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Abstract

A novel potential linking ligand (4-nitro-benzylidene)-(3-nitro-phenyl)-amine (1) was prepared
from 4-nitrobenzaldehyde and 3-nitroaniline by the Schiff-base condensation. From the reaction
between 1 and dichlorobis(benzonitrile)palladium (1) (PdCL,(NCPh),), an unexpected product
trans-PdCL(NQO,-C¢H,-NH,), (2) was isolated. Compounds 1 and 2 were structurally characterized
by X-ray diffraction. In compound 2, the NH, hydrogen atoms in the 3-nitroaniline ligand partic-

ipate in intermolecular N-H---Cl hydrogen bonds.

1. Introduction

The field of coordination polymers, also known
as metal-organic frameworks, has been expanded
enormously for the past decade. These compounds
would probably further continue to receive attrac-
tion for the years to come, due to their desirable
applications, such as catalysis, chirality, conductiv-
ity, luminescence, magnetism, nonlinear optics, and
porosity."? In the preparation of 1-D, 2-D, or 3-D
coordination polymers, selection of appropriate link-
ing ligands is crucial in determining topologies of
resulting polymers. Multifunctional ligands contain-
ing N- and O-donor atoms are employed typically

for the construction of coordination polymers.'™

For example, dicarboxylates and bipyridyls have
been employed extensively in preparing these poly-
mers.”®

For synthetics strategies, it would be desirable to
vary ligands in systematic and predictable ways, in
terms of relative orientations of donor atoms, inter-
vening fragments between donor atoms, and steric
and electronic properties of ligands. Recently, we
utilized the Schiff-base condensation reaction to
prepare novel bipyridyl-type ligands (A and B), in
which ligands A and B have been derived from
1,2-phenylenediamine and 1,4-phenylenediamine,
respectively. Ligand A existed as a hydrogen-bonded
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tetramer, whereas ligand B reacted with zinc nitrate
(Zn(NO,),"6H,0) under various conditions to give
one discrete molecule, trans-[Zn(H,0),(B),]:(NO;),"
(MeOH),, and two 1-D zinc polymers, [Zn(NO;)
(H,0),(B)]-(NO;)(H,0), and [Zn(B)(OBC)H,0)]
(OBC=4,4"-0xybis(benzoate)).”
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As a continuation of our research, we decided to
expand the Schiff-base condensation to prepare
novel ligands that have two terminal nitro groups as
coordinating sites. We succeeded to prepare one
such ligand (1) from 3-nitroaniline and 4-nitroben-
zaldehyde in ethanol. When ligand 1 was treated
with PdCL(NCPh,), to prepare a Pd coordination
polymer by replacing benzonitrile groups, an unex-
pected molecular product, frans-PdCL(NO,-C¢H,-
NH,), (2), was isolated from this reaction. Herein,
we report the preparation and structures of ligand 1
and compound 2.
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O,N H

ligand 1

2. Experimental Section

3-Nitroaniline, 4-nitrobenzaldehyde, formic acid,
diethyl ether, dichloromethane, and ethanol were
purchased from Aldrich company. Dichlorobis(ben-
zonitrile)palladium(Il) was prepared as described in
the literature.'” IR spectra were recorded with a
Bruker 1FS-66/S FTIR spectrophotometer.

Preparation of (O,N-C;H,-CH=N-C(H,-NO,) (1).
At room temperature, two drops of formic acid
were added to a solution containing 3-nitroaniline
(0.503 g, 3.64 mmol) and 4-nitrobenzaldehyde (0.544
g, 3.60 mmol) in ethanol (30 mL). The resulting
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mixture was stirred for 6 h at room temperature,
and the solvent was removed under vacuum. The
resultant yellow solids were washed with diethyl
ether (10 mL x 2), and then crystallized from dichlo-
romethane and diethyl ether to give ligand 1 (0.963
g, 3.55 mmol, 98.6%). mp: 139-141°C. IR (KB,
em™): 1630, 1596, 1516, 1344, 1189, 843, 685 cm™.

Preparation of [PdCl(NO,-C;H,-NH,),] (2).
Compound 2 was prepared by layer-diffusion meth-
ods. An acetonitrile (5 mL) solution of PdCL,(NCPh,),
(0.058 g, 0.151 mmol) was carefully layered onto
the top of a dichloromethane (5 mL) solution of 1
(0.046 g, 0.170 mmol) at room temperature. Red
crystals of 2 were grown in 2 days, which were iso-
lated by filtration and air-dried to give compound 2
(0.040 g, 0.088 mmol, 58.3% yield). mp: 238-240°C.

