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Abstract: The compound N, N'-Bis(3-nitrophenylmethylene)cyclohexane-1,2-diamine (a-diimine
Shiff base) was synthesized and characterized by MS, IR, NMR 'H and X-ray single crystal
analysis. While the cyclohexane-1,2-diamine used for the synthesis of this composite is a racemic
cis and trans mixture, we observed by x-ray diffraction for the product N,N'-bis(3-
nitrophenylmethylene) cyclohexane-1,2-diamine only the (1R,2R)trans enantiopure. The crystalline
network cohesion of this compound is assured by a combination of C-H"O and C-H"N hydrogen
bonds. It crystallizes in the monoclinic non-standard I2/a space group.
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Introduction

Schiff bases are formed when any primary amine reacts with an aldehyde or a ketone'™.
Schiff bases have considerable flexible synthetic procedure; consequently a wide variety of
them can be prepared. Structurally they are compounds in which the carbonyl group (C=0)
has been replaced by an imine or azomethine group (C=N). The imine or azomethine
groups are present in various natural derived or artificial compounds such as pigment, dyes,
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catalysts efc.”®. They are also used as intermediates in organic synthesis as well as polymers
stabilizers’. Schiff bases are known to exhibit a broad range of biological activities including
antifungal, antibacterial, antimalaria, antiproliferative, antiinflammatory, antiviral and
antipyretic properties®''. The imine group present in such compounds has been shown to be
critical to their biological activities'>'®. The present paper describes the preparation and
characterization of a-diimine Schiff base.

Experimental

3-Nitrobenzaldehyde and cyclohexane-1,2-diamine were procured from Aldrich and used
without further purification. All the solvents were dried before use. Melting points were
determined in capillary tube using an MPD Mitamura Riken Kogyo (Japan) electrothermal
melting point apparatus and are uncorrected. IR spectra in the range 4000-400 cm™ were
obtained on a Bruker-Vector FTIR spectrophotometer, with samples investigated as thin
film from CHCI; solution. The 'H NMR spectra were recorded on a Bruker-Avance-300
spectrometer, operating at 300 MHz. The mass spectra were recorded on a TOF LCT
Premier (WATERS) Spectrometer coupled to an HPLC Alliance 2695 chain.

Synthesis

3-Nitrobenzaldehyde (0.4 mmol) and cyclohexane-1,2-diamine (0.2 mmol) were dissolved
in ether (30 mL). At room temperature, the mixture was stirred for four days to give a pale
yelow precipitate. The precipitate obtained was filtered and recrystallized in ethanol (Rg:
0.71 in hexane/acetone (50;50), yield: 80%, mp 76-77 °C). A good quality of colorless
single crystals was obtained by slow evaporation of acetone solution after 3 days.

Results and Discussion
Spectroscopy Analysis

MS study

The high resolution mass spectrum (HR-ESI-MS) of the title compound shows a peak
corresponding to the molecular ion at m/z 381.1560 [M+H]*, what allows to propose
CyoH,0N,O,4 empirical formula.

IR study

The IR spectrum shows a characteristic band at 1642 cm™ and another at 1580 cm™ indicating
the presence of two imine functions (C=N) in this structure. The bands located between
2939 cm™ and 2845 cm™! correspond to vy elongation vibrations of cyclohexane fragment.

NMR study

The '"H NMR spectrum shows one singlet peak at 8.45 ppm corresponding to the highly
deblinded H; and H,, imine protons. The singlet peak at 8.28 ppm is for H;; and H;¢ protons
isolated by nitro groups in meta position. The signals of consecutive aromatic protons Ho,
Hio, H;; on the one hand and H;g, H;9 and Hy, on the other hand, appear as an AMX type
spectrum but with very small coupling constants. So that, instead of presenting doubled
doublets signals, we observe rather two doublets at 8.28 ppm and 8.15 ppm and a triplet at
7.91 ppm. The multiplet at 3.49 ppm is associated to H; and H, protons. The multiplet signal
at 2.15 ppm corresponds to the two protons in equatorial position fixed on C; and C¢ carbon
atoms. The integration curve of the multiplet at 1.90 ppm indicates that it contains four
protons: H; and Hg in axial position and H, and Hs in equatorial position. The last multiplet
at 1.51 ppm signals H, and Hs protons in axial position. For a given carbon atom, proton in
equatorial position is more deblinded than in axial position one'*.
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X-ray analysis

The title compound crystallizes in the non-standard 12/a space group of monoclinic system.
Indeed, structure has been solved and refined in C2/c centrosymmetric space group.
However, since refining of the structure in non-standard space group 12/a leads to the same
values for R but to GooF value (0.92) much closer to ideal value 1, we preferred for this
compound the non-standard space group 12/a.

