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A neutral pentadentate ligand, di(pyrazolecarbimido)amine (Hdcadpz), and its adduct with HCIO,, [Hdcadpz]*[ClO4]
were for the first time isolated from our previously reported [Cus(dcadpz),(Hpz)2(ClO4)](ClO4),+H20 by the use of
(NH,);S to remove the Cu" ions and characterized by IR, EA, UV, NMR, MS, and X-ray crystallography. Reactions
of copper(ll) or nickel(ll) nitrate with Hdcadpz in a 1:2 molar ratio generated two mononuclear precursors of [Cu-
(dcadpz),] (1) and [Ni(dcadpz),]-2/3DMF (2). Furthermore, three new linear homo- and heterotrinuclear complexes
of the same motif [M{M'(dcadpz),}M] (M = Co", Ni", M" = Cu", Ni"), [{Co(pdm)}»{ Cu(dcadpz),}](NO3)s (3),
[{ Ni(pdm)} o{ Cu(dcadpz)2}1(NO3)4 (4), and [{ Ni(MeOH)(H,0).} o{ Ni(dcadpz),} |(NOs)4 (5), were synthesized from
these two precursors (pdm = 2,6-pyridinedimethanol) and characterized by X-ray crystallography. Magnetic studies
show that the central Cu(dcadpz), motif is antiferromagnetically coupled with both the terminal Co(ll) atoms via the
dcadpz™ ligand in 3 with a J value of =5.27 cm~* and ferromagnetically coupled with both the terminal Ni(ll) atoms
in 4 with a J value of 2.50 cm™1, while 5 behaves only as a Curie paramagnet between 2 and 300 K due to the
diamagnetic character of the central square-planar Ni(ll) atom.

Introduction in designing molecules, rational design and synthesis of novel
metal clusters with large ground spin states is still a
challenging and central topic in the field of molecular
magnetism. Development of new metalloligadtfsywhich
has been found to takes roles not only in mediating magnetic
interaction but also in catalytic sites in metal cluster
compounds, is undoubtedly one of best ways to meet this
challenge. In a recent communicati&nwe described at-
tempts to synthesize coordination polymers with metal(ll)
salts and sodium dicyanamide (Na(dcapn unexpected
functional pentadentate ligand, di(pyrazolecarbimido)aminate
*To whom correspondence should be addressed. E-mail: tongml@ (dCdeZ), WQS generated ViaaSim_UItaneous_adqition reaCti(_)n
mail.sysu.edu.cn. of dicyanamide and pyrazole, which led to in-situ synthesis
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Polynuclear complexes or metal cluster compounds with
highly ordered solid-state structures and high-spin ground
states have attracted much attention in the past deéddes.
In homometallic systems, ferromagnetic and antiferromag-
netic behaviors can both occur depending on the bridging
modes, bridging angles, and other factodthough some
typical examples with high-spin ground states along with
ferromagnetic behavior have been achieved by applying the
concept of strict orthogonalitypetween two magnetic orbitals
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Isolation of a Pentadentate Ligand

which an interesting metalloligand [Cu(dcadfzwas
isolated®® As an extension of our continuing interest in such

in a H,O (20 mL)/CHC} (20 mL) mixture at room temperature.
The purple organic layer was separated and evaporated to dryness.

systems, herein we report isolation and characterization of Purple block crystals of were obtained by recrystallization from
the free pentadentate ligand and the use of such ligand toCHCh (vield, 75%).

rationally assemble a new family of magnetic linear homo-

Synthesis of [Ni(dcadpz)] 2/3DMF (2). A solution of Hdcadpz

and heterotrinuclear metal complexes. They are mononucleaf0.041 g, 0.2 mmol) in MeCN (3 mL) was added to a methanol

precursors [Cu(dcadp#)1) and [Ni(dcadpz)-2/3DMF (2)
and linear homo- and heterotrinuclear complexg€ofr

(pdm} o{ Cu(dcadpz}J(NOs)a (3), [{ Ni(pdm)} o Cu(dcadpz} -
(NO3)s (4) (pdm = 2,6-pyridinedimethanol), and{Ni-

(MeOH)(H.0)z} o{ Ni(dcadpz)} J(NOs)a (5).
Experimental

Materials and Physical Measurements[Cus(dcadpz)(Hpz).-
(Cl0O4)](ClOy4)2*H,O was synthesized according to the reported

solution (3 mL) of Ni(NQ),-6H,O (0.029 g, 0.1 mmol). A pink
powder was formed 1 week later, and crystals suitable for X-ray
diffraction were obtained by dissolving the powder in DMF (2 mL)
at room temperature; the crystals were collected and dried in the
air (yield ca. 25%). Anal. Calcd for NifgHieN14: C, 41.50; H,
3.48; N, 42.35. Found: C, 41.38; H, 3.57; N, 42.19. IR (KBr, ém
v = 3451, 3308 (N-H); 1617 (C=N). UV —Vis(DMSO): Amaxnm

= 253, 408, 494.

Synthesis of { Co(pdm)} o{ Cu(dcadpz)} ](NO3)4 (3). A metha-
nol solution of Co(NQ),-6H,0 (0.058 g, 0.2 mmol) and pdm (0.020

method® Other reagents and solvents employed were commercially g, 0.2 mmol) was stirred at room temperature for 30 min, and then

available apd used as received wi_thout further purification. The'C, a CHCE (2 mL) solution of1 (0.047 g,
H, and N microanalyses were carried out with an Elementar Vario-

EL CHNS elemental analyzefH and '3C NMR spectra were
obtained on a Mercury-Plus 300 spectrometer, and;J£3D was
used as solvent. The MS spectra were recorded on Japanese LCM

KBr pellets in the range 4000400 cni! on a Bio-Rad FTS-7
spectrometer. The UVVvis spectra (Figure S1) were measured on
UV —vis—NIR spectrophotometer (UV-3150). Variable-temperature

0.10 mmol) was added.
Deep red crystals were formed from the resulting red solution by
slow evaporation at room temperature; the crystals were collected
and dried in the air (yield ca. 65%). Anal. Calcd foggB834C0x-

CuN:Os6 C, 32.40; H, 3.08; N, 25.19. Found: C, 32.28; H, 3.16;
2010A mass spectrometer. The FT-IR spectra were recorded from NacOss

N, 25.09. IR (KBr, cnmd): » = 3301 (N-H); 1655 (G=N); 1285
(NO3™). UV—Vis(MeOH): Amaxnm= 253, 532.
Synthesis of { Ni(pdm)} o{ Cu(dcadpz)} ](NO3), (4). Complex

magnetic susceptibility measurements were made using a SQUID# Was synthesized in an analogous procedur& &xcept that Co-

magnetometer MPMS XL-7 (Quantum Design) at 0.1 T 3p#,

(NO3),+6H,0 was replaced by Ni(Ng,-6H,0. Pale purple plates

and5. The diamagnetic correction for each sample was determined ©f 4 Were obtained from the resulting light purple solution by slow

from Pascal’s constants.

