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Isotypic pseudooctahedral complexes of Co, Ni, and Cu with two chelating oxalurate ligands and two water molecules,
trans-[M(oxalurate),(H.0),], have been synthesized and isolated by a novel progressive crystallization technique.
Diffraction analyses reveal that the three complexes form isotypic solid-state structures in which the molecular
connectivity and complex network of noncovalent interactions are qualitatively identical throughout the series. The
oxalurate groups form unbounded chains through two different self-recognition patterns—a typical DA—AD motif
and an unusual DDA'-A'DD form (D = hydrogen bond donor, A" = double acceptor). The unsymmetrical oxalurate
group possesses the topological properties necessary to form aggregates of higher symmetry, and the “M(oxalurate),”
fragments form a rhombic 2-D motif with hydrogen-bhonded corners and with hydrogen-bond acceptors directed to
the inside of the cyclic aggregate. The 2-D net is stacked to form a channeled 3-D structure, in which the coordinated
aqua ligands form the principal interlayer interactions. The slanted channels are occupied by the axial waters and
by waters of crystallization, which are hydrogen bonded to the channel walls to form an ordered bushing. The
extensive 3-D hydrogen-bonded superstructure is flexible enough to accommodate the distortion produced by the
Jahn—Teller effect in the copper compound without requiring a qualitative structural change. The bonds affected by
Jahn-Teller distortion in the Cu complex [Cu—O = 2.3788(15) A] are significantly longer than their analogues in
the Co and Ni complexes [Co—O = 2.175(2), Ni-O = 2.094(9) A].

Introduction in solids formed by complexes of isocyanurate, which
For some years we have been studying coordination " aggregate structure formed. by cyanurat.e moietigs is
complexes of polyfunctional liganddargely organic moi- observed to be structurally dominant, producing a flexible

eties with several functional groupsvith the principal aim ~ Molecule in the solid stateApart from the main focus of

of creating constrained environments around transition-metal this work, however, several instances of interesting packing
centers. Because of the presence of the functional groupspPatterns and ligand dominance have arisen, suggesting that
polyfunctional ligands are capable of entering into relatively at least some of the ligands that have been used and some
strong interactions with their environments in the solid state, Of the constraining environments that have been observed
thus leading to forces that can in principle countermand the 200Ut transition-metal complexes may be robust enough to
natural stereochemical preferences of a d-block element. TheMerit further study in and of themselves. In fact, the study
functional groups used so far have been selected for theirf known ligands or the design of new ligands with several
hydrogen-bonding capability, as this represents the strongespc_’ss'bl? coordlnapon 5|te§ and with the ability to interact
class of noncovalent, nonionic interactions. Our work in this With their surroundings, for instance through hydrogen bonds,
area has been directed largely to the study of the response i) cotton, F. A.; Falvello, L. R.; Murillo, C. A.; Schultz, A. Eur. J.

of the transition metal to its constrained environment, for Solid State Inorg. Cheni991 29, 311-320.
(2) Falvello, L. R.J. Chem. Soc., Dalton Tran$997, 4463-4475.

example,' n _SOIId solutions Of JahiTeller-active sacchari- (3) Falvello, L. R.; Pascual, |.; TorsaM.; Urriolabeitia, E. PJ. Am.
nate or nicotinato complex&sin non-Jahn-Teller hosts or Chem. S0c1997 119, 11894-11902.
(4) Falvello, L. R.; Hitchman, M. A.; Palacio, F.; Pascual, |.; Schultz, A.
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Figure 1. Oxaluric acid.
Figure 2. Perspective drawing of compoudd Non-hydrogen atoms are

is a very active field of research due to the possibility of represented by their 50% probability ellipsoids.

forming supramolecular aggregategth potential applica-

tions in diverse areas including the currently active field of characterizations of transition-metal complexes of oxalurate

nanotechnologs. have been published to date.

