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Abstract—By following one-pot synthesis, an acridinediones derivative compound 3,3,6,6-tetramethyl-9-(4-
methoxyphenyl)-10-(4-chlorophenyl)- 1,8-dioxodecahydroacridine dimethyl sulfoxide, C;,H3,03CINS-C,H4OS has
been synthesized using a green protocol and its crystal structure is determined by X-ray structure analysis.

The crystals are Triclinic with space group P1, Z= 2. The crystal structure was solved by direct method and
refined by full matrix least squares procedure to a final R value of 0.0587 for 4137 observed reflections. The
pyridine ring adopts flattened boat conformation whereas both cyclohexene adopts envelope conformations.
The crystal structure is stabilized by C—H---O and C—H-'nt hydrogen bonds involving the DMSO solvent
molecule which are further understood through Hirshfeld surface analysis.

DOI: 10.1134/S1063774521070154

INTRODUCTION

Acridinediones containing 1,4-dihydropyridine
nucleus along with remarkable physical and chemical
properties exhibits large variety of biological activity
and finds utility in pharmaceutical and dye industry.
This 1,4-dihydropyridine unit shows biological activi-
ties such as neuroprotectant, antihypertension, antidi-
abetics, anticancer, geroprotective [1]. In addition
they are calcium channels blockers and also act as
therapeutic agents [2—6]. It is also used as laser dyes
having very high efficiencies of photo initiators [7, 8].
In view of the significant biological activity associated
with the acridine derivatives, various methods have
been reported for their synthesis. Most common
among these involve the one-pot three component
condensation of cyclic 1,3-dicarbonyls, arylaldehydes
and ammonium acetate or anilines. For example,
Shen et al. have reported one-pot three-component
synthesis of 1,8-dioxo-9,10-diaryl-decahydroacrid-
ines in water in the presence of the Bronsted acidic
imidazolium salts containing perfluoroalkyl tails [9],
Aday et al. have reported the synthesis of acridinedi-
one derivatives via a one-pot multi-component con-
densation of dimedone, various aromatic aldehydes,
and various aromatic amines using highly mono-
disperse platinum nanoparticles supported onto
reduced graphene oxide (Pt NPs@rGO) as a recycla-
ble heterogeneous catalyst [10] and Vaid et al. have
prepared MPTMS-functionalized silica immobilized

with biphenyl-2,2'-dioic acid as an efficient catalyst
for the one-pot synthesis of acridine-1,8-dione deriv-
atives [11]. Here, we wish to report the synthesis, char-
acterization and crystal structure of a fully functional-
ized acridine derivative, namely 3,3,6,6-tetramethyl-
9-(4-methoxyphenyl)-10-(4-chlorophenyl)-1,8-dioxo-
decahydroacridine dimethyl sulfoxide (Fig. 1) using a
green procedure which involve the one-pot reaction of
4-methoxybenzaldehyde, dimedone and 4-chloroani-
line in presence of Cg, @SiO,-TfOH [12]. This
method have several advantages such as low catalyst
loading, use of non-toxic, highly active, stable and
green solid acid catalyst, cleaner reaction profile, sim-
ple work-up procedure, good to excellent yield, recy-
clability and use of environmentally benign solvent.

EXPERIMENTAL
Synthesis

In a typical experimental procedure, a mixture of
4-methoxybenzaldehyde (1 mmol), dimedone (2 mmol),
4-chloroaniline (1 mmol) and Cg,,, @SiO,-TfOH (0.1 g)
were dispersed in water (5 mL) and stirred at 80°C for
an appropriate time. After completion of the reaction
as monitored by TLC, the catalyst was separated by fil-
tration and washed with ethyl acetate (3 X 10 mL) and
deionized water (3 X 10 mL). It was dried in an oven at
80°C for 24 h. The reaction mixture was cooled to
room temperature, diluted with ethyl acetate (20 mL)
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Fig. 1. Chemical structure of 3,3,6,6-tetramethyl-9-(4-
methoxyphenyl)-10-(4-chlorophenyl)-1,8-dioxodecahy-
droacridine dimethyl sulfoxide (I).

and washed with brine solution followed by drying
over anhydrous Na,SO,. Finally, the product was
obtained after removal of the solvent under reduced
pressure followed by crystallization in ethyl acetate
(yield 92%; m.pt. 254—255°C).

