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5-(thiophen-3-yl)pyrano[2,3-c]chromen-2(3H)-
ones from 3-propynyloxy-chromenones: a case of
an intramolecular Paterno–Buchi reaction†
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5-(Thiophen-3-yl)pyrano[2,3-c]chromen-2(3H)-ones (2), angular

tricyclic compounds, were synthesized in significantly high yields

through the photoinduced intramolecular coupling of the acetyle-

nic group with the carbonyl centre in 3-(prop-2-ynyloxy)-2-(thio-

phen-3-yl)-4H-chromen-4-ones (1). This photoreaction is a case

of an intramolecular Paterno–Buchi reaction and is unprecedented

in 3-propynyloxy-chromenones. The structure of 2 has been

determined by spectroscopic (FTIR, NMR and mass) and single

crystal X-ray crystallographic studies.

The photoinduced [2 + 2] cycloaddition of an olefin to a carbo-
nyl center – the Paterno–Buchi reaction1 – is a facile and versa-
tile access for oxetane2 preparation with high regio- and
stereoselectivity.3,4 The ring opening of oxetanes followed by
bond-formation has been found to be very useful in synthetic
chemistry.4,5 Insect pheromones, asteltoxin6 (a potent inhibi-
tor of ATP synthesis) and (+)-Preussin6 (an antifungal agent)
can also be synthesized by Paterno–Buchi reactions followed
by ring opening. The photoinduced [2 + 2] cycloaddition of
acetylene with carbonyl compounds leads to the formation of
a 1,4-biradical which on cyclization gives labile oxetenes.7,8

There are many reports9 on the photoproduction of enones on
irradiation of carbonyl compounds in the presence of acetyl-
enes. In most of these, an unstable oxetene intermediate was
believed to be formed which easily fragmented to give enone
products. In the framework of our research program on the
determination of the photolytic behavior of 3-alkoxy-
chromones10 bearing a propynyloxy group at the 3-position and
its extension, herein, we report our investigations on the
photocoupling through the intramolecular Paterno–Buchi reac-
tion11 of the acetylenic moiety with the carbonyl center in

3-propynyloxy-chromenones which led to the expedient syn-
thesis of 5-(thiophen-3-yl)pyrano[2,3-c]chromen-2(3H)-ones (2),
the angular pyranochromenones. These synthesized pyrano-
chromenones may mimic the activities (antineoplastic,12 anti-
microbial,13 anti-cancer,14 anti-HIV,15 antiproliferative,16 etc.)
elicited by many pyranochromenone analogs.

The substrates, 3-(prop-2-ynyloxy)-2-(thiophen-3-yl)-4H-
chromen-4-ones (1),17 were synthesized by (a) the conden-
sation of 2-hydroxyacetophenones with thiophene-3-carbox-
aldehyde in the presence of NaOH/EtOH, (b) reacting the
resulting chalcones with 50% H2O2/OH

− under Algar–Flynn–
Oyamada18 reaction conditions, and (c) subsequent alkylation
of the 3-hydroxychromenones with propargyl bromide in the
presence of dry acetone, freshly dried K2CO3 and tetra-n-butyl
ammonium iodide. These chromenones 1(a–c) showed λmax in
the range of 316–320 nm (Fig. 1).

The chromatographic separation of the photolysate
obtained by the photo-irradiation (Scheme 1) of a methanolic
solution of 1 with pyrex filtered UV-light using a 125 W Hg
lamp under a nitrogen atmosphere yielded the 5-(thiophen-
3-yl)pyrano[2,3-c]chromen-2(3H)-ones 219 (yield, mp: 2a, 32%,
76 °C; 2b, 29%, 65 °C and 2c, 31%, 94 °C) as one of the

Fig. 1 Electronic spectra of 1.
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products. The formation of these pyranochromenones (yield:
2a, 31%; 2b, 29% and 2c, 30%) from 1 also occurs in benzene.
Moreover, no chromenone-sensitized addition of methanol to
the acetylenic moiety in 3-(prop-2-ynyloxy)-4H-chromen-4-ones
was observed.

