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Abstract

The reaction of cyclohexan-1,3-dione with either of malononitrile or ethyl cyanoacetate gave the 4-amino-6,7-dihydro-5H-
chromen-5-one derivatives 3a and 3b, respectively. The reaction of the latter compounds with cyanoacetylhydrazine gave
the hydrazide—hydrazone derivatives 5a and 5b, respectively. Compounds 5a,b were used as the key starting materials for
the synthesis of thiophen, coumarin, and pyridine derivatives. The newly synthesized compounds were evaluated against
three human cancer cell lines, including HCT116 (colon carcinoma cell), MGC803 (gastric carcinoma cell), and Huh7
(hepatoma carcinoma cell). The results showed that 3b, Sb, 6b, 6d, 8b, 8c, 8d, 8f, 10b. 12a-h, 14a—d, 15a-h, and 16b-h
displayed higher cytotoxic activity than 5-FU against HCT116 and MGC803 cell lines. Compounds 14d and 16f were the
most promising compounds with ICsy’s 0.25 and 0.09 uM against HCT116 cell line. The most potent compounds were
selected for the in vitro against peripheral blood lymphocytes (PBL) from healthy donors. All compounds were practically
devoid of significant cytotoxic activity in quiescent lymphocytes, with Glsy’s of 42-68 uM, while with the mitogenic

stimulus phytohaemagglutinin (PHA), the Gls,’s were reduced to about 20-32 uM.
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Introduction

A number of hydrazide-hydrazone derivatives have been
claimed to possess interesting bioactivity such as
antibacterial-antifungal (Popiotek and Biernasiuk 2017; Lon-
cle et al. 2004), anticonvulsant (Kiigiikgiizel et al. 2003),
antiinflammatory (Todeschini et al. 1998), antimalarial (Mel-
nyk et al. 2006), analgesic (Leite et al. 1999; Lima et al. 2000),
antiplatelets (Cunha et al. 2003), anti-tuberculosis (Bedia et al.
2006), and anticancer activities (Terzioglu and Giirsoy 2003).
Aroylhydrazide-hydrazones containing hetero-ring such as
pyridine, indole ring has attracted special attention (Gali€ et al.
2001; Kaynak et al. 2005). A few of thiophene carbohydrazide
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hydrazone derivatives have also been reported (Rostom et al.
2003; Bernardino et al. 2006). In our effort to discover and
develop apoptosis inducers as potential new anticancer agents,
we recently reported a novel synthesized steroidal carbohy-
drazide hydrazone and effects of them on different cancer cell
lines (Mohareb et al. 2016). Literature survey revealed that the
hydrazide-hydrazone (-CO-NH-N=CH-) moiety has sig-
nificant role as antitumor agent (Vicini et al. 2006; Ustiindag
et al. 2016; Abadi et al. 2003; Kumar et al. 2012). On the other
hand, Nerkar et al. reported that the in vitro anticancer activity
of some carbohydrazide derivatives is due to their ability to
inhibit dihydrofolate reductase enzyme (Xia et al. 2008;
Nerkar et al. 2009). In continuation of this work we report here
the synthesis of hydrazide-hydrazone derivatives from the SH-
chromen-5-one derivatives 3a,b through its reaction with
cyanoacetylhydrazine. Originally compounds 3ab were
obtained through the reaction of cyclohexan-1,3-dione with
the cyanomethylene reagents 2a,b.

Results and discussion

The synthesis of the 4-amino-6,7-dihydro-5H-chromen-5-
one derivatives 3a,b has been accomplished as outlined in
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Scheme 1 starting from cyclohexan-1,3-dione and either of
malononitrile (2a) or ethyl cyanoacetate (2b) in ethanol
containing triethylamine. Compounds 3a,b were used the
key starting compounds for the synthesis of
hydrazide-hydrazone derivatives. Thus, the reaction of
either of compound 5a or 5b with cyanoacetylhydrazine (4)
in 1,4-dioxan under reflux gave the hydrazide-hydrazone
derivatives 5a,b. The structures of the hydrazide-hydrazone
derivatives were determined by IR, '"H NMR and mass mass
spectrometry. Thus, for example 5a, obtained as white
crystal, gave a [M*]-ion peak at m/z 259 in the ESI-MS, in
accord with the molecular formula C;,H3N50,. In the IR
spectra, the carbonyl group absorptions in hydrazide moiety
and NH bands in CONH were observed in the 1689 and
3473-3380 cm ™! region, respectively. The 'H NMR spectra
indicated the chemical shift of the NH proton at 6=
8.36 ppm in the form of singlet peak. Moreover, the °C
NMR spectrum revealed the presence of signals at § 155.3,
145.9, 135.8, 128.9, 120.8, 105.6 assigned to the pyran and
cyclohexene carbons (C-2, C-3, C-4, C-4a, C-8, C-8a) and
two signals at 6 172.8 and 166.3 assigned to the CO and
C=N groups.

Following successful synthesis of thiophene derivatives
recently reported by our research group (Mohareb et al.
2017, 2018a, 2018b, 2019) either of compound Sa or Sb
reacted with elemental sulfur and either of malononitrile (2a)
or ethyl cyanoacetate (2b) to afford the thiophene derivatives
6a—d, respectively (Scheme 1). The structures of compounds
6a-d were elucidated on the basis of their respective ana-
lytical and spectral data (see experimental section).

Compounds Sa,b containing the active CH, group cap-
able for coupling with diazonium salts to form arylhy-
drazone derivatives. Thus, the reaction of either of
compound 5a or Sb with any of the diazonium salts namely
benzenediazonium chloride (7a), 4-chlorobenzenediazonium
chloride (7b) or 4-methoxybenzenediazonium chloride (7¢)
in ethanol containing sodium acetate to give the arylhy-
drazone derivatives 8a—f, respectively. Moreover, the reac-
tion of either compound Sa or 5b with salicylaldehyde gave
the coumarin derivatives 10a and 10b, respectively. The IR,
'"H NMR, and '*C NMR spectra of the resulting products
8a—f and 10a,b were consistent with their respective struc-
tures. In addition, the reaction of either of Sa or Sb with any
of the aromatic aldehydes, benzaldehyde (11a), 4-
chlorobenzaldehyde (11b), 4-bromobenzaldehyde (11¢) or
4-methoxybenzaldehyde (11d) gave the arylidene deriva-
tives 12a-h, respectively (Scheme 2).

Next, we moved toward the uses of compounds 5a,b for
the synthesis of pyridine derivatives. Thus, the reaction of
either compound Sa or Sb with either acetylacetone (13a) or
ethyl acetoacetate (13b) in 1,4-dioxan solution in the pre-
sence of a catalytic amount of triethylamine under the reflux
conditions gave the  2-oxo-1,2-dihydropyridine-3-
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carbonitrile derivatives 14a—d, respectively. The structures
of the latter compounds were based on their analytical and
spectral data. Thus, the '"H NMR spectrum of compound
14a, as an examples, showed the presence of a singlet at 6
6.09 ppm assigned for the pyridine H-5 and a singlet at o
2.66, 2.42 ppm indicating the presence of the two CHj
groups and the '>*C NMR spectrum revealed the presence of
the pyridine an ethylenic carbons at § 153.6, 142.8, 134.5,
133.4, 130.1, 129.5, 128.2, 127.2, and two signals at &
172.3 and 168.9 corresponding to the CO and C=N groups.
Similarly, the reaction of either compound 5a or Sb with
either of malononitrile (2a) or ethyl cyanoacetate (2b) gave
the pyridine derivatives 15a-h and 16a-h, respectively
(Scheme 3). The structures of all new synthesized com-
pounds 15a-h and 16a-h were confirmed by '"H NMR, *C
NMR, IR, and mass spectra (see experimental section). The
addition of either malononitrile or ethyl cyanoacetate to the
benzylidene bonding present in compounds 12a and 12b,
followed by cyclization and autooxidation gave the 1,2-
dihydropyridine derivatives 15a~h or 16a-h, respectively.

Biological activity

The in vitro antitumor activity of the newly synthesized
compounds was evaluated against a panel of three human
cancer cell lines, including HCT116 (colon carcinoma cell),
MGC803 (gastric carcinoma cell), and Huh7 (hepatoma
carcinoma cell) by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) method. 5-Fluorouracil was
used as positive control, and the results expressed as half-
maximal inhibitory concentration (ICsy) values and are
presented in Table 1, as mean values of experiments per-
formed in triplicate. From the screening results in Table 1, it
was observed that most of the synthesized compounds
exhibited potent cytotoxic activities against the three human
cancer cell lines. Cytotoxicity of the newly synthesized
compounds was performed through the Cancer Research
Center at Cairo University together with National Research
Center, AR, Egypt.

Structure-activity relationship

It is clear from Table 1 that compounds 3b, 5b, 6b, 6d, 8b,
8c, 8d, 8f, 10b, 12a-h, 14a—d, 15a-h, and 16b-h displayed
higher cytotoxic activity than 5-FU against HCT116 and
MGCS803 cell lines. Compounds 14d and 16f were the most
promising compounds with IC5y’s 0.25 and 0.09 uM against
HCT116 cell line. Although most of the compounds showed
potent antitumor activity, some compounds exhibited
selectivity between the three human cancer cell lines. Such
as compounds 15b and 16e showed the more potent inhi-
bitory activity against HCT116 and MGC803 cell line and
less inhibitory activity against Huh7 cell line. From the
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Scheme 1 Synthesis of compounds 3a, b; 5a, b and 6a—d

antitumor activity against three human cancer cell lines,
preliminary structure—activity relationships of the synthe-
sized compounds were achieved. For the SH-chromen-5-
one derivatives 3a,b and the hydrazide-hydrazone deriva-
tives 5a,b it is clear that the presence of the electronegative
OH group in compound 3b and 5b is responsible for their
reactivity’s. For the thiophene derivatives 6a—d, compound
6d (X=COOEt, Y=0H) was the most potent compound
among the four compounds. For the arylhydrazone deriva-
tives 8a—f, it is obvious that compounds 8b (X=H, Y=0H),
8¢ (X=CIl, Y=NH,) and 8d (X=Cl, Y=0H) were most
inhibit compounds, moreover, compound 8b was of the
highest inhibitions due to the presence of the two electro-
negative groups the Cl and the OH. Considering the

¢, X =COOEt, Y = NH,
d, X =COOEt, Y = OH

coumarin derivatives 10a, b, where compound 10b with
Y=OH was more potent than the compound 10a with
Y=NH,. On the other hand, for compounds 12a-h only
compound 12a (X=H, Y=NH,) showed low cytotoxicity
relative to the rest of such series of compounds. It is of great
value to mention that compounds 12d (X=CI, Y=0H) and
12f (X=Br, Y=0H) were the most cytotoxic compounds
and this was attributed to the presence of either of the Cl or
Br together with the OH groups through these compounds.
For the pyridine derivatives 14a-d, compounds 14b and
14d revealed the most cytotoxic activities due to the pre-
sence of the NH, and OH in case of 14b and two OH groups
for 14d. However, the presence of CH; group together with
the OH group in case of 14c slightly decreased the
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Scheme 2 Synthesis of compounds 8a—f; 10a, b and 12a-h

cytotoxicity. The pyridine derivatives 15a-h and 16a-h
showed interesting inhibitions toward the three cancer cell
lines. Compounds 15b, 15¢, 15d, 15e, 15f, and 15h showed
high reactivity and the same also for the compounds 16b,
16c¢, 16d, 16e, 16f, and 16h. The high inhibitions of the last
twelve were attributed to the presence of the OH, NH,, and/
or halogen groups.

@ Springer

Evaluation of cytotoxicity of selected compounds
toward human noncancer cells

To obtain a preliminary indication of the cytotoxic potential
of these derivatives in normal human cells, thirteen of the
most active compounds (12d, 12e, 12f, 12h, 14b, 14d, 15d,
15e, 15f, 15h, 16d, 16f, and 16h) were evaluated in vitro
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Scheme 3 Synthesis of 14a—d; 15a-h and 16a-h

against peripheral blood lymphocytes from healthy donors
(Table 2). All compounds were practically devoid of sig-
nificant cytotoxic activity in quiescent lymphocytes, with
Glso’s of 42-68 uM, while with the mitogenic stimulus phy-
tohaemagglutinin, the Glsy’s were reduced to about
20-31 uM. These values, even under proliferation conditions,
were >100 times than those found in the two cancer cell lines
human colon carcinoma HCT116 and the human hepatocel-
lular carcinoma MGS 803 shown in Table 1. These results

indicate that these compounds have little effect in rapidly
proliferating normal cells and even less in quiescent cells.

