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Abstract

The present work involves synthesis of 3-(3-chloro-benzo[b]thiophene-2-carbonyl)-7-
[(morpholin-4-ylmethyl)-amino]- 5-phenyl-3H-pyrimido[4,5-d]pyrimidine-4-one (5a-d), 3-(3-
chloro-benzo[b]thiophene-2-carbonyl)-5-phenyl-7-[ (piperidin-1-ylmethyl)-amino]-3 H-
pyrimido[4,5-d]pyrimidine-4-one (6a-d) and 7-(benzylidene-amino)-3-(3-chloro-
benzo[b]thiophene-2-carbonyl)-5-phenyl-3 H-pyrimido[4,5-d]pyrimidine-4-one (8a-d)
derivatives using key intermediate compound 7-amino-5-phenylpyrimido[4,5-d]pyrimidin-
4(3H)-one (3). Newly synthesized compounds were confirmed by elemental analysis, FT-IR,
'H-NMR, ""C-NMR and mass spectral studies. The synthesized compounds were subjected to
in-vitro antimicrobial screening against pathogenic strains of fungi and bacteria. Some of the
derivatives were found to be equipotent or more potent than the standard drugs.
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Introduction

Heterocycles containing sulphur and nitrogen atoms in the core structure have occupied
enormous significance in the field of chemistry. Pyrimidine and their derivatives play an
essential role in the field of drugs and medicinal chemistry. A number of pyrimidine
compounds have been claimed to have exciting bioactivity such as antitumor™, anti-
inflammatory"™, analgesic""™", antihistamin™, antioxidant®, and antimicrobial®™". In addition
to their diverse biological, pyrimidines are known to play a crucial role in several processes of
chemical and pharmacological importance as therapeutics in clinical applications.

Moreover, pyrimidopyrimidines are alternatively very essential pharmacodynamic heterocyclic
nuclei that once included in several heterocyclic templates have currently been possessing
broad spectrum of activities. Pyrimidopyrimidines, analogs of folic acid and also an important
class of annulated uracil and thiouracil, have attracted attention of numerous researchers,
because of their diverse range of biological activities™ ™. A number of Preclinical data from
literature survey indicated that these heterocycles have shown good antimicrobial™,

antitumour™ ™', anti-inflammatory™™", antiallergic™™" and antihypertensive™" activities.
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Benzothiophene is the backbone of several important pharmaceuticals estabilished drugs such
as Sertaconazole, Raloxifene and Zileuten (Figure 1). Over recent years benzothiophene
compounds have acquired prominent significance because of their wide spectrum of biological
activities such as antimicrobial, anti-inflammatory, anti-HIV, antiviral, antimalarial and
. Benzo[b]thiophene and its derivatives are important, because they are
, medicines
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Figure1- Several benzo[b]thiophene containing pharmaceuticals Drugs

There is, however, another approach that has gained much consideration in the field of
contemporary medicinal chemistry. It involves the combination of two biologically active
pharmacophores into single hybrid unit with a dual mode of action. These novel hybrid
molecules have the potential to improve safety, improve efficiency, be cost-effective and
reduce the tendency to obtain resistance relative to the parent drugs™ XL,
Based on these prior observations, we postulated that a compound containing pyrimidopyrimidi
ne and benzo[b]thiophene pharmacophore could be very effective for antimicrobial activity.
Thus, the present paper describes the synthesis of some novel benzo[b]thiophene bearing
pyrimidopyrimidine schiff and mannich bases that may be use as potent and effective
biologically active agents. One of target compound having benzo[b]thiophene,
pyrimidopyrimidine and morpholine in its structure is also compared with different drugs and
bioactive agents (Figure 2).
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Figure 2. Structural comparison of the target compound with the different drugs and bioactive agents

