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From 2-amino-3-ethoxycarbonyl-4,5-dimethyl-, -polymethylenethiophenes (1-4) were synthesized 2,3-disubstituted thieno[2,3-
d]dihydropyrrolo-, tetrahydropyrido-, and tetrahydroazepino[1,2-a]pyrimidin-4-ones (5-16) for pharmacological investigations.
The 12 compounds (5-16) were individually evaluated for their antiproliferative activities on mammalian cancer cell models. All
tested compounds showed weak affection on human cervix adenocarcinoma cells (HeLa) whereas some of the tested compounds
exhibited more consistent inhibition of cell growth on murine myeloma cells (P3X). In both cases some compounds enhanced cell
proliferation.

1. Introduction of thieno[2,3-d]pyrimidin-4-ones derivatives and to evaluate
their possible cytotoxic activity on mammalian cell models.

Thieno|[2,3-d]pyrimidin-4-ones are a large group of hete-
rocyclic compounds [1] and some of them show antiviral
[2], antimicrobial [3-10], and antibacterial properties [11].

Fused tri- and tetracyclic thieno[2,3-d]pyrimidin-4-ones are

2. Materials and Methods

synthesized by many methods and among them some com-
pounds have fungicidal, antibacterial, and antiinflammatory
activities [12-19], and their substituted derivatives were
reported as 173-HSD1 inhibitors [20].

These findings clearly show the potential importance
of such molecules as active principles of new pharmaceu-
ticals and therefore the development of effective methods
of synthesis and searching of biological activities among
new synthesized compounds are a very important direction.
Prompted by the various biological activities of thieno[2,3-
d]pyrimidin-4-ones and its substituted derivatives, we envi-
sioned our approach towards the synthesis of a novel series

2.1. Chemicals and Reagents. "H NMR spectra were recorded
on Unity 400" (400 MHz) in CDCl,. Chemical shifts of 'H
were measured relative to HMDS as internal standard. IR
spectra were recorded as KBr pellets on an IR Fury System
2000 (Perkin-Elmer). Melting points were measured on a
Boetius (Germany) and MEL-TEMP (USA) apparatus and
are not uncorrected. Reactions were monitored by TLC on
Sorbfil (Russia) and Whatman UV-254 (Germany) (eluent:
benzene-methanol, 2: 1 (A) and benzene-methanol, 5: 1 (B)),
which were visualized under UV radiation.

Cell culture media, supplements, and dimethyl sul-
foxide (DMSO) were purchased from Roth and Greiner
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FIGURE 1: Cytotoxic action of compounds 5-16 on HeLa cells after
24-hour culturing (MTT test).
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FIGURE 2: Cytotoxic action of compounds 5-16 on P3X cells after
24-hour culturing (MTT test).

Labortechnik (Italy). The 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was purchased from
Sigma and Gibco (Invitrogen, Italy).

2.1.1. Cytotoxic Activity. The evaluation of cytotoxic activity
of the tested samples was carried out on HeLa (human
epithelial cervical cancer, ATCC CCL-2) and P3X (murine
myeloma, ATCC CRL-1580) cell models. For this purpose
cells were cultured at 37°C, 90% of humidity and 5% CO, in
96-well plates (5 x 10* cells/well for HeLa and 1 x 10° for P3X
cells) in DMEM medium culture (pH 7.4), containing 10%
fetal bovine serum and 50 units/mL penicillin/streptomycin.
Cells were treated for 24 hours with the individual substance
(in concentrations of 500, 250, and 62.5 ug/mL, resp.). Con-
trols consisted of untreated cancer cells incubated for 24
hours. The obtained results were recalculated in percentage
with respect to the control. All experiments were conducted
in 3-time frequency.