Conclusions

In summary, in order to develop potent antitumor agents,
we have designed and synthesized a series of novel
hydrazide-hydrazone derivatives containing SH-chromen-
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Table 1 In vitro antiproliferative activity of the newly synthesized product

Compound X Y R 1Cso" (uM)
HCT116° MGS 803° Huh7°

3a - NH, - 18.25£2.64 12.42£3.19 10.22 £2.09
3b OH - 6.36+1.58 8.31£2.74 5.08+1.32
5a - NH, - 14.36+3.84 10.16 £2.57 16.49 £2.63
5b - OH - 3.61+0.89 6.37+1.42 459+1.82
6a CN NH, - 12.38£2.29 18.51 £3.42 16.42£4.26
6b CN OH - 8.47+2.42 6.72+2.58 7.41+1.69
[ COOEt NH, - 6.58+3.83 8.49 +2.80 9.25+2.41
6d COOEt OH - 2.01+0.42 3.19%1.46 3.27+1.46
8a H NH, - 12.85+2.74 14.70 £3.52 11.39+2.41
8b H OH - 431£127 325141 3.16+1.48
8c cl NH, - 3.26+1.58 3.18+1.07 6.42+2.51
8d cl OH - 2.40+0.15 2.17+0.83 3.28+1.51
8e OCH; NH, - 16.32£4.62 17.31£3.27 1427 £3.62
8f OCH; OH - 8.16+2.53 6.75+2.38 6.39+1.56
10a - NH, - 16.53 £4.37 1526 £2.41 14.73 £4.62
10b - OH - 5.61+1.27 6.24+1.46 8.58 +2.31
12a H NH, - 8.25+2.47 6.38+1.53 9.51+3.58
12b H OH - 230+ 1.04 325+ 1.61 2.19+0.92
12¢ Cl NH, - 1.44+0.86 1.72£0.69 2.53+0.96
12d cl OH - 0.39+0.19 0.43+0.29 0.63+0.18
12e Br NH, - 1.28 +0.87 0.96 +0.52 0.69+0.29
12f Br OH - 0.28 +0.04 0.34+0.11 0.43 +0.08
12g OCH; NH, - 433+1.26 3.28+1.46 5.16+1.62
12h OCH; OH - 0.63+0.24 0.41+0.27 0.39+0.13
14a - NH, CH; 8.44+239 6.42+1.68 5.28+1.08
14b - NH, OH 1.62+0.93 0.57+0.31 0.39+0.21
14c - OH CH; 2.36+0.94 1.04 £0.69 1.26 £0.92
14d - OH OH 0.25+0.03 0.31+0.18 0.28 +0.04
15a H NH, - 6.73 + 1.04 5.80+2.42 8.09+2.53
15b H OH - 1.36+0.93 0.72+0.27 6.85+0.38
15¢ Cl NH, - 1.66 +0.82 0.79 £0.58 0.42+0.15
15d cl OH - 0.69 +0.42 0.33+0.19 0.41+0.25
15e Br NH, - 0.82+0.37 0.59+0.17 0.41+0.08
15¢ Br OH - 0.05 +0.008 0.17+0.09 0.14+0.03
15g OCH; NH, - 6.49 +2.38 5.81+1.07 7.33+2.80
15h OCH; OH - 1.37+0.93 0.82+0.19 0.55+0.21
16a H NH, - 8.48+2.30 7.93+2.46 8.05+2.71
16b H OH - 1.80+0.68 2.69+1.83 2.69+0.85
16¢ Cl NH, - 1.58 +0.94 1.69 +0.38 0.89£0.26
16d cl OH - 0.16 +0.07 0.28 +0.04 0.37+0.27
16e Br NH, - 0.69 +0.42 0.58 +0.31 5.73+0.36
16f Br OH - 0.09 +0.007 0.21+0.09 0.19 +0.04
16g OCH; NH, - 6.48 +1.83 529+1.76 8.69+2.72
16h OCH; OH - 1.28+0.83 0.69+0.31 0.83+0.29
5-FU - - - 11.29 £1.06 25.54+0.05 5.63+0.14

*ICs is the concentration of compound required to inhibit the cell growth by 50% compared with an untreated control. Each value represents the

mean + S.E. of these experiments

"HCT116 cells were the human colon carcinoma cells, MGC803 cells were the human gastric carcinoma and Huh7 cells were the human

hepatocellular carcinoma cell

5-one and evaluate their in vitro antitumor activities against
HCT116, MGC803, and Huh7 human tumor cell lines by
MTT assay. Some of the compounds inhibited the pro-
liferation better than positive control 5-Fluorouracil. In
particular, compound 14d showed the best inhibitory effect

@ Springer

against MGC803, HCT116, and Huh7 cells, with ICs, value
of 0.25+0.03, 0.31+0.18uM, 0.28 +0.04, respectively.
Therefore, the results laid a foundation for further improv-
ing the potency and the selectivity of such series of
compounds.
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Table 2 Cytotoxicity of the compounds 12d, 12e, 12f, 12h, 14b, 14d,
15d, 15e, 15f, 15h, 16d, 16f, and 16h for human peripheral blood
lymphocytes (PBL)

Compound X Y R Gls5g (uM)*

PBLcsting” PBLpyiA°
12d Cl OH - 68381247  28.59+6.26
12¢ Br NH, - 54381328 32.28+3.36
12f Br OH - 4439+8.52  22.68+291
12h OCH; OH - 5921 +14.69 26.83+3.63
14b - NH, OH 51.62+1528 31.03+4.33
14d - OH OH 42611272 2029x242
15b H OH - 62.53+13.63  26.72+3.70
15d Cl OH - 4259+8.82  28.95+528
15¢ Br NH, - 56.73+15.70  32.72+8.40
15f Br OH - 4738+12.70  28.06+4.93
15h OCH; OH - 52371455 26.26+5.84
16d Cl OH - 63.93+15.62 25.74+2.69
16f Br OH - 52.80+16.25 31.36+5.72
16h OCH; OH 4643+1228 30.76+3.52

Values are the mean + SEM from two separate experiments

#Compound  concentration reduce cell

inhibition by 50%
"PBL not stimulated with PHA
°PBL stimulated with PHA

required to growth

Materials and methods
Chemistry

The solvents used through this work were dried prior to
their use. All melting points of the synthesized compounds
were recorded on Buchi melting point apparatus D-545; IR
spectra (KBr discs) were recorded on Bruker Vector 22
instrument. '>°C NMR and '"H NMR spectra were recorded
on Bruker DPX200 instrument in DMSO-de with TMS as
internal standard. Chemical shifts are mentioned in & (ppm).
Mass spectra were measured using EIMS (Shimadzu) and
ESI-esquire 3000 Bruker Daltonics instrument. Elemental
analyses were carried out using the Microanalytical Data
center at Cairo University. The completion of all reactions
was monitored by TLC on 2.5 cm precoated silica gel 60
F254 plates of thickness 0.25 mm (Merck).

General procedure for the synthesis of the 5H-chromen-5-
one derivatives 3a,b

To a solution of cyclohexan-1,3-dione (1.12 g, 0.01 mol) in
absolute ethanol (40mL) containing triethylamine
(0.50 mL) either of malononitrile (0.66 g, 0.01 mol) or ethyl
cyanoacetate (1.07 g, 0.01 mol) was added. The reaction

mixture was heated under reflux for 3 h then poured onto
ice/water containing a few drops of hydrochloric acid and
the formed solid product was collected by filtration.

2,4-Diamino-6,7-dihydro-5H-chromen-5-one (3a) Orange crys-
tals from ethanol, yield (1.25g, 70%), m.p. 166-168 °C, IR
(KBr) v max em ™ 3477-3362 (2NH,), 3055 (CH, aromatic),
1686 (CO), 1632 (C=C); 'H NMR (DMSO-ds, 200 MHz): &
=7.87, 8.03 (25, 4H, D,O exchangeable, 2NH,), 5.15 (s, 1H,
H-8), 4.58 (s, 1H, H-3), 2.86, 2.23 (2t, 4H, 2CH,); *C NMR
(DMSO-dg, 75 MHz): 168.4 (C-5), 155.6, 148.2, 1384, 128.6
(C4, C4a, C-8, C-8a), 120.8, 105.6 (C-2, C-3), 34.8 (C-6),
19.6 (C-7). 3Anal. Calculated for CoH;oN,O,: C, 60.66; H,
5.66; N, 15.72. Found: C, 60.79; H, 5.74; N, 15.82. MS: m/e
178 M, 40%).

4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-one  (3b)
Orange crystals from 1,4-dioxan, yield (1.43 g, 80%), m.p.
133-135 °C, IR (KBr) v max cm™ ': 3546-3337 (OH, NH,),
3055 (CH, aromatic), 1688 (CO), 1630 (C=C); '"H NMR
(DMSO-dg, 200 MHz): 6 = 9.31 (s, 1H, D,O exchangeable,
OH), 7.87 (s, 2H, D,0O exchangeable, NH,), 5.17 (s, 1H, H-
8), 4.56 (s, 1H, H-3), 2.85, 2.24 (2t, 4H, 2CH,); '*C NMR
(DMSO-dg, 75 MHz): 168.8 (C-5), 155.8, 146.3, 136.9,
128.8 (C-4, C-4a, C-8, C-8a), 120.8, 105.6 (C-2, C-3), 34.6
(C-6), 19.8 (C-7). Anal. Calculated for CqHgNO;5: C, 60.33;
H, 5.06; N, 7.82. Found: C, 60.51; H, 5.31; N, 7.93.
MS: m/e 179 M™, 36%).

Synthesis of the hydrazide-hydrazone derivatives 5a,b

Equimolar amounts of either of compound 3a (1.78 g,
0.01 mol) or 3b (1.79g, 0.01 mol) and cyanoacetylhy-
drazine (1.00 g, 0.01 mol) in 1,4-dioxan (40 mL) was heated
under reflux for 3 h. The reaction mixture was left to cool to
room temperature and the formed solid product was col-
lected by filtration.

2-Cyano-N’-(2,4-diamino-6,7-dihydro-5H-chromen-5-yli-
dene)acetohydrazide (5a) Orange crystals from 1,4-
dioxan, yield (1.43 g, 80 %), m.p. 133—-135 °C, IR (KBr) v
max cm™: 3473-3380 (NH, NH,), 3055 (CH, aromatic),
2256 (CN), 1689 (CO), 1630 (C=C); '"H NMR (DMSO-dq,
200 MHz): 6 = 8.36 (s, 1H, D,0 exchangeable, NH), 8.11,
7.86 (25, 4H, D,0 exchangeable, 2NH,), 5.19 (s, 1H, H-8),
4.54 (s, 1H, H-3), 3.84 (s, 2H, CH,), 2.89, 2.27 (2t, 4H,
2CH,); *C NMR (DMSO-dg, 75 MHz): 172.8 (C-5), 166.3
(C=0), 155.3, 145.9, 135.8, 128.9 (C-4, C-4a, C-8, C-8a),
116.8 (CN), 120.8, 105.6 (C-2, C-3), 34.8 (C-6), 29.3
(CH,), 19.4 (C-7). Anal calculated for C,H5N50,: C,
55.59; H, 5.05; N, 27.01. Found: C, 55.38; H, 5.29; N,
26.83. MS: m/e 259 (M™, 48%).
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N’-(4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-2-
cyanoacetohydrazide (5b) Orange crystals from 1,4-dioxan,
yield (1.89 g, 73%), m.p 184-187 °C, IR (KBr) v max cm™":
3562-3358 (OH, NH, NH,), 3055 (CH, aromatic), 2255
(CN), 1688 (CO), 1630 (C=C); 'H NMR (DMSO-dq,
200 MHz): 6 =9.69 (s, 1H, D,O exchangeable, OH), 8.34 (s,
1H, D,O exchangeable, NH), 7.89 (s, 2H, D,0O exchangeable,
NH,), 5.14 (s, 1H, H-8), 4.58 (s, 1H, H-3), 3.83 (s, 2H, CH,),
2.29, 2.85 (2t, 4H, 2CH,); '*C NMR (DMSO-d¢, 75 MHz):
172.5 (C-5), 166.8 (C=0), 155.1, 145.5, 135.4, 128.7 (C-4,
C-4a, C-8, C-8a), 120.8, 105.6 (C-2, C-3), 116.7 (CN), 34.3
(C-6), 295 (CHp), 19.8 (C-7). Anal. calculated for
Co,HpN4O5: C, 55.38; H, 4.65; N, 21.53. Found: C, 55.46;
H, 4.70; N, 21.79. MS: m/e 260 M, 36%).

General procedure for the synthesis of the thiophene
derivatives 6a-d

To a solution of either of compound 5a (2.59 g, 0.01 mol) or
5b (2.60g, 0.01 mol) in 1,4-dioxan (40 mL) containing
triethylamine (1.0 mL), either of malononitrile (0.66 g,
0.01 mol) or ethyl cyanoacetate (1.07 g, 0.01 mol) and ele-
mental sulfur (0.32 g, 0.01 mol) were added. The reaction
mixture was heated under reflux for 3 h then poured onto
ice/water containing a few drops of hydrochloric acid and
the formed solid product was collected by filtration.