Result and discussion

Analytical results

In this present work effort has been made to synthesize pyrimidopyrimidine based
benzo[b]thiophene derivatives Sa-d, 6a-d and 8a-d using a multistep process (Scheme 2). All
the compounds were purified by recrystallization method using appropriate solvent. 3-chloro-
benzo[b]thiophene-2-carbonylchloride derivatives (1a-d) were prepared by literature method
involving the treatment of substituted cinnamic acid with thionyl chloride in presence of
pyridine as a catalystXll (Scheme 1). Cyclization of the 2,4-diamino-6-phenylpyrimidine-5-
carbonitrile™ (2) upon reaction with formic acid in ethanol containing sulphuric acid led to
fused 7-amino-5-phenylpyrimido[4,5-d]pyrimidin-4(3H)-one (3) in good yield. The IR
spectrum of compound 3 showed the absence of absorption band corresponding to CN group
but exhibited new absorption bands in range of 3260 cm™ and 1671 cm™ corresponding to NH
and C=0 group respectively. While its 'H-NMR spectrum revealed new doublet at 9.10 ppm
and at range of 8.44 ppm corresponding to NH proton and =CH respectively. Compound 3 was
used as key intermediate for the synthesis of heterocyclic compounds of expected biological
activity. In first route, formation of compounds 4m, 4p is proposed to proceed through
mannich reaction of 3 with formaldehyde and secondary amines viz. morpholine/pipridine. The
assignment of structure of 4m, 4p was supported by spectral data and elemental analysis. The
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IR spectrum displayed new absorption band in the range of 2820-2950 cm™ corresponding to
CH, group. In addition, 'H-NMR spectrum showed the absence of NH, group, whereas
presence of the new N-CH,-N doublet at 3.81-3.83 ppm. Multiplet in range at 2.11, 3.26 ppm
of morpholine protons and at 2.21, 1.23 ppm of piperidine protons also confirmed the synthesis
of compounds 4m, 4p respectively. N-H hydrogen of compounds 4m, 4p was replaced with 3-
chloro-benzo[b]thiophene-2-carbonylchloride derivatives in presence of pyridine in catalytic
amount to afford 5a-d and 6a-d. The IR spectrum revealed the presence of new absorption
band at range of 760-786 cm™ and 682-689 cm™ due to chloro group and C-S-C bond
respectively. In 'H-NMR spectra doublet of NH proton was found missing.

In another route, reaction of 3 with benzaldehyde afforded aldamine (7) in good yield. The 'H-
NMR spectra of compound 7, exhibited the singlet at 8.04 ppm corresponding to =CH group.
The IR spectrum also revealed the absence of NH, group. Refluxing compound 7 with 6-
substituted-3-chloro-benzo[b]thiophene-2-carbonylchloride derivatives in presence of pyridine
afforded 8a-d. The structures were established by elemental and spectral data. IR spectrum
showed the new absorption band in range of 763-772 cm™ due to chloro group. IR spectrum
also exhibited C-S-C absorption band in the range of 678-690 cm’. NH proton doublet was
disappeared in 'H-NMR spectra in final products. The synthesis of compounds was further
interpreted by the appearance of molecular ion peak in mass spectra.

Cl
X/ HO o Pyridine X/ S Cl
(la-d)

a b c d
X = H F ClI OCHj;

Scheme 1. Synthesis of Benzo[b]thiophene derivatives
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Scheme 2- Synthetic route to synthesize of derivatives 5a-d; 6a-d and 8a-d

In-vitro antimicrobial evaluation

The MICs of all the synthesized compounds were carried out by Broth Dilution Method
according to National Committee for Clinical Laboratory Standards. Antibacterial activity was
tested against Gram negative bacteria E. coli (MTCC 442) and two Gram positive bacteria S.
aureus (MTCC 96), S. pyogenus (MTCC 443), with respect to ampicillin and chloramphenicol
as a standard drug. For antifungal activity three fungal strains C. albicans (MTCC 227), C.
clavatus (MTCC 1323) and A. niger (MTCC 282) were used in which greseofulvin and
nystatin were used as a standard drug. DMSO was used as diluents to get desired concentration
of drugs to test upon Standard bacterial strains. The observed minimum inhibitory
concentrations (MICs pg/ml)) are given in (Table 1).

