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ABSTRACT. This work aimed to evaluate the anticancer potential of the novel 5,6,7,8-tetrahydro-4 H-chromenes
against selected six cancer cell lines together with the prostate cancer cell line PC-3. A novel series of substituted
5,6,7,8-tetrahydro-4 H-chromenes were synthesized through feasible synthetic strategy. The synthetic schemes
involve firstly the multi-component reactions of dimedone with the aromatic aldehydes and ethyl acetoacetate to
produce the 5,6,7,8-tetrahydro-4H-chromenes derivatives. On the other hand, carrying the same reactions using
NH4OAc produced the hexahydroquinoline compounds. Anti-proliferative evaluations and inhibitions for all
synthesized compounds toward selected cancer cell lines were carried out and the results revealed that many of them
exhibited high inhibitions. Morphology of A549 cell line by the effect of compounds 14f and 16¢ was performed.
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INTRODUCTION

Chromenes are the most important compounds in the drug discovery and production which are
bicyclic heterocyclic compounds produced by fusion of a benzene ring with a pyran (Figure 1)
[1]. Such a group of compounds are fairly ubiquitous in nature, as these are found in bacteria,
fungi, plants and animals [2-5]. In medicinal chemistry, the presence of the chromene moiety
within the structure of the compound is responsible for its physiological activities, like
antineoplastic, anticoagulant, antihypertensive, [-secretase inhibition, antidepressant,
antitrypanosomal, anti-HIV, antidyslipidemic, and antimicrobial [6-8]. Moreover, the chromene
derivatives are important class of compounds as anticancer agents, examples of drugs containing
chromene moiety is the crolibulin EPC2407 (Figure 1) which is used as vascular disrupting
anticancer drug to treat advanced solid tumors, beside it is currently under phase I/II clinical trials
[9, 10]. Through Figure 1, the chemotherapeutic agent LY290181 (designed by number 18) which
is a notable example of chromene that has been emerged as anticancer agent. Another important
drugis the LY290191 which is used to exert its effects by inhibiting the mitosis and microtubules
and it is considered as a potent anti-proliferative agent for a variety of cancer cell lines [11, 12].
Cancer is one of the more serious diseases causing death leading either to a solid mass of cells
known as a tumor or to non-solid mass such as blood or bone marrow-related cancer in which the
growth control is lost in one or more cells [13, 14]. It causes death throughout the world and its
treatments involves surgery, chemotherapy, and/or radiotherapy [15, 16]. Despite all drugs
available to treat cancer, statistical measurements exhibited that 10 million will die from it and
more than18 million new cases appear yearly throughout the globe [17]. Doxorubicin is one of
the most common drugs for cancer which is capable for the interaction with DNA causing
suspension of cancer and it is known as a good anticancer agent [18-22]. On the other hand,
distamycin also has anti-proliferative capability by inhibiting DNA-transcription factors which is
considered as a minor groove binder and binding intercalators [23]. In recent years,
benzothiazolyl-benz-a-chromene and 3,4-dihydropyrano[c]chromene were considered as DNA
intercalation agents and as non-intercalating groove binders [24]. The apoptosis and
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differentiation induced activities of coumarins were extended to several different cell line models
in vitro, and they appear to be the most promising in terms of cancer treatment [25]. On the other
hand, quinoline derivatives play an important role in exhibiting anticancer activity [26-28]. In the
light of these facts, and as a continuation of our previous reported work [29, 30], we planned in
this work to synthesize a novel series of coumarin analogs and quinoline derivatives through the
one-pot multi-component reactions. Moreover, due to the important of fused chromene and
quinoline derivatives we report the anti-proliferative activity of the synthesized fused chromene
and quinoline compounds where many of the tested compounds exhibited high inhibitions. Such
group of compounds were synthesized using dimedone which reacted with ethyl 3-oxobutanoate
and aromatic aldehydes to produce 5,6,7,8-tetrahydro-4H-chromene-3-carboxylate and
1,4,5,6,7,8-hexahydroquinoline-3-carboxylate derivatives through the use of different catalytic
conditions.

NH,

MXS58151 EPC2407 (Carlobulin) LY290181 (18)

Figure 1. Chemical structures of potential chemotherapeutic chromenes MX58151, EPC2407
(also named crolibulin) and LY290181 (designed by number 18).

RESULTS AND DISCUSSION

The title compounds were synthesized by one-pot multi-component synthetic procedure as shown
in Schemes1-4. All the synthesized compounds were established by IR, 'H NMR, *C NMR and
mass spectral data. In the present work we are concerning with the multi-component of dimedone
with ethyl 3-oxobutanoate and aromatic aldehydes to produce either 5,6,7,8-tetrahydro-4H-
chromene-3-carboxylate or 1,4,5,6,7,8-hexahydroquinoline-3-carboxylate. Thus, the multi-
component reactions of dimedone with aromatic aldehydes 2a-c and ethyl 3-oxobutanoate (3) in
absolute ethanol (50 mL) containing triethylamine gave the 5-oxo-4-aryl-5,6,7,8-tetrahydro-4H-
chromene-3-carboxylate derivatives 4a-c (Scheme 1). Their structures were based on their
respective analytical and spectral data. Thus, 'H NMR spectrum of 4a showed (beside the
expected signals) the presence of two singlets at § 1.80 and 2.23 ppm corresponding to two
methylene groups, a triplet and a quartet at 5 1.13, 4.23 ppm confirming the methyl and ethyl ester
groups, a singlet at § 6.02 ppm confirming the existence of the pyran H-4. Moreover, the *C NMR
spectrum revealed signals at 8 120.3, 122.5, 123.8, 125.4 corresponding to the pyran C-2, C-3, C-
5, C-6 and two signals at 5 165.8, 166.2 confirming the presence of two carbonyl groups.

In addition, the multi-component reactions of dimedone with the aromatic aldehydes 2a-¢ and
ethyl 3-oxobutanoate (3) in absolute ethanol (50 mL) containing NH4OAc as a catalyst gave the
1,4,5,6,7,8-hexahydroquinoline-3-carboxylate compounds 5a-c¢ (Scheme 1).
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Scheme 1. synthesis of compounds 4a-¢ and Sa-c.

Compounds 4a-c were ready for anilide formation through their reaction with either
aminobenzene (6a) or 1-amino-4-chlorobenazene (6b) in dimethylformamide solution under the
reflux conditions to produce the 5,6,7,8-tetrahydro-4H-chromene-3-carboxamide compounds 7a-
f, respectively. Their analytical and spectral data were in analogy with their respective structures
(see experimental section). Moreover, the reaction of 4a-c¢ with two-fold of hydrazine hydrate
(8a) or phenylhydrazine (8b) gave the 5-hydrazono-5,6,7,8-tetrahydro-4H-chromene-3-
carbohydrazide compounds 9a-f, respectively. Compounds 4a-c were capable for thiophene
formation through the Gewald’s thiophene synthesis [31-33] due to the presence of the a-
methinocarbonyl moiety. Thus, the reaction of compounds 4a-c¢ with elemental sulfur and either
dicyanomethane (10a) or ethyl 2-cyanoacetate (10b) gave the 5,9-dihydro-4H-thieno[3,2-
flchromene-8-carboxylate 11a-f, respectively (Scheme 2).

On the other hand, the reaction of either 4a-c with elemental sulphur and phenylisothiocyanate
(12) in p-dioxane containing a catalytic amount of triethylamine gave the chromeno[5,6-
d]thiazole-8-carboxylate derivatives 13a-c, respectively. Compounds 13a-c¢ reacted with either
aminobenzene (6a) or 1-amino-4-chlorobenzene (6b) in dimethylformamide solution under the
reflux conditions to produce the chromeno[5,6-d]thiazole-8-carboxamide derivatives 14a-f,
respectively. Moreover, the reaction of 13a-f with 1,2-diaminobenzene (15) in
dimethylformamide under the reflux conditions gave the chromeno[5,6-d]thiazole-2-thione
derivatives 16a-c, respectively (Scheme 3). The structures of the latter products were based on
their respective analytical and spectral data. For example, the "H NMR spectrum of 16a revealed
the presence of a singlet at & 2.21 corresponding to the CH> moiety, a multiplet at § 7.25-7.48
ppm due to the presence of the three phenyl groups and a singlet at 5 8.36 ppm due to the NH
group. In addition, the 3C NMR spectrum showed a signal at § 38.9 due to the methyl group,
twelve signals at § 120.2, 120.5, 121.4, 121.7, 121.9, 122.0, 122.6, 122.8, 123.3, 123.9, 124.3,
125.8 according to the three phenyl groups and two signals at § 172.3 and 180.3 due to the
presence of C=N and C=S groups, respectively.
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Scheme 2. Synthesis of compounds 7a-f; 9a-f and 11a-f.
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Scheme 3. Synthesis of compounds 13a-c¢; 14a-f and 16a-c.
The multi-component reactions of dimedone with cyclohexan-1,3-dione and aromatic
aldehydes were carried out under two reaction conditions to produce either xanthene or acridine

derivatives depending on the nature of the used catalyst. Thus, the reaction of dimedone (1) with
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cyclohexan-1,3-dione and either 4-methoxybenzaldehyde (2b) or 4-chlorobenzaldehyde (2¢) in
absolute ethanol containing triethylamine under the reflux conditions gave the xanthene
derivatives 18a and 18b, respectively. On the other hand, the reaction of dimedone (1) with
cyclohexan-1,3-dione (17) and either benzaldehyde (2a) or 4-methoxybenzaldehyde (2b) in
absolute ethanol containing NH4OAc gave the acridine derivatives 19a and 19b, respectively
(Scheme 4). The structures of compounds 18a,b and 19a,b were established on the basis of their
respective analytical and spectral data (see experimental section).

o CHO
0

H 17

2bor 2¢ 2a or 2b

EtOH/Et;N EtOH/NH,0Ac

18a, X = OMe
b, X=Cl

Scheme 4. Synthesis of compounds 18a,b and 19a,b.
Biology
Cell proliferation assay

The ICsy values were presented in Table 1 showed that most of the synthesized compounds
exhibited potent anti-proliferative activity with ICso values less than 7.0 pM. The applied method
using Foretinib as the standard positive control was carried out according to the previously
reported work [34-37]. The evaluation of synthesized compounds was carried out on the six cancer
cell lines namely A549, HT-29, MKN-45, U87MG, and SMMC-7721 and H460.

ICso values were presented in Table 1 where most of the synthesized compounds exhibited
potent anti-proliferative activity with ICsy values less than 7.0 uM. In general the nature of
substituent whether it is electron attracting as repealing and the nature of the heterocyclic ring has
strong influence through inhibitions of the tested compound on the selected cancer cell lines.
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Table 1. ICso (uM), inhibitions of the newly synthesized compounds against cancer cell lines in-vitro growth
inhibitory effects against c-Met enzymatic activity and PC-3.

