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The reactions of cobalt(ll) halides and flexible ligand L [L = 1,3-his(pyrid-4-ylthio)propan-2-one] under different
conditions generated a series of complexes with various structural motifs ranging from tetragonal-prismatic cages
to 1-3D coordination polymers. The layer diffusion of cobalt(ll) chloride and L in methanol/acetone at 25 °C gave
rise to a 3D polymer, [Co(L),Cl;]-Me,CO (1). At 30 °C, the slow diffusion of diethyl ether into the blue
dimethylformamide (DMF) solution of complex 1 afforded a 1D polymer, Co(L)Clo(DMF), (2). However, at 10 °C,
the diffusion of diethyl ether into the DMF solution of complex 1 produced a tetragonal-prismatic cage, [Coy(L)s-
Cly]Cl,-Et,0-DMF-2MeOH-4H,0 (3). The reaction of cobalt(ll) bromide and L in DMF at 10 °C yielded a dimer,
[Coy(L)4Br,]Br,-6DMF-2H,0 (4), with a cage structure similar to 3. The preparation of the series of compounds
indicates the subtle relationship between structures and tunable reaction conditions. It is also found that the structural
motifs vary according to the ligand conformations and that the formation of tetragonal-prismatic cages 3 and 4 may
be templated by anionic guests. Magnetic studies on complexes 14 in a temperature range 4—-300 K disclose that
L is unfavorable for a long-range magnetic interaction; however, intramolecular spin-coupling constants of —19.6
and —=21.5 cm~* for 3 and 4 indicate rather strong magnetic superexchanges arising from the overlap of the d2
orbitals of the cobalt(ll) and p, orbitals of the encapsulated halide anions. Electron paramagnetic resonance (EPR)
spectra of complexes 3 and 4 in solution and solid give information that both complexes are high-spin cobalt(1l)
compounds with a rhombic distortion of the axial zero-field splitting. Interestingly, the intramolecular magnetic-
exchange coupling in 3 and 4 mediated by the encapsulated anion CI~ or Br~ is also reflected by the EPR spectra.
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Synthesis’s, have been well established for the design of new Chart 1. Schematic Representation of the Conformational Isomers of
structures. Besides the spontaneous metallligand associatiorf;92"9 -

the organization of such compounds is also impacted by \)L/

noncovalent interactions, which offer a rich scope for the 2 S
modification of the outcome. One important example in this N s\)j\/s A
| \ /

S

aspect is guest templation (involving neutral, cationic and
anionic, and even complex guests), which has scored somei.__~ N N
success in the generation of metallaassemblies receftiys (A1)

far, product prediction is still limited by the dynamic nature

endowed in metal-mediated self-assembly reactions, where

the kinetic formation of metalligand bonds, the varying

coordination number and stereochemistry of metal ions, and 4 \
the coordination modes of ligands may increase the lability ~
in metal complexe3Additionally, the diversity of assemblies (C1)
in structures and further in properties may result from other

factors such as the metal/ligand ratio, solvents, counterions,reported here is based on the flexible ditopic ligand 1,3-bis-
and even temperature. For instance, Pan et al. reportedpyrid-4-ylthio)propan-2-one (L), shown in Chart 1. Also
solvent-dependent reversible transformations of nano- andshown are its multiple conformational isomers. Relating to
nonporous coordination frameworksArmentano et al. the rigid plane of the propan-2-one group, its ether linkage
showed that the magnetic ordering temperalgnearies with  offers the possibility of cis or trans orientations of the side
cations in oxo- and oxalate-bridged 3D iron(ll) netwofks. arms, accompanied with the two binding sites pointing in

One conspicuous way to fascinating metallaassemblies,the same or reverse directiofsThus, it is an attractive
such as well-defined metal-containing cages, helicates, andcandidate for use in the generation of both molecular cages
interpenetrating or dynamic porous frameworks, is the use and coordination polymers. Cobalt(ll) ions with labile
of flexible or semiflexible organic linker®? Particularly, the coordination configurations and interesting magnetism are
flexibility of entities endows assembly systems with the purposely selected as binding nodes for self-assembly
propensity toward structural diversity, which affords op- reactions with L12 With changes in the reaction conditions
portunities to probe how the self-assembly process is adjustedsych as the solvents, counterions, and temperature, a series
by modifying the reaction conditior8. The chemistry  of cobalt(ll) halide complexes of the composition [Ca))]

et} \\ /
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Formation of Coordination Polymerss Tetragonal Prisms

on the cages of cobalt(ll) halides and 1,3-bis(pyrid-4-ylthio)- gcfge%el)léhlsqgenﬂatcic Relpresentagon of the Dygﬁmic Formition of
BB ; : _Co alt oriae- omplexes in Response to anges In the

propan _2 one, wr_nch ShOW unexpectedly strong antlfer_ro Solvent Systems and Temperature

magnetic interactions mediated by the encapsulated anions CoCl, + L (methanol/acetone 25 °C)