The FTIR spectrum of 2a showed a strong absorption band
at 1643 cm−1 that may be assigned to the CvO of the pyrone
moiety. In the NMR spectrum (Table 1) of 2a, a doublet at δ
7.71 ( J = 1.64 Hz) for H-10 was observed. For the other two
benzenoid protons, resonances between δ 7.45 and 7.42 (dd,
Jo = 8.4 Hz and Jm = 1.64 Hz, H-8) and between δ 7.39 and 7.37
(d, Jo = 8.4 Hz, H-7) were observed. The three thienyl protons
gave one signal as dd between δ 8.22 and 8.21 ( J2′,5′ = 3.0 Hz
and J2′,4′ = 1.2 Hz, H-2′), another between δ 7.78 and 7.77 ( J5′,4′
= 5.2 Hz and J5′,2′ = 1.2 Hz, H-5′) and third one between δ 7.54
and 7.52 ( J4′,5′ = 5.2 Hz and J4′,2′ = 1.2 Hz, H-4′). This shows
that during photo-irradiation the thienyl ring remained intact.
The H-1 proton absorption appeared as a singlet at δ 6.33. The
–O-CH2-protons (C3-H’s) exhibited a singlet at δ 4.68 and the
methyl group (9-CH3) protons showed their signal as a singlet
at δ 2.46. These assignments in the NMR spectrum of 2a are
consistent with the structure of the pyranochromenone 2a
obtained as a photoproduct from 1a.

In order to provide further confirmation of these 1H NMR
assignments to the different protons in 2a, its 2D-COSY (Fig. 2)
was recorded. As can be seen in Fig. 2, H-1 is directly interact-
ing with H-10 and the latter is also correlating to H-8. The H-7
and H-8 as expected are close and thus showing their inter-
action with each other. In the case of thienyl protons, the
interactions of H-2′ with H-4′ and H-5′ and between H-5′ and
H-4′ are observed.

The structure of 2a was further corroborated (Fig. 3) by its
single X-ray structure analysis.20 The compound crystallizes in
the monoclinic P21/n space group. In addition to FTIR spectro-
scopy, the presence of the carbonyl group is also confirmed by
the CvO distance of 1.230(4) Å in 2a. The O6–C4 and O6–C5
bonds (1.371(4) Å and 1.369(4) Å, respectively) are shorter than
the O4–C3 bond (1.422(4) Å) but are similar to the O4–C13
bond (1.366(4) Å). This indicates that C3 is a sp3 hybridized
carbon whereas C5 and C4 are sp2 hybridized.

The formation of 2 from 1 can be envisioned (Scheme 2) to
occur through the intramolecular Paterno–Buchi reaction,
involving the initial C–O bond formation to give a 1,4-biradical
A which cyclizes to an oxetene B. This oxetene thus formed
seems to be highly strained and thus easily opens up to
furnish 2. Earlier also, the formation of such oxetenes7–9,21 has
been demonstrated, which on subsequent cleavage gave
enones as observed here.

Scheme 1 Conversion of 1 to 2 via the photoirradiation process.

Table 1 1H NMR shifts of photoproducts

H’s 2a 2b 2c

C1-H 6.33(s) 6.26(s) 6.69(s)
C3-H 4.68(s) 4.73(s) 4.67(s)
C7-H 7.39–7.37(d) 7.32–7.30(d) 7.47–7.45(d)
C8-H 7.45–7.42(dd) — 7.52–7.49(dd)
C8-CH3 — 2.54(s) —
C9-CH3 2.46(s) — —
C10-H 7.71(d) 7.77(d) 7.78(d)
C2′-H 8.22–8.21(dd) 8.24–8.18(dd) 8.12–8.05(dd)
C4′-H 7.54–7.52(dd) 7.49–7.45(dd) 7.66–7.62(dd)
C5′-H 7.78–7.77(dd) 8.05–7.97(dd) 8.20–8.19(dd)

Fig. 2 2D-COSY spectrum of 2a.

Fig. 3 Structure of 2a determined by single crystal X-ray analysis.
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Conclusions

We have developed a highly efficient synthesis of 5-(thiophen-
3-yl)pyrano[2,3-c]chromen-2(3H)-ones (2), the angular tricyclic
compounds in one shot, in appreciable yield from the photo-
reaction of 3-(prop-2-ynyloxy)-2-(thiophen-3-yl)-4H-chromen-4-
ones (1). We believe this method should provide a practical
entry for synthesizing these types of angular pyranochrome-
nones in environment-benign conditions. Further details of
this reaction, the application to other aromatic systems and
the exploration of biological activities of these angular pyrano-
chromenones are ongoing in our laboratory and will be pre-
sented in due course.
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