2.1.2. MTT Assays. Cytotoxic activity was evaluated by using
the MTT test based on reducing [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide] (MTT) with the
participation of cytoplasmatic dehydrogenases in insoluble
formazan, the quantity of which correlates with metabolic
activity of cells and a level of cell proliferation [21]. The
medium was replaced 4 hrs before the incubation period
(100 uL. DMEM), containing 0.5 mg/mL MTT, and incubated
for 3 hours at 37°C. At the end of the experiment the
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formed crystals of formazan were dissolved in DMSO and
the absorbance was determined by a plate lecturer. Cytotoxic
activity of substances was determined by percent of discolor
in control samples at 595 nm. Cytotoxic activity is determined
by the change in absorbance relative to the controls and has
been expressed as cell viability rate (%).

3. Experimental Part

3.1. Sample Preparation. Compounds 1-4 were synthesized
following to the procedure of Gewald et al, as already
reported [17] with some minor modifications. To a suspen-
sion containing of 0.4 mole ketone, 0.4 mole ethyl cyanoac-
etate, and 0.44 g sulphur powder in 120 mL ethanol, 40 mL
diethylamine was added dropwise and the temperature of the
reaction mixture was kept at 45-50°C for 3 h; the reaction
solution was allowed to stand overnight at +5°C (in Gewalds
procedure [17], a reactionary mixture leave in a refrigerator
at some times). 700 mL Distilled water was added and was
mixed for 3 h at room temperature. The formed crystals were
filtered off and washed with water and dried. The products
1-4 were purified by recrystallization from corresponding
solvent. Data on the prepared compounds 1-4 are given in
Table 1.

Compounds 5-16 were obtained by modified method,
which were reported previously [19, 22]. 2-Amino-3-
ethoxycarbonyl-4,5-dimethyl- (1), -4,5-tri-, -tetra-, -penta-
methylene thiophenes (2-4) were synthesized by some minor
modifications of the already mentioned methodology [17].

2,3-Disubstituted thieno[2,3-d]dihydropyrrolo-, tetrahydropy-
rido-, and tetrahydroazepino [1,2-a]pyrimidin-4-ones. were
synthesized by modified method [22]. (General Procedure).
To a mixture containing of 0.2 mole of compounds 1-4
and 0.3 mole lactam, 0.72 mole phosphorusoxychloride was
added dropwise (0.5h) at 0/+2°C. The reaction mixture was
kept at 96-98°C for 2h and subsequently allowed to stand
overnight at room temperature; grinded ice was then added
for decomposition of a reactionary mixture and 12% NH,OH
was added up to pH = 9-10. The formed crystals were filtered
off and washed with water and dried. The products 5-16 were
purified by recrystallization from corresponding solvent (see
Table 1). Data on the prepared compounds 5-16 are given
in Table 1. The structure of the synthesized compounds was

elucidated by their '"H NMR and IR spectral data analysis.

4. Results and Discussion

2,3-Disubstituted thieno[2,3-d]dihydropyrrolo-, tetrahydro-
pyrido-, and tetrahydroazepino[1,2-a]pyrimidin-4-ones, 5-
16, are synthesized from 2-amino-3-ethoxycarbonyl-4,5-
dimethyl-, -polymethylene thiophenes (compounds 1-4) by
condensation reaction with lactams [12, 19, 22]. The thio-
phene analogues (1-4) may be synthesized from aliphatic or
cyclic ketones (Scheme 1 and Table 1) [17].

Synthesis of compounds 5-16 was already has been
carried out by the method changed by us [19, 22]. Addition
to reagents of POCIl; at cooling (0°C), instead of at room
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TABLE 1: Some physical-chemical parameters of synthesized compounds (1-16).