The results revealed that synthesized compounds 5a-d; 6a-d and 8a-d were showing significant
activity against all the tested bacterial and fungal strains. Compounds carrying morpholine and
benzo[b]thiophene rings have shown more pronounced activity as compared to the other
derivatives. All the synthesized compounds were tested for their antibacterial activity. For
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gram positive bacteria compounds Sb, 6d and 8c had equivalent activity against S.aureus,
while compounds Se¢, 6¢ and 8d showed excellent activity as compared to ampicillin (MIC =
250 pg/ ml). Compounds Sb and 6¢ were found equipotent to ampicillin (MIC = 100 pg/ ml)
against S. pyogenes. For gram negative E. coli bacteria compounds 8b and 8c exhibited equally
good activity whereas compound 5S¢ showed the highest activity as compared to standard drug.
The investigation of antifungal activity revealed that compounds 5c¢, 5d and 6d showed
equipotent activity as compared to both griseofulvin (MIC = 100 pg/ ml) and nystatin (MIC =
100 pg/ ml) against A. clavatus and A. niger. For C. albicans compounds 5¢, 6b, 6d, 8b and 8d
were Found to be more active against C. albicans as compared to grisofulvin (MIC = 500 pg/
ml), whereas compounds 5d, 6a and 8¢ were equally active.

Table 1 In vitro antimicrobial activity of 5a-d; 6a-d and 8a-d MICs (ug/ml)

Antibacterial activity Antifungal activity

Gram +ve Gram —ve
Compound SA SP EC CA AN AC

MTCC | MTCC MTCC MTCC MTCC MTCC

96 443 442 227 282 1323
5a 500 250 500 1000 200 200
5b 250 100 1000 >1000 125 500
Sc¢ 100 125 62.5 200 100 100
5d >1000 125 1000 500 100 100
6a 500 200 500 500 500 >1000
6b 500 200 250 250 200 500
6¢ 125 100 200 1000 125 200
6d 250 500 200 250 100 100
8a 1000 500 125 1000 200 >1000
8b 500 125 100 200 >1000 200
8c 250 200 100 500 250 250
8d 200 500 200 250 250 200
Ampicillin 250 100 100 - - -
Chloramphenicol | 50 50 50
Nystatin 100 100 100
Griseofulvin - - - 500 100 100

*Bold numbers indicate more or equivalent potent compounds compared to standard drugs; SA, S. aureus; SP, S.
pyogenes; EC, E. coli; CA, C. albicans; AC, A. clavatus; AN, A. niger; MTCC, microbial type culture collection

Experimental

All chemicals were commercially procured and were used without further purification. Melting
points were determined under open capillaries and were uncorrected. Purity of synthesized
derivatives was checked by TLC using silica gel-N plate, ethyl acetate and n-hexane as
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developing solvent, and spots were exposed in UV light. Perkin Elmer - Spectrum RX-FTIR
Spectrophotometer was used to record IR spectra. 'H and ?C NMR spectra were recorded on
Bruker Avance II NMR spectrometer (400 and 100 MHz, respectively) with DMSO-ds as
solvent using tetramethylsilane (TMS) as an internal standard. The mass spectra were recorded
on Waters, Micromass Q-TOF micro separation model. Elemental analysis was done on
“Thermo Scientific (FLASH 2000) CHN Elemental Analyser.”

General procedure for the synthesis 7-amino-5-phenylpyrimido[4,5-d|pyrimidin-4-one (3)
Compound 2 (0.211 g, 1.00 mmol), in formic acid (in excess) and concentrated sulphuric acid
(1.2 ml) were heated under reflux for 6 h. The solution was cooled and poured into ice-water to
give precipitate, which was filtered off, dried and recrystallised from ethanol.

Yield 76%; m.p. 256-258°C; IR (KBr pellet) in ecm™: 3420 and 3354 (NH,), 3245 (NH), 3095
(aromatic =CH), 1670 (C=0), 1610 (cyclic C=N); 'H NMR in & (ppm): 7.01-7.52 (m, 5H, Ar-
H), 8.44 (d, 1H, =CH), 9.10 (d, 1H, N-H), 5.17 (s, 2H, NH,); >C NMR in & (ppm): 108.9,
127.3, 128.2, 129.5, 135.8, 162.8, 165.7, 168.2, 171.4, 183.2; Calculated, %: For C;2HyoNsO in
wt % C 60.25; H 3.79; N 29.27 and Found, %: C 60.17; H 3.82; N 29.32; MS, m/z: 239 [M].
General procedure for the synthesis of compounds (4m, 4p)