Compd IC;\O/I%EA | SMMC- | ICso (nM) | ICsopM) |VERO®| SI
- - 50 (n 50
No. [As49|Ha0 |HT20| MM ugzmG [SYME 10 B o v |pcas
4a | 036 | 041|046 ] 063 | 052 | 043 | 037 052 | 57.92 | >100
ab | 321 | 294 | 352 273 | 1.62 | 293 1.80 236 | 25.17 | 10.66
4c | 021]017]016] 023 | 032 | 027 | 031 024 | 6328 | =100
Sa | 3.82 | 2.93 | 451 | 3.66 | 470 | 285 | 3.69 179 | 5830 |32.56
Sb | 5.46 | 433 | 6.04 | 575 | 396 | 359 | 427 502 | 2683 | 534
sc | 024]025]019] 035 | 022 | 031 027 018 | 6423 | >100
7a_ | 025029018 ] 035 | 027 | 038 | 0.17 026 | 5637 | =100
7b | 021 | 024 | 026 | 031 | 023 | 032 | 028 019 | 6352 | >100
7c | 273 | 359 | 482 | 329 | 452 | 429 | 339 217 | 3652 | 1683
7d_ | 0.89 | 0.77 | 059 | 1.12 | 1.02 | 086 | 093 0.71 58.93 |83.00
7e | 051]062] 074 ] 069 | 051 | 073 | 082 038 | 6512 | >100
76 0.18 | 0.19 | 022 | 023 | 033 | 052 | 027 032 | 5832 | =100
9a | 126 123 | 146 | 225 | 138 | 1.4 138 282 | 3562 |12.63
9b | 0.65 | 0.79 | 0.62 | 048 | 039 | 062 | 0.72 085 | 4439 |5222
9c | 122|241 | 1.73 | 2.66 | 240 | 138 | 217 247 | 5869 |23.76
9d | 632 | 8.53 | 742 | 639 | 627 | 728 | 6.16 570 | 4832 | 845
9¢ | 038 ] 040036 | 053 | 048 | 065 | 038 031 64.54 | >100
of | 045039027 | 027 | 043 | 032 | 026 032 | 5829 | =100
Ta | 023|028 | 035 027 | 041 | 029 | 037 027 | 5649 | =100
b | 118 | 152 | 1.16 | 086 | 131 | 079 | 062 058 | 6825 | =100
Tlc | 3.55|3.26 | 273 | 390 | 3.64 | 527 | 382 200 | 4827 | 1644
11d | 250 | 3.17 | 3.92 | 279 | 359 | 416 | 382 272 | 5935 |21.82
e | 0.18|0.19 | 023 | 025 | 030 | 023 | 0.16 018 | 61.46 | >100
1f | 028 | 037]035 | 032 | 037 | 031 036 029 | 5826 | =100
132 | 048 | 052 | 0.63 | 049 | 058 | 06l 0.59 049 | 6427 | =100
13b 039042057 | 033 | 051 | 062 | 059 029 | 5612 | =100
13c_ ] 036026 028 ] 030 | 022 | 029 | 035 032 | 5847 | =100
l4a | 0.58 | 0.48 | 0.62 | 053 | 0.69 | 051 039 040 | 59.65 | =100
14b | 032034028 | 031 | 026 | 048 | 031 026 | 6253 | >100
ldc | 2.82 | 2.59 | 342 | 2.60 | 226 | 390 | 3.24 319 | 4279 | 1341
14d 092 162|088 | 115 | 178 | 152 141 126 | 6032 |47.87
T4e | 032|041 | 029 | 036 | 027 | 028 | 035 031 63.44 | >100
14f | 0.19]018]023 ] 026 | 016 | 022 | 027 032 | 5927 | =100
Tea | 038|042 028 | 026 | 032 | 042 | 026 030 | 6020 | =100
T6b | 1.05] 1.15] 085 ] 076 | 1.01 | 134 | 093 080 | 48.66 |60.82
Tec | 0.17 | 028 | 024 | 018 | 025 | 024 | 029 031 60.42 | >100
18a | 463|369 | 572 | 372 | 391 | 532 | 2.9 149 | 2952 | 19.81
18b | 020012039 ] 028 | 021 | 018 | 025 039 | 60.66 | >100
19a | 128 | 227 | 227 | 355 | 216 | 228 | 3.17 163 | 38.63 |32.70
196 | 443 | 439 | 325 | 678 | 427 | 436 | 255 320 | 3072 | 934
Foretinib | 0.08 | 0.18 | 0.15 | 0.03 | 090 | 044 F“Teltg"b A“‘;’Z‘g““e - -

*VERO, Monkey Kidney cell line (Cat No-11095-080). ®Selectivity index (SI) were calculated by ICso values
in normal cell line divided by ICso values in PC-3 cancer cell line.

Structure activity relationship
Table 1 demonstrated that many of the synthesized compounds revealed high inhibitions toward

the used cancer cell lines. The most cytotoxic compounds were the twenty-five compounds 4a,
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4c, 5c, 7a, 7b, 7d, Te, 7f, 9b, 9e, 19f,11a, 11e, 11f, 13a, 13b, 13c, 14a, 14b, 14d, 14e, 14f, 16a,
16¢ and 16b where such compounds showed inhibitions < 1.00 pM. Considering the pyran
derivatives 4a-c, it is clear that compounds 4a (X = H) and 4b (X= Cl) showed the highest
cytotoxicity. For compound 4b (X = OCHjs) the presence of the electron donating OCHj; was
responsible for its low inhibitions. On the other hand, the quinoline derivatives 5a-¢, where
compound 5a (X = Cl) exhibited high inhibitions on the six cancer cell lines. It was obvious that
the anilide derivatives 7a-f exhibited high inhibitions on the six cancer cell lines except compound
7¢ (X = OCHj3, Y = H) which showed moderate inhibitions. It was surprised that compound 7d
(X =0CHj3, Y = Cl) showed high inhibitions although it contains a methoxy moiety, however, it
seemed that the presence of the Cl group together with the anilide moiety enhance the inhibition
more than the suspension effect produced by the OCHs; group. For the chromene-3-
carbohydrazide 9a-f and the thieno[3,2-f]chromene-8-carboxylate 11a-f derivatives, where
compounds 9a, 11a (X =R =H), 9e, 11e (X = CI, R = H) and 9f, 11f (X = CI, R = Ph) exhibited
high inhibitions among the twelve-compounds. Interestingly, the chromeno[5,6-d]thiazole-8-
carboxylate derivatives 13a-c¢ and 14a-f where all compounds exhibited high inhibitions except
compound 14¢ (X = OCH3, Y = H) which exhibited moderate inhibitions. For the benzimidazole
derivatives 16a-c, compounds 16a (X = H) and 16¢ (X = Cl) exhibited high inhibitions on the six
cancer cell lines. Finely, the xanthenes 18a,b and the acridines 19a,b where compound 18b (X =
Cl) exhibited the highest inhibitions among the four compounds. It was of great value to note that
in most cases the presence of an electron withdrawing group within the structure of the molecule
and sulphur containing heterocyclic moiety had a strong impact through the reactivity of the
compound. It is of great value to mention that compounds 4a, 4c¢, Sc, 7a, 7b, 7d, 7e, 71, 9b, 9e,
9f, 11a, 11e, 11f, 13a, 13b, 13c, 14a, 14b, 14e, 14f, 16a and 18b exhibited higher inhibitions
than the reference foretinib against US7MG cell line. On the other hand compounds 4a, 4c¢, Sc,
7a, 7b, 9f, 11a, 11e, 11f, 13¢c, 14e, 14f, 16a, 16¢ and 18b showed higher inhibitions than the
reference foretinib against SMMC-7721 cell line.

HTRF kinase assay

Materials. c-Met (mesenchymal epithelial transition factor) is a multifunctional transmembrane
tyrosine kinase and acts as a receptor for hepatocyte growth factor/Scatter factor (HGF/SF) [38,
39]. The ICs, values were presented in Table 1 for c-Met kinase and prostate cancer cell line PC-
3 inhibitions.

As indicated from Table 1, all tested compounds displayed potent c-Met enzymatic activity
with ICsg values ranging from 0.25 to 10.30 nM and potent prostate PC-3 cell line inhibitions with
1Csp values ranging from 0.16 to 6.16 pM. Compared with foretinib (ICso = 1.16 nM), the twenty-
five compounds 4a, 4c, 5S¢, 7a, 7b, 7d, 7e, 7f, 9b, 9e, 91, 11a, 11e, 11f, 13a, 13b, 13c, 14a, 14b,
14d, 14e, 14f, 16a, 16¢ and 18b showed inhibition < 1.00 pM. Remarkably, all of the synthesized
compounds showed anti-proliferation activity higher than the standard Anibamine (ICso = 3.26
uM) except compounds Sb and 19b. Analyzing the data indicated in Table 2 showed that
compounds 4a,4c, 5c, 7a, 7b, Te, 71, 9e, 91, 11a, 11b, 11e, 11f, 13a, 13b, 13c, 14a, 14b, 14e, 14f,
16a, 16¢ and 18b with ST > 100.

Morphological effect of 14f and 16¢ on A549 cell line

After treatment with doses of 14f and 16¢, the morphological toward A549 cell line and cellular
damage of apoptosis were studied from the cell shrinkage and chromatin condensation, which was
visualized using AO/EB staining assay. The results of AO/EBstaining are shown in Figure 2. One
can observe that cell penetrable fluorescent dye AO stain stick to the membrane surface of both
live and dead cells, whereas EB (another fluorescence dye) allows staining the nuclear DNA in
damaged cells [40, 41]. The early apoptotic cells were stained bright green fluorescence with
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Figure 2. Apoptosis morphology of control (a), 14f (b) and 16¢ (c) against A549 cells, visualized
using AO-EB staining method under a florescence microscope. Nuclear morphology of
apoptosis of control (d), 14f (e) and 16¢ (f) of A549 treated cells, visualized using
Hoechst 33342 staining method under a florescence microscope. Formation of ROS
production in A549 cells was monitored using DCFH-CA staining in control (g) 14f (h)
and 16c¢ (i). Susceptibility of the mitochondrial membrane in A549 cells control (j), 14f
(k) and 16c¢ (1), visualized using a rhodamine 123 staining method.
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condensed chromatin and late apoptotic cells were stained orange fluorescence. The nonviable
cells were stained orange to red fluorescence nuclei with no indication of chromatin condensation
[42]. In addition, the frequent increase in number of apoptotic cells was observed after treatment
with 14f and 16¢ (Figure 2a-1). Among the treatment, 14f showed complete cell death while
stronger chromatin damage was observed compared to 16c. The complete apoptotic cells of 14f
were clearly exhibited an orange color as reported in Figure 2c. This clearly evidences that the
whole cell was damaged and exhibited different morphology compared to the control. The control
cells did not show any morphological alteration and both nuclei and cytoplasm fluoresced
uniformly green. The results revealed that 14f and 16c¢ stimulate cell death through apoptosis
where 14f was found to be able to induce strong apoptosis. Figures 3 and 4 showed the statistical
shrinking of A549 cell line by 14f (Figure 3) and 16¢ (Figure 4).

45+ 45 -
404 40
354
W s 35+ - s
304 Bl cowrol 304 Bl contro
254 - L4t % 25 B 16
F
204 F 20-
15- S 154
10+ 104
54 54
[ B s 0-
Figure 3. Zone inhibitions by compound Figure 4. Zone inhibitions by compound
14f compared with the control. 16¢ compared with the control.
EXPERIMENTAL

Chemistry

For the synthesized compounds, the melting points were measured in addition; the IR spectra
(KBr discs) were recorded on a FITR plus 460 or Pye Unicam SP-1000 spectrophotometer. 'H-
NMR spectra were recorded using the Varian Gemini-300 (300 MHZ) (Cairo University) in
DMSO-ds as solvent using TMS as internal standard and chemical shifts are demonstrated as o
ppm. The molecular weights were determined using the Ex shimadzu instruments for recording
m/z values. Elemental analyses CHNS were measured using the Vario El III Elemental CHNS
analyzer.

General procedure for the synthesis of the tetrahydro-4H-chromene-3-carboxylate derivatives
4a-c

Either phenylcarbinal (1.08 g, 0.01), 4-methoxyphenylcarbinal (1.38 g, 0.01) or 4-chloro-

phenylcarbinal (1.40 g, 0.01 mol) was added to each of dimedone (1.40 g, 0.01) and ethyl 3-
oxobutanoate (1.30 g, 0.01 mol) in absolute ethanol (50 mL) containing piperidine (2.0 mL). The
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reaction mixture was heated under the reflux conditions for 2 h and the produced solid product
after pouring onto ice/water containing a few drops of hydrochloric acid was collected by
filtration.