Compound no. (gfl[i’l:/l])) Mlz}\;g, ([sli)ilz]e)nt) (Eli é nt) Empiric formula
: 2 17) o, (ZZ? C,H,NO,S
? s, 117) e 55, oy w C1oHRNO,S
’ 2.07) 8 thevane) 043 CuHLNO,S
! 2 s 1)) ® CoH, NO,S
> 86 1??4414154(51“:[);2;1]1;) (EIZ? G, Hp,N,08
¢ (54,9 [014]) 20?2_38—32((;?,(? EIIIZ%OI) (22)5 C,H,pN,08
’ (60, [14) st 4] ® CLaHLN,08
8 (62,9[214]) 1?17;;??5(;:[}[1?2%1) O(IZ;L Ci,HsN,OS
’ 8 ittty o CsH,,N;08
1 0, [14) o8, ) o CsH,N08
n (85, 14) 28 220 (ethancD 076
12 (78,9[214]) 1??;;??;;:‘}[1;‘2]‘;1) 0(];;;) CsHgN,08
‘3 8 s 160 ] ) C,H,N;08
H (75)8[515]) 1?;169—2152?;2?;) 0(]2)0 C14H 6N, 08
1 (67.114) o1 iy ) C1sH N, 08
' (65,9 [014]) 16(11_5;?f6((})1,e[%t:]r;e) 0(]§)6 C16HyN, 08

R COOC,H
¢ © CN L2 o HN
S
+ ()n—

,j/+< (C,H),NH ,5/ \2
R COOC,H; 27572 R NH, (o]

S

1-4

(¢}

1,5,9,13R=R’ = CH,4
2,6,10,14R + R’ = (CH,),
3,7,11,15R + R’ = (CH,),
4,8,12,16 R+ R’ = (CH,)s;
5-8,n=1;9-12,n=2;13-16,n =3

ScHEME 1: Synthesis of thieno [2,3-d]pyrimidin-4-One derivatives.

temperature (20°C), the increasing in duration of reaction
and processing of a reaction mixture by ice water (thus
decomposition of reaction products decreases) have allowed
to obtain main products 5-16 in high yields (82-96%) (Table
1).

Our results showed that the increase of methylene
groups, that is, at transition from dihydropyrrolo- (5),
tetrahydropyrido- (9) and tetrahydroazepino- (13) deri-
vatives, the inhibition activity on murine myeloma cells
(P3X) of compounds in the line 5 > 9 > 13 (250 ug/mL)



TABLE 2: IC50 determination of substances 5-16 on HeLa and P3X
cells after 24-hour culturing (MTT assay).

Sample P3X Hela

5 86,4 pg/mL >500 pg/mL
6 195 pg/mL >500 pg/mL
7 249,7 pug/mL >500 pg/mL
8 >500 pg/mL >500 pg/mL
9 >500 pg/mL >500 pg/mL
10 93,1 ug/mL >500 pg/mL
11 90,0 ug/mL >500 pg/mL
12 103,8 ug/mL >500 pg/mL
13 >500 pg/mL >500 pg/mL
14 >500 pg/mL >500 pg/mL
15 >500 pg/mL >500 pg/mL
16 >500 pg/mL >500 pg/mL

decreased. The same behavior was observed for 5,6-
dimethyl- (5), -trimethylene- (6), -tetramethylene- (7), and
-pentamethylene- (8) derivatives in the line of compounds
5> 6 >7 > 8. Among of them, compound 5 resulted as
the most active and in this view, further investigations with
derivatives of 2,3-dimethylthieno [2,3-d]dihydropyrrolo
[1,2-a]pyrimidin-4-one (5) will be carried out in order to
evaluate both the affecting level of single derivatives and their
cellular targets. The 5-16 obtained compounds exhibited
moderate cytotoxic activity on HeLa cells.

