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Syntheses and structures of three-component rare cocrystals of there is ample scope to understand hagtest chemistry of

4-nitrobenzoic acid, aromatic N-oxides, and aqua complexes of
manganese and zinc and their transformation to metal complexes
as well as coordination polymers are presented.

N-oxides. The aromatill-oxides also form metal complexes
easily upon reaction with metal carboxylates and other 3alts.
However, N-oxides along with carboxylic acids are not

studied as molecular complexes with metal hydroxides.
Recently, a hexaaquacobalt complex having bipyridine

N-Oxides are used for oxidation of various organic N-oxide has appeared in the literatdr&uch multiple-
substrates, and such oxidations are generally facilitated bycomponent molecular crystals are expected to throw light
metal complexesMetal complexes haviniy-oxide ligands on the nucleation process of metalloorganic hybrid complex
also have great value as magnetic matefidlbe N-oxides formation as well as on the role of intermolecular hydrogen-
show interesting hostguest chemistry with various ho3ts  bonding interactions in the synthesis of coordination poly-
such as calixarenes, cyclodextrin, and dihydroxybenzene, andners. With this objective, we have studied three-component
molecular complex formations between metal hydroxyl
complexesN-oxides, and carboxylic acids.

Molecular complexes oN-oxides such as pyridine or
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quinolineN-oxide, 4-nitrobenzoic acid, and metal hydroxides
are formed upon reaction of the correspondiigxide and
4-nitrobenzoic acid with metal acetates in agueous methanol
(eq 1). This hydrolytic reaction is highly substrate-dependent,

MeOH/H,0
M(OACc); xHO  + 4-NO,CgH4COOH  + ArN-O

SN0
When M = Zn(ll), Ar-N-O = I/+ x=2 1

~N-O-
When M = Mn(ll), Ar-N-O = || P x=4 2

~N-O-
When M = Mn(ll), Ar-N-O = | P 3
y=1

and we could get such three-component molecular complexes
only from 4-nitrobenzoic acid out of several aromatic acids
such as benzoic acid, methylbenzoic acids (all three isomers),
2-nitrobenzoic acid, etc. However, the reaction of 4-nitroben-
zoic acid with manganese(ll) actetate and pyridiexide

in dry methanol leads to coordination polymers (Scheme 1).
The reaction procedures for the preparation of a molecular
complex or the coordination polymers are very simple, and
these complexes can be prepared by mixing the three
reactants in dry methanol or aqueous methanol (10%) and
stirring at ambient temperature (48 h for the molecular

[M(H20)4(OH)z]. 4-NO,CgH4COOH. ArN-O. y(H,0)

1)
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Scheme 1 -
NO,

Mn(OAc),

MeOH/H,0

complex an 2 h for coordination polymers). There is near-
quantitative desired product formation in these reactions. The
coordination polymed upon dissolution in aqueous methanol
and standing for 48 h does not give compouhdThus,
compound2 is not formed by hydrolysis of coordination
polymer 4. However, it may be formed by hydrolytic
cleavage of a dinuclear aqua-bridged complex that is
generally formed upon reaction of manganese(ll) or zinc-
(I1) acetate with various aromatic acids. The crystal structures
of each of the complexes—3 are shown in Figure tac
along with some of the selected hydrogen bonds contributing
to the packing pattern of the complexes. In each case, the
N-oxides as well as carboxylic acids are hydrogen-bonded
to aqua and hydroxyl ligands. The important hydrogen-bond
interactions are listed in Table 1.

It is interesting to note the differences in weak interactions
in the crystal structures of these molecular complexes. In
the case ofl and2, when pyridineN-oxides are there in the
lattice, the nitro group of 4-nitrobenzoic acid and the ®
group ofN-oxides are involved in hydrogen bonding to the
aqua ligands of the metal ion and the carboxylic group is
involved in C-H---O interactions. However, in the case of
3, the carboxylic group of 4-nitrobenzoic acid and the ®
group of quinolineN-oxide are involved in hydrogen bonding
with the aqua ligands of the manganese(ll) complex. The
thermogravimetric study shows that completes3 undergo Figure 1. Hydrogen-bonding interactions in the lattice of molecular
dehydration and lose weight corresponding to the six water complexes (aji, (b) 2, and (c)3 (drawn with 20% thermal ellipsoids).
molecules in the case dfand2 and the seven in the case "SeS e the molecular complexes.
of 3 in the temperature range of 5210 °C. These time, these ligands come out of the coordination sphere,
dehydration processes can be attributed to the formation offacilitating the formation of a neutral molecular compliex
coordination polymers having structural features similar to Furthermore, the short-range interactions betweenNhe
those of coordination polymet; see comparisons of IR  oxide and 4-nitrobenzoic acid keep them apart as noncoor-
spectra with an authentic sample of the coordination polymer dinating under ambient conditions. The same reaction upon
prepared by an alternative route. continuation for 48 h in aqueous methanol gave compound