Ethyl 2,7,7-trimethyl-5-oxo-4-phenyl-5,6, 7,8-tetrahydro-4H-chromene-3-carboxylate (4a). Pale
yellow crystals from ethanol, m.p. 173-175 °C, yield: 2.04 g (60%), IR (v, cm™): 3050 (CH-
aromatic), 2993, 2899 (methylene, methyl), 1688, 1705 (two carbonyls), 1568 (vinyl bondin+g).
"H NMR (DMSO-ds, 300 MHz): § = 0.98, 1.08 (s, 6H, two methyl), 1.13 (t, 3H, J = 5.80 Hz,
methyl ester), 1.80 (m, 2H, methylene), 2.23 (s, 2H, methylene), 2.70 (s, 3H, methyl), 4.23 (q,
2H, J = 5.80 Hz, methylene ester), 6.02 (s, 1H, pyran H-4), 7.02-7.42 (m, 5H, phenyl), '*C NMR
(DMSO-ds, 75 MHz) &: 16.5 (methyl ester), 24.2 (two methyl), 39.5, 42.1 (two methylenes), 38.7
(CH3), 50.4 (methylene ester), 90.8 (pyran C-4), 120.3, 122.5, 123.8, 125.4 (phenyl), 129.6, 130.4,
134.7, 136.7 (pyran C-2, C-3, C-5, C-6), 165.8, 166.2 (two carbonyls). Anal. cacld for C; H404
(340.41): C, 74.09; H, 7.11%. Found: C, 73.86; H, 6.93 %. MS: m/z = 340 M" (54%).

Ethyl  4-(4-methoxyphenyl)-2,7,7-trimethyl-5-o0xo0-5,6, 7,8-tetrahydro-4H-chromene-3-carboxy-
late (4b). Pale yellow crystals from EtOH, m.p. 134-136 °C, yield: 2.40 g (65%), IR (v, cm™):
3050 (CH-aromatic), 2991, 2886 (methylene, methyl), 1689, 1705 (two carbonyls), 1568 (vinyl
bonding).'H NMR (DMSO-d;, 300 MHz): § = 0.96, 1.12 (s, 6H, two methyl), 1.12 (t, 3H, J = 6.72
Hz, methyl ester), 1.85 (m, 2H, methylene), 2.26 (s, 2H, methylene), 2.71 (s, 3H, methyl), 3.73
(s, 3H, methoxy), 4.22 (q, 2H, J = 6.72 Hz, methylene ester), 6.03 (s, 1H, pyran H 4), 7.26-7.58
(m, 4H, phenyl)."*C NMR (DMSO-ds, 75 MHz) &: 16.9 (methyl ester), 24.6 (two methyl), 39.3,
42.5 (two methylenes), 38.8 (methyl), 50.2 (methylene ester), 50.8 (methoxy), 90.6 (pyran C-4),
120.6, 123.2, 124.2, 125.9 (phenyl), 129.6, 130.2, 134.4, 136.2 (pyran C-2, C-3, C-5, C-6), 165.6,
166.8 (two carbonyls). Anal. cacld for C,,H»60s (370.44): C, 71.33; H, 7.07%. Found: C, 71.27;
H, 7.04%. MS: m/z = 370 (65%).

Ethyl  4-(4-chlorophenyl)-2,7,7-trimethyl-5-oxo0-3,6,7,8-tetrahydro-4H-chromene-3-carboxylate
(4c). Pale yellow crystals of EtOH, m.p. 127-129 °C, yield: 2.31 g (62%), IR (v, cm™): 3050 (CH-
aromatic), 2993, 2899 (methylene, methyl), 1689, 1703 (two carbonyls), 1568 (vinyl bonding).
"H NMR (DMSO-ds, 300 MHz): § = 1.03, 1.08 (s, 6H, two methyl), 1.12 (t, 3H, J = 6.73 Hz,
methyl ester),1.83 (m, 2H, methylene), 2.22 (s, 2H, methylene), 2.72 (s, 3H, methyl), 4.21 (q,
2H, J = 6.73 Hz, methylene ester), 6.04 (s, 1H, pyran H-4), 7.25-7.56 (m, 4H, phenyl).'*C NMR
(DMSO-ds, 75 MHz) 8: 16.8 (methyl ester), 24.2 (two methyls), 39.6, 42.3 (two methylenes), 38.7
(methyl), 50.3 (methylene ester), 90.6 (pyran C-4), 120.1, 122.5, 123.4, 125.8 (phenyl), 129.4,
130.2, 134.7, 136.5 (pyran C-2, C-3, C-5, C-6), 165.9, 166.6 (two carbonyls). Anal. cacld for
C21H23Cl04 (374.86): C, 67.29; H, 6.18%. Found: C, 67.47; H, 6.23%. MS: m/z = 374, 376 M",
M*2 (66%).

General procedure for the synthesis of the hexahydroquinoline-3-carboxylate derivatives 5a-c

The same procedure described before for the synthesis of 4a-¢ was applied but using NH4OAc as
a catalyst instead of Et;N.

Ethyl 2,7,7-trimethyl-5-oxo-4-phenyl-1,4,5,6, 7,8-hexahydroquinoline-3-carboxylate (5a). Pale
yellow crystals from EtOH, m.p. 180-182 °C, yield: 1.96 g (58%), IR (v, cm™): 3477-3362
(imino), 3053 (CH-aromatic), 2991, 2894 (methylene, methyl), 1689, 1702 (two carbonyls), 1564
(vinyl bonding). "H NMR(DMSO-ds, 300 MHz): § = 1.02, 1.08 (s, 6H, two methyls), 1.12 (t, 3H,
J=7.11 Hz, methyl ester),1.80 (m, 2H, methylene), 2.22 (s, 2H, methylene), 2.72 (s, 3H, methyl),
4.23 (q, 2H, J = 7.11 Hz, methylene ester), 6.04 (s, 1H, pyran H 4), 7.23-7.48 (m, 5H, phenyl),
8.29 (s, 1H, D,O exchangeable, imino). '*C NMR (DMSO-ds, 75 MHz) §: 16.7 (methyl ester),
24.2 (two methyls), 39.2, 42.4 (two methylenes), 38.5 (methyl), 50.2 (methylene ester), 91.4
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(pyridine C-4), 120.8, 122.1, 124.2, 125.1 (phenyl), 129.6, 130.5, 134.5, 136.3 (pyridine C-2, C-
3, C-5, C-6), 165.8, 166.2 (two carbonyls). Anal. cacld for C,;H2sNOs (339.43): C, 74.31; H, 7.42;
N, 4.13%. Found: C, 74.38; H, 7.52; N, 4.26%. MS: m/z = 339 M" (64%).

Ethyl 4-(4-methoxyphenyl)-2,7, 7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydro-quinoline-3-carboxylate
(5b). Yellow crystals from p-dioxane, m.p. 210-212 °C, yield: 1.91 g (52%), IR (v, cm!): 3484-
3352 (imino), 3050 (CH-aromatic), 2975, 2886 (methylene, methyl), 1689, 1702 (two carbonyls),
1564 (vinyl bonding).'H NMR (DMSO-ds, 300 MHz): & = 1.02, 1.12 (s, 6H, two methyl), 1.14 (t,
3H, J = 6.55 Hz, methyl ester),1.82 (m, 2H, methylene), 2.28 (s, 2H, methylene), 2.73 (s, 3H,
methyl), 3.72 (s, 3H, methoxy), 4.22 (q, 2H, J = 6.55 Hz, methylene ester), 6.03 (s, 1H, pyran H
4), 7.26-7.68 (m, 4H, phenyl), 8.27 (s, 1H, D,O exchangeable, imino). *C NMR (DMSO-ds, 75
MHz) &: 16.7 (methyl ester), 24.2 (two methyls), 39.5, 42.6 (two methylenes), 38.4 (methyl),
50.3 (methylene ester), 50.6 (methoxy), 90.5 (pyridine C-4), 120.7, 123.1, 124.2, 125.7 (phenyl),
129.6, 130.2, 133.9, 135.8 (pyridine C-2, C-3, C-5, C-6), 165.4, 166.2 (two carbonyls). Anal.
cacld for C2,H27NO4(369.45): C, 71.52; H, 7.37; N, 3.79%. Found: C, 71.37; H, 7.41; N, 3.82%.
MS: m/z =369 M* (78%).

Ethyl  4-(4-chlorophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate
(5¢). Pale yellow crystals from EtOH, m.p. 196-198 °C, yield: 2.49 g (67%), IR (v, cm™!): 3477-
3362 (imino), 3050 (CH-aromatic), 2991, 2879 (methylene, methyl), 1688, 1701 (two carbonyls),
1565 (vinyl bonding). 'H NMR (DMSO-ds, 300 MHz): & = 1.02, 1.09 (s, 6H, two methyl), 1.13
(t, 3H, J = 5.23 Hz, methyl ester), 1.83 (m, 2H, methylene), 2.26 (s, 2H, methylene), 2.71 (s, 3H,
methyl), 4.23 (q, 2H, J = 5.23 Hz, methylene ester), 6.03 (s, 1H, pyridine H-4), 7.27-7.64 (m, 4H,
phenyl), 8.39 (s, 1H, D,O exchangeable, imino). *C NMR (DMSO-ds, 75 MHz) §: 16.4 (methyl
ester), 24.5 (two methyl), 39.3, 42.6 (two methylenes), 38.9 (methyl), 50.2 (methylene ester), 90.5
(pyridine C-4), 120.4, 122.7, 123.6, 125.6 (phenyl), 129.2, 130.5, 134.1, 136.3 (pyridine C-2, C-
3, C-5, C-6), 165.5, 166.9 (two carbonyls). Anal. cacld for C,H24ClO; (373.87): C, 67.46; H,
6.47; N, 3.75%. Found: C, 67.52; H, 6.42; N, 4.04 %. MS: m/z = 373, 375 M", M2 (80%).

General procedure for the synthesis of the 5,6,7,8-tetrahydro-4H-chromene-3-carboxamide
derivatives 7a-f

Either phenylamine (0.94 g, 0.01 mol) or 4-chlorophenylamine (1.27 g, 0.01 mol) was added to a
solution of either 4a (3.40 g, 0.01 mol), 4b (3.70 g, 0.01 mol) or 4¢ (3.74 g, 0.01 mol) in
dimethylformamide (40 mL). The whole reaction mixture was heated under the reflux conditions
for 2 h then the working up was carried out in a similar manner like the synthesis of 4a-c.

2,7,7-Trimethyl-5-oxo-N,4-diphenyl-5, 6, 7,8-tetrahydro-4H-chromene-3-carboxamide (7a). Pale
yellow crystals from EtOH, m.p. 145-147 °C, yield: 1.36 g (61%), IR (v, cm™): 3497-3332
(imino), 3053 (CH-aromatic), 2991, 2896 (methylene, methyl), 1688, 1701 (two carbonyls), 1563
(vinyl bonding). '"H NMR (DMSO-ds, 300 MHz): & = 1.03, 1.06 (s, 6H, two methyl), 1.83 (m, 2H,
methylene), 2.22 (s, 2H, methylene), 2.76 (s, 3H, methyl), 6.05 (s, 1H, pyran H 4), 7.24-7.46 (m,
10H, two phenyls), 8.32 (s, 1H, D,O exchangeable, imino). '*C NMR (DMSO-ds, 75 MHz) §:
24.2 (two methyl), 39.6, 42.7 (two methylenes), 38.8 (methyl), 120.2, 120.6, 121.4, 122.1, 123.0,
123.6, 124.8, 125.5 (two phenyls), 130.6, 134.2, 136.7, 138.5 (pyran C-2, C-3, C-5, C-6), 165.5,
166.6 (two carbonyls). Anal. cacld for C,sH»sNOs (387.47): C, 77.49; H, 6.50; N, 3.61%. Found:
C, 77.60; H, 6.41; N, 3.79%. MS: m/z = 387 M" (64%).

N-(4-Chlorophenyl)-2,7, 7-trimethyl-5-oxo-4-phenyl-5,6, 7,8-tetrahydro-4H-chromene-3-carbox-

amidee (7b). Yellow crystals from EtOH, m.p. 172-174 °C, yield: 1.36 g (61%), IR (v, cm™):
3483-3351 (imino), 3053 (CH-aromatic), 2994, 2893 (methylene, methyl), 1689, 1702 (two
carbonyls), 1560 (vinyl bonding). '"H NMR (DMSO-ds, 300 MHz): § = 1.02, 1.08 (s, 6H, two
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methyl), 1.85 (m, 2H, methylene), 2.21 (s, 2H, methylene), 2.78 (s, 3H, methyl), 6.07 (s, 1H,
pyran H 4), 7.22-7.56 (m, 9H, two phenyl), 8.34 (s, 1H, D,O exchangeable, imino). *C NMR
(DMSO-ds, 75 MHz) &: 24.4 (two methyls), 39.6, 42.9 (two methylene), 38.9 (methyl), 120.4,
120.8, 121.3, 121.6, 123.3, 123.9, 124.3, 125.8 (two phenyls), 130.1, 134.2, 136.7, 138.4 (pyran
C-2, C-3, C-5, C-6), 165.9, 166.7 (two carbonyls). Anal. cacld for CosH24CINO; (421.92): C,
71.17; H, 5.73; N, 3.32%. Found: C, 71.27; H, 5.94; N, 3.46%. MS: m/z = 421, 423 M*, M
(70%).