ClI~ and Br, respectively. Of particular interest is that they

=
are rare models in which the magnetic exchange of binuclear E
Co(ll) is dominated by the weak interactions of the encap- 5
sulated anion and two metal centers. Compared with all .
reported magnetism in halide-bridged binuclear complexes, =
the above observation probably provides an atypical case polymer 1
that furthers the understanding of magnetic-superexchange 10°C | 30°C
coupling* DMF-diethyl ether system
Results and Discussion cage-lilze dimer 3 polyr;;erZ
1. Synthesis and Solution Structure StudyLigand L
30°C

was prepared using our previously reported methodis
mentioned above, ligand L displays multiple conformational
isomers in building metal-containing complexes. The typical . .
isomers presented in this paper are Al, A2, and C1 isomers.S’hand 4H The .ES.I'MS spectrall dgta ?re glvlen in Table 1’.
With their two binding sites pointing in reverse directions, where the main lons characteristic of complexes present in

Al and C1 isomers show a preference for constructing openSOIUtion are ”Ste‘?'- Every ion is verified by careful compari-
frameworks. However, the A2 isomer with its binding sites son of the isotopic patterns between the observed peak and

pointing in the same direction, like a molecule clip, tends to the theoretical simulation. The common feature in the spectra
create metallacycles or cageé ' of complexesl, 3, and4 is that all display the strong peak

At 25 °C, the layer diffusion of cobalt(ll) chloride and L relating to free ligand L and the minor peaks corresponding

. | tio of 1:2 i thanol/acet ise t to hydrogen-bonding adducts2H,0 for 1 and L:2MeOH
N a moe ratio of .2 in methanoliacetone gave rse 10 a ¢, 3 5544 The spectrum ol in DMF gives major peaks

suspended blue-green substance in about 5 min, which altere%orresponding to [CoCI(DME)*, [COCL(DME)s], [Co,Cls-
into orange crystals of a 3D polymer, [COfC)]*MeCO (1 " 1caCly(L).2, evidently indicating the formation

oo e S of teragonarprima aton (001 Indeed, e
freshly prepared complekfor 2 weeks created single-phase ESI_MS. spectrum. ofl in DMF does not really represent
red prismatic crystals of a 1D polymer, Co(LYDMF), (2) that of itself. As (ﬁssolved n DMF’. thg netwprk dlfmgy
However, at a lower temperature of, 2. the diffusioﬁ be de(_:omposed into mL_IItlpIe species involving free Ilggnd
" ) o . L, major mono- and binuclear complexes, and possible
process T'rSt c_reated green Je_IIy, V.Vh'Ch then changed into oligomers. Presumably, there is an equilibrium between
purple prismatic crystals of a dimeric cage, [19.Cl|Cl> various molecular fragments of formed when DMF

ELO-DMF-2MeOH4H,0 (3), in 3 weeks. At 30°C, the ., jinates to it, and with diffusion of diethyl ether into the
slow c_1|ffu5|on of diethy| ether into a blue DMF solution of system, the coordination sites held by DMF will be substi-
3 again produced compleXin 2 weeks: To further explorg tuted by ligands L, which can bridge cobalt(ll) ions to form
anionic effects upon structural topologies, cobalt(ll) bromide new temperature-dependent compounds: polytagihigher
was useq to a_ssemble with L_in DMF. Unfortunately, only temperature and dimeric ca@eat lower témperature. The
purple p”S”.‘a“C crysta_lls of a dimer, [gp)4Br2]Br2-6DMF- spectra o and4 in methanol dominated by a series of peaks
2H2Q (4), with a cagelike structure similar to that 8fwere corresponding to dinuclear cations [&a(L)s]*, [CoXa(L)»-
obtained at 10C. , (Ho0)]7", [CoXa(L)o(MeOHY]?*, and [CoXa(L)dZ*, re-
The preparation of cobalt(ll) chloridel compounds,  gnectively (X= CI- for 3 and Br for 4), suggest that there
which is represented in Scheme 1, suggests a dynamicy,y pe a fast exchange between L and solvents in solution
formation process in response to change§ in the solvents and,\4 that the tetragonal-prismatic dications JEgL).]2" are
temperature. The formation of such different structures i, preferable members in the equilibrium systems because

through the self-assembly of L with the same metal ion ot ihe compared higher peaks attributed to them in the spectra
warrants further electrospray ionization mass Spectrometry (rigyre S1 in the Supporting Information).

(ESI-MS) studies on the solution behavior of complekes

DMF-diethyl ether system

The solution features of cage3 and 4 were also
) @) Sak ” investigated by spectrophotometric measurements. Because
14) (a) Sakiyama, H.; Ito, R.; Kumagai, H.; Inoue, K.; Sakamoto, M.; fp o ; TF
Nishida, Y.; Yamasaki, MEur. J. Inorg. Chem2001, 2027. (b) Sun, of their |ns_olub|I|ty or slight solu_blhty in _C(_)mm(_)n solvents,
J.-S.; Zhao, H.; Ouyang, X.; Glac, R.; Smith, J. A.; Clemente-Juan, the UV—vis spectrum records in the visible light area for
J. M.; Ganez-Garcia, C.; Coronado, E.; Dunbar, K.IRorg. Chem. i imi i
1999 38, 5841. (c) Telfer, S. G.; Sato, T.; Kuroda, R.; Lefebvre, J,; cageg‘S and4 mlght.be limited. BOth an.d4 in a methanol .
Leznoff, D. B.Inorg. Chem2004 43, 421. (d) Grove, H.; Kelly, T. solution show a salient absorption maximum at 261 nm with
B; Tc?ompszn,EL. \+/<\};|Zhao,CL.;HXu, Zd; %b?l?{hr S'c'\ﬂ'; MIZII(SE&D- a shoulder at 337 nm f@ and 335 nm fort observed at a
.; Goeta, A. E,; lison, C.; Rowara, J. A. lorg. em.. . . 4 .
43 4278, (e) Seeber, G.;Kerler, P.; Kariuki, B. M.; Cronin, L. h|gh¢r concentration of abowt10™ M..Spectrophotometrlc
Chem. Commur2004 1580. titrations were performed by the addition of CeGt CoBr,
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Table 1. ESI-MS Daté for 1, 3, and4

