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Abstract

In this work the multi-component reactions of either of the arylhydrazocyclohexan-1,3-dione derivatives 3a-c with
either of benzaldehyde (4a), 4-chlorobenzaldehyde (4b) or 4-methoxybenzaldehyde (4c) and either malononitrile (5a)
or ethyl cyanoacetate (5b) giving the 5,6,7,8-tetrahydro-4H-chromene derivatives 6a-r, respectively, are presented. The
reaction of two equivalents of cyclohexan-1,3-dione with benzaldehyde gave the hexahydro-1H-xanthene-1,8(2H)-dione
derivative 7. On the other hand, the multi-component reactions of compound 1 with dimedone and benzaldehyde gave
13. Both of 7 and 13 underwent heterocyclization reactions to produce fused thiophene, pyran and thiazole derivatives.
Selected compounds among the synthesized compounds were tested against six cancer cell lines where most of them gave
high inhibitions; especially compounds 3b, 3¢, 6b, 6¢, 6d, 6f, 6i, 6m, 6n, 8b, 14a, 15 and 16 being the most cytotoxic
compounds. Further tests against the five tyrosine kinases c-Kit, Flt-3, VEGFR-2, EGFR, and PDGFR and Pim-1 kinase
showed that compounds 3c, 6c, 6d, 6f, 6n, 14a and 15 were the most potent of the tested compounds toward the five
tyrosine kinases and compounds 3c, 6c, 6d, 6n and 15 displayed the highest inhibitions toward Pim-1 kinase.
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1. Introduction

Pyran derivatives are known as important class of
compounds that exist in nature and have many applica-
tions! especially fused pyrans are important core units
comprising many natural products. Due to their various
kinds of biological activities pyrans and their fused deriv-
atives attracted the attention within the last few years. It
was reported that benzo[b]pyran derivatives were excel-
lent anticancer compounds that give good results at very
low concentrations.? Many 2-amino-4H-pyran derivatives
have various applications within industry like their uses as
photoactive materials,’ pigments,* and potentially biode-
gradable agrochemicals.” In addition, naphthopyrans have
many application with optical studies due to their ability to
generate a yellow color on being irradiated with UV light

(van). In addition, pyranochalcones have many applica-
tions like antimutagenic, antimicrobial, antiulcer, and an-
titumor activities.®® Pyrans and their fused derivatives
showed different kinds of biological activities. The attach-
ments of heterocyclic ring to the pyran ring improve many
of the biological effects of the resulting molecules. Espe-
cially the 4H-pyran derivatives exhibited wide range of bi-
ological activities with great interests such as antimicrobi-
al,’ antiviral,'®!! mutagenicity,!? antiproliferative,'® sex
pheromone,'* antitumor,'> cancer therapy,'® and central
nervous system activity.!” Some of these compounds were
applied in industrial chemistry as they can be used in
many cosmetic manufacturing and through the field of
agrochemicals.!® Such high importance of pyrans and their
derivatives together with the ease of their synthesis with
high yields direct many works through their synthesis.
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This encouraged our research group to be attracted toward
the synthesis of pyran derivatives through the uses of
B-diketones. The produced compounds showed high anti-
proliferative activities against cancer cell lines together
with high inhibitions toward tyrosine kinases.!%-%°
Through our present work we adopted multi-component
reactions of either arylhydrazonocyclohexan-1,3-dione,
aromatic aldehydes and cyanometylene derivatives togeth-
er with using the produced molecule as a suitable starting
material for subsequent heterocyclization to obtain a vari-
ety of fused derivatives. The anti-proliferative activities of
the synthesized compounds and their inhibitions toward
tyrosine kinases were determined.

2. Experimental

For newly synthesized compounds melting points
were determined and are given as uncorrected values. For
all compounds the IR spectra (KBr discs) were measured
using a FTIR plus 460 or PyeUnicam SP-1000 spectropho-
tometer. The "H NMR spectra were measured using Varian
Gemini-300 (300 MHz) and Jeol AS 500 MHz instruments.
Measurements were performed in DMSO-dy as the solvent
using TMS as the internal standard and chemical shifts are
expressed as 6 ppm. The MS spectra (EI) were measured
using Hewlett Packard 5988 A GC/MS system and GCMS-
QP 1000 Ex Shimadzu instruments. The microanalytical
CHN data were obtained from the Micro-analytical Data
Unit at Cairo University and were performed on Vario EL
I1I Elemental analyzer. Screening of compounds against the
cancer cell lines and tyrosine kinases were performed
through The National Cancer Institute at Cairo University.

2. 1. Synthesis of the Arylhydrazone
Derivatives 3a-c

A solution of either the diazonium salts (0.01 mol)
[prepared by the addition of a solution of sodium nitrite
(0.70 g, 0.01 mol) in water (10 mL) to a cold solution of
either aniline (0.93 g, 0.01 mol), 4-methylaniline (1.07 g,
0.01 mol) or 4-chloroaniline (1.27 g, 0.01 mol) dissolved in
concentrated hydrochloric acid (10 mL, 18 mol) with con-
tinuous stirring] was added to a cold solution of any of the
compounds 1 (1.12 g, 0.01 mol), in ethanol (50 mL) con-
taining sodium acetate (3.0 g) with stirring. The whole re-
action mixture was left at room temperature for 2 h and
the formed solid product was collected by filtration.

2-(2-Phenylhydrazono)cyclohexane-1,3-dione (3a)
Yellow crystals from ethanol, yield 1.51 g (70%). Mp
145-147 °C. IR (KBr) vy (cm™): 3472-3328 (NH), 3055
(CH, aromatic), 1705, 1688 (2C=0), 1640 (C=N), 1634
(C=C); 'H NMR (DMSO-dy, 300 MHz): § 1.67-1.70 (m,
4H, 2CH,), 2.38-2.45 (m, 2H, CH,), 7.26-7.59 (m, 5H,
CeHs), 8.36 (s, 1H, D,0 exchangeable, NH); 13C NMR (DM-

SO-ds, 75 MHz): § 24.8, 34.6, 38.2, (3CH,), 120.2, 122.4,
125.8, 127.6 (C4Hs), 164.3 (C=N), 166.2, 168.6 (2C=0).
Anal. Calcd. for C,H,N,0,: C, 66.56; H, 5.59; N, 12.96.
Found: C, 66.80; H, 5.73; N, 13.06. MS: m/z 216 (M*, 36%).

2-(2-(p-Tolyl)hydrazono)cyclohexane-1,3-dione (3b)

Brown crystals from ethanol, yield 1.51 g (66%). Mp
170-172 °C. IR (KBr) v, (cm™): 3493-3342 (NH), 3055
(CH, aromatic), 1703, 1689 (2C=0), 1638 (C=N), 1632
(C=C); 'H NMR (DMSO-dg, 300 MHz): § 1.64-1.72 (m,
4H, 2CH,), 2.36-2.43 (m, 2H, CH,), 2.74 (s, 3H, CHS,),
7.26-7.59 (m, 4H, CsHy), 8.38 (s, 1H, D,0 exchangeable,
NH); *C NMR (DMSO-d,, 75 MHz): § 24.5, 34.8, 38.6
(3CH,), 39.4 (CHs), 120.6, 123.8, 126.5, 128.3 (CcH,),
164.3 (C=N), 166.7, 168.4 (2C=0). Anal. Calcd. for
C;3H,,N,0,: C, 67.81; H, 6.13; N, 12.17. Found: C, 68.21;
H, 6.08; N, 12.36. MS: m/z 230 (M*, 48%).

2-(2-(4-Chlorophenyl)hydrazono)cyclohexane-1,3-di-
one (3¢)

Orange crystals from ethanol, yield 1.85 g (74%). Mp
180-183 °C. IR (KBr) v, (cm™): 3485-3326 (NH), 3055
(CH, aromatic), 1701, 1687 (2C=0), 1636 (C=N), 1634
(C=C); 'H NMR (DMSO-dg, 300 MHz): § 1.62-1.70 (m,
4H, 2CH,), 2.34-2.46 (m, 2H, CH,), 7.24-7.40 (m, 4H,
Cg¢H,), 8.38 (s, 1H, D,O exchangeable, NH); '3C NMR
(DMSO-d,, 75 MHz): § 24.5, 34.8, 38.6 (3CH,), 39.4
(CH3), 120.6, 123.8, 126.5, 128.3 (C4H,), 164.3 (C=N),
166.7, 168.4 (2C=0). Anal. Calcd. for C;,H;,CIN,O,: C,
57.49; H,4.42; N, 11.17. Found: C, 57.62; H, 4.73; N, 11.29.
MS: m/z 250 (M*, 24%).

2. 2. General Procedure for the Synthesis of
the 5,6,7,8-Tetrahydro-4H-chromene
Derivatives 6a-r

Each of either benzaldehyde (1.06 g, 0.01 mol),
4-chlorobenzaldehyde (1.40 g, 0.01 mol) or 4-methoxy-
benzaldehyde (1.36 g, 0.01 mol) and either malononitrile
(0.66 g, 0.01 mol) or ethyl cyanoacetate (1.13 g, 0.01 mol)
were added to a solution of either 3a (2.16 g, 0.01 mol), 3b
(2.30 g, 0.01 mol) or 3¢ (2.50 g, 0.01 mol) in 1,4-dioxane
(50 mL) containing triethylamine (1.00 mL). The whole
reaction mixture was heated under reflux for 3 h then
poured onto ice/water mixture containing a few drops of
hydrochloric acid and the formed solid product was col-
lected by filtration.

