1.538 N(1)—Cu(1)-Cl(2) 136.14(13)
F(000) 2296 996 2304 N(3)—Cu(1)-Cl(1) 131.96(13)
cw(stdir)nensions 0.6x04x02 03x01x005 05x05x04 N(3)—Cu(1)-ClI(2) 99.31(12)
mm Cl(1)—Cu(1)-ClI(2) 98.57(6)
radiation Mo Ko Mo Ka Mo Ka
hkl (jsz &7310073 A (jlzz &7112073 A 92:6 &7216073 A Table 4. Electrochemical Properties of [@lL4c)x(H20)]?",
" -13—13 —11—14. —24—24, Cup(L4c)Cl, Cu(L4c)acac(H0), Cu(L4c)Ch and [Cu(L3c)(H20)q]%"
—24—24 -13—13 —27—29 -
0 range (deg) 2212667  2.76-21.77 2.36-34.32 complex Euz (V) AEp (mV) iofia
ref_lns collected 51021 18 306 118 048 (1) [Cuy(LAC)(H20),) 2" —0.895 326 0.80
unique reflns 5419 2490 20214 (2) Cup(L4c),Cl> —0.787 340 0.76
params 329 266 678 (3) Cu(L4c)acac(O) —0.840 347 0.56
data/params ratio  16.47 9.36 29.81 (4) Cu(L4c)Ch +0.500 124 0.95
R(F)2 0.0548 0.0392 0.0586 2t _
Ru(F)P 0.1006 0.0929 01946 (5) [Cux(L3c)p(H20)4 0.853 247 1.0
GOP 1.033 1.016 1.076 ) ) o )
largest diff peak  0.730 and 0.389 and 1.312 and on the metal with another diatopic ligand such as terephthalic
and hole (e/A) —0.728 —0.430 —1.143

Santillan and Carrano

Table 2. Selected Bond Lengths (A) and Angles (deg) for
[Cuz(L4c)(H20)2)(ClO4)2, Cux(L4c),Cly, and [Cu(L3c)2(H20)4(ClO4)2

acid or 4,4-bipyridine should allow for the linkage of these

2R=[ZIAFI/Z|Fol]. * Ry =[3W(AF)3WFo?. ¢ Goodness of fit o2, dinuclear building blocks into larger multidimensional
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structures of different geometries. Indeed, we have shownof the X-ray diffraction facilities at San Diego State

that the labile water or halide ligands on various metal dimers University.

can be quSt'tUted by Vam_)us exogenous carboxylates. These Supporting Information Available: Additional crystallographic

results will be presented in the future. data (CIF files) for ligands L4c and L3c and compledess. This
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