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The synthesis of novel pentacyclic benzopyran-annulated thiopyrano[2,3-b] thiochromen-5(4H)-ones has
been described by domino-Knoevenagel-hetero-Diels-Alder reaction of 4-hydroxy dithiocoumarin and
O-propargylated salicylaldehyde in aqueous medium and in the absence of any catalyst. The single step
reaction is highly regioselective and provides polycyclic heterocycles in high yields.
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Coumarin derivatives are widely distributed in nature and show
various biological activities such as anticoagulant, antifungal, insec-
ticidal, anthelmintic, hypnotic, antioxidant, anticarcinogenic and HIV
protease inhibition.! Thieno[2,3-b]benzothiopyran-4-one skeleton
has been used as an intermediate for the synthesis of a series of
anti-psychotic drugs.? Similarly, pharmacophores containing a chro-
mone moiety show biological activity and many of them also have
useful medicinal applications.? These wide range of biological appli-
cations have stimulated considerable interest in evolving newer
synthetic methods for the construction of polycyclic coumarin deriv-
atives. There are several examples for the synthesis of thieno[2,3-b]
thiochromen-4-one? and thiopyrano[2,3-b]thiochromen-5(2H)-
one**<4> derjvatives. In our laboratory we have synthesized couma-
rin- and pyrone-annulated [6,6]-fused benzopyranothiopyran deriv-
atives using sequential Claisen rearrangement and tributyltin
hydride-mediated radical cyclization, respectively.® To our knowl-
edge there is no report of the synthesis of thiochromone-annulated
[6,6]-fused benzopyranothiopyran derivative. However, a thiochro-
mone-annulated [6,5]-fused benzofurothiopyran has been
reported.’® We, therefore, became interested to synthesize thiochro-
mone-annulated [6,6]-fused benzopyranothiopyran derivatives.

Recently, we have synthesized indole-annulated [6,6]-fused ben-
zopyranothiopyran derivatives” by domino-Knoevenagel-hetero-
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Diels-Alder reaction. A variety of heterocycliccompounds have been
synthesized by domino-Knoevenagel-hetero-Diels-Alder reaction.?
Tietze extensively described the domino-Knoevenagel-hetero-
Diels-Alder reaction of unsaturated aromatic and aliphatic alde-
hydes with several 1,3-dicarbonyl compounds for the synthesis of
tetracycles with a pyran ring.® There are several reports on the intra-
molecular domino-Knoevenagel-hetero-Diels-Alder reaction with
alkenes'® but those with alkynes are rare. The reason may be the
low reactivity of unactivated alkynes compared to the correspond-
ing alkenes. Recently, Balalaie and co-workers examined a few
hetero-Diels-Alder reaction with unactivated alkynes'' using Cu'-
catalyst. But to our knowledge there are no reports of domino-Knoe-
venagel-hetero-Diels—-Alder reaction with unactivated alkynes in
the absence of any catalyst. Very recently, we have reported a cata-
lyst free domino-Knoevenagel-hetero-Diels-Alder reaction of unac-
tivated alkynes.'? In order to expand the scope of this catalyst-free
methodology, we focused our attention on the domino-Knoevena-
gel-hetero-Diels—Alder reaction of 4-hydroxy dithiocoumarin with
unactivated terminal acetylenes. Herein, we report our results.

Necessary precursors 2a-g were prepared in high yields and
purity by the reaction of substituted salicylaldehydes 1a-g and
propargyl bromide in the presence of anhydrous potassium
carbonate in dry DMF at room temperature!® (Scheme 1).

A number of reactions including Diels-Alder reaction have been
carried out in aqueous medium. Water is environment friendly,
safe and easily available in nature.' Therefore, we explored the
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Scheme 1. Reagents and conditions (i) propargyl bromide, anhydrous K,CO3, DMF, rt.

use of water as a solvent for our proposed work. Accordingly, the
domino-Knoevenagel-hetero-Diels-Alder reactions of 4-hydroxy
dithiocoumarin 3 with 2a-g were carried out in aqueous medium
under refluxing condition. We have first chosen 2a as a model sub-
strate to optimize the reaction conditions (Scheme 2). The results
are summarized in Table 1.

