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Abstract

Starting Starting from 5,6-disubstituted-3H-thieno[2,3-d]pyrimidin-4-ones, novel
1,2,9,11-tetrasubstituted-7H-thieno[2',3":4,5]pyrimido[6,1-b]quinazolin-7-ones could be
reached in two steps through a von Niementowski reaction, which involves condensation
of substituted anthranilic acids with a 4-chloro-5,6-disubstituted-3H-thieno[2,3-d]
pyrimidines. Microwave irradiation in acetic acid media was used in order to improve
reactions where conventional heating was limited.
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Introduction

Literature survey has revealed the diversified biological and pharmacological
significance of several nitrogen and sulphur heterocycles. This aspect has been drawing
the attention of many researchers towards exploiting the biological importance of various
heterocyclic compounds and to establish the relationship between their biological,
pharmacological potency and structural features. A rapid progress in the work on fused
quinazolinones and thienopyrimidines has given rise to a number of compounds
exhibiting potent pharmacological actions.
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Figure 1

Thieno[2,3-d]pyrimidines are an important class of fused heterocycles with a
wide range of biological activities such as anti-allergic activity1'3, analgesic4'7, anti-
inﬂammatory4'9, blood sugar lowering4, CNS depressalntlo'12 activities, anticonvulsantg,
antimicrobials24, local anaestheticg, antitussive activityg, potent PDE 4" and PDE 5
inhibitory'**® and many more. Rutaecarpine’’ and Luotonine A** (Figure 1), the two
natural quinazoline fused compounds exhibit a very potent pharmacological activity. In
search of new fused heterocyclic compounds of potential pharmaceutical value and in
association with our work™ on the application of microwaves in organic chemistry, we
planned to prepare novel tetracyclic 7H-thieno[2',3":4,5]pyrimido[6,1-b]quinazolin-7-
ones 5, from the reaction between anthranilic acids 4 and thieno[2,3-d]pyrimidines 3. The
synthesis of various congeners took place via a Niementowski condensation, inspired by
Alexandre and co-workers®*

During the next few years the implementation of strict environmental legislation, entails a
challenge for chemists that will strive to develop novel products and processes that will
provide all the benefits of sustainable development. This requires a novel synthetic
approach which will reduce the time and energy intensity of chemical processes and
products, decrease or eliminate the dispersion of harmful chemicals in the environment in
a way that will enhance industry to meet the challenges of green chemistry®. One area
where substantial progress has been made is microwave-assisted synthesis%. Microwaves



have shown an advantage when processes involve sensitive reagents or products that may
decompose under prolonged heating. This technique is particularly attractive for multi-
step syntheses®’ and drug discovery™ where the ability of efficient purification is highly
desirable. In this paper we describe the synthesis of the novel 7H-
thieno[2',3":4,5]pyrimido[6,1-b]quinazolin-7-one ring system S under microwave
conditions with the aim of developing a novel and environmentally friendly procedure

Results and Discussion

The synthesis of the 5,6-disubstituted-3H-thieno[2,3-d]pyrimidin-4-ones 2 was
performed by reaction between 2-amino-4,5-disubstituted-thiophene-3-carbonitrile and
formic acid™. Short exposure (10 min) of a mixture of the 2 with phosphoryl chloride to
microwave irradiation led to 4-chloro-3H-thieno[2, 3-d]pyrimidines 3 in very good
yields. The final step of this route involves a Niementowski reaction29 between
anthranilic acids 4 and novel 3H-thieno[2,3-d]pyrimidin-4-ones 3. These reactions are
carried out either under microwave irradiation or by conventional heating. It is assumed
that that the reaction goes via an acid intermediate (Scheme 1) that undergoes
intramolecular acyl substitution between a pyrimidine ring nitrogen atom and the acid
group to yield compounds 5. A comparative study between conventional heating (Method
A) and microwave irradiation (Method B) revealed that the microwave reactions were a
cleaner and higher yielding (Table 1). To our knowledge, no examples of this reaction
have yet been reported.
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Table 1: Physical data of compound 5a-o

