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ABSTRACT

A series of ethyl 2-substituted aminopyrido[3',2" 5,6]thiopyrano [4,3,2-de]quinoline-1-carboxylate (VII,).s Was oblained by
yeacting ethyl2-chloropyrido[3'.2"5,6]thiopyrano[4,3,2-de]quinoline-1 -carboxylate (VI,) with certain aromatic amines. Another
gerics of ethyl 6-chloro-9,11-dimethyl-2-substituted aminopyrdo [3',2"5,6]thiopyrano [4,3,2-de]quinoline- 1 carboxylate (VIIp).vii
was also obtained by reacting ethyl 2,6-dichloro-9,11-dimethylpyrido [3'2'5,6)thiopyrano[4,3,2-de] quinoline-1-carboxylate
(Vi) with different amines. Molecular modeling study and in vitro cytotoxic effect of some samples of the synthesized

compounds were also achieved
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synthesized series have structural relationship to
certain naphthoquinolones ©, naphtophthalezones ©,
and naphtoquinazolines , which have been reported
as potent antitumor agents,
RESULTS AND DISCUSSION

According to reported procedures™ cyclization of
L.» could be affected by using polyphosphoric acid to
give 6-chloro-5H-[1]benzothiopyrano(2,3-b]pyridine-
Sone (1) and 6,9-dichloro-2,4-dimethyl-5SH-[1]
benzothiopyrano [2,3-b] pyridine-5-
one(fl,)respectivelely. Reacting II,, with p-
toluenesulphonamide followed by hydrolysis yielded
the correspanding amino derivatives IIL,p. Treating the
latter with diethyl malonate afforded the respective
ethoxycarbonylacetylamino derivatives IV, in a good
yield Compounds IV,, were cyclized via heating
under reflux with sodium ethaxide in ethanol to give
tetracyclic compounds V. Treating the
afforded the corresponding 2-chloro.
derivatives Vi, The target compounds (VIL),. and
(VIL), were produced via condensation of Vi with

. different aromatic amines respectively.

_ EXPERIMENTAL :
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s i alytical center, Cairo
rm_wd o e M‘marr;c::ded on a Shimadzu
University. IR spectra Were FEEFER MR smecrh
© 435 Spectrometer _using KBr discs. 'H-N spec
were performed on 8 Jeol .NMR FXQ-200MHZ
Spectrometer using TMS as an internal standard. Mass
spectra were recorded on a GCMS-QP 1000 EX 'Mass
Spectrometer. Progress of the reactions was monitered
by TLC using percolated aluminium sheets silica gel
MERCK 60 F 254 and were visualized by UV lamp.
Molecular modeling studies were carried out at the
department of medicinal chemistry, Faculty of
Pharmacy, Ain Shams University, Cairo, Egypt.
Antitumer screening was done at National Cancer
Institute, Cairo University, Cairo, Egypt. Compounds
I, and 11, were prepared in our recent publications®.

Compounds 111, IV, and V, were prepared according
to reported procedures™,

6-Amino-9-chloro-2,4-dimethyl- SH - [1] benzothio-
pyrano [2,3-b] pyridine -5-one (11Ib)

A maxmm of 6,9-dichloro-2,4-dimethyl-5H-
(1benzothiopyrano  [2,3-b]  pyridine-5-one  (I1)

Scheme (1) :