While the cyclohexane a-diamine used for synthesis is a cis and trans racemic mixture,
asymmetric unit of the title compound is constituted by a enantiopure monomer represented
in Figure 1. Equatorial orientations of the two substituents in position 1 and 2 on
cyclohexane indicate that it is frans isomer. According to conventional stereo descriptors'”,
the absolute configurations of the asymmetric carbons C;*and C,* are 1R and 2R. The
crystallization of this compound is therefore carried out according to a spontaneous
resolution and produces a mechanical mixture of crystals. We subsequently selected
randomly and resolved the trans (1R, 2R) isomer structure. The trans (1S, 2S) enantiomer as
well as cis isomers are probably present in the mixture obtained after crystallization.

Figure 1. Molecular structure of N, N'-bis(3-nitrophenylmethylene)cyclohexane-1,2-diamine
with atomic numbering scheme. (Displacement ellipsoids are drawn at 50% probability
level)

The data given in the Table 1 in which selected geometrical parameters are grouped,
shows similarity of carbon-carbon bonds of aromatic rings of this molecule. With an
average value of about 1.381A, these links conform to the values proposed by Allen et
al.,'®. The valence angles associated to these aromatic rings do not undergo major
deformations and have values around 120° characteristic of benzene ring. The lengths of
N;-O; bonds [1.217 (4) A] and N,;-O, [1.202 (4) A] on the one hand and N4-0, [1.222 (4)
/QX] and Ny4-05 [1.226 (4) /QX] on the other hand, describe N=O double bonds and show the
similarity of all these bonds. This result illustrates the delocalization of the free pair of

electron along the two O-N-O bonds.

Like many Schiff bases'’?, the two azomethine functions present in the structure of

title compound are significantly shorter than value suggested by literature'®. Indeed, with
lengths of 1,259(4) A for N, = C; and 1,272(4) A for N; = Cy4, azomethine functions of this
compound are 6.74% and 5.77% shorter than value proposed by Allen et al.,'®.



246 Chem Sci Trans., 2017, 6(2), 243-250

The Table 1 shows that the valence angles C;-N,=C; [117.3 (3)°], No= C;-Cg [119.7
(3)°], C;-N3=C4 [118.5(3)°] and N;3;=C4-C;5 [123.5(4)°] in which atoms of imine functions
are involved are congruent with their SP* hybridization characters.

The values of C-C-C valence angles between 109.55° and 112.6° observed for
cyclohexane attest that the structure adopts non-plane conformation in which carbon atoms
respect their Sp? hybridizations. The fact that the sum of torsion angles C;-N,-C;-C, and C;-
N,-C,-C¢ on the one hand and C4-N3-C,-C; and C;4-N3-C,-C;5 on the other hand is not 0°
but respectively about 13° and 8° is further proof of the non-planarity of cyclohexane ring.

Table 1. Selected bond lengths and angles (A, °)

