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A new pentadentate N-isobutyrylsalicylhydrazidate ligand (Hsibushz,
CuH1iN,03) and a self-assembly synthesis of the first 24-
azametallacrown-S, [Fe.g(C]_lH11N203)3(CH30H)3]'0.5CH2C|2'7.5CH3-
OH-3.5H,0, have been reported. Eight Fe(lll) ions and eight
deprotonated ibushz®~ ligands construct a planar 24-membered
ring based on the M—=N-N-M linkage. The chiralities of the iron
atoms on the 24-azametallacrown-8 ring alternate between the A
and A forms. The title octanuclear azametallacrown has no
crystallographic centrosymmetry, while all the known metallacrowns
and azametallacrowns with an even nuclear number have crystal-
lographic centrosymmetry. The study of 'H NMR spectra suggests
that the title compound retains its metallacrown structure in solution
at room temperature over a period of at least three months. There
exists a strong antiferromagnetic exchange interaction between
the iron paramagnetic centers.

Metallacrowns are a new class of metallamacrocycles,
which have gained increasing attention over the past decad
because of their potentially unique properties.These
metallacrowns exhibit selective recognition of cations and
anions!~3 can display intramolecular magnetic exchange

interactions;>®and can be used as building blocks for two-
dimensional or three-dimensional network structdrése
ability to control the generation of metallacrowns with
different nuclear numbers, desired structures, and properties
is still a substantial challenge. Metallacrowns with higher
nuclear number are quite rare to date. Only two 30-
metallacrown-10 complexes with[M —N—N]— linkages
have been observéd.

Metallacrowns are expected to show quite interesting
magnetic behavior owing to the incorporation of several
transition metal ions in close proximityThe structural
features of metallacrown can lead to high magnetic moments
per compound through ferromagnetic exchange or coupling
to low-spin paramagnetic statésHowever, only a few
examples of metallacrowns with more than six nuclei have
been studied magneticallypecause of the computational
difficulties in the calculation of the energy matrix (high
dimensions). We now report syntheses, structure, and
magnetism of a designed pentadentate ligsrdobutyryl-

alicylhydrazidate 1, (Hsibushz, GiH1N;03)1° and octa-
yiny

nuclear azametallacrown [Fe(f;:N,03)(CHsOH)]s*0.5CH:-
Cl,»7.5CH0OH-3.5H,0, 2.1 The title ferric metallacrowr2
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(10) Ligand GiH1aN203(Hsibushz): a 4.57 mL (33.4 mmol) portion of
2-methylpropanoyl chloride was added to a solution of 2.94 mL (33.4
mmol) of isobutyric acid and 4.66 mL (33.4 mmol) of triethylamine
in 60 mL of chloroform at O°C, and then slowly warmed to 2%.

A white suspension was obtained when 4.238 g (27.9 mmol) of
salicylhydrazide was added to the reaction mixture. The resulting
suspension was filtered and rinsed with chloroform and diethyl ether
(2.14 g. 34.6% yield). Mp: 140141°C. Anal. Calcd for GiH14N20s3
(%): C,59.44; H, 6.35; N, 12.61. Found: C, 59.38; H, 6.28; N, 12.58.
Complex [Fg(C11H11N203)s(CHzOH)g] -0.5CHCl>*7.5CHO0H-3.5H,0:
a 0.033 g (0.15 mmol) portion of gibushz and 0.035 g (0.15 mmol)
of ferric acetate were dissolved in the mixed solvent of 10 mL
methanol, 10 mL methylene, and 4 drops of DMF. A black solution
was obtained after stirring for 5 min, and then filtered. The black
acicular crystals were separated out after the filtrate stood for 5 days.
The vyield of complex2 was approximately 58%. Anal. Calcd for
CioHH156CIFesN 16043 (%): C, 44.57; H, 5.68; N, 7.80. Found: C,
44.51; H, 5.61; N, 7.72.
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Figure 2. Chemical structure of ligand fibushz.

The flexibility around the N-N single bond and the
conformational adaptability of the deprotonated pentadentate
ligand ibushZ allow for the formation of the title octa-
nuclear complex and for the propeller configuration of the
iron(lll) ions. The chiralities of the iron atoms alternate
between theA and A forms>'271® The four methanol
molecules coordinated at the Fe centers witbonfiguration
are on one face of the azametallacrown, and the remaining
four methanol molecules coordinated at the other Fe centers
with A configuration are on the other face of the azametal-
lacrown. The two faces of each azametallacrown molecule
have opposite chiralities.

