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A copper(ll) complex with 1-aminocyclopropane-1-carboxylic acid
assembles by apical Cu---O bonds and hydrogen-bonding interac-
tions into discrete trimeric units that exhibit both cis and trans
binding modes.

The studies of the biological role of copper have led to
the recognition of several coordination modes of copper(ll)
involving biomoleculessuch as amino acid®r oligopep-
tides? Specifically, such studies have revealed two distinct
coordination environments in complexes with chelating
amino acidato ligands. The trans geometry places the two

nitrogen atoms of the chelate ligands at the opposite sides

of the coordination planédefined by the four donor atoms,
while in the cis geometry, the atoms are on the same side of
the plane (Scheme 1&)Available structural data indicate
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that for a certain amino acidato ligand both forms of the
complex appear in the solid state, but never simultanedasly.
In each case, the complex molecules exhibit a propensity to
assemble, through a combination of hydrogen bonds, as well
as apical Cu-O bonds. Usually, such coordination-driven
self-assembly procces$ésvolving apical Cu-+O bonds lead

to the formation of sheetlike polymeric structures in the solid
state. Our initial interest in the solid-state structures of
copper(ll) amino acidates was driven by the observation that
the complex invloving glycine, a nonchiral amino acid, will
undergo a thermaly driven cis-to-trans conversion in the solid
state’ With the intention to establish the factors that lead to
such solid-state reactivity, we have decided to address the
symmetry of the lignad. In that context, we have recognized
1-aminocyclopropane-1-carboxylic acid (acc) as a ligand that
exhibits the same symmetry properties as glycine (Scheme
1b)8
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Figure 1. Ortep representation of the trimeric unit In Non-hydrogen

atoms are shown as ellipsoids at the 30% probability level. Figure 2. Wireframe representation of the structurelpfdisplaying (a)
the formation of layers via NH---O hydrogen bonding and (b) stabilization

Notably, there have been previous reports on the synthesisf the layers via ©-H--O hydrogen bonds.
of acc complexes of transition metal cations, but no structural ) ) N
characterization was perform@ilVe now report that copper- dlstqr.ted square pyramidal. The trimers are additionally
(I) and acc assemble in the solid state to provide a trimeric Stabilized by two intramolecular fH-+-O hydrogen bonds,
structure unique to copper(ll) amino acidates (Scheme Wherein acc ligands from peripheral units act as hydrogen

1c)45198pecifically, the trimeric complex [Cu(aety4H,0 bond donors and the oxygen atoms of the central building
(1) reveals the simultaneous occurrence of both cis and trans?!0ck act as acceptors (NO distances (A): N1%-031,
forms of the complex in a single crystal. 2.94; N51--041, 3.09).

Compoundl was prepared in the form of blue crystals "€ trimer molecules self-assemble in the crystal by
(68% yield) from an aqueous ethanolic solution (30 mL, 1:1 intermolecular N-H--O hydrogen bonds forming the layers

v/v) containing 0.102 g (5.11 mmol) of copper(ll) acetate that spread perpendicular to the crystallogragdirection

monohydrate and 0.102 g (1.01 mmol) of acc. The copper (Figure 2a). Specifically, the layers are based on a three-

salt was dissolved in boiling aqueous ethanol and addedPPint recognition motif involving clusters of three amino
dropwise to a boiling solution of the acc ligand in aqueous 9r0UPS and three carboxylate oxygens in neighboring trimer

ethanol. The color of the solution turned indigo blue, and Units- In that way, the combination of three amino moieties
after 2 days, a fine crystalline precipitate bfvas filtered represents a recognition site for aﬂve-coordm.ate ms_eomplex
off.11 Single crystals of. suitable for X-ray diffraction were ~ (Figure 2a). The structure of each layer is additionally
obtained from a saturated ethanolic solution by evaporation. SuPPorted by ©H---O hydrogen bonds established between
The crystal structure df reveals the formation of discrete water molecules _ceordmated o the copper(!l) lon of the
trimeric complexes by the linear assembly of Cu(acc) central trans building block aqd noncoordinated water
building blocks via Cer-O and hydrogen bonding (Figure molecules, as well as noncoordinated carboxylate oxygen

1). In the central building block, the acc ligands adopt a trans atoms ththe tr:cmer (Ilegurﬁ IZb)' de th |
geometry and the axial coordination of two water molecules From the surface of each layer protrude the cyclopropane

provides a slightly distorted octahedral environment for the "M"9S of the amino acidato ligands alongside with noncoor-
copper(ll) ion Cu2. The nonchelating oxygen atoms of the dinated carboxylato oxygen atoms and water molecules. The

trans-Cu(acc) coordinate to copper atoms within peripheral |2tt€r join through G-H---O bonds forces connecting the
cis-Cu(acc) units to form trimers (Cu-O distances (A): neighboring layers via finite motifs of 16 hydrogen bonds
Cul---032, 2.35: Cug-042, 2.31). In that way, the coor- that involve coordinated and noncoordinated water mol-

ecules, as well as noncoordinated carboxylate oxygen atoms.