Synthesis of Hdcadpz.The crushed single-crystalline powder
sample of [Cy(dcadpz)(Hpz)(ClO4)2](ClO4)2°H,082(1.147 g, 10
mmol) was mixed with a 100 mL solution of (NS (0.4 mol
dm=3) in 20 mL of H,O and 50 mL of CHJ and then was
vigorously stirred fo 3 h atroom temperature. The colorless organic

evaporation at room temperature; the crystals were collected and
dried in the air (ca. 72%). Anal. Calcd fori3sNioCuNOy6 C,
32.41; H, 3.08; N, 25.20. Found: C, 32.36; H, 3.17; N, 25.03. IR
(KBr, cm™): v = 3289 (N-H); 1654 (G=N); 1287 (NQ"). UV—
Vis(MeOH): Amaxnm= 253, 555, 835.

Synthesis of { Ni(MeOH)(H ,0)2} »{ Ni(dcadpz),} [(NO3)4 (5).

layer was separated and evaporated to dryness. Colorless blockA DMF solution (2 mL) of2 (0.051 g, 0.067 mmol) was added to

crystals of Hdcadpz were obtained by recrystallization from EtOH
(vield: ca. 60%). ESI-MSm/z= 250;'H NMR (300 MHz, (CDQ),-
SO): 6 10.42 (1H, N:-H1N), 8.77 (d,J = 2.1 Hz, 4H, C8-H8,
C3—H3), 7.85 (d,J = 0.9 Hz, 2H, C6-H6, C1-H1), 6.56 (m,
2H, C2-H2, C7-H7), 9.08 (2H, N3-H3B, N3—-H3A); 13C NMR
(75 MHz, (CDy);S0): 6 153.2 (C-3), 129.1 (C-2), 142.8 (C-1),
108.3 (C-4). Anal. Calcd (%) for fgH1gN14: C, 47.29; H, 4.46; N,
48.25. Found: C, 47.18; H, 4.65; N,48.17. IR (KBr, ch v =
3438, 3303 (N-H); 1662 (C=N). UV—Vis(H;0): Amaxnm = 253.
Synthesis of [Hdcadpz][CIO4~. To the ethanol solution (10
mL) of Hdcadpz (0.020 g, 0.1 mmol) was added a dilute (0.5 M)
HCIO,4 solution (2 mL). Colorless block crystals were formed by
slow evaporation at room temperature ir2days. Anal. Calcd
(%) for CgH10CIN;O4: C, 31.64; H, 3.32; N, 32.29. Found: C,
31.51; H, 3.40; N,32.18. IR (KBr, cn): v = 3315 (N-H); 1665
(C=N); 1470, 1402, 1380 (CIQ). UV —Vis(H:0): Amaxnm = 253.
Synthesis of [Cu(dcadpz)] (1). Two methods can be used.
Method A. A solution of Hdcadpz (0.041 g, 0.2 mmol) in GH
CN (2 mL) was added to a solution of Cu(N@3H,O (0.024 g,
0.1 mmol) in EtOH (10 mL). Purple block crystals were formed
from the resulting solution by slow evaporation at room temperature
which were collected and dried in air (yield ca. 35%). Anal. Calcd
(%) for CuGeHieN14: C, 41.07; H, 3.45; N, 41.91. Found: C,
40.96; H, 3.56; N, 41.86. IR (KBr, cnl): v = 3439 (N-H); 1662,
1622 (G=N). UV—Vis(CHCk): Amaxnm = 253, 496.
Method B. [Cus(dcadpz)(Hpz)(ClO4)2](ClO4),-H,0%2(0.574 g,
5 mmol) and NgHjedta (15 mmol) were vigorously stirred for 2 h

a methanol solution (5 mL) of Ni(N§),:6H,0 (0.058 g, 0.2 mmol).
Light purple crystals were obtained from the resulting purple
solution by slow evaporation at room temperature; the crystals were
collected and dried in the air (yield ca. 42%). Anal. Calcd for
CigHaN1gNisO1g: C, 22.41; H, 3.34; N, 26.41. Found: C, 22.36;
H, 3.64; N, 26.27. IR (KBr, cm%): v = 3515, 3303 (N-H); 1652
(C=N); 1308 (NQ"). UV—Vis(MeOH): Amaxnm= 255, 430, 506,
842.

X-ray Crystallography. Data collection of Hdcadpz, fidcadpz]-
[CIO4]~, and 1-5 was performed with Mo K radiation § =
0.71073 A) on a Bruker Apex CCD diffractometer at 293(2) K or
123(2) K. The intensities were integrated with SAINThich also
applied corrections for Lorentz and polarization effects. Absorption
corrections were applied by using the multiscan program SADABS.
The structures were solved by direct methods, and all non-hydrogen
atoms were refined anisotropically by least-squares=duising
the SHELXTL progranf.Hydrogen atoms on organic ligands were
generated by the riding mode {® = 0.93 A). Crystal data
and details of data collection and refinements for Hdcadpz,
[Hodcadpz][ClO4]~, and complexe$—5 are summarized in Table

' 1. Selected bond distances and bond angles are listed in Tables 2

and 3.

(8) Sheldrick, G. MSADABS 2.05University of Gdtingen: Gitingen,
Germany.

(9) SHELXTL 6.10 Bruker Analytical Instrumentation: Madison, WI,
2000.
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Table 1. Summary of Crystal Data and Structure Refinements for HdcadpzcHdlpz] [CIO4]~ and1-5