We have examined the influence of Lewis acid, base and sol-
vents in the reaction. In our first attempt, when the reaction of 3
and 2a was carried out in the absence of any Lewis acid in water
under reflux conditions for 4 h the product 4a was obtained in
80% yield (entry 1). When 20 mol % Cul was employed, the product
was obtained in 58% yield after 4h (entry 2). Increasing the
amount of catalyst loading decreases the yield of the product (en-
try 3). The reason may be due to the coordination of soft sulfur
atom'® with the d'°opper ions which prevents the hetero-Diels—
Alder reaction and thereby decreasing the yield of the product.
When the reaction was carried out in the presence of triethyl
amine and Cul (20 mol %) in refluxing water for 4 h, the yield
was increased to 65% (entry 4). A series of solvents (MeOH, CH3CN,
1,4-dioxane, toluene) were investigated (entries 5-8). Among them
water was found to be superior to others. Similar trend was also
observed when (NH,4),HPO4 was used as a base in place of triethyl
amine (entries 9-12). Further variation of the catalyst, solvent and
base proved that running the reaction in aqueous media without
any catalyst provides the best results (Table 1). Using the opti-
mized conditions, we have examined hetero-Diels-Alder reaction
of 3 and several O-propargylated salicylaldehydes (2b-g). The re-
sults are listed in Table 2.

OH o~
N CHO 0
+
N
3 2a

Scheme 2. Reagents and conditions (i) reflux in water.

Table 1
Influence of catalyst, solvent and base on the domino-Knoevenagel-hetero-Diels—
Alder reaction® of 3 and 2a

Entry Lewis acid (mol %) Solvent Base Yield (%)
1 — Water — 80
2 Cul (20) Water — 58
3 Cul (30) Water — 49
4 Cul (20) Water NEt; 65
5 Cul (20) MeOH NEt; 35
6 Cul (20) CH5CN NEt; 32
7 Cul (20) 1,4-Dioxan NEt; 29
8 Cul (20) Toluene NEt3 45
9 Cul (20) Water (NH4)2HPO4 60

10 Cul (20) MeOH (NH4),HPO, 34

11 Cul (20) CH5CN (NH4),HPO, 28

12 Cul (20) 1,4-Dioxan (NH4),HPO4 23

@ All reactions were carried out for 4 h.

Table 2
Domino-Knoevenagel-hetero-Diels-Alder reaction of 3 and 2a-g® in aqueous medium

o F
X H,0
+ R
S S R! CHO reflux
R2
3 2a-g

Entry Aromatic aldehyde (2) Product (4a-g) Yield”

1 80
2 75
3 76
4 79
5 77
6 72
7 69

2 All the reactions were carried out in refluxing aqueous medium for 4 h.
b Isolated yields.

Reaction of 3 with 1 equiv of 2b in refluxing aqueous medium
gave the product 4b in 75% yield (entry 2). When the same reaction
was carried out with 2c¢ and 2d, the desired products 4c and 4d were
obtained in 76% and 79% yields, respectively (entries 3 and 4). The
product 4e was obtained in 77% yield when the reaction was carried
out with 2e (entry 5). Similar treatment of 2f and 2g separately with
3 under the same reaction conditions afforded the product 4f and 4g
in 72% and 69% yields, respectively (entries 6 and 7). The structures
of the products were determined from their elemental analyses and
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Scheme 3. Probable mechanism of domino-Knoevenagel-hetero-Diels-Alder reaction.

spectroscopic data. The characteristic peaks for 4a-g in the '"H NMR (New Delhi) for providing Bruker NMR Spectrometer (400 MHz) and
spectra are an AB quartet for the -OCH, protons between ¢ = 4.62 Perkin-Elmer CHN Analyzer under its FIST programme.

and 4.94 ppm followed closely by a singlet for the SCH= proton at

6 =5.99-6.57 ppm. The corresponding carbon signal for the OCH,, References and notes

SCH= and C=0 groups of compound 4a in the '3C spectra appear

at 69.7,109.4, 177.1 ppm, respectively.'® 1.