The peripheral diameter of the core ring2nmeasured
between the opposite carbon atoms (E2F7, plus 0.77 A
for the van der Waals radii of carbon), is 20.44 A. The

Figure 1. The molecular structure of [BEC11H11N203)s(CH30H)g]. approximate dimensions of the oval-shaped cavity are about
is the first example of 24-membered metallacrown [24- 4.25 A in internal diameter at the entrance, measured between

MNun'"nenzr8], Which expands the ring size of known the opposite carbon atoms in the butyryl groups of the

metallacrown clusters from 9-metallacrown-3, 12-metalla- 10UshZ™ ligands (C34-C82, less 0.77 A for the van der
crown-4, 15-metallacrown-5. and 18-metallacrown-6 to a 24- Waals radii of carbon), about 11.31 A in diameter, measured

membered ring system. This demonstrates that the formation&tween the opposite iron atoms (Feéle5, Fe2-Fe6, Fe3-
of cyclic metallacrown structure with higher nuclear number F€7, and Fe4Fe8, less 1.24 A for the van der Waals radii
is closely related to the number of the donor atoms of the Of iron) at its widest point. o
ligand, as well as the rigid nature of the group toward to the _ All iron atoms in2 (Figure 1) are in a distorted octahedral
center of the metallacrown cavity in the designed ligand. FENeO4 €nvironment. The equatorial coordination sites of
Compared with 18-azametallacrown-6, 24-azametallacrown-gthe octahedral iron(llf) center are occupied by one phenolate
may result from the steric factor of isobutyryl in the ligand. ©Xygen O(1), one diazine nitrogen N(1), and one carbonyl
The introduction of a bulkier group such as a phenyl group ©Xygen O(3) of a trianionic pentadentate ligand ibdstend
at the alkyl site of the ligand resulted in the expansion of ONe carbonyl oxygen O(30) of a neighboring ligand ibdshz
the metallacrown ring from octanuclear to the decanuclear the axial positions occupied by the diazine nitrogen N(16)
metallacrowrf of the neighboring ligand ibuskz and oxygen atom O(4)
The molecular structutof the title azametallacrown is  Of @ coordinated neutral methanol molecule. The bond
shown in Figure 1. Eight Fe(lll) ions and eight deprotonated distances for FeN(diazine), Fe-O(phenolate), and Fe

N-isobutyrylsalicylhydrazidate (ibusk) ligands construct ~ O(carbonyl) are in the ranges 2.643.11, 1.90%-1.933, and
a planar 24-membered ring based on-Ke-N—Fe linkage ~ 1.985-2.025 A, respectively. The Fe(If)O(CH;OH) bond
in the title azametallacrown. distances are from 2.11 to 2.154 A.

All known metallacrowns and azametallacrowns with even 1€ solution integrity of azametallacrov2was investi-
nuclear numbers have a crystallographic inversion center in92ated in acetonitrilel;, acetoneds, and dimethy! sulfoxide-
the center of the cavity at least. However, the title octanuclear % USing paramagnetically shiftésl NMR spectroscopy. The
azametallacrown has no crystallographic centrosymmetry, chemical structure of the ligandstushz and théH NMR
The neighboring Fe-Fe interatomic distances are 4.872- SPectra of complex2 in different solvents are shown in
(2)—-4.906(2) A. The Fe-Fe--Fe interatomic angles in the Figures 2 and 3, respectively. The chemical shifts and line

24-membered core ring are in the range 129.22(42.59- widths of complex in the three different solvents are quite
(4)°. These values are quite close to the value of the interior SiMilar to each other. The assignment of tHeNMR spectra
angle in an n-octagon (13p was carried out on the basis of the relative intensities,

broadening, and substitution of appropriate ligands. Since

(11) Crystal data for compleR: triclinic, space grougl, a = 20.0060-
(3) A, b =20.2800(2) A,c = 20.6284(1) Ao = 77.836(13, p = (12) Gibney, B. R.; Wang, H.; Kampf, J. W.; Pecoraro, VIhorg. Chem.
66.136(1y, y = 66.268(13, V = 6995.2(1) R, Z =2, Dearc= 1.331 1996 35, 6184.