3,5-Diamino-4-cyano-N’-(2,4-diamino-6,7-dihydro-5H-chro-
men-5-ylidene)thiophene-2-carbohydrazide (6a) Orange
crystals from acetic acid, yield (2.03g, 55%), m.p.
211-214°C, IR (KBr) v max cm™': 3464-3358 (NH, NH,),
3055 (CH, aromatic), 2220 (CN), 1688 (CO), 1630 (C=C);
'"H NMR (DMSO-d6, 200 MHz): § =2.28, 2.86 (2t, 4H,
2CH,), 4.56 (s, 1H, H-3), 5.16 (s, 1H, H-8), 8.13, 7.87,
5.26, 5.04 (4s, 8H, D,0O exchangeable, 4NH,), 8.42 (s, 1H,
D,O0 exchangeable, NH); '*C NMR (DMSO-d6, 75 MHz):
172.8 (C-5), 167.6 (C=0), 138.3, 136.0, 135.6, 130.2
(thiophene C), 155.6, 145.3, 135.4, 128.7 (C-4, C-4a, C-8,
C-8a), 120.8, 105.6 (C-2, C-3), 116.8 (CN), 34.7 (C-6),
19.8 (C-7). Anal. calculated for C;5H;5N;0,S: C, 50.41; H,
4.23; N, 27.43; S, 8.97. Found: C, 59.28; H, 4.39; N, 27.52;
S, 9.16. MS: m/e 357 M™, 32%).

3,5-Diamino-N’-(4-amino-2-hydroxy-6,7-dihydro-5H-chro-

men-5-ylidene)-4-cyanothiophene-2-carbohydrazide (6b)

Orange crystals from acetic acid, yield (2.43 g, 68%), m.p.
177-180 °C, IR (KBr) v max cm™ ! 3573-3321 (OH, NH,
NH,), 3055 (CH, aromatic), 2221 (CN), 1689 (CO), 1632
(C=C); 'H NMR (DMSO-d6, 200 MHz): § =9.78 (s, 1H,
OH), 8.48 (s, 1H, D,0O exchangeable, NH), 8.14, 7.85, 5.28
(3s, 6H, D,O exchangeable, 3NH,), 5.19 (s, IH, H-8), 4.58
(s, 1H, H-3), 2.88, 2.25 (2t, 4H, 2CH,); '*C NMR (DMSO-
d6, 75MHz): 172.6 (C-5), 167.9 (C=0), 138.6, 136.0,

@ Springer

135.2, 130.4 (thiophene C), 155.6, 145.3, 135.6, 128.3, (C-
4, C-4a, C-8, C-8a), 120.5, 105.5 (C-2, C-3), 116.9 (CN),
34.9 (C-6), 19.8 (C-7). Anal. calculated for C;sH;4NgO5S:
C, 50.27; H, 3.94; N, 23.45; S, 8.95. Found: C, 50.42; H,
4.28; N, 23.68; S, 8.62. MS: m/e 358 (M™, 40%).

Ethyl 2,4-diamino-5-(2-(2,4-diamino-6,7-dihydro-5H-chro-
men-5-ylidene)hydrazinecarbonyl)thiophene-3-carboxylate
(6c) Pale yellow crystals from acetic acid, yield (2.98 g,
74%), m.p. 144-147 °C, IR (KBr) v max cm ' 3569-3353
(NH, NH,), 3055 (CH, aromatic), 1689 (CO), 1632 (C=C);
'H NMR (DMSO-d6, 200 MHz): § =843 (s, 1H, D,O
exchangeable, NH), 8.16, 7.85, 5.36, 5.27 (4s, 8H, D,O
exchangeable, 4NH,), 5.01 (s, 1H, H-8), 4.59 (s, 1H, H-3),
4.22 (q, 2H, J = 6.89 Hz, CH,), 2.23, 2.84 (2t, 4H, 2CH,),
1.12 (t, 3H, J=6.89Hz, CH3); *C NMR (DMSO-d6,
75 MHz): 172.8 (C-5), 167.7, 164.2 (2C=0), 138.5, 136.2,
135.5, 130.6 (thiophene C), 155.9, 145.8, 135.2, 128.4 (C-
4, C-4a, C-8, C-8a), 120.6, 105.53 (C-2, C-3), 52.6
(OCH,CH3), 34.7 (C-6), 19.8 (C-7), 16.8 (OCH,CHy).
Anal. calculated for C17Hy)NgO4S: C, 50.48; H, 4.98; N,
20.78; S, 7.93. Found: C, 50.68; H, 4.72; N, 20.58; S, 8.26.
MS: m/e 404 (M™, 36%).

Ethyl 2,4-diamino-5-(2-(4-amino-2-hydroxy-6,7-dihydro-5H-
chromen-5-ylidene)hydrazinecarbonyl)thiophene-3-carboxy-
late (6d) Pale yellow crystals from acetic acid, yield (2.98 g,
74%), m.p. 144-147 °C, IR (KBr) v max cm ™ ': 3569-3353
(NH, NH,), 3055 (CH, aromatic), 1689 (CO), 1632 (C=C);
'H NMR (DMSO-d6, 200 MHz): §=9.29 (s, 1H, D,0O
exchangeable OH), 8.46 (s, 1H, D,O exchangeable, NH),
8.13, 5.33, 5.29 (3s, 6H, D,0 exchangeable, 3NH,), 5.04 (s,
1H, H-8), 4.57 (s, 1H, H-3), 4.24 (q, 2H, J =7.29 Hz, CH,),
2.88, 2.26 (2t, 4H, 2CH,), 1.13 (t, 3H, J=7.29 Hz, CH3);
3C NMR (DMSO0-d6, 75 MHz): 172.8 (C-5), 167.7, 164.2
(2C=0), 138.5, 136.2, 135.5, 130.6 (thiophene C), 155.8,
145.5, 135.5, 128.3, (C-4, C-4a, C-8, C-8a), 120.8, 105.7 (C-
2, C-3), 52.4 (OCH,CHy3), 34.5 (C-6), 16.6 (OCH,CH3), 19.7
(C-7). Anal. calculated for C;7H9NsOsS: C, 50.36; H, 4.72;
N, 17.27; S, 791. Found: C, 50.44; H, 4.58; N, 17.41; S,
8.23. MS: m/e 405 (M™, 42%).

General procedure for the synthesis of the arylhydraone
derivatives 8a-f

To a solution of either of compound 5a (2.59 g, 0.01 mol) or
5b (2.60 g, 0.01 mol) in ethanol (50 mL) containing sodium
acetate (3.5 g), any of the diazonium salts, namely benze-
nediazonium chloride (0.01 mol), 4-chlorodiazonium
chloride (0.01 mol), or 4-methoxydiazonium chloride
(0.01 mol) [prepared via the addition of sodium nitrite
solution (0.69 g, 0.01 mol) in water (10mL) to a cold
solution (0-5°C) of the appropriate aromatic amine
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dissolved in concentrated hydrochloric acid (10mL,
18 mol) with continuous stirring], was added with con-
tinuous stirring. The whole reaction, in each case, was
stirred at room temperature for 2h and the formed solid
product was collected by filtration.

2-(2-(2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)hydra-
zinyl)-2-oxo-N’-phenylacetohydrazonoyl cyanide (8a)
Orange crystals from 1,4-dioxan, yield (2.79 g, 77%), m.p.
241-245°C, IR (KBr) v max cm ™ ': 3483-3340 (NH, NH,),
3055 (CH, aromatic), 2220 (CN), 1688 (CO), 1630 (C=C);
'H NMR (DMSO-d6, 200 MHz): § =8.38, 8.24 (2s, 2H,
D,O exchangeable, 2NH), 8.13, 7.86 (2s, 4H, D,O
exchangeable, 2NH,), 7.38-6.26 (m, SH, C¢H5), 5.18 (s, 1H,
H-8), 4.54 (s, 1H, H-3), 2.28, 2.86 (2t, 4H, 2CH,); °C NMR
(DMSO-d6, 75MHz): 178.2, 172.3 (C=N, C-5), 166.7
(C=0), 155.5, 145.9, 135.5, 128.3 (C-4, C-4a, C-8, C-8a),
124.4, 121.8, 120.5, 119.4 (C¢Hs), 116.8 (CN), 120.7, 105.5
(C-2, C-3), 349 (C-6), 19.6 (C-7). Anal. calculated for
CgH7N;0,: C, 59.50; H, 4.75; N, 26.98. Found: C, 59.42;
H, 4.83; N, 26.71. MS: m/e 363 (M*, 28%).

2-(2-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)

hydrazinyl)-2-oxo-N'-phenylacetohydrazonoyl cyanide (8b)

Orange crystals from 1,4-dioxan, yield (2.80 g, 77%), m.p.
188-190 °C, IR (KBr) v max cm™': 3469-3352 (NH, NH,),
3055 (CH, aromatic), 2220 (CN), 1689 (CO), 1630 (C=C);
'H NMR (DMSO-d6, 200 MHz): §=9.59 (s, 1H, D,0
exchangeable, OH), 8.30, 8.22 (2s, 2H, D,0 exchangeable,
2NH), 7.83 (s, 2H, D,0 exchangeable, NH,), 7.40-6.23 (m,
5H, C¢Hs), 4.56 (s, 1H, H-3), 5.16 (s, 1H, H-8), 2.83, 2.25 (2t,
4H, 2CH,); *C NMR (DMSO-d6, 75 MHz): 178.1, 172.6
(C=N, C-5), 166.4 (C=0), 155.2, 145.9, 135.6, 128.1 (C-4,
C-4a, C-8, C-8a), 128.2, 125.8, 122.1, 120.8 (C¢Hy4), 116.8
(CN), 120.7, 105.8 (C-2, C-3), 34.9 (C-6), 19.4 (C-7). Anal.
calculated for CigH;¢NgOs: C, 59.34; H, 4.43; N, 23.07.
Found: C, 59.51; H, 4.58; N, 22.83. MS: m/e 364 (M ™, 52%).

N’-(4-chlorophenyl)-2-(2-(2,4-diamino-6,7-dihydro-5H-chro-

men-5-ylidene)hydrazinyl)-2-oxoacetohydrazonoyl cyanide
(8c) Orange crystals from 1,4-dioxan, yield (2.62 g, 66%),
m.p. 177-180 °C, IR (KBr) v max cm ': 3474-3358 (NH,
NH,), 3055 (CH, aromatic), 2221 (CN), 1688 (CO), 1630
(C=C); 'H NMR (DMSO-d6, 200 MHz): &= 8.38, 8.22
(2 s, 2H, D,0 exchangeable, 2NH), 8.15, 7.83 (2s, 4H, D,0
exchangeable, 2NH,), 7.49-6.24 (m, 4H, C¢Hy), 5.15 (s, 1H,
H-8), 4.53 (s, 1H, H-3), 2.27, 2.88 (2t, 4H, 2CH,); *C NMR
(DMSO-d6, 75MHz): 178.6, 172.2 (C=N, C-5), 166.8
(C=0), 155.5, 145.6, 135.8, 128.2 (C-4, C-4a, C-8, C-8a),
127.8, 124.6, 120.7, 119.7 (C¢Hy), 116.6 (CN), 120.6, 105.5
(C-2, C-3), 343 (C-6), 19.8 (C-7). Anal. calculated for

C1sH1sCIN;O,: C, 54.34; H, 4.05; N, 24.65. Found: C,
54.42; H, 4.29; N, 24.55. MS: m/e 397 (M*, 30%).

2-(2-(4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)
hydrazinyl)-N'-(4-chlorophenyl)-2-oxoacetohydrazonoyl cya-
nide (8d) Orange crystals from 1,4-dioxan, yield (2.80 g,
60%), m.p. 220-223 °C, IR (KBr) v max em': 3580-3339
(OH, NH, NH,), 3055 (CH, aromatic), 2220 (CN), 1688
(CO), 1630 (C=C); 'H NMR (DMSO-d6, 200 MHz): 6 =
9.62 (s, 1H, D,O exchangeable, OH), 8.23, 8.32 (2s, 2H, D,O
exchangeable, 2NH), 7.86 (s, 2H, D,O exchangeable, NH,),
7.48-6.21 (m, 4H, C¢H,), 5.18 (s, 1H, H-8), 4.54 (s, 1H, H-
3), 2.85, 223 (2t, 4H, 2CH,); *C NMR (DMSO-d6,
75 MHz): 178.4, 172.3 (C=N, C-5), 166.6 (C=0), 155.1,
145.7, 135.8, 128.3 (C-4, C-4a, C-8, C-8a), 128.2, 123.6,
121.6, 120.4 (C¢Hy), 116.9 (CN), 120.7, 105.8 (C-2, C-3),
34.5 (C-6), 19.6 (C-7). Anal. calculated for C;gH;5CIN¢O5: C,
54.21; H, 3.79; N, 21.07. Found: C, 54.33; H, 4.08; N, 21.24.
MS: m/e 398 (M", 30%).