compd characteristic ions (neutral complexes with added H
10 [Co(DMF)sCI]™ 313.1 (313.1); [Co(DMRLCI,] 349.8 (350.1); [Ce(L)4Cl2]?" 645.9 (646.0);
[Coz(L)2Cl3]* 776.8 (777.0)
3 [Coy(L)2(H20),Clz]2" 388.1 (388.0); [Ce(L)2(MeOH),Cl,]2" 401.9 (402.0); [Ce(L)4Cl;]3+ 646.0 (646.0);
[COz(L)zCl:‘;]Jr 776.9 (777.0)
4 [Coz(L) 2(H20)2Br2]?+ 431.9 (431.9); [CE(L)2(MeOH),Brz]2+ 448.0 (447.3); [CE(L)4Brz]%" 692.0 (691.6);

[Coa(L)2Brg]* 910.6 (910.3)

am/z values are given for the highest isotope line in Da and theoretical values in parenfiasesiF. ¢ In MeOH.
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Figure 1. UV—vis spectra of complexe3 (solid line) and4 (dash-dot-
dotted line) in methanol with the concentrations of 2.A0°° and 3.5x
1074 M (inset). N2

to a solution of L in methanol. The results show that the
absorption intensity at 261 nm decreases, whereas that of
Fhe broad absorptions _Qt 337 nm f@rand 335 nm for_4 Figure 2. ORTEP representation of a pseu@gsymmetric array of two-
increases with the addition of Co(ll) up to a Co/L ratio of sorted conformational isomers Al and C1 around six-coordinated Co(ll)
1:2 (Figure S2 in the Supporting Information). In conjugation centers in comples (30% thermal ellipsoids; hydrogen atoms omitted for

. . : . clarity).
with the UV—vis spectrum of L in methanol, the high-energy
absorption bands at 261 nm can be attributed to thejn the sharp deviations of the other four binding sites of L
absorption of ligand L, while the low-energy absorption from the least-squares plane. It can be clearly expected that
shoulders around 337 nm f@rand 335 nm fod perhaps  four metal nodes bonded to the four nitrogen atoms will be
relate to the absorption of the cages (Figure 1). located at the vertexes of a distorted tetrahedron. Thus, in

In summary, the preparation df-4 is sensitive to the  this manner, a 3D diamondoid framework forms (Figure 3a).
reaction conditions, which is demonstrated by the dynamic The separations of the adjacent Co¢HEo(ll) bridged by
formation of the cobalt(ll) chlorideL complexes inresponse A1 and C1 are 16.677 and 14.992 A, respectively. The
to changes in the solvents and temperature. Solution studiesomplex adopts a 6-fold interpenetration to fill large cavities
show that the dimeric cages can exist in solution as within the diamondoid cages (Figure 3b). Nevertheless,
considerably stable species. acetone molecules are included in their porous frameworks.

2. Crystal Structure of 1. Complex 1 displays a 3D 3. Crystal Structure of 2. Complex2 has a 1D chain
6-fold-interpenetrating diamondoid framework. The asym- architecture in which every cobalt(ll) ion located at the
metric unit consists of a cobalt(ll) chloride unit, two L’s, inversion centeii reproduces the whole molecule through
and an acetone molecule. Each square-planar node Co(llXhe asymmetry unit consisting of half cobalt(ll) chloride unit,
linked by four L’s is in a distorted octahedral environment half L, and one DMF molecule. As shown in Figure 4, the
surrounded by four pyridyls occupying the equatorial sites Co(ll) node, which is ligated by two oxygen atoms of DMF,
in a paddlewheel manner and two Gbns occupying the  two nitrogen atoms from different L units in the equatorial
axial sites (Figure 2). The bond distances range from 2.180-plane, and two Clions at the axial sites, adopts an axially
(3) t0 2.186(3) A for Ce-N and from 2.4106(12) to 2.4283-  elongated octahedral geometry with-€, Co—0O, and Co-
(12) A for Co—Cl, and the in-plane and axis-transition angles Cl bond distances at 2.1932(15), 2.1421(13), and 2.4407(5)
are 178.76(12), 178.82(12), and 178.98(fspectively. The A, respectively, and the in-plane and axis-transition angles
exo-bidentate spacers L id display the A1 and C1 all at 180.0. The bond distances of GdN and Co-Cl in
conformations, which pack in the A1A1C1C1 form around complex2 are slightly longer than those in compléxand
metal centers. As a result, a pseu@paxis passes through ligands L in complex only present Al isomers to bind metal
their Co(ll) center and equally bisects their equatorial plane. nodes with the separation distance of 16.265 A, being slight
Furthermore, neighboring L's around each Co(ll) center shorter than that found ih. Although complex is derived
extend above or below the equatorial plane, which results from complex1, the two have substantial differences in

9178 Inorganic Chemistry, Vol. 44, No. 25, 2005
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Figure 3. View of a diamondoid cage unit generated through 12 L (6 Al
and 6 C1) bridging 10 Co(ll) centers (a) and a 6-fold-interpenetrating
diamondoid network with bridging and terminal ligands L and Gitted

for clarity (b) in 1.