4-(4-Methoxyphenyl)-2,7, 7-trimethyl-5-oxo-N-phenyl-5,6, 7,8-tetrahydro-4H-chromene-3-carb-
oxamide (7¢). White crystals from ethanol, m.p. 177-179 °C, yield: 2.71 g (65%), IR (v, cm™):
3474-3327 (imino), 3053 (CH-aromatic), 2987, 2873 (methylene, methyl), 1689, 1702 (two
carbonyls), 1561 (vinyl bonding). '"H NMR (DMSO-ds, 300 MHz): § = 1.02, 1.08 (s, 6H, two
methyls), 1.84 (m, 2H, methylene), 2.21 (s, 2H, methylene), 2.73 (s, 3H, methyl), 3.69 (s, 3H,
methoxy), 6.07 (s, 1H, pyran H 4), 7.26-7.54 (m, 9H, two phenyl), 8.36 (s, 1H, D,O exchangeable,
imino). 3C NMR (DMSO-ds, 75 MHz) &: 24.2 (two methyl), 39.6, 42.7 (two methylene), 38.8
(methyl), 50.6 (methoxy), 120.3, 120.9, 121.3, 122.6, 123.2, 123.9, 124.2, 125.8 (two phenyls),
131.6, 134.2, 136.7, 138.5 (pyran C-2, C-3, C-5, C-6), 165.8, 166.9 (two carbonyls). Anal. cacld
for C,6H,7NO4 (417.50): C, 74.80; H, 6.52; N, 3.35%. Found: C, 75.02; H, 6.70; N, 3.46%. MS:
m/z =417 M" (64%).

N-(4-Chlorophenyl)-4-(4-methoxyphenyl)-2,7, 7-trimethyl-5-oxo-35,6, 7, 8-tetrahydro-4H-chrome-
ne-3-carboxamide (7d). White crystals from EtOH, m.p. 145-147 °C, yield: 2.48 g (55 %), IR (v,
cm!): 3483-3342 (imino), 3056 (CH-aromatic), 2983, 2870 (methylene, methyl), 1689, 1701 (two
carbonyls), 1565 (vinyl bonding). '"H NMR (DMSO-ds, 300 MHz): § = 1.04, 1.05 (s, 6H, two
methyls), 1.83 (m, 2H, methylene), 2.23 (s, 2H, methylene), 2.76 (s, 3H, methyl), 3.71 (s, 3H,
methoxy), 6.09 (s, 1H, pyran H 4), 7.23-7.57 (m, 8H, two phenyls), 8.38 (s, 1H, D,O
exchangeable, imino). *C NMR (DMSO-ds, 75 MHz) &: 24.5 (two Methyl), 39.6, 42.9 (two
methylene), 38.3 (methyl), 50.8 (methoxy), 120.1, 120.5, 121.2, 122.4, 123.5, 123.7, 124.4, 125.6
(two phenyls), 130.3, 133.6, 136.5, 138.7 (pyran C-2, C-3, C-5, C-6), 165.6, 166.7 (two
carbonyls). Anal. cacld for CosHasCINO,4 (451.94): C, 69.10 H, 5.80; N, 3.10%. Found: C, 69.24;
H, 5.69; N, 3.25%. MS: m/z =451, 452 M" (80%).

4-(4-Chlorophenyl)-2,7, 7-trimethyl-5-oxo-N-phenyl-5,6,7,8-tetrahydro-4H-chromene-3-carb-
oxamide (7e). White crystals from EtOH, m.p. 210-212 °C, yield: 2.73 g (65%), IR (v, cm™):
3473-3328 (imino), 3054 (CH-aromatic), 2983, 2870 (methylene, methyl), 1688, 1701 (two
carbonyls), 1562 (vinyl bonding).'"H NMR (DMSO-ds, 300 MHz): & = 1.03, 1.06 (s, 6H, two
methyls), 1.81 (m, 2H, methylene), 2.27 (s, 2H, methylene), 2.78 (s, 3H, methyl), 6.09 (s, 1H,
pyran H-4), 7.25-7.59 (m, 9H, two phenyls), 8.36 (s, 1H, DO exchangeable, imino). *C NMR
(DMSO-ds, 75 MHz) §: 24.7 (two Methyl), 39.9, 42.8 (two methylenes), 38.6 (methyl), 120.3,
120.8, 121.6, 122.8, 123.2, 123.3, 124.5, 125.9 (two phenyls), 130.7, 133.8, 136.2, 138.4 (pyran
C-2, C-3, C-5, C-6), 165.6, 166.9 (two carbonyls). Anal. cacld for C,sH24CINO; (421.92): C,
71.17; H, 5.73; N, 3.32%. Found: C, 71.26; H, 5.59; N, 3.18%. MS: m/z = 421, 423 M", M
(68%).

N,4-bis(4-Chlorophenyl)-2,7, 7-trimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carboxamide
(7f). White crystals from ethanol, m.p. 177-179 °C, yield: 2.86 g (63%), IR (v, cm™"): 3484-3327
(imino), 3056 (CH-aromatic), 2983, 2873 (methylene, methyl), 1689, 1704 (two carbonyls), 1562
(vinyl bonding). 'H NMR (DMSO-ds, 300 MHz): & = 1.02, 1.08 (s, 6H, two methyl), 1.83 (m,
2H, methylene), 2.28 (s, 2H, methylene), 2.59 (s, 3H, methyl), 6.07 (s, 1H, pyran H-4), 7.23-7.64
(m, 8H, two phenyl), 8.38 (s, 1H, D,O exchangeable, imino). *C NMR (DMSO-ds, 75 MHz) §:
24.7 (two methyls), 39.9, 42.8 (two methylene), 38.8 (two methyls), 120.3, 120.6, 121.9, 122.4,
123.2, 123.6, 124.1, 125.4 (two phenyls), 130.2, 133.6, 136.5, 138.7 (pyran C-2, C-3, C-5, C-6),
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165.8, 166.9 (two carbonyls). Anal. cacld for CysH23CLLNOs (456.36): C, 65.80; H, 5.08; N,
3.07%. Found: C, 65.77; H, 5.25; N, 3.25%. MS: m/z = 456, 458 M*, M2 (75%).

General procedure for thesynthesisofthe 5-hydrazono-5,6,7,8-tetrahydro-4H-chromene-3-
carbohydrazide derivatives 9a-f

1,2-Diaminobenzene (1.08 g, 0.01 mol) was added to a solution of either 4a (3.40 g, 0.01 mol),
4b (3.70 g, 0.01 mol) or 4¢ (3.74 g, 0.01 mol) in dimethylformamide (40 mL). The whole reaction
mixture was heated under the reflux conditions for 2 h then the working up was carried out in a
similar manner as previously described for the synthesis of 4a-c.

5-Hydrazineylidene-2,7, 7-trimethyl-4-phenyl-5,6, 7,8-tetrahydro-4H-chromene-3-carbohydrazi-
de (9a). White crystals from EtOH, m.p. 148-150 °C, yield: 1.79 g (58%), IR (v, cm™): 3462-3337
(imino), 3053 (CH-aromatic), 2986, 2871 (methylene, methyl), 1687 (carbonyl), 1565 (vinyl
bonding). '"H NMR (DMSO-ds, 300 MHz): § = 1.03, 1.06 (s, 6H, two methyls), 1.86 (m, 2H,
methylene), 2.25 (s, 2H, methylene), 2.54 (s, 3H, methyl), 4.88, 5.04 (2s, 4H, D,O exchangeable,
amino), 6.07 (s, 1H, pyran H 4), 7.23-7.64 (m, 5H, phenyl), 8.38 (s, 1H, DO exchangeable,
imino). *C NMR (DMSO-ds, 75 MHz) &: 24.6 (two methyl), 39.7, 42.8 (two methylenes), 38.8
(methyl), 121.39, 122.6, 123.4, 125.4 (phenyl), 130.2, 133.4, 136.7, 138.1 (pyran C-2, C-3, C-5,
C-6), 165.9 (carbonyl). Anal. cacld for Ci9H24N4O, (340.43): C, 67.04; H, 7.11; N, 16.46%.
Found: C, 67.18; H, 7.04; N, 16.25%. MS: m/z = 340 M" (68%).

2,7,7-Trimethyl-N',4-diphenyl-5-(2-phenylhydrazineylidene)- 5,6, 7,8-tetrahydro-4H-chromene-
3-carbohydrazide (9b). White crystals from EtOH, m.p. 141-143 °C, yield: 3.44 g (70%), IR (v,
cm!): 3487-3340 (imino), 3055 (CH-aromatic), 2989, 2876 (methylene, methyl), 1687
(carbonyl), 1565 (vinyl bonding). 'H NMR (DMSO-ds, 300 MHz): § = 1.03, 1.08 (s, 6H, two
methyl), 1.83 (m, 2H, methylene), 2.28 (s, 2H, methylene), 2.56 (s, 3H, methyl), 6.07 (s, 1H,
pyran H-4), 7.24-7.58 (m, 15H, three phenyl), 8.29, 8.38, 8.50(3s, 3H, D,O exchangeable, three
imino). '*C NMR (DMSO-ds, 75 MHz) §: 24.5 (two methyls), 39.5, 42.9 (two methylenes), 38.5
(methyl), 120.2, 120.5, 121.4, 122.6, 122.8, 123.2, 123.5, 124.2, 124.5, 124.7, 125.7, 125.8 (three
phenyls), 130.2, 133.8, 136.2, 138.3 (pyran C-2, C-3, C-5, C-6), 166.3 (carbonyl). Anal. cacld for
C;31H3N4O, (492.62): C, 75.58; H, 6.55; N, 11.37%. Found: C, 75.37; H, 6.72; N, 11.49%. MS:
m/z =492 M" (85%).

5-Hydrazineylidene-4-(4-methoxyphenyl)-2,7, 7-trimethyl-5,6, 7,8-tetrahydro-4H-chromene-3-
carbohydrazide (9c). Yellow crystals from EtOH, m.p. 112-114 °C, yield: 2.30 g (62%), IR (v,
cm!): 3492-3318 (NH), 3053 (CH-aromatic), 2988, 2871 (methylene, methyl), 1688 (carbonyl),
1562 (vinyl bonding). '"H NMR (DMSO-ds, 300 MHz): & = 1.02, 1.07 (s, 6H, two methyls), 1.87
(m, 2H, methylene), 2.24 (s, 2H, methylene), 2.58 (s, 3H, methyl), 3.71 (s, 3H, methoxy), 4.89,
5.16 (2s, 4H, D,O exchangeable, amino), 6.05 (s, 1H, pyran H 4), 7.24-7.54 (m, 4H, phenyl), 8.36
(s, 1H, D,O exchangeable, NH). *C NMR (DMSO-ds, 75 MHz) §: 24.6 (two methyl), 39.7, 42.8
(two methylenes), 38.8 (methyl), 50.6 (methoxy), 120.5, 121.8, 123.6, 124.8 (phenyl), 130.6,
133.6, 136.5, 138.3 (pyran C-2, C-3, C-5, C-6), 165.8 (carbonyl). Anal. cacld for CH26N4O3
(370.45): C, 64.84; H, 7.07; N, 15.12%. Found: C, 64.57; H, 7.22; N, 15.39%. MS: m/z =370 M"
(55%).

