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[Ni,O(L-Asp)(H 20),]-4H,0: A Homochiral 1D Helical Chain Hybrid Compound
with Extended Ni —O—Ni Bonding
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The increasing demand for materials for enantioselective catalysis
and separatidnand the interest in fundamental aspects of chirality
and molecular recognitidrhave stimulated extensive research in
the area of chiral coordination polymeérsn this field, the main
synthetic strategy to induce chirality and prepare an enantiomerically
pure bulk material has been the use of optically pure chiral
multidentate ligands. Chiral ligands naturally occurring in a pure
enantiomeric form and their derivatives have received significant
attentiort since, while lacking the predictability of network topology
recently achieved with “designer” synthetic ligartdhey are readily
available and do not require complex synthesis and chiral resolution
procedures. In particular, natural amino acids are well-known to
form coordination polymers with transition metals (TR8Ithough
the main focus of the extensive studies on amino acid coordination
chemistry has been on their biologically relevant molecular
complexes. Recently, a “second wave” of new coordination
polymers with natural amino acids has been discovéiedicating
the richness of this field. The vast majority of chiral coordination
polymers are based on mononuclear metal centers. Numerous
examples of remarkable structural and physical properties resulting
from condensation of metal polyhedra into oligomeric units or
extended arrays in hybrid frameworks with achiral ligéhds
motivated us to investigate chiral amino acitM systems under
the synthesis conditions favoring the hydrolysis of cations and the
formation of M—O—M bonding, i.e., elevated pH and mild
hydrothermal condition%.

Here we present a new nickel aspartate oxideQili-Asp)- Figure 1. (Left) [Ni;O(L-Asp)(H.0):]. helix. Hatched octahedra: Ni(1)-
(H20),]-4H,0 (1) (Figure 1) which is, to our knowledge, the first  Os(H,0); non-hatched octahedra: Ni(2)(H,0). (Right) packing of
example of a chiral one-dimensional compound with an extended helices inl (top) and2 (bottom). Helices of opposite handednes2 iare
helical TM—O—TM subnetwork synthesized as an optically pure distinguished in color.
product. Its racemic analogue, Pdi(p,L-Asp)(H.0).]-2H,0 (2),
is also described.

CompoundL was synthesized hydrothermally in a 23-mL Teflon-
lined autoclave by heating a mixturé @2 M solution of NiCb, a

The crystal structure o2 consists of one-dimensional [}0-
(Asp)(H:0),] helices of opposite handedness (Figure 1) formed
by two independent nickel octahedra and one independent aspartate

. o ligand. The nickel octahedra are linked into an extended chain via
2 M solution of (E§NH)(L-HzAsp), and BN (molar ratio NiC: a novel pattern of edge- and corner sharing. The main structural

HzAsp:EEN, 1:0.5:1.25) at 150C for 2 days. The final pH of the it of the chain is a trimeric unit ND:N(H.O); where one Ni-
mixture was 5.0. The product was obtained as a single-phase, blue-(2)04N(H20) octahedron shares its two Badjacent edges with
green powder in 55% yield based on nickel. Elemental analysis: Ni(1)Os(H,0) octahedra (Figure 2a). The trimers link to each
calcd/found: Ni, 31.51/31.97; C, 12.89/12.84; N, 3.76/3.66, H, 4.60/ ther via Ni(1)Q(H,0) octahedra so that in the resulting chain,
3.90%. Optical rotation of a solution df in 2 M HCl was the  each Ni(1)Q(H,0) octahedron shares iteans-corners with two
same as that of a reference solution of the corresponding amounts\ji(1)0s(H,0) octahedra and skew edges with two Ni(Z)H,0)

of NiCl2:6H,0 andL-HzAsp in 2 M HCI. A reaction starting with  octahedra (Figure 1). The helical twist of the chain originates from
a racemic (BNH)(o,L.-HzAsp) solution led to conglomerate crystal-  the asymmetric arrangement of the edges which each trimeric unit
lization of L-1 andp-1. Needlelike single crystals & formed as  shares with Ni(2)GN(H,0) octahedra from adjacent trimers (Figure

a mixture with1 from the same reagents (molar ratio NiCiH- 2a). The choice of these edges is probably imposed, in turn, by the
Asp:EgN, 1:0.5:1) heated at 170C for 7 days. The structure  steric requirements of the aspartate ligands. Each aspartate ligand
analysid® indicated tha® crystallizes in the centrosymmetric space  coordinates to five nickel atoms (Figure 2b): three Ni(1) and one
group 144/a, which implies that thermal racemization of aspartic Ni(2) in a monodentate mode through carboxylic groups, and to
acid had occurred. This was confirmed by the absence of optical one Ni(2) in a chelating tridentate mode through the amino group
activity in 2. and one oxygen from each carboxylic group. The latter local
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Magnetic measurements showed thaT at 30 K, the suscep-
tibility of 1 follows Curie-Weiss law withd = 13.5 K, andues =
2.75 ug which is close to the spin-only value f& = 1 (uert =
2.83ug). Below 12 K, two transitions are observed with different
magnetization behavior as a function of temperature in FC and ZFC
regimes at fields below 200 G. A detailed study of magnetic

Fi 2. (a) Trimeric buildi iR, d(Ni(1)—Ni(2)) = 3.066(2), 3.166 properties ofL will be reported elsewhere.
lgure 2. (@) lrimeric bullding unit ine. | — NI =o. , O. - : H : H
(2), d(NI(1)—Ni(1)): 3.527(2) A: highlighted in blué are the edges shared In summary, the new nickel aspartate obtained in this work

with Ni(2)O4N(H20) octahedra from adjacent trimers; (b) coordination of Qemonstrates the pote.ntial of hydrolysis-favoring synthesis cqndi-
aspartate ligand i@. tions for the preparation of novel, structurally complex, chiral
compounds with extended MO—M bonding from “ordinary”,

—— Bekgr . well-investigated ligands such as natural amino acids.
— Cale
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