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Novel compounds of 1,8-dioxodecahydroacridines were designed as potential inhibitors of bacteria and prepared via the multi-component |
reaction of styrylquinoline aldehydes, dimedone and ammonium acetate in high yield under mild condition. The structure of products has
been characterized by X-ray crystal structural analyses, 'H NMR, IR, LC-MC and elemental analysis. The preliminary biological screening
shows that target product display a certain degree of activity against the vibrio harveyi at 100 pg mL™". |
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INTRODUCTION

EXPERIMENTAL

The acridine derivatives in addition to their optical proper-
ties, for example, laser dyes'”, fluorescent probes*’, occupy a
prominent place in medicinal chemistry®® due to their diverse
pharmacological properties such as anticancer’, antitumor'’,
antioxidant'', antihypertensive'', treatment of Alzheimer’s
disease'” and diabetes'?, anti-atherosclerotic and vasodilator'*
activities. The synthetic arylpolyhydroacridine acting as model
compounds for treatment of diseases have also attracted much
attention. Hence a series of 1,8-dioxodecahydroacridines is
generally synthesized by using a multi-component reaction
of dimedone, aldehydes and different anilines or ammonium
acetate in the presence of catalysts. However, much effort to
design synthetic arylpolyhydroacridine has focused primarily
on simple aldehyde as reactants such as derivatizatives of
benzaldehyde'>"’, furaldehyde®, pyridine carboxaldehyde and
low-aliphatic aldehyde'!. Few aromatic aldehydes bearing
quinoline moiety have been reported. Furthermore, quinoline
compounds have been clinically used as antibacterial®',
antimalarial”, antifungal®, and antineoplastics™ as well as
fluorescence™.

Based on the styrylquinoline derivatives having strong
antifungal activity””*® and treatment of asthma®~?, we designed
and synthesized a novel 9(10H)-acridone derivatives via a one-
pot three component reaction of dimedone, ammonium acetate
and styrylquinoline aldehydes, which prepared from
condensation of 7(5)-chloroquinaldine and aromatic dialde-
hydes, as shown in Scheme-1.

Unless specified otherwise, all reagents and solvents used
were of analytical grade. 7-Chloroquinaldine and 5-chloro-
quinaldine used for the synthesis were obtained from Zhejiang
sunshine Chemical Co., Ltd. and also used as received without
any further purification or treatment. Deionized water was used
throughout the reactions and in all solutions. Simultaneous
synthesizing and finishing processes were done by means of a
mechanical stirrer. Melting points were determined on SGWX-
4 melting point apparatus and uncorrected. Elemental analyses
for C, H and N were performed with a PE 2400-II CHN
elemental analyzer. IR spectra were recorded with a Brucker
TENSOR 37 using KBr pellets in the frequency range 4000-
400 cm™. 'H-Nuclear magnetic resonance (NMR) spectra were
determined in CDCI; on a Bruker-400 MHz ARX400. Chemical
shifts (8) were reported in parts per million (ppm) relative to
tetramethylsilane, TMS as the internal reference. Mass spectra
(electrospray ionization, ESI) were recorded on a Micromass
Quanto LC-MC/MS spectrophotometer.