2-Amino-7-oxo-4-phenyl-8-(2-phenylhydrazono)-
5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (6a)
Yellow crystals from 1,4-dioxane, yield 2.51 g (68%).
Mp 95-98 °C. IR (KBr) vy, (cm™l): 3485-3341 (NH,,
NH), 3054 (CH, aromatic), 2220 (CN), 1689 (C=0), 1642
(C=N), 1636 (C=C); '"H NMR (DMSO-d,, 300 MHz): §
2.83-2.94 (2t, 4H, 2CH,), 4.82 (s, 2H, D,0 exchangeable
NH,), 5.08 (s, 1H, pyran H-4), 7.23-7.48 (m, 10H, 2C¢Hs),
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8.28 (s, 1H, D,0 exchangeable, NH); 1*C NMR (DMSO-dg,
75 MHz): § 37.9, 42.1 (2CH,), 51.2 (pyran C-4), 117.3
(CN), 120.4, 121.3, 121.8, 122.0, 123.6, 124.3,125.8, 126.8
(2C¢Hs), 130.2, 131.6, 134.8, 136.1 (pyran C), 166.8 (C=N),
167.2 (C=0). Anal. Calcd. for C,,HiN,O,: C, 71.37; H,
4.90; N, 15.13.Found: C, 71.52; H, 5.13; N, 15.29. MS: m/z
370 (M*, 28%).

2-Hydroxy-7-0xo0-4-phenyl-8-(2-phenylhydrazono)-
5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (6b)

Yellow crystals from 1,4-dioxane, yield 2.59 g (70%).
Mp 117-120 °C. IR (KBr) vy (cm™): 3528-3330 (OH,
NH), 3055 (CH, aromatic), 2220 (CN), 1688 (C=0), 1640
(C=N), 1632 (C=C); '"H NMR (DMSO-dq, 300 MHz): 6
2.81-2.98 (2t, 4H, 2CH,), 5.05 (s, 1H, pyran H-4), 7.25-
7.46 (m, 10H, 2C4Hs), 8.26 (s, 1H, D,O exchangeable,
NH), 10.27 (s, 1H, D,O exchangeable, OH); 3*C NMR
(DMSO-dg, 75 MHz): § 37.6, 42.5 (2CH,), 51.1 (pyran
C-4), 116.3 (CN), 120.2, 120.6, 121.9, 122.3, 123.9,
125.2,125.5, 126.3 (2C¢H5), 130.4, 131.1, 133.8, 136.5
(pyran C), 166.3 (C=N), 168.4 (C=0). Anal. Calcd. for
C,,H,,N;05: C, 71.15; H, 4.61; N, 11.31. Found: C, 70.93;
H, 4.82; N, 11.42. MS: m/z 371 (M*, 36%).

2-Amino-4-(4-chlorophenyl)-7-oxo-8-(2-phenylhydrazo-
no)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (6c)

Yellow crystals from 1,4-dioxane, yield 3.21 g (79%).
Mp 93-95 °C. IR (KBr) v, (cm™): 3468-3359(NH,,
NH), 3055 (CH, aromatic), 2220 (CN), 1688 (C=0), 1646
(C=N), 1630 (C=C); '"H NMR (DMSO-d,, 300 MHz): §
2.81-2.97 (2t, 4H, 2CH,), 4.84 (s, 2H, D,0 exchangeable
NH,), 5.13 (s, 1H, pyran H-4), 7.24-7.58 (m, 9H, C¢Hj,
CgH,), 8.32 (s, 1H, D,O exchangeable, NH); 1*C NMR
(DMSO-dg, 75 MHz): § 37.5, 42.3 (2CH,), 51.6 (pyran
C-4), 117.2 (CN), 120.1, 120.5, 121.5, 122.3, 123.8,
125.1,125.9, 126.3 (C¢Hs, C4H,), 130.4, 131.6, 133.8, 1358
(pyran C), 166.6 (C=N), 167.8 (C=0). Anal. Calcd. for
Cp,H,,CIN,O,: C, 65.27; H, 4.23; N, 13.84. Found: C,
65.42; H, 4.33; N, 14.09. MS: m/z 404 (M*, 72%).

4-(4-Chlorophenyl)-2-hydroxy-7-oxo-8-(2-phenylhy-
drazono)-5,6,7,8-tetrahydro-4H-chromene-3-carboni-
trile (6d)

Yellow crystals from1,4-dioxane, yield 2.63 g (65%).
Mp 122-125 °C. IR (KBr) Vpqy (cm1): 3542-3348 (OH,
NH), 3055 (CH, aromatic), 2220 (CN), 1701 (C=0), 1645
(C=N), 1632 (C=C); 'H NMR (DMSO-d,, 300 MHz): §
2.83-2.97 (2t, 4H, 2CH,), 5.07 (s, 1H, pyran H-4), 7.22-
7.55 (m, 9H, C4H;, C¢Hy), 8.23 (s, 1H, D,0O exchangeable,
NH), 10.29 (s, 1H, D,O exchangeable, OH); 3C NMR
(DMSO-dy, 75 MHz): 8§ 37.2, 42.8 (2CH,), 51.6 (pyran
C-4), 117.8 (CN), 120.4, 121.8, 122.2, 122.6, 124.3, 125.6,
125.8, 126.0 (C¢Hs, CoH,), 130.4, 132.8, 134.8, 135.2
(pyran C), 166.7 (C=N), 168.8 (C=0). Anal. Calcd. for
C,H,(CIN;05: C, 65.11; H, 3.97; N, 10.35. Found: C,
65.29; H, 4.16; N, 10.53. MS: m/z 405 (M*, 26%).

2-Amino-4-(4-methoxyphenyl)-7-oxo-8-(2-phenylhy-
drazono)-5,6,7,8-tetrahydro-4H-chromene-3-carboni-
trile (6e)

Brown crystals from 1,4-dioxane, yield 2.40 g (60%).
Mp 86-88 °C. IR (KBr) v, (cm™): 3478-3338 (NH,,
NH), 3055 (CH, aromatic), 2222 (CN), 1687 (C=0), 1643
(C=N), 1630 (C=C); 'H NMR (DMSO-d,, 300 MHz): §
2.83-2.95 (2t, 4H, 2CH,), 3.70 (s, 3H, OCH3;), 4.86 (s, 2H,
D,O exchangeable NH,), 5.09 (s, 1H, pyran H-4), 7.22-
7.52 (m, 9H, C¢Hs, CeH,), 8.33 (s, 1H, D,0 exchangeable,
NH); 3C NMR (DMSO-d,, 75 MHz): § 37.3, 42.6 (2CH,),
50.2 (OCH3;), 51.2 (pyran C-4), 117.4 (CN), 120.2, 121.0,
121.8,122.7,123.2,125.3,125.6, 126.1 (C4Hs, C¢Hy), 130.1,
132.8, 134.5, 136.2 (pyran C), 166.8 (C=N), 167.9 (C=0).
Anal. Calcd. for C,3H,N,O5: C, 68.99; H, 5.03; N, 13.99.
Found: C, 68.79; H, 4.93; N, 14.27. MS: m/z 400 (M*, 68%).

2-Hydroxy-4-(4-methoxyphenyl)-7-oxo-8-(2-phenylhy-
drazono)-5,6,7,8-tetrahydro-4H-chromene-3-carboni-
trile (6f)

Yellow crystals from 1,4-dioxane, yield 3.00 g (75%).
Mp 121-123 °C. IR (KBr) vy, (em™): 3552-3329 (OH,
NH), 3054 (CH, aromatic), 2220 (CN), 1696 (C=0), 1642
(C=N), 1630 (C=C); 'H NMR (DMSO-d,, 300 MHz): §
2.81-2.99 (2t, 4H, 2CH,), 3.69 (s, 3H OCHj;), 5.13 (s, 1H,
pyran H-4), 7.24-7.59 (m, 9H, C¢H;, CsH,), 8.24 (s, 1H,
D,0 exchangeable, NH), 10.32 (s, 1H, D,O exchangeable,
OH); 13C NMR (DMSO-d,, 75 MHz): § 37.5, 42.9 (2CH,),
50.2 (OCH3;), 51.6 (pyran C-4), 116.9 (CN), 120.3, 121.6,
122.8, 1234, 124.7, 1254, 1252, 1264 (C¢Hs, CeHy),
130.7, 133.2, 134.5, 135.8 (pyran C), 166.8 (C=N), 168.9
(C=0). Anal. Calcd. for C,3H,;¢N;0,: C, 68.82; H, 4.77; N,
10.47. Found: C, 68.93; H, 4.80; N, 10.54. MS: m/z 401
(M*, 34%).

2-Amino-7-oxo-4-phenyl-8-(2-(p-tolyl)hydrazono)-
5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (6g)

Brown crystals from 1,4-dioxane, yield 2.84 g (74%).
Mp 110-113 °C. IR (KB) Vpy (cm!): 3492-3326 (NH,,
NH), 3055 (CH, aromatic), 2221 (CN), 1687 (C=0), 1641
(C=N), 1630 (C=C); 'H NMR (DMSO-d,, 300 MHz): §
2.68-2.93 (2t, 4H, 2CH,), 2.80 (s, 3H, CH3), 4.86 (s, 2H,
D,O exchangeable NH,), 5.13 (s, 1H, pyran H-4), 7.24-
7.58 (m, 9H, C4H;, CcH,), 8.33 (s, 1H, D,0O exchangeable,
NH); *C NMR (DMSO-d, 75 MHz): § 37.6, 42.8 (2CH,),
36.8 (CHj;), 51.3 (pyran C-4), 117.3 (CN), 120.4, 121.5,
1224, 122.9, 123.6, 125.8, 125.1, 126.4 (CgHs, CgHy),
130.1, 133.7, 134.8, 135.6 (pyran C), 166.5 (C=N), 167.8
(C=0). Anal. Calcd. for C,3H,,N,O,: C, 71.86; H, 5.24; N,
14.57. Found: C, 71.72; H, 5.43; N, 14.39. MS: m/z 384
(M*, 42%).