To a solution of compound 3 (0.239 g, 1.00 mmol), in ethanol, morpholine or piperidine (0.87
g or 0.85g, 1.00 mmol), and formaldehyde (Iml) were added. The reaction mixture was
refluxed for 12-15 h. The progress of reaction was monitored by TLC. On cooling the obtained
solid product was filtered and recrystallized from ethanol.
7-|(morpholin-4-ylmethyl)amino]-5-phenylpyrimido[4,5-d]pyrimidin-4-one (4m)

Yield 84%; m.p. 192-194°C; IR (KBr pellet) in cm™: 3256 (NH), 3091 (aromatic =CH), 2820,
2950 (CH,), 1678(C=0), 1622 (cyclic C=N), 1259 (C-O); 'H NMR in & (ppm): 7.08-7.54 (m,
5H, Ar-H), 8.41 (d, 1H, =CH), 9.16 (d, 1H, N-H), 4.14 (t, 1H, NH), 3.83 (d, 2H, CH), 2.11 (m,
4H, CH,), 3.26 (m, 4H, CH,); °C NMR in & (ppm): 52.8, 72.9, 74.1, 108.6, 127.4, 128.8,
129.2, 135.7, 162.2, 165.3, 168.5, 171.7, 183.6; Calculated, %: For C;7H;sN¢O> (MW= 338.36)
in \ivt % C 60.34; H 5.36; N 24.84 and Found, %: C 60.12; H 5.44; N 24.94; MS, m/z: 338
[MT].

5-phenyl-7-[(piperidin-1-ylmethyl)amino]|pyrimido[4,5-d]pyrimidin-4-one (4p)

Yield 80%; m.p. 186-188°C; IR (KBr pellet) in cm™: 3263 (NH), 3079 (aromatic =CH), 2835,
2942 (CH,), 1670 (C=0), 1616 (cyclic C=N); '"H NMR in & (ppm): 7.10-7.49 (m, 5H, Ar-H),
8.38 (d, 1H, =CH), 9.23 (d, 1H, N-H), 4.11 (t, 1H, NH), 3.81 (d, 2H, CH>), 2.21 (m, 4H, CH>»),
1.23 (m, 6H, CH,); °C NMR in & (ppm) 31.7, 34.3, 42.5, 126.4, 127.1, 128.6, 135.2, 162.8,
165.9, 170.1, 171.5, 182.3; Calculated, %: For C;sH20NcO (MW= 336.39) in wt % C, 64.27; H,
5.99; N, 24.98 and Found, %: C, 64.42; H, 5.80; N, 25.02; MS, m/z: 336 [M'].

General procedure for the synthesis of compounds (5a-d, 6a-d)

To a mixture of compounds 4m/4p (1.00 mmol) and 6-substituted-3-chloro-benzo[b]thiophene-
2-carbonylchloride (1.00 mmol), in DMF (10 ml), pyridine was added in catalytic amount. The
reaction mixture was refluxed for 8-12 h. Completion of the reaction was confirmed by TLC.
The reaction mixture was left to cool and poured into crushed ice, filtered and washed with
water. The product thus obtained was recrystallized with appropriate solvent.
3-(3-chloro-benzo[b]thiophene-2-carbonyl)-7-[(morpholin-4-ylmethyl)-amino]-5-phenyl-
pyrimido|4,5-d]pyrimidine-4-one (5a)

Yield 72%; m.p. 213-215°C; IR (KBr pellet) in cm™: 3260 (NH), 3088 (aromatic =CH), 2835
(C-H), 1675 (C=0), 1242 (C-0), 1612 (cyclic C=N), 686 (C-S-C), 764 (C-Cl); '"H NMR in &
(ppm): 7.01-7.47 (m, 9H, Ar-H), 8.32 (s, 1H, =CH) 4.35 (t, 1H, NH), 3.51 (d, 2H, CH,), 2.03
(m, 4H, CH,), 3.27 (m, 4H, CH,); *C NMR in & (ppm): 52.3, 72.5, 74.7, 108.1, 121.4, 122.8,
123.2, 127.6, 128.2, 129.5, 133.7, 135.3, 142.8, 145.5, 152.3, 162.9, 165.7, 168.1, 169.1, 171.5,
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183.4; Calculated, %: For CycH,CINgO3S (MW= 533) in wt % C 58.59; H 3.97; N 15.77 and
Found, %: C 58.71; H 4.05; N 15.57; MS: m/z: 533 [M"].
3-(3-chloro-6-fluoro-1-benzo[b]thiophene-2-carbonyl)-7-[(morpholin-4-ylmethyl)-amino|-
5-phenyl-3H-pyrimido[4,5-d]pyrimidine-4-one (5b)