General procedure: Synthesis of compound 3: A mix-
ture of 7-chloroquinaldine (0.1 mol) and isophthaladehyde (0.1
mol) in Ac,O (20 mL), n-heptane (40 mL) and methylbenzene
(20 mL) was heated to and maintained at reflux for 13 h, then
the batch was cooled to and held at 90 °C for 2 h, collded to
80 °C over 3 h. The precipitated yellow solid 3-[2-(7-chloro-
2-quinolinyl)ethenyl]-benzaldehyde (3a) was collected by
filtration and the filter cake was washed with 15 °C n-heptane/
methylbenzene (1/1). The crude product was purified by
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recrystallization from methylbenzene to give 3a. 3b-3d with
the structure shown in Table-1 prepared as described pre-
viously. The spectral data are given below.
3-[2-(7-Chloro-2-quinolinyl)ethenyl]-benzaldehyde
(3a): LC-MC (m/7):294.3 (M + 1); 'HNMR (400 MHz, CDCl;)
5: 10.08 (s, 1H, CHO), 8.16 (s, 1H), 8.14-8.12 (d, J = 8.0 Hz,
1H), 8.03 (s, 1H), 7.91-7.89 (d, /= 8.0 Hz, 1H), 7.85-7.83 (d,
J=8.0Hz, 1H), 7.75-7.73 (d, J = 8.4 Hz, 1H), 7.66-7.64 (d,
J =8.4 Hz, 1H), 7.59-7.57 (d, J = 8.0 Hz, 1H), 7.48-7.44 (t,
Ji=J,=8.0Hz, 1H), 7.39-7.37 (d, J = 8.0 Hz, 1H), 7.35-7.34
(d, J = 8.0 Hz, 1H); IR (KBr, Vi, cm™): 3426, 3106, 2920,
2850, 1689, 1572, 1496, 1397, 869, 851, 758 and 688.
4-[2-(7-Chloro-2-quinolinyl)ethenyl]-benzaldehyde
(3b): LC-MC (m/7):294.3 (M + 1); '"H NMR (400 MHz, CDCl;)
5: 10.03 (s, 1H, CHO), 8.16 (s, 1H), 8.14-8.12 (d, J = 8.0 Hz,
1H), 7.93-7.91 (d, J = 8.0 Hz, 2H), 7.81-7.79 (d, J = 8.0 Hz,
1H), 7.75-7.73 (d, J = 8.0 Hz, 1H), 7.65-7.63 (d, J = 8.0 Hz,
2H), 7.59-7.57 (d, J = 8.0 Hz, 1H), 7.49-7.47 (d, J = 8.0 Hz,
1H), 7.26-7.24 (d, J = 8.0 Hz, 1H). IR (KBT, Vi, cm™): 3426,
3086, 2868, 2850, 1690, 1601, 1494, 1397, 837 and 654.
3-[2-(5-Chloro-2-quinolinyl)ethenyl]-benzaldehyde
(3¢): LC-MC (m/2):294.3 (M + 1); 'H NMR (400 MHz, CDCl5)
6 :10.08 (s, 1H, CHO), 8.60-8.58 (d, J = 8.0 Hz, 1H), 8.15 (s,
1H), 8.05-8.03 (d, J = 8.0 Hz, 1H), 7.92-7.90 (d, J = 8.0 Hz,
1H), 7.86-7.84 (d, J = 8 Hz, 2H), 7.76-7.74 (d, J = 8.0 Hz,
1H), 7.66-7.62 (t, J;=J> = 8.0 Hz,1H), 7.61-7.57 (t, Ji=J> =
8.0 Hz,1H), 7.51-7.49 (d, J = 8.0 Hz, 1H), 7.26-7.24 (d, J =
8.0 Hz, 1H). IR (KBT, Vi, cm™):3442, 2920, 2850, 1696, 1588,
1497, 1396, 959, 808 and 753.
4-[2-(5-Chloro-2-quinolinyl)ethenyl]-benzaldehyde
(3d): LC-MC (m/7):294.3 (M + 1); '"H NMR (400 MHz, CDCl5)
5:10.04 (s, 1H, CHO), 8.62-8.60 (d, J = 8.0 Hz, 1H), 8.05-
8.03 (d, J = 8.0 Hz, 1H), 7.94-7.92 (d, J = 8.0 Hz, 2H), 7.82-

7.80 (d, J = 8 Hz, 2H), 7.68-7.64 (t, J, = J, = 8.0 Hz, 1H),
7.62-7.60 (d, J = 8.0 Hz, 1H), 7.58-7.56 (d, J = 8.0 Hz, 2H),
7.26-7.24 (d, J = 8.0 Hz, 1H). IR (cm™): 3440, 2922, 2851,
1696, 1601, 1498, 1397 and 811.

General procedure: Synthesis of compound 5: To a
solution of an aromatic aldehyde 3 (1 mmol), 5,5-dimethyl-
1,3- cyclohex-anedione (2 mmol) in AcOH (10 mL) in a round-
bottom flask, ammonium acetate (7 mmol)) was added. The
mixture was stirred at 80-90 °C (Table-2) and the reaction
was monitored by TLC. After completion of the reaction, the
mixture was poured into 100 mL of ice water and the yellow
solid was precipitated. Then, The soild was filtered off and
wash with water. For further purification, the crude products
were recrystallized from hot ethanol. 5a and Sb, respectively
was dissolved in 20 mL solvent of ethanol and deionized water
and left to stand at room temperature for several days, pale
yellow diamond crystals of Sa and pale yellow block crystals
of 5b were obtained.The spectral data are given below.