4.1. NMR Studies of Compounds 5-16. The structure of
the synthesized compounds is confirmed with reference of
protons H-6 (in the field of 4.1 ppm) and H-8 (in the field
of 3.1 ppm) and comparison of the received spectra with
spectra of known related compounds [12]. So, in spectrum
"H NMR chemical shift of protons methylene groups (H-
6) is resounded rather in the weaker field (4.09-4.11 ppm)
as a two-proton triplet; 8-CH, group is shown in the
field of 3.07-3.10 ppm (triplet), and 7-CH, groups - at
2.18-2.25ppm as two-proton multiplets. Methylene groups
of 3-CH, have chemical shift for compounds 6-8 in an
interval 2.94-3.27 ppm (triplet), 2-CH,- at 2.69-2.87 ppm, 2-
CH,-CH, (compound 6) and 3-CH,-CH, (compound 8) -
in the field of 2.35-2.41 ppm and at 1.82 ppm (both as mul-
tiplets); four-proton multiplets 2-CH,-(CH,), compounds
7,8 are shown in rather stronger field (1.75-1.81 ppm and
1.59-1.62 ppm, accordingly). Protons of methyl groups (5)
-2-CH; and 3-CH; have chemical shift at 2.30 ppm and
2.41 ppm (both as singlet).

2,3-Dimethylthieno [2,3-d]dihydropyrrolo]1,2-a]pyrimidin-4-
one (5)

"H NMR (CDCl,), 8, ] (Hz): 2.18-2.24 (2H, m, H-7);
2.30 (3H, s, 2-CH,); 2.41 (3H, s, 3-CH,); 3.07 (2H, t,
J=8.1,H-8);4.10 (2H, t, ] = 7.1, H-6);

IR (KBr), v (cm™'): 2926 (veyps)s 1664 (veg ), 1542
(VC:N ), 1463 (chN)‘
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2,3-Trimethylenethieno [2,3-d]dihydropyrrolo]1,2-a]pyrimid-
in-4-one (6)

'"H NMR (CDCL,), 8, ] (Hz): 2.19-2.25 (2H, m, H-7);
2.35-2.41 (2H, m, 2-CH,CH,); 2.87 2H, t, = 7.1, 2-
CH,); 3.0 (2H, t, ] = 7.1, 3-CH,); 3.10 (2H, t, ] = 8.0,
H-8); 4.11 2H, t, ] = 7.2, H-6);

IR (KBr), v (cm™'): 2957 (veyp)s 1668 (veg )> 1577
(Veon)» 1463 (ve_y)-

2,3-Tetramethylenethieno [2,3-d]dihydropyrrolo]1,2-a]pyrimi-
din-4-one (7)

'"H NMR (CDCL), 8, J (Hz): 1.75-1.81 (4H, m, 2-
CH,(CH,),); 2.19-2.24 (2H, m, H-7); 2.69 (2H, t, ]
=5.8,2-CH,); 2.94 (2H, t, ] = 6.2, 3-CH,); 3.07 (2H,
t,J = 7.9, H-8); 409 (2H, t, ] = 7.3, H-6);

IR (KBr), v (cm™): 2980 (vepp), 1662 (veog), 1584
(Veon)s 1475 (Ven)-

2,3-Pentamethylenethieno [2,3-d]dihydropyrrolo]1,2-a]pyrimi-
din-4-one (8)

'"H NMR (CDCL), 8, J (Hz): 1.59-1.62 (4H, m, 2-
CH,(CH,),); 1.82 (2H, m, 3-CH,CH,); 2.18-2.24
(2H, m, H-7); 2.76 (2H, t, ] = 5.7, 2-CH,); 3.07 (2H, 1,
J=7.9,H-8);3.27 (2H, t, ] = 5.7, 3-CH,); 4.10 (2H, t,
J =7.3,H-6);

IR (KBr), v (cm™): 2930 (veyp)» 1660 (ve_g), 1548
(Ven)s 1469 (ve_y)-

2,3-Dimethylthieno [2,3-d]tetrahydropyrido]1,2-a]pyrimidin-
4-one (9)

'"H NMR (CDCl,), 8, J (Hz): 1.83-1.92 (4H, m, H-
7,8); 2.30 (3H, s, 2-CH;); 2.40 (3H, s, 3-CH;); 2.88
(2H, t,J = 6.7, H-9); 3.95 (2H, t, ] = 6.2, H-6);