4-(4-Methoxyphenyl)-2,7, 7-trimethyl-N'-phenyl-5-(2-phenylhydrazineylidene)-5,6,7,8-tetrahy-

dro-4H-chromene-3-carbohydrazide (9d). Yellow crystals from p-dioxane, m.p. 180-182 °C,
yield: 3.13 g (60%), IR (v, cm): 3484-3348 (imino), 3055 (CH-aromatic), 2989, 2879
(methylene, methyl), 1686 (carbonyl), 1563 (vinyl bonding).'H NMR (DMSO-ds, 300 MHz): § =
1.02, 1.07 (s, 6H, two methyls), 1.86 (m, 2H, methylene), 2.23 (s, 2H, methylene), 2.58 (s, 3H,
methyl), 3.69 (s, 3H, methoxy), 6.05 (s, 1H, pyran H 4), 7.24-7.58 (m, 14H, three phenyl), 8.31,
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8.38, 8.53 (3s, 3H, D»0 exchangeable, three imino). *C NMR (DMSO-ds, 75 MHz) &: 24.6 (two
methyl), 39.7, 42.6 (2CH,), 38.8 (methyl), 50.6 (methoxy), 120.1, 120.4, 121.3, 121.7, 122.4,
123.6, 123.2, 124.5, 124.3, 124.9, 125.4, 125.6 (three phenyls), 130.1, 133.3, 136.5, 138.2 (pyran
C-2, C-3, C-5, C-6), 166.5 (carbonyl). Anal. cacld for C3,H3N4O, (522.65): C, 73.54; H, 6.56; N,
10.72%. Found: C, 75.48; H, 6.48; N, 10.93%. MS: m/z = 522 M* (75%).

4-(4-Chlorophenyl)-5-hydrazineylidene-2,7, 7-trimethyl-5,6,7,8-tetrahydro-4H-chromene-3-car-
bohydrazide (9e). Yellow crystals from EtOH, m.p. 108-110 °C, yield: 2.31 g (62%), IR (v,
cm): 3475-3331 (imino), 3053 (CH-aromatic), 2985, 2878 (methylene, methyl), 1688
(carbonyl), 1560 (vinyl bonding).'H NMR (DMSO-ds, 300 MHz): § = 1.02, 1.09 (s, 6H, two
methyls), 1.83 (m, 2H, methylene), 2.24 (s, 2H, methylene), 2.61 (s, 3H, methyl), 4.87, 5.18 (2s,
4H, D,0 exchangeable, amino), 6.05 (s, 1H, pyran H 4), 7.23-7.62 (m, 4H, phenyl), 8.38 (s, 1H,
D,0 exchangeable, imino). *C NMR (DMSO-ds, 75 MHz) &: 24.5 (two methyls), 39.5, 42.6 (two
methylenes), 38.9 (methyl), 120.8, 123.1, 124.2, 125.7 (phenyl), 130.1, 133.6, 136.5, 138.3 (pyran
C-2, C-3, C-5, C-6), 165.8 (carbonyl). Anal. cacld for C;9H23CIN4O, (374.87): C, 60.88; H, 6.18;
N, 14.95%. Found: C, 60.94; H, 6.03; N, 15.19%. MS: m/z = 374, 376 M*, M'}(70%).

4-(4-Chlorophenyl)-2,7, 7-trimethyl-N'-phenyl-5-(2-phenylhydrazineylidene)-5,6, 7,8-tetrahydro-
4H-chromene-3-carbohydrazide (9f). Pale yellow crystals from 1,4-dioxane, m.p. 105-107 °C,
yield: 3.31 g (62%), IR (v, cm™): 3489-3340 (imino), 3055 (CH-aromatic), 2986, 2873
(methylene, methyl), 1687 (carbonyl), 1562 (vinyl bonding)."H NMR (DMSO-ds, 300 MHz): § =
1.01, 1.06 (s, 6H, two methyls), 1.85 (m, 2H, methylene), 2.29 (s, 2H, methylene), 2.56 (s, 3H,
methyl), 6.07 (s, 1H, pyran H 4), 7.25-7.63 (m, 14H, three phenyls), 8.26, 8.38, 8.52(3s, 3H, D,O
exchangeable, three imino). *C NMR (DMSO-ds, 75 MHz) &: 24.8 (two methyl), 39.5, 42.9 (two
methylenes), 38.7 (methyl), 120.4, 120.8, 121.5, 122.3, 122.6, 123.2, 123.7, 124.2, 124.7, 124.9,
125.2, 125.9 (three phenyls), 130.4, 133.6, 136.2, 138.0 (pyran C-2, C-3, C-5, C-6), 166.6
(carbonyl). Anal. cacld for C3 Hs CIN4O, (527.06): C, 70.64; H, 5.93; N, 10.63%. Found: C,
70.74; H, 6.15; N, 10.80%. MS: m/z = 526, 528 M", M2 (70%)).

General procedure for the synthesis of thieno[3,2-f]chromene-8-carboxylate derivatives 11a-f

Elemental sulfur (0.32 g, 0.01 mol) and either dicyanomethane (0.66 g, 0.01 mol) or ethyl 2-
cyanoacetate (1.07 g, 0.01 mol) were added to a solution of either 4a (3.40 g, 0.01 mol), 4b (3.70
g, 0.01 mol) or 4¢ (3.74 g, 0.01 mol) in p-dioxane (40 mL) containing triethylamine (2.0 mL).
The whole reaction mixture was heated under the reflux conditions for 2 h then the working up
was carried out in a similar manner previously described for the synthesis of 4a-c.

Ethyl 2-amino-1-cyano-4,4,7-trimethyl-9-phenyl-5,9-dihydro-4H-thieno[3, 2-f] chromene-8-car-
boxylate (11a). Orange crystals from AcOH, m.p. 138-140 °C, yield: 2.73 g (65%), IR (v, cm™):
3481-3324 (amino), 3054 (CH-aromatic), 2986, 2873 (methylene, methyl), 2220 (cyano), 1689
(carbonyl), 1565 (vinyl bonding). 'H NMR (DMSO-ds, 300 MHz): § = 1.02, 1.05 (s, 6H, two
methyls), 1.13 (t, 3H, J = 7.20 Hz, ester methyl), 2.26 (s, 2H, methylene), 2.53 (s, 3H, methyl),
4.22 (q, 2H, J = 7.20 Hz, ester methylene), 4.89 (s, 2H, D,O exchangeable, amino), 6.06 (s, 1H,
pyran H 4), 7.26-7.55 (m, 5H, phenyl).!*C NMR (DMSO-ds, 75 MHz) 8: 16.6 (ester methyl), 24.6
(two methyls), 42.8 (methylene), 50.2 (ester methylene), 38.7 (methyl), 116.9 (cyano), 121.1,
122.5, 123.3, 125.4 (phenyl), 130.2, 132.6, 133.5, 137.7, 138.2, 139.7, 140.2, 142.5 (pyran C-2,
C-3, C-5, C-6, thiophene C), 166.6 (carbonyl). Anal. cacld for C24H24N203S (420.53): C, 68.55;
H, 5.75; N, 6.66; S, 7.62%. Found: C, 68.73; H, 5.82; N, 6.75; S, 7.53%. MS: m/z =420 M" (79%).

Diethyl 2-amino-4,4,7-trimethyl-9-phenyl-5,9-dihydro-4H-thieno[3, 2-f] chromene- 1,8-dicar-
boxylate (11b). Orange crystals from AcOH, m.p. 172-174 °C, yield: 2.33 g (50%), IR (v, cm™):
3469-3328 (amino), 3054 (CH-aromatic), 2984, 2876 (methylene, methyl), 1689,1688 (two
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carbonyls), 1565 (vinyl bonding)."H NMR (DMSO-ds, 300 MHz): & = 1.02, 1.07 (s, 6H, two
methyls), 1.12, 1.30 (2t, 6H, J = 7.16, 5.49Hz, two ester methyls), 2.26 (s, 2H, methylene), 2.53
(s, 3H, methyl), 4.20, 4.22 (2q, 4H, J = 7.16, 5.49 Hz, two ester methylenes), 4.85 (s, 2H, D,O
exchangeable, amino), 6.06 (s, 1H, pyran H 4), 7.24-7.57 (m, 5H, phenyl). 3C NMR (DMSO-ds,
75 MHz) 6: 16.4, 16.6 (two ester methyl), 24.6 (two methyls), 42.8 (methylene), 38.7 (methyl),
50.2, 50.4 (two ester methylenes), 121.2, 122.3, 123.6, 125.1 (phenyl), 130.4, 132.6, 133.5, 137.5,
138.1, 139.7, 140.2, 142.7 (pyran C-2, C-3, C-5, C-6, thiophene C), 166.3, 166.3 (two carbonyls).
Anal. cacld for C26H20NOsS (467.58): C, 66.79; H, 6.25; N, 3.00; S, 6.86%. Found: C, 66.84; H,
6.41; N, 3.29; S, 7.12%. MS: m/z = 46TM"* (79%).

Ethyl 2-amino-1-cyano-9-(4-methoxyphenyl)-4,4, 7-trimethyl-5,9-dihydro-4H-thieno [ 3,2-f] chro-
mene-8-carboxylate (11¢c). Orange crystals from AcOH, m.p. 201-203 °C, yield: 2.83 g (62%), IR
(v, em™): 3496-3331 (amino), 3056 (CH-aromatic), 2989, 2876 (methylene, methyl), 2222
(cyano), 1687 (carbonyl), 1562 (vinyl bonding). 'H NMR (DMSO-ds, 300 MHz): & = 1.02, 1.08
(s, 6H, two methyls), 1.12 (t, 3H, J = 6.88 Hz, ester methyl), 2.26 (s, 2H, methylene), 2.56 (s, 3H,
methyl), 3.70 (s, 3H, methoxy), 4.23 (q, 2H, J = 6.88 Hz, ester methylene), 4.87 (s, 2H, D,O
exchangeable, amino), 6.05 (s, 1H, pyran H-4), 7.24-7.62 (m, 4H, phenyl). *C NMR (DMSO-ds,
75 MHz) &: 16.3 (ester methyl), 24.4 (two methyls), 42.9 (methylene), 38.9 (methyl), 50.2 (ester
methylene), 50.6 (methoxy), 117.0 (cyano), 121.3, 122.6, 123.1, 125.8 (phenyl), 130.4, 132.8,
133.5, 137.4, 138.3, 139.3, 140.8, 142.6 (pyran C-2, C-3, C-5, C-6, thiophene C), 166.9
(carbonyl). Anal. cacld for C,sH,6N2Os4S (450.55): C, 66.65; H, 5.82; N, 6.22; S, 7.12%. Found:
C, 66.80; H, 6.16; N, 6.42; S, 7.23%. MS: m/z = 450 M" (58%).

Diethyl  2-amino-9-(4-methoxyphenyl)-4,4, 7-trimethyl-5,9-dihydro-4H-thieno[3,2-f] chromene-
1,8-dicarboxylate (11d). Orange crystals from AcOH, m.p. 196-198 °C, yield: 2.63 g (55%), IR
(v, cm™): 3484-3317 (amino), 3056 (CH-aromatic), 2985, 2878 (methylene, methyl), 1689, 1688
(two carbonyls), 1567 (vinyl bonding). '"H NMR (DMSO-ds, 300 MHz): § = 1.04, 1.08 (s, 6H,
two methyls), 1.13, 1.31 (2t, 6H, J=7.12, 6.53Hz, two ester methyls), 2.24 (s, 2H, CH,), 2.53 (s,
3H, methyl), 3.73 (s, 3H, OCHz3), 4.21, 4.24 (2q, 4H, J = 7.12, 6.53Hz, two ester methylenes),
4.88 (s, 2H, D,O exchangeable, amino), 6.07 (s, 1H, pyran H 4), 7.25-7.59 (m, 4H, phenyl). 1*C
NMR (DMSO-ds, 75 MHz) &: 16.5, 16.8 (two ester methyls), 24.8 (two methyls), 42.8
(methylene), 38.6 (methyl), 50.3, 50.5 (two ester methylenes), 50.9 (methoxy), 121.0, 121.6,
123.8, 125.6 (phenyl), 130.1, 132.5, 133.5, 137.8, 138.3, 139.9, 140.2, 142.6 (pyran C-2, C-3,
C-5, C-6, thiophene C), 165.4, 166.8 (two carbonyls). Anal. cacld for C,7H31NOsS (497.61): C,
65.17; H, 6.28; N, 2.81; S, 6.44%. Found: C, 65.27; H, 6.36; N, 3.16; S, 7.32%. MS: m/z =497M"
(84%).