Cs-Cs 1510(5)  Cg-Cs-C, 111.7 (4)
Cs-C, 1511(6)  Cs-Cy-Cs 109,55(4)
C.-Cs 1523(5)  Cu-Cs-C, 112.6 (4)
Cy-C; 1522(4)  C3-C-C, 110.7 (3)
C,-C 1.530 (5) C,-C,-Co 110.0 (3)
Ci-Ce 1.518 (5) C,-C¢-Cs 112.6 (3)
Ci-N, 1.452 (4) Ci-N=C, 117,3(3)
N,=C, 1.259 (4) N,=C;-Cg 119.7 (3)
C-Cy 1.474 (4) Cs-C13-Cpz 119.6 (3)
Cs-Co 1.404 (4)  Cp-Cpp-Cyy 122.7 (4)
Co-Cio 1372(5)  Cp-Ci-Cro 118.4 (4)
C1o-Ciy 1370 (5)  C;3-Cio-Co 120.0 (4)
C,1-Chs 1383(5)  Co-Cg-Cis 117.8 (4)
C,-Cis 1358 (4)  O,N,-O, 123.5 (4)
C13-Cg 1387 (4) C2-N3:C14 1185 (3)
CIZ'NI 1487 (4) N3:C14-C15 1235 (4)
N;-O, 1.217 (4) Ci5-Ci9-Cyp 120.2 (4)
N;-O, 1202(4)  Cyo-Cyo-Cis 120.6 (4)
Cr-N; 1.472 (4) C-Cy5-Cys 119.3 (4)
N3=Cy4 1.272 (4) Ci6-Ci7-Cig 121.9 (4)
C14-Cis 1459 (5)  04N,-O, 121.9 (4)
Ci5-Cie 1.401 (4) Cs-N,-C;-C, 126,0(4)
Cy5-Cis 1386 (5)  Cp4-N3-Cy-C, 123,4(3)
C15-Cio 1384 (5)  Cy-Np-Cy-Ce -112,8(3)
C1o-Cao 1381 (5)  Cp-N3-Cp-Cs -115,3(3)
Cy-Cis 1.387 (5) N,-C7-Cs-Cy -174.7 (3)
Ci7-Ny 1.459 (5) N;-Cy4-Ci5-Cyp 170.7 (3)
N4-Oy 1.222 (4) N,-C7-Cs-Cy3 45 (5)
N4-O; 1.226 (4) N;-C14-C5-Cyg -4.2 (6)

Conformational analysis of the structure obtained clearly shows that the hexanic cycle
adopts chair conformation more stable than the boat form> .

In order to analyze relative orientations of the different parts of the molecule, various
mean planes are defined and recorded in Table 2.

And Table 3 shows the different dihedral angles between these mean planes thus
defined.
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Table 2. Mean planes
Plane Atoms defining each plane
I CZ’ C3’ CS’ C6
11 Cs, Co, Cio, Ci1, Cip, Ci3
111 Ci, Ny, Gy, G
v Cy, N3, Cyy, Cys
A4 Cis, Cig, Ci7, Cis, Cio, Coo
Table 3. Dihedral angles between these mean planes(®)
II III v \
I 80 85 79 75
II 0 5 69 63
v 69 65 0 4
\ 63 59 4 0

With a dihedral angle of 85°, plane III is practically perpendicular to the plane I. With
an angle of 75°, plane V is that which deviates most from the median plane of cyclohexane
chair plate. While the two planes III and IV which connect the two aromatic rings of the
structure to cyclohexane describe 65° angle, aromatic rings tend to approach and define
between them a slightly smaller angle of 63°. It is probably in order to avoid an important
steric hindrance caused by this slight approximation of the two aromatic rings that the two
nitro groups substituted on these benzene rings position themselves anti-mutually to the
farthest possible.

The smallness of the angles between planes IT and III (5 °) on the one hand and planes
IV and V (4°) on the other, illustrates the co-planarity of each aromatic nucleus with central
plane containing azomethine function. The main crystal parameters of the structure are
shown in Table 4.

Table 4. Crystal data collection and structure refinement parameters

Empirical formula: 10212 observed reflexions

Cy0HN4O4
Formula weight: 380,40 3423 independante reflexions
Temperature : 293K 254 parameters, F(0 0 0) : 1600
X-ray: CuKa ;A= 1,54197/0% Index ranges (h, k, 1) -17~18 ; -19~18 ; -19~11
Crystal system: Monoclinic Theta range for data collection: 3.9° < 6 < 68.2°
Space group : 12/a Absorption coefficient (p ) : 0.760 (mm-1)
a=15.498 (5)A Goodness of fit : 0.92
b =15.844 (5)A Refinement on F*
¢ =16.598 (5)A Final R indices [/ >2c(/)]: R1 = 0.065 wR2 = 0.1450
B =106.14(3)° R indices ( all data ) : R1 =0.227 wR2 = 0.1607
V =3915(2)A° Maximum; minimum Ap (eA?):0.17;-0.19
Dy = 1.291Mg m™ Enraf-Nonius CAD-4 diffractometer
Z=38 Structure determination: SHELXS 97

The analysis of the crystalline stacking allowed us to know the environment of each
molecule inside the crystal. All intermolecular interactions contributing to stabilization of
crystal network are compiled in Table 5.
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Table 5. Selected intermolecular interactions (A, °)