Oxaluric acid, or oxalylurea, Figure 1, is the condensation _ Ve report here the preparation and structural characteriza-
product of oxalic acid and urea, and its hydrolysis produces tion of oxalurate complexes of three first-row transition
those two compounds. It is a relatively small entity and Metals, Co(ll), Ni(ll), and Cu(ll). The three are isotypic in
possesses topological properties that should make it athe sphd state, despite S|gn|f|can.t local shape variations
versatile ligand from the structural point of view. resulting from the JahnTeller effect in the copper complex.

Deprotonated oxalurate possesses four oxygen atoms tha,-trhe structural type of the three possesses a rich network of

can serve as hydrogen-bond acceptors along with two aminelntermolecular interactions, some of which arise from self-
recognition of the oxalurate ligands, leading to interesting

functions that can serve as hydrogen-bond donors. In addition

one or more of six different atoms can bind to transition- 10+ 2-D, and 3-D supramolecular aggregates.

metal centers in any (_)f at Ieas_t three d_isti_nct coordina_tion Results and Discussion

modes, namely, chelating, terminal, or bridging coordination.

Beyond that, the possibility of rotation about any of several ~ The reaction of Na(oxalurate), with Co(ll), Ni(ll), and
single bonds within oxalurate can produce multiple confor- Cu(ll) salts produces the complexeans{M(oxalurate}-
mations, some of them planar. Thus, this polyfunctional (H20).] [M = Co (), Ni (3), and Cu )], which were
moiety can in theory participate in a wide variety of metal isolated and characterized by a variety of techniques. Crystals
ligand and intermolecular interactions. Although the ligand Of the compounds were obtained by very slow procedures.
itself lacks nontrivial symmetry, its topology in principle For compound&and4 the procedure involved the formation
permits it to form supramolecular structures with higher ©f the oxalurate ligand by slow hydrolysis of the parabanate
symmetry—a phenomenon known for urea and thiourea and Salt. Crystals of compour@were obtained directly, via the
whose exploitation has been viewed as a challenge in thediffusion of a solution of nickel nitrate into a solution of
currently growing field of supramolecular engineerinip sodium oxalurate through a layer of 2-methyl-2,4-pen-
addition, urea, urea derivatives, and oxalyl amides, organic tanediol, which slowed the diffusion process.

compounds related to oxalylurea, are being studied as The structures of compounds-4 were determined by
gelators due to their hydrogen-bonding potential. Oxaluric X-ray diffraction. Figure 2 is a drawing ofrans{Cu-

acid is well-known in other contexts, as it is the final product (0xalurate)(H20)z]-2H0, 4. Complexes2 and 3 have a

of the potentially mutagenic oxidation of guanih&Despite qualitatively similar appearance. Table 1 collects the more
its interest in biochemistry and its potential as a ligand in relevant crystallographic data for the compounds, and Table
coordination and supramolecular chemistry, little structural 2 collects the main distances and angles, showing the
information has been presented on oxaluric acid and oxalu-differences among compounds-4.

rate and their complexes. The three structures are isotypic. In the solid state, the
To our knowledge, there have been just two structural Metal atom resides on a crystallographic center of symmetry.
studies of crystals containing oxalurdfé! No structural It i8 surrounded by two water molecules in the apical

positions, and by two chelating oxalurate ligands, giving a
(5) (a) Lehn, J.-MAngew. Chem., Int. EA988 27, 89—112. (b) Braga, total of six ligated oxygen atoms forming a pseudooctahedral

(D.); grepiorg, FG Desirajl'J:,AG. nglr?em.ge.g%)%%fsgg% 57650%34?3)- coordination environment. Oxalurate chelates through the

C raga, D.; Grepionli, FACC. em. Rre: 2 — . . .