2-Hydroxy-7-oxo-4-phenyl-8-(2-(p-tolyl)hydrazono)-

5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (6h)
Dark brown crystals from1,4-dioxane, yield 2.31 g

(60%). Mp 177-179 °C. IR (KBr) vy, (cm™): 3539-3342
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(OH, NH), 3055 (CH, aromatic), 2220 (CN), 1692 (C=0),
1645 (C=N), 1631 (C=C); 'H NMR (DMSO-d;, 300 MHz):
8 2.83-2.96 (2t, 4H, 2CH,), 2.72 (s, 3H CHj,), 5.11 (s, 1H,
pyran H-4), 7.21-7.47 (m, 9H, C4H;, C¢H,), 8.26 (s, 1H,
D,0 exchangeable, NH), 10.31 (s, 1H, D,0 exchangeable,
OH); 3C NMR (DMSO-dy, 75 MHz): § 38.1, 42.3 (2CH,),
36.2 (CHj;), 51.4 (pyran C-4), 117.8 (CN), 120.1, 120.9,
121.3, 122.8, 124.3, 125.6, 126.1, 126.8 (C¢Hs, CH,),
130.9, 132.6, 134.8, 136.4 (pyran C), 166.7 (C=N), 168.5
(C=0). Anal. Calcd. for Cy3HyN;05: C, 71.67; H, 4.97; N,
10.90. Found: C, 71.82; H, 4.74; N, 11.25. MS: m/z 385
(M™, 40%).

2-Amino-4-(4-chlorophenyl)-7-oxo-8-(2-(p-tolyl) hy-
drazono)-5,6,7,8-tetrahydro-4H-chromene-3-carboni-
trile (6i)

Pale brown crystals from 1,4-dioxane, yield 2.92 g
(70%). Mp 114-116 °C. IR (KBr) vp.« (cm™): 3463-3351
(NH,, NH), 3055 (CH, aromatic), 2220 (CN), 1689 (C=0),
1640 (C=N), 1630 (C=C); 'H NMR (DMSO-d;, 300 MHz):
8 2.65-2.91 (2t, 4H, 2CH,), 2.76 (s, 3H, CH,), 4.88 (s, 2H,
D,0 exchangeable NH,), 5.08 (s, 1H, pyran H-4), 7.21-
7.50 (m, 8H, 2C4H,), 8.34 (s, 1H, D,0 exchangeable, NH);
13C NMR (DMSO-dg, 75 MHz): § 37.8, 42.9 (2CH,), 36.8
(CH,), 51.6 (pyran C-4), 117.0 (CN), 120.6, 121.8, 122.1,
122.5, 123.4, 125.2, 125.5, 126.1 (2C¢H,), 130.3, 132.6,
134.6, 136.1 (pyran C), 166.8 (C=N), 168.1 (C=0). Anal.
Caled. for Cy3H4CIN,O,: C, 65.95; H, 4.57; N, 13.38.
Found: C, 65.73; H, 4.73; N, 13.42. MS: m/z 418 (M*, 28%).

4-(4-Chlorophenyl)-2-hydroxy-7-oxo-8-(2-(p-tolyl)hy-
drazono)-5,6,7,8-tetrahydro-4H-chromene-3-carboni-
trile (6j)

Yellow crystals from1,4-dioxane, yield 2.31 g (55%).
Mp 153-155 °C. IR (KBr) vy, (cm™!): 3539-3342 (OH,
NH), 3055 (CH, aromatic), 2221 (CN), 1692 (C=0), 1645
(C=N), 1631 (C=C); '"H NMR (DMSO-d,, 300 MHz): §
2.83-2.96 (2t, 4H, 2CH,), 2.72 (s, 3H CH3), 5.11 (s, 1H,
pyran H-4), 7.21-7.47 (m, 8H, 2C¢H,), 8.26 (s, 1H, D,0
exchangeable, NH), 10.31 (s, 1H, D,O exchangeable, OH);
13C NMR (DMSO-dg, 75 MHz): & 38.4, 42.8 (2CH,), 36.2
(CH3), 51.2 (pyran C-4), 117.6 (CN), 120.0, 120.6, 122.8,
123.2, 125.0, 125.2, 126.0, 126.5 (2C¢H,), 130.2, 132.8,
134.8, 136.5 (pyran C), 166.8 (C=N), 168.5 (C=0). Anal.
Calcd. for Cy3H 4CIN;O5: C, 65.79; H, 4.32; N, 10.01.
Found: C, 65.81; H, 4.29; N, 9.82. MS: m/z 419 (M™, 58%).

2-Amino-4-(4-methoxyphenyl)-7-oxo-8-(2-(p-tolyl)hy-
drazono)-5,6,7,8-tetrahydro-4H-chromene-3-carboni-
trile (6k)

Brown crystals from 1,4-dioxane, yield 2.92 g (71%).
Mp 93-95 °C. IR (KBr) v, (cm™): 3463-3351 (NH,,
NH), 3055 (CH, aromatic), 2220 (CN), 1689 (C=0), 1640
(C=N), 1630 (C=C); 'H NMR (DMSO-d,, 300 MHz): §
2.65-2.91 (2t, 4H, 2CH,), 2.76 (s, 3H, CH3), 3.72 (s, 3H,
OCH3;), 4.88 (s, 2H, D,0 exchangeable NH,), 5.08 (s, 1H,

pyran H-4), 7.21-7.50 (m, 8H, 2CsH,), 8.34 (s, 1H, D,O
exchangeable, NH); *C NMR (DMSO-d,, 75 MHz): &
37.8, 42.9 (2CH,), 36.8 (CH3), 50.8 (OCHS), 51.6 (pyran
C-4), 116.8 (CN), 120.6, 121.8, 122.1, 122.5, 123.4, 125.2,
125.5, 126.1 (2C¢H,),130.3, 132.4, 134.8, 136.1 (pyran C),
166.8 (C=N), 168.1 (C=0). Anal. Calcd. for C,;H,,N,O3:
C, 69.55; H, 5.35; N, 13.52. Found: C, 69.70; H, 5.72; N,
13.68. MS: m/z 414 (M*, 44%).

2-Hydroxy-4-(4-methoxyphenyl)-7-oxo0-8-(2-(p-tolyl)
hydrazono)-5,6,7,8-tetrahydro-4H-chromene-3-car-
bonitrile (61)

Orange crystals from1,4-dioxane, yield 2.82 g (68%).
Mp 82-84 °C. IR (KBr) vy (cm™1): 3548-3328 (OH, NH),
3055 (CH, aromatic), 2221 (CN), 1692 (C=0), 1641
(C=N), 1631 (C=C); '"H NMR (DMSO-d,, 300 MHz): &
2.86-2.99 (2t, 4H, 2CH,), 2.75 (s, 3H CHs;), 3.67 (s, 3H,
OCH,;), 5.08 (s, 1H, pyran H-4), 7.26-7.54 (m, 8H, 2
C¢Hy), 8.26 (s, 1H, D,0 exchangeable, NH), 10.30 (s, 1H,
D,0 exchangeable, OH); 3C NMR (DMSO-d,, 75 MHz):
8 38.8, 42.7 (2CH,), 36.8 (CH3), 50.6 (OCHj), 51.8 (pyran
C-4),117.3 (CN), 120.3, 120.9, 122.6, 123.4, 124.8, 125.6,
126.4, 126.9 (2C¢H,), 130.1, 133.2, 134.2, 136.4 (pyran C),
166.5 (C=N), 168.8 (C=0). Anal. Calcd. for C,;H,;N5;0,:
C, 69.39; H, 5.10; N, 10.11. Found: C, 69.52; H, 4.85; N,
9.96. MS: m/z 415 (M*, 65%).

2-Amino-8-(2-(4-chlorophenyl)hydrazono)-7-oxo-4-
phenyl-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile
(6m)

Brown crystals from 1,4-dioxane, yield 2.86 g (71%).
Mp 101-103 °C. IR (KBr) vy, (cm™): 3480-3338 (NH,,
NH), 3055 (CH, aromatic), 2223 (CN), 1688 (C=0), 1643
(C=N), 1632 (C=C); 'H NMR (DMSO-d,, 300 MHz): &
2.68-2.96 (2t, 4H, 2CH,), 4.82 (s, 2H, D,0 exchangeable
NH,), 5.13 (s, 1H, pyran H-4), 7.24-7.47 (m, 9H, C4Hs;,
Cg¢H,), 8.36 (s, 1H, D,O exchangeable, NH); '3C NMR
(DMSO-dg, 75 MHz): § 37.4, 42.3 (2CH,), 51.2 (pyran
C-4), 116.8 (CN), 120.2, 120.9, 121.6, 122.8, 123.0, 124.6,
1252, 126.8 (C4Hs, C4H,), 130.4, 133.0, 134.6, 136.8
(pyran C), 167.2 (C=N), 168.8 (C=0). Anal. Calcd. for
C,,H,,CIN,O,: C, 65.27; H, 4.23; N, 13.84. Found: C,
65.40; H, 4.32; N, 13.79. MS: m/z 404 (M*, 60%).