2-(2-(2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)
hydrazinyl)-N’-(4-methoxyphenyl)-2-oxoacetohydrazonoyl
cyanide (8e) Pale brown crystals from 1,4-dioxan, yield
2.79 g, 7T1%), m.p. 266-268 °C, IR (KBr) v max cm
3459-3328 (NH, NH,), 3054 (CH, aromatic), 2220 (CN),
1688 (CO), 1630 (C=C); '"H NMR (DMSO-d6, 200 MHz):
0=28.34, 8.25 (2s, 2H, D,0O exchangeable, 2NH), 8.19,
7.88 (2s, 4H, D,0 exchangeable, 2NH,), 7.46-6.26 (m, 4H,
CgHy), 5.12 (s, 1H, H-8), 4.55 (s, 1H, H-3), 3.68 (s, 3H,
OCHj,), 2.86, 2.24 (2t, 4H, 2CH,); '*C NMR (DMSO-d6,
75 MHz): 178.9, 172.4 (C=N, C-5), 166.6 (C=0), 155.3,
145.1, 135.3, 128.5 (C-4, C-4a, C-8, C-8a), 126.3, 123.9,
120.8, 119.3 (C¢Hy), 116.9 (CN), 120.5, 105.6 (C-2, C-3),
50.4 (OCH3), 34.6 (C-6), 19.6 (C-7). Anal. calculated for
C19HgN;O5: C, 58.01; H, 4.87; N, 24.92. Found: C, 57.82;
H, 4.92; N, 24.73. MS: m/e 393 (M*, 46%).

2-(2-(4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-yli-
dene)hydrazinyl)-N’-(4-methoxy-phenyl)-2-oxoacetohydra-
zonoyl cyanide (8f) Orange crystals from 1,4-dioxan, yield
(2.67 g, 68%), m.p. 255-258 °C, IR (KBr) v max cem ™k
3562-3384 (OH, NH, NH,), 3055 (CH, aromatic), 2220
(CN), 1688 (CO), 1630 (C=C); '"H NMR (DMSO-d6,
200 MHz): 6 =9.68 (s, 1H, D,0 exchangeable, OH), 8.36,
8.25 (25, 2H, D,O exchangeable, 2NH), 7.88 (s, 2H, D,0
exchangeable, NH,), 7.46-6.28 (m, 4H, C¢H,), 5.18 (s, 1H,
H-8), 4.56 (s, 1H, H-3), 3.70 (s, 3H, OCH3), 2.86, 2.21 (2t,
4H, 2CH,); *C NMR (DMSO-d6, 75 MHz): 178.2, 172.1
(C=N, C-5), 166.8 (C=0), 155.7, 145.7, 135.6, 128.1 (C-4,
C-4a, C-8, C-8a), 128.1, 123.8, 121.8, 120.6 (C¢Hy), 116.6
(CN), 120.9, 105.7 (C-2, C-3), 50.8 (OCHjy), 34.7 (C-6),
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19.8 (C-7). Anal. calculated for C19H;gN¢Oy4: C, 57.86; H,
4.60; N, 21.31. Found: C, 54.52; H, 4.43; N, 21.41. MS: m/
e 394 (M™, 24%).

General procedure for the synthesis of the coumarin
derivatives 10a,b

To a solution of either of compound 5a (2.59 g, 0.01 mol) or
5b (2.60g, 0.01 mol) in 1,4-dioxan (40 mL) containing
piperdine (0.50 mL) salicylaldehyde (1.22 g, 0.01 mol) was
added. The reaction mixture was heated under reflux for 1 h
then was left to cool and the solid product formed was
collected by filtration.

N’-(2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)-2-oxo-
2H-chromene-3-carbohydr-azideide (10a) Orange crystals
from 1,4-dioxan, yield (2.54 g, 70%), m.p. 183-186 °C, IR
(KBr) v max cm ': 3473-3358 (NH, NH,), 3054 (CH,
aromatic), 1688, 1686 (2C0), 1630 (C=C); 'H NMR
(DMSO-d6, 200 MHz): 6 = 8.26 (s, 1H, D,O exchangeable,
NH), 8.49, 7.82 (2s, 4H, D,O exchangeable, 2NH,),
7.48-6.22 (m, 4H, C¢Hy), 6.02 (s, 1H, coumarin H-4), 5.14
(s, 1H, H-8), 4.53 (s, 1H, H-3), 2.88, 2.22 (2t, 4H, 2CH,),
13C NMR (DMSO-d6, 75 MHz): 172.8 (C-5), 166.9, 164.3
(2C=0), 155.3, 145.1, 135.3, 128.5 (C-4, C-4a, C-8, C-8a),
128.9, 125.5, 123.8, 122.6 (C¢Hy), 98.3 (coumarin C-4),
120.9, 105.5 (C-2, C-3), 34.2 (C-6), 19.6 (C-7). Anal. cal-
culated for C;gHsN4O4: C, 61.36; H, 4.58; N, 15.90. Found:
C, 61.44; H, 4.67; N, 15.63. MS: m/e 352 (M™, 34%).

N’-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-
2-oxo0-2H-chromene-3-carbohydrazide (10b) Orange crys-
tals from 1,4-dioxan, yield (2.84 g, 78%), m.p. 222-225°
C., IR (KBr) v max cm™ ' 3584-3337 (OH, NH, NH,), 3054
(CH, aromatic), 1688 (CO), 1630 (C=C); 'H NMR
(DMSO-dg, 200 MHz): 6 =9.45 (s, 1H, D,O exchangeable
OH), 8.26 (s, 1H, D,O exchangeable, NH), 7.84 (s, 2H,
D,0 exchangeable, NH,), 7.48-6.22 (m, 4H, C¢Hy), 6.04 (s,
1H, coumarin H-4), 5.15 (s, 1H, H-8), 4.50 (s, 1H, H-3),
2.86, 2.24 (2t, 4H, 2CH,); '3C NMR (DMSO-ds, 75 MHz):
172.5 (C-5), 166.7, 164.3 (2C=0), 1554, 145.6, 134.1,
128.6 (C-4, C-4a, C-8, C-8a), 128.7, 125.5, 124.2, 122.8
(CgHy), 98.1 (coumarin C-4), 120.7, 105.6 (C-2, C-3), 34.3
(C-6), 19.8 (C-7). Anal. calculated for C;gH;sN3Os: C,
61.19; H, 4.28; N, 11.89. Found: C, 61.36; H, 4.29; N,
11.73. MS: m/e 353 (M, 48%).

General procedure for the synthesis of the cinnamonitrile
derivatives 12a-h

To a solution of either of compound 5a (2.59 g, 0.01 mol) or

5b (2.60g, 0.0l mol) in 1,4-dioxan (40 mL) containing
piperdine (0.50mL) any of benzaldehyde (1.06g,
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0.01 mol), 4-chlorobenzaldehyde (1.40g, 0.01 mol), 4-
bromobenzaldehyde (1.84 g, 0.01 mol) or 4-
methoxybenzaldehyde (1.36 g, 0.01 mol) was added. The
reaction mixture was heated under reflux for 1h then was
left to cool and the formed solid product was collected by
filtration.

2-Cyano-N’-(2,4-diamino-6,7-dihydro-5H-chromen-5-yli-
dene)-3-phenylacrylohydrazide (12a) Orange crystals from
1,4-dioxan, yield (2.35 g, 68%), m.p. 190-192 °C, IR (KBr)
v max cm”': 3468-3353 (NH, NH,), 3054 (CH, aromatic),
2220 (CN), 1688 (CO), 1630 (C=C); '"H NMR (DMSO-d,
200 MHz): 6 =8.23 (s, 1H, D,0O exchangeable, NH), 7.83,
8.16 (2s, 4H, D,0 exchangeable, 2NH,), 7.38-6.26 (m, SH,
CgHs), 6.18 (s, 1IH. CH=C), 5.17 (s, 1H, H-8), 4.52 (s, 1H,
H-3), 2.83, 2.25 (2t, 4H, 2CH,); *C NMR (DMSO-d6,
75 MHz): 172.6 (C-5), 166.3 (C=0), 155.5, 145.9, 135.5,
128.3, (C-4, C-4a, C-8, C-8a), 126.5, 121.4, 120.1, 119.8
(CeHs), 120.9, 105.5 (C-2, C-3), 116.8 (CN), 102.3, 94.2
(CH=C), 34.8 (C-6), 19.3 (C-7). Anal. calculated for
CoH7N50,: C, 65.69; H, 4.93; N, 20.16. Found: C, 65.42;
H, 4.53; N, 20.28. MS: m/e 347 (M", 58%).

N’-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-
2-cyano-3-phenylacrylo-hydrazide (12b) Orange -crystals
from 1,4-dioxan, yield (2.35 g, 75%), m.p. 190-192 °C, IR
(KBr) v max cm™': 3568-3353 (NH, NH,), 3054 (CH,
aromatic), 2220 (CN), 1688 (CO), 1630 (C=C); 'H NMR
(DMSO-dg, 200 MHz): 6 = 9.49 (s, 1H, D,0 exchangeable,
OH), 8.26 (s, 1H, D,O exchangeable, NH), 7.86 (s, 2H,
D,0 exchangeable, NH,), 7.39-6.25 (m, SH, C¢Hs), 6.17 (s,
1H, CH=C), 5.13 (s, 1H, H-8), 4.57 (s, 1H, H-3), 2.86, 2.22
(2t, 4H, 2CH,); '*C NMR (DMSO-d¢, 75 MHz): 172.4 (C-
5), 166.8 (C=0), 155.6, 145.3, 135.8, 128.6 (C-4, C-4a, C-
8, C-8a), 126.9, 123.2, 120.8, 119.4 (CcHs), 116.9 (CN),
120.7, 105.6 (C-2, C-3), 102.6, 94.0 (CH=C), 34.6 (C-6),
19.5 (C-7). Anal. calculated for C19H;(N4O5: C, 65.51; H,
4.63; N, 16.08. Found: C,65.42; H, 4.78; N, 15.85. MS: m/e
348 (M, 28%).

3-(4-chlorophenyl)-2-cyano-N'-(2,4-diamino-6,7-dihydro-5H-
chromen-5-ylidene)acrylohydrazide (12c) Orange crystals
from 1,4-dioxan, yield (2.05 g, 54%), m.p. 158-161 °C, IR
(KBr) v max cm': 3475-3342 (NH, NH,), 3058 (CH,
aromatic), 2220 (CN), 1689 (CO), 1630 (C=C); 'H NMR
(DMSO-dg, 200 MHz): 6 = 8.26 (s, 1H, D,O exchangeable,
NH), 8.18, 7.80 (2s, 4H, D,O exchangeable, 2NH,),
7.38-6.26 (m, 4H, C¢Hy), 6.18 (s, 1H. CH=C), 5.17 (s, 1H,
H-8), 4.52 (s, 1H, H-3), 2.83, 2.25 (2t, 4H, 2CH,); *C NMR
(DMSO-dg, 75 MHz): 1724 (C-5), 166.8 (C=0), 155.9,
145.2, 135.3, 128.6 (C-4, C-4a, C-8, C-8a), 125.8, 124.1,
120.6, 119.5 (C¢Hy), 120.7, 105.5 (C-2, C-3), 116.6 (CN),
102.6, 94.2 (CH=C), 34.8 (C-8), 19.6 (C-7). Anal.
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calculated for C;9H;¢CINsO,: C, 59.77; H, 4.22; N, 18.34.
Found: C,59.63; H, 4.09; N, 18.68. MS: m/e 381
M, 42%).

N’-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-
3-(4-chlorophenyl)-2-cyanoacrylohydrazide (12d) Yellow
crystals from 1,4-dioxan, yield (2.01g, 75%), m.p.
212-215°C, IR (KBr) v max cm™': 3528-3342 (OH, NH,
NH,), 3055 (CH, aromatic), 2220 (CN), 1688 (CO), 1630
(C=C); '"H NMR (DMSO-ds, 200 MHz): 6 =9.46 (s, 1H,
D,0 exchangeable, OH), 8.23 (s, 1H, D,O exchangeable,
NH), 7.83 (s, 2H, D,0O exchangeable, NH,), 7.49-6.22 (m,
4H, C¢Hy), 6.19 (s, 1H. CH=C), 5.12 (s, 1H, H-8), 4.55 (s,
1H, H-3), 2.88, 2.20 (2t, 4H, 2CH,); '*C NMR (DMSO-d,,
75 MHz): 172.8 (C-5), 166.6 (C=0), 155.9, 143.8, 134.5,
128.4 (C-4, C-4a, C-8, C-8a), 126.3, 124.1, 123.6, 121.8
(CgHy), 120.7, 105.6 (C-2, C-3), 116.7 (CN), 102.4, 94.2
(CH=C), 34.3 (C-6), 19.8 (C-7).Anal. calculated for
C9H;5CIN,4O5: C, 59.61; H, 3.95; N, 14.64. Found: C,
59.48; H, 4.15; N, 14.80. MS: m/e 382 (M, 20%).