Moulton, B.. Zaworotko, M. JChem. Re. 2001, 101, 1629-1658. carbonyl oxygen of the amide function and one oxygen atom

(6) (a) Hong, M.; Zhao, Y; Su, W; Cao, R.; Fuijita, M.; Zhou, Z,; Chan,  of the deprotonated carboxylate, leaving the second partial-
A. S. C J. Am. Chem. S0200Q 122 4819-4820. (b) Aakety, C. charge-bearing oxygen of the carboxylate pendant. As usual,

B.; Beatty, A. M.; Leinen, D. SAngew. Chem., Int. EdL999 38, . .
1815-1819. (c) Huck, W. T. S.; Timmerman, P.; van Veggel, F. C. the angle subtended by the chelate, which~B0° in all

J. M.; Reinhoudt, D. NAngew. Chem., Int. EdL997 36, 1006~ cases, is the onlgis angle that deviates significantly from
1008. (d) Kurth, D. G.; Fromm, K. M.; Lehn, J.-MEur. J. Inorg.
Chem 2001, 1523-1526. 90°. . '

(7) (a) Desiraju, G. R. InComprehensie Supramolecular Chemistry The M—O distances are unexceptiotfain the whole and

Atwood, J. L., Davis, J. E. D., MacNicol, D. D., \Ygle, F., Toda, F.
S., Bishop, R., Eds.; Pergamon: Oxford, 1996; Vol. 6, pj22. (b)
Nguyen, T. L.; Fowler, F. W.; Lauher, J. W. Am. Chem. So2001

follow the well-known trends for first-row transition-metal

123 1105711064. (9) Duarte, V.; Gasparutto, D.; Jaquinod, M.; Ravanat J. L.; Cadet, J.
(8) Duarte, V.; Gasparutto, D.; Yamaguchi, L. F.; Ravant, J. L.; Martinez, Chem. Res. ToxicoR00], 14, 46-53.

G. R.; Medeiros, M. H. G.; Di Mascio, P.; Cadet,1.Am. Chem. (10) Wang, A. C.; Craven, B. MActa Crystallogr.1979 B35 510-513.

Soc.2000 122 12622-12628. (11) Shieh, H. S.; Voet, DActa Crystallogr.1975 B31, 2192-2201.

4600 Inorganic Chemistry, Vol. 41, No. 17, 2002



Flexible Supramolecular Rings in Oxalurate Complexes

Table 1. Crystallographic Data for [M(oxaluratg€H»0),]-2H,O (M =
Co (2), Ni (3), Cu @)

2 3 4
empirical formula Co@01oN4H14 NiC5012N4H14 CuGsO12NsH14
fw 393.14 392.92 397.75
2, Mo Ko (A) 0.71073 0.71073 0.71073
space group P1 P1 P1
z 1 1 1
temp (K) 223(2) 298(2) 148(2)
a(h) 5.2969(6) 5.2699(6) 5.2584(8)

b (A) 6.9893(13) 7.0130(11) 6.8332(15)
c(A) 10.2575(19) 10.2911(13) 10.314(2)
o (deg) 71.983(16) 70.886(9) 72.69(2)

f (deg) 80.572(14) 79.954(10) 83.39(2)

y (deg) 70.882(12) 71.499(9) 71.266(16)
V (A3) 340.38(10) 339.74(8) 334.99(11)
pealed (g-cm™3) 1.918 1.920 1.972
u(cm™) 13.4 15.1 17.1

RIa[1 > 20(1)] 0.0448 0.0854 0.0282
WR2 (all data) 0.1190 0.2169 0.0725

AR1= Y |[|Fo| — |FclI/Y|Fol. PWR2 = [FW(Fo? — FA)Z yW(Fo?)F% w
= [0%Fod + (aP)2 + bP]%; P = (F? + 2FP)/3; weight parametera and
b are given in the Supporting Information.

Table 2. Selected Distances (A) and Angles (deg) for
[M(oxalurate}(H20);]-2H,0 (M = Co (2), Ni (3), Cu @))

distances, A
Co Ni Cu

M—0(1) 2.175(2) 2.094(9) 2.3788(15)

M—-0(2) 2.050(2) 1.996(10) 1.9567(15)

M—0(5) 2.037(2) 2.039(10) 1.9611(16)

C1-0(1) 1.217(4) 1.223(15) 1.218(3)

C2-0(2) 1.267(4) 1.277(18) 1.269(3)