8-(2-(4-Chlorophenyl)hydrazono)-2-hydroxy-7-oxo-4-
phenyl-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile
(6n)

Yellow crystals from 1,4-dioxane, yield 3.03 g (75%).
Mp 107-110 °C. IR (KBr) vy, (cm™): 3528-3358 (OH,
NH), 3054 (CH, aromatic), 2223 (CN), 1696 (C=0), 1640
(C=N), 1633 (C=C); '"H NMR (DMSO-d,, 300 MHz): &
2.83-2.98 (2t, 4H, 2CH,), 5.15 (s, 1H, pyran H-4), 7.23-
7.50 (m, 9H, C4H;, C¢H,), 8.28 (s, 1H, D,0 exchangeable,
NH), 10.35 (s, 1H, D,O exchangeable, OH); 3C NMR
(DMSO-dg, 75 MHz): § 38.5, 42.0 (2CH,), 51.8 (pyran
C-4), 117.6 (CN), 120.6, 120.8, 121.5, 122.7, 123.7, 124.9,
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125.8, 1262 (C¢Hs, C.H,), 130.4, 133.7, 134.0, 136.0
(pyran C), 166.9 (C=N), 168.6 (C=0). Anal. Calcd. for
C,,H,CIN;05: C, 65.11; H, 3.97; N, 10.35. Found: C,
65.08; H, 4.16; N, 10.22. MS: m/z 405 (M*, 48%).

2-Amino-4-(4-chlorophenyl)-8-(2-(4-chlorophenyl)hy-
drazono)-7-0x0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (60)

Orange crystals from 1,4-dioxane, yield 2.76 g (63%).
Mp 128-131 °C. IR (KBr) vy (cm™): 3489-3325 (NH,,
NH), 3053 (CH, aromatic), 2222 (CN), 1688 (C=0), 1641
(C=N), 1633 (C=C); 'H NMR (DMSO-d,, 300 MHz): §
2.61-2.97 (2t, 4H, 2CH,), 4.87 (s, 2H, D,0 exchangeable
NH,), 5.15 (s, 1H, pyran H-4), 7.23-7.56 (m, 8H, 2C¢H,),
8.36 (s, 1H, D,0 exchangeable, NH); 1*C NMR (DMSO-d,,
75 MHz): § 37.3, 42.8 (2CH,), 51.2 (pyran C-4), 117.7
(CN), 120.3, 121.5, 122.0, 122.9, 123.6, 124.1, 125.8, 126.6
(2C¢H,), 130.6,133.8,134.2, 136.0 (pyran C), 166.9 (C=N),
168.4 (C=0). Anal. Calcd. for C,,H;(CL,N,O,: C, 60.15; H,
3.67; N, 12.75. Found: C, 59.79; H, 3.59; N, 12.90. MS: m/z
439 (M*, 42%).

4-(4-Chlorophenyl)-8-(2-(4-chlorophenyl)hydrazono)-
2-hydroxy-7-o0x0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (6p)

Pale yellow crystals from 1,4-dioxane, yield 3.43 g
(78%). Mp 181-184 °C. IR (KBr) Vypay (cm™): 3550-3329
(OH, NH), 3054 (CH, aromatic), 2222 (CN), 1689 (C=0),
1643 (C=N), 1633 (C=C); 'H NMR (DMSO-d;, 300 MHz):
0 2.80-2.96 (2t, 4H, 2CH,), 5.11 (s, 1H, pyran H-4), 7.25-
7.56 (m, 8H, 2 C¢H,), 8.29 (s, 1H, D,0 exchangeable, NH),
10.31 (s, 1H, D,0O exchangeable, OH); '*C NMR (DM-
SO-dg, 75 MHz): § 38.5, 42.0 (2CH,), 51.6 (pyran C-4),
117.9 (CN), 120.1, 120.6, 121.8, 122.7, 123.2, 124.3, 125.5,
126.8 (2C¢H,), 130.5, 133.8, 134.8, 136.1 (pyran C), 166.6
(C=N), 168.9 (C=0). Anal. Calcd. for C,,H;5CL,N;0;: C,
60.02; H, 3.43; N, 9.54. Found: C, 60.19; H, 3.80; N, 9.69.
MS: m/z 440 (M*, 60%).

2-Amino-8-(2-(4-chlorophenyl)hydrazono)-4-(4-meth-
oxyphenyl)-7-oxo-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (6q)

Yellow crystals from 1,4-dioxane, yield 2.95 g (68%).
Mp 86-88 °C. IR (KBr) Vyae (cm™): 3472-3351 (NH,,
NH), 3055 (CH, aromatic), 2224 (CN), 1689 (C=0), 1643
(C=N), 1636 (C=C); 'H NMR (DMSO-d,, 300 MHz): &
2.60-2.99 (2t, 4H, 2CH,), 3.66 (s, 3H, OCH3;), 4.84 (s, 2H,
D,0 exchangeable NH,), 5.12 (s, 1H, pyran H-4), 7.24-
7.59 (m, 8H, 2C4H,), 8.34 (s, 1H, D,O exchangeable,
NH); 13C NMR (DMSO-d,, 75 MHz): § 37.6, 42.4 (2CH,),
50.3 (OCHj), 51.4 (pyran C-4), 116.9 (CN), 120.1, 120.8,
121.6, 122.7, 123.4, 124.3, 124.9, 126.2 (2C4H,), 130.3,
133.7, 134.6, 136.0 (pyran C), 166.8 (C=N), 168.6 (C=0).
Anal. Calcd. for Cy3H,gCIN,O;: C, 63.52; H, 4.40; N,
12.88. Found: C, 63.71; H, 4.27; N, 12.73. MS: m/z 434
(M*, 50%).

8-(2-(4-Chlorophenyl)hydrazono)-2-hydroxy-4-(4-
methoxyphenyl)-7-oxo0-5,6,7,8-tetrahydro-4H-chro-
mene-3-carbonitrile (6r)

Pale yellow crystals from1,4-dioxane, yield 3.43 g
(79%). Mp 85-87 °C. IR (KBr) v, (cm™): 3550-3329
(OH, NH), 3054 (CH, aromatic), 2223 (CN), 1689 (C=0),
1643 (C=N), 1633 (C=C); 'H NMR (DMSO-d;, 300 MHz):
8 2.80-2.96 (2t, 4H, 2CH,), 3.70 (s, 3H, OCH,), 5.11 (s,
1H, pyran H-4), 7.25-7.56 (m, 8H, 2 C4H,), 8.29 (s, 1H,
D,0 exchangeable, NH), 10.31 (s, 1H, D,O exchangeable,
OH); *C NMR (DMSO-dy, 75 MHz): § 38.5, 42.0 (2CH,),
50.1 (OCH3;), 51.6 (pyran C-4), 118.0 (CN), 120.1, 120.6,
121.8, 122.7, 123.2, 124.3, 125.5, 126.8 (2C¢H,), 130.7,
132.8, 134.8, 136.1 (pyran C), 166.6 (C=N), 168.9 (C=0).
Anal. Calcd. for C,3H,3CIN;O,: C, 63.38; H, 4.16; N, 9.64.
Found: C, 63.47; H, 3.93; N, 9.83. MS: m/z 435 (M*, 58%).

2. 3. 9-Phenyl-3,4,5,6,7,9-hexahydro-1H-
xanthene-1,8(2H)-dione (7)

Benzaldehyde (1.06 g, 0.01 mol) was added to a solu-
tion of compound 1 (2.24 g, 0.02 mol) in absolute ethanol
(40 mL) containing piperidine (1.0 mL). The whole reac-
tion mixture was heated under reflux for 3 h then poured
onto ice/water mixture containing a few drops of hydro-
chloric acid and the formed solid product was collected by
filtration.

White crystals from ethanol, yield 2.35 g (80%). Mp
214-217 °C. IR (KBr) v, (cm™): 3056 (CH, aromatic),
1702, 1689 (C=0), 1631 (C=C); 'H NMR (DMSO-d;, 300
MHz): 6 1.59-1.80 (m, 8H, 4CH,), 2.58-2.73 (m, 4H,
2CH,), 5.09 (s, 1H, pyran H-4), 7.25-7.41 (m, 5H, C¢Hs);
13C NMR (DMSO-d,, 75 MHz): § 26.3, 28.4, 32.6 (6CH,),
50.9 (pyran C-4), 120.6, 121.4, 123.6, 125.8 (C4Hs), 168.9
(2C=0). Anal. Calcd. for C;oH;305: C, 77.53; H, 6.16.
Found: C, 77.80; H, 6.29. MS: m/z 294 (M*, 100%).

2. 4. General Procedure for the Synthesis
of the Dithieno[3,2-a:2’3’-j]xanthenes
Derivatives 8a,b

Each of elemental sulfur (0.64 g, 0.02 mol) and either
malononitrile (1.32 g, 0.02 mol) or ethyl cyanoacetate
(2.26 g, 0.02 mol) were added to a solution of compound 7
(2.94 g, 0.01 mol) in 1,4-dioxane (40 mL) containing tri-
ethylamine (1.00 mL). The reaction mixture was heated
under reflux for 3 h then poured onto ice/water mixture
and the precipitated product was collected by filtration.

12,10-Diamino-12-phenyl-5,7,8,12-tetrahydro-4H-
dithieno[3,2-a:2’3’-j]xanthene-1,11-dicarbonitrile (8a)

Orange crystals from 1,4-dioxane, yield 2.81 g (62%).
Mp 144-146 °C. IR (KBr) vy, (cm!): 3468-3369 (NH,),
3055 (CH, aromatic), 2223, 2220 (2CN), 1630 (C=C); 'H
NMR (DMSO-d, 300 MHz): § 2.84-3.39 (m, 8H, 4CH,),
4.89, 5.13 (2s, 4H, D,0 exchangeable, 2NH,), 5.12 (s, 1H,
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pyran H-4), 7.26-7.43 (m, 5H, C¢H;); 1*C NMR (DM-
SO-dg, 75 MHz): 6 39.2, 45.8 (4CH,), 116.8, 116.9 (2CN),
120.3, 120.5, 123.9, 125.3 (C¢H;), 130.6, 131.6, 132.7,
134.6,137.8,139.2, 140.5, 141.2 (pyran, two thiophene C).
Anal. Calcd. for C,5H4N,OS,: C, 66.06; H, 3.99; N, 12.33;
S, 14.11. Found: C, 65.93; H, 4.13; N, 12.29; S, 14.30. MS:
m/z 454 (M*, 58%).