Compd Substitution Reaction Yield (%) Mp. (°C)
time (min)
Method Method
R, | R |Xs|Xs| A | B | A | B
5a -(CH2-),4 H| H| 9 10 60 95 88-90

5b p-Cl-phenyl H H| H| 60 05 70 80 116-118

Sc p-methyl- H |H|H| 9 06 65 85 220-222
phenyl

5d p-methoxy- H H| H| 60 07 70 85 120-122
phenyl

Se CH3 CH3  H| H| 60 05 60 80 130-132

5f -(CH2-),4 Br | Br| 75 08 60 90 118-120

S5g p-Cl-phenyl H |Br|Br| 60 07 65 95 108-110

5h p-methyl- H |Br|Br| 90 08 70 90 128-130
phenyl

5i p-methoxy- H |Br|Br| 90 08 70 85 135-137
phenyl

5j CH3 CH3 | Br | Br | 60 05 60 80 178-180

5k -(CH2-),4 H|Br| 75 08 70 95 238-240

51 p-Cl-phenyl H |H |Br| 60 07 60 85 148-150

Sm p-methyl- H |H |Br| 60 08 70 90 160-162
phenyl

5n p-methoxy- H |H | Br| 60 08 75 85 122-124
phenyl

50 CH3 CH3 | H | Br| 60 06 60 80 150-152

The IR (KBr) spectra of § showed characteristic C=0 stretching vibrations in the
region 1700-1675cm™. The C=C and C=N ring stretching vibrations appeared around
1600 and 1570-1520 cm™. The IR bands due to NH and COOH vibrations were not
present in any of the spectra of the compounds S which ruled out any intermediates being
isolated. Direct cyclization to compounds 5 is also supported by "H-NMR spectral data
and is due to the absence of any NH or OH signals.

Conclusion

We observed that the best procedure for the preparation of 1,2,9,11-tetrasubstituted-7H-
thieno[2',3":4,5]pyrimido[6,1-b]quinazolin-7-ones consists of microwave irradiation (140




W Power input) of a mixture of the 4-chloro-5,6-disubstituted thieno-[2,3-d]-pyrimidine
with an excess of appropriately substituted anthranilic acids in the presence of acetic acid.
The benefits of use microwave irradiation are noticeable and high temperatures, lengthy
and tedious conditions of conventional heating are avoided. This work is a further
example of the utility of microwave irradiation in organic synthesis. The synthesized
compounds are structurally related to terrestrial alkaloids such as Rutaecarpine and
Luotonine Aj. Phosphodiesterase inhibitory activity of various analogues is under
development and will be described later.

Experimental Section

The microwave irradiated reactions (MWI) were performed in scientific microwave oven
RAGA’s microwave oven. Melting points were determined in open capillaries using a
Thermonik C-PMB-2 precision melting point and boiling point apparatus (Mumbai,
India) and are uncorrected. The purity of the compounds was routinely checked by TLC
using silica gel-G and the spots were exposed in iodine vapour. IR spectra were recorded
using KBr pellets on a Shimadzu 1600 Spectrophotometer from Shimadzu International
Incorporation, (vmax, cm'l), "H-.NMR spectra on a Bruker Avance 400 Spectrometer
(Bruker AG, Fallanden, Switzerland) at 400 MHz using TMS as internal standard (CDCl;
and chemical shift in 6 ppm) and mass spectra (EI-MS) were recorded on a Jeol SX-102
spectrometer (Jeol Ltd.Tokyo, Japan). Elemental analyses were carried out using a
Heraeus Carlo Erba 1180 CHN analyzer (from Heraeus Instrument GmbH, Hanau,
Germany). All the chemicals were purchased from Aldrich Company Ltd. Dorset (UK).