D_H...A D_H H...A D...A D_H...A
Co—Hg---Nj' 0.93 2.610 3.520 166.51
Coo—Hyo N, 0.93 3.319 3.995 131.35
Cu—H;+-N,' 093 2.873 3.590 134.79
C,—H;---0" 0.93 2.701 3.583 158.68
C,—H,---0," 0.979 2.837 3.736 152.86
Cs—Hs--- 0,1 0.97 2.639 3.453 141.72
C,—H,---0,1 0.979 3.112 3.280 130.36
Cs—Hs--0,1 097 2.906 3.682 137.87
C,i—H, -0, 097 3.343 3.739 106.74

Codes de symétrie: (i) ¥2-x, Y2 -y, V2 - z ; (ii) — X, Y2-y, z ; (iii) X, Y2+ y, -z ; (iiii) Y2+ X, y, V2-z
In the centrosymmetric dimer consisting of the molecules 1 (x, y, z) and 2 (Y2-x, Y2-y,
15-7), the hydrogen atom Hy of one forms a bond with the nitrogen Nj; of the other (Figure 2).

With a length of 2.61A and linearity angle of 166.51° this interaction is conform to weak
hydrogen bond**.

The molecule 3 (- x, ¥2-y, z) symmetric of molecule 1 with regard to the C2 rotation
axis parallel to [0, O, 1] direction, establishes with its N, atom a three-center hydrogen bonds
with Hy, and H,, hydrogen atoms as illustrated in Figure 3. Participating thus in the
stabilization of the crystal network in this direction.

Figure 2. Intermolecular interaction Figure 3. Three-center interaction
between 1 and 2 between 1 and 3

The Figure 4 shows that O, and O, oxygen atoms of molecule 4 (x, ¥2 + vy, -z)
symmetric of 1 with regard to the glide plane b perpendicular to the direction [0 O 1] also
establish three-center type hydrogen bonds with respectively hydrogen atoms H; and H; and
then H,; and H;s of the molecule 1. Since the hydrogen atom H; is moreover also engaged in a
three-center interaction with the O, and O, atoms, this hydrogen bonding series describes W
non-bonding interactions.

In view of all these intermolecular interactions described above, it is therefore easy to
realize that the molecules inside the crystal are held in a cluster around C2 rotation axis
parallel to c crystallographic axis in infinite chain as illustrated in Figure 5. Within each
cluster, the cohesion is then ensured by C-H~O and C-H "N type hydrogen bonds.
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Figure 5. View of crystal network showing
two clusters of molecules linking into a chain
along [0 0 1]

The cohesion between the different clusters is essentially ensured by another C-H O type
hydrogen bond as illustrated in Figure 6 in addition to classic Van der Waals type interactions.
Indeed, with its H, and Hs atoms, the molecule 5 (V2 + x, Y2-z) symmetric of the molecule 1
compared with the glide plan a perpendicular to [001] direction and positioned at [0 O %4], housed
in the neighboring cluster, interacts with oxygen atom O; under tree-center type interaction.

‘g&\ 5
S

Figure 6. Three-center interaction between 1 and 5

Figure 4. W intermolecular interaction
between 1 and 4

Conclusion

The title compound was easily synthesized by stirring the reaction mixture at room
temperature and characterized by conventional spectrometry methods (NMR, IR HR-ESI-
MS). The single crystal x-ray diffraction characterization showed that this compound, which
crystallizes in non-standard 12/a monoclinic space group is a pure trans(1R 2R) enantiomer,
in contrast to racemic cis and trans cyclohexane a-diamine mixture used for the synthesis.
The three-dimensional organization of the molecules inside the crystal takes place around
each C2 rotational symmetry axis parallel to ¢ crystallographic axis. Molecules are bound in
cluster along these axes in infinite chain. In addition to classic Van der waals forces,
crystalline network cohesion of this compound is assured by a combinaison of C-H~O and
C-H"N hydrogen bounds.

Supplementary material

Crystallographic data for the structural analysis have been deposited at the Cambridge
Crystallographic Data Centre, CCDC No0.1494923. Copies of this information may be
obtained free of charge from the Director, CCDC, 12 Union Road, Cambridge, CBZIE Z,
UK (Fax: +44-1223-336033; email: deposit@ccdc.cam.ac.uk or
http://www.ccdc.cam.ac.uk).
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