N’-3-(4-bromophenyl)-2-cyano-N'~(2,4-diamino-6,7-dihydro-
5H-chromen-5-ylidene)acrylohydrazide (12e) Orange crys-
tals from 1,4-dioxan, yield (2.89 g, 68%), m.p. 199-203 °C,
IR (KBr) v max cm™: 3487-3352 (NH, NH,), 3054 (CH,
aromatic), 2220 (CN), 1688 (CO), 1630 (C=C); 'H NMR
(DMSO-dg, 200 MHz): 6 = 8.26 (s, 1H, D,O exchangeable,
NH), 8.18, 7.80 (2s, 4H, D,O exchangeable, 2NH,),
7.47-6.26 (m, 4H, C¢Hy), 6.17 (s, 1H. CH=C), 5.13 (s, 1H,
H-8), 4.54 (s, 1H, H-3), 2.89, 2.25 (2t, 4H, 2CH,), *C NMR
(DMSO-dg, 75 MHz): 172.3 (C-5), 166.4 (C=0), 155.6,
143.2, 134.5, 128.1 (C-4, C-4a, C-8, C-8a), 127.6, 123.3,
122.7, 120.6 (CgHy), 120.9, 105.5 (C-2, C-3), 116.6 (CN),
102.6, 94.3 (CH=C), 34.1 (C-8), 19.8 (C-7). Anal. calcu-
lated for C19H;¢BrNsO,: C, 53.54; H, 3.78; N, 16.43. Found:
C, 53.28; H, 4.04; N, 16.80. MS: m/e 426 (M™, 30%).

N’-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-
3-(4-bromophenyl)-2-cyanoacrylohydrazide (12f) Yellow
crystals from 1,4-dioxan, yield (2.98g, 75%), m.p.
249-253°C., IR (KBr) o max cm™': 3548-3362 (OH, NH,
NH,), 3055 (CH, aromatic), 2220 (CN), 1688 (CO), 1630
(C=C); 'H NMR (DMSO-ds, 200 MHz): §=9.49 (s, 1H,
D,0 exchangeable, OH), 8.26 (s, 1H, D,O exchangeable,
NH), 7.85 (s, 2H, D,0 exchangeable, NH,), 7.52-6.21 (m,
4H, CgHy), 6.16 (s, IH. CH=C), 5.10 (s, 1H, H-8), 4.57 (s,
1H, H-3), 2.85, 2.23 (2t, 4H, 2CH,); '*C NMR (DMSO-d6,
75 MHz): 172.5 (C-5), 166.2 (C=0), 155.3, 143.2, 134.7,
128.2 (C-4, C-4a, C-8, C-8a), 127.7, 125.3, 122.8, 121.3
(C¢Hy), 116.5 (CN), 120.8, 105.5 (C-2, C-3), 102.6, 94.2
(CH=C), 34.1 (C-6), 19.5 (C-7). Anal. calculated for
CioH;5BrN4Os: C, 53.41; H, 3.54; N, 13.11. Found: C,
53.29; H, 3.68; N, 12.94. MS: m/e 427 (M™, 32%).

N’-2-cyano-N’-(2,4-diamino-6,7-dihydro-5H-chromen-5-yli-
dene)-3-(4-methoxyphenyl)acrylohydrazide (12g) Yellow-
ish brown crystals from 1,4-dioxan, yield (2.78 g, 74%), m.
p. 155-157°C, IR (KBr) v max cm~ ! 3457-3383 (NH,
NH,), 3054 (CH, aromatic), 2220 (CN), 1688 (CO), 1630
(C=C); 'H NMR (DMSO-dq, 200 MHz): §=8.27 (s, 1H,
D,O exchangeable, NH), 8.15, 7.82 (2s, 4H, D,O
exchangeable, 2NH,), 7.49-6.23 (m, 4H, C¢Hy), 6.14 (s, 1H.
CH=C), 5.16 (s, 1H, H-8), 4.53 (s, 1H, H-3), 3.68 (s, 3H,
OCH,;), 2.89, 2.22 (2t, 4H, 2CH,), '*C NMR (DMSO-ds,
75MHz): 172.2 (C-5), 166.1 (C=0), 153.4, 142.8, 134.5,
128.3 (C-4, C-4a, C-8, C-8a), 124.6, 123.4, 122.8, 120.6
(Ce¢Hy), 116.3 (CN), 120.7, 105.5 (C-2, C-3), 102.4, 94.1
(CH=C), 52.8 (OCH3;), 34.5 (C-8), 19.3 (C-7). Anal. cal-
culated for C,gH;9Ns0O,: C, 63.65; H, 5.07; N, 18.56. Found:
C, 63.80; H, 4.92; N, 18.73. MS: m/e 377 M™, 21%).

N’-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-
2-cyano-3-(4-methoxyphenyl)-acrylohydrazide (12h) Yel-
lowish brown crystals from 1,4-dioxan, yield (2.78 g, 74%),
m.p. 155-157 °C, IR (KBr) v max cm™ ! 3457-3383 (NH,
NH,), 3054 (CH, aromatic), 2220 (CN), 1688 (CO), 1630
(C=C); 'H NMR (DMSO-dq, 200 MHz): 6§ =9.52 (s, 1H,
D,O exchangeable, OH), 8.27 (s, 1H, D,O exchangeable,
NH), 7.82 (s, 2H, D,0 exchangeable, NH,), 7.46-6.25 (m,
4H, C¢Hy), 6.13 (s, 1H. CH=C), 5.18 (s, 1H, H-8), 4.53 (s,
1H, H-3), 3.68 (s, 3H, OCHj), 2.89, 2.22 (2t, 4H,
2CH,);'*C NMR (DMSO-dg, 75 MHz): 172.6 (C-5), 166.5
(C=0), 153.6, 142.8, 134.5, 127.2 (C-4, C-4a, C-8, C-8a),
126.7, 123.4, 123.5, 120.6 (CgHy), 120.8, 105.5 (C-2, C-3),
116.3 (CN), 102.8, 94.3 (CH=C), 52.8 (OCH3), 34.5 (C-8),
19.3 (C-7). Anal. calculated for C,yH;gN4O4: C, 63.48; H,
4.79; N, 14.81. Found: C, 63.62; H, 4.58; N, 15.16. MS: m/
e 378 (M™, 42%).

General procedure for the synthesis of the pyridine
derivatives 14a-d

Equimolar amounts of either of compound Sa (2.59 g,
0.01 mol) or 5b (2.60 g, 0.01 mol) in 1,4-dioxan (40 mL)
containing piperdine (0.50 mL) and either of acetylacetone
(1.00 g, 0.01 mol) or ethyl acetoacetate (1.30 g, 0.01 mol)
were heated under reflux for 4 h. The solid product, in each
case, formed upon pouring onto ice water containing a few
drops of hydrochloric acid was collected by filtration.

1-((2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-

4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (14a)

Yellowish brown crystals from 1,4-dioxan, yield (2.58 g,
80%), m.p. 148-151 °C, IR (KBr) v max cm™': 3462-3380
(NH,), 3055 (CH, aromatic), 2220 (CN), 1689 (CO), 1630
(C=C); '"H NMR (DMSO-ds, 200 MHz): § = 8.17, 7.80 (2s,
4H, D,O exchangeable, 2NH,), 6.09 (s, 1H. Pyridine H-5),
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5.15 (s, 1H, H-8), 4.51 (s, 1H, H-3), 2.66, 2.42 (2s, 6H,
2CH;), 2.86, 2.24 (2t, 4H, 2CH,); '3C NMR (DMSO-dq,
75 MHz): 172.3 (C-5), 168.9 (C=0), 153.6, 142.8, 134.5,
133.4, 130.1, 129.5, 128.2, 127.2 (pyridine, C-4, C-4a, C-8,
C-8a), 120.7, 105.5 (C-2, C-3), 116.3 (CN), 94.3, 102.9
(CH=C), 34.5 (C-8), 21.2, 20.8 (2CHjy), 19.4 (C-7). Anal.
calculated for C;;H7;NsO,: C, 63.15; H, 5.30; N, 21.66.
Found: C, 63.27; H, 5.28; N, 21.84. MS: m/e 323 (M™, 36%).

1-((2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-
6-hydroxy-4-methyl-2-oxo-1,2-dihydropyridine-3-carboni-
trile (14b) Yellowish brown crystals from 1,4-dioxan, yield
(2.50 g, 77%), m.p. 113-116°C, IR (KBr) v max cm "
3530-3372 (OH, NH,), 3055 (CH, aromatic), 2220 (CN),
1689 (CO), 1630 (C=C); 'H NMR (DMSO-d,, 200 MHz):
0=10.26 (s, 1H, D,O exchangeable, OH), 8.19 7.82 (2s,
4H, D,0 exchangeable, 2NH,), 6.12 (s, 1H. Pyridine H-5),
5.13 (s, 1H, H-8), 4.48 (s, 1H, H-3), 2.85, 2.24 (2t, 4H,
2CH,), 2.42 (s, 3H, CH3); °C NMR (DMSO-ds, 75 MHz):
172.4 (C-5), 168.7 (C=0), 153.1, 142.4, 133.9, 132.8,
130.5, 129.3, 128.6, 126.1 (pyridine, C-4, C-4a, C-8, C-8a),
120.7, 105.8 (C-2, C-3), 116.8 (CN), 102.6, 94.1 (CH=C),
34.6 (C-8), 21.3 (CH3), 19.6 (C-7). Anal. calculated for
C17H¢N4O5: C, 59.07; H, 4.65; N, 21.53. Found: C, 59.25;
H, 4.38; N, 21.48. MS: m/e 325 M, 42%).

1-((4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)

amino)-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carboni-

trile (14c) Yellowish brown crystals from 1,4-dioxan, yield
(2.10g, 65%), m.p. 210-213°C, IR (KBr) v max cm ':
3541-3363 (OH, NH,), 3055 (CH, aromatic), 2220 (CN),
1689 (CO), 1630 (C=C); 'H NMR (DMSO-d,, 200 MHz):
0 =10.28 (s, 1H, D,0 exchangeable, OH), 7.86 (s, 2H, D,O
exchangeable, NH,), 6.12 (s, 1H. Pyridine H-5), 5.16 (s,
1H, H-8), 4.45 (s, 1H, H-3), 2.68, 2.46 (25, 6H, 2CHj),
2.86, 2.21 (2t, 4H, 2CH,); '>*C NMR (DMSO-dg, 75 MHz):
172.6 (C-5), 168.5 (C=0), 153.3, 142.8, 134.5, 132.4,
130.9, 128.9, 127.8, 126.5 (pyridine, C-4, C-4a, C-8, C-8a),
120.7, 105.5 (C-2, C-3), 116.9 (CN), 102.7, 94.4, (CH=C),
34.3 (C-8), 21.4, 20.7 (2CH3), 19.4 (C-7). Anal. calculated
for C;7H(N4O5: C, 62.95; H, 4.97; N, 17.27. Found: C,
63.13; H, 4.72; N, 17.52. MS: m/e 324 (M™, 26%).

1-((4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)
amino)-6-hydroxy-4-methyl-2-oxo-1,2-dihydropyridine-3-
carbonitrile (14d) Yellowish brown crystals from 1,4-
dioxan, yield (2.34 g, 72%), m.p. 177-180 °C, IR (KBr) v
max cm ' 3558-3342 (OH, NH,), 3055 (CH, aromatic),
2220 (CN), 1688 (CO), 1630 (C=C); '"H NMR (DMSO-d,
200 MHz): 6=10.27, 9.80 (2s, 2H, D,0 exchangeable,
20H), 7.89 (s, 2H, D,0 exchangeable, NH,), 6.10 (s, 1H.
Pyridine H-5), 5.12 (s, 1H, H-8), 4.48 (s, 1H, H-3), 2.48 (s,
3H, CHj), 2.88, 2.20 (2t, 4H, 2CH,), 1*C NMR (DMSO-dq,

@ Springer

75MHz): 172.4 (C-5), 168.8 (C=0), 154.9, 142.6, 1344,
131.8, 130.4, 128.8, 127.5, 126.2 (pyridine, C-4, C-4a, C-8,
C-8a), 120.7, 105.5 (C-2, C-3), 116.6 (CN), 102.9, 94.2
(CH=C), 34.8 (C-8), 21.5 (CHy), 19.6 (C-7). Anal. Calcu-
lated for C;¢H;4N4O4: C, 58.89; H, 4.32; N, 17.17. Found:
C, 58.72; H, 4.53; N, 17.36. MS: m/e 326 (M, 37%).