Diethyl 2,10-Diamino-12-phenyl-5,7,8,12-tetrahydro-
4H-dithieno[3,2-a:2’3’-j]xanthene-1,11-dicarboxylate
(8b)

Orange crystals from 1,4-dioxane, yield 3.61 g
(66%). Mp 118-121 °C. IR (KBI) Vyna (cm™1): 3479-3339
(NH,), 3055 (CH, aromatic), 1633 (C=C); 'H NMR (DM-
SO-dg, 300 MHz): § 1.12, 1.14 (2t, 6H, J; = 5.90 Hz, ], =
6.48 Hz, two OCH,CH3), 2.87-3.42 (m, 8H, 4CH,), 4.22,
4.24(2q,4H,],=5.90Hz,],=6.48 Hz, two OCH,CH3),4.82,
5.14 (2s, 4H, D,0O exchangeable, 2NH,), 5.11 (s, 1H,
pyran H-4), 7.25-7.42 (m, 5H, C¢H;); 1*C NMR (DM-
SO-d,, 75 MHz): § 16.5, 16.8 (two OCH,CHs), 39.6, 45.5
(4CH,), 50.8 (pyran C-4), 52.6, 52.9 (two OCH,CH3;),
120.5, 120.3, 124.7, 125.8 (C¢H;5), 130.2, 131.6, 132.4,
132.8, 133.8, 137.2, 138.7, 140.3 (pyran, thiophene C).
Anal. Calcd. for C,oH,4N,05S,: C, 63.48; H, 5.14; N, 5.14;
S, 11.69. Found: C, 63.62; H, 5.41; N, 5.08; 11.73. MS: m/z
548 (M™, 76%).

2,12-Diamino-4,10,14-triphenyl-5,6,8,9,10,14-hexahy-
dro-4H-dipyrano[2,3-a:3’,2’-j]xanthene-3,11-dicarbo-
nitrile (9)

Each of benzaldehyde (2.12 g, 0.02 mol) and malon-
onitrile (1.32 g, 0.02 mol) were added to a solution of com-
pound 7 (2.94 g, 0.01 mol) in 1,4-dioxane (40 mL) con-
taining triethylamine (1.00 mL). The reaction mixture was
heated under reflux for 3 h then poured onto ice/water
mixture and the precipitated product was collected by fil-
tration.

Pale yellow crystals from 1,4-dioxane, yield 4.69 g
(78%). Mp 189-202 °C. IR (KBr) Vypay (cm™!): 3453-3326
(NH,), 3055 (CH, aromatic), 2223, 2220 (2CN), 1630
(C=C); 'H NMR (DMSO-dg, 300 MHz): § 2.82-3.42 (m,
8H, 4CH,), 4.95, 5.16 (2s, 4H, D,0 exchangeable, 2NH,),
5.08, 5.12, 5.14 (3s, 3H, pyran H-4), 7.22-7.58 (m, 15H,
3C¢H,); *C NMR (DMSO-d, 75 MHz): § 39.2, 45.7
(4CH,), 51.2, 51.6 (threepyran C-4), 116.6, 117.2 (2CN),
120.1, 120.8, 122.1, 122.5, 123.0, 123.5, 123.8, 124.2, 124.6,
125.3, 125.8, 126.8 (3C4Hs), 130.3, 133.5, 134.6, 135.0,
136.7, 137.0, 137.6, 139.8 (three pyran C). Anal. Calcd. for
CaoH3oN,O5: C, 77.72; H, 5.02; N, 9.30. Found: C, 77.90;
H, 4.79; N, 9.42. MS: m/z 602 (M*, 42%).

1,11,12-Triphenyl-4,5,7,8-tetrahydro-1H-xantheno
[1,2-d:8,7-d’|bis(thiazole)-2,10(11H,12H)-dithione (11)

Each of elemental sulfur (0.64 g, 0.02 mol) and phe-
nylisothiocyanate (2.60 g, 0.02 mol) were added to a solu-
tion of compound 7 (2.94 g, 0.01 mol) in 1,4-dioxane (40

mL) containing triethylamine (1.00 mL). The reaction
mixture was heated under reflux for 2 h then poured onto
ice/water mixture and the precipitated product was col-
lected by filtration.

Orange crystals froml,4-dioxane, yield 3.96 g
(67%). Mp > 300 °C. IR (KBr) v,.x (cm™): 3055 (CH, ar-
omatic), 1632 (C=C), 1208 (C=S); 'H NMR (DMSO-d,,
300 MHz): § 2.96-3.41 (m, 8H, 4CH,), 5.08 (s, 1H, pyran
H-4), 7.23-7.49 (m, 15H, 3C,H,); *C NMR (DMSO-dj,
75 MHz): § 37.6, 42.5 (2CH,), 51.1 (pyran C-4), 120.2,
120.8, 121.2, 121.6, 122.0, 122.3, 123.1, 123.9, 124.8,
125.1, 125.5, 126.8 (3C¢Hs), 130.2, 131.3, 132.6, 136.5,
139.4, 140.8 (pyran, two thiazole C), 180.3 (2C=S). Anal.
Caled. for Cs3H,4N,0S,: C, 66.86; H, 4.08; N, 4.73; S,
21.64. Found: C, 66.93; H, 4.19; N, 4.90; S, 21.47. MS: m/z
592 (M*, 18%).

3,3-Dimethyl-9-phenyl-3,4,5,6,7,9-hexahydro-1H-xan-
thene-1,8(2H)-dione (13)

Each of benzaldehyde (1.06 g, 0.01 mol) and dime-
done (1.40 g, 0.01 mol) was added to a solution of com-
pound 1 (1.12 g, 0.01 mol) in absolute ethanol (40 mL)
containing piperidine (1.0 mL). The whole reaction mix-
ture was heated under reflux for 1 h then poured onto ice/
water mixture containing a few drops of hydrochloric acid
and the formed solid product was collected by filtration.

White crystals from1,4-dioxane, yield 2.25 g (70%).
Mp 149-152 °C. IR (KBr) vp,, (cm™): 3054 (CH, aromat-
ic), 1704, 1689 (2C=0), 1635 (C=C); 'H NMR (DMSO-d,
300 MHz): § 1.06, 1.08 (2s, 6H, 2CHj3), 1.68-1.96 (m, 6H,
3CH,), 2.79, 2.83 (2s, 4H, 2CH,), 5.13 (s, 1H, pyran H-4),
7.26-7.46 (m, 5H, C¢Hs); 13C NMR (DMSO-d,, 75 MHz):
§ 24.4 (2CHj;), 26.5, 28.8, 32.9, 36.5, 42.1 (5CH,), 50.8
(pyran C-4), 120.3, 121.8, 122.4, 124.2 (C4Hs), 168.8, 170.3
(2C=0). Anal. Calcd. for C,;H,,0;: C, 78.23; H, 6.88.
Found: C, 78.40; H, 6.68. MS: m/z 322 (M*, 60%).

2. 5. General Procedure for the Synthesis
of the Dithieno[3,2-a:2’3’-j]xanthenes
Derivatives 14a,b

Each of elemental sulfur (0.64 g, 0.02 mol) and either
malononitrile (1.32 g, 0.02 mol) or ethyl cyanoacetate
(2.26 g, 0.02 mol) were added to a solution of compound
13 (3.22 g, 0.01 mol) in 1,4-dioxane (40 mL) containing
triethylamine (1.00 mL). The reaction mixture was heated
under reflux for 3 h then poured onto ice/water mixture
and the precipitated product was collected by filtration.

2,10-Diamino-4,4-dimethyl-12-phenyl-5,7,8,12-tet-
rahydro-4H-dithieno-[3,2-a:2)3’-j]xanthene-1,11-di-
carbonitrile (14a)

Yellow crystals from 1,4-dioxane, yield 2.89 g (60%).
Mp 138-141 °C. IR (KBr) v,y (cm)): 3476-3337 (NH,),
3055 (CH, aromatic), 2224, 2220 (2CN), 1633 (C=C); 'H
NMR (DMSO-dg, 300 MHz): § 1.06, 1.09 (2s, 6H, 2CHj),
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2.86-3.42 (m, 4H, 2CH,), 3.62 (s, 2H, CH,), 4.87, 5.15 (2s,
4H, D,0 exchangeable, 2NH,), 5.14 (s, 1H, pyran H-4),
7.28-7.40 (m, 5H, C;Hs); 1*C NMR (DMSO-d,, 75 MHz):
8 24.7 (2CHj), 39.8, 44.6, 48.3 (3CH,), 51.2 (pyran
C-4),116.6,117.3 (2CN), 120.2, 120.8, 123.3, 124.1 (C¢Hs),
132.3,134.2,135.1, 135.6, 136.3, 138.3, 138.7, 139.4, 140.2,
141.2, 142.0, 142.6 (pyran, two thiophene C). Anal. Calcd.
for C,;H,,N,0S,: C, 67.19; H, 4.59; N, 11.61; S, 13.29.
Found: C, 66.93; H, 4.75; N, 11.82; 13.05. MS: m/z 482
(M*, 58%).