Hdcadpz [Hdcadpzf[ClO4]~ 1 2 3 4 5
formula GeHiaN1g CgH1oCIN7O4 CieH16CUN1s  Co7H31N2oNiz 500 CaoH34C0CUN20016  CaoH3aCUNaNizO16  C18H32N1gNisO18
fw 406.44 303.68 467.97 767.80 1112.17 1111.73 964.75
temp (K) 293 293 293 293 123 293 293
cryst syst triclinic orthorhombic tetragonal monoclinic _ triclinic _ triclinic _triclinic
space group P1 Pccn Ri/n P21/n P1 P1 P1
a(A) 7.682(2) 5.6286(7) 22.285(8) 11.271(2) 7.4824(6) 7.731(1) 7.959(1)
b (A) 11.482(3) 13.137(2) 22.285(8) 16.454(2) 8.4117(7) 8.579(1) 9.275(4)
c(A) 11.716(3) 17.198(2) 3.891(2) 17.633(3) 17.005(1) 16.549(3) 13.231(4)
o (deg) 98.347(5) 90 90 90.00 86.338(2) 85.636(2) 79.18(3)
B (deg) 102.806(4) 90 90 90.632(3) 86.662(2) 84.976(3) 72.88(2)
¥ (deg) 100.994(4) 90 90 90.00 68.646(2) 71.365(3) 70.78(2)
vol (A3) 970.0(4) 1271.7(3) 1932(1) 3270.0(8) 994.1(1) 1034.7(3) 876.9(5)
z 2 4 4 4 1 1 1
Deaica (g € 3) 1.392 1.586 1.609 1.560 1.858 1.784 1.827
u (mm~1) 0.097 0.328 1.169 0.936 1.456 1.507 1.696
R1[l > 20(1)]2 0.0545 0.0683 0.0618 0.0592 0.0366 0.0542 0.0366
wR2 [l > 20(1)]P 0.1487 0.1732 0.0956 0.1182 0.1000 0.1218 0.0806
R1 [all date} 0.0672 0.0775 0.1058 0.0999 0.0392 0.0628 0.0671
WR2 [all date} 0.1591 0.1805 0.1066 0.1353 0.1023 0.1266 0.0951

aR1= J||Fol — IFdll/ZIFol. "WR2 = [FW(Fo? — FAZ3W(Fo?)7] "2

Table 2. Selected Bond Lengths (A) and Angles (deg) for the Hdcadpz
and [Hdcadpzf[ClIO4]~ 2

Hdcadpz

N(1)—-C(4) 1.272(3) N(2y-C(4) 1.370(3)
N(2)—C(5) 1.309(3) N(8)C(12) 1.302(3)
N(3)—C(5) 1.306(3) N(9)-C(13) 1.375(3)
N(9)—-C(12) 1.306(3) N(10yC(13) 1.262(3)
N(1)y~N(5) 2.790(3) N(8yN(5a) 2.995(3)
N(1)y~N(12a) 3.314(3) N(8»N(10) 2.648(3)
N(3)~N(14b) 2.997(3) N(10yN(7b) 3.329(3)
N(3)~N(1) 2.644(3)
N(1)-H(IN)=N(5) 110(2) N(8)-H(8AyN(5a) 151(2)
N(1)-H(IN)-N(12a) 149(2) N(8)-H(8B¥N(10) 129(2)
N(3)-H(3A)~N(14b) 160(2) N(10)-H(1ONyN(7b)  155(2)
N(3)-H(3B)}~N(1) 130(2)

[Hodcadpzl[ClO4)~
N(1)—-C(1) 1.297(5) N(2y-C(1) 1.318(4)
N(1)y~O(1) 2.95(1)  N(1¥N(4c) 3.013(4)
N(1)y~O(4b) 3.10(1)
N(1)-HAAO(1)  146(4) N(1)-H(1B¥N(4c) 147(4)
N(1)-H(LA)}~O(4b)  149(4)

a Symmetry codes for Hdcadpa) —x + 2, -y + 2, —z+ 1; b) —x +
1, -y + 2, —z Symmetry codes for [pticadpz][CIO4]~: b) —x + 7/2,
-y+32,z¢c)—x+2,-y+1 —-z+1

Results and Discussion

Synthesis and CharacterizationThe dicyanamide ligand
[dca, N(CN)] has been extensively used during the past
few years to generate a wide variety of polymers of different
topologies and magnetic properti€’$. In our attempt to
synthesize coordination polymers with copper(ll) salts and
sodium dicyanamide [Na(dca)], the Hdcadpz ligand and its
linear trinuclear complex of [Gdcadpz)(Hpz)(ClO4)2)-
(ClOy),H,0%2was, for the first time, synthesized in situ and
structurally characterized as the nucleophilic addition product
of pyrazole to the cyano groups of dicyanamidate anion in
the presence of the €uon (Scheme 1). It should be noted
that few examplés$ involving such interesting in-situ nu-
cleophilic addition reaction with dca occurred before our
observation, though the metal-mediated and/or metal-
catalyzed reactions of RCN species were surveyed in a
number of articles including previous reviews on the nitrile

(10) Batten, S. R.; Murray, K. SCoord. Chem. Re 2003 246, 103.
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reactivity and also certain sections in the recent general
reviews on reactivity of RCN ligand$.Nasedta or NaH»-

edta is often used as a good chelate reagent to remove metal
ions from coordination compounds. As excepted, the two
terminal Cu(ll) ions can be easily removed by use oftHia
edta, from which the precursor &f*was obtained. Interest-
ingly, 1 was found to crystallize in two polymorphous phases,
one was obtained in CHEby us® another obtained in a
mixed EtOH-CHCl; solution by Igashira-Kamiyama et &l.
However, excess jédt&~ cannot be used to remove the Cu-
(1) ion from 1. Recently, Igashira-Kamiyama et al. applied
a method similar to our synthetical strategy to synthesized
four linear trinuclear complexes of the same motif{[u-
(dcadpz)} M]*".%° In order to extend and enrich the coordi-
nation chemistry of the dcadptigand, isolation of the free
Hdcadpz ligand is therefore needed. We finally found
(NH,),S to be an effective precipitation reagent after trying
the possible precipitation reagents of LiOH, NaOH, KOH,
and RNOH (R= Me or Et). More interestingly, the Hdcadpz
ligand was observed to have four forms under various
conditions. Hdcadpz-A is neutral and observed in solution
characterized by the NMR spectra. Hdcadpz-B is also neutral
and stable in the solid state, which has been demonstrated
by X-ray crystallography. The protonated form of ;fH
dcadpz] is observed in the solid structure of its adduct with
HCIO,, [Hodcadpz][ClO,4]~. The negatively charged [dcadpz]

(11) (a) Cohn, GJ. Prakt. Chem1911 84, 394. (b) Rembarz, G.; Fischer,
E.; Rtber, K.-Ch.; Ohff, R.; Crahmer, Hl. Prakt. Chem1969 311,
889. (c) Rembarz, G.; Brandner, H.; Finger,JPrakt. Chem1964
26, 314. (d) Kozzek, J.; HvastijoveM.; Kohout, J.Inorg. Chim. Acta
1990 168 157. (e) Boa, R.; Hvastijove M.; KoZise, J.; Valko, M.
Inorg. Chem. 1996 35, 4794. (f) Bishop, M. M.; Lindoy, L. F.;
Mahadev, S.; Turner, B. Chem. Soc., Dalton Tran200Q 233.