IR (KBr), v (cm™): 2945 (veps), 1665 (veop)s 1539
(Veon)s 1446 (ve_y)-

2,3-Trimethylenethieno [2,3-d]tetrahydropyrido]1,2-a]pyrimi-
din-4-one (10)

'"H NMR (CDCL), 8, J (Hz): 1.84-1.89 (2H, m, 2-
CH,CH,); 1.90-1.94 (2H, m, H-8); 2.37-2.40 (2H, m,
H-7);2.87 (2H, t, ] = 7.5, 2-CH,); 2.90 (2H, t, ] = 6.8,
3-CH,); 3.0 (2H, t, ] = 7.3, H-9); 3.98 (2H, t, ] = 6.0,
H-6);

IR (KBr), v (cm™'): 2952 (vepp)s 1669 (veog)s 1530
(Ven)s 1487 (ven)-

2,3-Tetramethylenethieno [2,3-d]tetrahydropyrido]1,2-a]pyri-
midin-4-one (11)

"H NMR (CDCL), 8, J (Hz): 1.75-1.83 (4H, m, 2-
CH,(CH,),); 1.85-1.94 (4H, m, H-7,8); 2.69 (2H, t,
J =6.0,2-CH,);2.91 2H, t, ] = 6.7, 3-CH,); 2.95 (2H,
t,J = 5.9, H-9); 3.96 2H, t, ] = 6.3, H-6);

IR (KBr), v (cm™): 2932 (veyp), 1665 (ve_g), 1539
(VC:N), 1455 (chN)‘
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2,3-Pentamethylenethieno [2,3-d]tetrahydropyrido]1,2-a]pyri-
midin-4-one (12)

'"H NMR (CDCL), 8, J (Hz): 1.57-1.66 (4H, m, 2-
CH,(CH,),); 1.81-1.86 (4H, m, H-7,8); 1.89-1.93
(2H, m, 3-CH,CH,); 2.75 (2H, 1, ] = 5.6, 2-CH, ); 2.88
(2H, t,] = 6.7, 3-CH,); 3.27 (2H, t, ] = 5.7, H-9); 3.95
(2H, t, ] = 6.2, H-6);

IR (KBr), v (cm™"): 2917 (veyp)s 1662 (vVeog), 1543
(VC=N)’ 1487 (VC—N)’

2,3-Dimethylthieno [2,3-d]tetrahydroazepino]1,2-a]pyrimidin-
4-one (13)

'"H NMR (CDCl,), 8, J (Hz): 1.71-1.79 (6H, m, H-
7,8,9); 2.30 (3H, s, 2-CH,); 2.40 (3H, s, 3-CH,); 2.95
(2H, t, ] = 5.0, H-10); 4.29 (2H, t, ] = 4.9, H-6);

IR (KBr), v (cm™"): 2935 (veyp,), 1671 (ve_g), 1546
(Veon)» 1492 (ve_y).

2,3-Trimethylenethieno [2,3-d]tetrahydroazepino]1,2-a]pyrimi-
din-4-one (14)

"H NMR (CDCL,), &, J (Hz): 1.71-1.79 (6H, m, H-
7,8,9); 2.37-2.42 (2H, m, 2-CH,CH,); 2.87 2H, t, ] =
5.6,2-CH,); 2.97 (2H, t, ] = 5.4, 3-CH,); 3.0 (2H, t, ]
= 5.6, H-10); 4.31 (2H, t, ] = 4.9, H-6).

2,3-Tetramethylenethieno [2,3-d]tetrahydroazepino]1,2-a]pyri-
midin-4-one (15)

'"H NMR (CDCL,), 8, J (Hz): 1.70-1.82 (10H, m, 2-
CH,(CH,),, H-7,8,9); 2.69 (2H, t, ] = 5.9, 2-CH,);
293 (2H, t, ] = 5.9, 3-CH,); 2.95 2H, t, ] = 6.7, H-
10); 4.28 (2H, t, ] = 4.9, H-6).