C2-0(3) 1.227(4) 1.189(16) 1.228(2)

angles, deg
Co Ni Cu

0(2)-M—-0(5) 92.34(10) 91.8(4) 92.18(7)
0(2-M—-0(1) 77.96(9) 80.2(4) 76.56(6)
O(5)-M—-0(1) 88.76(10) 88.5(4) 86.88(6)
M—0(1)—-C(1) 111.3(2) 111.8(9) 106.20(13)
M—-0(2)-C(2) 116.8(2) 119.1(9) 121.67(13)
O(1)-C(1)-C(2) 119.8(3) 119.6(13) 120.65(18)
0O(2)-C(2)-C(1) 113.8(3) 109.1(12) 114.79(17)

complexes. The MO(2) (carboxylate) and MO(5) (water)

distances are similar within a given complex [2.050(2) and

2.037(2) A, respectively, for C&2}, 1.996(10) and 2.039-

Figure 3. Drawing of the 2-D net formed by “M(oxaluratg)moieties.

Table 3. Shortest B--A Distances (A) for [M(oxaluratefH,0),]-2H,0
(M = Co (2), Ni (3), Cu @)

distances, A

D---A Co Ni Cu symmetry
N(1)---O(3) 2.880(4) 2.859(15) 2.897(2)x,—-y—1,—z+1
N(2):--O(4) 2.996(4) 2.985(16) 2.971(2) —x—2,~-y,—z+1
N(2)---O(3) 2.931(4) 2.942(16) 2.910(3) —x,-y—1,—-z+1
O(5)--O(6) 2.634(4) 2.667(14) 2.634(3) —x,—-y+1,-z
O(5)--O(4) 2.713(4) 2.705(13) 2.714(2)x+1,y,z
O(5)--O(1) 3.040(4) 3.054(14) 2.907(2)x+1,y,z
O(6)--O(2) 2.676(4) 2.687(14) 2.7102)x—1,y+1,z
O(6)--O(5) 2.830(4) 2.815(14) 2.815(3)
N(1)---O(3) 2.685(4) 2.672(15) 2.677(2)

acceptor (A) atoms in the crystals. As can be seen, there are
a number of moderate to strong hydrogen bonds, in particular
those between O(5) (ligated water) and O(6) (free water),
O(5) and O(4) (oxalurate urea carbonyl), and O(6) and O(2)
(oxalurate-ligated carboxylate). The N(1) (oxalurate amide)
and O(3) (oxalurate pendant carboxylate) atoms of the same
ligand also make a short contact that must also provide
electrostatic stabilization.

The hydrogen bonds join the coordination complexes into
a nearly square two-dimensional net (Figure 3), in which
parallel sides of the basic unit, a slightly distorted square,
are related by a crystallographic inversion center. The core
of the coordination complex resides on one crystallographic-
ally independent edge of the square, and the adjacent side is
formed by a self-complementary hydrogen-bonded pair of
terminal urea fragments. The two inversion-related congeners
of these sides complete the basic unit of the net. Alterna-
tively, the net can be viewed as a lattice formed by two

(10) A for Ni (3), and 1.9567(15) and 1.9611(16) A for Ccu distinct types of ribbon propagated in directions roughly
(4)]. The M—O(1) (C=0 group) distance in each case is Perpendicular to each other, and intersecting at the corners
the longest of the three independent bond lengths about theOf the squares. One of the ribbons contains th_e planar chelate
metal, because of the lesser degree of covalency for thecore (‘MO,C,") of the complex and the proximal parts of

carbonyl ligand [M-O(1) = 2.175(2), 2.094(9), and 2.3788-
(15) A for 2—4, respectively]. This is the bond affected by
Jahn-Teller distortion in the copper complex, which has a

Jahn-Teller radius of 0.48 A.