Ethyl  2-amino-9-(4-chlorophenyl)-1-cyano-4,4,7-trimethyl-5,9-dihydro-4H-thieno[3,2-f] chro-
mene-8-carboxylate (11e). Orange crystals from AcOH, m.p. 171-173 °C, yield: 2.63 g (58%),
IR (v, cm!): 3496-3341 (amino), 3056 (CH-aromatic), 2983, 2878 (methylene, methyl), 2220
(cyano), 1688 (carbonyl), 1563 (vinyl bonding).'H NMR (DMSO-ds, 300 MHz): § = 1.03, 1.06
(s, 6H, two methyls), 1.12 (t, 3H, J = 6.73 Hz, ester methyl), 2.28 (s, 2H, methylene), 2.55 (s, 3H,
methyl), 4.22 (q, 2H, J = 6.73 Hz, ester methylene), 4.88 (s, 2H, D,O exchangeable, NH>), 6.08
(s, 1H, pyran H 4), 7.22-7.64 (m, 4H, phenyl). *C NMR (DMSO-ds, 75 MHz) 8: 16.3 (ester
methyl), 24.4 (two methyls), 42.6 (methylene), 50.2 (ester methylene), 38.7 (methyl), 90.8 (pyran
C-4), 116.9 (cyano), 121.1, 122.5, 123.6, 125.6 (phenyl), 130.2, 132.8, 133.5, 137.4, 138.3, 139.7,
140.5, 142.2 (pyran C-2, C-3, C-5, C-6, thiophene C), 166.4 (carbonyl). Anal. cacld for
C24H23CINO3S (454.97): C, 63.36; H, 5.10; N, 6.16; S, 7.05%. Found: C, 63.47; H, 4.96; N, 6.25;
S, 7.17 %. MS: m/z = 454, 456 M", M*? (83%).

Diethyl 2-amino-9-(4-chlorophenyl)-4,4,7-trimethyl-5,9-dihydro-4H-thieno[3,2-f] chromene-1,8-
dicarboxylate (11f). Pale brown crystals from AcOH, m.p. 210-212 °C, yield: 3.31 g (66%), IR
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(v, em™): 3474-3322 (amino, imino), 3055 (CH-aromatic), 2985, 2878 (methylene, methyl), 1689,
1687 (two carbonyl), 1567 (vinyl bonding). '"H NMR (DMSO-ds, 300 MHz): § = 1.02, 1.06 (s,
6H, two methyl), 1.16, 1.34 (2t, 6H, J= 6.44, 6.03Hz, two ester methyls), 2.25 (s, 2H, methylene),
2.56 (s, 3H, methyl), 4.21, 4.24 (2q, 4H, J = 6.44, 6.03 Hz, two ester methyls), 4.88 (s, 2H, D,O
exchangeable, amino), 6.05 (s, 1H, pyran H 4), 7.23-7.64 (m, 4H, phenyl). *C NMR (DMSO-ds,
75 MHz) &: 16.5, 16.8 (two ester methyls), 24.6 (two methyls), 42.5 (methylene), 38.6 (methyl),
50.4,50.7 (two ester methyls), 90.8 (pyran C-4), 121.3,121.5, 123.7, 125.2 (phenyl), 130.6, 132.8,
133.8, 137.6, 138.2, 139.5, 140.3, 142.6 (pyran C-2, C-3, C-5, C-6, thiophene C), 165.9, 166.4
(two carbonyls). Anal. cacld for CosHasCINOsS (502.02): C, 62.21; H, 5.62; N, 2.79; S, 6.39%.
Found: C, 62.39; H, 5.71; N, 2.86; S, 6.50%. MS: m/z = 502, 504 M*, M*? (84%).

General procedure for the synthesis of the chromeno(5,6-d]thiazole-8-carboxylate derivatives
13a-c

Elemental sulphur (0.32 g, 0.01 mol) and phenylisothiocyanate (1.30 g, 0.01 mol) were added
(1.08 g, 0.01 mol) to a solution of 4a (3.40 g, 0.01 mol), 4b (3.70 g, 0.01 mol) or 4¢ (3.74 g, 0.01
mol) in 1,4-dioxane (40 mL) containing triethylamine (2 mL). The whole reaction mixture was
heated under the reflux conditions for two hours then the working up was carried out in a similar
manner as previously described for the synthesis of 4a-c.

Ethyl  4,4,7-trimethyl-1,9-diphenyl-2-thioxo-1,4,5,9-tetrahydro-2H-chromeno/[ 5, 6-d] thiazole-§-
carboxylate (13a). Pale brown crystals from AcOH, m.p.180-182 °C, yield: 3.31 g (66%), IR (v,
cm): 3474-3322 (amino), 3055 (CH-aromatic), 2985, 2878 (methylene, methyl), 1689
(carbonyl), 1567 (vinyl bonding), 1207 (thiocarbonyl)."H NMR (DMSO-ds, 300 MHz): & = 1.02,
1.06 (s, 6H, two methyls), 1.16 (t, 3H, J = 6.03 Hz, ester methyl), 2.25 (s, 2H, methylene), 2.56
(s, 3H, methyl), 4.21, 4.24 (q, 2H, J = 6.03 Hz, ester methylene), 6.05 (s, 1H, pyran H-4), 7.23-
7.64 (m, 10H, two phenyls). *C NMR (DMSO-ds, 75 MHz) &: 16.2 (ester methyl), 24.6 (two
methyls), 42.5 (methylene), 38.6 (methyl), 50.4 (ester methylene), 90.8 (pyran C-4), 121.3, 121.5,
122.1, 122.5, 122.8, 123.7, 124.2, 125.2 (two phenyls), 130.6, 132.8, 137.6, 139.5, 140.3, 142.6
(pyran C-2, C-3, C-5, C-6, thaizole C), 165.9, 166.4 (carbonyl), 180.2 (thiocarbonyl). Anal. cacld
for CosH27NO;S; (489.65): C, 68.68; H, 5.56; N, 2.86; S, 13.10%. Found: C, 68.72; H, 5.64; N,
2.72; S, 13.23%. MS: m/z =489 M" (78%).

Ethyl  9-(4-methoxyphenyl)-4,4, 7-trimethyl-1-phenyl-2-thioxo- 1,4,5,9-tetrahydro-2H-chromeno
[5,6-d]thiazole-8-carboxylate (13b). Pale orange crystals from EtOH, m.p. 168-170 °C, yield:
3.01 g(58%), IR (v,cm™): 3055 (CH-aromatic), 2985, 2878 (methylene, methyl), 1689 (carbonyl),
1567 (vinyl bonding), 1205 (thiocarbonyl)."H NMR (DMSO-ds, 300 MHz): § = 1.02, 1.08 (s, 6H,
2CH3), 1.16 (t, 3H, J = 5.84 Hz, ester methyl), 2.24 (s, 2H, methylene), 2.58 (s, 3H, methyl), 4.23
(9, 2H, J = 5.84Hz, ester methylene), 3.69 (s, 3H, methoxy), 6.05 (s, 1H, pyran H 4), 7.25-7.54
(m, 9H, two phenyls). *C NMR (DMSO-ds, 75 MHz) 8: 16.5 (ester methyl), 24.3 (two methyls),
42.5 (methylene), 38.8 (methyl), 50.1 (ester methylene), 50.6 (methoxy), 90.5 (pyran C-4), 120.3,
120.5, 121.1, 121.4, 122.0, 122.7, 123.8, 125.4 (two phenyls), 130.8, 133.5, 137.6, 138.7, 140.3,
142.2 (pyran C-2, C-3, C-5, C-6 and thiazole C), 166.3 (carbonyl), 180.3 (thiocarbonyl). Anal.
cacld for C20H20NO4S; (519.67): C, 67.03; H, 5.63; N, 2.70; S, 12.34%. Found: C, 66.84; H, 5.73;
N, 2.65; S, 12.52%. MS: m/z =519 M" (68%).

Ethyl  9-(4-chlorophenyl)-4,4,7-trimethyl- 1-phenyl-2-thioxo- 1,4, 5,9-tetrahydro-2H-chromeno
[5,6-d]thiazole-8-carboxylate (13¢). Pale brown crystals from AcOH, m.p. 220-222 °C, yield:
2.88 g (55%), IR (v, em™): 3055 (CH-aromatic), 2985, 2878 (methyl, methylene), 1688
(carbonyl), 1567 (vinyl bonding), 1209 (thiocarbonyl)."H NMR (DMSO-ds, 300 MHz): 8 = 1.03,
1.07 (s, 6H, two methyls), 1.13 (t, 3H, J = 6.44 Hz, ester methyl), 2.25 (s, 2H, methylene), 2.58
(s, 3H, methyl), 4.22 (q, 2H, J = 6.44Hz, ester methylene), 6.06 (s, 1H, pyran H-4), 7.23-7.68 (m,

Bull. Chem. Soc. Ethiop. 2024, 38(3)



792 Rafat Milad Mohareb and Hanan Maged Labib

9H, two phenyls). *C NMR (DMSO-ds, 75 MHz) &: 16.5 (ester methyl), 24.6 (two methyls), 42.5
(methylene), 38.6 (methyl), 50.4 (ester methylene), 90.8 (pyran C-4), 120.2, 120.6, 121.3, 121.5,
122.3,122.5,123.7, 125.2 (two phenyls), 130.6, 132.8, 137.6, 139.5, 140.3, 142.6 (pyran C-2, C-
3, C-5, C-6, thaizole C), 166.2 (carbonyl), 1801.3 (thiocarbonyl). Anal. cacld for C,3H26CINO;S,
(524.09): C, 64.17; H, 5.00; N, 2.67; S, 12.23%. Found: C, 64.33; H, 5.26; N, 2.75; S, 12.40%.
MS: m/z = 524, 526 M", M*? (60%).

General procedure for the synthesis of the chromeno(5,6-d]thiazole-8-carboxamide derivatives
14a-f

Either aminobenzene (0.93 g, 0.01 mol) or 1-amino 4-chlorobenzene (1.27 g, 0.01 mol) was added
to a solution of either 13a (4.89 g, 0.01 mol), 13b (5.19 g, 0.01 mol) or 13¢ (5.24 g, 0.01 mol) in
dimethylformamide (40 mL). The whole reaction mixture was heated under the reflux conditions
for two hours then poured onto ice/water mixture containing a few drops of HCI and the produced
solid product was collected by filtration.

4,4,7-Trimethyl-N, 1, 9-triphenyl-2-thioxo-1,3a,4,5,9, 9b-hexahydro-2 H-chromeno[ 5, 6-d] thiazole-
8-carboxamide (14a). Pale yellow crystals from EtOH, m.p. 196-198 °C, yield: 3.16 g (60%), IR
(v, em): 3487-3330 (imino), 3053 (CH-aromatic), 2991, 2896 (methylene, methyl), 1688
(carbonyl), 1562 (vinyl bonding), 1205 (thiocarbonyl)."H NMR (DMSO-ds, 300 MHz): § = 1.02,
1.07 (s, 6H, two methyls), 2.24 (s, 2H, methylene), 2.78 (s, 3H, methyl), 6.07 (s, 1H, pyran H 4),
7.23-7.56 (m, 15H, three phenyls), 8.34 (s, 1H, D,O exchangeable, imino). '*C NMR (DMSO-ds,
75 MHz) §: 24.5 (two methyls), 342.8 (methylene), 38.8 (methyl), 120.1, 120.5, 120.8, 121.4,
121.6, 122.1, 122.5, 123.0, 123.4, 123.6, 124.8, 125.5 (three phenyls), 130.3, 134.5, 136.2, 138.6,
138.3, 140.2 (pyran C-2, C-3, C-5, C-6, thiazole C-4, C-5), 166.4 (carbonyl), 181.3 (thiocarbonyl).
Anal. cacld for C3;HasN>O,S; (536.71): C, 71.61; H, 5.26; N, 5.22; S, 11.95%. Found: C, 71.42;
H, 5.30; N, 5.39; S, 11.73%. MS: m/z = 536 M" (75%).