dination environment of the metal in peripheral units is i i .
Each motif contains a sequence of 12 consecutive hydrogen

i 3
(9) During the revision of the manuscript, a structure has been reported bonds (Flgure. 3) o . . o . .
of a monomeric coppr(ll) complex involving 2-8ipyridyl and acc The formation of finite trimeric moieties in solid

as ligands: Ghattas, W.; Gaudin, C.; Giorgi, M.; Rockenbauer, A.; ; ; ; _

Simaan, A. J.- Relier, M. Chem. Commur2006 1027, contraets the previously reported behawor of solid copper
(10) Most hydrated copper(ll) amino acidato complexes are monomeric, (II) amino acidato complexes. Specifically, the -€® and

but apical Cer-O bonding can lead to polymerization, see: (a) Rizzi, N—H---Q forces, which stabilize the trimer of, lead

A. C.; Piro, O. E.; Castellano, E. E.; Nascimento, O. R.; Brondino, C. K . .

D. Inorg. Chim. Acta200Q 305, 19. (b) Calvo, R.; Levstein, P. R;  generally to the formation of infinite polymeric structurés.

gﬁstelllaggi 5(.) E21 el_):a(bi)aﬂ_e, hS M.; ,\IjliroA, (?{ E.; OLseEoff, S"l]rﬁég- . To elucidate factors that lead to the preferred formation
em. A . (C itchman, M. A.; Kwan, L.; Engelhardt, L. o

M.: White, A. H. J. Chem. Soc.. Dalton Trang987, 457, of a finite structure, as compared to a polymer, we analyzed
(11) Elemental analysis of the obtainddprovided satisfactory results

(%): Ceaic = 33.39 (Gyp = 32.91), Hac = 5.14 (Hxp = 5.07), Nuarc (13) Thallapally, P. K.; Katz, A. K.; Carrell, H. L.; Desiraju, G. Rhem.

= 9.74 (Nsxp = 9.07), Cuac = 22.08 (Cuyp = 24.49); IR: 3324 Commun2002 344.

v(NH); 1618v(C=0); 1654 cnmt »(C=0); UV: Amax = 629 nm. (14) Representative examples of copper(ll) amino acidato polymeric
(12) Crystal DataX): Monoclinic, space group2i/c, unit cell parameters structures: (a) Stephens, F. S.; Vagg, R. S.; Williams, PA&ta

(A, deg): a= 10.1556(9)b = 17.1039(14)c = 20.4373(17) = Crystallogr. B1975 31, 841. (b) Fawcett, T. G.; Ushay, M.; Rose, J.

101.340(7)V = 3480.7(5) R, Z= 4, R= 0.039 for 5079 reflections P.; Lalancette, R. A.; Potenza, J. A.; Schugar, Hhdrg. Chem1979

with | = 20(l). CCDC reference code: 288147. 18, 327.
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results suggest the formation of a polymeric structuré in
is made difficult by steric hindrance involved in the binding
of additional ligands to the apical sites of the cis moieties.
In summary,1 exhibits structural properties that deviate
from previously observed ones in copper(ll) amino acidato
complexes in two aspects. First, the complex exists in both
cis and trans form in the same crystal. Second, time apical
Cur--O bonds that typically result in polymerizatttht®lead
to the formation of discrete trimers, suggesting that such
weak coordination bonds could have potential in the con-
struction of finite polynuclear complexés! The formation
of sheetlike structures, characteristic of copper(ll) amino
\ acidato complexes, is still achieved 1n although by way
Figure 3. Wireframe representation of the finite sequence of 6H> of hydrogen-bonding interactions only, rather than a com-
0 hydrogen bonds in the crystal structurelof bination of apical Ct+-O bonding and hydrogen bonds.
Further investigations on structural behaviorloére cur-
rently underway, focusing primarily on thermal behavior with
respect to dehydratation and solid-state reactiVity.

excluded volumes in the vicinity of copper atom sites. The
analysis was performed by the overlapping spheres méthod.
The volume excluded within a sphere situated on the apical
coordination site of copper(ll) at a distance of 2.5 A from  Acknowledgment. The authors thank the Ministry of
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i i ; i11cl6 to amino acids can form polynuclear complexes: Papaefstathiou, G.
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