While the intramolecular distances do not provide any

the oxalurate ligands, while the other ribbon is comprised
largely of the distal urea fragments of the oxalurate ligands.
From yet a different point of view, the 2-D net can also be
described as ribbons formed by a complex self-assembled
pattern of oxalurates bridged by the metal atoms.

surprises, the intermolecular contacts in these structures The complex self-assembled ribbon formed by the oxalu-
mediate the formation of a motif whose nature and symmetry rate moieties can best be described with reference to Figure
are far removed from the physical shape of the molecule 4- Each oxalurate is hydrogen bonded to two others in quite
that forms its basic building block. Table 3 collects the different manners. The first and more complex interaction,

shortest distances between hydrogen-bond donor (D) andconsisting of a DDA-ADD sequence, [H(N(2A)), H(N(1A)),

(12) (a) Haider, S. Z.; Malik, K. M. A.; Ahmed, K. J.; Hess, H.; Riffel,

H.; Hursthouse, M. Blnorg. Chim. Actal983 72, 21—-27. (b) Cotton,
F. A.; Daniels, L. M.; Murillo, C. A.; Quesada, J. forg. Chem
1993 32, 4861-4867.

O(3A) to O(3), H(N(1)), H(N(2)], is a self-complementary

union in which each oxygen atom acts as an acceptor for
two hydrogen bonds. This unusual intermolecular junction
is enabled by the conformation of the oxalurate ligand in

Inorganic Chemistry, Vol. 41, No. 17, 2002 4601
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Cu(1D)
Figure 4. Drawing of the ribbon formed by the self-assembly of oxalurate Figure 6. Drawing of a cyclic motif of the 2-D net formed by
groups. M(oxalurate) moieties showing the hydrogen bonding with the water
molecules.
cl) ||-| ADD cl) T ADA
0—C, N NH O—-C N
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Figure 5. Conformation of oxalurate: (a) in compoungis4; (b) in other
compounds.

these complexes. The oxalurate, which is planar, here ..
possesses a confqrmatlon Wh_|Ch 5|tuate§ three pxygen atornﬁigure 7. Side-on view of the “Cu(oxaluratg) sheets showing the
(AAA) along the side of the ligand that is proximal to the interaction between the metal-boung@molecules (O(5)H(5A)H(5B)) and
metal atom, as in Figure 5a. This arrangement leave®C ~ 2diacent sheets.

NH, and NH (ADD) groups on the distal side of the ligand. ligand have one acceptor site available after coordination to

The tw(;) oxa_lluralte-conta|nlng.ﬁstructuresf that,haYe kr)](_eehn the metal. However, while O(2) participates in a rather strong
reported previously present a different conformation in whic hydrogen bond with H(O) of an unligated water molecule

hydrogen atoms are present on both sides of the backbonetDmA = 2.676(4) @), 2.687(14) 8), and 2.710(2)4) A]

(ADA and AAD)' Figure 5b. ) . ) the carbonyl oxygen atom O(t}he site affected by Jahn
The second intermolecular interaction involving oxalurate . .or gistortion in the Cu compound and which is a poorer

is of the type B(8)"* [O(4), H(N(2)) and H(N(2B)), O(4B)]  hydrogen-bond acceptor than the carboxylate oxygen (©(2))

in Figure 4, an often observed motif for complexes containing presents only a weak interaction with the H(O) of a

ponfunctionaI ligands. , , __coordinated water molecule. For compoutydor example,
This complex, unbounded one-dimensional aggregate is,q 0(1)--0(5) distance is 3.040(4) A with an Of1)
cross-linked by the metal atoms to form a two-dimensional H(O(5)) distance of 2.64(5) A and an O(=H—0(5) angle
pattern Wh_iCh POSSEsSes a nearly square topology. Each basic,¢ 120(5¥. Inasmuch as O(1) is not strongly constrained by
cycll_c unit in which Six oxalurate groups and two metal atoms hydrogen bonding, it accordingly possesses the freedom
are |nvoI_ved cpntalns 24 atoms. o necessary for adapting to the Jafreller effect, a fact
Two-dimensional networks formed by coordination COM- yefected in the significant change in the-@ nonbonded
plexes almost always have the metal center located at thecontact distance on passing from complegeand 3 to 4.