g cn 3, F(000)= 2926,u = 0.904 mn. Siemens Smart CCD 1000 (13) Kwak B.; Rhee H.; Park S.; Lah M. $org. Chem1998 37, 3599.
area detector diffractometet(Mo Ko) = 0.71073 A, 24517 unique (14) Kwak, B.; Rhee, H.; Lah, M. S2olyhedron200Q 19, 1985.
reflections @max = 25.11°) were collected, in which 7517 reflections ~ (15) Lin, S.; Liu, S.-X,; Lin, B.-Z.Inorg. Chim. Acta2002 328 69.

with | > 20(1) were used for solution (SHELXS-97) and refinement  (16) Lin, S.; Liu, S.-X.; Huang, J.-Q.; Lin, C.-Q. Chem. Soc., Dalton
(SHELXL-97). R = 0.0923,R, = 0.1963. Trans.2002 1595.
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tibility (ym~1) data as a function of temperaturg) for complex2, where
open dots @) depict observed results, and solid lines) @ttached tg/m—*
and uerr depict fitting curves based on the Curi#/eiss law and on a
simplified exchange fit, respectively.

Figure 3. ™H NMR spectra of compleg in different solvents: (a) Cp
CN, (b) acetonads, and (c) DMSOd.

the oxygen atom of the methanol coordinates with a
paramagnetic ferric ion directly, either the proton in the OH

group or protons in the methyl group of the methanol are is 14.89uz, which is smaller than the sum value expected
broadened beyond detection. Because the methyne protofgy eight spin-only paramagnetic systems withe 2.5 (e

in the G position is close to the paramagnetic ferric ion, the _— 16.73 ug). This behavior is characteristic of antiferro-
broad peak of 82.7 ppm at_ low field was readily assigned to magnetic exchange coupling between the Fe(lll) Siin
the_methyne proton. Sl_m_llarly, the peak at 7.0 ppm was centers, a feature common to most polynuclear iron com-
assigned to the peak arising from the methyl protons at theplexes. Except for the very low temperature data, the

Cy0 and G positions since the methyl protons are far from . oo
the ferric ion. The remaining four peaks at 61.3, 3+:43.9, temperature dep_endence of the magngtlc suscepnplhty 1S
typical of a Heisenberg chain of antiferromagnetically

and —48.7 ppm were tentatively assigned to the four ] 9 i
unequivalent phenyl protons of the bridging ligands. Similar COUPIedS = “/zions:®This is further suggested by a negative
upfield peaks of the manganese metallacrown were observed/Veiss constant = —118.3 K, derived from the Curie
and assigned to the phenyl protons of the salicylhydroximate Weiss law fit in the temperature ranging from 63 to 272 K.
(shi") ligand using deuterium exchange experiméatEhe The magnetic superexchange interaction would propagate
large movement of théH NMR signals of phenyl protons  between the neighboring centeds)(and between the near-
of the bridging ligand was considered to be the influence of neighboring centersJf). J; is neglected because of the
the paramagnetic ferric ions. These results are similar to thosedistances between the opposite centers being beyond 11.633-
reported by Lai! These NMR studies demonstrated that (2) A. When the eight Fe(lll) centers are simplified to be
the title metallacrown Compound retained its structure in arranged in the symmetry g, a |ea5t-3quares fit for the
solution at room temperature sincelitsNMR spectrawere  gata withT > 63 K obtains the parametedgk = —5.65(4)
unchanged for three months. The stability in so[ut|on might K and J/k = —3.11(6) K and the agreement factbr=
come from the formation of the three chelating rings around S [(%obs — 7ea)¥xond = 3.33x 10°2. The negative values of
the m<.atal 1ons. ] J demonstrate an antiferromagnetic coupling between the

A'n. isomer shift (IS) of 0.38 mm < and .quadrupple paramagnetic centers.
splitting parameter (QS) of 1.23 mmsshown in the solid-
state M@sbauer spectrum of title compound are characteristic
of high-spin Fe(lll) ions.’18

There are eight six-coordinate iron(lll) ions that are
paramagnetic in title compouritl The paramagnetic centers
were likely to interact since there was a bond pathway to
facilitate superexchange between the ions. As shown in
Figure 4, with decreasing temperature, the molar effective
magnetic momentux) values first decrease slightly till Supporting Information Available: Experimental details de-
reaching 10.27%sz at 60 K, and then decrease rapidly after scribing IR, UV, NMR, solid-state M&sbauer spectra, and variable-

60 K till reaching 2.44uz at 4.2 K. Theues value at 270 K temperature magnetic susceptibility data. Bond distances and angles.
Crystallographic data in CIF format (with CCDC number 217067).
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