Table 1. X-ray data collection and structure refine-
ment details

1 2
formula C,;HN,0, C,H,CLN,0Pd
fw 271.23 453.56
temp, K 293(2) 293(2)
cryst syst monoclinic monoclinic
space group P2./n P2/

a, A 12.403(5) 13.031(2)
b, A 3.927(1)  8.182(1)
¢ A 24.776(9) 7.782(2)
B, deg 9235(2) 102.34(2)
v, A® 1205.8(7) 810.5(3)
7 4 2
d., g ecm™ 1.494 1.859
y, mm™ 0.114 1.498
F(000) 560 448
Thin 0.2896
T 0.3529
20 range () 3.5-50 3.5-50
no. of reflns measured 2194 1537
no. of reflns unique 2108 1422
no. of reflns with /> 2o6(l) 1115 1239
no. of params refined 218 131
max in Ap (eA’) 0.205 0.591

“ min in Ap (eA%) 20.306 20.510
GOF on F* 1.024 1.036
R1* 0.0680 0.0312
WR," 0.1552  0.0843

Rl = E”Fal - JF”/Z'FOI,
"WR2 = S[w(F,} — FAE[w(F)P]"
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IR (KBr, cm™): 3189, 3108, 1586, 1532, 1351, 801,
808, 671, cm™".

X-ray Structure Determination. All X-ray data
were collected with the use of a Siemens P4 dif-
fractometer equipped with a Mo X-ray tube. Orien-
tation matrices and unit-cell parameters were deter-
mined by least-squares analyses of the setting angles
of 25 (for 1) or 22 reflections (for 2) in the range of
10.0° < 20 < 25.0°. No absorption corrections were
made for the organic compound (ligand 1), but
empirical absorption corrections were made with -
scan data for the palladium complex 2. All struc-
tures were solved by direct methods. All non-hydro-
gen atoms were refined anisotropically. All hydrogen
atoms were located and refined isotropically. All cal-
culations were carried out with the use of SHELXTL
programs.'”

A pale yellow crystal of 1, shaped as a rod of
approximate dimensions 0.60 x 0.14 x 0.08 mm®, was
used for crystal- and intensity-data collection. A red
crystal of 2, shaped as a plate of approximate dimen-

Table 2. Atomic coordinates (x 10*) and equivalent
isotropic displacement parameters (&> x 10%) for 1.
Uleq) is defined as one third of the trace of the
orthogonalized U; tensor

X y z Uleq)
0l 6732(3)  -393(12) 6014(1)  8N(D)
02  5607(3) 2756(11)  5566(1)  85(1)
03 4774(3)  10191(12)  1278(1)  90(1)
04 3236(3) 10386(12) 1631(2)  91(1)
N1 6425(3) 1015(11)  5601(1)  57(1)
N2 6926(2) 2991(10)  3668(1)  52(1)
N3 4187(3) 9601(11)  1645(2)  59(1)
Cl 7076(3) 673(11)  5117(2)  47(1)
C2 6671(3) 1990(12)  4638(2)  47(1)
C3 7262(3) 1654(11)  4180(2)  44(1)
C4 8257(3) “34(13)  4222(2)  S3(1)
Cs 8643(4)  —1268(14)  4704(2)  59(1)
C6 8062(4) -996(13)  5168(2)  S7(1)
C7 5922(3) 3245(12)  3546(2)  49(1)
C8 5499(3) 4850(11)  3053(2)  44(1)
C9  6172(3) 6058(12)  2658(2)  49(1)
Cl10  5751(3) 7571(13)  2193(2)  49(1)
Cll  4640(3) 7958(11)  2128(2)  44(1)
C12  3959(3) 6782(12)  2520(2)  49(1)
Cl3  4383(3) 5230(12)  2975(2)  S1(1)
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Table 3. Atomic coordinates (x 10%) and equivalent
isotropic displacement parameters (A’ x 10°) for 2.
U(eq) is defined as one third of the trace of the
orthogonalized Uj; tensor

X b z Ueq)
Pdl 5000 5000 5000 38(1)
Cll 545401  7717(1)  5119(1)  51(1)
0l 7699(4)  —902(5)  4053(8)  124(2)
02 9105(4)  —600(7)  5995(8)  129(2)
NI 5968(3)  4588(4)  3278(4)  47(D)
N2 8337(4) —43(5)  5075(9)  80(2)
Cl 6991(3)  3940(4)  4110(5)  44(1)
C2 7788(4)  5006(5)  4853(8)  64(1)
C3 8757(4)  4385(7)  S5674(8)  79(1)
C4 8943(4)  2763(7) 577U T3(1)
Cs 8136(3)  1712(5)  4988(6)  55(1)
C6 7161(3)  2278(4)  4154(5)  47(1)