corners of the basic motif. In' contrast, the rings formed by ;g degree of freedom is independent of that granted to the
complexes2—4 have at thglr corners the P”“S“a' self- ligand periphery by the flexible molecular junctions, which
complementary DDAADD junction possessing four hy- 5550 necessary to accommodate the Jareiier distortion.
drogen bondsa strong but flexible union exploiting the o the four water molecules lining the cycle, two are water
topological cornerthgt _o_xalurate presents to its sur_roundlngs.mo|ecu|es of crystallization [O(6)] and the other two are
The degree of erX|b|I|ty_ that these corners provide to the axially coordinated water molecules [O(5)] from complexes
overall structure is seen in the fact that .the same topology i the layers immediately above and below the ring under
and structural type persist across this series of three .qngjgeration. This hydrogen-bonded link is the topological
complexes, even though one of thefnhas a significantly e that binds adjacent layers into a stable three-dimensional
distorted core as a result of the Jalireller effect at the lattice (Figure 7).
copper center. This persistence of structural integrity stands 114 three H atoms bonded to the N atoms of oxalurate

in contrast to what has been ob_served in some other richlyare used in hydrogen bonds with other oxalurates (Figure
hydrogen-bonded molecular solids such as the copper and4); the amide H(N(1)) is hydrogen bonded to an equivalent
chromium Tutton salts, in which the slight steric perturbation
produced by deuteratiéhor light dopind® with the analo- (13) Etter, M. C.; MacDonald, J. C.; Bernstein Akta Crystallogr., Sect.

ous complex of zinc is enough to cause a change of structure_ B 1990 B4§ 256-262. .
9 P 9 9 (14) Hathaway, B. J.; Hewat, A. W. Solid State Chen1984 51, 364~

type. 375.

Figure 6 shows one unit of the basic cyclic motif of the (15) (a) Araya, M. A.; Cotton, F. A} Daniels, L. M,; Falvello L. R.; Murillo,

: - . C. A. Inorg. Chem1993 32, 4853-4860. (b) Cotton, F. A.; Daniels,
2-D net, along with the water molecules that line it. The L M.: Faivello, L. R.: Murillo C. A.: Schultz A. J. Inorg. Cher

coordinated oxygen atoms [O(1), O(2)] of the oxalurate 1994 33, 5396-5403.
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of O(3) in the DDA-ADD interaction, as is one of the amine pattern formed possesses a nearly square topology, thus
H(N(2)) atoms of the same ligand. The second amine H atomdemonstrating how the latent topological symmetry in the
is donated to O(4) of a neighboring oxalurate in the eight- individual molecules can be expressed in the aggregate
membered ring interaction. So, the acceptor atom O(3) structure. Two different kinds of chains are formed, one of
receives two hydrogen bonds from an adjacent oxalurate,them propagated through two different self-recognition
while O(4) is an acceptor in an interaction with an oxalurate patterns and the other through bridging metal atoms chelated
neighbor and also accepts a hydrogen bond from a ligatedby oxalurate ligands. The resulting 2-D motif has a unit mesh

water molecule, as seen in Figure 6. consisting of a 24-atom ring, with 22 of the atoms belonging
Each water molecule also presents a further complementto oxalurate groups. The 2-D nets are stacked, with axial
of hydrogen bonds. In addition to the (waterj8---O- water ligands from one layer forming hydrogen bonds to the

(oxalurate) contacts that hold the water moieties to the inside of the ring motif from the next. These water moieties
interior of the cyclic motif, the four water molecules lining and unligated waters assemble into a cyclic hydrogen-bonded
a given ring are hydrogen bonded to each other to form their pattern, thus forming a bushing around the inside of the larger
own cyclic pattern, thus serving as a bushing inside the largerring. The solid-state structure of these complexes demon-
cycles formed by the coordination complexes. strates the versatility and part of the larger potential that
The packing pattern that these molecules present allowsoxalurate possesses for use in coordination and supramo-
all of the potential hydrogen-bond donor and acceptor atomslecular chemistry.
to employ their full potential to form hydrogen bonds, except ] ]
for the unligated water molecules, which possess one freeEXPerimental Section
acceptor site, and the coordinated amide oxygen atom, which  |nstrumentation. Carbon, hydrogen, and nitrogen analyses were
has just one weak noncovalent contact. carried out on a Perkin-Elmer 240-B or 2400 microanalyzer. IR
The IR data for these three solids can be understood inspectra were recorded on a Perkin-Elmer 599 spectrophotometer
terms of the crystal structures. Each of the complexes (4000-200 cnt?) from Nujol mulls between polyethylene sheets.
displays a strong IR peak at3550 cnt? (see the Experi- Synthesis of NaCQCONHCONH; (1). A 7.5 mL sample of a
mental Section) corresponding to th€éOH) of the water NaOH sqlution (1.014 mo!/L, 7.605 mmol) was added to a water
molecules. In the range of 3463200 cnt?, we observed suspension of oxaluric acid, HOOCCONHCONH.000 g, 7.57