Single crystals suitable for X-ray diffraction were
obtained by slow evaporation of DMSO solution.

Characterization

Yellow coloured crystals; m.pt. 254—255°C; (lit.
m.pt. 255-257°C); [10] 'H NMR (400 MHz,
DMSO0-d6):60.72 (s, 6H, 2CHs), 0.89 (s, 6H, 2CHj;),
1.74—1.78 (d, 2H, /=16 Hz, CH,), 1.98—2.02 (d, 2H,
J =16 Hz, CH,), 2.16—2.21 (m, 4H, 2CH,), 3.69 (s,
3H, OCH,), 4.96 (s, 1H, CH), 6.79—6.81 (d, 3H, J =
8 Hz, ArH), 7.19-7.21 (d, 3H, J = 8 Hz, ArH), 7.67—
7.69 (d, 2H, J = 8 Hz, ArH); BC NMR (100 MHz,
DMSO-d6): 6 26.4, 29.8, 32.1, 32.4, 41.4, 50.1, 113.1,
117.4, 128.5, 130.1, 130.8, 139.1, 145.8, 151.1, 156.8,
195.9; MS (ESI): 488.24 [M — 1], 491.24 [M + 2]".

Crystal Structure Determination and Refinement

The crystallographic data are summarized in Table 1.
The molecular structure solution was obtained by
direct method procedure as using SHELXT [13]. The
cell dimensions were determined by least-squares fit of
angular settings of 2544 reflections in the 6 range
2.1170° to 27.3560°. The value of R, = 0.0215 and
R;=0.0473 shows satisfactory quality of the data. Five
cycles of full-matrix least-squares refinement was car-
ried out and it brought the final R-factor to 0.0587. All
non-hydrogen atoms of the molecule were located in
the best E-map and refined in anisotropic approxima-
tion using SHELXS [13]. The position of all the
Hydrogen atoms bonded to C atoms were geometri-
cally fixed and allowed to ride on the corresponding
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non-H atoms (C—H = 0.93—0.96 A, and U (H) =
1.5U,, of the attached C atoms for methyl groups and
1.2U,(C) for other H atoms. The residual electron
density in the final difference Fourier map between —
0.491 < Ap <0.773. The geometry of the title molecule
was calculated using WinGX [14], PARST [15], and
PLATON [16] software. Hirshfeld surfaces are
mapped using d,.,, the shape index and curvature
presented in this paper were generated using Crystal
Explorer 17 [17].

Crystallographic information has been deposited
with Cambridge Crystallographic Data Centre,
CCDC no. 2009450. The data can be obtained from
through www.ccdc.cam.ac.uk/data_request/cif by

Table 1. Crystallographic characteristics, details of X-ray
data collection and structure refinement parameters for

compound (I)

Chemical formula

C30H3203C1N SCzHéOS

System, sp. gr., Z
a,b,cA

o, B3, ydeg
VA
D,gcm™

Radiation, A, A
-1

3

W, mm
T,K
Sample size, mm
Diffractometer

Scan mode
Absorption correction
Tmim Tmax

BOmin> Omax> deg

h, k, [ ranges

Number of reflections:
measured/unique (N1)
Rip/With 1> 26(1) (N2)
Refinement method

Number of refined
parameters

R1/wR2 relative to N1
R1/wR2 relative to N2
S

APmax/ APumins €/A°
Programs

Triclinic, P1, 2

9.9023(9), 11.5157(9),
13.8886(11)

73.878(7), 75.465(7), 83.857(7)
1471.6(2)

1.282

MoK, 0.71073

0.238

293(2)

0.30 x 0.20 x 0.20

Rigaku Oxford CCD plate
diffractometer

o scan

Multi-scan

0.97298, 1.00000

1.842°, 26.000°

—12<h <11, —11£k< 14,
—17<1< 16

7610/5720
0.0215/4137

Full matrix least squares on F>
359

0.0821/0.1518
0.0587/0.1321
1.021

0.773/—0.491

SHELXT [13], SHELXL [13],
PARST [15], PLATON [16],
ORTEP [18]

Vol. 66 No.7 2021



SYNTHESIS, CHARACTERIZATION, AND CRYSTAL STRUCTURE

Fig. 2. The structure of the crystal (I), displacement ellip-
soids are drawn at 50% probability level.

e-mailing data request@ccdc.cam.ac.uk, or by con-
tacting The Cambridge Crystallography Data Centre,
12 Union Road, Cambridge, CB2 1EZ, UK. Fax:
+44(0) 1223-336033.