It is remarkable that the domino-Knoevenagel-hetero-Diels-Al-
der reaction of unactivated alkynes occurs without the help of a Le-
wis acid/ catalyst. In this particular case, the reactivity may
perhaps be explained by considering the presence of soft sulfur 5
atom in the diene moiety of the substrates. The sulfur atom may
offer itself a reactive centre and is more polarizable than the other
heteroatoms. Moreover, there are empty d-orbitals in the sulfur
atom having a matching symmetry with that of the m-orbitals of
the acetylene moiety for interaction.!?

A probable mechanism for the domino-Knoevenagel-hetero-
Diels-Alder reaction is depicted in Scheme 3. The first step is the
Knoevenagel condensation between 4-hydroxy dithiocoumarin 3

and O-propargylated salicylaldehyde 2 to give an alkene interme- 4
diate, which has not been isolated. The alkene heterodiene inter-
mediate may arrange in two different ways (intermediates 5 and
6), one of which may undergo hetero-Diels-Alder reaction to give 5.

two different hetero-Diels-Alder products (products 4 and 7) that 6.

is, through ‘path a’ or ‘path b’. Here only products 4 were isolated

which shows that the reaction proceeds via ‘path b’ and it may be 7. 1 )
8. (a) Yadav, ]. S.; Reddy, B. V. S.; Sadashiv, K.; Padmavani, B. Adv. Synth. Catal.

attributed to the presence of the sulfur atom. High polarizability
and softness of sulfur atom make the HOMO-LUMO energy gap
smaller when thiocarbonyl group of thioester acts as heterodiene
than that of the carbonyl group of a,B-unsaturated ketone system

and thus the reaction proceeds via ‘path b’ to give the products 4. 0.

In conclusion, we have developed a mild, efficient and
catalyst-free protocol for the synthesis of benzopyran-annulated
thiopyranothiochromen-5(4H)-ones by domino-Knoevenagel-het- 10
ero-Diels-Alder reaction of unactivated terminal alkynes. The
advantage of the reaction is that water is used as a reaction media
whichis benign, environment friendly and easily available in nature.

One interesting feature of this single step reaction is that C-C and
C-Sbond formation occurs without the help of any catalyst and base.

11.
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An equi-molar mixture of 4-hydroxy dithiocoumarin 3 and O-propargyl
salicylaldehyde 2a was refluxed in water for 4 h. After completion of the
reaction as monitored by TLC the reaction mixture was cooled and diluted with
water (50 mL). This was extracted with ethyl acetate (3 x 25 mlL). The
combined organic extract was washed with brine and dried over anhydrous

K. C. Majumdar et al./ Tetrahedron Letters 51 (2010) 2297-2300

Na,SO4. The solvent was distilled off. The crude product was purified by
column chromatography over silica gel (60-120 mesh) using petroleum ether—
ethyl acetate mixture (85:15) as eluent to give compound 4a. Yield: 80%,
colourless solid; mp 212-214 °C; IR(KBr): Viax = 746, 1144, 1603, 2923 cm™!;
'H NMR (CDCls, 300 MHz): 6y = 4.65 (d, J=12.0 Hz, 1H), 4.94 (d, J=11.4 Hz,
1H), 5.45 (s, 1H), 6.04 (s, 1H), 6.51 (d, J= 7.5 Hz, 1H), 6.77 (t, J= 7.5 Hz, 1H),
6.82 (d, J=8.1Hz, 1H), 7.09 (t, J=7.5Hz, 1H), 7.50-7.65 (m, 3H), 8.51 (d,
J=7.8 Hz, 1H) ppm. '*C NMR (100 MHz): 35.8, 72.8, 109.4, 117.0, 120.8, 121.6,
125.1, 127.1, 127.6, 127.8, 129.6, 130.4, 130.6, 131.7, 135.7, 146.1, 154.1,
177.0 ppm. HRMS: m/z caled for Cy9H;20,S, [M+H]": 337.0352; found;
337.0391.
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