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led to the formation of two C—C and one C—S bonds 72-90%
and one stereocenter in one operation

A highly efficient one-pot three-component regioselective synthesis of 4-aryl-3-aroyl-2-methylsulfanyl-4,6,7,8-tetrahydrothiochromen-5-ones has
been developed by annulation of -oxodithioesters with aldehydes and cyclic 1,3-diketones under solvent-free conditions promoted by P,0s. No
cocatalyst or activator is needed in this protocol. The merit of this process is highlighted by its high efficiency of producing three new bonds and a

stereocenter in one operation.

In the past decade, interest in green chemistry' has
expanded, and it now encompasses wide areas of the
chemical enterprise and is an alternative way to reduce
drastic requirements for reactions. Their is a need for facile,
efficient, and nonpolluting synthetic procedures that reduce
the use of organic solvents and toxic reagents. For the
reasons of economy and pollution prevention, multicompo-
nent reactions® (MCRs) have considerable ecological inter-
est as they address the fundamental principles of synthetic
efficiency and reaction design, arising from minimization of
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waste, time, energy, and cost. Multicomponent reactions
involving a domino process® with at least three different
substrates particularly performed under solvent-free
conditions* have emerged as a powerful strategy for the
synthesis of chemically and biologically important organic
frameworks. This protocol allows molecular complexity
and diversity in a one-pot transformation and quite closely
approaches the concept of an ideal synthesis.

Molecules with a thiochromene framework not only are
important starting materials for numerous biologically
active compounds but also are widely present as key
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structural motifs in many natural products and are structu-
rally related to plant pigments like flavonoids and antho-
cyanins. The thiochromene derivatives exhibit tumorigenic,
antibacterial,” and antifungal® activities together with ap-
plications in dyes for chemical fibers.” Furthermore, chro-
mene and thiochromene analogs of the HIV-1 protease
inhibitor Ritonavir have been prepared and are under
clinical trials.® According to reports of some of the patents
they also act as modulators of the estrogen receptors.” In
addition, 4 H-thiochromenoapomorphines have been found
to possess a high dopamine receptor binding affinity.'

A thorough literature survey revealed that the reports for
the synthesis of thiochromones are limited'' and are mainly
prepared from substituted thiophenols.'*"* 2-Trifluoro-
methyl thiochromones were synthesized by treating 2-mer-
captophenyl ketones with trifluoroacetic anhydride in THF
in the presence of triethylamine.'* Further, thiochromone
derivatives have been achieved by an organocatalytic domino
thia-Michael/aldol reaction.'> However, the above methods
suffer from drawbacks such as toxic organic solvents, costly
reagents, cumbersome experimental procedures, and lacking
generality. Therefore, more general, efficient, and viable
routes with operational simplicity for the synthesis of thio-
chromone derivatives are very much desirable and would be
of great relevance to both synthetic and medicinal chemists.

It is pertinent to note that P,Os is a mild, cheap, biode-
gradable, and readily available reagent, which has recently
emerged as a powerful catalyst for various organic trans-
formations.'® Furthermore, we devised a straightforward,
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versatile, and one-pot synthesis of heterocycles utilizing
P,Os as a catalyst.'” P,Os is not only a versatile stable acidic
enolizing agent but also a dehydrating reagent uniquely
suited for a one-pot transformation. To the best of our
knowledge, no report on the use of P,Os as a catalyst for the
synthesis of thiochromones utilizing S-oxodithioesters is
known. As part of our ongoing research program on the
development of new protocols for the synthesis of hetero-
cycles via a one-pot multicomponent reaction,'® herein we
report, for the first time, a one-pot three-component syn-
thesis of thiochromone frameworks by the coupling of
p-oxodithioesters, aldehydes, and cyclic 1,3-diketones cata-
lyzed by P,O5 under solvent-free conditions.

Recently, S-oxodithioesters have received much attention
as a key intermediate in the synthesis of various important
bioactive frameworks such as dihydropyrimidinone, " pyrido-
pyrimidinone,'® pyrazole,® benzo[a]quinolizine-4-thione,”’
and 2H-chromene-2-thione.”> Therefore, we became intri-
gued in scouting the use of B-oxodithioesters to develop a
more generalized synthetic strategy for the synthesis of
functionalized thiochromones. 5-Oxodithioesters are synthe-
sized by reported methods™ in good yields (70—80%). Thus,
when f-oxodithioesters 1 were treated with aldehydes 2 and
cyclic 1,3-diketones 3 under solvent-free conditions in the
presence of P,Os at 100 °C, the corresponding 4-aryl-3-aroyl-
2-methylsulfanyl-4,6,7,8-tetrahydrothiochromen-5-ones 4a—t
were obtained in high yields (Scheme 1).