(15.45g, 0.05 mol.), p-toluen
0.1 mol.) anhydrous ssdium a::::::&hogammc
copper (II) acetate monohydrate '
and n-amyl alcohol (160 ml.) was stirred
for 8 hrs in an oil bath at 160-170°C, A e,
resulling solid was filtered, dri;d le F €00ling, e
toluenesulphonamido derivative, whicho wgwe by
with phenol (14.1 g, 0.15 mol.) and 47% ::Bmlxed
ml). The mixture was stirred and heated undur(lsg .
for 8 hrs. Afler cooling, the acidic soluﬁmnﬂm
extracted with chloroform. The aqueous layer -
poured into 30% sodium hydroxide (25 mi) E
formed precipitate was filtered, dried and recystallized
from methanol to give Ilk. m.p., 212-214% Vil
9.3g, 32%. Anal. Calcd. for CH;,CIN;OS: C, 578,
H, 3.78, N 9.63. Found: C, 57.67, H, 3.E2, N, 9.52. 1%
g(Br, v Cm™): 3405, 3381 (NH,), 1665 (C=0)
HNMR (DMSO, 8ppm): 1.7 (br. S, 2H, NH; D0
exchangeable), 2.45 (s, 3H, CH,), 2.8 (s, 3H, CHy)
6.45 (d, 1H, H7), 7 (s, 1H, H3), 7.3 (4, 1H, HE). M5,
m/z: 290 (M*, 100.0%), (M" +2) 292 (42.7%).
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9-chloro-6-Ethoxycarbonylacetamido-2,4-dimethyl-
5H-[1] benzothiopyrano [2,3-b] pyrisin-5-one (IVy):

Asolution of 6-amino, 9-chloro-2,4dimethyl-5H-
[1] benzothiopyrano[2,3-b] pyridin-5-one (I11,) (8.72g,
0.03 mol.) in diethyl malonate (60 ml, 0.37 mol.) was
boiled for 20 minutes then an exess of diethyl
malonate was removed by evaporation. The residuc
was purified by column chromatography on silica gel
(CHCl;) to give 1V}, as pale yellow needles. m.p., 128-
130°  Yield, 93g, 72%. Anal. Caled. for
CisH;7CIN;0,S: C, 56.37, H, 4.23, N 6.92. Found: C,
56.13, H, 4.63, N, 7.52. IR (KBr, v Cm™"): 3395-3345
(NH), 1738 (C=0, ester), 1660 (C=0, ketone), 1618
(C=0, amide). 'HNMR (DMSO, &ppm): 1.25 (t, 3H,
CH;), 1.65 (s, IH, NH, D,0 exchangeable), 2.6 (s, 3H,
CHy), 2.8 (s, 3H, CHy), 3.6 (s, 2H, COCH,), 4.25
(quartet, 2H, CH,), 7.1 (5, 1H, H-3), 7.6 (d, 1H, H-7).
8.65 (d, 1H, H-8). MS, m/z : 404 (M", 46.2%), (M"
+2) 406 (18.2%).

Ethyl6-chloro-9,11-dimethyl-2-hydroxyprido [3',2";
?‘,,6.]) thiopyrano [4,3, 2-de] quinoline-1-carboxylate
A solution of sodium ethoxide in ethanol, prepared
from sodium (0.92g, 0.043 mol.) and ethanol (30 ml)
was added to a boiling suspension of 9-chloro-6-
ethoxycarbonylacetamido-2,4-dimethyl-SH-[1]

benzothiopyrano [2,3-b] pyridin-5-one (IV,) (4.04g,
0.01 mol.) in ethanol (90 ml). The mixture was boiled
for 15 minutes, cooled and poured into cold water. The
solid product was stirred 20 minutes with diluted HCI,
wa.shed with water, dried and crystallized from acetic
acid as yellow Crystals m.p., 174-176°. Yield, 9.3g,
70%. Anal. Calcd. for CyyH,5;CIN,O,S: C, 58.99, H,
3.91, N 7.24. Found: C, 58.79, H, 3.98, N, 7.12. IR
gKBr, v Cm™): 3412-3402 (OH), 1725 (C=0, ester).
HNMR (DMSO, &ppm): 1.1 (1, 3H, CH;), 2.2 (s, 3H
CH;) 24 (s, 3H, CH;), 245 (s, 1H, OH, D,0
exchangeable), 3.45 (q, 2H, CH,), 6.65 (d, 1H, Hy), 7.0
(d, 1H, Hy). 7.25 (d, 1H, H5) MS, m/z : 386 (M",
0.8%).