General procedure for the synthesis of the 2-aminopyridine
derivatives 15a-h

To a solution of any of compounds 12a (3.47 g, 0.01 mol),
12b (3.48 g, 0.01 mol), 12¢ (3.81 g, 0.01 mol), 12d (3.82 g,
0.01 mol), 12e (4.26 g, 0.01 mol), 12f (4.27 g, 0.01 mol),
12g (3.77 g, 0.0l mol) or 12h (3.78 g, 0.01 mol) in 1,4-
dioxan (40 mL) containing triethylamine (1.0 mL) mal-
ononitrile (0.66 g, 0.01 mol) was added. The reaction mix-
ture, in each case, was heated under reflux for 2 h then was
left to cool and the formed solid product, in each case was
collected by filtration.

1-((2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-
hydroxy-2-oxo-4-phenyl-1,2-dihydropyridine-3,5-dicarboni-
trile (15a) Yellowish brown crystals from 1,4-dioxan, yield
(2.79g, 68%), m.p. 233-236°C, IR (KBr) v max cm
3481-3352 (NH,), 3055 (CH, aromatic), 2223, 2220 (2CN),
1687 (CO), 1630 (C=C); 'H NMR (DMSO-dg, 200 MHz):
0 =28.31, 7.86 (25, 4H, D,O exchangeable, 2NH,), 7.38- 6.26
(m, 5SH, C¢Hs), 5.41 (2s, 4H, D,0 exchangeable, 2NH,), 5.14
(s, 1H, H-8), 4.43 (s, 1H, H-3), 2.82, 2.25 (2t, 4H, 2CH,); 1*C
NMR (DMSO-dg, 75MHz): 1724 (C-5), 168.8 (C=0),
153.7, 141.2, 134.3, 132.6 (C-4, C-4a, C-8, C-8a), 128.4,
125.0, 123.6, 120.4 (C¢Hs), 120.7, 105.5 (C-2, C-3), 116.9,
116.5 (2CN), 102.5, 94.4 (CH=C), 34.6 (C-8), 19.7 (C-7).
Anal. calculated for C»pH;7N-O,: C, 64.23; H, 4.16; N, 23.83.
Found: C, 63.52; H, 4.32; N, 24.03. MS: m/e 411
M, 38%).

6-Amino-1-((4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-
ylidene)amino)-2-oxo-4-phenyl-1,2-dihydropyridine-3,5-dicar-
bonitrile (15b) Pall brown crystals from 1,4-dioxan, yield
(3.17¢g, 77%), m.p. 195-198°C, IR (KBr) v max cm "
3456-3339 (NH,), 3055 (CH, aromatic), 2222, 2220 (2CN),
1689 (CO), 1630 (C=C); '"H NMR (DMSO-dq, 200 MHz):
0=9.27 (s, 1H, D,O exchangeable, OH), 7.84 (s, 2H, D,O
exchangeable, NH,), 7.39-6.24 (m, SH, C¢Hs), 5.45 (s, 2H,
D,0 exchangeable, NH,), 5.13 (s, 1H, H-8), 4.46 (s, 1H, H-
3), 2.86, 223 (2t, 4H, 2CH,), '3C NMR (DMSO-d,
75 MHz): 172.7 (C-5), 168.5 (C=0), 152.9, 140.5, 133.1,
132.8 (C-4, C-4a, C-8, C-8a), 127.3, 123.9, 122.8, 120.3
(C¢Hs), 120.7, 105.5 (C-2, C-3), 116.8, 116.7 (2CN), 94.3,
102.7 (CH=C), 34.8 (C-8), 19.5 (C-7). Anal. calculated for
CyH gNeO;: C, 64.07; H, 3.91; N, 20.38. Found: C, 63.83;
H, 4.18; N, 20.27. MS: m/e 412 M, 58%).
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6-Amino-4-(4-chlorophenyl)-1-((2,4-diamino-6,7-dihydro-5H-
chromen-5-ylidene)amino)-2-oxo-1,2-dihydropyridine-3,5-
dicarbonitrile (15¢) Yellow crystals from 1,4-dioxan, yield
(3.11 g, 70%), m.p. 168-170°C, IR (KBr) v max cm b
3458-3326 (NH,), 3055 (CH, aromatic), 2222, 2220 (2CN),
1688 (CO), 1630 (C=C); 'H NMR (DMSO-d,, 200 MHz):
0=28.35, 7.83 (2s, 4H, D,O exchangeable, 2NH,),
7.42-6.22 (m, 4H, C¢Hy), 5.44 (s, 2H, D,O exchangeable,
NH,), 5.17 (s, 1H, H-8), 4.42 (s, 1H, H-3), 2.86, 2.23 (2t,
4H, 2CH,), '*C NMR (DMSO-dq, 75 MHz): 172.2 (C-5),
168.7 (C=0), 153.9, 141.6, 133.2, 132.8 (C-4, C-4a, C-8,
C-8a), 130.8, 124.2, 123.3, 120.6 (C4Hy), 120.3, 105.8 (C-2,
C-3), 116.9, 116.6 (2CN), 102.8, 94.6 (CH=C), 34.3 (C-8),
19.4 (C-7). Anal. calculated for C»,H;cCIN,O,: C, 59.26; H,
3.62; N, 21.99. Found: C, 59.39; H, 3.80; N, 22.07. MS: m/e
445 (M™, 42%).

6-Amino-1-((4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-
ylidene)amino)-4-(4-chlorophenyl)-2-oxo-1,2-dihydropyri-
dine-3,5-dicarbonitrile (15d) Pall brown crystals from 1,4-
dioxan, yield (3.12 g, 70%), m.p. 211-213 °C, IR (KBr) v
max cm™': 3528-3341 (NH,), 3055 (CH, aromatic), 2223,
2220 (2CN), 1688 (CO), 1630 (C=C); '"H NMR (DMSO-
dg, 200 MHz): 6 =9.29 (s, 1H, D,0O exchangeable, OH),
7.86 7.46-6.22 (m, 4H, CgHy), 5.48 995.16 (s, 1H, H-8),
4.43 (s, 1H, H-3), 2.89, 2.21 (2t, 4H, 2CH,), '*C NMR
(DMSO-dg, 75 MHz): 172.3 (C-5), 168.8 (C=0), 152.4,
140.5, 133.6, 132.5 (C-4, C-4a, C-8, C-8a), 127.3, 124.7,
122.5, 120.4 (C¢Hs), 120.9, 105.6 (C-2, C-3), 116.9,
116.3 (2CN), 102.9, 94.2 (CH=C), 34.9 (C-8), 19.6 (C-7).
Anal. calculated for Cy,H;5sCINgO5: C, 59.13; H, 3.38; N,
18.81. Found: C, 59.06; H, 3.52; N, 19.03. MS: m/e 446
(M™, 32%).

6-Amino-4-(4-bromophenyl)-1-((2,4-diamino-6,7-dihydro-
5H-chromen-5-ylidene)amino)-2-oxo-1,2-dihydropyridine-
3,5-dicarbonitrile (15e) Yellow crystals from 1,4-dioxan,
yield (3.12 g, 64%), m.p. 188-191 °C, IR (KBr) v max em b
3479-3336 (NH,), 3055 (CH, aromatic), 2223, 2220
(2CN), 1688 (CO), 1630 (C=C); 'H NMR (DMSO-dq,
200 MHz): 6=28.38, 7.82 (25, 4H, D,O exchangeable,
2NH,), 6.20-7.46 (m, 4H, CgH,), 5.40 (s, 2H, D,O
exchangeable, NH,), 5.16 (s, 1H, H-8), 4.45 (s, 1H, H-3),
2.89, 2.21 (2t, 4H, 2CH,), *C NMR (DMSO-d,, 75 MHz):
172.6 (C-5), 168.9 (C=0), 153.2, 132.8, 141.4 134.5 (C-4,
C-4a, C-8, C-8a), 129.3, 125.1, 123.7, 122.3 (CgHy), 120.8,
105.5 (C-2, C-3), 116.8, 116.3 (2CN), 102.5, 94.3 (CH=C),
34.6 (C-8), 19.2 (C-7). Anal. calculated for C,,H;(BrN-O,:
C, 53.89; H, 3.29; N, 20.00. Found: C, 53.61; H, 3.46; N,
19.83. MS: m/e 490 (M™, 30%).

6-Amino-1-((4-amino-2-hydroxy-6,7-dihydro-5H-chromen-
5-ylidene)amino)-4-(4-bromophenyl)-2-oxo-1,2-dihydropyr-
idine-3,5-dicarbonitrile (15f) Pall brown crystals from 1,4-
dioxan, yield (2.84 g, 58%), m.p. 166—168 °C., IR (KBr) v
max cm ™" 3551-3374 (NH,), 3055 (CH, aromatic), 2223,
2220 (2CN), 1688 (CO), 1630 (C=C); 'H NMR (DMSO-
dg, 200 MHz): 6 =9.27 (s, 1H, D,O exchangeable, OH),
7.85 (s, 2H, D,O exchangeable, NH,), 7.48-6.21 (m, 4H,
CgHy), 5.42 (s, 2H, D,O exchangeable, NH,), 5.17 (s, 1H,
H-8), 4.46 (s, 1H, H-3), 2.85, 2.23 (2t, 4H, 2CH,); *C
NMR (DMSO-d4, 75 MHz): 172.1 (C-5), 168.6 (C=0),
152.3, 140.7, 133.4, 132.2 (C-4, C-4a, C-8, C-8a), 128.1,
125.2, 123.3, 120.8 (C¢Hs), 116.9, 116.5 (2CN), 102.7,
94.4 (CH=C), 120.6, 105.5 (C-2, C-3), 34.5 (C-8), 19.4 (C-
7). Anal. calculated for Cy,H sBrN¢O;: C, 53.78; H, 3.08;
N, 17.11. Found: C, 53.62; H, 3.24; N, 17.26. MS: m/e 491
M™, 27%).

6-Amino-1-((2,4-diamino-6,7-dihydro-5H-chromen-5-yli-
dene)amino)-4-(4-methoxyphenyl)-2-oxo-1,2-dihydropyri-
dine-3,5-dicarbonitrile (15g) Pale yellow crystals from
1,4-dioxan, yield (3.26 g, 74%), m.p. 160-163 °C, IR (KBr)
v max cm ' 3492-3375 (NH,), 3055 (CH, aromatic),
2222, 2220 (2CN), 1688 (CO), 1630 (C=C); 'H NMR
(DMSO-dg, 200 MHz): 6 = 8.38, 7.82, 5.40 (3 s, 6H, D,O
exchangeable, 3NH,), 7.49-6.22 (m, 4H, C¢Hy), 5.16 (s,
1H, H-8), 4.43 (s, 1H, H-3), 3.68 (s, 3H, OCHy), 2.86, 2.25
(2t, 4H, 2CH,), '*C NMR (DMSO-dg, 75 MHz): 172.2 (C-
5), 168.4 (C=0), 153.6, 142.0, 134.7, 132.2 (C-4, C-4a, C-
8, C-8a), 127.8, 125.6, 122.4, 120.6 (C¢Hy), 116.8, 116.5
(2CN), 102.7, 94.1 (CH=C), 120.9, 105.6 (C-2, C-3), 52.3
(OCH3), 34.3 (C-8), 19.2 (C-7). Anal. calculated for
Cy3H9N;0O,: C, 62.58; H, 4.34; N, 22.21. Found: C, 62.70;
H, 4.51; N, 22.49. MS: m/e 441 (M*, 30%).

6-Amino-1-((4-amino-2-hydroxy-6,7-dihydro-5H-chromen-

5-ylidene)amino)-4-(4-methoxyphenyl)-2-oxo-1,2-dihydro-

pyridine-3,5-dicarbonitrile (15h) Pall brown crystals from
1,4-dioxan, yield (3.53 g, 80%), m.p. 176-178 °C, IR (KBr)
v max cm” ' 3581-3348 (NH,), 3055 (CH, aromatic),
2222, 2220 (2CN), 1688 (CO), 1630 (C=C); 'H NMR
(DMSO-dg, 200 MHz): 6 =9.24 (s, 1H, D,0 exchangeable,
OH), 7.87, 545 (2s, 4H, D,0O exchangeable, 2NH,),
7.49-6.26 (m, 4H, C¢Hy), 5.16 (s, 1H, H-8), 4.43 (s, 1H, H-
3), 3.69 (s, 3H, OCH;), 2.88, 2.22 (2t, 4H, 2CH,); *C
NMR (DMSO-dg, 75 MHz): 172.6 (C-5), 168.4 (C=0),
152.6, 141.5, 133.7, 131.8 (C-4, C-4a, C-8, C-8a), 127.4,
124.8, 122.6, 120.3 (C4Hs), 116.8, 116.7 (2CN), 102.2,
94.6 (CH=C), 120.7, 105.5 (C-2, C-3), 52.3 (OCH3), 34.8
(C-8), 19.1 (C-7). Anal. calculated for C,y3H;gN¢O4: C,
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62.44; H, 4.10; N, 19.00. Found: C, 62.53; H, 3.82; N,
18.94. MS: m/e 442 (M, 60%).