Figure 5. Ball-and-stick representation of the prismatic cages generated
by four A2 isomers connecting binuclear cobalt(Il), showing encapsulated
anions Ct in 3 (a) and Br in 4 (b).

(2) A]. The Co-N distances in botl3 and4 are somewhat
Figure 4. ORTEP representation of a 1D chain structure connected only shorter than those found in polymetsand2. The Co-Cl
by Al isomers in complex (30% thermal ellipsoids; hydrogen atoms =~ and Co-Br distances are 2.424(3) and 2.6046(4) A sor
omitted for clarity). and4, respectively. In comparison with the reported dimeric
tetragonal prism§$; the tetragonal prisms i& and4 display
a lower symmetry. In the prismatic dication [£{b)4Cl2]>"
of 3, a mirror planem containing the propan-2-one groups
of L divides the dication into two equivalent parts, an@a
axis passes through the two Co(ll) ions. Thus, the prismatic
dication possess&%, symmetry. In the analogue prismatic
dication [Ca(L)4Br,])?", ligand L merely possess€s sym-
metry and only an inversion centeis located at the center
of the cluster. However, four ligands L are arranged in such
a way thatC,, symmetry could be imagined to impose on
the tetragonal prisms. The deviation from a highly symmetric
tetragonal prism is probably due to the symmetry lowering
of L and the coordination geometry around metal nodes.
Complexes3 and 4 show very similar packing motifs,
clearly presented in Figure 6. The dicationic prisms stack in

structure. Clearly, the main cause for the conversion of
complexl into 2 is the solvent system. In a methanol/acetone
medium, the fast assembly of Ce@nd L tends to produce
the 3D diamondoid framework whereas the stronger polar
solvent DMF not only decomposédsbut also takes part in
coordination with metal centers, thereby limiting structural
extension and finally resulting in the 1D chain polynier

4. Crystal Structures of 3 and 4.In contrast to polymers
1 and2, complexes3 and4 are discrete aggregates. As shown
in Figure 5, four L molecules with the typical cliplike
conformation A2 bond two square-planar nodes Co(ll) in
the equatorial plane to build a basic cage unit, and one halide
anion (CI for 3 and Br for 4) ligates to every Co(ll) node
at the apical position to complete a distorted square-
pyramidal coordination symmetry. Consequently, slightly
deviated tetragonal-prismatic dications pa9X,]?" form.
In 3, all Co—N distances fall in the range from 2.140(5) to ¥ ((g)) gﬁ,rt)c().l-l\r('.;l_'cii;, g_r_rl':?'CVFYQH'?“C’V.‘_)E?’gﬁﬁlﬁuﬁ%&?’?ﬁ:{gﬁ \?V?;l'zur
2.159(5) A, being close to those4rfrom 2.137(2) to 2.159- Loye, H.-C.J. Am. Chem. So@003 125, 8595.
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The most interesting structural feature in compleXasd
4 is that each dicationic cage at its structural center
encapsulates a halogen guest anion that weakly interacts with
two Co(ll) nodes. The separation of two Co(ll) ions bridged
by L in 3is 5.636 A and thus the distance between the metal
node and accommodated G 2.818 A, and those ia are
5.807 and 2.904 A, respectively. Through weak interactions
with Co(ll), the encapsulated anions Cand Br may
template the formation of G(L)4 prisms by stabilizing this
structural motif in crystallization.

As observed by the crystallographic data, the conforma-
tions of L may manipulate the structural motifs in the series
of cobalt(ll) halide-L complexes. The combination of
cobalt(ll) and L in A1 and C1 isomers creates coordination
polymer 1 or 2, whereas the assemblies of L in the A2
conformation are cagesand4. Additionally, the transfor-
mation of complexl into complex 3 is obviously ac-
companied with a conformational change of ligand L from
the A1 and C1 isomers ih to the A2 isomer ir8, which is
easily carried out in solution because of the lower steric
energies of about-522 kJ/mol calculated by Gaussian03
among the isomers.