RESULTS AND DISCUSSION

The molecular structure containing atomic label-
ing of the asymmetric unit, C;,H;,0;CINS-C,HOS is
shown in Fig. 2 (ORTEP) [18] and the packing dia-
gram as generated using PLATON [16] is shown in
Fig. 3. X-ray structure analysis has shown that the
asymmetric unit is one molecule of the compound and
one molecule of solvent DMSO. Most of the geomet-
rical parameter are normal [19] and are in close agree-
ment with the reported solvent-free polymorph struc-
ture (C;)H;,CINO;) [20]. An overlay diagram for
(C5yH;,CINO;) (IT) and for molecule (I) is shown in
Fig. 4. Significant bond lengths and bond angles are
listed in Table 2.

The molecule (I) consists of two cyclohexene rings
A and B bridged with pyridine unit through double
bond lengths of C12—C13 = 1.354(3) Aand C11-C14 =
1.356(3) A. In these cyclohexene rings A and B, the
bond length of C1—019 = 1.233(3) A and C8—020 =
1.227(3) A are of typical C=0 bond lengths. The geo-
metrical parameters of nitrogen atom in the pyridine
unit are N10—C13 = 1.400(3) A, N10—C14 = 1.402(3) A,
N10—C22 = 1.449(3) A; C13—N10—C14 = 120.0(2)°
which on comparison with the reported polymorph
shows quiet closeness (1.405(4) A, 1.398(4) A,
120.1(3)°, respectively). Moreover, the exocyclic bond
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Fig. 3. Packing view of molecules down to b-axis (nonin-
teracting hydrogen atoms are omitted for clarity).

angles at the ring junctions N10—CI13—C4

116.7(2)°, N10—C14—C5 = 117.1(2)°, C9—C11-C8
118.4(2)°, and C9—CI12—C1 = 118.6(2)° are signifi-
cantly lesser than ideal value of 120°. All the endocy-
clic bond angles of the anisole and chlorobenzene
rings lies between 113.7(2)° to 123.3(2)° and 108.0(2)°
to 123.1(2)°, respectively. Whereas in case of pyridine
ring all the bond angles lies in the range of 119.7(2)° to
121.6(2)°. The oxymethane group attached C30 atom
of anisole ring have 034—C30 = 1.370(3) A and O34—
C35 = 1.432(4) A which are quite similar to bond
lengths of 1.387(4), 1.420(4) A in reported structure
(C5)H5,CINO;) (II) [19]. In the chlorobenzene ring
C25—CI33 bond length is 1.741(3) A. In the title mol-

Fig. 4. Overlay diagram for (C3,H3,CINO3) (II) and mol-
ecule of (I).
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Table 2. Selected bond lengths and angles for compound (I)

Bond d,A Bond d, A
Cl-C2 1.504(4) ||C6—CI18 1.536(4)
C2—-C3 1.522(4) || C6—C7 1.529(4)
C3—CI15 1.523(4) ||C7-C8 1.504(4)
C3—Cl6 1.536(4) ||C8—Cl1 1.459(3)
C3-C4 1.533(4) ||C11-C9 1.507(3)
C4—Cl13 1.502(3) || C9—-CI12 1.512(3)
CI13—C12 1.354(3) ||C9—C21 1.526(4)
CI3—NI10 1.400(3) ||CI12—Cl1 1.459(3)
N10—-C22 1.449(3) ||019-C1 1.233(3)
N10—Cl14 1.402(3) || 020—CS8 1.227(3)
Cl14—C5 1.505(3) || C30-034 1.370(3)
Cl14—Cl11 1.356(3) || 034—C35 1.432(4)
C5—-C6 1.529(4) || C25—CL33 1.741(3)
C6—Cl17 1.528(4)

