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Abstract An efficient, simple protocol has been established for conve-
nient synthesis of novel 2,3-disubstituted thieno[2,3-d]pyrimidin-
4(3H)-one derivatives in good to high yields through a one-pot, two-
step and three-component reaction from 2H-thieno[2,3-d][1,3]ox-
azine-2,4(1H)-diones, aromatic aldehydes, and amines.

Key words thieno[2,3-d]pyrimidin-4(3H)-one, one-pot synthesis, in-
tramolecular cyclization, pyrimidinone, quinazolinone

Quinazolinones, especially quinazolin-4(3H)-ones (Fig-
ure 1) are one of the most important building blocks in me-
dicinal chemistry. Over the past few years, quinazolinones
have been applied as prospective drug candidates, demon-
strating diverse biological potency, including antimicrobial,
anti-inflammatory, antimalarial, antiviral, and anticancer
activities.! Structurally similar to quinazolinones, thie-
no[2,3-d]pyrimidin-4(3H)-ones (Figure 1) also serve as a
privileged structure in a variety of drug candidates.? A
broad range of thieno[2,3-d]pyrimidin-4(3H)-ones® have
been identified with properties such as antimycrobial and
antibacterial activities, or as 17B-HSD1 inhibitors,> and
zinc-binding MMP-13 inhibitors,® as exemplified by the
structures in Figure 1. Therefore, the development of an ef-

ficient protocol towards a simple synthetic pathway for the
formation of novel thieno[2,3-d]pyrimidin-4(3H)-ones is a
valid aim in organic synthesis.

Previously reported syntheses of 2,3-disubstituted thie-
no[2,3-b]pyrimidin-4(3H)-ones usually required more than
two steps starting from 2-aminothiophene-3-carboxylic
acid or its ester/carboxamide analogues.*” Harsh conditions
such as POCls;, P,05 or sodium, or reaction at elevated pres-
sure were necessary for the pyrimidinone ring cyclization.?-1°
No protocols have yet been reported for the synthesis of
2,3-disubstituted thieno[2,3-d]pyrimidin-4(3H)-ones in a
one-pot reaction.

In the case of quinazolinones, several one-pot protocols
using commercially available starting materials, such as an-
thranilic acid esters, anthranilamide, anthranilonitrile, and
isatoic anhydride are reported.’*-!! For example, Maleki et
al. synthesized 2,3-dihydroquinazolin-4(1H)-ones from isa-
toic anhydride, aldehydes and ammonium acetate, using a
magnetic silica-based nanocomposite Fe;0,/SBA-15 as cata-
lyst.’? Applying H;PO; as the catalyst, Balalaie et al. investi-
gated a one-pot protocol for the efficient synthesis of spiro-
quinazolinone derivatives using hydrazides and cyclic ke-
tones.!? Isatoic anhydride was also the starting material in
the development of potent antiviral agents by Brown et al.
We have recently reported a straightforward synthesis of
rutaecarpine and its analogues by a fusion reaction using
isatoic anhydrides and 4,9-dihydro-3H-pyrido[3,4-blin-
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Figure 1 Biologically relevant quinazolin-4(3H)-one and thieno[2,3-d]pyrimidin-4(3H)-one derivatives

dole.!> This protocol provided a simple and fast access to
large quantities of rutaecarpine and its derivatives, avoid-
ing tedious purification procedures.

Inspired by the general application of isatoic anhy-
dride,'® we envisaged a very similar compound, 2H-thie-
no[2,3-d][1,3]oxazine-2,4(1H)-dione, could be applied to
the preparation of thieno-analogues of quinazolineones
and enable their biological evaluations. Herein, we present
our methodology for the one-pot, two-step, three-compo-
nent synthesis of 2,3-disubstituted thieno[2,3-d]pyrimidin-
4(3H)-ones.

Initially, we used 5,6,7,8-tetrahydro-2H-benzo[4,5]thie-
no[2,3-d][1,3]oxazine-2,4(1H)-dione (1a; 1.5 mmol), 4-
chlorobenzaldehyde (2a; 1 mmol), and phenylmethylamine
(1.5 mmol) to investigate the reaction conditions (Table 1).
Although condensation reactions of isatoic anhydride, alde-

hydes and amines have been reported in the presence of
numerous catalysts,!” and under acidic conditions,'® appli-
cation of those protocols to 1a surprisingly failed to yield
the ring-closed target compounds. For example,
KAI(SO,),-12H,0 was found to be a reusable catalyst to ob-
tain 2,3-dihydroquinazolin-4(1H)-ones.'® However, when
using the same catalyst, no 4a was formed when 1a was
treated with 2a and phenylmethylamine and heating the
reaction mixture at reflux (Table 1, entry 1). Brensted acids
such as p-TsOH and acetic acid also did not promote the fu-
sion reaction. When the three components were heated in
ethanol at reflux in the present of potassium hydroxide (en-
try 12), the obtained product was confirmed to be ethyl 2-
amino-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxyl-
ate, the starting material 1a having reacted with the etha-
nol solvent.