2,3-Pentamethylenethieno [2,3-d]tetrahydroazepino]1,2-a]pyri-
midin-4-one (16)

'"H NMR (CDCL,), 8, J (Hz): 1.57-1.85 (12H, m, 2-
CH,(CH,);, H-7,8,9); 2.75 (2H, t, ] = 5.4, 2-CH,);
2.95 (2H, t, ] = 5.2, 3-CH,); 3.27 (2H, t, ] = 5.8, H-
10);4.29 (2H, t, ] = 4.9, H-6).

4.2. Cytotoxic Activity. We investigated the synthesized com-
pounds for their cytotoxic activity on mammalian cancer cell
models such as HeLa (human epithelial cervical cancer) and
P3X (murine myeloma) cells. HeLa cells were seeded into
96-well plates at a concentration of 5.0 x 10* cells/mL and
P3X cells were seeded into 96-well plates at a concentration
of 1 x 10° cells/mL. After 24 hours, cells were treated
with solubilized synthesized compounds 5-16, which were
diluted with culture medium to the final concentrations of,
respectively, 500, 250, and 125 ug/mL. After 24 hours cell
viability was determined by MTT assay.

The results of the cytotoxicity tests are shown in Table 2
and the graphics are reported in Figure 1 for HeLa cells and
Figure 2 for P3X cells. All the tested substances showed weak
antiproliferative activities against HeLa cells and as shown
by our experiments many compounds enhance proliferation
of such cancer cell model. These compounds exhibited

varying degrees of cytotoxic activity against P3X cell lines
when tested of P3X murine myeloma cells. The substance 5
exhibited potent antiproliferative activity with IC50 values of
86,4 pg/mL; substances 6, 7, 10, 11, 12 showed a moderate
cytotoxic activity in P3X cells growth and the level of affec-
tion seemed dependent on the administered concentration.
Substances 8, 9, 13-16 demonstrated weak inhibition of P3X
cell proliferation, with IC50 values higher than 500 pg/mL.
However some compounds showed contrasting results by
enhancing the proliferation of both the cell lines tested.

5. Conclusion

We synthesized a series of thieno[2,3-d]pyrimidin-4-ones in
high yields; the synthesized 1-4 compounds were used for the
synthesis of 5-16 compounds. The advantages of the obtained
5-16 compounds are low cost of the starting chemicals
and simple experimental procedure of synthesis. The 5-16
obtained compounds exhibited moderate cytotoxic activity
on HelLa cells, whereas more consistent antiproliferative
activity was detected in P3X myeloma murine cells and in
this view further studies will be addressed to investigate
the cellular targets of compounds showing antiproliferative
activity. In both cell models some of the tested compounds
showed to enhance cell proliferation.

Acknowledgments

This work was financially supported by the Academy of
Sciences of the Republic of Uzbekistan (Grant no. FA-F3-
T047) and the National Natural Science Foundation of China
(Grant no. 31110103908).

References

[1] V. P. Litvinov, “Thienopyrimidines: synthesis, properties, bio-
logical activity, Izvestiva Akademii Nauk SSSR, vol. 3, pp.
463-490, 2004 (Russian).

[2] M. N. Nasr and M. M. Gineinah, “Pyrido[2, 3-d]pyrimidines
and pyrimido[S'A’:5,6]pyrido [2,3-d]pyrimidines as new
antiviral agents: synthesis and biological activity,; Archiv der
Pharmazie, vol. 335, pp. 289-295, 2002.