. . mmol/15 mL). The NaOH addition produced a partial solubilization
the abso;p:;lons Cl()rretsplgndlgguﬁ_l\rl]H) %fthe tl.\IH and NH d of the acid and then the precipitation of a white solid. After 15
%rgutzs ?Coi 21);?32;? eatlg;rgu?l.d 1?(;’10 Sg%pgﬁ??tciirrﬁgfon min of stirring, the solid was filtered off, washed wittPrOH,
v d )

) - - ) ' and characterized as Nag@DNHCONH, (1) (1.00 g, 86% yield).
possible to obtain further information from these signals  anal calcd for NaGOuN,Hs (MW 154): C, 23.37: H, 1.94: N
because of fcheir br.eadth and because of the num_ber of18.18. Found: C, 23.28; H, 1.48; N, 17.94. IR ¢m™1): 3401 (s,
noncovalent interactions and types of CO grotf3xaluric »(OH)), 3277 and 3210 (s¢(NH)), 1745 (s,»(CO)), 1673 (m,
acid itself displays a strong band at 1714¢niThe same  »(C0)), 1603 (m), 1183 (m), 1114 (m), 785 (s), 605 (s), 590 (s),
band shifts to 1745 cm for sodium oxalurate and to 1756 327 (m).

1761 cn?! for the coordination compounds. Synthesis oftrans-[Co(oxalurate),(H20)2]-2H;0 (2). Co(NOy)>»
There are also absorptions in the range 168850 cnr 6H,O (0.075 9, 0.26 mmol) was added to an aqueous sodium
attributable to the HOH bending of the water molecules or OXl"J"t{rate SO'“tt,'O”d(fO-ogg 9, 0-52d tmhmOI/l?t'mL Or_dwater%;ItThed
to the degenerate deformation of the Nitoup. There is a ~ SO'ution was stirred for 9U/min, and the resulting solid was Tiitere
strong abgsorption at 1512 cin(2) 1511%:?21 (g) and 1501 off, washed with-PrOH, and characterized sans{Co(oxaluratey
. . H,0);]-2H,0 (2) (0.055 g, 54% yield).
cmt (4) arising from the chelating coordination of the (H20)l-2H0 () ( 9. 54% vield)

| i d. Neith uri id di | Anal. Calcd for Co@O1.N4H14 (MW 393.1): C, 18.32; H, 3.56;
oxalurate ligand. Neither oxaluric acid nor sodium oxalurate N, 14.25. Found: C, 18.31; H, 3.02; N, 13.83. IR ¢m3): 3541

displays this band. We observe a peak at 1110cfor (s, v(OH)), 3383 and 3242 (3(NH)), 1757 (s/(CO)) 1680 with
oxaluric acid and sodium oxalurate which is not present in gne shoulder (s;(CO)), 1512 (s), 1231 (s), 764 (m), 638 (m), 586
the IR spectra of the complexes and which can be used for(s), 562 (s), 504 (m), 453 (m), 313 (m).

determining the purity of the coordination complexes.  Synthesis oftrans-[Ni(oxalurate),(H20)2]-2H,0 (3). Ni(NOs)*
Finally, there are absorptions in the 55860 cnt? region 6H,O (0.094 g, 0.32 mmol) was added to an aqueous sodium
that correspond to the twisting and wagging modes of the oxalurate solution (0.100 g, 0.65 mmol/8 mL of water). The solution
aqua ligands as well as to vibrational modes of the lattice was stirred for 10 min, and 40 mL 6fPrOH was added. The

water molecules. mixture was stored at 4C for 24 h, and the resulting solittans-
[Ni(oxalurate}(H,0),]-2H,0 (3), was filtered off and washed with
Conclusion water (0.050 g, 39% yield).