(12) (a) Constable, E. QVletals and Ligand Reactity (New, reiised and
expanded edition VCH: Weinheim, 2005. (b) Michelin, R. A,;
Mozzon, M.; Bertani, R.Coord. Chem. Re 1996 147, 299. (c)
Kukushkin, V. Y.; Pombeiro, A. J. LChem. Re. 2002 102 1771.
(d) Burgess, J.; Hubbard, C. Bdv. Inorg. Chem2003 54, 71. (e)
Kukushkin, V. Y.; Pombeiro, A. J. Linorg. Chim. Acta2005 358
1. (f) Kopylovich, M. N.; Haukka, M.; Kirillov, A. M.; Yu. Kukushkin,
V.; Pombeiro, A. J. LChem. Eur. J2007, 13, 786. Khripun, A. V.;
Yu. Kukushkin, V.; Selivanov, S. |.; Haukka, M.; Pombeiro, A. J. L.
Inorg. Chem.2006 45, 5073.
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Table 3. Selected Bond Lengths (&) and Angles (deg) for5 Hdcadpz ligand reacted with Cu(ll) or Ni(ll) nitrate in a 1:2
1 molar ratio, two mononuclear precursors Iohnd 2 were

Cu(1)-N(1) 1.936(3)  Cu(1yN(3) 1.926(3) formed (Schemes 2 and 3). Whénreacted directly with-

N(3)—Cu(1)-N(1) 87.1(1)  N(3)-Cu(1)-N(1a) 92.9(1) Co(ll) or Ni(ll) salts in common solvents, insoluble precipi-
2 tates immediately appeared. In the synthesi3 afd4, we

Higg_ﬁ% iggg((% N@Hg% i-gig(ég first carried out the reaction of a Co(ll) or Ni(ll) salt with

i(2)— . i . . . . . .

Ni(2)—N(8) 1862(3)  Ni(2)-N(15) 1873(3) the 2,6-pdm ligand in a 1:1 molqr ratio to synthesize the

N(L)N(5) 2.704(5)  N(10)-N(14) 2.719(4) “IM(pdm)]?* (M = Co(ll) and Ni(ll), then precursof

N(3)N(7) 2.737(5)  N(15y0(1) 3.073(4) reacted with the resulted “M(pdm)” in a 1:2 molar ratio,

“Egg::g(é)z) %2%2; NANE1) 2.722(4) leading to the formation of crystals of desirable trinuclear

N(3)—Ni(1)—N(1) 89.7(2)  N(&)—Ni(1)—N(1) 90.4(2) complexes3 and4. 5 can be obtained from the reaction of

mggg—mlgg—mg) 187%27((11)) Hggmlgg—w% ?336(32()2) precursor2 with nickel(ll) nitrate in a 1:2 molar ratio by

— NI - . I(£2)— . .

N(17)-Ni(2)-N(15)  89.3(1)  N(8)-Ni(2)-N(15) 91.9(1) the use of DMF as a suitable solvent.

N(1)—H(IN)=N(5) 117(3)  N(10yH(10Ny~N(14) 114(3) Crystal Structures. Structures of Hdcadpz and

N(3)—H(3N)-N(7) 119(3)  N(15FH(15N}-O(1)  162(3) - i

N(8)—H(8N)~N(12) 118(3)  N(L7FH(17Ny=N(21) 125(3) EI:'ozﬁeCcicligs]:rECtﬁis. Theret are t\'\./tobl;g 'ql:je neutraLHdchpz

N(8)-H(8N)}~O(1) 157(3) - ymmetric uni cadapz, as shown In -
3 Figure 1. Both Hdcadpz molecules are almost coplanar with

Cu(1)-N(1) 1.963(3)  Cu(1yN(@3) 1.952(3) dihedral angles of 7°1and 10.8 between the two halves.

gO(i)—H(g) é'é%(? EO(?“(;}) 5'33‘? Compared with the deprotonated dcadpmotif in the

(0] . (o] .
Coll)-0(0) SIS oo 29879 reported [Cu(dcadpzX(Hpz)(CI0):I(CIO,)zH.0 the po-
N(3)—Cu(1)-N(1) 88.7(1)  N(3>Cu(1)-N(1a) 91.3(1) sition of the G=N double bond was isomerized to form a

N(8)—Co(1}-N(6) ~ 111.1(1)  N(8)}-Co(1)-N(2) 165.2(1) conjugating structure. The NZ5 and N9-C12 bond

N(6)—Co(1)-N(2 75.6(1)  N(8FCo(1)-N(4 102.3(1 . I
NE63_C251)):NE43 144.35(1)) N((Z;ngl)):,\,&; 75.1(1()) distances of 1.309(3) and 1.306(3) A are significantly shorter
N(8)—Co(1)-0(2) 75.40(9)  N(6)}-Co(1)-0(2) 89.21(9) than the N2-C4 and N9-C13 bond distances of 1.370(3)
“gg:ggg)):ggg 31-%83 “Egggg)):ggg éé%;S%ﬁ and 1.375(3) A, characteristic of double bonds (Scheme 1),
N(2)-Co(1-O(1)  119.64(9) N(4)yCo(1)-O(1) 91.73(9) The two G=NH groups in dgprotonat_ed dc_adpzmt are,
O(2)-Co(1)-0(1) 145.33(8) therefore, changed from equivalent to inequivalent (theé\C
4 bond distances for the=€ENH groups are 1.262(3) and 1.272-
m%)_;\'}l(%)) i-ggggg ﬁli(llg"[l\l((g)) %825% (3) A, and the &N bond distances for the-€NH, groups
I(1)— . | . C-
Ni(1)—N(5) 2.049(4)  Ni(1-N(7) 2.054(2) are 1.302(3) and 1.306(3) A). Within each neutral Hdcadpz
Ni(1)—0(2) 2.107(3)  Ni(1)}-O(1) 2.134(3) molecule, a hydrogen bond was formed between the in-
mg;—ﬁ_ll((ll))—ll\l\l((g)a) 1537140é(1%) N(é);’(\l?lé(ll))—’\']l((g)) gg-ggg tramolecular NH and NH groups (N-N = 2.648(3) and
—Ni(1)— . i(1)— . . _
N(2)—Ni()-N(5) 786(1)  NEB-NI(1)-N(7) 104.3(1) 2.544(3) A,DN—HmN_ = 129(2)’ a_nd 13(_)(2‘)). Moreover,
N(2)—Ni(1)—N(7) 78.0(1)  N(5-Ni(1)—N(7) 156.1(1) adjacent Hdcadpz units are interlinked into a 3D supramo-
“gg—migg—ggg gfﬁgg mg%mlgg—ggg 3859(71()1) lecular architecture (Figure S2) via the rich intermolecular
— NI - . | - .
N(8)—Ni(1)—O(1) 789(1)  N(2XNi(1)-O(1) 96.5(1) hydrogen bonds among the pyrazoyl groups and Bkt
N(5)—Ni(1)—0(1) 95.3(1)  N(7>-Ni(1)—0(1) 91.8(1) NH groups (NN = 2.995(3)-3.329(3) A;ON—H:*-N =
O(2)—Ni(1)—0(1) 157.8(1) 149(2)-160(2)).
Ni(L)N(L L8833 5 Ni(LNG L7703 In the crystal structure of [klcadpzi[CIO,4]~ (Figure 2a),
N:Eznggzg 2:0158 N:gz);o((zzxv) 2:03423)) the asymmetric unit conta'ins one-half of. a protonated
Ni(2)—N(5) 2.056(3)  Ni(2-N(7) 2.058(3) Hdcadpz molecule and a disordered ¢l@nion with an
mi((%—?\l(_a) N 28-861‘}(3) Hé(é)ﬁ((i;/v)mn 9%—35(911)(3) occupancy of 0.5. Similar to that in Hdcadpz, the position
—Ni(1)— . i(1)— . L . .
NQ)-Ni2)-0@w)  177.8(1) N(2¥Ni(2)-N() 781(1) of the C_—N double bond was also isomerized to form a
0(w)-Ni(2)-N(5)  102.6(1)  N(2}-Ni(2)-N(7) 78.5(1) conjugating structure (Scheme 1). However, tkeNH and
8((5;,\/)@"?;()2)5'(\‘1()7) 1510'?((11)) g((gwigz()z—)Ng()l) 2262-6(38) C—NH; groups turn out to be undistinguishable due to the
—Ni(2)— . 1(2)— X N . ~
N(5)—Ni(2)-O(1) 89.4(1)  N(7¥Ni(2)~O(1) 91.4(1) protonation of the &NH group (into a G=NH" grom_Jp).
N(2)—-Ni(2)—O(lw)  92.2(1)  O(@w3-Ni(2)—O(1w)  89.9(1) Interestingly, the protonated Hdcadpz molecule is non-
N(5)—Ni(2)-O(1w)  89.7(1)  N(7)-Ni(2)—O(1w) 91.2(1) coplanar with a dihedral angle of 50.between the two