[3] R. V. Chambhare, B. G. Khadse, A. S. Bobde, and R. H.
Bahekar, “Synthesis and preliminary evaluation of some N-
[5-(2-furanyl)-2-methyl-4-oxo-4H-thieno[2,3-d] pyrimidin-
3-yl]-carboxamide and 3-substituted-5-(2-furanyl)-2-methyl-
3H-thieno[2,3-d]pyrimidin-4-ones as antimicrobial agents,’
European Journal of Medicinal Chemistry, vol. 38, no. 1, pp.
89-100, 2003.

[4] K. A. Ismail, O. M. Aboulwafa, and E. A. Koreish, “Synthesis
and antimicrobial activity of some tetramethylenethieno([2,3-
d]pyrimidine derivatives,” Farmaco, vol. 50, no. 9, pp. 611-616,
1995.

[5] A. A. H. M. Eissa and A. A. Moneer, “Synthesis and antimi-
crobial activity of novel tetrahydrobenzothienopyrimidines,”
Archives of Pharmacal Research, vol. 27, no. 9, pp. 885-892,
2004.

[6] M. M. H. Bhuiyan, K. M. M. Rahman, M. K. Hossain, M. A.
Rahim, and M. I. Hossain, “Fused pyrimidines. Part II: synthesis



(7]

[8

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

and antimicrobial activity of some furo[3,2-e]imidazo[1,2-

c]pyrimidines and furo[2,3-d]pyrimidines;” Croatica Chemica
Acta, vol. 78, no. 4, pp. 633-636, 2005.

M. M. H. Bhuiyan, K. M. M. Rahman, M. L. Hossain, M. A.
Naser, and W. Shumi, “Fused pyrimidines. Part III: synthesis
and antimicrobial activity of some furopyrimidines and imi-
dazopyrazolopyrimidine;” Journal of Applied Sciences Research,
vol. 1, pp. 218-222, 2005.

A.E. Abdel-Rahman, E. A. Bakhite, and E. A. Al-Taifi, “Synthe-
sis and antimicrobial activity of new pyridothienopyrimidines
and pyridothienotriazines,” Journal of the Chinese Chemical
Society, vol. 49, no. 2, pp. 223-227, 2002.

Y. A. Ammar, M. M. E Ismail, M. S. A. El-Gaby, and M.
A. Zahran, “Some reactions with quinoxaline-2,3-dicarboxylic
acid anhydride: novel synthesis of thieno[2,3-d]pyrimidines
and pyrrolo [3,4- b]quinoxalines as antimicrobial agents,’
Indian Journal of Chemistry B, vol. 41, no. 7, pp. 1486-1493,
2002.

R. V. Chambhare, A. S. Bobade, and B. G. Khadse, “Synthesis
of novel 3-N-[(substituted aryl/heteroaryl)-methylene]-imino-
2-methyl-5-thienyl-thieno [2,3-d] pyrimidin-4-(3H)-ones as
possible antimicrobial agents,” Indian Journal of Heterocyclic
Chemistry, vol. 12, no. 1, pp. 67-68, 2002.

V. Alagarsamy, S. Meena, K. V. Ramseshu et al, “Syn-
thesis, analgesic, anti-inflammatory, ulcerogenic index and
antibacterial activities of novel 2-methylthio-3-substituted-
5,6,7,8-tetrahydrobenzo (b) thienol[2,3-d]pyrimidin-4(3H)-
ones,” European Journal of Medicinal Chemistry, vol. 41, no. 11,
pp. 1293-1300, 2006.

V. L Shvedov, I. A. Kharizomenova, and A. N. Griney,
“Functional derivatives of thiophenes—X. Synthesis of deriva-
tives of thieno[2,3-d]pyrimidine and 2,3-polymethylene-4-
oxopyrimidine,” Chemistry of Heterocyclic Compounds, vol. 11,
no. 6, pp. 664-665, 1975.

M. V. Kapustina, I. A. Kharizomenova, V. I. Shvedov, T.
P. Radkevich, and L. D. Shipilova, “Synthesis and biolo-
gical activity of derivatives of 4,8-dioxo-3,4,5,6,7,8-hexahy-
drobenzothieno[2,3-d]pyrimidine;,” Pharmaceutical Chemistry
Journal, vol. 26, no. 1, pp. 73-75, 1992.