An aqua-bridged benzoate complex is generally formed 1. The mononuclear complex formed is found to be diaquadi-
from the reaction of benzoic acid with manganese(ll) acetate, 4-nitrobenzoatodipyridindl-oxide zinc(ll) monohydrates
and such a complex is isolated as a stable product by addingScheme 2). This complex has hexacoordination with two
a N-donor ligand such as pyridine during the reaction. monodentate carboxylate groups and tWmxide ligands.
Further evidence to the hydrolytic cleavage of low-nuclearity Each identical pair of ligands is in the trans disposition to
complexes comes from the control reaction of zinc(ll) acetate each other. We have characterized this compound by
dihydrate with 4-nitrobenzoic acid and pyridin¢oxide. crystallography also. The complex has a two-dimensional,
When this reaction was carried outrfd h and the solvent infinite chain-like structure growing through the-®i---O
was evaporated, an intermediate mononuclear complex interaction between aqua ligands and the water molecules
could be isolated (Scheme 2). This suggests that there is af crystallization along thé and ¢ crystallographic axes.
competition between water molecules to replace\ttaxide The complex upon redissolution in aqueous methanol and
ligands and also the carboxylate ligands. Over the course ofstirring for further 2 days gives molecular compléx
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dos  Oon  Opoa  OD—H-A
D—H--A A A) A) (deg)
For 1 % Cosg”
O1—H1---08 0.82 2.05 2.84(3) 163.38
0O2—H2A---06 0.82 1.81 2.62 170.88 ol y
[x, —1+vy,7 Aﬁf i

Table 1. Hydrogen-Bond Geometries in the Complexes "%e ;-r. o

02—H2B:--07 0.80(3) 2.02(3) 2.82(3) 171.39
03-H3A---08 0.82 1.98 2.73(19) 153.84
X, ~1+y,7 P <
03—H3B:--08 0.84(4) 1.89(4) 2.73(2) 173.07 i o P S
[, =Y +y, Y~ 7 -‘.’\‘w’\_ﬁ_}; \}J“
C8-H8g:--03 0.93 2.37 3.28(3) 166.25 S
For 2 ) ) o
O1—H1---08 0.82 1.92 2.72(2) 163.5 Figure 2. Hydrogen bonds in the structure of cocrysabf quinoline
[L—x Yoty -7 N-oxide with 4-methylbenzoic acid (drawn with 20% thermal ellipsoid).
02—H2A---06 0.82 1.81 2.62 173.18 The inset is the structure of the cocrystal.
Do —1+%.2 However, we have not come across such reactions, and
02—H2B:+-07 0.79(4) 2.01(4) 2.79(3) 171.69 ' ¢ '
03—H3A:--08 0.82 2.06 2.86(2) 163.79 crystals are stable at ambient temperature for at least a month
83—4:318:')?71 L 0.64(4) 2.05(4) 2.68(3) 168.08 without any degradation. The stability may be attributed to
C8-H8-+-O1 0.93 241 3.320) 165.31 the pa_cklng effect resulting from the weak interactions among
For 3 the nitro, N-O, and coordinated water molecules, as
01-H1---08 0.82 1.94 2.76 170.18 illustrated in Figure 1. The existence of the cocrystals of
[1+xvy,7 manganese/zinc hydroxyl complexes with free carboxylic
O3—H3A--09 082 187 2.68 173.10 acids andN-oxides is unlikely in conventional acicbase
09—H9B:--04 0.88 1.98 2.85 171.33 . yIr : :
[L+x—-1+y,7 chemistry and happens purely in the solid state, which can
019*H9Ai"03 0.84 1.98 2.81 170.73 be attributed to a packing effect. At this stage, it may be
[L=x-1-y. 2 mentioned that during the determination of the structures the
Scheme 2 H atoms, except those attached to the O atoms, were placed
MeOH/Hz0(excess) at their calculated positions and refined in the isotropic

Zn(0Ac); 2H,0  + 4-NOCgH,COOH + ArN-O [Zn(H20)4(OH),]. 4-NO,CeH4COOH. AN-O

. approximation; however, the H atoms attached to the O

atoms of the hydroxyl and carboxylic acid groups, which

IN-O
MeOH Ao = © MeOHH0 could not be located in the difference Fourier maps, were
placed at the calculated positions and refined with an
[Z0(H20)2(4-NO;CeHeCOO),. (AN-O)2] H,0 isotropic approximation. Thus, their location does not reflect
5 the concept of acid and base in a quantitative manner but

refers to the packing pattern only. In solution chemistry, such
Because thé\-oxides have a polar NO bond and the  an association is not necessarily observed; #HeNMR

carboxylic acid has an acidic COOH group, it is expected gpectra of the zinc compouridin solution give the signal
that they form cocrystals among themselves. We have of the parent compounds without any change in the chemical
prepared cocrysta of quinoline N-oxide with 4-methyl-  ghift. It may be mentioned that the basicity of metal
benzoic acid. The 1:1 cocrystal has the structure shown inhydroxide in a confined medium is important becaust-zn
Figure 2. The cocrystdlis stabilized by extensive hydrogen-  hound OH in carbonic anhydrase is a nucleophile in the
bonding interactions such as ©R2:-:03 (dp..-a, 2.565 A; reaction with carbon dioxide.
0OD—H-A, 169.30), C13-H13-:01 (dp.-a, 3.37 A;0ID— In conclusion, molecular complexes having multicompo-
H—A, 150.97), and C14-H14-+-03 (dp.-a, 3.45 A; ID— nent complexes, namely\-oxide, metal hydroxide, and
HA, 154.05). The formation of this kind of cocrystal  carboxylic acid, are characterized by crystallography, which
suggests that there is a synergic effect in the zinc andppens an extra dimension to the supramolecular chemistry
manganese aromatic carboxylate complexes to dissociate, angf N-oxides, and these may be considered to be intermediates

the stability of such complexes is dependent on the solvationfor the synthesis ok-oxide-bridged coordination polymers.
versus stability of molecular complexes suchlasThese
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conventional chemistry an acid would react with a base and |c791639n

vice versa and the two components in the molecular
complexes should have led to some other neutral compounds. (6) Bruce, R. M.J. Inorg. Nucl. Chem1976 38, 511-513.
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