Diethyl 2,10-Diamino-12-phenyl-5,7,8,12-tetrahydro-
4H-dithieno[3,2-a:2’3’-j]xanthene-1,11-dicarboxylate
(14b)

Pale white crystals from 1,4-dioxane, yield 4.32 g
(75%). Mp 175-179 °C. IR (KBI) Vpey (cm™): 3449-3326
(NH,), 3055 (CH, aromatic), 11695, 1689 (2CO), 633
(C=C); 'H NMR (DMSO-d,, 300 MHz): § 1.07, 1.09 (2s,
6H, 2CH,), 1.12, 1.13 (2t, 6H, J, = 6.77 Hz, ], = 6.92 Hz,
two OCH,CHj;), 2.89-3.48 (2t, 4H, 2CH,), 3.70 (s, 2H,
CH,), 4.22, 4.23 (2q, 4H, J, = 6.77 Hz, ], = 6.92 Hz, two
OCH,CH3), 4.82, 5.14 (2s, 4H, D,0O exchangeable, 2NH,),
5.11 (s, 1H, pyran H-4), 7.25-7.42 (m, 5H, C¢Hs); 13C
NMR (DMSO-ds, 75 MHz): & 16.5, 16.8 (two
OCH,CH,),24.4 (2CH3), 39.4, 45.8, 47.2 (3CH,), 51.3
(pyran C-4), 52.6, 52.7(two OCH,CHj;),120.3, 122.8,
124.6, 125.7 (C¢Hs), 130.1, 131.8, 132.6, 131.1, 133.5,
136.6, 137.2, 138.9, 139.4, 140.3, 141.2, 142.6 (pyran, two
thiophene C). Anal. Calcd. for C3;H3,N,05S,: C, 64.56; H,
5.59; N, 4.86; S, 11.12. Found: C, 64.41.; H, 5.79; N, 5.16;
11.30. MS: m/z 576 (M*, 76%).

2,12-Diamino-5,5-dimethyl-4,10,14-triphenyl-5,6,8,9,
10,14-hexahydro-4H-dipyrano[2,3-a:3’2’-j]xanthene-
3,11-dicarbonitrile (15)

Each of benzaldehyde (2.12 g, 0.02 mol) and malon-
onitrile (1.32 g, 0.02 mol) were added to a solution of com-
pound 13 (3.22 g, 0.01 mol) in 1,4-dioxane (40 mL) con-
taining triethylamine (1.00 mL). The reaction mixture was
heated under reflux for 3 h then poured onto ice/water
mixture and the precipitated product was collected by fil-
tration.

Pale yellow crystals froml,4-dioxane, yield 4.69 g
(78%). Mp 136-138 °C. IR (KBr) vy, (cm™): 3453-3326
(NH,), 3055 (CH, aromatic), 2223, 2220 (2CN), 1630
(C=C); 'H NMR (DMSO-d,, 300 MHz): § 1.07, 1.08 (2s,
6H, 2CH3), 2.82-2.96 (2t, 4H, 2CH,), 3.11-3.42 (s, 2H,
CH,), 4.95, 5.16 (2s, 4H, D,0 exchangeable, 2NH,), 5.09,
5.11, 5.14 (3s, 3H, threepyran H-4), 7.22-7.58 (m, 15H,
3C¢H,); 3C NMR (DMSO-d,, 75 MHz): § 24.5 (2CH,),
39.2, 45.7 (4CH,), 51.6 (pyran C-4), 116.6, 117.2 (2CN),
120.8, 122.5, 123.5, 123.8, 124.6,125.3, 125.8, 126.8
(3C¢H;), 130.3, 131.2, 131.9, 132.3, 133.5, 134.6, 135.0,
136.7, 137.0, 137.6, 138.4, 139.8 (three pyran C). Anal.
Calcd. for C4H;3,N,O;: C, 78.07; H, 5.43; N, 8.88. Found:
C, 77.86; H, 5.60; N, 9.02. MS: m/z 630 (M, 32%).

4,4-Dimethyl-1,11,12-triphenyl-4,5,7,8-tetrahydro-1H-
xantheno[1,2-d:8,7-d’]bis(thiazole)-2,10(11H,12H)-
dithione (16)

Each of elemental sulfur (0.64 g, 0.02 mol) and phenyl-
isothiocyanate (2.60 g, 0.02 mol) were added to a solution
of compound 13 (3.22 g, 0.01 mol) in 1,4-dioxane (40 mL)
containing triethylamine (1.00 mL). The reaction mixture
was heated under reflux for 2 h then poured onto ice/water
mixture and the precipitated product was collected by fil-
tration.

Yellowish white crystals from 1,4-dioxane, yield 4.24
g (68%). Mp 147-149 °C. IR (KBr) v, (cm™): 3054 (CH,
aromatic), 1632 (C=C), 1209 (C=S); 'H NMR (DMSO-d,
300 MHz): § 1.05, 1.08 (2s, 6H, 2CH3), 2.82-2.98 (2t, 4H,
2CH,), 3.07-3.40 (s, 2H, CH,), 5.12 (s, 1H, pyran H-4),
7.23-7.57 (m, 15H, 3C¢Hs); 3C NMR (DMSO-ds, 75
MHz): § 24.6 (2CH3), 37.8, 42.7, 44.2 (3CH,), 51.5 (pyran
C-4), 120.1, 120.9, 121.1, 121.8, 122.3, 122.7, 123.5, 123.8,
124.3, 125.6, 126.0, 126.5 (3C¢H;), 130.2, 131.3, 132.6,
136.5, 138.0, 139.4, 141.3, 142.6 (pyran, two thiazole C),
179.2, 180.1 (2C=S). Anal. Calcd. for Cs35HN,0S,: C,
67.71; H, 4.55; N, 4.51; S, 20.66. Found: C, 67.80; H, 4.48;
N, 4.72; S, 20.82. MS: m/z 620 (M*, 32%).

2. 6. Biology Section

2. 6. 1. Cell Proliferation Assay

Most of the newly synthesized compounds were
screened against the six cancer cell lines namely A549,
HT-29, MKN-45, U87MG, SMMC-7721, and H460 using
the standard MTT assay in vitro, with foretinib as the pos-
itive control.2-28 Their anti-proliferative activities against
the six cancer cell lines and the mean values of three inde-
pendent experiments, expressed as ICs, values, are pre-
sented in Table 1. Most of the synthesized compounds ex-
hibited potent anti-proliferative activity with ICs, values
less than 30 pM. Generally, the variations of substituents
within the thienopyridine moiety together with the heter-
ocyclic ring being attached have a notable influence on the
anti-proliferative activity.

2. 6. 2. Structure-Activity Relationship

Table 1 shows the cytotoxicity of most of the synthe-
sized compounds toward the six cancer cell lines A549,
H460, HT-29, MKN-45, U87MG, and SMMC-7721. The
reaction of cyclohexan-1,3-dione with the aryldiazonium
salts 2a—c produced the arylhydrazono derivatives 3a-c,
respectively. The two compounds 3b (X = CH3;) and 3¢ (X
= Cl) showed the highest cytotoxicity among these three
compounds toward the six cancer cell lines. The multi-
component reactions of either of 3a-c with either of the
arylaldehydes 4a-c and either malononitrile or ethyl cy-
anoacetate gave the 4H-chromenone derivatives 6a-r, re-
spectively. Eleven compounds of this series were selected
for screening against the six cancer cell lines and their ac-
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Table 1. In vitro growth inhibitory effects ICs, £ SEM (uM) of selected compounds of the synthesized compounds against cancer cell lines

Compound IC5 = SEM (uM)
No A549 H460 HT29 MKN-45 U87MG SMMC-7721
3a 6.26 + 2.86 8.36 +3.24 5.69 + 1.39 6.58 + 1.37 9.62 £ 3.15 6.43 £ 2.25
3b 0.28 £0.12 0.33 £ 0.18 0.53+0.13 0.33+£0.17 0.61 £0.28 0.52+£0.16
3c 0.43 £0.31 0.51 £0.25 0.49 + 0.28 0.63 £0.39 0.82 £0.27 0.93+£0.39
6b 1.38 £ 0.91 2.46 +1.16 1.52 £ 0.92 1.63 £0.78 1.54 £ 0.85 2.53 £ 1.06
6c¢ 1.34 £ 0.79 2.41+1.20 1.35+0.84 1.52+£0.71 2.58£1.23 2.63+1.17
6d 0.56 £ 0.32 0.29 £ 0.26 0.48 £ 0.22 0.41 £0.26 0.35+£0.12 0.53£0.23
6e 2.16 £ 1.02 3.27 £ 1.38 3.38 £ 1.80 2.80 + 1.38 2.32+£1.09 4.64 +£1.42
6f 1.64 + 0.36 1.52 £ 0.85 1.43 £ 0.75 2.60 + 0.89 1.46 £ 0.63 1.63 + 0.45
6g 4.36 £1.20 3.45+1.81 2.61 +1.59 6.83 +2.28 4.60 £1.52 6.50 + 2.63
6h 3.28 +1.48 5.83 +1.39 4.60 £1.24 6.80 + 1.79 5,53+ 1.61 6.45+2.23
6i 1.25 + 1.06 2.34+1.13 2.32+1.16 229+1.71 1.29 £ 0.47 1.36 £ 0.95
6m 1.37 £ 0.71 0.50 £ 0.29 1.96 £ 1.19 1.80 £ 0.88 1.69 £ 0.82 1.33 £ 0.86
6n 0.46 £ 0.09 0.73 £ 0.44 0.85+0.34 0.63 £0.41 0.52£0.24 0.30 £ 0.26
60 4.41 £1.49 6.72 £ 1.53 6.41 +2.49 6.29 £ 2.17 8.09 £ 2.17 5.19+1.29
6q 234+ 1.21 3.63+1.32 4.58 £1.56 6.28 + 2.39 5321243 3.36 +1.28
8a 3.48 +1.09 2.63+1.19 3.64 £ 1.26 4.38 £0.84 2.48 £ 0.89 2.23+1.27
8b 1.13 £ 0.59 2.28 £0.72 3.29+1.85 2.26+1.79 3.62+1.29 1.81 £ 0.84
9 4.13+£1.29 5.09 + 1.36 6.16 +2.93 6.92 + 1.37 5.82+1.39 7.27 £1.92
11 2.32+1.18 2.35+1.08 3.42+1.26 2.46 £ 0.98 1.26 £ 0.63 2.39+£0.98
14a 1.29 + 0.59 1.39 £ 0.79 2.42 +1.08 1.36 £ 0.62 1.72 £ 0.98 1.42 £ 0.63
14b 4.69 £1.22 548 +2.21 6.42 +2.20 5.37+1.19 4.49 £1.28 6.52 +1.28
15 0.35+£0.22 0.44 £ 0.16 0.62 + 0.26 0.35+0.16 0.62 £ 0.45 0.38 £0.16
16 0.29 £ 0.03 0.46 £ 0.23 0.46 + 0.26 0.33+£0.20 0.59 £ 0.29 0.48 £0.21
Foretinib 0.08 £ 0.01 0.18 £ 0.03 0.15+£0.023 0.03 £ 0.0055 0.90 £0.13 0.44 + 0.062