N-(4-Chlorophenyl)-4,4,7-trimethyl-1,9-diphenyl-2-thioxo- 1,4, 5,9-tetrahydro-2H-chromeno
[5,6-d]thiazole-8-carboxamide (14b). Pale yellow crystals from p-dioxane, m.p. 175-177 °C,
yield: 3.31 g (58%), IR (v, cml): 3469-3327 (imino), 3055 (CH-aromatic), 2993, 2893
(methylene, methyl), 1687 (carbonyl), 1560 (vinyl bonding), 1207 (thiocarbonyl).'H NMR
(DMSO-ds, 300 MHz): 6 = 1.02, 1.08 (s, 6H, two methyls), 2.23 (s, 2H, methylene), 2.75 (s, 3H,
methyl), 6.07 (s, 1H, pyran H-4), 7.24-7.63 (m, 14H, three phenyls), 8.34 (s, 1H, D,O
exchangeable, imino). *C NMR (DMSO-ds, 75 MHz) 8: 24.6 (two methyls), 42.6 (methylene),
38.7 (methyl), 120.3, 120.8, 120.9, 121.6, 121.7, 122.1, 122.8, 123.4, 123.8, 124.3, 124.5, 125.9
(three phenyls), 130.2, 134.7, 136.2, 138.4, 139.1, 140.4 (pyran C-2, C-3, C-5, C-6, thiazole C-4,
C-5), 166.7 (carbonyl), 181.3 (thiocarbonyl). Anal. cacld for C3,H,7CIN,O,S, (571.12): C, 67.29;
H, 4.77; N, 4.90; S, 11.23%. Found: C, 67.41; H, 4.54; N, 5.15; S, 11.46%. MS: m/z = 571, 573
M*, M2 (82%).

9-(4-Methoxyphenyl)-4,4, 7-trimethyl-N, 1-diphenyl-2-thioxo- 1,4, 5, 9-tetrahydro-2H-chromeno-

[5,6-d]thiazole-8-carboxamide (14c). Pale yellow crystals from EtOH, m.p. 205-207 °C, yield:
3.56 g (63%), IR (v, cm™): 3463-3325 (imino), 3053 (CH-aromatic), 2991, 2896 (methlene,
methyl), 1688 (carbonyl), 1562 (vinyl bonding), 1207 (thiocarbonyl)."H NMR (DMSO-ds, 300
MHz): 6 = 1.03, 1.08 (s, 6H, two methyls), 2.26 (s, 2H, methylene), 2.77 (s, 3H, methyl), 3.59 (s,
3H, methoxy), 6.09 (s, 1H, pyran H- 4), 7.24-7.63 (m, 14H, three phenyls), 8.38 (s, 1H, D,O
exchangeable, imino). *C NMR (DMSO-ds, 75 MHz) 3: 24.6 (two methyl), 42.6 (methylene),
38.8 (methyl), 50.7 (methoxy), 120.1, 120.5, 120.8, 121.4, 121.6, 122.3, 122.5, 122.9, 123.2,
123.7, 124.3, 125.5 (three phenyls), 130.2, 133.6, 135.7, 138.1, 138.3, 140.8 (pyran C-2, C-3, C-
5, C-6, thiazole C-4, C-5), 166.5 (carbonyl), 180.7 (thiocarbonyl). Anal. cacld for C33H30N203S>
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(566.73): C, 69.94; H, 5.34; N, 4.94; S, 11.31%. Found: C, 70.21; H, 5.45; N, 5.14; S, 11.28%.
MS: m/z = 566M" (75%).

N-(4-Chlorophenyl)-9-(4-methoxyphenyl)-4,4, 7-trimethyl- I -phenyl-2-thioxo- 1,4, 5, 9-tetrahydro-
2H-chromeno|[5,6-d]thiazole-8-carboxamide (14d). Pale yellow crystals from EtOH, m.p. 165-
167 °C, yield: 2.88 g (48%), IR (v, cm™): 3474-3331 (imino), 3053 (CH-aromatic), 2977, 2873
(methylene, methyl), 1688 (carbonyl), 1564 (vinyl bonding), 1205 (thiocarbonyl). '"H NMR
(DMSO-ds, 300 MHz): & = 1.02, 1.06 (s, 6H, two methyls), 2.28 (s, 2H, methylene), 2.76 (s, 3H,
methyl), 3.57 (s, 3H, methoxy), 6.06 (s, 1H, pyran H- 4), 7.26-7.65 (m, 13H, three phenyls), 8.37
(s, 1H, D,O exchangeable, imino). *C NMR (DMSO-ds, 75 MHz) &: 24.4 (two methyls), 42.8
(methylene), 38.8 (methyl), 50.7 (methoxy), 120.2, 120.4, 120.8, 121.2, 121.8, 122.1, 122.7,
122.9, 123.5, 123.6, 124.6, 125.8 (three phenyls), 130.5, 133.8, 135.4, 138.2, 138.6, 140.5 (pyran
C-2, C-3, C-5, C-6, thiazole C-4, C-5), 166.3 (carbonyl), 180.5 (thiocarbonyl). Anal. cacld for
C33H2CIN,05S; (601.18): C, 65.93; H, 4.86; N, 4.66; S, 10.67%. Found: C, 65.73; H, 4.76; N,
4.72; S, 10.80%. MS: m/z = 601, 603 M*, M2 (86%).

9-(4-Chlorophenyl)-4,4, 7-trimethyl-N, I-diphenyl-2-thioxo- 1,4, 5, 9-tetrahydro-2H-chromeno-
[5,6-d]thiazole-8-carboxamide (14e). Pale brown crystals from EtOH, m.p. 198-200 °C, yield:
3.65 g (65%), IR (v, cm™): 3469-3321 (imino), 3053 (CH-aromatic), 2987, 2863 (methylene,
methyl), 1688 (carbonyl), 1564 (vinyl bonding), 1207 (thiocarbonyl)."H NMR (DMSO-ds, 300
MHz): 6 = 1.02, 1.07 (s, 6H, two methyls), 2.27 (s, 2H, methylene), 2.78 (s, 3H, methyl), 6.06 (s,
1H, pyran H-4), 7.24-7.67 (m, 14H, three phenyls), 8.38 (s, 1H, D,O exchangeable, imino). '*C
NMR (DMSO-ds, 75 MHz) 6: 24.8 (two methyls), 42.6 (methylene), 38.8 (methyl), 120.1, 120.5,
121.1,121.3,121.7, 122.3, 122.5, 122.9, 123.5, 123.3, 124.4, 125.9 (three phenyls), 130.2, 133.7,
135.2, 138.2, 138.7, 140.8 (pyran C-2, C-3, C-5, C-6, thiazole C-4, C-5), 166.6 (carbonyl), 180.3
(thiocarbonyl). Anal. cacld for C3;H,7CIN,O,S, (571.15): C, 67.29; H, 4.77; N, 4.90; S, 11.23%.
Found: C, 67.31; H, 4.59; N, 4.83; S, 11.42%. MS: m/z = 571, 573 M". M (75%).

N,9-Bis(4-chlorophenyl)-4,4, 7-trimethyl- 1-phenyl-2-thioxo-1,4,5,9-tetrahydro-2H-chromeno-
[5,6-d]thiazole-8-carboxamide (14f). Pale brown crystals from EtOH, m.p. 179-181 °C, yield:
3.32 g (55%), IR (v, cm): 3480-3343 (imino), 3056 (CH-aromatic), 2989, 2861 (methylene,
methylene), 1687 (carbonyl), 1564 (vinyl bonding), 1205 (thiocarbonyl). 'H NMR(DMSO-ds,
300 MHz): 6 = 1.03, 1.07 (s, 6H, two methyls), 2.25 (s, 2H, methylene), 2.74 (s, 3H, methyl), 6.05
(s, 1H, pyran H-4), 7.22-7.63 (m, 13H, three phenyl), 8.37 (s, 1H, D,O exchangeable, imino). 1*C
NMR (DMSO-ds, 75 MHz) §: 24.6 (two methyls), 42.4 (methylene), 38.8 (methyl), 120.1, 120.3,
121.0, 121.5, 122.1, 122.5, 122.8, 122.6, 123.7, 123.2, 124.5, 125.6 (three phenyls), 130.4, 133.4,
135.6, 138.5, 138.9, 140.6 (pyran C-2, C-3, C-5, C-6, thiazole C-4, C-5), 166.7 (carbonyl), 180.5
(thiocarbonyl). Anal. cacld for C3;H26CLLN,O,S, (605.59): C, 63.47; H, 4.33; N, 4.63; S, 10.59%.
Found: C, 63.58; H, 4.71; N, 4.52; S, 10.63%. MS: m/z = 605, 607 M", M2 (75%).

General procedure for the synthesis of the 8-(1H-benzo[d]imidazol-2-yl)- 2H-chromeno/5,6-
d]thiazole-2-thione derivatives 16a-c

1,2-Diaminoaniline (1.08 g, 0.01 mol) was added to a solution of either 13a (4.89 g, 0.01 mol),
13b (5.19 g, 0.01 mol) or 13¢ (5.24 g, 0.01 mol) in dimethylformamide (40 mL). The reaction
mixture was heated under the reflux conditions for 3 h then poured onto ice/water mixture and the
produced solid product was collected by filtration.

8-(1H-Benzo[d]imidazol-2-yl)-4,4,7-trimethyl-1,9-diphenyl-1,3a,4,5,9,9b-hexahydro-2H-chro-

meno[5,6-d]thiazole-2-thione (16a). Yellow crystals from EtOH, m.p. 205-207 °C, yield: 3.53 g
(66%), IR (v, cm!): 3469-3335 (imino), 3053 (CH-aromatic), 2996, 2896 (methylene, methyl),
1560 (vinyl bonding), 1203 (thiocarbonyl)."H NMR (DMSO-ds, 300 MHz): § = 1.03, 1.07 (s, 6H,
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two methyls), 2.21 (s, 2H, methylene), 2.79 (s, 3H, methyl), 6.06 (s, 1H, pyran H-4), 7.25-7.48
(m, 14H, three phenyls), 8.36 (s, 1H, D,O exchangeable, imino). *C NMR (DMSO-ds, 75 MHz)
5: 24.6 (two methyls), 42.9 (methylene), 38.9 (methyl), 120.2, 120.5, 121.4, 121.7, 121.9, 122.0,
122.6, 122.8, 123.3, 123.9, 124.3, 125.8 (three phenyls), 130.2, 133.6, 134.9, 138.2, 138.6, 140.8
(pyran C-2, C-3, C-5, C-6, thiazole C-4, C-5), 172.3 (C=N), 180.3 (thiocarbonyl). Anal. cacld for
C3H»7N30S, (533.71): C, 72.02; H, 5.10; N, 7.87; S, 12.01%. Found: C, 71.28; H, 5.24; N, 7.93;
S, 12.17%. MS: m/z = 533M" (80%).

8-(1H-Benzo[d]imidazol-2-yl)-9-(4-methoxyphenyl)-4,4, 7-trimethyl-1-phenyl-1,3a,4,5,9,9b-hexa
hydro-2H-chromeno[$5, 6-d]thiazole-2-thione (16b). Yellow crystals from p-dioxane, m.p. 182-
184 °C, yield: 2.87 g (50%), IR (v, cm™): 3483-3328 (imino), 3056 (CH-aromatic), 2987, 2876
(methylene, methyl), 1560 (vinyl bonding), 1205 (thiocarbonyl).'"H NMR (DMSO-ds, 300 MHz):
6 = 1.05, 1.08 (s, 6H, two methyls), 2.25 (s, 2H, methylene), 2.68 (s, 3H, methyl), 3.73 (s, 3H,
methoxy), 6.04 (s, 1H, pyran H-4), 7.23-7.52 (m, 13H, three phenyls), 8.34 (s, 1H, D,O
exchangeable, imino). *C NMR (DMSO-ds, 75 MHz) §: 24.6 (two methyls), 42.9 (two
methylene), 38.9 (methyl), 50.3 (methoxy), 119.8, 120.3, 120.8, 121.4, 121.6, 122.2, 122.7 122.8,
123.1, 123.6, 124.3, 125.7 (three phenyls),130.4, 133.2, 135.3, 138.8, 139.2, 140.5 (pyran C-2, C-
3, C-5, C-6, thiazole C-4, C-5), 172.6 (C=N), 180.2 (thiocarbonyl). Anal. cacld for C33H»9N30,S,
(563.73): C, 70.31; H, 5.19; N, 7.45; S, 11.37%. Found: C, 70.25; H, 5.24; N, 7.52; S, 11.50%.
MS: m/z =563M" (77%).