Table 1 Optimization of the Conditions for the One-Pot Synthesis of 2,3-Disubstituted Thieno[2,3-d]pyrimidin-4(3H)-ones 4a

Q o) o)
HoN
S H (o) 0 S N&\©\ S N/ |\
H
1a Cl 4a & Cl
cl - -
2a
Entry Solvent Additives Time (h) Temp (°C) Yield (%)
1 EtOH KAI(SO,),-12H,0 20 reflux b
2 EtOH p-TsOH 20 reflux -b
3 AcOH - 20 reflux -b
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Entry Solvent Additives Time (h) Temp (°C) Yield (%)?
4 EtOH K,CO, 20¢ reflux 32
5 MeOH K,CO4 24¢ 80 34
6 EtOH Cs,CO, 24 rt -b
7 EtOH Cs,CO; 2.5¢ reflux 51
8 MeOH Cs,CO4 2.5¢ 80 43
9 MeOH NaOH 3¢ 80 48
10 EtOH Et;N 20¢ reflux -b
1 EtOH N,N-diisopropylamine 20¢ reflux -b
12 EtOH KOH 2 reflux -b
13 EtOH KOH 2¢ reflux 62
14 H,0 KOH 20¢ reflux -b
15 MeOH KOH 2¢ 80 51
16 DMF KOH 3¢ reflux 46
17 THF KOH 3¢ reflux -b

2 |solated yield.
b No product obtained.

¢ The mixture of 1a, 2a and phenethylamine was heated at reflux for 12 h before the addition of catalyst.

We then investigated heating the three components in
ethanol in the absence of any Bregnsted acid or base. Reac-
tion progress was monitored by thin-layer chromatography
(TLC) and a yellow spot was detected on TLC plate. Attempts
at isolating the yellow compound by chromatography failed.
Nevertheless, it could be easily purified by recrystallization
from ethanol. After spectroscopic analysis, the yellow com-
pound was confirmed as intermediate 3. It was proposed
that, by an intramolecular cyclization strategy of interme-
diate 3, the desired disubstituted thieno[2,3-d]pyrimidin-
4(3H)-ones could be obtained. The protocol was thus modi-
fied accordingly. The starting materials 1a, 4-chlorobenzal-
dehyde 2a, and phenethylamine were heated in ethanol for
12 hours to be completely converted into intermediate 3.
Afterwards, potassium carbonate was added to the reaction
mixture and heating was continued for 2 h. In this way, the
desired target compound 4a was obtained in 32% yield (Ta-
ble 1, entry 4). To explore the reaction conditions systemat-
ically, different solvents and bases were screened. In gener-
al, protic solvents (except water) were tolerated for the re-
action, but tetrahydrofuran (aprotic solvent) was
detrimental (entry 17). Stronger inorganic bases, such as
cesium carbonate, sodium hydroxide, and potassium hy-
droxide also promoted the formation of the desired prod-
uct, but organic bases such as trimethylamine and N,N-di-
isopropylamine proved ineffective (entries 10 and 11). The
best yields were obtained when the three components were
heated in ethanol for 12 hours, followed by additional stir-

ring at reflux in the presence of potassium hydroxide (entry
13). Thus, the overall conversion was achieved in a one-pot,
two-step, three-component model.

After determination of optimal reaction conditions, we
explored the scope of various substrates in this one-pot
protocol for the synthesis of 2,3-disubstituted thieno[2,3-
d]pyrimidin-4(3H)-ones (Scheme 1).2° In general, the reac-
tion worked for a range of fused 2H-thieno[2,3-d][1,3]ox-
azine-2,4(1H)-diones including cyclohexyl-, cycloheptyl-,
pyranyl-, and mono or dimethyl-substituted 2H-thieno[2,3-
d][1,3]oxazine-2,4(1H)-diones. Aromatic aldehydes such as
benzaldehyde or thiophene-2-carbaldehyde were applica-
ble to the reaction. Generally, electron-donating groups on
the aldehyde gave improved yields compared with electron-
withdrawing groups. For example, the yield of compound
4d (with fluoro-substitution) was lower for compound 4c,
whereas the yield of 4c was far lower than that of 4e (pos-
sessing a methoxy-group). A hydroxyl group was compati-
ble with the reaction conditions. Without additional pro-
tection, compound 4f was obtained in 47% yield, although
with a lower yield than for compound 4e. Interestingly, ty-
ramine (with a free hydroxyl group) was a better substrate
than benzylamine. This reaction system gave high yields for
substrates possessing tetramethylene- and pentamethy-
lene-containing substituents on the thiophene component
(compounds 41, 4j, 4aa and 4ab), when phenylethylamine
was used as the third component.
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Scheme 1 One-pot synthesis of 2,3-disubstituted thieno[2,3-d]pyrimidin-4(3H)-ones
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Given that the preparation of the starting ‘anhydride’
compounds did not require any chromatographic purifica-
tion (see the Supporting Information), the reaction can eas-
ily be scaled up to provide larger amounts of target com-
pounds. For example, compound 4m (1.1 g) was obtained
from thiophene-2-carbaldehyde, tyramine 5,6,7,8-tetrahy-
dro-2H-benzo[4,5]thieno[2,3-d][1,3]oxazine-2,4(1H)-di-
one. All of the synthetic compounds were characterized by
'H and '*C NMR and HRMS analyses. The structure of 4w
was further confirmed by X-ray diffraction analysis, as
shown in Figure 2.2

Figure 2 Crystal structure of 4w (CCDC 1813089)?"

In conclusion, although dozens of published one-pot
procedures using isatoic anhydride as the starting material
have been reported for the preparation of substituted
quinazolinones, the protocols proved fruitless when ap-
plied to 2H-thieno[2,3-d][1,3]oxazine-2,4(1H)-diones, to
synthesize substituted thieno[2,3-d]pyrimidin-4(3H)-ones.
By changing to the two-step, one-pot and three-component
strategy, we have developed an efficient method to synthe-
size a wide range of 2,3,5,6-substituted thieno[2,3-d]pyrim-
idin-4(3H)-one derivatives in good to high yields (46-86%).
This strategy is tolerant of a wide range of aromatic alde-
hydes and amines, and enables preparation of large quanti-
ties of target compounds.
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