Table 4. Selected bond distances (A) and bond angles
() in 1 and 2

1 2

OI1-NI 1.210(5) Pd1-N1 2.054(3)
02-N1 1.223(5) Pd1-Cll 2.2971(9)
03-N3 1.210(5) O1-N2 1.238(7)
04-N3 1.218(4) 02-N2 1.190(7)
N1-C1 1.480(5) N1-C1 1.452(5)
N2-C7 1.274(5) N2-C5 1.459(5)
N2-C3 1.420(5) N1-Pd1-Cli 89.8(1)
N3-Cl1 1.453(5) N1#1-Pd1-Cl1  90.2(1)
O1-N1-02  123.2(4) CH-Pd1-Cl1#1 180.0
O1-NI-C1  118.7(4) C1-N1-Pd1 113.72)
02-N1-C1  118.14) 02-N2-01 122.1(5)
C7-N2-C3  119.3(3) 02-N2-C5 121.6(6)
03-N3-04  122.9(4) 01-N2-C5 116.1(5)
O3-N3-C11  118.6(4)

04-N3-C11 118.5(4)

N2-C7-C8  123.3(4)

Symmetry transformations used to generate equivalent
atoms: #1 = —x + 1, -y + 1, —z + 1

sions 0.44 x 0.42 x 0.08 mm’, was used. Details on
crystal data, intensity collection, and refinement details
are given in Table 1. Final atomic coordinates for 1
and 2 are given in Tables 2, and 3 respectively.
Selected bond lengths and angles are given in Table 4.

3. Results and Discussion

Preparation. Schiff-bases are imine species that
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contain a C=N bond in which the carbon atom is
bonded to at least one aryl group. These compounds
are usually prepared by condensation of primary
amines and ketones or aldehydes.”” Ligand 1 was
readily prepared from an aldehyde (4-nitrobenzalde-
hde) and a primary amine (3-nitroaniline) by the
Schiff-base condensation in high yield (eq. 1). A
great number of Schiff-base type ligands have been
prepared by this type of condensation.'” In this
reaction, formic acid was used as an acid catalyst,
which activates the carbonyl group of aldehyde to
be more susceptible to attack by amine.

Q.
~
Loy e WS e, ()
H,N -H20  O,N
NO,

ligand 1

The C=N stretching frequencies of Schiff bases
are known to appear in the range 1680-1603 cm™,
and therefore the absorption band at 1630 cm™ in
the IR spectrum of ligand 1 can be assigned to the
C=N bond."”"

The trans-bis(amine) complex of Pd(II), trans-
PdCI(NO,-CH,-NH,), (2), was isolated from the
reaction of PdCI(NCPh), with 1 (eq. 2). The for-
mulation of compound 2 tells us that hydrolysis
probably occurred during the reaction, which led to
the decomposition of ligand 1 to its starting com-
pounds, 3-nitroaniline and 4-nitrobenzaldehyde. In a
subsequent step, the amino nitrogen atom of 3-
nitroaniline binds to the palladium metal to give a
molecular compound 2, rather than a desired Pd
polymer. The IR spectrum of compound 2 displays
two N-H absorption bands at 3189 and 3108 cm™.

PACL(NCPh),+2(O,N-C¢H,-CH=N-C,H,-NO,) (1)
+2H,0
—PdC1,(NO,-CH,-NH,),
+2(0O,N-C,H,-CHO)+2NCPh  (2)

Structure. The molecular structure of compound
1 with the atom-numbering scheme is shown in Fig.
1. The entire molecule is not planar, and two ben-
zene rings are twisted from each other with a dihe-
dral angle of 27.8(2)°. The N1---N3 separation
between two nitrobenzene rings is 10.627 A.

The molecular structure of compound 2 is pre-
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Fig. 1. ORTEP drawing of ligand 1 with 50% pro-
bability thermal ellipsoids.

Fig. 2. ORTEP drawing of compound 2. Unlabeled
atoms are related to labeled atoms by the crystallo-
graphic inversion.

Fig. 3. Projection of compound 2 in the [100] direction,
in which dotted bonds represent hydrogen bends.

sented in Fig. 2. The coordination sphere of Pd
metal can be described as a square plane, which
consists of two frans Cl ligands and also two trans
3-nitroaniline ligands. The Pd metal lies on the
crystallographic center of symmetry, which explains
the Z value of this compound to be 2 instead of 4.
The formal oxidation state of the Pd metal is +2
(d*). All of the NH, hydrogen atoms in the 3-nitroa-
niline ligands participate in intermolecular hydrogen
bonds of the type N-H---Cl (Fig 3).

In summary, we have prepared a novel potential
linking ligand possessing two terminal nitro groups,
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O,N-C{H,-CH=N-C(H,-NO, (1), from 4-nitroben-
zaldehde and 3-nitroaniline by the Schiff-base con-
densation. A molecular compound #rans-PdCL(NO,-
CH,-NH,), (2) was isolated from the reaction of
PACL{NCPh,), with 1, during which 1 appeared to
have undergone hydrolysis with the trace amount of
water present in the reaction mixture. Both com-
pounds were structurally characterized by X-ray dif-
fraction.
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