5. Electron Paramagnetic Resonance (EPR) Spectra of
Complexes 3 and 4Figure 8 shows the EPR spectra of
complexes3 and4 in methanol and polycrystalline powders.
Complexes3 and4 in methanol have almost the same EPR
centered ag; ~ 4.4 andg, = 2.3. However, polycrystalline
powders of3 and4 give EPR spectra dramatically different
from those observed in methanol. The spectrum 3of
comprises a broad derivative centeredgat= 4.2 and a
negative feature centeredgt= 2.9, while that of complex
4 consists of a broad derivative centeredjat= 5.2 and a
negative feature centeredgt= 3.1. The EPR spectra &f
and4 in both solution and solid exhibit &= %/, signal with
- 6. Paralel . o ined b y observed anisotropig values, indicating a typical high-spin
(‘;%&‘;I)C'_Hffg ﬁy;gggﬂegﬁgﬁg"mtgggr;:rg%”;’:fnn'glse(a) St cobalt(Il) complex with a rhombic distortion of the axial
4 (b) (guest solvents, encapsulated anions, and partial hydrogen atomsZero-field splitting®® In methanol, the encapsulated anions
omitted for clarity). X in dimeric cages (Cl for 3 and Br for 4) are strongly

solvated, and the bridging anions (Qir Br~) between two
linear arrays with their Co(I)-Co(ll) axes parallel to [010],  co(l1) ions would be replaced by solvent molecules. Con-
and each array is bridged by four identical nearest-neighborsequenﬂy, similar EPR spectra are observed for complexes
arrays with weak (pyridyl)€H---S hydrogen bonding. As 3 and 4 in glassy methanol samples. In polycrystalline
a result, large channels that host a number of solvent guestowders, the different bridged anions between two Co(ll)
molecules form. Interestingly, the linear arrangements along centers give rise to the different magnetic-exchange coupling
the ¢ axis for 3 and thea axis for 4 are reinforced by  petween two metal ions in complex@gnd4, respectively,
complicated weak interactions. As depicted in Figure 7, free |eading to the obvious distinction in their EPR spectra. The
anion X binds adjacent prismatic cations together through comparatively bigger change in the EPR spectrum of
four C—H---X hydrogen bonds formed with propan-2-one polycrystalline sampléd to those of glassy methanol samples
groups (C--Cl, 3.608 A; G--Br, 3.665 or 3.693 A) and two jndicates stronger dinuclear coupling mediated by the
O—H---X hydrogen bonds formed with water molecules O6 encapsulated Br
(O-+-Cl, 3.164 A; O-+Br, 3.327 A). Thus, 6-fold hydrogen 6. Magnetic Properties of Complexes 3 and 4The
bonding to every acceptor X is formed. Moreover, the water temperature-dependent magnetic susceptibiity 6f poly-
molecule O6 ligates to O2 in the propan-2-0né groups cysialline sample8 and4 was measured in the temperature
through an G-H---O hydrogen bond (©-O distances of range 4-300 K, and the corresponding graphsef vs T

2.994 and 2966 A foB and 4,' respectively), and the 02 and e (Magnetic moment per cobalt atom) Tsre shown
atom further links to the adjacent propan-2-one groups

throth two C-H-++0 hydmgen bonds with O distances (16) Banci, L.; Benelli, C.; Gatteschi, D.; Zanchini, Struct. Bonding
of 3.319 A for3 and 3.222 and 3.365 A fot. (Berlin) 1982 52, 37.
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Figure 7. 1D polycages connected by complicated hydrogen bonds-dfi-<©¢X, O—H---X, O—H---O, and C-H---O in 3 (a) and4 (b) (X = CI~ for 3
and Br for 4).
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Figure 8. (a) EPR spectra of glassy methanol solutions of compl&xes
(solid line) and4 (dotted line). (b) EPR spectra of polycrystalline powders
of complexes3 (solid line) and4 (dotted line). Conditions of measure-
ment: temperature, 6 K; microwave power, 1 mW; modulation amplitude,
10 G; microwave frequency, 9.38 GHz.

Im/ cm3mor?

in parts a and b of Figure 9, respectively. These data suggest
the presence of strong antiferromagnetic-exchange interac-
tions in theS, = S = 3/, binuclear cobalt(ll) complexes. 0.00 . . . ; ;
For 3, there is a rounded maximum at 45 K in thg curve 0 50 100150 200 250 300
and itsuer value decreases continuously with temperature TR

from 4.304z at 300 K to 1.05¢ at 4 K. For4, a similar E;g;‘;ﬁitﬁ'th’é'\”ﬂfggr‘éfigaﬂﬁtg'%rtge(g;e:gsgc(i').ﬂt’) anduer () vs T
maximum in theyy curve occurs at 56 K, with it8e value

continuously decreasing with temperature from 4u47at spin—orbit coupling and axial distortion. The isotropic model
300 K to 0.79ug at 4 K. Theuer values of both complexes  for these binuclear cobalt(ll) compounds proves to be
at room temperature are larger than the spin-only magneticunsuccessful in fitting the magnetic data, which can be
moment expected for three unpaired electrons (387 understood with reference to their structural features and EPR
indicating a high-spin © configuration with the modest results. The cobalt(ll) centers in complexgsand 4 are
orbital contribution. Thus far, quantitative magnetic analyses located in a distorted square-pyramidal ligand fielgkNor

of cobalt(ll) complexes have been a challenge because ofa more distorted octahedral ligand field® (in consider-

the complexity of magnetic anisotropy originating from the ation of the additional pseudocoordination from the encap-

Inorganic Chemistry, Vol. 44, No. 25, 2005 9181



Wu et al.