8-(1H-Benzo[d]imidazol-2-yl)-9-(4-chlorophenyl)-4,4, 7-trimethyl-1-phenyl-1,4, 5, 9-tetrahydro-
2H-chromenol[5,6-d]thiazole-2-thione (16c). Yellow crystals from p-dioxane, m.p. 148-150 °C,
yield: 2.84 g (50%), IR (v, cm™): 3483-3362 (imino), 3055 (CH-aromatic), 2986, 2890
(methylene, methyl), 1563 (vinyl bonding), 1206 (C=S).'"H NMR (DMSO-ds, 300 MHz): 6= 1.03,
1.08 (s, 6H, two methyl), 2.28 (s, 2H, methylene), 2.77 (s, 3H, methyl), 6.08 (s, 1H, pyran H-4),
7.24-7.53 (m, 13H, three phenyls), 8.39 (s, 1H, D,O exchangeable, imino). *C NMR (DMSO-ds,
75 MHz) &: 24.7 (two methyl), 43.5 (methylene), 38.9 (methyl), 120.1, 120.4, 120.8, 121.3, 121.7,
122.1,122.4,122.8, 123.1, 123.4, 124.2, 125.5 (three phenyls), 130.1, 133.6, 134.8, 138.1, 138.5,
140.8 (pyran C-2, C-3, C-5, C-6, thiazole C-4, C-5), 172.6 (C=N), 180.4 (thiocarbonyl). Anal.
cacld for Cs,H»6CIN3OS; (568.15): C, 67.65; H, 4.61; N, 7.40; S, 11.29%. Found: C, 67.72; H,
4.81; N, 7.24; S, 11.40%. MS: m/z = 568, 570 M", M2 (75%).

General procedure for the synthesis of the xanthene derivatives 18a,b

The same experimental procedure that was used for the synthesis of 4a-c was carried out but using
dimedone (1.40 g, 0.01), cyclohexan-1,3-dione (1.12 g, 0.01 mol) and 4-methoxybenzaldehyde
(1.38 g, 0.01) or 4-chlorobenzaldehyde (1.40 g, 0.01 mol) instead of the reagents previously
described for 4a-c.

9-(4-Methoxyphenyl)-3,3-dimethyl-3,4,5,6,7,9-hexahydro- 1 H-xanthene-1,8(2H)-dione (18a).
White crystals from EtOH, m.p. 110-112 °C, yield: 2.60 g (74%), IR (v, cm™): 3057 (CH-
aromatic), 2994, 2893 (methylene, methyl), 1689, 1704 (two carbonyls), 1560 (vinyl bonding).
"H NMR (DMSO-ds, 300 MHz): § = 1.02, 1.08 (s, 6H, two methyls), 1.85-1.95 (m, 6H, three
methylenes), 2.21-2.43 (m, 4H, two methylenes), 3.69 (s, 3H, methoxy), 6.07 (s, 1H, pyran H-4),
7.27-7.53 (m, 4H, phenyl). *C NMR (DMSO-d;, 75 MHz) §: 24.6 (two methyls), 26.7, 30.4, 33.2,
35.6, 39.6, 42.9 (five methylenes), 50.8 (methoxy), 96.3 (pyran C-4), 120.8, 121.3, 123.3, 124.3
(phenyl), 130.1, 134.6, 136.3, 138.2 (pyran C-2, C-3, C-5, C-6), 165.5, 166.8 (two carbonyls).
Anal. cacld for C»H»404 (352.43): C, 74.98; H, 6.86%. Found: C, 74.87; H, 6.64% MS: m/z =
352 M*(70%).
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9-(4-Chlorophenyl)-3,3-dimethyl-3,4,5,6,7,9-hexahydro- 1 H-xanthene- 1,8(2H)-dione (18b).
White crystals from p-dioxane, m.p. 158-160 °C, yield: 2.73 g (75%), IR (v, cm™): 3055 (CH-
aromatic), 2994, 2893 (methylene, methyl), 1696, 1702 (two carbonyls), 1560 (vinyl bonding).'H
NMR (DMSO-ds, 300 MHz): 6 = 1.03, 1.06 (s, 6H, two methyls), 1.83-1.98 (m, 6H, two
methylenes), 2.25-2.46 (m, 4H, two methylenes), 6.08 (s, 1H, pyran H-4), 7.27-7.56 (m, 4H,
phenyl). *C NMR (DMSO-ds, 75 MHz) §: 24.8 (two methyls), 26.2, 30.3, 34.7, 35.8, 39.9, 42.8
(five methylenes), 96.8 (pyran C-4), 120.8, 122.8, 123.5, 124.6 (phenyl), 130.5, 134.3, 136.5,
138.6 (pyran C-2, C-3, C-5, C-6), 166.2, 166.7 (two carbonyls). Anal. cacld for C,;H,ClO3
(356.85): C, 70.68; H, 5.93%. Found: C, 70.83; H, 6.17%. MS: m/z = 356, 358 M", M*? (70%).

General procedure for the synthesis of the acridine derivatives 19a,b

The same experimental procedure that was used for the synthesis of 18a,b was carried out but
using NH4OAc (2.0 g) instead of Et;N.

3,3-Dimethyl-9-phenyl-3,4,6,7,9, 10-hexahydroacridine-1,8(2H,5H)-dione (19a). Pale yellow
crystals from p-dioxane, m.p. 197-199 °C, yield: 2.18 g (68 %), IR (v, cm™"): 3054 (CH-aromatic),
2994, 2892 (CH,, CH3), 1697, 1703 (two carbonyls), 1563 (vinyl bonding)."H NMR (DMSO-ds,
300 MHz): 6 = 1.04, 1.07 (s, 6H, two methyls), 1.85-1.97 (m, 6H, three methylenes), 2.23-2.44
(m, 4H, two methylenes), 6.13 (s, 1H, pyridine H 4), 7.25-7.49 (m, 5H, phenyl), 8.40 (s, 1H, D,O
exchangeable, imino). 3C NMR (DMSO-d,, 75 MHz) &: 24.8 (two methyls), 26.2, 30.3, 34.7,
35.8, 39.9, 42.8 (five methylenes), 98.3 (pyridine C-4), 120.8, 122.8, 123.5, 124.6 (phenyl), 130.5,
136.3, 138.5, 140.1 (pyridine C-2, C-3, C-5, C-6), 166.2, 166.7 (two carbonyls). Anal. cacld for
C1H23NO; (321.42): C, 78.47; H, 7.21; N, 4.36%. Found: C, 78.62; H, 7.39; N, 4.52%. MS: m/z
=321 M"(70%).

9-(4-Methoxyphenyl)-3,3-dimethyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione (19b).
Pale yellow crystals from p-dioxane, m.p. 166-168 °C, yield: 3.58 g (65%), IR (v, cm™): 3056
(CH-aromatic), 2994, 2890 (methylene, methyl), 1695, 1702 (two carbonyls), 1561 (vinyl
bonding).'"H NMR (DMSO-ds, 300 MHz): § = 1.03, 1.05 (s, 6H, two methyls), 1.87-1.95 (m, 6H,
three methylenes), 2.23-2.46 (m, 4H, two methylenes), 3.72 (s, 3H, methoxy), 6.12 (s, 1H,
pyridine H-4), 7.25-7.49 (m, 4H, phenyl), 8.40 (s, 1H, D,O exchangeable, imino). *C NMR
(DMSO-ds, 75 MHz) &: 24.5 (two methyl), 26.6, 30.4, 34.6, 35.8, 39.5, 42.7 (five methylenes),
98.6 (pyridine C-4), 120.5, 122.6, 123.8, 124.5 (phenyl), 130.3, 134.5, 136.2, 138.8 (pyridine
C-2, C-3, C-5, C-6), 166.3, 166.7 (two carbonyls). Anal. cacld for C,,H»sNOs (351.45): C, 75.19;
H, 7.17; N, 3.99%. Found: C, 75.38; H, 7.21; N, 4.25%. MS: m/z = 351 M" (78%).

Method of cell proliferation assay

The anti-proliferative activities of the newly synthesized compounds (Table 1) were evaluated
against the six cancer cell lines A549, HT-29, MKN-45, U87MG, and SMMC-7721 and H460
using the standard MTT assay in vitro, with foretinib as the positive control. Supplemented with
10% fetal bovine serum (FBS) the cancer cell lines were cultured in minimum essential medium
(MEM). To each well of 96-well plate and incubated in 5% CO, at 37 °C for 24 h approximate 4
x 103 cells, suspended in MEM medium, were plated. The cell cultures were continued for 72 h
and the compounds tested at the indicated final concentrations were added to the culture medium.
Fresh MTT was added to each well at a terminal concentration of 5 [1g/mL, and incubated with
cells at 37 °C for 4 h. With an ELISA reader, the formazan crystals were dissolved in 100 [JL of
DMSO each well, and the absorbency at 492 nM (for absorbance of MTT formazan) and 630 nM
(for the reference wavelength) was measured. The results expressed as ICso (inhibitory
concentration 50 %) calculated by using the Bacus Laboratories Incorporated Slide Scanner
(Bliss) software.
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HTRF kinase assay

Materials. Foretinib has been utilized as a positive control for the HTRF kinase activity and results
were expressed as ICso (Table 1). By utilizing anibamine (as a reference drug) in the MTT assay
the anti-proliferative action of novel heterocyclic compounds towards the human prostatic cancer
PC-3 cell line were evaluated. With different concentration of these proteins namely, hemoglobin,
lactoferrin, and lipocalin for 24 h the MTT assay was used to determine the cytotoxic activities.
The surrounding DMEM medium was removed and 0.1 pg/mL of MTT treatment (MP
Biomedical, USA) in the DMEM media for approximately 4 h was done in order to determine the
cell viability. The temperature of 37 °C in 5% CO, incubator was maintained during the
measurements. Compared with the untreated control samples the formazan crystals were further
dissolved in the dissolving buffer and the absorbance of the same was read at 570 nm using an
ELISA plate reader and the final readings were recorded. To assess cell viability the MTT assay
has been widely been used and the enzymatic reduction of 3-[4,5-dimethylthiazole-2-yl]-2,5-
diphenyltetrazolium bromide (MTT) to MTT-formazan was catalyzed by mitochondrial succinate
dehydrogenase. Through the MTT assay there is a colorimetric reaction that can easily be
measured from cell monolayers that have been plated in 35 mm dishes or multiwell plates. Cell
cultures are incubated for 2 h in culture medium or in a Krebs—Hensleit-HEPES buffer (115 uM
NaCl, 5 uM KCl, 1 uM KH,POs, 1.2 pM MgSOs, 2 pM CaCl,, and 25 uM HEPES at pH 7.4)
containing 0.5 pg ml™! MTT. The incubation buffer is removed and the blue MTT—formazan
product is extracted with acidified isopropyl alcohol (0.04 N HCI) after two hours. The absorbance
of the formazan solution is read spectrophotometrically at 570 nm after 30 min extraction at room
temperature.

CONCLUSION

The target molecules either chromene or quinoline derivatives were synthesized using dimedone.
The produced compounds utilized for the synthesis of fused pyran, pyridine and thiazole
derivatives. The anti-proliferative activities of the newly synthesized compounds were evaluated
against selected six cancer cell lines. Further studies of the synthesized molecules toward tyrosine
kinase c-Met and the cytotoxicity of the target molecules against the human prostatic cancer PC-
3 were done. The cytotoxic effect of compounds 14f and 16¢ on A549 cell lines was scanned and
showed high effects and these studies through this work supply the field for future studies.
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