Angle o, deg Angle o, deg
Cl1-C2-C3 113.7(2) || C5—-C6—-C17 110.2(2)
C2—-C3-C4 108.1(2) ||C5—C6—ClI8 109.4(2)
C2—-C3-CI15 110.4(3) ||C17—C6—C18 | 109.2(2)
C2-C3-Cl16 109.6(2) ||C5—C6—-C7 108.0(2)
CI15—-C3-Cl6 109.2(2) ||C7—C6—C17 110.2(2)
C15-C3-C4 110.6(2) ||C7—C6—C18 109.9(2)
C16—C3—-C4 108.9(2) ||C6—C7—CS8 113.7(2)
C3-C4—-C13 113.6(2) ||C7—C8—Cl11 118.4(2)
C4—C13-C12 123.3(2) || 020—-C8—-C7 120.8(2)
C4—CI13—NI10 116.7(2) || O20—C8—C11 | 120.8(2)
CI2—CI3—NI10 | 120.0(2) ||C14—CI11—-C9 | 121.9(2)
C13—C12-Cl1 119.8(2) || C8—C11-C9 118.4(2)
CI13—C12-C9 121.6(2) ||C14—C11-C8 | 119.8(2)
CI3—NI10—Cl14 | 120.0(2) [|C11-C9—-CI12 | 108.7(2)
CI1-C14—N10 | 119.7(2) ||C9—C12—Cl1 118.6(2)
N10—C14-C5 117.1(2) ||C12—-C1-C2 118.2(2)
Cl1-C14-C5 123.1(2) || C5—C6—C17 110.2(2)
C14—C5-C6 114.0(2)

ecule, the orientation of anisole and chlorobenzene
rings with respect to the attached pyrazole and pyran
rings is characterized by torsion angles CI13—N10—
C22—-C27 = 92.3(3)° and C11-C9—-C21-C32 =
—65.6(3)° both in (+sc) configuration.

Here the central pyridine ring and both the cyclo-
hexene rings A and B are non-planar having total
puckering amplitudes, Q, of 0.2932(2), 0.4660(1),
0.4607(2) A, respectively. The central pyridine ring
shows flattened boat conformation, where atom C9
shows maximum deviation of —0.5509(3) from plane
of mean deviation. Both the cyclohexene rings A and C
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shows envelope conformation with maximum devia-
tion for C7 and C2 of 0.5429(3) and 0.5468(3) from
planarity. The puckering parameters are ¢ = 179.31(2)°
and 0 =73.57(2)° for pyridine ring, ¢ =469.60(9)° and
0 = 56.52(3)° for cyclohexene ring A, and ¢ =
250.37(6)° and 6 = 123.48(2)° for cyclohexene ring B
[21]. Both anisole ring and chlorobenzene ring are in
perpendicular configuration with respect to the acri-
dine ring system, as can be seen from the dihedral
angle of 89.70(6)° and 89.02(6)°, respectively.

The DMSO solvent molecule plays an important
role in the stability of the crystal structure. The crystal
structure is stabilized by hydrogen bonds involving the
solvent molecule, where carbon atom C52 of DMSO
solvent acts as donor via H524 and H52B to oxygen
atom O20 of the anisole ring, in C52—H52A4---O32 and
C52—H52B---031 interaction. In addition the molec-
ular packing is also stabilized with the help of weak C—
H--mw and Vander Waal’s forces. Fig. 3 shows the
molecular packing in the unit cell viewed down the
b-axis (PLATON program) [16]. The geometry of
these interactions is presented in Table 3.