sulated halide ion), and these sharp deviations at the axispling. As predicted by the EPR spectra (seen above), the

would lead to markedly magnetic anisotropy and axial zero-
field splitting. In addition, the complicated weak interactions
among prismatic dications would have a certain effect on
the magnetic behavior, which needs further consideration for
the molecular field approximation. The Curie tails observed
below 17 K for3 and 13 K for4 are attributed to a small
amount ofS = ¥, paramagnetic impurity. In this context,
we use the software package MAGMUN4.0 to factor in the
exchange interactiod, the averagey, the axial zero-field
splitting parameteD, the Weiss-like constaréd, and thep

magnetic simulations provide largBrvalues for complexes
3 and4. These valves also observed in other binuclear cobalt-
(1) complexes correlate well with their structural features
(greatly axial-elongated square-pyramidal or octahedral
coordination geometry>.19

Conclusions.A new class of cobalt(ll) halide complexes
of flexible ligand L, varying from polymersl and 2 to
tetragonal prism8 and4, has been prepared. The structural
motifs are clearly tuned by solvents, by the labile coordina-
tion configuration of cobalt(ll) centers, and especially by the

parameter denoting the molar fraction of a magnetically dilute various conformations of L. Remarkably, the cobalt(ll)
impurity, and this modeling reproduces the experimental data chloride compounds are very dependent on the temperature,
in the whole temperature rang€Although it is difficult to showing interestingly solvent-assisted temperature-dependent
refine every parameter to a high correction through the dynamic formation from polymers to discrete cages. The
multiparameter fitting procedure because of some parametergormation of tetragonal-prismatic cag&sand 4 may be
having the same effect upon the bulk magnetic behad#tgf,  templated by the encapsulated anions @td Br-, respec-
reliable information can be obtained through its self- tively. Further solution studies show that the cage structures
complemented procedure to fit both susceptibility data. The have considerable stability even in polar solvents such as
results of the best fit are shown in Figure 9 wgh= 2.38, methanol and DMF. The results of EPR and magnetism
J=-19.6cm*, D=24.0cm’, ©® = -5.88K,p = 0.028, investigations disclose that there is observed intramolecular
andR = 8.2 x 10°° [R = 3 (xobsd — Xcalcd? Y Yobsf] for 3 magnetic-exchange coupling between high-spin cobalt(Il)
andg=2.48,J=—-215cm’, D =31.0cm*, ® = —6.50, centers in the cagésand4. The values for the intramolecular
p =0.009, andR= 1.5 x 10~ for 4. The coupling constants  spin-coupling constani were estimated to be-19.6 and
of —19.6 cn* for 3and—21.5 cn* for 4 show a stronger  —21.5 cni? for 3 and 4, respectively. Such strong antifer-
intramolecular antiferromagnetic interaction in both com- romagnetic coupling arises from the head-on overlap of the
plexes. magnetic Co d orbitals and the porbitals of the encapsu-
The separations of the two Co(ll) centers in the prismatic |ated anions Cl and Br, suggesting that weak interactions
dications [Co(L)4X,]?" are 5.636 A for3 and 5.807 A for  petween the host and guest have significant effects upon the
4, indicating no direct exchange pathway between metal structural motif as well as the properties of the hosts. Further
centers. Ligands L, which are the only connectors of two sophisticated theoretical calculations will help to gain insight
cobalt(ll) centers in every dimeric cage, are unfavorable for into the magnetic-superexchange interactions mediated by
electronic interactions needed for the efficient superexchangeguest anions.
between paramagnetic metal centers, as confirmed by the
magnetic studies on other complexes of L (Figure S3 in the Experimental Section
Supporting Information}! Thus, the strong intramolecular
antiferromagnetic interactions in both complexes are peculiar  General Remarks. All materials reagents and solvents were
and very interesting. According to their structural features, purchased from commc_armal sources and used as recelved. Elemental
the magnetic-exchange interactions are likely to be propa- analyses were determined on an Elementary Vario ELIII elemental

. - analyzer. IR spectra were measured as KBr pellets on a Nicolet
gated via the encapsulated anions X. Although weakly Magna 750 FT-IR spectrometer in the range of 4@000 cn1?.

contacting with two cobalt(ll) centers, the .encapsulated X ESI-MS was performed on a DECAX-30000 LCQ Deca XP ion
can lead to a head-on overlap of the Goatbitals and X p trap mass spectrometer. Electronic absorption spectra were recorded
orbital with the Ce-X—Co bridging angle of 180 Such using a double-beam Lambda 35 YVis spectrometer. EPR
efficient overlap is probably responsible for the stronger measurements were done on a Bruker E500 spectrometer equipped
intramolecular antiferromagnetic interactions observed. No- with an Oxford-900 liquid-helium cryostat and an ITC-503 tem-
tably, theJ values for both complexes are similar, which is perature controller. The temperature-dependent magnetic measure-
consistent with the same magnetic topology of cobalt(ll) ments were determined on a Quantum Design SQUID-XL7
halide complexes. A slight increasebfor complex4 (also magnetometer.

observed by EPR) may arise from the distinct properties of ~ Synthesis of [Co(L)Cl;]-Me,CO (1). A solution of L (0.550