Yield 69%; m.p. >300°C; IR (KBr pellet) in cm™: 3268 (NH), 3082 (aromatic =CH), 2830 (C-
H), 1671(C=0), 1250 (C-0), 1608 (cyclic C=N), 684 (C-S-C), 770 (C-Cl); '"H NMR in & (ppm):
7.06-7.50 (m, 8H, Ar-H), 8.35 (s, 1H, =CH), 4.29 (t, 1H, NH), 3.51 (d, 2H, CHy), 2.02 (m, 4H,
CH,), 3.31 (m, 4H, CH,); >C NMR in & (ppm): 51.7, 72.9, 73.5, 108.8, 121.1, 122.8, 123.7,
127.1,128.4,129.7, 133.2, 135.8, 143.2, 146.1, 152.5, 161.5, 166.2, 168.7, 169.0, 171.8, 182.6;
Calculated, %: For CysH20CIFNgO3S (MW= 550.99) in wt % C 56.68; H 3.66; N 15.25 and
Found, %: C 56.61; H 3.78; N 15.20; MS: m/z: 551 [M'].
3-(3,6-dichloro-1-benzo[b]thiophene-2-carbonyl)-7-[(morpholin-4-ylmethyl)-amino]-5-
phenyl-3H-pyrimido[4,5-d]pyrimidine-4-one (5c)

Yield 74%; m.p. 224-226°C;IR (KBr pellet) in cm™: 3262 (NH), 3081 (aromatic =CH), 2838
(C-H), 1668 (C=0), 1242 (C-0), 1610 (cyclic C=N), 682 (C-S-C), 768 (C-Cl); '"H NMR in &
(ppm): 7.10-7.56 (m, 8H, Ar-H), 8.31 (s, 1H, =CH), 4.31 (t, 1H, NH), 3.46 (d, 2H, CH>), 2.10
(m, 4H, CH,), 3.28 (m, 4H, CH,); *C NMR in & (ppm): 52.5, 72.1, 74.5, 107.9, 121.8, 122.4,
123.7, 127.5, 128.8, 129.1, 133.3, 135.6, 142.2, 145.7, 152.5, 162.4, 165.9, 168.3, 169.5, 171.4,
183.1; Calculated, %: For CysHy0CloNgO3S (MW= 567.44) in wt % C 55.03; H 3.55; N 14.81
and Found, %: C 55.17; H 3.48; N 14.74; MS: m/z: 567 [M"].
3-(3-chloro-6-methoxy-1-benzo[b]thiophene-2-carbonyl)-7-[(morpholin-4-ylmethyl)-
amino]-5-phenyl-3H-pyrimido[4,5-d]pyrimidine-4-one (5d)

Yield 78%; m.p. 238-240°C; IR (KBr pellet) in cm™: 3256 (NH), 3080 (aromatic =CH), 2832
(C-H), 1670 (C=0), 1258 (C-0), 1622 (cyclic C=N), 689 (C-S-C), 765 (C-Cl); '"H NMR in &
(ppm): 7.01-7.55 (m, 8H, Ar-H), 8.36 (s, 1H, =CH), 4.29 (t, 1H, NH), 3.52 (d, 2H, CH,), 2.07
(m, 4H, CH,), 3.21 (m, 4H, CH,); >C NMR in & (ppm): 52.3, 72.1, 74.8, 108.5, 121.6, 122.2,
123.8, 127.1, 128.2, 129.9, 133.3, 135.4, 142.3, 145.7, 152.6, 162.4, 165.3, 168.6, 169.6, 171.5,
183.7; Calculated, %: For Cy7H,3CINgO4S (MW= 563.02) in wt % C 57.60; H 4.12; N 14.93
and Found, %: C 57.53; H 4.18; N 14.95; MS: m/z: 563 [M'].
3-(3-chloro-benzo[b]thiophene-2-carbonyl)-5-phenyl-7-[(piperidin-1-ylmethyl)amino]-3H-
pyrimido[4,5-d]pyrimidin-4-one (6a)