9-[3-{2-(7-Chloroquinolin-2-yl)vinyl}phenyl]-3,3,6,6-
tetramethyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-
dione (5a): LC-MC (m/z): 537.23 (M + 1); '"H NMR (400
MHz, CDCl;) & 8.12(s, 1H), 8.10-8.08 (d, J = 8.0 Hz, 1H),
7.73-7.71 (d, J = 8.0 Hz, 1H), 7.67-7.66 (d, J = 4.0 Hz, 1H),
7.64-7.63 (d, J =4.0 Hz, 1H), 7.61-7.59 (d, J = 8.0 Hz, 1H),
7.53-7.51 (d, J = 8.0 Hz, 1H), 7.46-7.44 (d, J = 8.0 Hz, 1H),
7.40 (s, 1H), 7.37-7.33 (t, J = J, = 8.0 Hz,1H), 7.24-7.22 (d,
J =8.0 Hz, 1H), 5.13 (s, 1H), 2.36-2.32 (d, J = 16 Hz, 2H),
2.23-2.19 (d, J = 16 Hz, 2H), 1.77 (s, 4H), 1.23 (s, 6H), 1.12
(s, 6H); IR (KBTr, Vi, cm'): 3415, 3178, 3056, 2947, 1656,
1601, 1498, 1397, 1225, 965, 811, 762 and 712.

9-[4-{2-(7-Chloroquinolin-2-yl)vinyl}phenyl]-3,3,6,6-
tetramethyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-
dione (5b): LC-MC (m/2):537.23 (M + 1); '"HNMR (400 MHz,
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TABLE-1
SYNTHESIS OF STYRYLQUINOLINE ALDEHYDE UNDER REFLUX CONDITIONS
Entry 2 Product Reaction Yields® m.p. (°C)

time (h) (%)

1
JOGUIRP Y
| cl N~ CHg @\

147-150 °C
13 65 .
CHO 1it[33]: 146-150
S CHO
—
2 c N* CHs 11 60 188-190
CHO
Cl CHO
0L »!
3 N” “CH, CHO 15 52 147-148
Cl CHO
)
4 N~ “CHg 12 56 152-154
CHO
(3d)
‘Isolated yield
TABLE-2

SYNTHESIS OF 1,8-DIOXO-DECAHYDROACRIDINE DERIVATIVES 5a-5d IN
THE PRESENCE OF AMMONIUM ACETATE IN ACETIC ACID

Entry 3 Product Reaction time (h) Yields® (%) m.p. (°C)

1 3a 1.5 92 190-191

2 3b 2 88 306-307
3 3c 1 80 336-337
4 3d 2 84 328-330

(4

*Isolated yield
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CDCls) 6 8.11-8.09 (d, J = 8.0 Hz, 1H), 8.07 (s, 1H), 7.74-
7.72 (d, J = 8.0 Hz, 1H), 7.68-7.66 (d, J = 8.0 Hz, 1H), 7.62-
7.60 (d, J = 8.0 Hz, 1H), 7.51-7.49 (d, J = 8.0 Hz, 2H), 7.47-
7.45 (d, J =8.0 Hz, 1H), 7.44-7.42 (d, J = 8.0 Hz, 2H), 7.32-
7.30(d, J=8.0Hz, 1H), 5.15 (s, 1H), 2.38-2.34 (d, / = 16 Hz,
2H), 2.24-2.20 (d, J = 16 Hz, 2H), 1.71 (s, 4H), 1.09 (s, 6H),
0.98 (s, 6H); IR (KBr, Vi, cm™): 3415, 3168, 2958, 2871,
1611, 1495, 1397, 1366, 1224, 968 and 838.