Br- with the comparatively larger atom radius and electronic 9+ 2:0 mmol) and methanol (50 mL) was carefully layered over a
delocalization. The slightly bigger averagealues of 2.3g  Solution of CoCi-6H,0 (0.240 g, 1.0 mmol) and acetone (50 mL)
for 3 and 2.48 for4 fall in the range of that of high-spin at room temperature of about 2&. A blue-green floccule was

balt(l] ds b f dest smrbital suspended in the solution in about 5 min and then transformed into
cobalt(ll) compounds because of modest smrbital cou- orange block crystals df (0.46 g, 0.62 mmol, 62%) in another 5

min. Anal. Calcd for GogH3oCl,CoN,O3sSs: C, 47.03; H, 4.08; N,
7.56; S, 17.31. Found: C, 46.85; H, 4.00; N, 7.68; S, 17.35. IR
(KBr): v 3060 (w), 2972 (w), 2931 (w), 2888 (w), 1713 (s), 1591

(17) MAGMUNA4.0 is available free of charge from http://www.ucs.mun.ca/
~Ithomp/index.html. It has been developed by Dr. Zhigiang Xu
(Memorial University), in conjunction with Dr. O. Waldmann
(waldmann@mps.ohio-state.edu).

(18) De Munno, G.; Julve, M.; Lloret, F.; Faus, J.; CaneschiJ AChem.
Soc., Dalton Trans1994 1175.

(19) Brewer, G.; Sinn, Elnorg. Chem.1985 24, 4580.
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Table 2. Crystal Data and Structure Refinement for4

param 1 2 3 4
formula GoH30Cl,CoNsO3S4 C1gH26Cl,CoN4O3S, Ce1Hg1ClaCoNgO15Sg Cr0H94BrsCoN14012Sg
fw 740.64 552.39 1648.50 2017.57
temp (K) 130(2) 293(2) 293(2) 130(2)
cryst syst orthorhombic orthorhombic monoclinic monoclinic
space group Pbca Pccn @/m P2,/c
a(A) 18.457(6) 9.9218(7) 21.668(3) 13.7222(8)

b (A) 16.262(5) 13.1236(9) 15.8946(15) 15.4895(8)

c(A) 21.388(6) 18.0166(16) 13.8390(15) 21.8774(14)

f (deg) 90.00(0) 90.00(0) 113.520(4) 113.740(1)

V (R3) 6420(3) 2345.9(3) 4370.3(9) 4278.0(4)

Z; pealca (glc®) 8;1.533 4;1.564 2;1.254 2;1.566

u (mmY) 1.000 1.166 0.746 2.515

GOF 1.166 1.135 1.161 1.091

R1; WwR2 [ > 20(l)] 0.0620; 0.1364 0.0341; 0.0777 0.0851; 0.2520 0.0395; 0.0938

(vs), 1530 (w), 1481 (s), 1416 (s), 1220 (m), 1065 (m), 807 (m), Table 3. Selected Bond Lengths (A) and Angles (deg) for4?

723 (m), 499 (m) cm?. CompoundL

Synthesis of Co(L)Ch(DMF), (2). At 30 °C, slow diffusion of gg}—mé gigggg ggi”i@ gig‘ég
diethyl ether (30 mL) into the 5-mL blue DMF solution of_ fresh_ Col-_Ch 2:4106(12) CoiCl2 2:4283(12)
complex1 (0.074 g, 0.1 mmol) for 2 weeks created red prismatic  N3—Co1-N1 88.60(13) N2A-CoEN1 90.17(13)
crystals of2 (0.040 g, 0.072 mmol, 72%). Anal. Calcd foidH 6 N3—Col-N4B 92.15(13) N2A-CotN4B 89.08(12)
Cl,CoNsOsSy: C, 41.31; H, 4.74; N, 10.14; S, 11.61. Found: C, mf—gOi—g:i gg-gg(g) ng—gollrc&l gg-gé(g)
41.27; H, 4.65; N, 10.31; S, 11.64. IR (KBrJi 3049 (w), 2993 Lot 90:69293 N cor o 89:508
(w), 2937 (w), 2880 (w), 1710 (m), 1643 (vs), 1581 (s), 1478 (M), N1—Col-Cl2  89.43(9) N4B-Col-Cl2  89.64(9)
1412 (m), 1366 (s), 1105 (m), 816 (m), 724 (s), 677 (m), 498 (W)  N3—Col-N2A 178.76(12) N+Col-N4B 178.82(12)
cm i, Cl1-Col-CI2 178.98(4)

Syntheses of [Ce(L) 4Cl;]Cl,-Et,O-DMF -2MeOH-4H,0 (3). Compounc
At 10 °C, slow diffusion of diethyl ether (30 mL) into the 5-mL Col-01 2.1421(13) Co%N1 2.1932(15)
blue DMF solution of fresh complek (0.074 g, 0.1 mmol) first Col-01A 2.1421(13)  CoiN1A 2.1932(15)
created green jelly and then changed into purple prismatic crystals C01—CI1 2.4407(5)  CoxCl1A 2.4407(5)
of 3 (0.069 g, 0.042 mmol, 84%) in 3 weeks. Anal. Calcd for 8590(:1(;_1&{1% giggg gi_Aéocf_laTi gg:‘g((g;
CeiHgiCLICONGO1Ss: C, 44.44; H, 4.95; N, 7.65; S, 15656.  01a-Col-CIIA  9050(4)  OLCol-CIIA  89.50(4)
Found: C, 44.06; H, 4.81; N, 7.80; S, 15.62. IR (KB#}):3430 N1-Col-CI1A 90.49(4) N1A-Col-CI1A  89.51(4)
(w), 3055 (w), 2993 (W), 2937 (W), 2886 (W), 1715 (m), 1648 (vs), ﬁiAECflgﬁll gg-gtl)(i) (NleASocl—lclclll gg-ig(ﬁ)
1588 (5), 1540 (w), 1478 (m), 1412 (m), 1366 (s), 1104 (m), 816 S COL CL 55 OE) ()7) NP o O(()()l)
(m), 718 (s), 498 (w) c. CIIA—Col-CIL  180.00(1)