Yield 72%; m.p. 198-200°C; IR (KBr pellet) in cm™: 3252 (NH), 3095 (aromatic =CH), 2847
(C-H), 1670 (C=0), 1614 (cyclic C=N), 678 (C-S-C), 778 (C-Cl); '"H NMR in & (ppm): 6.81-
7.27 (m, 9H, Ar-H), 8.40 (s, 1H, =CH), 4.31 (t, 1H, NH), 3.57 (d, 2H, CH,), 2.01 (m, 4H,
CH,), 1.22 (m, 6H, CH,); °C NMR in & (ppm): 24.7, 27.2, 51.5, 75.1, 108.8, 121.4, 122.3,
123.9, 127.5, 128.7, 129.1, 133.6, 135.8, 142.5, 146.2, 152.8, 162.4, 165.7, 168.9, 170.2, 171.6,
183.5; Calculated, %: For C,7H;CINgO,S (MW= 531.02) in wt % C 61.07; H 4.37; N 15.83
and Found, %: C 61.24; H 4.41; N 15.62; MS: m/z: 531 [M].
3-(3-chloro--6-fluoro-1-benzo[b]thiophene-2-carbonyl)-5-phenyl-7-[(piperidin-1-
ylmethyl)amino]-3H-pyrimido[4,5-d]pyrimidin-4-one (6b)

Yield 66%; m.p. 202-204°C; IR (KBr pellet) in cm™: 3270 (NH), 3065 (aromatic =CH), 2830
(C-H), 1680 (C=0), 1620 (cyclic C=N), 689 (C-S-C), 762 (C-Cl); '"H NMR in & (ppm): 6.88-
7.31 (m, 8H, Ar-H), 8.46 (s, 1H, =CH), 4.32 (t, 1H, NH), 3.62 (d, 2H, CH,), 2.06 (m, 4H,
CH,), 1.21 (m, 6H, CH,); *C NMR in & (ppm): 24.3, 27.6, 51.2, 75.5, 108.1, 121.6, 122.6,
123.5, 127.2, 128.4, 129.8, 133.5, 135.3, 142.7, 146.6, 152.2, 162.8, 165.4, 169.3, 170.5, 171.4,
183.1; Calculated, %: For Cy7H2,CIFNgO3S (MW= 549.01) in wt % C 59.07; H 4.04; N 15.31
and Found, %: C 59.15; H 3.91; N 15.36; MS: m/z: 549 [M'].
3-(3-chloro--6-chloro-1-benzo[b]thiophene-2-carbonyl)-5-phenyl-7-[ (piperidin-1-
ylmethyl)amino]-3H-pyrimido[4,5-d]pyrimidin-4-one (6¢). Yield 82%; m.p. 220-222°C; IR
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(KBr pellet) in cm™: 3258 (NH), 3068 (aromatic =CH), 2848 (C-H), 1670 (C=0), 1612 (cyclic
C=N), 670 (C-S-C), 770 (C-Cl); '"H NMR in & (ppm): 7.0-7.41 (m, 8H, Ar-H), 8.51 (s, 1H,
=CH), 4.34 (t, 1H, NH), 3.58 (d, 2H, CH,), 2.11 (m, 4H, CH,), 1.23 (m, 6H, CH,); >C NMR in
d (ppm): 24.5, 27.3, 51.5, 75.4, 108.6, 121.3, 122.8, 123.4, 127.3, 128.7, 129.5, 133.1, 135.5,

142.2, 146.4, 1529, 162.1, 165.6, 169.8, 170.1, 171.8, 183.5; Calculated, %: For
C27H2ClhNgO2S (MW= 565.47) in wt % C 57.35; H 3.92; N 14.86 and Found, %: C 57.18; H
4.03; N 14.92; MS: m/z: 565[M"].
3-(3-chloro--6-methoxy-1-benzo[b]thiophene-2-carbonyl)-5-phenyl-7-[(piperidin-1-
ylmethyl)amino]-3H-pyrimido[4,5-d]pyrimidin-4-one (6d)