Synthesis of substituted products of 2-Amino-4, 5-disubstituted-thiophene-3-
carbonitrile (1a-e).

These compounds were synthesized from substituted aldehyde and ketones using known
procedure described by Gewald”'. The products la-e was recrystallize from ethanol and
obtained in pure form.

Synthesis of substituted products of 5, 6-Disubstituted-3H-thieno [2,3-d]pyrimidin
-4-one (2a-e).

These compounds were synthesized by heating 1 in formic acid at reflux temperature30.
The product 2 was obtained in pure form by recrystallization from ethanol.



Synthesis of substituted products of 4-chloro-5,6-Disubstituted-3H-thieno[2,3-d]
pyrimidine (3a-e).

Thienopyrimidin-4-one 2 (4.42 mmole) and POCl; (6 mL) were irradiated in a
microwave oven (140 W power input) until the reaction reached completion (TLC
monitoring, 12 min). POCI3 was evaporated in vacuo and the residue was dissolved in
EtOAc. The organic phase was washed with saturated NaHCOj3 solution, dried (Na;SO.)
and concentrated in vacuo to furnish compound 3 as an off-white solid which was used
without further purification in the next.

4-Chloro-5,6-disubstituted-3H-thieno[ 2,3-d|pyrimidines (3a, 85% yield; 3b, 90%
yield; 3¢, 80% yield; 3d, 85% yield; 3e, 90% yield; ) gave spectroscopic data in
accordance with those previously described™.

Synthesis of substituted anthranilic acids (4a-c).

The mono bromo and di bromo products of anthranilic acid were obtaind using the
reported method *2.

Synthesis of 1,2,9,11-tetrasubstituted-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-
7-ones 5: General procedures

Method A (Classical)

A mixture of 3 (0.61 mmole) and anthranilic acid 4 (3.4 mmole) in CH;COOH (10 ml)
was refluxed for 1.5 h. The reaction mixture was cooled to room temperature and solvent
was evaporated under reduced pressure. Recrystallization from ethanol afforded
compounds 5.

Method B (Microwave)

A mixture of 3 (0.61 mmole) and anthranilic acid 4 (3.4 mmole) in CH3;COOH (5mL)
was introduced into a pyrex tube. The tube was irradiated in microwave (140 W power
input) for 10 min. After reaction solvent was evaporated under reduced pressure.
Recrystallization from ethanol afforded compounds S.

Spectral data for compounds Sa-o.

1,2,3,4-Tetrahydro-9H-[1]benzothieno[2',3':4,5]pyrimido[6,1-b]quinazolin-9-one
(Sa)



IR (KBr) vmax: 1750 (C=0), 1662 (C=N) cm™'; "H-NMR (400 MHz, CDCI3) § (ppm):
1.83-1.87 (m, 4H), 2.78 (t, 2H), 3.07 (t, 2H), 7.10-8.35 (m, 5H); *C-NMR (75 MHz,
CDCls) 6 (ppm): 23.4, 23.4, 23.8, 24.9, 120.8, 126.6, 126.7, 127.3, 127.6, 129, 133.4,
137.4, 143.7, 144.5, 155.9, 163, 170.6; m/z (EI): 307 (M+, 25 %); Anal. Calcd. for
C17H13N30S: C, 66.43; H, 4.26; N, 13.67. Found: C, 66.12; H, 4.18; N, 13.73%.

1-(4-Chlorophenyl)-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-7-one (5b)

IR (KBr) vmax: 1751 (C=0), 1685 (C=N) cm™"; '"H-NMR (400 MHz, CDCls, & in ppm)
7.42-8.50 (m, 1H thiophene + 9H Ar-H); 13C NMR (CDCl3, 75 MHz, 6 in ppm) 120.8,
124, 125.3, 125.3, 125.5, 126.6, 126.7, 127.3, 129.3, 129.3, 133.4, 134.3, 134.5, 142.6,
144.5, 148.6, 155.9, 163, 170.6 ; m/z (EI): 363 (M™+2, 20 %); Anal. calcd for
Ci9HoCIN30S: C, 62.73; H, 2.77; N, 11.55. Found: C, 62.25; H, 2.89;N 11.34.