HIRSHFELD SURFACE ANALYSIS

In order to carry out the Hirshfeld surface analysis
CrystalExplorer 17 program was used, for which Crys-
tallographic information file (CIF) was used as input.
The molecular Hirshfeld surfaces are created by split-
ting space in the crystal into a number of regions based
on electronic distribution of atoms along the crystal.
Figure 5 shows a comparison of Hirshfeld 3D surfaces
of d,,..m, shape index, curvedness in addition to 2D
fingerprint plots for crystal (I) and (II), which are
achieved by mapping d,,,,, over the Hirshfeld surface
in the range —0.2377 to 1.5625. It indicates intermo-
lecular interactions with the solvent DM SO molecule
for (I). Transparent surfaces are shown to visualize
functional groups present within the surface. Color
areas symbolize closer contacts with a negative d, .,
value, exactly the comparable distance when separat-
ing a van der Waals contact and zero or more distant
contacts with a positive d,, ., value, respectively. Large
circular spots on d,,,, surfaces indicate hydrogen
bonds and other spots indicate bonding between other
atoms. These regions correspond to positive and neg-
ative electrostatic potentials, respectively, which reveal
the contribution of donor and acceptor interactions.
The shape index on the Hirshfeld surface can be used
to recognize complementary bumps and hollows,
where the bump-shape corresponds to donor, and the
hollow represents the acceptor of intermolecular inter-
actions, and these stains here represents the regional
molecular surfaces having contact and C—H:--x inter-
actions present in the crystal structure [22, 23].

2D fingerprint graphs are plotted by accumulating
(d;, d,) pairs. The coloring for each collection has been
taken as a function of the fraction over surface points,
Vol. 66
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Table 3. Geometry of intermolecular and intramolecular
interactions for compound (I)

D—H,|H+A,| DA, |6(D—H"A),
D—-H4 A | A A deg
C52—H524--020¢ 0.96 2.57 |3.524(4) 173
C52—H52B+020% | 0.96 2.41 |3.332(5) 162
C35—H35A'"Cg4”" 0.96 | 2.70 |3.512(4) 142

Symmetry codes: (i) | —x, 1 —y, 1 —z, (i) x,y,z, (iii) | —x, —y,
1 — z, where Cg4 is (C21/C28/C29/C30/C31/C32).

varying from several points to average and numerous
points. A sketch of the full fingerprint is shown in light
color [24]. The comparison of percentage contribu-
tion to the total Hirshfeld surface area, are shown in

0 1.0 14 18 22 26 4
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Table 4, where the H---H interaction is followed by
O---H/H--O interaction as leading intermolecular
interactions, in both crystals (I) and (IT).

CONCLUSIONS

In summary, 3,3,6,6-tetramethyl-9-(4-methoxy-
phenyl)-10-(4-chlorophenyl)-1,8-dioxodecahydroac-
ridine was synthesized via one-pot three component
reaction in water at 80°C using Cg,,, @SiO,-TfOH as a
highly active, stable and green solid acid catalyst. The
synthesized compound was characterized by using
various spectroscopic techniques such as 'H-NMR,
BC-NMR and mass spectral analysis. Suitable single
crystals were obtained by slow evaporation in DMSO
solution, whose strucutre was elucidated using X-ray

(d)

(h)

0 1.0 14 1.8 22 26 d;

Fig. 5. A comparision of Hirshfeld surfaces mapped with d, ., for (I) (a), d,orm, for (II) (b), shape index for (I) (c), shape index
for (IT) (d), curvedness for (I) (e), curvedness for (IT) (f) and 2D finger print plots for (I) (g), 2D finger print plots for (II) (h).

CRYSTALLOGRAPHY REPORTS Vol.66 No.7 2021
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Table 4. Summary of the various intermolecular contacts
contributed to the Hirshfeld surface

Intermolecular Contribution, % | Contribution, %
interaction (I 1))
Cl--0/0--Cl 0.1 0.3
Cl--C/C--Cl 1.6 3.0
Cl---H/H---Cl 9.9 7.0
S--H/H---S — 1.2
N--H/H--N 0.1 0.3
0--C/C--0O 0.3 0.2
O--H/H--O 16.0 16.9
C-C 1.5 1.8
C--H/H--C 10.9 10.9
H--H 59.5 58.2

diffraction. The compound (I) crystallizes in the tri-

clinic system with space group P1. The pyridine and
cyclohexene rings adopt boat and envelope conforma-
tion respectively. Solvent molecules played an incom-
parable role in the formation of supramolecular struc-
ture through hydrogen bonded network which was
understood in detail through Hirshfeld surface
analysis.
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