Ethyl 2-chloropyrido [3',2':5,6] thiopyrano [4,3,2-
de] quinoline-1-carboxylate (VI,) and ethyl 2,6-
dichloro - 9,11- dimethylpyrido- [3',2": 5,6] thiop-
yrano (4, 3, 2-de] quinoline-1-carboxylate (V1,):

A mixture of the appropriate hydroxyl compound
Vi o b (0.005 mol) and phosphorus pentachloride
(1.04g, 0.005 mol.) was heated under gentle reflux for
1hr., then cooled and poured onto ice. The resulting
product was filtered, washed with 5% sodium
hydrogen carbonate and crystallized from aqueous
ethanol to give VI, oy as yellow crystals. Table (1).

Table (1): Ethyl 2-chloropyrido [3',2' : 5,6] thiopyrano[4,3,2-de] quinoline-1-carboxylate (V1,)
and ethyl 2,6-dichloro-9,11-dimethylpyrido [3'2"5,6] thiopyrano [4,3,2-de] quinoline-1-

carobxylate (V1,):
Vi R X m.p.° Yield Molecular Analysis %
% formula Calced. - Found
a H H 220-222 60 Cy;H,,CIN,0,S C 59.56 5921
(342.81) H 323 3.14
| N 8.17 8.34
B |CH; | Cl 205-207 65 Cy;sH 1 CLN;,0,8 | C56.31 56.13
(405.31) H 348 361
N 6.91 6.91
Spectral data for V1,: (0.005 mol.) and triethylamine (2 drops) in ethanol (20

(Dmné (KBr, v Cm™): 1723 (C=0, ester). "HNMR
345 O, Sppm): 1.1 (1, 3H, CH,), 2.3 (s, 3H, CHy),
29, 2H, CH,), 7.1 (s, 1H, Hyo), 7.45 (d, 1H, H4),

765(d, 1H,H .
2,009 12 MS, miz : 404 (M, 1.53%), 406 (M

lEht:;;lynz-ﬂlbiﬁtuled aminopyrido l3',2" :5,6]
v .ndn;l?’s’z'del‘l“inoline—l-urboxylate (Vila)
Aminopyrig yl 6""“?"0'9,1 1-dimethyl-2-substituted
Quinglioe « . 1372':5,6]  thiopyrano  [4,3,2-de]

- oline-1-carboxylate (VIL)wu
thernl procedure:

‘A mixtyre .
w4 (0.005 m 10 f'the appropriate chloro compound VI,
: = mol), the selected primary aromatic amine
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ml) was heated under gentle reflux for 45-90 minutes
depending on the used amine. The mixture was cooled
and the formed solid was filtered, dried and
crystallized from the suitable solvent, tables (2,3).
Molecular modeling studies
General methodology

All molecular modeling studies were performed on
a Silicon Graphics workstation, running under IRIX 64
operating system, using HipHop procedure of Catalyst
software, (version 7.7)”.- The meolecular modc_zl
produced by Catalyst is called a hypf:thems
(Hypothetical model). A Catalyst hypothesis can
contain an arbitrary set of 3D data, 2D (topology) f:lata,
ID (scaler) parameters, and constraint descriptions.
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The basic modeling methodologies leading to the
. pharmacophore-based alignments (e.g., conformational
analysis, molecule fitting, etc.), were performed with
Catalyst using the implemented chemical features®®"?

implemented in the program using the above-describeg |

minmizer coupled to “poling” function to assess
conformational variation”® and the BEST algorithm
The latler intends to optimize the conformationa)