1-(4-Tolyl)-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-7-one (5¢)

IR (KBr) vmax: 1685 (C=0), 1600 (C=N) cm™'; '"H-NMR (400 MHz, CDCls, § in ppm)
2.48 (s,3H, CH3), 7.01-8.49 (m, 1H thiophene + 9H Ar-H); BC.NMR (CDCl3, 75 MHz,
o in ppm) 21.3, 120.8, 124, 125.5, 126.6, 126.7, 127.3, 127.4, 127.4, 129.5, 129.5, 131.7,
133.4, 133.4, 142.6, 144.5, 148.6, 155.9, 163, 170.6 ; m/z (EI): 343 (M*+2, 18 %); Anal.
calcd for Cy0H3N30S: C, 69.95; H, 3.82;, N, 12.24. Found: C, 69.72; H, 3.93; N 12.13.

1-(4-Methoxyphenyl)-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-7-one (5d)

IR (KBr) vmax: 1757 (C=0), 1685 (C=N) cm™; '"H-NMR (400 MHz, CDCl;, § in ppm)
3.84 (s,3H, OCH3)7.02-8.85 (m, 1H thiophene + 9H Ar-H); 13C NMR (CDCl3, 75 MHz,
o in ppm) 55.8, 114.8, 114.8, 120.8, 124, 125.6, 126.6, 126.7, 127.3, 128.7, 129.7, 129.7,
133.4, 142.6, 144.5, 148.6, 155.9, 160.6, 163, 170.6 ; m/z (EI): 359 (M*+2, 20 %); Anal.
calcd for C,0H3N30,S: C, 66.84; H, 3.65; N, 11.69. Found: C, 66.93; H, 3.54; N, 11.78.

1,2-Dimethyl-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-7-one (5e)
IR (KBr) vmax: 1685 (C=0), 1600 (C=N); 'H-NMR (400 MHz, CDCl;, & in ppm) 2.40

(s,3H, CH3), 2.50 (s,3H, CH3), 7.10-8.40 (m, 5H Ar-H); >*C-NMR (CDCls, 75 MHz, & in
ppm) 10.2, 10.4, 120.8, 126.6, 126.7, 127.3, 129, 131.4, 133.4, 136, 144.3, 144.5, 155.9,



163, 170 ; m/z (EI): 281 (M™+2, 22 %); Anal. caled for C;sH;;N30S: C, 64.04; H, 3.94;
N, 14.94. Found: C, 64.23; H, 3.72; N 14.68.

9,11-Dibromo-1,2,3,4-Tetrahydro-9H-[1]benzothieno[2',3':4,5]pyrimido[6,1-
b]quinazolin-9-one (5f)

IR (KBr) vmax: 1762 (C=0), 1683 (C=N) cm™; '"H-NMR (400 MHz, CDCls, § in ppm)
1.79-1.85 (m, 4H), 2.80 (t, 2H), 3.12 (t, 2H), 7.12-8.40 (m, 3H); 13C NMR (CDCI3, 75
MHz, 6 in ppm) 23.4, 23.4, 23.8, 24.9, 113.2, 122.0, 125.2, 127.6, 129, 131.3, 137.4,
139.4, 143.7, 150.1, 155.9, 163, 170.6 ; m/z (EI): 281 (M*+2, 18 %); Anal. calcd for
Cy7H;:BroN;OS: C, 43.90; H, 2.38; N, 9.03. Found: C, 43.87; H, 2.42; N, 9.12.

