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Abstract

A new, catalyst-free, domino Knoevenagel-hetero-Diels—Alder elimination
oxidation reaction is reported. 5-Aryl-2H,6H-chromeno[4',3":4,5]thiopyrano[2,3-
d][1,3]thiazol-2-ones are formed in moderate to good yields via reaction of 2-(3-

aryl-3-chloro-2-propenyloxy)benzaldehydes with 4-thioxo-1,3-thiazolidin-2-one.
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Due to the importance of ecological considerations in modern chemistry,

domino reactions have become more and more popular. This type of reaction



allows complex structures to be obtained with high efficiency and stereoselectivity.
At the same time, the amount of waste produced is decreased significantly.
Domino reactions have been studied in detail by Tietze. The domino
Knoevenagel-hetero-Diels—Alder reactions of aromatic and aliphatic aldehydes
which contain an alkene moiety with different 1,3-dicarbonyl compounds have
been reported previously.'

Earlier we reported’ the domino Knoevenagel-hetero-Diels—Alder reactions
of unsaturated aldehydes 1 with 4-thioxo-1,3-thiazolidin-2-one (2) (Scheme 1).
The reaction is controlled by the interaction of the HOMOQO of the diene and the
LUMO of the dienophile (normal electron demand), so the presence of electron-
donating groups for activating the alkene moiety is not necessary, as is the case in
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reactions with Meldrum’s acid or isoxazolones.™
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Scheme 1.

As non-activated alkynes display lower reactivity in Diels-Alder reactions
than the corresponding alkenes, there are quite a few examples in the literature of
reactions with triple bonds, but which are mainly restricted to the reaction of 2-(2-
propynyloxy)benzaldehydes with 2-(1,3-benzothiazol-2-yl)acetonitrile, barbituric
acids, 4-hydroxycoumarin and indolin-2-thiones.”* For this reason, we previously
investigated'® the reactions between 4-thioxo-1,3-thiazolidin-2-one (2) and 2-(2-
propynyloxy)benzaldehydes. It was discovered that the classical cyclodiene
product of the domino Knoevenagel-hetero-Diels—Alder reaction underwent
oxidation under the reaction conditions.

To expand our investigation we decided to test salicylaldehyde with a [-

chloroallyl substituent under the same reaction conditions. As the carbonyl



compound for the first step we chose 2-[3-(4-bromophenyl)-3-chloro-2-
propenyloxy]benzaldehyde (4a), the chlorine atom of which would undergo
elimination to afford the same cyclodiene compound as mentioned before. As in
the case of aldehydes containing an alkyne moiety, the reaction proceeded
smoothly in refluxing acetic acid in the presence of sodium acetate (Scheme 2)."'

No catalyst was used for activation of the alkene moiety.

-HCI

Scheme 2.

The first step of the reaction sequence involved the Knoevenagel

condensation to form the heterodiene C=C—C=S system. Then, without changing
the conditions, intermediate 5 underwent the hetero-Diels—Alder cyclization to
give intermediate 6. An investigation of the NMR and mass spectra showed that
the product of the domino Knoevenagel-hetero-Diels-Alder reaction 6 eliminated
HCI as expected. The cyclodiene ring formed after elimination of HCl underwent
oxidation to give 5-(4-bromophenyl)-2H,6H-chromeno[4',3":4,5]thiopyrano[2,3-
d][1,3]thiazol-2-one (8a).'> However, analysis of the bond lengths taken from X-
ray data led us to conclude that product 8a does not exist as an alternative betaine

structure.'® A conjugated n-electron system was formed as shown in Scheme 2.



In further studies, we used different 2-[(3-chloro-3-phenylprop-2-en-1-
yl)oxy]benzaldehydes in reactions with 4-thioxo-1,3-thiazolidin-2-one (2) under
the same conditions. The reactions were similarly effective giving the products 8b—

e(Table 1).'*"

Tablel
Entry Alkene Product Yield

(o)

1 56

2 65

3 60

4 45

5 39

Single crystal X-ray structure determination was carried out on compound
8a (Figure 1).'* The crystal structure consists of three independent molecules with
very similar geometry. The O2-C13-C5-C4-C19-C14 ring adopts an intermediate

conformation between that of a half-chair and a screw-boat with the following



Cremer and Pople puckering parameters: Q = 0.422(3), 0.487(3) and 0.471(3) A,
= 68.5(4), 71.6(4) and 70.3(4)°, = 37.9(4), 25.6(4) and 34.5(4)° for the three

independent molecules, respectively. Consequently, the molecules were not planar,
the dihedral angles between the planes of the phenyl (C14-C19) ring and
condensed thiopyrano-thiazolone ring were 18.0, 27.6 and 26.5° for the three
independent molecules, respectively. The geometrical parameters of the condensed
thiopyrano-thiazolone ring were different to those of previously studied related
compounds 9" and 10* (Figure 2) due to the presence of additional double bonds

in the studied compound.

Figure 1. The view of one of the three independent molecules of 8a along with the
numbering scheme. Thermal ellipsoids are shown at the 50% probability level.'®
In summary, we have developed an efficient method for the construction of

5-aryl-2H,6 H-chromeno[4',3":4,5 |thiopyrano[2,3-d][ 1,3]thiazol-2-ones  using a



four-step, domino Knoevenagel-hetero-Diels-Alder elimination oxidation
approach using 2-[(3-chloro-3-phenylprop-2-en-1-yl)oxy]benzaldehydes and 4-
thioxo-1,3-thiazolidine-2-one (2). The starting unsaturated aldehydes 4a—e were
prepared via alkylation of commercially available salicylaldehydes with the

corresponding B-chloroallyl chlorides.
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Scheme 2. Reaction of 2-[3-(4-bromophenyl)-3-chloro-2-
propenyloxy]benzaldehyde 4a with 4-thioxo-1,3-thiazolidin-2-one 2



Tablel
5-Aryl-2H,6 H-chromeno([4',3":4,5]thiopyrano[2,3-d][ 1,3]thiazol-2-ones 8a—e

Entry Alkene Product Yield
(%)
1 56
2 65
3 60
4 45
5 39
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Scheme 3. Condensed thiopyrano-thiazolones