tivites varied from moderate to high. Compounds 6b (X
=Y=H,R=0H),6c(X=H,Y=ClL R =NH,), 6f (X =
H,Y =OCH;, R =OH) and 6i (X=CH;3, Y=CLR =
NH,) showed moderate inhibitions. However, com-
pounds6d (X=H,Y=CLR=0OH)and 6n (X=CL Y =
H, R = OH) showed the highest inhibitions among the
eleven compounds. On the other hand, compounds 6e,
6g, 6h, 60 and 6q had declining inhibition activities. The
reaction of compound 7 with two folds of elemental sul-
fur and either malononitrile or ethyl cyanoacetate gave
the dithieno[3,2-a:2}3’-j]xanthene derivatives 8a,b. It is
obvious from Table 1 that compound 8b (R = COQOEt)
was more cytotoxic than compound 8a (R = CN); it
seemsd that the oxygen content in 8b was responsible for
its high inhibition activity. Surprisingly, the dipy-
rano[2,3-a:3’2’-j]xanthene derivative 9 and the xanthe-
no[1,2-d:8,7-d’|bis(thiazole) derivative 11 exhibited low
inhibition values. Considering the dithieno[3,2-4:2}3’j]
xanthene-2,10-diamine derivatives 14a and 14b, it is
clear that compound 14a (R = CN) showed higher inhibi-
tions than 14b (R = COOEt). Finally both of the
5,6,8,9,10,14-hexahydro-4H-dipyrano(2,3-a:3,2’-j]xan-
thene derivative 15 and the 4,5,7,8-tetrahydro-1H-xan-
theno[1,2-d:8,7-d’|bis(thiazole)-2,10(11H,12H)-dithione
derivative 16 exhibted high inhibitions against the six
cancer cell lines. It is of great importance to note from
Table 1 that compounds 3b, 3¢, 6d, 6n, 15 and 16 showed
the highest cytotoxicity among the tested compounds

against the six cancer cell lines, while compounds 6b, 6c,
6f, 6i, 6m, 8b, and 14a exhibited moderate inhibitions.
The high inhibition compounds together with those of
moderate inhibitions were selected to be tested against
tyrosine kinases.

2. 6. 3. Inhibitions of the Most Active Compounds
Against Tyrosine Kinases

Compounds 3b, 3¢, 6b, 6¢, 6d, 6f, 6m, 6n, 14a, 15
and 16 that showed from moderate to high inhibitions
against the six cancer cell lines were further evaluated

Table 2. Inhibitions of tyrosine kinases [Enzyme ICs, (nM)] by
compounds 3b, 3¢, 6b, 6¢, 6d, 6f, 6m, 6n, 14a, 15 and 16

Compound c¢-Kit Flt-3 VEGFR-2 EGFR PDGFR
3b 2.83 3.25 2.16 0.73 0.52
3c 0.21 0.34 0.23 0.46 0.29
6b 1.32 1.08 1.69 0.43 1.02
6¢ 0.82 0.63 0.36 0.69 0.42
6d 0.25 0.31 0.47 0.24 0.29
6f 0.53 0.21 0.53 0.39 0.22
6m 1.16 0.29 0.42 1.80 2.01
6n 0.46 0.25 0.31 0.37 0.27
14a 0.82 0.29 0.37 0.44 0.29
15 0.33 0.21 0.47 0.35 0.26
16 2.09 1.28 1.62 1.59 2.42
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against other five tyrosine kinases (c-Kit, Flt-3, VEGFR-2,
EGFR, and PDGFR) using the same screening method
(Table 2). These receptor tyrosine kinases (RTKs) have
been implicated in vascular development by affecting the
proliferation and migration of endothelial cells or peri-
cytes. It is clear from Table 2 that compounds 3c, 6¢, 6d, 6f,
6n, 14a and 15 were the most potent against the five tyros-
ine kinases. Compound 6b showed high inhibitions to-
wards EGFR kinase with IC5, 0.43 nM, while it showed
moderate inhibition towards c-Kit, Flt-3, VEGFR-2 and
PDGEFR with IC;;1.32, 1.08, 1.69 and 1.02 nM, respective-
ly. Compound 6m showed high inhibitions toward Flt-3
and VEGFR-2 tyrosine kinases with ICs, 0.29 and 0.42
nM, respectively. On the other hand, compound 3b
showed high inhibitions against EGFR and PDGEFR kinas-
es with ICs, 0.73 and 0.52 nM, respectively. Compounds
3¢, 6d and 15 were the most active toward c-Kit tyrosine
kinase with ICs, 0.21, 0.25 and 0.33 nM, respectively.
Compounds 3b and 16 showed the lowest potency among
the tested compounds.

2. 6. 4. Inhibitions of Selected Compounds
Against Pim-1 Kinase

Compounds 3¢, 6¢, 6d, 6f, 6n, 14a and 15 were se-
lected to examine their Pim-1 kinase inhibition activity
(Table 3) as these compounds showed high inhibition
against the tested cancer cell lines at a range of 10 concen-
trations and the ICs, values were calculated. Compounds
3¢, 6¢, 6d, 6n and 15 most potently inhibited Pim-1 kinase
with ICs, values of 0.24, 0.27, 0.24, 0.28 and 0.32 uM, re-
spectively. On the other hand, compounds 6f and 14a were
less effective (IC5, > 10 uM). These profiles in combination
with cell growth inhibition data of compounds 3c, 6c¢, 6d,
6f, 6n, 14a and 15 are listed in Table 3, indicating that Pim-

Table 3. The inhibitions of compounds 3c, 6¢, 6d, 6f, 6n, 14a and 15
against Pim-1 kinase.

Inhibition ratio

Compound at 10 pM ICsy (M)
3c 94 0.24
6¢ 90 0.27
6d 94 0.24
6f 20 > 10
6n 90 0.28
14a 31 >10
15 86 0.32
SGI-1776 - 0.048

1 is a potential target of these compounds where SGI-1776
was used as the positive control with ICs, 0.048 uM in the
assay.

2. 6. 5. Pan Assay Interference Compounds
(PAINS)

Good antitumor drugs should give false positive re-
sults when evaluated within Pan Assay Interference Com-
pounds (PAINS).?%3% Compounds can be regarded as false
positives due their binding interactions by forming aggre-
gates®!~3* by being protein-reactive entities**~¢ or by di-
rectly interfering with assay signaling. Pan Assay Interfer-
ence Compounds (PAINS) are chemical entities that are
frequently false positive in HTS. PAINS have a tendency to
non-specifically react with several biological targets mod-
erately, then specifically disturbing one preferred target.>”
A number of disorderly functional groups are collected by
numerous PAINS.3® Unwanted compounds may negatively
influence not only enzyme assays but also phenotypic

Table 4. Drug-like character of different compounds and standard drugs foretinib and SGI-1776

Compound Drug-likeness Rule Medicinal Chemistry Rules
Lvio.*/No.  Vvio.’/No. Gvio.“/No.  Lead likeliness /No. PAINS
of vio.? of vio.? of vio.© alertd of vio.

3b None None None None 0

3¢ None None None None 0

6b None None None 3 1

6¢ None None None 2 0

6d None None None 3 0

6f None None None None 0

6m None None None 2 0

6n None None None 3 0
14a None None None 3 0

15 None None None 2 0

16 None None None None 1
Foretinib None None None None 0
SGI-1776 None None None None 0

2 Lyio. = Lipinski’s rule. ° Vwvio. = Veber Rules. ¢ Gvio. = Ghose filter. 4 PAINS = Pan Assay Interference

Compounds Analysis.

Mohareb et al.: Multi-component Reactions ...

59



60

Acta Chim. Slov. 2021, 68, 51-64

screens and show biological activity for the wrong rea-
son.* PAINS violations of proposed compounds and ref-
erence drugs are given in Table 4. Almost all the com-
pounds showed zero PAINS alert and can be used as good
anticancer agents in the future without side effects.