9,11-Dibromo-1,2-Dimethyl-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-7-one(5g)

IR (KBr) vmax: 1762 (C=0) stretching, 1667 (C=N) cm™'; '"H-NMR (400 MHz, CDCls, &
in ppm) 2.38 (s,3H, CH3), 2.52 (s,3H, CH3), 7.50-8.35 (m,3H Ar-H); BC-NMR (CDCl,
75 MHz, 6 in ppm) 10.2, 10.4, 113.2, 122.0, 125.2, 129, 131.3, 131.4, 136, 139.4, 144.3,
150.1, 155.9, 163, 170.6 ; m/z (EI): 439 (M*+2, 21 %);Anal. calcd for C;sHoBr.N3;OS: C,
41.03; H, 2.07; N, 9.57. Found: C, 41.22 ; H, 2.32; N, 9.48.

9,11-Dibromo-1-(4-Chlorophenyl)-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-7-
one (5h)

IR (KBr) vmax: 1766 (C=0), 1683 (C=N) cm_l; "H-NMR (400 MHz, CDCl3, 6 in ppm)
7.40-8.45 (m, 1H thiophene + 7H Ar-H); BC-NMR (CDCl3, 75 MHz, § in ppm) 113.2,
122.0, 124, 125.2, 125.3, 125.3, 125.5, 129.3, 129.3, 131.3, 134.3, 134.5, 139.4, 142.6,
148.6, 150.1, 155.9, 163, 170.6 ; m/z (EI): 521 (M"+2, 17 %); Anal. calcd for
C19HgBr,CIN30OS: C, 43.75; H, 1.55; N, 8.06. Found: C, 43.87; H, 1.49; N 8.17.

9,11-Dibromo-1-(4-Tolyl)-7H-thieno[2',3"':4,5]pyrimido[6,1-b]quinazolin-7-one (5i)

IR (KBr) vmax: 1750 (C=0), 1678 (C=N) cm_l; "H-NMR (400 MHz, CDCl3, 6 in ppm)
2.39 (s,3H, CH3), 7.12-8.45 (m, 1H thiophene + 7H Ar-H); BC-NMR (CDCl3, 75 MHz,
o in ppm) 21.3, 113.2, 122, 124, 125.2, 125.5, 127.4, 127.4, 129.5, 129.5, 131.3, 131.7,
133.4, 139.4, 142.6, 148.6, 150.1, 155.9, 163, 170.6 ; m/z (EI): 501 (M*+2, 19 %); Anal.
calcd for Co0H;;BroN3OS: C, 47.93; H, 2.21; N, 8.38. Found: C, 47.72; H, 2.34; N 8.45.



9,11-Dibromo-1-(4-Methoxyphenyl)-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-
7-one (5j)

IR (KBr) vmax: 1760 (C=0), 1678 (C=N) cm™"; '"H-NMR (400 MHz, CDCls, & in ppm)
3.75 (s,3H, OCH3), 7.13-8.78 (m, 1H thiophene + 7H Ar-H); 13-C-NMR (CDCl;, 75
MHz, ¢ in ppm) 55.8, 113.2, 114.8, 114.8, 122, 124, 125.2, 125.5, 128.7, 129.7, 129.7,
131.3, 139.4, 142.6, 148.6, 150.1, 155.9, 160.6, 163, 170.6 ; m/z (EI): 517 (M*+2, 23 %);
Anal. calcd for Co0HBroN3O,S: C, 46.45; H, 2.14; N, 8.12. Found: C, 46.23; H, 2.24; N
8.31.

9-Bromo-1,2,3,4-Tetrahydro-9H-[1]benzothieno[2',3':4,5]pyrimido[6,1-b]quinazolin-
9-one (5k)

IR (KBr) vmax: 1662 (C=0), 1591 (C=N) cm_l; "H-NMR (400 MHz, CDCl3, 6 in ppm)
1.80-1.89 (m, 4H), 2.84 (t, 2H), 3.02 (t, 2H), 7.02-8.48 (m, 4H); BC-NMR (CDCls, 75
MHz, 6 in ppm) 23.4, 23.4, 23.8, 24.9, 121.7, 123, 124.6, 127.6, 129, 132.3, 136.3, 137 .4,
143.5, 143.7, 155.9, 163, 170.6 ; m/z (EI): 387 (M™+2, 20 %); Anal. calcd for
C17H1,BrN;OS: C, 52.86; H, 3.13; N, 10.88. Found: C, 52.98; H, 3.29; N 10.92.