Synthesis of [Co(L) 4Br]Br,»6DMF-2H,0 (4). A solution of
L (0.055 g, 0.2 mmol), CoBr6H,O (0.033 g, 0.1 mmol), and DMF Compound3
(5 mL) was stirred fo 1 h atroom temperature. At 10C, slow ggimé g:iggg ggiméﬁ g:iggggg
diffusion of diethyl ether (30 mL) into the resultant blue solution  cg1—ci1 2.424(3)
for 3 weeks gave purple prismatic crystals4€{0.089 g, 0.044 N1A—Col-N2 91.64(18) N+-Col-N2A 91.64(18)
mmol, 88%). Anal. Calcd for @HasBrsCoN1401,Ss: C, 41.67; N1A—Col-N2A 88.27(18) N+Col-CI1 93.22(14)
H, 4.70; N, 9.72; S, 12.71. Found: C, 41.70; H, 4.64; N, 9.61; S, NIA-Col-CIL  93.22(14)  N2Col-CIL  90.80(13)

~ N2A—Col-CI1 90.80(13 N+Col-N2 88.27(18
12.57. IR (KBr): ¥ 3424 (m), 3055 (w), 2924 (w), 2889 (w), 1734 N1—Col—N1A 173.6§3)) N2Col—N2A 178.4((3))

(W), 1658 (s), 1591 (vs), 1535 (w), 1488 (m), 1424 (m), 1226 (w),

1067 (w), B13 (), 722 (m), 499 () CTh Col-N1 2 137%0mp0ur<]:d4rN2A 2.138(2
X-ray Structure Determinations. Single-crystal data were Cgl_m 2:1598 Cng 1A 2:1538
collected on a Rigaku mercury CCD diffractometer at 130 Kifor Col-Br1 2.6046(4)
and 4 and at room temperature fd2 and 3 using graphite- N1—-Col-N4A 93.18(8) N2A-Col-N4A 86.92(8)
monochromated Mo ¥ radiation ¢ = 0.7107 A). The structures N1-Col-N3 89.15(8) N2A-Col-N3 90.48(8)
were solved by direct methods and refined by full-matrix N1~Col-Brl 91.86(6) N2A-Col-Brl 93.34(6)
. N4A—Col-Brl 90.59(6) N3-Col-Brl 92.49(5)
least-squares procedures using the SHELXTL software Zudtk. N1—Col—N2A 174.80(8) N4A-Col—N3 176.08(8)

non-hydrogen atoms were refined anisotropically, and the hydrogen . _ . L .

atoms were treated as idealized contributions except water molecules, * Symmetry codes: A= =x+ ¥z, =y, z+ > and B=x = Uz, —y +
; . . lo, —z+ 2for; A=—x —-y+1, —z+1for2, A=—x+1y,—z+

and those solvent molecules showing severe disorder in complex; o 3- o = —x + 1. —

3. A summary of the crystallographic data of compledes is

listed in Table 2, and their selected bond lengths and angles arevis spectra were prepared in volumetric flasks. The reaction mixtures

y+1,—-z+ 1for4.

tabulated in Table 3. for spectrophotometric titrations prepared through retaining the
Spectrophotometric MeasurementsAll operations were per- original concentration of L (ca. 7.2 107°) were left to equilibrate
formed at room temperature (ca. 2£€) using the UW-vis before recording the spectra (equilibration was generally found to
spectrometer described above. All solutions used to recoret UV occur after 2 days).
(20) Sheldrick, G. MSHELXTL-PC University of Gatingen, Gatingen, Acknowledgment. This work was supported by grants
Germany, 1997. of the National Nature Science Foundation of China and the
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spectral measurements were completed by C.Z. The author<rystallographic data in CIF format have also been deposited with

thank Dr. Xiaotai Wang for helpful suggestions. the Cambridge Crystallographic Data Centre, CCDC No. 261565-

261568. Copies of this information may be obtained free of charge

Supporting Information Available: Crystallographic data in from the Director, CCDC, 12 Union Road, Cambridge CB2 1EZ,

CIF format for1—4, ESI-MS spectra for complexésMe,CO, 3, U.K. (fax +44-1223-336033; e-mail deposit@ccdc.cam.ac.uk;

and4, a selection of UV-vis spectra from the spectrophotometric  http://www.ccdc.cam.ac.uk).

titrations of L with CoC} or CoBF, in methanol, and ¥, andywm

vs T plots with the theoretical fit fol-Me,CO and2. This material 1C050455V
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