Scheme 1. Synthesis of Thiochromen-5-ones 4
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Initially, a mixture of 3-oxo-3-phenyldithiopropionic
acid methyl ester 1a (1.0 mmol), 4-nitrobenzaldehyde 2¢
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(1.0 mmol), and dimedone 3a (1.0 mmol) was heated at
100 °C under solvent-free conditions in the presence of
different catalysts such as p-TSA, InCl;, KF-Alumina,
piperidine, SiO,, and P,Os (20 mol % each) separately.
p-TSA, InCl;, KF-Alumina, piperidine, and SiO, did
catalyze the reaction to furnish the desired product 4c
albeit in low yields (Table 1, entries 1—5). To our delight,
P,O5 gave the desired thiochromone 4¢ in 90% yield
(Table 1, entry 6). Encouraged by this result, we then
focused on optimizing the reaction conditions.

Table 1. Optimization of Reaction Conditions for the Synthesis
of 4¢

catalyst temp time yield?
entry (mol %) (°C) (h) (%)
1 p-TSA (20) 100 4 45
2 InCl3 (20) 100 6 30
3 KF-Alumina (20) 100 5 20
4 Piperidine (20) 100 2.5 35
5 SiOg (20) 100 4 40
6 P,05 (20) 100 1.5 90
7 P,05(10) 100 3 60
8 Py05 (15) 100 2.5 76
9 P,05 (25) 100 1.5 88
10 P,05 (20) 80 4 35
11 P505 (20) 90 3 45
12 P,05 (20) 120 1.5 87
13 H3PO, (40) 80 4 25

“Reaction of 3-oxo-3-phenyldithiopropionic acid methyl ester 1a
(1.0 mmol), 4-nitrobenzaldehyde 2¢ (1.0 mmol), and dimedone 3a (1.0
mmol) under solvent-free conditions. * Isolated pure yields.

The P>Os loading was subsequently examined (entries
6—9), and it was found that 20 mol % of P,O5 provided the
maximum yield in minimum time (Table 1, entry 6). We
immediately undertook a study to examine the effects of
temperature on this transformation. The results demon-
strated that 100 °C appeared to be the optimum tempera-
ture for this transformation (Table 1, entries 6 and 10—12).
During the course of the reaction, water probably reacts
with P>Os to form H;PO,, which may catalyze the reac-
tion. Thus, to check the efficacy of H;PO,, the above
model reaction was further investigated in the presence
of H3PO4 (10 mol %, 20 mol %, and 40 mol %) separately.
Phosphoric acid did catalyze the reaction to form the
desired thiochromone albeit in low yield (Table 1, entry
13), while the major product formed was characterized asa
xanthene derivative. Thus, the best yield, cleanest reaction,
and most facile workup were achieved employing 20 mol %
of P,Os at 100 °C under solvent-free conditions. The
starting materials were completely consumed to afford
the desired compound that was highly visible on TLC
under UV light. Control experiments verified that the
reaction does not proceed in the absence of P,Os.

To generate a small library of functionalized thiochro-
men-5-ones 4, we next utilized a variety of substrates to
explore the synthetic scope and generality of this accelerated
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one-pot Knoevenagel condensation/Michael addition/
cyclization cascade reaction under the optimal conditions.
Representative results are shown in Table 2.