K. Csukonyi, J. Lazar, G. Bernath, I. Hermecz, and Z.
Mészaros, “Saturated heterocycles, 75. Preparation of tetracy-
clic thiophene derivatives with bridgehead nitrogen. Syn-
thesis of polymethylenethieno(2,3-d]dihydropyrrolo-, tetra-
hydropyrido- and tetrahydroazepino[1,2-a]pyrimidin-4-ones
and -4-thiones,” Monatshefte fiir Chemie Chemical Monthly, vol.
117, no. 11, pp. 1295-1303, 1986.

J. Tamas, M. Mak, K. Csukonyi, J. Lazar, and G. Bernath,
“Saturated heterocycles. 96. Mass spectra of polymethylene-
thieno[2, 3-d]-dihydropyrrolo-, -tetrahydropyrido- and
-tetrahydro-azepino[1, 2-a]-pyrimidin-4-ones and -4-thiones,”
Mass Spectrometry, vol. 2, pp. 91-93, 1986.

M. S. Manhas and S. G. Amin, “Heterocyclic compounds. VI.
Synthesis of polynuclear thienopyrimidine derivatives,” Journal
of Heterocyclic Chemistry, vol. 13, pp. 903-906, 1976.

K. Gewald, E. Schinke, and H. Bottcher, “2-Amino-thiophene
aus methylenaktiven nitrilen, carbonylverbindugen und schwe-
fel,” Chemische Berichte, vol. 99, pp. 94-100, 1966.

N. P. Peet, S. Sunder, R. J. Barbuch, and A. P. Vinogradoff,
“Mechanistic observations in the Gewald syntheses of 2-

aminothiophenes,” Journal of Heterocyclic Chemistry, vol. 23,
pp. 129-134, 1986.

(19]

[20]

(21]

(22]

Journal of Chemistry

Kh. M. Shakhidoyatov, “Syntheses and chemical transforma-
tions of quinazoline derivatives,” Diss. Doct. Chem. Sci, 232
pages, 1983.

A. Lilienkampf, Synthesis, reactivity and biological activity of
173-HSD1 inhibitors based on a Thieno|[2,3-d]pyrimidin-4(3H)-
one core [Ph.D. thesis], Helsinki, Finland, 2007.

T. Mosmann, “Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays,”
Journal of Immunological Methods, vol. 65, no. 1-2, pp. 55-63,
1983.

B. Z. Elmuradov, Kh. A. Bozorov, and Kh. M. Shakhidoya-
tov, “Thieno|[2,3-d]pyrimidin-4-ones 1. Condensation of 2,3-
dimethyl- and 2,3-tri-, 2,3-tetra-, and 2,3-pentamethylene-7,8-
dihydro-pyrrolo[1,2-a]thieno[2, 3-d]pyriminidin-4(6H)-ones
with aromatic aldehydes and furfural,” Chemistry of Heterocyclic
Compounds, vol. 46, no. 11, pp. 1393-1399, 2011.



-
b

=l

International Journal of

International Journal of

Carbohydrate
Chemistry

The Scientific
\(\(erd Journal

Journal of

Spectroscopy

Jou

of
Theoretical Chemistry

9 r;,*:
. .}#%‘*

Organic Chemistry
International

Hindawi

o ®
L
i |

* @

Internatiopal Journal of !
Analytical Chemistry

Advances in

Physical Chemistry

Submit your manuscripts at
http://www.hindawi.com

International Journal of

Inorganic Chemistry

Chromatography
Research International

International Journal of

Electrochemistry

Journal of

Applied Chemistry

Chemistry

Journal of
Quantum Chemistry

Journal of

Analytical Methods ﬁ

in Chemistry