O-Ni2)-0(w)  175.7(1) halves. Adjacent [kticadpz] units are interlinked into 1D

aSymmetry code forl: &) —x + 1-y + 1,-z Symmetry code helical chains along thé axis (Figure 2b) via the inter-

for 22 a) —x + 1, -y + 2, —z. Symmetry code foB: a) —x, —-y, —z 3
Symmetry code for: a) —x, —y, —z. Symmetry code fob: a) —x, —y + molecular self-complementary hydrogen bonds between the

1-7+1. pyrazoyl N groups and NHgroups (N-*N = 3.013(4) A;
ON—H---N = 147(4Y¥). The perchlorate anions are located
is formed in coordination complexes of [¢dcadpz)(Hpz)- between these helical chains and form a 3D supramolecular

(ClO)2)(ClOy4)2H,0,52 catena[Cuy{ Cu(dcadpz)} (Hpz)- architecture (Figure S3) via rich interchain-M---O and
(PhSQ),](PhSQ),, [Nif Cu(dcadpz} (MeOH)(H:0)4(NO3)a, C—H---O hydrogen bonds (N-O = 2.95(1)-3.10(1), G--O
[Coy{ Cu(dcadpz} (NOs)(EtOH)Y](NO3),, [Mn{ Cu(dcadpz} - = 3.192-3.455 A; ON—H:+-O = 146(4)149(4y, OC—
(NO3)4(MeCN),],%* and 1-5. Furthermore, when the free H--:O = 127.3-153.9).
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Scheme 1. Schematic Showing the Separation Process of the Hdcadpz Ligand
AN (w 4+ N 7
ﬁ / \ 7 N
N N—N H H N—N N H H N
/// \\\N ot > \ / < Hoedta? >_N\ /N_<
+ (Hpz)Cu—N N——Cu(Hpz) N Cu N
/ \ /7 N\
Z \ >_ _< = =
H H
/ N—N N—N N N
HN—N U U / \ . I\
Hpz L A AN _ F N N X
\(NHOZS
NH, NH,* ClO,4 NH NH,
N\N)\N)I\N/N HCIO, N\ )I\ )I\ /N soid N~ Z N
4 — N NT SN NN
= solutlon </l |\>
* Hdcadpz-A Hdcadpz-B
[szczg;;z]“é[)CIO,,] (in solu't)ion) (in solid)
Scheme 2. Schematic Showing the Synthesis®and4 from the = 89.2(2)-91.8(2)). Different from that inl, each Nil motif

Metalloligand [Cu(dcadpz) Precursor
=i, A< [ =
N>=H/Cu\u=<N LM"\—N>_H/ \ _< —M'L
N—

Structures of [Cu(dcadpz)] (1) and [Ni(dcadpz)]-2/
3DMF (2). 1 crystallizes in tetragondP4,/n space group
with an asymmetric unit consisting of half a formula unit
(Figure 3). The copper atom is located on the inversion center
and is coordinated in a slightly disordered square planar
environment by four nitrogen atoms (€N = 1.926(3) and
1.936(3) A; Ocis-N—Cu—N 87.1(1y and 92.9(1)),
forming two six-membered metallocycles. The N{Q(1)
and N(3)}-C(2) distances of 1.293(5) and 1.291(4) A and
C(1)-N(2) and C(2)N(2) of 1.328(4) and 1.331(4) A,
respectively, indicate a strongly delocalizedbonding
system, similar to those found in related compounds of [Cu-
(dcadMeOH)] (dcadMeOH = bis(methoxycarbimido)-
aminato}**and [Cy(dcadpz)(Hpz)(ClO4)2](ClO4),-H,0 52
The z—m stacking interaction exists between different units
with the face-to-face distance of 3.243.466 A, which
extends the neutral mononuclear complex lofnto 1D
supramolecular columns along theaxis (Figure 3b,c).

2 crystallizes in monoclinid?2;/n space group and the
asymmetric unit consists of one and a half formula units,
and therefore, there are two crystallographically unique (but
chemically similar) metal environments (Figure 4a,b). The
Nil atom is located on the inversion center and is coordinated
in an almost ideal square planar environment by four nitrogen
atoms (Nit-N = 1.857(4) and 1.853(4) AJcis-N—Ni1—N
= 89.7(2) and 90.3(2)), similar to that in1. The N(1)-
C(1) and N(3}-C(2) distances of 1.300(5) and 1.304(5) A
and C(1}-N(2) and C(2)-N(2) of 1.318(5) and 1.320(5) A,
respectively, indicate a strongly delocalizateebonding
system, similar to those found in The Ni2 atom is located
on a general position, and its coordination geometry is similar
to Nil (Ni2—N = 1.850(3)-1.872(3) A; Ocis-N—Ni2—N

9552 Inorganic Chemistry, Vol. 46, No. 23, 2007

M2+

1

stacks in the center with a pair of Ni2 motifs in a face-to-
face fashion into a stacking ([Ni(dcadp} aggregate with
distances of 3.314(3) and 3.566(3) A and dihedral angles of
0.8 and 1.3. Furthermore, the—asa-stacked ([Ni(dcadpz))s
aggregates are further extended by the edge-to-face interac-
tion (Figure 4c) into a 3D supramolecular architecture,
different from that found iri.