General procedure for the synthesis of the 2-hydroxypyridine
derivatives 16a-h

To a solution of any of compounds 12a (3.47 g, 0.01 mol),
12b (3.48 g, 0.01 mol), 12¢ (3.81 g, 0.01 mol), 12d (3.82 g,
0.01 mol), 12e (4.26 g, 0.01 mol), 12f (4.27 g, 0.01 mol),
12g (3.77 g, 0.01 mol), or 12h (3.78 g, 0.01 mol) in 1,4-
dioxan (40 mL) containing triethylamine (1.0 mL) ethyl
cyanoacetate (1.07 g, 0.01 mol) was added. The reaction
mixture, in each case, was heated under reflux for 2 h then
was left to cool and the formed solid product, in each case
was collected by filtration.

1-((2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-
hydroxy-2-oxo-4-phenyl-1,2-dihydropyridine-3,5-dicarboni-

trile (16a) Yellowish brown crystals from 1,4-dioxan, yield
(3.00g, 73%), m.p. 158-161°C, IR (KBr) v max cm
3541-3338 (NH,), 3055 (CH, aromatic), 2222, 2220 (2CN),
1688 (CO), 1630 (C=C); '"H NMR (DMSO-dq, 200 MHz):
0 =10.28 (s, 1H, D,O exchangeable, OH), 7.80, 7.43 (2s, 4H,
D,0 exchangeable, 2NH,), 7.39-6.23 (m, SH, C¢Hs), 5.18 (s,
1H, H-8), 4.45 (s, 1H, H-3), 2.86, 2.23 (2t, 4H, 2CH,); *C
NMR (DMSO-d¢, 75MHz): 1722 (C-5), 168.6 (C=0),
153.3, 141.5, 134.1, 132.3 (C4, C-4a, C-8, C-8a), 126.7,
124.2, 122.3, 120.8 (CgHs), 116.8, 116.4 (2CN), 102.2, 94.6
(CH=C), 120.7, 105.5 (C-2, C-3), 34.9 (C-8), 19.3 (C-7).
Anal. calculated for Cy,H¢NgO5: C, 64.07; H, 3.91; N, 20.38.
Found: C, 63.82; H, 4.12; N, 20.58. MS: m/e 412 (M ™, 55%).

1-((4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)
amino)-6-hydroxy-2-oxo-4-phenyl-1,2-dihydropyridine-3,5-
dicarbonitrile (16b) Brown crystals from 1,4-dioxan, yield
(2.80 g, 68%), m.p. 144-147°C, IR (KBr) v max cm b
3531-3323 (NH,), 3055 (CH, aromatic), 2224, 2220 (2CN),
1688 (CO), 1630 (C=C); 'H NMR (DMSO-dg, 200 MHz):
6=10.25, 9.24 (2s, 2H, D,O exchangeable, 20H),
7.41-6.26 (m, SH, C¢Hs), 5.41 (s, 2H, D,O exchangeable,
NH,), 5.16 (s, 1H, H-8), 4.46 (s, 1H, H-3), 2.84, 2.21 (2t,
4H, 2CH,), '3C NMR (DMSO-dq, 75 MHz): 172.2 (C-5),
168.1 (C=0), 152.3, 139.8, 132.9, 132.3 (C-4, C-4a, C-8,
C-8a), 125.8, 122.9, 122.1, 120.6 (C¢Hs), 116.9, 116.5
(2CN), 102.4, 94.0 (CH=C), 120.5, 105.5 (C-2, C-3), 34.3
(C-8), 19.1 (C-7). Anal. calculated for CyH;sNsO4: C,
63.92; H, 3.66; N, 16.94. Found: C, 63.62; H, 3.80; N,
17.15. MS: m/e 413 (M™, 36%).

4-(4-Chlorophenyl)-1-((2,4-diamino-6,7-dihydro-5H-chro-
men-5-ylidene)amino)-6-hydroxy-2-oxo-1,2-dihydropyri-
dine-3,5-dicarbonitrile (16c) Yellow crystals from 1,4-
dioxan, yield (3.47 g, 78%), m.p. 210-213 °C, IR (KBr) v
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max cm~': 3532-3363 (NH,), 3055 (CH, aromatic), 2223,
2220 (2CN), 1688 (CO), 1630 (C=C); 'H NMR (DMSO-
dg, 200 MHz): 6 =10.20 (s, 1H, D,O exchangeable OH),
7.86, 5.41 (25, 4H, D,O exchangeable, 2NH,), 7.48-6.23
(m, 4H, CgHy), 5.14 (s, 1H, H-8), 4.46 (s, 1H, H-3), 2.88,
2.25 (2t, 4H, 2CH,), '*C NMR (DMSO-dq, 75 MHz): 172.1
(C-5), 168.9 (C=0), 152.4, 140.5, 134.7, 132.2 (C-4, C-4a,
C-8, C-8a), 130.3, 126.1, 124.5, 120.2 (C¢Hy), 116.9, 116.3
(2CN), 102.4, 94.2 (CH=C), 120.7, 105.6 (C-2, C-3), 34.6
(C-8), 19.2 (C-7). Anal. calculated for C»H;5CIN¢O;: C,
59.13; H, 3.38; N, 18.81. Found: C, 59.25; H, 3.46; N,
19.01. MS: m/e 446 (M™, 28%).

1-((4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)
amino)-4-(4-chlorophenyl)-6-hydroxy-2-oxo-1,2-dihydropyr-
idine-3,5-dicarbonitrile (16d) Pall brown crystals from 1,4-
dioxan, yield (3.03 g, 68%), m.p. 178-180 °C, IR (KBr) v
max cm': 3548-3367 (NH,), 3055 (CH, aromatic), 2222,
2220 (2CN), 1689 (CO), 1630 (C=C); '"H NMR (DMSO-
dg, 200 MHz): 6 = 10.22, 9.31 (2s, 2H, D,0 exchangeable,
20H), 5.45 (s, 2H, D,0O exchangeable, NH,), 7.49-6.23 (m,
4H, C¢Hy), 5.12 (s, 1H, H-8), 4.46 (s, 1H, H-3), 2.73, 2.25
(2t, 4H, 2CH,), '*C NMR (DMSO-d¢, 75 MHz): 172.7 (C-
5), 168.6 (C=0), 152.0, 140.2, 133.4, 132.2 (C-4, C-4a, C-
8, C-8a), 128.2, 120.2, 125.1, 124.8 (C¢Hs), 116.9, 116.6
(2CN), 94.4, 102.6 (CH=C), 120.6, 105.3 (C-2, C-3), 34.5
(C-8), 19.3 (C-7). Anal. calculated for C,,H4CINgs04: C,
59.00; H, 3.15; N, 15.64. Found: C, 59.19; H, 3.35; N,
15.39. MS: m/e 447 (M™, 26%).

4-(4-Bromophenyl)-1-((2,4-diamino-6,7-dihydro-5H-chro-
men-5-ylidene)amino)-6-hydroxy-2-oxo-1,2-dihydropyri-
dine-3,5-dicarbonitrile (16e) Yellow crystals from 1,4-
dioxan, yield (3.57 g, 73%), m.p. 150-153 °C, IR (KBr) v
max cm™': 3579-3342 (NH,), 3055 (CH, aromatic), 2223,
2220 (2CN), 1688 (CO), 1630 (C=C); 'H NMR (DMSO-
dg, 200 MHz): 6 =10.30 (s, 1H, D,O exchangeable, OH),
7.83, 5.42 (2s, 4H, D,O exchangeable, 2NH,), 7.53-6.23
(m, 4H, C¢Hy), 4.48 (s, 1H, H-3), 5.19 (s, 1H, H-8), 2.23,
2.84 (2t, 4H, 2CH,); *C NMR (DMSO-dq, 75 MHz): 172.6
(C-5), 168.9 (C=0), 153.6, 141.1, 136.6, 135.5 (C-4, C-4a,
C-8, C-8a), 128.1, 125.8, 124.4, 122.6 (C¢Hy), 116.9, 116.6
(2CN), 102.8, 94.1 (CH=C), 120.7, 105.8 (C-2, C-3), 34.8
(C-8), 19.3 (C-7). Anal. calculated for C,,H;sBrN¢O;: C,
53.78; H, 3.08; N, 17.11. Found: C, 53.68; H, 3.25; N,
17.26. MS: m/e 491 (M™", 38%).

1-((4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)
amino)-4-(4-bromophenyl)-6-hydroxy-2-oxo-1,2-dihydro-

pyridine-3,5-dicarbonitrile (16f) Pall brown crystals from
1,4-dioxan, yield (3.14 g, 64%), m.p. 177-179 °C, IR (KBr)
v max cm ' 3561-3359 (NH,), 3055 (CH, aromatic),
2223, 2220 (2CN), 1688 (CO), 1630 (C=C); 'H NMR
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(DMSO-dg, 200 MHz): 6=10.27, 929 (2s, 2H, D,O
exchangeable, 20H), 5.40 (s, 2H, D,0 exchangeable, NH,),
2.88,2.25 (2t, 4H, 2CH,), 4.41 (s, 1H, H-3), 5.14 (s, 1H, H-
8), 7.53-6.22 (m, 4H, C¢H,), *C NMR (DMSO-dq,
75MHz): 172.4 (C-5), 168.2 (C=0), 151.8, 140.8, 133.1,
132.7, (C-4, C-4a, C-8, C-8a), 128.5, 125.8, 124.5, 120.3
(Ce¢Hs), 116.9, 116.6 (2CN), 102.6, 94.2 (CH=C), 120.8,
105.5 (C-2, C-3), 34.2 (C-8), 19.7 (C-7). Anal. calculated
for C,oH 4BrNsOy4: C, 53.68; H, 2.87; N, 14.23. Found: C,
53.49; H, 3.15; N, 14.40. MS: m/e 492 (M™, 38%).

1-((2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)
amino)-6-hydroxy-4-(4-methoxyphenyl)-2-oxo-1,2-dihydro-
pyridine-3,5-dicarbonitrile (16g) Pale yellow crystals
from 1,4-dioxan, yield (2.21 g, 50%), m.p. 255-2258 °C,
IR (KBr) v max cm : 3547-3328 (NH,), 3055 (CH,
aromatic), 2222, 2220 (2CN), 1688 (CO), 1630 (C=C); 'H
NMR (DMSO-dg, 200 MHz): §=10.22 (s, 1H, D,O
exchangeable, OH), 7.85, 7.48 (2s, 4H, D,0 exchangeable,
2NH,), 7.51-6.23 (m, 4H, C¢Hy), 5.15 (s, 1H, H-8), 4.41
(s, 1H, H-3), 3.69 (s, 3H, OCHj3), 2.89, 2.23 (2t, 4H,
2CH,); '*C NMR (DMSO-d¢, 75 MHz): 172.6 (C-5), 168.8
(C=0), 152.1, 142.2, 133.3, 130.8 (C-4, C-4a, C-8, C-8a),
128.2, 126.4, 123.7, 120.9 (C¢Hy), 116.9, 116.4 (2CN),
102.9, 94.2 (CH=C), 120.5, 105.7 (C-2, C-3), 52.63
(OCH3), 34.3 (C-8), 19.5 (C-7). Anal. calculated for
Cr3HgNgO4: C, 62.44; H, 4.10; N, 19.00. Found: C, 62.58;
H, 4.30; N, 18.83. MS: m/e 442 (M™, 28%).

1-((4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)
amino)-6-hydroxy-4-(4-methoxyphenyl)-2-oxo-1,2-dihydro-
pyridine-3,5-dicarbonitrile (16h) Pall yellow crystals from
1,4-dioxan, yield (3.01 g, 68%), m.p. 203-206 °C, IR (KBr)
v max cm ' 3565-3331 (NH,), 3055 (CH, aromatic),
2222, 2220 (2CN), 1688 (CO), 1630 (C=C); 'H NMR
(DMSO-dg¢, 200 MHz): 6=9.27, 10.31 (2s, 2H, D,O
exchangeable, 20H), 5.43 (s, 2H, D,0 exchangeable, NH,),
7.53-6.24 (m, 4H, C¢Hy), 5.19 (s, 1H, H-8), 4.43 (s, 1H, H-
3), 3.68 (s, 3H, OCHj), 2.85, 2.26 (2t, 4H, 2CH,); *C
NMR (DMSO-dg, 75 MHz): 172.9 (C-5), 168.6 (C=0),
152.1, 141.8, 133.5, 131.2 (C-4, C-4a, C-8, C-8a), 128.9,
120.6, 126.3 123.8 (C¢Hs), 116.9, 116.4 (2CN), 102.7, 94.5
(CH=C), 120.6, 105.8 (C-2, C-3), 52.1 (OCHy;), 34.4 (C-8),
19.5 (C-7). Anal. calculated for C,3H;7Ns5Os: C, 62.30; H,
3.86; N, 15.79. Found: C, 62.49; H, 3.42; N, 15.83.
MS: m/e 443 M™, 60%).