Table 2. Exploration of the Substrate Scope for the Synthesis
of 4

time  yield”

entry R! R? R? (h) (%)
4a C(;H5 C6H5 Me 1.75 82
4b CeHs 4-FC¢H,y H 1.5 86
4c CGH5 4-N0206H4 Me 1.5 90
4d Cng, 2,4-C1203H3 Me 1.5 87
4e CﬁH5 3-N0206H4 Me 1.5 83
4f C(;H5 4-BI'CBH4 Me 2.0 84
4g 4-OMeCgH, 4-CICgH,4 Me 1.75 82
4h 4-OMQCGH4 2-OMQCGH4 Me 2.5 75
4i 4-OMeCgH,4 3-NOyCgHy H 1.5 82
4j 2-thienyl 4-BrCgH, Me 1.75 83
4k 2-thienyl 2-C1CgH,4 Me 2.0 74
41 2-thienyl 3-NOyCgHy H 1.75 80
4m 2-thienyl 4-CI-3-FCgH3 Me 1.5 82
4n 3-pyridyl 3-NO.CgH4 Me 2.0 72
40 3-pyridyl 2,4-Cl,C¢H3s H 2.0 74
4p 2-furyl 4-BrCgHy H 1.75 78
4q 2-furyl 4-NOyCgHy Me 1.75 80
4r 2-furyl 4-MeCgH, Me 2.0 74
4s 2-furyl 4-CF3CgH, Me 1.75 82
4t 2-furyl 3-OHCgH, Me 2.5 76

“Isolated pure yields.

Notably, a wide range of f-oxodithioesters la—e,
aromatic aldehydes 2a—m, and cyclic 1,3-diketones 3a,b
were well tolerated and proceeded smoothly under the
optimized reaction conditions. However, unfortunately,
when some aliphatic aldehydes (acetaldehyde, propio-
naldehyde, and isobutyraldehyde) and cyclic 1,3-diketones

Figure 1. ORTEP diagram of compound 4b.
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Scheme 2. Plausible Mechanism for the Formation of Thio-
chromen-5-one 4
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(Indane-1,3-dione and meldrum acid) were utilized under
the optimized reaction conditions, it led to mixture of
several very close spots on the TLC plate, which could
not be isolated, thus, limiting the scope of this reaction to
some extent.

The structures of all the newly synthesized compounds
were deduced from their satisfactory elemental and spectral
(IR, 'H, *C NMR, and MS) studies. The mass spectra
of these compounds displayed molecular ion peaks at the
appropriate m/z values. Finally, the structure of one
representative compound 3-benzoyl-4-(4-fluorophenyl)-2-
methylsulfanyl-4,6,7,8-tetrahydrothio-chromen-5-one 4b
was confirmed unambiguously by the X-ray single crystal
diffraction analysis (see the Supporting Information)
(Figure 1).%*

Although we have not established the mechanism of the
reaction experimentally, a plausible reaction scenario for
the domino cyclocondensation is outlined in Scheme 2.
The first step is believed to be the Knoevenagel condensa-
tion between the aldehyde 2 and cyclic 1,3-diketone 3 to

(24) Crystallographic data for compound 4b have been deposited
with the Cambridge Crystallographic Data Centre as supplementary
publication no. CCDC 819852. These data can be obtained free of
charge at www.ccdc.cam.ac.uk.
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generate adduct A, which acts as a Michael acceptor. The
enol form of B-oxodithioester 1 attacks Knoevenagel
adduct A in a Michael-type addition to produce an open
chain intermediate B. Intermediate B may undergo intra-
molecular cyclization via its two possible rotamers By and
B, through pathways I and II to furnish thiochromone 4
and chromone C, respectively. B; undergoes regiospecific
S-alkylation via route I followed by dehydration to give the
desired thiochromone 4. The alternative O-alkylation of B,
could lead to chromone C via route II. During our
investigation, we did not observe a trace of C, and 4 was
obtained exclusively. It should be emphasized that S-alky-
lation is more favorable than O-alkylation making the
protocol highly regioselective.

In summary, we have developed a mild, efficient, and
versatile annulation protocol for densely functionalized
thiochromone derivatives involving -oxodithioesters, al-
dehydes, and cyclic 1,3-diketones under solvent-free con-
ditions via a one-pot multicomponent domino reaction in
high yields. To the best of our knowledge, this is the first
report of thiochromone synthesis via ring annulation of
[-oxodithioesters utilizing P,Os, which acts as a catalyst as
well as a dehydrating agent in the same transformation. It
is worth mentioning that in the course of our reactions
three new bonds (two C—C and one C—S) and one
stereocenter are formed in one operation. Importantly,
this method is suitable to library generation, diversity-
oriented synthesis, and drug discovery, which makes the
methodology more attractive for organic synthesis.
Furthermore, it can be considered as environmentally
friendly, since it requires the use of neither solvent nor
metal-containing catalysts.
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