Yield 70%; m.p. 210-212°C; IR (KBr pellet) in cm™: 3261 (NH), 3085 (aromatic =CH), 2838
(C-H), 1671 (C=0), 1605 (cyclic C=N), 682 (C-S-C), 786 (C-Cl); '"H NMR in & (ppm): 7.0-
7.41 (m, 8H, Ar-H), 8.47 (s, 1H, =CH,) 4.44 (t, 1H, NH), 3.56 (d, 2H, CH,), 2.05 (m, 4H,
CH,), 1.28 (m, 6H, CH,); °C NMR in & (ppm): 24.1, 27.6, 51.8, 75.2, 108.4, 121.8, 122.4,
123.7, 127.6, 128.2, 129.9, 133.4, 135.6, 142.6, 146.8, 152.3, 162.5, 165.1, 169.5, 170.7, 171.2,
183.3; Calculated, %: For C,3H,sCINgO3S (MW= 561.05) in wt % C 59.94; H 4.49; N 14.98
and Found, %: C 60.08; H 4.40; N 14.93; MS: m/z: 561 [M].
7-[benzylideneamino]-5-phenylpyrimido[4,5-d]pyrimidin-4(3H)-one (7)

A mixture of compound 3 (0.239 g, 1.00 mmol) and benzaldehyde (0.106g, 1.00 mmol) in
ethanol in catalytic amount of glacial acetic acid was heated under reflux for 9 h and left to get
cool. The reaction mixture was poured into crushed ice and product was filtered, washed with
water and recrystallized with ethanol. Yield 88%; m.p. 180-182°C; IR (KBr pellet) in cm™:
3087 (aromatic =CH), 3275 (NH), 1669 (C=0), 1616 (cyclic C=N); 'H NMR in & (ppm): 7.01-
7.73 (m, 10H, Ar-H), 8.37 (d, 1H, =CH pyrimidine ring), 8.04 (s, 1H, =CH benzylidenimin),
9.01 (d, 1H, NH); >C NMR in & (ppm): 116.8, 126.4, 127.2, 128.7, 132.4, 135.2, 163.5, 165.1,
170.5, 172.1, 181.3, 185.7; Calculated, %: For C;oH;3sNsO (MW= 327.33) in wt % C 69.71; H
4.00; N 21.39 and Found, %: C 69.65; H 4.12; N 21.34; MS: m/z: 327 [M'].

General procedure for the synthesis of compounds (8a-d)

In a solution of compound 7 (0.327g, 1.00 mmol) in ethanol 6-substituted-3-chloro-
benzo[b]thiophene-2-carbonylchloride (1.00 mmol) was added. Pyridine was added as catalyst.
After 7-9 h reflux the reaction mixture was poured into crushed ice with stirring. The solid
product was filtered, dried and recrystallized from appropriate solvents.
7-(benzylidene-amino)-3-(3-chloro-benzo[b]thiophene-2-carbonyl)-5-phenyl-3H-
pyrimido[4,5-d]pyrimidine-4-one (8a)

Yield 73%; m.p. 190-192°C; IR (KBr pellet) in cm™: 3081 (aromatic =CH), 1672 (C=0), 690
(C-S-C), 763 (C-Cl); 'H NMR in & (ppm): 6.90-7.41 (m, 14H, Ar-H), 8.53 (s, 1H, =CH
pyrimidine ring), 7.91 (s, 1H, =CH benzylidenimin); °C NMR in & (ppm): 116.3, 121.8,
122.7,123.5, 126.3, 127.3, 128.5, 132.4, 133.4, 135.8, 142.7, 145.3, 152.1, 163.2, 164.7, 169.3,
170.6, 171.6, 181.1, 183.9; Calculated, %: For Cy3HicCINsO,S (MW= 521.97) in wt % C
64.43; H 3.09; N 13.42 and Found, %: C 64.51; H 2.97; N 13.46; MS: m/z: 522 [M+].
7-(benzylidene-amino)-3-(3-chloro-6-fluoro--benzo[b]thiophene-2-carbonyl)-5-phenyl-3H-
pyrimido[4,5-d]pyrimidine-4-one (8b)