Acknowledgements The author would like to thank the Alexander von
Humboldt Foundation in Bonn, Germany for affording a combined
project between Prof. Klapotke and RMM through which this work
was completely financed and completed.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’'s note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

Abadi AH, Eissa AAH, Hassan GS (2003) Synthesis of novel 1,3,4-
trisubstituted pyrazole derivatives and their evaluation as anti-
tumor and antiangiogenic agents. Chem Pharm Bull 51
(2003):838-844

Bedia KK, Elgin O, Seda U, Fatma K, Nathaly S, Sevim R, Dimoglo A
(2006) Synthesis and characterization of novel hydrazide-
hydrazones and the study of their structure-antituberculosis
activity. Eur J Med Chem 41:1253-1261

Bernardino AMR, Gomes AO, Charret KS, Freitas ACC, Machado
GMC, Canto-Cavalheiro MM, Leon LL, Amaral VF (2006)
Synthesis and leishmanicidal activities of 1-(4-X-phenyl)-N’'-[(4-
Y-phenyl)methylene]-1H-pyrazole-4-carbohydrazides. Eur ] Med
Chem 41:80-87

Cunha AC, Figueiredo JM, Tributino JLM, Miranda ALP, Castro HC,
Zingali RB, Fraga CAM, de Souza MCBYV, Ferreira VF, Barreiro
EJ (2003) Antiplatelet properties of novel N-substituted-phenyl-
1,2,3-triazole-4-acylhydrazone derivatives. Bioorg Med Chem
11:2051-2059

Gali¢ N, Peri¢ B, Koji¢-Prodi¢ B, Cimerman Z (2001) Structural and
spectroscopic characteristics of aroylhydrazones derived from
nicotinic acid hydrazide. J Mol Struct 559:187-194

Kaynak FB, Oztiirk D, Ozbey S, Capan G (2005) New N'-alkylidene/
cycloalkylidene derivatives of 5-methyl-3-phenyl-1H-indole-2-
carbohydrazide: synthesis, crystal structure, and quantum
mechanical calculations. J Mol Struct 740:213-221

Kiiciikgiizel SG, Mazi A, Sahin F, Oztiirk S (2003) Stables, synthesis
and biological activities of diflunisal hydrazide-hydrazones. J Eur
J Med Chem 38:1005-1013

Kumar D, Kumar NM, Ghosh S, Shah K (2012) Novel bis(indolyl)
hydrazide-hydrazones as potent cytotoxic agents. Bioorg Med
Chem Lett 22:212-215

Leite LFCC, Ramos MN, Da Silva JBP, Miranda ALP, Fraga CAM,
Barreiro EJ (1999) Synthesis and analgesic profile of novel N-
containing heterocycle derivatives: arylidene 3-phenyl-1,2,4-
oxadiazole-5-carbohydrazide. [IFarmaco 54:747-757

Lima PC, Lima LM, Da Silva KCM, Léda PHO, Miranda ALP, Fraga
CAM, Barreiro EJ (2000) Synthesis and analgesic activity of
novel N-acylarylhydrazones and isosters, derived from natural
safrole. Eur J] Med Chem 35:187-203

Loncle C, Brunel JM, Vidal N, Dherbomez M, Letourneux Y (2004)
Synthesis and antifungal activity of cholesterol-hydrazone deri-
vatives. Eur J] Med Chem 39:1067-1071

Melnyk P, Leroux V, Sergheraert C, Grellier P (2006) Design,
synthesis and in vitro antimalarial activity of an acylhydrazone
library. Bioorg Med Chem Lett 16:31-35

Mohareb RM, Samir EM, Halim PA (2019) Synthesis, and anti-pro-
liferative, Pim-1 kinase inhibitors and molecular docking of
thiophenes derived from estrone. Bioorg Chem 83:402-413

Mohareb RM, Abdallah AEM, Mohamed AA (2018a) Synthesis of
novel thiophene, thiazole and coumarin derivatives based on

@ Springer



1900

Medicinal Chemistry Research (2019) 28:1885-1900

benzimidazole nucleus and their cytotoxicity and toxicity eva-
luations. Chem Pharm Bull 66:309-318

Mohareb RM, Abdallah AM, Ahmed EA (2017) Synthesis and cyto-
toxicity evaluation of thiazole derivatives obtained from 2-amino-
4.5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile. Acta Pharm
67:495-510

Mohareb RM, Al-Omran F, Ibrahim RA (2018) The uses of cyclo-
hexan-1,4-dione for the synthesis of thiophene derivatives as new
anti-proliferative, prostate anticancer, c-Met and tyrosine kinase
inhibitors. Med Chem Res 27:618-633

Mohareb RM, Abdo MY, Mohamed AA (2016) Cytotoxicity and anti-
proliferative properties of heterocyclic compounds derived from
progesterone. Anti-Cancer Agents Med Chem 16:1043-1054

Nerkar AG, Saxena AK, Ghone SA, Thaker AK (2009) In silico
screening, synthesis and in vitro evaluation of some quinazoli-
none and pyridine derivatives as dihydrofolate reductase inhibi-
tors for anticancer activity. E-J Chem 6:S97-S102

Popiotek L, Biernasiuk A (2017) Synthesis and investigation of anti-
microbial activities of nitrofurazone analogues containing
hydrazide-hydrazone moiety. Saudi Pharm 25:1097-1102

Rostom SAF, Shalaby MA, El-Demellawy MA (2003) Polysubstituted
pyrazoles, part 5.1 Synthesis of new 1-(4-chlorophenyl)-4-
hydroxy-1H-pyrazole-3-carboxylic acid hydrazide analogs and

@ Springer

some derived ring systems. a novel class of potential antitumor
and anti-HCV agents. Eur ] Med Chem 38:959-974

Terzioglu N, Giirsoy A (2003) Synthesis and anticancer evaluation of
some new hydrazone derivatives of 2,6-dimethylimidazo[2,1-b]
[1,3,4]thiadiazole-5-carbohydrazide. Eur J Med Chem
38:781-786

Todeschini AR, Miranda ALP, Silva KCM, Parrini SC, Barreiro EJ
(1998) Synthesis and evaluation of analgesic, antiinflammatory
and antiplatelet properties of new 2-pyridylarylhydrazone deri-
vatives. Eur J] Med Chem 33:189-199

Ustiindag GH, Satana D, Ozhan G, Capan G (2016) Indole-based
hydrazide-hydrazones and 4-thiazolidinones: synthesis and eva-
luation as antitubercular and anticancer agents. J Enzym Inhib
Med Chem 31:369-380

Vicini P, Incerti M, Doytchinova IA, La Colla P, Busonera B, Loddo
R (2006) Synthesis and antiproliferative activity of benzo[d]iso-
thiazole hydrazones. Eur ] Med Chem 41:624-632

Xia Y, Fan CD, Zhao BX, Zhao J, Shin DS, Miao JY (2008) Synthesis
and structure—activity relationships of novel 1-arylmethyl-3-aryl-
1H-pyrazole-5-carbohydrazide hydrazone derivatives as potential
agents against A549 lung cancer cells. Eur J Med Chem
43:2347-2353



	Synthesis, cytotoxicity against cancer and normal cell lines of novel hydrazide&#x02013;nobreakhydrazone derivatives bearing 5H-chromen-5-one
	Abstract
	Introduction
	Results and discussion
	Biological activity
	Structure&#x02013;nobreakactivity relationship
	Evaluation of cytotoxicity of selected compounds toward human noncancer cells

	Conclusions
	Materials and methods
	Chemistry
	General procedure for the synthesis of the 5H-chromen-5-one derivatives 3a,b
	2,4-Diamino-6,7-dihydro-5H-chromen-5-one (3a)
	4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-one (3b)
	Synthesis of the hydrazide&#x02013;nobreakhydrazone derivatives 5a,b
	2-Cyano-N&#x02032;-(2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)acetohydrazide (5a)
	N&#x02032;-(4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-2-cyanoacetohydrazide (5b)
	General procedure for the synthesis of the thiophene derivatives 6a-d
	3,5-Diamino-4-cyano-N&#x02032;-(2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)thiophene-2-carbohydrazide (6a)
	3,5-Diamino-N&#x02032;-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-4-cyanothiophene-2-carbohydrazide (6b)
	Ethyl 2,4-diamino-5-(2-(2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)hydrazinecarbonyl)thiophene-3-carboxylate (6c)
	Ethyl 2,4-diamino-5-(2-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)hydrazinecarbonyl)thiophene-3-carboxylate (6d)
	General procedure for the synthesis of the arylhydraone derivatives 8a-f
	2-(2-(2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)hydrazinyl)-2-oxo-N&#x02032;-phenylacetohydrazonoyl cyanide (8a)
	2-(2-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)hydrazinyl)-2-oxo-N&#x02032;-phenylacetohydrazonoyl cyanide (8b)
	N&#x02032;-(4-chlorophenyl)-2-(2-(2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)hydrazinyl)-2-oxoacetohydrazonoyl cyanide (8c)
	2-(2-(4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)hydrazinyl)-N&#x02032;-(4-chlorophenyl)-2-oxoacetohydrazonoyl cyanide (8d)
	2-(2-(2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)hydrazinyl)-N&#x02032;-(4-methoxyphenyl)-2-oxoacetohydrazonoyl cyanide (8e)
	2-(2-(4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)hydrazinyl)-N&#x02032;-(4-methoxy-phenyl)-2-oxoacetohydrazonoyl cyanide (8f)
	General procedure for the synthesis of the coumarin derivatives 10a,b
	N&#x02032;-(2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)-2-oxo-2H-chromene-3-carbohydr-azideide (10a)
	N&#x02032;-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-2-oxo-2H-chromene-3-carbohydrazide (10b)
	General procedure for the synthesis of the cinnamonitrile derivatives 12a-h
	2-Cyano-N&#x02032;-(2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)-3-phenylacrylohydrazide (12a)
	N&#x02032;-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-2-cyano-3-phenylacrylo-hydrazide (12b)
	3-(4-chlorophenyl)-2-cyano-N&#x02032;-(2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)acrylohydrazide (12c)
	N&#x02032;-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-3-(4-chlorophenyl)-2-cyanoacrylohydrazide (12d)
	N&#x02032;-3-(4-bromophenyl)-2-cyano-N&#x02032;-(2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)acrylohydrazide (12e)
	N&#x02032;-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-3-(4-bromophenyl)-2-cyanoacrylohydrazide (12f)
	N&#x02032;-2-cyano-N&#x02032;-(2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)-3-(4-methoxyphenyl)acrylohydrazide (12g)
	N&#x02032;-(4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)-2-cyano-3-(4-methoxyphenyl)-acrylohydrazide (12h)
	General procedure for the synthesis of the pyridine derivatives 14a-d
	1-((2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (14a)
	1-((2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-hydroxy-4-methyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (14b)
	1-((4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)amino)-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (14c)
	1-((4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-hydroxy-4-methyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (14d)
	General procedure for the synthesis of the 2-aminopyridine derivatives 15a-h
	1-((2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-hydroxy-2-oxo-4-phenyl-1,2-dihydropyridine-3,5-dicarbonitrile (15a)
	6-Amino-1-((4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)amino)-2-oxo-4-phenyl-1,2-dihydropyridine-3,5-dicarbonitrile (15b)
	6-Amino-4-(4-chlorophenyl)-1-((2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (15c)
	6-Amino-1-((4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)amino)-4-(4-chlorophenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (15d)
	6-Amino-4-(4-bromophenyl)-1-((2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (15e)
	6-Amino-1-((4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)amino)-4-(4-bromophenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (15f)
	6-Amino-1-((2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-4-(4-methoxyphenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (15g)
	6-Amino-1-((4-amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)amino)-4-(4-methoxyphenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (15h)
	General procedure for the synthesis of the 2-hydroxypyridine derivatives 16a-h
	1-((2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-hydroxy-2-oxo-4-phenyl-1,2-dihydropyridine-3,5-dicarbonitrile (16a)
	1-((4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-hydroxy-2-oxo-4-phenyl-1,2-dihydropyridine-3,5-dicarbonitrile (16b)
	4-(4-Chlorophenyl)-1-((2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-hydroxy-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (16c)
	1-((4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)amino)-4-(4-chlorophenyl)-6-hydroxy-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (16d)
	4-(4-Bromophenyl)-1-((2,4-diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-hydroxy-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (16e)
	1-((4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)amino)-4-(4-bromophenyl)-6-hydroxy-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (16f)
	1-((2,4-Diamino-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-hydroxy-4-(4-methoxyphenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (16g)
	1-((4-Amino-2-hydroxy-6,7-dihydro-5H-chromen-5-ylidene)amino)-6-hydroxy-4-(4-methoxyphenyl)-2-oxo-1,2-dihydropyridine-3,5-dicarbonitrile (16h)
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