. . o ) Anal. Calcd for NiGO12N4H14 (MW 392.9): C, 18.32; H, 3.56;

The oxalurate ligand displays a striking variety of covalent n 14.25. Found: C, 17.60; H, 3.42; N, 13.54. IR ¢m™1): 3541
and noncovalent interactions in these three complexes, actings, »(OH)), 3383 and 3242 (3;(NH)), 1761(s,»(CO)) 1689 with
as a chelate ligand, and adopting a conformation that permitsone shoulder (s;(CO)), 1511 (s), 1234 (s), 764 (m), 638 (m), 586
the formation of distinct hydrogen-bonding self-recognition (s), 563 (s), 503 (m), 457 (m), 328 (m).
patterns at intermolecular junctions. The supramolecular Synthesis oftrans-[Cu(oxalurate);(H20)2]:2H;0 (4). CuCk:
2H,0O (0.055 g, 0.33 mmol) was added to an aqueous sodium
(16) Deacon, G. B.; Phillips, R. Loord. Chem. Re 198Q 33, 227—-250. oxalurate solution (0.100 g, 0.65 mmol). The mixture was stirred
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for 5 min, and the blue solid precipitate was filtered off, washed located for compound, which was a poorly diffracting crystal

with i-PrOH, and characterized asans{Cu(oxalurate)(H,O),]- probably due to its size (0.1% 0.07 x 0.06 mm). The refinements
2H,0O (4) (0.11 g, 80% yield). converged with the residuals given in Table 1.

Anal. Calcd for Cu@ 12NsH14 (MW 397.75): C, 18.11; H, 3.52; . L
N, 14.08. Found: C, 17.94: H, 3.30; N, 13.78. iR ém-Y): 3551 Acknowledgment. Funding by the Direccio General de

(s, 7(OH)), 3377 and 3271 (3{(NH)), 1756 (5,7(CO)) 1674 with Ensémnza Superio.r e Investigacicientfica (Spain) under
two shoulders (sy(CO)), 1501 (s), 1218 (s), 759 (m), 638 (m), Grant PB98-1593 is gratefully acknowledged.
585 (s), 575 (s), 503 (m), 475 (m), 451 (m), 323 (m).

X-ray Structure Determination. Suitable single crystals &
and 4 for X-ray diffraction were obtained in each case by slow
evaporation of a water solution of parabanic acid, NaOH, and,MCl
(2:2:1 ratio). Single crystals of compouBdvere obtained by slow 1C025648M
diffusion of a water solution of sodium oxalurate into a solution of
Ni(NO3), in methanol through a layer of 2-methyl-2,4-pentanediol. (17) DDifIffftaCtTOhmEtsftChonltm'dPrO%r;lgg %SDI‘;/PIC Version 2.0, Nogius bv,

: _ . . elrt, e etnerianas, . ata were processea on an

A Nonius CAD-4 diffractometer was use.d for data cqllegtlon AlphaStation 200 4/166 (OpenVMS/Alpha V6.2), with the program
for the three compounds. After data reduction and application of XCAD4B (K. Harms, 1996) and with the commercial package
absorption corrections the structures were solved by direct methods ~ SHELXTL Rel. 5.05/VMS, Siemens Analytical X-ray Instruments,
and were refined by full-matrix least-squatéghe hydrogen atoms Inc., Madison, W1, 1996. (c) Direct methods: SHELXS-97: Fortran

f ds2 and 4 | ted in difference Fourier mans program for crystal structure solution, George M. Sheldrick, 1997.
O compoundss and 4 were loca p (d) Refinement: SHELXL-97: Fortran program for crystal structure
and were refined as independent atoms. No hydrogen atoms were  refinement, George M. Sheldrick, 1997.

Supporting Information Available: Crystallographic data for
compound2—4 in CIF format. This material is available free of
charge via the Internet at http://pubs.acs.org.
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