9-[3-{2-(5-Chloroquinolin-2-yl)vinyl}phenyl]-3,3,6,6-
tetramethyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-
dione (5¢): LC-MC (m/z):537.23 (M + 1); '"HNMR (400 MHz,
CDCls) 8 8.62-8.60 (d, J = 8.0 Hz, 1H), 8.14-8.12 (d, /= 8.0
Hz, 1H), 7.83-7.81(d, J = 8.0 Hz, 1H), 7.70-7.68 (d, J = 8.0
Hz, 2H), 7.64-7.60 (t, J1=J,=8.0 Hz, 1H), 7.54 (s, 1H), 7.45-
7.43 (d, J =8.0 Hz, 1H), 7.39-7.37 (d, J = 8.0 Hz, 1H), 7.33-
7.29 (t, J, = J, = 8.0 Hz, 1H), 7.27-7.25 (d, J = 8.0 Hz, 1H),
5.15 (s, 1H), 2.29-2.25 (d, J = 16 Hz, 2H), 2.21-2.17 (d, J =
16 Hz, 2H), 1.73 (s, 4H), 1.12 (s, 6H), 1.00 (s, 6H); IR (KBr,
Vinax, c™"): 3415, 3177, 3062, 2959, 1644, 1607, 1490, 1394,
1366, 1222, 959, 812, 756 and 702.

9-[4-{2-(5-Chloroquinolin-2-yl)vinyl}phenyl]-3,3,6,6-
tetramethyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-
dione (5d) LC-MC (m/z):537.23 (M + 1); '"HNMR (400 MHz,
CDCls) & 8.52-8.50 (d, J = 8.0 Hz, 1H), 7.97-7.95 (d, /= 8.0
Hz, 1H), 7.77-7.75 (d, J = 8.0 Hz, 1H), 7.63-7.61 (d, J = 8.0
Hz, 1H), 7.59-7.55 (t, J1 = J, = 8.0 Hz,1H), 7.52-7.50 (d, J =
8.0 Hz, 2H), 7.44-7.42 (d, J = 8.0 Hz, 2H), 7.30-7.28 (d, J =
8.0 Hz, 2H), 5.15 (s, 1H), 2.38-2.34 (d, J = 16 Hz, 2H), 2.24-
2.20 (d, J = 16 Hz, 2H), 1.75 (s, 4H), 1.08 (s, 6H), 0.97 (s,
6H); IR (KB, Vimas, cm™): 3417, 2957, 2930, 2871, 1630, 1488,
1367, 1224, 1143, 962 and 809.

Crystal structure determination: A single crystal of the
5b (0.12 mm x 0.15 mm x 0.20 mm), respectively were selec-
ted and mounted on a glass fiber. All measurements were made
on a Bruker Smart 1000 diffractometer with a graphite-mono-
chromated MoK, radiation (A = 0.71073 A). All data were
collected at 296(2) K using the »-20 scan mode and corrected
for Lorenz-polarization effects. A total of 8316 reflections in

the range of 1.09 to 25.25° (-10<h < 11,-10<k < 11,-21 <
1 £22) and 5693 unique ones (Ri = 0.0188) were collected.
The empirical absorption corrections by SADABS were carried
out.

Structure was solved by direct methods: The non-hydrogen
atoms were refined with anisotropic thermal parameters. The
final cycle of full-matrix least-squares refinement was based
on 5693 observed reflections and 383 variable parameters to
give the final R = 0.0794 and wR = 0.2196 (I > 26()). [w =
1/[6*(Fo?) + (0.1000P)* + 1.0193P, where P = (Fo® + 2Fc?)/
3)]. All calculations were performed with SHELX-97 crystallo-
graphic software package®. The crystal data and refinement
details for the compound are listed in Table-3 (CCDC: 965808).
Further details of Sa can be obtained from the Cambridge
Crystallographic Data Center, 12 Union Road, Cambridge
CB2 1EZ by quoting the number CCDC 965807; e-mail:
deposit@ccdc.cam.ac.uk.

Antibacterial activities: The preliminary evaluation of
antibacterial activities of all compounds against Vibrio harveyi
was caried out according to the published procedures®. The
tested results are summarized in Table-4. The preliminary
biological screening shows that all compounds display a certain
degree of activity against the Vibrio harveyi at 100 pg mL™".

RESULTS AND DISCUSSION

The results of the reaction time and yields of the styryl-
quinoline aldehyde procedure are shown in Table-1. Three-
component condensation of dimedone, aldehydes and ammo-
nium acetate in the presence of acetic acid led to hexahydro-
acridine-1,8-diones. In each case, we obtained the corres-
ponding products after 1-2 h in good to excellent yields (Table-
2). The facts have been proved that the products can be obtained
under the condition of in the absence of catalyst and has a
good yield.