3. Results and Discussion

Initially 2-arylhydrazonocyclohexan-1,3-dione was
chosen as the model substrate for the synthesis of fused het-

erocyclic compounds through studying its multi-compo-
nent reactions with aromatic aldehydes and cyanomethyl-
ene reagents to give biologically active fused pyran
derivatives. The arylhydrazone derivatives 3a—c were ob-
tained through the coupling reaction between cyclohex-
ane-1,3-dione (1) and either benzenediazonium chloride
(2a), 4-methylbenzenediazonium chloride (2b) or
4-chlorobenzenediazonium chloride (2¢) in ethanol solu-
tion containing the appropriate amount of sodium acetate.
The multi-component reactions of either 3a, 3b or 3¢ with
either of benzaldehyde (4a), 4-chlorobenzaldehyde (4b) or

0 CHO
s
H,C——CN
& + + 2é
3a, X=H 5a, R=CN
EtOH b, X = CH, v b, R = COOEt
NaOAc & X=Cl da,Y =H
. b, Y =Cl
0 N=NCI ¢, Y = OCH;
+
© f 1,4-dioxane
1 2a, X=H Et}N
b, X =Clly
¢, X=Cl
e
NC-_# 0
i s
0
Y
6 a b d e f g h i
X|H’HIH|H H H’CH3|CH3 CH;
v | H H Cl |OCH;| OCH;| H H |
R' | NHy| OH| NH|OH | NH,| OH |NH, | OH| NH,
6 i k m n 0 P q r

alalalalala

OCH;| H | 1 | € | «

OCH;| OCH;

R' | OH | NH,

NH; | OH | NH, | OH | NH, [ OH

Sheme 1. Synthesis of compounds 3a-c and 6a-r.
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4-methoxybenzaldehyde (4¢) and either malononitrile (5a)
or ethyl cyanoacetate (5b) in 1,4-dioxane solution contain-
ing a catalytic amount of triethylamine gave the 5,6,7,8-tet-
rahydro-4H-chromene derivatives 6a-r, respectively
(Scheme 1). The chemical structures of new compounds
were assured by spectral data (IR, 'H, 3C NMR, MS). Thus,
the 'H NMR spectrum of compound 6a (as an example)
showed (beside the expected signals) signals at § 4.82 ppm
(D,O exchangeable) indicating the presence of the NH,
group, a multiplet at § 7.23-7.48 ppm for the two phenyl

groups. In addition, the 13C NMR spectrum revealed the
presence of a signal at 51.2 due to the pyran C-4, one signal-
at 8 117.3 for CN groups, signals at § 130.2, 131.6, 134.8,
136.1 for the pyran carbons and two signals at 6 166.8 and
167.2 for the C=N and C=0 groups.

Next, we studied the reaction of two-fold amount of
cyclohexan-1,3-dione with benzaldehyde in ethanol con-
taining a catalytic amount of triethylamine to give the
9-phenyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-di-
one (7). The analytical and spectral data of compound 7

o] Ph o]
EtOII
‘ ||
]’)lerdlnL
o]
1 4a
7
HaN R R NH;
1,4-dioxane
7 + 2S5 F —_ ’
3 2 H2C|) CN
R EuN
S5a, R=CN (o]
b, R = COOEt
8a, R =CN

b, R =COOEt

NH HoN
CN
7 + 2PhCHO + 2 H,C—CN _ NC— "¢ o X
! 1.4-dioxane
—_—
“ Sa Et;N Ph 5
O
9
S /Ph Ph s
>\ \ Ph N’<
7 + 285 + 2 PhNCS 1,4-dioxane
’ E—
10 Et;N |
o]
11

Sheme 2. Synthesis of compounds 7; 8a,b; 9 and 11.
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were in agreement with the proposed structure. Thus, the
'H NMR spectrum showed the presence of two multiplets
at § 1.59-1.80 and 2.58-2.73 ppm equivalent to the six
CH, groups, a singlet at § 5.09 ppm for the pyran H-4 and
a multiplet at § 7.25-7.41 ppm corresponding to the C¢Hs
group. In addition, the 1*C NMR spectrum showed signals
at § 26.3, 28.4, 32.6 equivalent to the six CH, groups, signal
at 50.9 due to the pyran C-4, four signals at § 120.6, 121.4,
123.6 and 125.8 for the phenyl carbons and a signal at §

168.9 for the two symmetric C=O groups. Compound 7
showed interesting reactivity toward heterocyclization re-
actions through its reactions with some reagents. It was
ready to undergo Gewald’s thiophene**~*? reaction to pro-
duce biologically active fused thiophene derivatives. Thus,
the reaction of compound 7 with two folds of either malo-
nonitrile (5a) or ethyl cyanoacetate (5b) and elemental
sulfur gave the dithieno[3,2-a:2’3’-j]xanthene derivatives
8a and 8b, respectively. On the other hand, compound 7

CHO o} Ph 0
EtOH
1 + + R | \
piperidine
(@]
4a 12 13
1,4-dioxane
13 + 28 + —_— ’ 3
R Et;N
5a,R=CN
b, R = COOEt

14a,R =CN
b, R = COOEt

NH, HoN
CN
13 + 2PhCHO + 2 HC—CN ' NC— g 57
! 1,4-dioxane
CN
s 5a Et;N Ph e
0
15
13+ 25, + 2PhNCS 1,4-dioxane
-
10 Et;N

Sheme 3. Synthesis of compounds 13, 14a,b; 15 and 16.
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underwent multi-component reactions with two folds of
benzaldehyde (4a) and malononitrile (5a) affording the
hexahydro-4H-dipyrano[2,3-a:3,2’-j]xanthene derivative
9. Its structure was established on the basis of its analytical
and spectral data (see experimental section). In addition,
the reaction of compound 7 with two folds of elemental
sulfur and phenylisothiocyanate (10) in 1,4-dioxane solu-
tion containing a catalytic amount of triethylamine gave
the xantheno[1,2-d:8,7-d’]bis(thiazole)-dithione deriva-
tive 11 (Scheme 2). Compounds 8,9 and 11 were obtained
in pure state and high yields and promising structure iden-
tification were obtained thus encouraging us to carry sim-
ilar reactions using cyclohexan-1,3-dione in one side and
dimedone in the other side. Therefore, the multi-compo-
nent reactions of cyclohexan-1,3-dione with benzaldehyde
(4a) and dimedone gave the 3,3-dimethyl-9-phenyl-
3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione (13).
Compound 13 showed interesting reactivity toward
heterocyclization reactions through its reactions with
some reagents. Thus, the reaction of compound 13 with
two folds of either malononitrile (5a) or ethyl cyanoace-
tate (5b) and elemental sulfur gave the 4,4-dime-
thyl-5,7,8,12-tetrahydro-4H-dithieno([3,2-a:2’3’-j]xan-
thenes derivatives 14a and 14b, respectively. On the other
hand, compound 13 underwent multi-component reac-
tions with two folds of benzaldehyde (4a) and malononi-
trile (5a) affording the 2,12-diamino-5,5-dimethyl-
4,10,14-triphenyl-5,6,8,9,10,14-hexahydro-4H-dipy-
rano[2,3-a:3’2’-j]xanthene derivative 15. In addition, the
reaction of compound 13 with two folds of elemental sul-
fur and phenylisothiocyanates (10) in 1,4-dioxane solu-
tion containing a catalytic amount of triethylamine gave
the 4,4-dimethyl-4,5,7,8-tetrahydro-1H-xantheno[1,2-d:
8,7-d’|bis(thiazole)-dithione derivative 16 (Scheme 3).

4. Conclusion

The main result of these studies is the synthesis of a
series of novel heterocyclic derivatives synthesized from
arylhydrazonocyclohexan-1,3-dione followed by screening
of the newly synthesized compounds against six cancer cell
lines. Compounds 3b, 3¢, 6b, 6¢, 6d, 6f, 6m, 6n, 14a, 15
and 16 were the most cytotoxic. Screening against the five
tyrosine kinases c-Kit, Flt-3, VEGFR-2, EGFR, and PDGFR
showed that compounds 3c, 6c¢, 6d, 6f, 6n, 14a and 15 were
the most active compounds. On the other hand, inhibition
against Pim-1 kinase indicated that compounds 3c, 6c, 6d,
6n and 15 were of the highest inhibitions.
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V prispevku predstavljamo ve¢komponentne reakcije med arilhidrazocikloheksan-1,3-dionskimi derivati 3a—c in ben-
zaldehidom (4a), 4-klorobenzaldehidom (4b) ali 4-metoksibenzaldehidom (4c) ter malononitrilom (5a) ali etil ciano-
acetatom (5b), ki vodijo do nastanka 5,6,7,8-tetrahidro-4H-kromenskih derivatov 6a-r. Pri reakciji dveh ekvivalentov
cikloheksan-1,3-diona z benzaldehidom je nastal heksahidro-1H-ksanten-1,8(2H)-dionski derivat 7. Po drugi strani pa
ve¢komponentna reakcija med spojino 1 in dimedonom ali benzaldehidom daje produkt 13. Obe spojini 7 in 13 lah-
ko sodelujeta v reakcijah heterociklizacij, pri katerih nastanejo pripojeni tiofenski, piranski in tiazolski derivati. Izmed
pripravljenih spojin smo nekatere uporabili za dolo¢evanje potencialne inhibitorne aktivnosti proti $estim rakavim
celi¢nim linijam; rezultati so bili obetavni, spojine 3b, 3¢, 6b, 6¢, 6d, 6f, 6i, 6m, 6n, 8b, 14a, 15 in 16 so se izkazale kot Se
posebej citotoksi¢ne. Nadaljnje testiranje na petih tirozin kinazah (c-Kit, Flt-3, VEGFR-2, EGFR in PDGFR) ter Pim-1
kinazi je pokazalo, da so spojine 3¢, 6c, 6d, 6f, 6n, 14a in 15 najbolj aktivne proti prvim petim tirozin kinazam, medtem
ko so spojine 3c, 6¢, 6d, 6n in 15 najbolj aktivne proti Pim-1 kinazi.
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