and -~ the energy minimization procedure!, coverage versus the size of the assembly™*'®,
Conformational ~ analysis was performed as
~ Table (2): Ethyl 2-substituted aminopyrido [3',25,6]thiopyrano [4,3,2-de] quinoline-1-carboxylate (VII,)ii
) Analysis %
Vil R ﬁ;‘l‘:’:‘ Yicld mp.° Solvent Mol. Form
. ' minutes | % P- of cryst. (Mol.Wt.) Cale. Found
CyH;3N,0,8 C69.16 69.13
i _® 60 40 210-212 | acetone 399.47 H 4.29 4.10
, N 10.52 10.50
CaHpN,0,8 | C69.71 69.49
L —@—cu, a5 a5 227229 | acetone 413.49 H 463 | 490
N 10.16 10.20
‘ CuHpN, 0,8 | C67.12 67.32
I \e 45 50 >300 benzene 429.49 H 446 4.53
.| N 9.78 9.75
CuHBIN,O,S | C57.75 57.83
L _@_B, 90 30 | 187-189 478.36 H 337 | 34
methanol N 8.78 8.79
CxHCIN;0,S | C 63.67 63.84
v , 90 30 195-197 43391 H 372 3.82
N 968 9.40
methanol
v - CuHiCIN;0,S [ C6367 | 6331
i 90 30 | 200-202 433.91 H 372 | 362
methanol N 968 9.39
. |HC CGuHisNO,S [ C6971 | 69.97
Vii 45 45 243-245 | acetone 413.49 H 463 438
N 10.16 10.23
viii £, is CGuHpN0,S [ C69.71 | 69.44 —
= 401 261263 | acetone 413.49 H 463 | 492
\ / N10.16 | 1033
R (KBr, v Cm") for (VL) : 34353415 (NH), 1710- vl

Catalyst pharmaco

hore ¢ i
 generation): P onstruction (hypothesis

1703 (C=0, ester). MS, m/z for (VIL); : 413 (M”, 1.0%)-

‘approximate g|

) In the present study, best conformational analysis
using Catalyst pro

gram, d to 9 le®
compounds ™ & 9, 1o, "'was performe !

molecule may adopt, Begy conformational analysis *
performed '

conformers

per mol : value ©
Keal/ ecule and a maximum .

mol for conformer energy.

1, 13, 14, 19 o order o
energetically accessible shapes ke ‘

for each compound using a threshold of 0 |
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Table (3): Ethyl 6-chloro-9,11-dimethyl
;.W(V"h)vﬁ~

-2-substitutd aminopyrido[3

'25,6] thiopyrano[d,3,2-de] quinoline-1-

] R &2"'; Y‘i,/ild m.p.® Solvent Mol. Form Analysis %
minutes of cryst. (Mol.wt.) Calc. Found

e CasHy0CIN,O,S | C65.00 | 64.82

i N/ 60 40 210212 | acetone 461.97 H 436 4.23
N 910 | 9.1

CaHxCIN;O,S | C65.61 | 65.51

L —Oﬂ. 45 45 >300 | acetone 475.99 H 466 | 4.82
N 883 8.81
CyHxnCIN;O,S | C 6347 | 63.12

ks _O_m‘ 45 50 >300 | benzene 491.99 H 451 | 423
/ N B.54 8.56
CoHpBrN,0.8 | C55.52 | 5532
L, —O—m 90 35 217219 540.86 H 3.54 3.50
methanol N 7.77 1.71
CasHyCLN,O,S | C60.49 | 60.47
v —-< >—C| 90 35 205-207 | acetone 496.41 H 3.86 3.75
N B.46 B.45

: CasHpCLN,0,S | C60.49 | 60.71
Vi j' 90 30 194-196 496,41 H 3.86 3.98
_ methanol N 8.46 8.77

ifw CasHnCIN,O,S | C6561 | 65.0
Vi ‘@ 45 40 215-217 | ecetone 475.99 H 4.66 4.81
N 8.83 8.53
o, CaHpnCIN,O,S [ C65.61 | 65.33
Vii N as 40 203-205 | acetone 475.99 H 4.66 481
—Q N 883 8.92

R (KB, v Cm™') for (V1ly),ug : 3435-3415 (NH), 1710-1703 (C=0, ester). 'H-NMR (DMSO, 8ppm) for (VIL,)s : 1.10 (4, 311,

CHLL 170 @, S, 1H, NH, D,0 exchangesble), 2.2 (s, 3H, CH,), 2.4 (s, 3H, CH,), 3.45 (g, 2H CH,), 3.85 (s, 3H, OCH,), 6.85-
T4 (m, 6H, sromatic), 7.5 (d, 1H, Hy). MS, m/z for (VIL)s : M" 491 (14.90%), (M"+ 2) 493 (4.8%).