The styrylquinoline aldehyde 3a-3d and the acridine
derivatives 5a-5d were obtained as high melting crystalline
solids in good yields (Tables 1 and 2) and the structures were
confirmed by elemental analyses, mass spectra as well as IR

TABLE-3
CRYSTALLOGRAPHIC DATA FOR COMPOUND 5b
Empirical formula C4,H;;,CLN,0, Crystal color Yellow
Fw 573.11 D, (g cm?) 1.214
Crystal system Ticlinic { (mm™) 0.162
Space group P-1 Crystal dimension / mm 0.12 x 0.15 x 0.20
a/A 9.2056(15) 6 range/(°) 1.09-25.25
b/;:A 9.8039(16) F(000) 614
c/A 18.779(3) Goodness of fit 0.162
a(°) 93.167(2) Reflections collected 8316
B°) 90.845(2) Independent reflns. (R;,) 5693
1) 109.098(2) Obsd. Reflns. (I > 20(1)) 3372
vV (A) 1598.1(5) Parameters refined 383
z 1 R, wR (I >20(I)) 0.0794, 0.2196
Temperature (K) 296(2) R, wR (all reflections) 0.1242, 0.2400
TABLE-4
CELL CONCENTRATION DETERMINED BY TURBIDIMETRIC METHOD
1 1° 3a 3b 3d 5a 5b 5¢ 5d
OD 0.257 0.215 0.176 0.184 0.153 0.173 0.009 0.011 0.005 0.027

1* 7-Chloroquinaldine; 1° 5-chloroquinaldine; OD 600 nm
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and NMR spectroscopy. The spectra are in good agreement
with the proposed molecular structures. In the IR spectrum of
3a-3d strong absorption bands at 2850 and 1690 cm™ were
due to CHO groups. In the IR spectrum of 5a-5d the absorption
bands for N-H at 3415 cm™ appeared. It is worth mentioning
that these compounds 3a-3d showed in their "H NMR spectra
signals for CHO at higher d values than those expected for
typical aldehyde group. In the 'H NMR spectrum of comp-
ounds 5a-5d, two single peaks of four methyls at 1.10 and
1.00 ppm were appeared due to the steric effect of compounds.

The crystal structure analysis was carried out to understand
the packing and/or hydrogen bonding patterns in crystal of
this molecule and results are summarized in the following
section. As shown in Fig. 1(a), the crystal cell is consisted of
one molecule the title compound and one molecule the ethanol.
It was shown that there were some strong indicated supra-
molecular interaction between ethanol molecules and carbonyl
oxygen (C = O) and Nitrogen-hydrogen. Since only two
supramolecular interactions (N2-H2A...04 = 2.844(4) Aand
O4-H4...01 = 2.715(4) A) were present between hydrogen
and oxygen, hence it gave very short network as shown in
Fig. 1(b). However, the crystal cell of 5b is consisted of one

; (L
[ 4.
\\\ \”{C N - -
(b)

Fig. 1. (a) X-ray image of compound Sa. Hydrogen atoms are omitted for
clarity. (b) The supramolecular interactions between hydrogen and
oxygen in compound 5a

molecule the title compound and three molecule of the water
as shown in Fig. 2(a). It was shown that there were some strong
indicated supramolecular interaction between water molecules
and carbonyl oxygen (C = O) and Nitrogen-hydrogen. The
four supramolecular interactions (O3W-H3A...O2#2 =
2.941(6) A, O1W-HIA...N1=3.137(10) A, O2W-H2A....O3W
=2.693(7) A and O2W-H2B...01#1 = 2.734 A) were present
between hydrogen and oxygen, hence it gave very short net-
work as shown in Fig. 2(b). These supramolecular interactions
were within the range of van der Waals radii.

g_\,cn
785 oW

(b)
(a) X-ray image of compound 5b. Hydrogen atoms are omitted for
clarity. (b) The supramolecular interactions between hydrogen and
oxygen in compound 5a

Fig. 2

Antibacterial screening indicates that all compounds
display good growth inhibition against Vibrio harveyi. More-
over, high growth inhibition percentage at 100 ug mL™"' was
observed in vitro in case of 5a and Sc. Furthermore, it seems
that the antibacterial activity of Sa-5d showed stronger inhibi-
tion ratios against Vibrio harveyi than that of 3a-3d, 7-chloro-
quinaldine and 5-chloroquinaldine.
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