Structures of [{M(pdm)}{ Cu(dcadpz)}](NO3)s (M =
Co?*, 3; Ni2*, 4). 3and4 are isostructural linear trinuclear
MCuM (M = Co*" and N#") complexes, as illustrated in
Figure 5a, b. The crystallographically asymmetric unit
consists of half of a Cu(ll) atom, which is located on an
inversion center, one Co(ll) or Ni(ll) atom, which is located
on a general position, one dcadppne pdm, and two N©
anions. The central Cul atom is ligated in a slightly distorted
square planar geometry by four nitrogen atoms from two
dcadpz ligands with CuiN bond lengths of 1.952(3)
1.963(3) A for3 and 1.950(3)1.962(3) A for4, respectively,
similar to those found in [Gyidcadpz)(Hpz)(ClO4),](ClO4).
H.Ofbut longer than those ih Each of the terminal Co or
Ni atoms is coordinated in a greatly distorted M
octahedral geometry Jcis-N/O—M—N/O = 74.76(9)%
119.64(9y, Otrans-N/G-M—N/O = 144.3(1)-165.2(1} for
3; Ocis-N/O—M—N/O = 78.0(1)-105.7(1}, Otrans-N/C-
M—N/O = 156.1(1)-174.9(1} for 4) to three nitrogen atoms
from a dcadpz ligand and one nitrogen atom and two oxygen
atoms from a pdm ligand with MN and M—0O bond lengths
of 2.070(3)-2.119(3) and 2.175(2)2.177(2) A for3 and
1.992(3)-2.054(4) and 2.107(3)2.134(3) A for4, respec-
tively. The intra-trinuclear Cu1-Col and Cu:-Nil dis-
tances are 5.411 and 5.335 A, whereas the shortest inter-
trinuclear Ce--Co and Ni--Ni distance are 7.482 and 7.731
A for 3 and4, respectively. Along tha axis, each trinuclear
MCuM unit further connects with adjacent units via both
w—m stacking between the intertrinuclear pyrazoyl groups
and C-H(pyrazoyl}--O(pdm) hydrogen-bonding interactions
into 1D stair-type supramolecular chains (Figure S4), which
are further extended into 2D layers (Figure 5c) via offset
m— stacking interaction between the interchain pdm groups.
Finally, a 3D supramolecular architecture is resulted from



Isolation of a Pentadentate Ligand

Scheme 3. Schematic Showing the Stepwise Synthesi® ahd5
N Z 4

(a)

Figure 1. Molecular structure of the Hdcadpz ligand; 50% thermal
ellipsoids are shown. (b)

(c)

Figure 2. Molecular structure of [Rtcadpz][ClO4]~ (a); 50% thermal
ellipsoids are shown. (b) The 1D helical chain along Ibhexis.

the O—H(pdm)--O(NOs~) hydrogen-bonding interactions

between the nitrate anions and the imino groups.
Structure of [{Ni(MeOH)(H 20),} »{ Ni(dcadpz),} [(NO3)4

(5). 5is a symmetrical linear homotrinuclear nickel(ll)

complex. The crystallographically asymmetric unit consists

of 1.5 Ni(ll) atoms, one dcadpz, one MeOH and two aqua Figure 3. Molecular structure of (a); 50% thermal ellipsoids are shown.

L ' T Side (b) and top (c) views of 1D supramolecular columr.in

ligands as well as two N anions in the crystal structure

(Figure 6). The central Nil is located on an inversion center to four nitrogen atoms from two dcadpZigands with

and coordinated in a slightly distorted square planar geometryNi1—N bond lengths of 1.883(3) and 1.877(3) A andis-
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Figure 5. Coordination environments of the metal ions3ia) and4 (b);
50% thermal ellipsoids are shown. (c) The 2D supramolecular lay8r in

Figure 4. Molecular structure o2 (a and b); 50% thermal ellipsoids are
shown. (c) Ther—x stacking and the edge-to-face interaction.in

N—Ni—N = 89.1(1)-90.9(1¥, which are comparable with
those in2. Each of the terminal Ni2 atoms is coordinated in
a greatly distorted octahedral geometry with three nitrogen
atoms from the dcadpzligand with Ni2—N bond lengths

of 2.015(3)-2.058(3) A, and two aqua ligands and one
MeOH ligand with Ni2-O bond lengths of 2.034(3)
2.094(3) A and N/G-Ni2—N/O bond lengths of 2.034(3)
2.094(3) A andJcis-N/O—M—N/O bond angles of 78.1(1) ¢
102.6(1y, Otrans-N/G-M—N/O bond angles of 156.6(%) Figure 6. Coordination environments of the metal ionsirb0% thermal
177.8(1). The intra-trinuclear Ni%-Ni2 distance is 5.265  ©liPsoids are shown.

A, whereas the intra-trinuclear Ni2Ni2a distance and the  gusceptibility per trinuclear unit) are shown in Figure 7. The
Shortest in'[el’-tl’inudeal‘ N|2'N|2a distance are 10530 al’ld 50_300 K temperature dependences Of the magnetic Sus-
6.890 A, respectively. Each trinuclear ;Nunit further ceptibility was well fit by the Curie-Weiss expression, =
connects with adjacent Biunits via NicagpzH-**O, CI(T — 6) + y0, with C = 6.18 cnd mol1 K, 6 = —4.83 K,
Opdmwater—H*+*O and C-H-:-O hydrogen-bonded interac-
tions, resulting in a 3D supramolecular architecture (Figure (13) (a) Cano, J.; De Munno, G.; Lloret, F.; Julve, Morg. Chem200Q

; ; : _ 39, 1611. (b) Xu, Z.; Thompson, L. K.; Milway, V. A.; Zhao, L.;
S5). Notably, the reported linear trmuclea_r nickel(Il) com Kelly, T.. Miller, D. O. Inorg. Chem 2003 42, 2950, (c) Heinicke.,
plexes are those ftrinuclear structures with all octahedral J.; Peulecke, N.; Karaghiosoff, K.; Mayer, IRorg. Chem2005 44,
i i i 2137. (d) Beissel, T.; Birkelbach, F.; Bill, E.; Glaser, T.; Kesting, F.;
geometry abO.Ut the nickel centéfsand those \.Nlth mixed Krebs, C.; Weyhermuller, T.; Wieghardt, K.; Butzlaff, C.; Trautwein,
square-pyramidal/square-planar/square-pyramidal and square- A, X, J. Am. Chem. Sod996 118 12376.