Afterwards, the emerged conformers for each lead
Compound were used to build up the hypothetical
model wsing HipHop™'™® method of catalyst program.
"ﬁwmm&ummm
Wihin the jead compounds staming from the
of the prnciple compound in the lead
empounds. Compound 12 took a value of 2 in the
Prmiple column end considered to be the principle
. In addition, the following parameters were loaded
;"‘hwmmhmmwfym
- hesis where, Max Omit Feat sited 1o be one for
Mareover, Hydrogen Bond Accptor

HBA), | Hog
A W Bond Donor (HBD) and
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hydrophobic (H) function were specified to be the
chemical features that would be considered in the
generate of the hypothetical model. At the end of these
procedures, Catalyst program generate 10 hypotheses,
ranked according to their scores, which most likely
express the common chemical features of the lead
compounds. Among the generated 10 hypotheses, the
highest ranking onc is that most likely expressed the
common chemical features composition of the lead
compounds. The highest ranking hypothesis composed
of six femtures (two hydrophobic, two hydrogen
acceptors and two hydrogen doners).
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RO NH(CH,),NH(CH,),0H

R 0

NH(CH,),NH(CH,),0H
- 7 o |
HC ametantrone  (5) R=H
NH,
HO mitoxantrone  (6) R=0H
doxorubicin (4)_ : '
_~(CH,),NH(CH,),0H ~(CH,),NH(CH,),0H
O N—N - | OH N—N
OH o NH(CH,),NHCH,CH,0H OH O NHR
lésoxanlmr‘ne('f)

teloxantrone (8) R = (CH,),NHCH,
piroxantrone - (9) R =(CH,),NH,

H
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j(19:20),

vValidation of the hypothetical mode
The performance of the modified hypothetical model was evaluated by fitting the test compounds (VII,)

(VL) (VI and (VIIg)s.

(V1L,); R=4-C;H,CH, (VII,), R=4-CjH,CH,
(VIL),;; R=4-C;H,0CH, (V11,),, R=4-C;H,OCH,

Fitting operations to the modified hypothetical Table (4): Validation results of the hypothetical

model were accomplished through; firstly. Best model:

conformational analysis was done utilizing a threshold Compound | Number of conformers | Fit value
of 250 conformers per molecule and a maximum value

of 20 Kcal / mol fcl:r conformer energy. Secondly, the (VIL); 75 3.46
conformers of each compound in the test set were (VILDui 104 3.53
allowed to fit to the modified hypothesis using best fit

option and the fit values of the test set compounds (VIp)i 41 3.42
were obtained. Table (4), figure (1). The obtained fit (VI )i 52 3.72

value for each compound is a measure of how many
and how well its functional features fit to the features

of the pharmacophore.

Figure (1) :

Com - .
, pound (VIL), mapped to hypothesis - ‘Compound (VIIy);; mapped to hypothesis
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Compound (V11,); mapped to hypothesis

In vitro test for cytotoxic effect:

Experiment
A set of sterile test tubes was used, where 2.5 X

10° tumour cells per ml were suspended in phosphate
buffer saline. Then 25, 50, 100 pg/ml from test
compound were added to the suspension, kept at 37°C
for 2 hours. Trypan blue dye exclusion test was then
carried out to calculate the percentage of nonviable
cells®,
Table (5): Results of in vitro test for cytotoxic effect
% Inhibition of cell viability
mmpnunds 100 50 25
(VIII)ﬁ - - -

(VIL )i - . .

(VI)s 50 20 10
(Vily)si - . -

C_onf:!ﬂ.:ioﬂ: Compound (VII,); showed inhibition of
viability of EAC (Ehrlich Ascites Carcinoma) cells at

different doses while DMSO free liqui
showed no activity, A (conal
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