Yield 77%; m.p. 198-200°C; IR (KBr pellet) in cm™: 3089 (aromatic =CH), 1668 (C=0), 686
(C-S-C), 772 (C-Cl); 'H NMR in & (ppm): 6.85-7.45 (13H, m, Ar-H), 8.55 (1H, s, =CH
pyrimidine ring), 7.85 (1H, s, =CH benzylidenimin); C NMR in & (ppm): 116.9, 121.2,
122.1, 122.9, 126.7, 127.5, 128.1, 132.6, 133.7, 136.9, 142.1, 144.8, 152.6, 163.7, 165.1, 169.8,
170.2, 171.9, 181.4, 183.1; Calculated, %: For C,3H;sCIFNsO,S (MW= 539.96) in wt % C
62.28; H 2.80; N 12.97 and Found, %: C 62.41; H2.73; N 12.91; MS: m/z: 540 [M'].
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7-(benzylidene-amino)-3-(3,6-dichloro-benzo[b]thiophene-2-carbonyl)-5-phenyl-3H-
pyrimido[4,5-d]pyrimidine-4-one (8c)

Yield 71%; m.p. 176-178°C; IR (KBr pellet) in ecm™: 3092 (aromatic =CH), 1670 (C=0), 694
(C-S-C), 768 (C-Cl); 'H NMR in & (ppm): 6.91-7.41 (13H, m, Ar-H), 8.48 (1H, s, =CH
pyrimidine ring), 7.93 (1H, s, =CH benzylidenimin); >C NMR in & (ppm): 117.4, 121.6,
122.2,123.5,127.7, 128.3, 129.4, 131.8, 133.7, 136.2, 142.3, 145.9, 152.8, 162.8, 164.1, 170.4,
171.1, 172.8, 180.8, 183.4; Calculated, %: For CysH;sCl,NsO,S (MW= 556.42) in wt % C
60.44; H 2.72; N 12.59 and Found, %: C 60.38; H 2.86; N 12.51; MS: m/z: 556[M"].
7-(benzylidene-amino)-3-(3-chloro-6-methoxy-benzo[b]thiophene-2-carbonyl)-5-phenyl-
3H-pyrimido[4,5-d]pyrimidine-4-one (8d)

Yield 68%; m.p. 189-191°C; IR (KBr pellet) in cm™: 3085 (aromatic =CH), 1668 (C=0), 678
(C-S-C), 765 (C-Cl); '"H NMR in & (ppm): 6.89-7.41 (13H, m, Ar-H), 3.35 (3H, s, O-CH3),
8.54 (1H, s, =CH pyrimidine ring), 7.91 (1H, s, =CH benzylidenimin); >°C NMR in & (ppm):
116.7, 121.3, 122.5, 123.6, 126.1, 128.7, 129.1, 132.6, 133.8, 135.4, 143.1, 145.7, 153, 163.5,
165.1, 169.8, 171.4, 172.7, 180.2, 185.5; Calculated, %: For C290H9CI,NsO3S (MW= 552.00) in
wt % C 63.10; H 3.29; N 12.69 and Found, %: C 63.23; H 3.35; N 12.50; MS: m/z: 552 [M'].

Conclusion

In summary, our efforts are focused to synthesize benzo[b]thiophene clubbed
pyrimidopyrimidine containing schiff and mannich bases. All the synthesized compounds were
examined for biological activity with the aim of discovering innovative structure leads serving
as potent antimicrobial agents. Some magnificent results have been obtained with the fused
pyrimidopyrimidine scaffold. On biological screening, compounds 5S¢, 6b, 6¢, 6d and 8d
showed an excillent antimicrobial activity than standard drug, whereas rest of the compounds
showed moderate activity. Compound 5c¢ bearing morpholine and Cl substituted
benzo[b]thiophene exhibited good activity against all the strains. It was concluded that the
combination of two biologically active molecules into single hybrid unit, have the potential to
obtain good pharmacological activity and pyrimidopyrimidine compounds bearing a
benzo[b]thiophene nucleus have become an imperative area of antimicrobial drug research.
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