pyramidal/octahedral/square-pyramidal geométry. (14) I(a) Vslerackl‘\’l-: Cott%r;], F. /iag%ugga;gésR(;b ;\Agrillg& C|_.| A.I;3 Pa:/lcual,
. - . . i ang, X.lInorg. em. 3 . u, X.-H.; Du, i
Magnetic Properties. The dc magnetic propertles aﬁn. Zhang, L.; Liao, D.-Z.; Tang, J-K.: Zhang, R.-H.: Shionoya, .
the form ofyuT vs T andM vs H plots (v is the magnetic Chem. Sog Dalton Trans.2001, 593.
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Figure 7. (a) Plot of theymT vs T. Solid lines represent the best fit with

the parameters given in the text f8r (b) The field dependence of the
magnetization measured 2 K (scattered open circles) f& The Solid
lines represent the theoretical curve per Cu@nit calculated with the
Brillouin functions with different spins.

andy, = 2.6 x 10~% cnm?® mol* (fixed) (Figure S6a). ThE€
value coresponds tg = 2.45. TheyuT values at room
temperature are 6.31 émol* K, which are greatly larger

Scheme 4. Schemes of the Spin Topology Assuming Intramolecular
Magnetic Coupling in the Trinuclear Systems3f4, and5

has a ground spin multiplicity of 5/2, which is supported by
the field dependence of the magnetization. At 2 K, the molar
magnetizations per CeCu—Co unit in the field range of
0—7 T are shown in Figure 7b together with the Brillouin
magnetization curves for the uncoupled-8ou—Co cluster

and the coupled states. The experimental curve gradually
approaches the theoretical curve (solid line in Figure 7b) of
M/H for the S = 5/2 state, in agreement with the ground
state calculated from the vector coupling scheme (Scheme
4a) for the Ce-Cu—Co cluster and consistent with the
analysis of the variable-temperature magnetic data.

For 4, the y»T value at room temperature is 2.86 tm
mol~! K (Figure 8a), which is significantly larger than that
expected for the sum of the spin-only values of a square-
planar CU ion (Scy = 1/2, ymT = 0.375 cnd mol~! K with
g = 2.0) and two octahedral high-spin'Nions Gy = 1,

than that expected for the sum of the spin-only values of a M1 = 2.0 cn¥ mol™ K with g = 2.0) in magnetic isolation

square-planar Cuion (Scy = 1/2, ymT = 0.375 cni mol~?

K with g = 2.0) and two octahedral high-spin Cimns &,

= 3/2,ymT = 3.75 cn¥ mol™* K with g = 2.0) in magnetic
isolation. On cooling,ymT decreases, and it attains a
minimum at 20 K and increase smoothly upon cooling
further, which is typical of ferrimagnetic linear trinuclear
M) =M(11) —=M(I) cluster compounds which exhibits a
characteristic minimun® From the structural analysi8,is

due to the orbital contribution of Ni(ll) ions. On cooling,
the ymT product increases monotonically and reaches 3.07
cm® mol™t K at 9 K, which is typical of ferromagnetic
NiCuNi trinuclear cluster compounds (Scheme #Below

9 K, the yuT value decreases rapidly caused by the zero-
field splitting with yuT value of 2.2 crAmol™* K at 2 K.

The 50-300 K temperature dependences of the magnetic
susceptibility was well fit by the CurieWeiss expression,

considered to consist of well-separated trinuclear clusterx = C/(T — 6) + o, with C = 2.77 cni mol"* K, 6 = 1.99

units. The temperature dependenceg @l was analyzed by
an isotropic isolated three-spin motgH = —2J(Sco1r Scur

+ Scur Seor)) Within MAGMUNA4.1.26 The best-fit parameters
wereJ = —5.27 cnl, zJ = 0.056 cm?, goy = 2.48,R =

1.6 x 107* (R = [ ((obs — Xcacd Y xob1Y?). These fitting
results reveal that the Cu(dcadpr antiferromagnetically
coupled with both the terminal Co(ll) ions, and therefore,
each Ce-Cu—Co unit exhibits ferrimagnetic behavior and

(15) Tercero, J.; Diaz, C.; Ribas, J.; Maestro, M.; Kali.; Stoeckli-Evans,
H. Inorg. Chem.2003 42, 3366.

(16) MAGMUNA4.1 is freely available through http://www.ucs.mun.ca/
~Ithomp/magmun.html. The program may be used for scientific
purposes only. Reference to it should be quoted appropriately.

K, andy, = 2.6 x 10~* cm® mol™? (fixed) (Figure S6b).
TheC value coressponds gp= 2.16. To fit the experimental
data, we used the theroetical expression of the magnetic
susceptibility deduced from the spin-Hamiltonian equéfion

H = =S Seu + SovSur) + D[S? — U/3SS + 1)] +
Bloni(Svin + Svir) + deue]H, the parallel and perpendicular
magnetic susceptibilities are then

(17) (a) Kahn, OStruct. Bondindl987, 68, 89. (b) Pei, Y.; Journaux, Y.;
Kahn, O.Inorg. Chem.1988 27, 399. (c) Vecente, R.; Escuer, A,;
Ribas, JPolyhedron1992 11, 857. (d) Ribas, J.; Diaz, C.; Costa, R;
Journaux, Y.; Mathoniere, C.; Kahn, O.; Gleizes, IAorg. Chem.
199Q 29, 2042. (e) Miao, M.-M.; Cheng, P.; Liao, D.-Z.; Jiang, Z.-
H.; Wang, G.-L.Transition Met. Chem1997, 22, 19.
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Figure 8. (a) Plot ofymT vs T. Solid lines represent the best fit with the
parameters given in the text fot. (b) The field dependence of the
magnetization measured 2 K (scattered open circles) fer The Solid
lines represent the theoretical curve per Gubhit calculated with the
Brillouin functions with different spins.

2= (NBZ1AKT) g3 719 exp(=DIKT) + expOIKT)] +
Oua i €XPAI2KT) + Gy & €XP(3V/2KT) + 100y, %
exp(20/KkT) + 3595,2’22 exp(a)/2kT)} { exp(=D/KT) +

exp@/KT) + exp@/2kT) + exp(3/2kT) +
2 exp(A/KT) + 3 exp(/2kT)}

o= (NBAKT){ a1, —(3KTID) exp(—DIKT) +
(4 + 3KT/D) exp@/KkT)] + 91/2,12 expd/2kT) +
Ouo0 €XP(3V/2KT) + 10g,,,  exp(D/KT) +
3505155 €XP(5I/2KT)} { exp(~D/KT) + exp@/KT) +

exp/2kT) + exp(3/2KT) + 2 exp(/KT) +
3 exp(F/2kT)}

Oa22= (69ni — G/ Gu21= (49ni — 9eu)/3,
G120= Yo Y321 = (29 T 93,
Os2.2= (49ni + 9c))/5

Zheng et al.

ions, and therefore, each NCu—Ni unit has a ground spin
multiplicity of 5/2. At 2 K, the molar magnetizations per
Ni—Cu—Ni unit in the field range of 67 T are shown in
Figure 8b together with the Brillouin magnetization curves
for the uncoupled N+ Cu—Ni cluster and the coupled states
(Scheme 4b). The experimental curve gradually approaches
the theoretical curve (solid line in Figure 7b)MfH for the
S=5/2 state§ = 2.16) but is far from the theoretical curve
(solid line in Figure 8b) oM/H for the S= 3/2 state § =
2.16).