9-Bromo-1,2-Dimethyl-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-7-one (51)

IR (KBr) vmax: 1757 (C=0), 1662 (C=N) cm™'; '"H-NMR (400 MHz, CDCl;, & in ppm)
2.41 (s,3H, CH3), 2.50 (s,3H, CH3), 8.8-7.08 (m, 4H Ar-H); *C-NMR (CDCl;, 75 MHz,
o in ppm) 10.2, 10.4, 121.7, 123, 124.6, 129, 131.4, 132.3, 136, 136.3, 143.5, 144.3,
155.9, 163, 170.6 ; m/z (EI): 387 (M+2, 20 %); Anal. calcd for C;5sH;oBrN3OS: C, 50.01;
H, 2.80; N, 11.66. Found: C, 50.14; H, 2.98; N 11.45.

9-Bromo-1-(4-Chloro-phenyl)-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-7-one
(Sm)

IR (KBr) vmax: 1757 (C=0), 1676 (C=N) cm™"; "H-NMR (400 MHz, CDCl;, & in
ppm) 7.12-8.62 (m, 1H thiophene + 8H Ar-H); *C-NMR (CDCl;3, 75 MHz, & in ppm)
121.7, 123, 124, 124.6, 125.3, 125.3, 125.5, 129.3, 129.3, 132.3, 134.3, 134.5, 136.3,
142.6, 143.5, 148.6, 155.9, 163, 170.6 ; m/z (EI): 443 (M*+2, 18 %); Anal. calcd for
C19HoBrCIN;0S: C, 51.55; H, 2.05; N, 9.49. Found: C, 51.28; H, 2.28; N, 9.67.

9-Bromo-1-(4-Tolyl)-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-7-one (5n)

IR (KBr) vmax: 1757 (C=0), 1610 (C=N) cm_l; "H-NMR (400 MHz, CDCl3, 6 in ppm)
2.41 (s,3H, CH3), 7.18-8.52 (m, 1H thiophene + 8H Ar-H); BC.NMR (CDCl3, 75 MHz,
o in ppm) 21.3, 121.7, 123, 124, 124.6, 125.5, 127.4, 127.4, 129.5, 129.5, 131.7, 132.3,



133.4, 136.3, 142.6, 143.5, 148.6, 155.9, 163, 170.6 ; m/z (EI): 423 (M*+2, 21 %); Anal.
calcd for C,0H,BrN;OS: C, 56.88; H, 2.86; N, 9.95. Found: C, 56.67; H, 2.97; N 9.78.

9-Bromo-1-(4-Methoxyphenyl)-7H-thieno[2',3':4,5]pyrimido[6,1-b]quinazolin-7-one
(S0)

IR (KBr) vmax: 1768 (C=0), 1682 (C=N) cm™'; '"H-NMR (400 MHz, CDCls, & in ppm)
3.78 (s,3H, OCH3), 7.18-8.83 (m, 1H thiophene + 8H Ar-H); BC-NMR (CDCl;, 75
MHz, ¢ in ppm) 55.8, 114.8, 114.8, 121.7, 123, 124, 124.6, 125.5, 128.7, 129.7, 129.7,
132.3, 136.3, 142.6, 143.5, 148.6, 155.9, 160.6, 163, 170.6 ; m/z (EI): 439 M*+2, 17 %);
Anal. calcd for Co,0H,BrN3O,S: C, 54.81; H, 2.76; N, 9.59. Found: C, 54.97; H, 2.85; N,
9.78.
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