For 5, the central square-planar 'Nion is diamagnetic
(S = 0, xmT = 0), theyuT values at room temperature is
2.47 cnt mol™* K, which is larger than that expected for
the sum of the spin-only values of two magnetically isolated
octahedral high-spin Niions Sy = 1,9 = 2.0,ymT = 2.00
cm?® mol™! K, Scheme 4c) due to the orbital contribution of
Ni(Il) ions. On cooling,ymT shows a slight decrease between
300 and 17.0 K. The 56300 K temperature dependences
of the magnetic susceptibility, was well fit by the Curie
Weiss expressiory, = C/(T — 0) + xo, with C = 2.41 cn¥
mol™! K, § = —2.23 K, andy, = 2.0 x 10°* cn?® mol*
(Figure S6c¢). TheC value corresponds tg = 2.19. Below
17 K, theymT value decreases rapidly caused by the zero-
field splitting.

To take account of the effect of zero-field splitting, we
deduced the average magnetic susceptibility from the parallel
and perpendicular magnetic susceptibilitys (4NB2g,2/3KT)-

{[4 expD/KT)J/[1 + 2 exp(~D/KT)]} + (8NS%g23D){[1
— exp(=D/kTNJ/[1 + 2 expcD/KT)]} + TIP.

The least-square fitting of the experimental data leads to
D =5.91 cmi! andgy = 2.02,g, = 2.47 with TIP= 2.0 x
104 cm?® mol ! (Figure 9a). The averaggis 2.19 calculated
from @2 = (¢ + g2 + gA/3. At 2 K, the molar
magnetizations 05 (per Ni unit) in the field range of 67
T are shown in Figure 9b. The experimental curve gradually
approaches the theoretical curve (bold lineMJH for the
S= 2 state ¢ = 2.19).

It is interesting to note that the magnetic orbital of Cul in
the neutral Cu(dcadpz)netalloligand is regarded as2d?
which directs toward the four basal N atoms from two
dcadpz ligands, similar to that found in the reported
pioneering building blocks, for example, [Cu(opBa)jopba
= o-phenylenebis(oxamato)), [Cu(bpgand [Fe(bpca)(CN)~
(Hbpca= bis(2-pyridylcarbonyl)amine®'81°The magnetic
orbitals of the terminal Co(ll) or Ni(ll) atom, are mainly
dz, de_y, lies in the NO, plane perpendicular to the Cu-
(dcadpz) plane. The orientations of the magnetic orbits in
linear trinuclear MCuM (M= Cw?*, Mn?*, Co?*, and N#")
species have been summarized by us and lgashira-Kamiyama
et al. %20 In 4 (Ni—Cu—Ni), the ferromagnetic coupling
resulting from the orthogonality of the symmetric magnetic

The least-square fitting of the experimental data leads to orbitals (dz-y» and d?) of the terminal Ni(ll) ions and

two equally satisfying solutions, according to whetBeis

positive or negative. The parameters of these two solutions(18) (a) Kajiwara, T.; Kamiyama, A.; Ito, Tchem. Commur2002 1256.

areJ = 2.50 cm?, gy = 2.19,0cy = 2.12,D = +£10.01
cm‘l, R =181 x 1073 (R = [Z(XobsT - Xcalch)Z/
S (robsT)?Y?). These fitting results reveal that the Cu(dcadpz)
is ferromagnetically coupled with both the terminal Ni(ll)
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Isolation of a Pentadentate Ligand

(a) interaction between y8Cucentra) aNd bg(COermina) through
space type, and the ferromagnetic interaction betwgen e
(Cleentra) and g(Coermina)- The experimental data @fshow
that the antiferromagnetic interaction 4(@ucentra) —tog-
(Caeming)) slightly dominates over the ferromagnetic interac-
tion (g(Cu)—tyy(Co0)), leading to an overall ferrimagnetic
interaction occurred in3, which is different from that
observed for [Cg Cu(dcadpz} (NOs)x(EtOH)](NO3),.°
The difference in magnetic interactions may result from the
significant distortion in the coordination geometry around
Co(ll) due to the introduction of tridentate pdm ligand.
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TIK In this study, we have isolated a neutral pentadentate
ligand, di(pyrazolecarbimido)amine (Hdcadpz), from our
previously synthesized linear trinuclear flcadpz)(Hpz)-
(ClO4)2](Cl0O4)2-H,0 52 Characterization of X-ray crystal-
lography, NMR, MS, EA, and IR technique reveals that it
can exist in four forms of Hdcadpz-A (in solution), Hdcad-
pz-B (solid), [Hdcadpz] (solid), and [dcadpz] (coordi-
nated) under different conditions. Two mononuclear M(dcad-
pz) (M = CuU' and Ni') precursors can be obtained by
reacting copper(ll) or nickel(ll) nitrate with Hdcadpz in 1:2
molar ratio. Two mononuclear precursors can be rationally
combined with Co(ll) or Ni(ll) ions to obtain three homo-
and heterotrinuclear clusters exhibiting ferromagnetic, fer-
rimagnetic, and paramagnetic behaviors, respectively, which

Conclusions

(b)

0' T T T

o 1 2 3 4 5

o =
-

provides a new route to magnetic homo- and heterotrinuclear
_ HIT ] clusters.
Figure 9. (a) Plot of yuT vs T for 5. (b) The field dependence of the )
magnetization measureti2K for 5. The Solid line represent the theoretical Acknowledgment. This work was supported by the
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antisymmetric magnetic orbital of the central Cu(ll) ion,  Supporting Information Available: X-ray crystallographic files
whereas in3 (Co—Cu—Co), each terminal Co(ll) ion has  ©f Hdcadpz, [Hdcadpz][CIO,]", and1-5 (CIF), UV-vis spectra,
both d spins in g orbitals and d spins in t, orbitals. four structural plots, and additional plots for magnetic studies. This

Therefore, the total magnetic interaction depends on the Summaterial isavailable free of charge viathe Internet at http:/pubs.acs.org.

of two opposite interactions, the antiferromagnetic magnetic 1C070343z
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