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Introduction

Furan and its derivatives constitute a significant class of
heterocyclic compounds, they act as key structural units in
various natural products, bioactive compounds and agro
chemicals." They serve as important building blocks in the
construction of complex natural molecules.”> Recently the
synthesis of densely functionalized furans attained much
attention in modern organic chemistry due to their wide range
of applications in medicinal chemistry and material sciences.’?
Compounds containing the furan moiety were found to
demonstrate diverse biological activities such as anticancer,*
antifungal,® antimicrobial,® antibacterial,” and antispasmodic
activity.® Apart from these, furan derivatives also exhibit herbi-
cidal activity.® Several synthetic strategies have been developed
for the synthesis of multi-substituted furans such as function-
alization of furans,' metal catalyzed,'* 3 + 2 annulations," and
intramolecular cyclization reactions."® Though all these
methods were found to be efficient in synthesizing the
substituted furan derivatives they suffer from a few drawbacks
such as use of expensive metal catalysts, solvents and employ-
ing harsh reaction conditions. Therefore, it is enviable to
develop simple, cost effective and environment friendly proto-
cols for the synthesis of densely functionalized furan derivatives
from the easily accessible starting materials. Herein, we report
a novel and versatile strategy for the synthesis of furan deriva-
tives mediated by triflic acid under solvent free conditions.

Results and discussion

In our preliminary experiment we have carried out the reaction
of 1a with 1,3-dimethoxybenzene (2a) in presence of molecular
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involves Friedel-Crafts arylation, followed by dehydrative cyclization. It is operationally simple and can
be carried out under solvent free conditions.

iodine, at 90 °C, the reaction underwent smoothly and afforded
the desired furan derivative ethyl 4-(2,4-dimethoxyphenyl)-2,5-
diphenylfuran-3-carboxylate (3a) in 55% yield (Scheme 1).

The product thus obtained was confirmed by the analysis '"H
and *C NMR spectral data. The result obtained was encour-
aging and we focused on optimizing the reaction conditions in
presence of various Bronsted acids. Accordingly when the
reaction was carried out in presence of p-toluenesulfonic acid
monohydrate (p-TSA-H,0O) and methanesulphonic acid, we
were pleased to isolate the product 3a in 82 and 86% yields

O Az
1 X, Triflic acid (1 equiv.) A" 8
Ar %A 2+ gl —(Oq>) \
0  COt =z neat, 90 °C COEt
.

Scheme 1 Triflic acid mediated synthesis of furan derivatives.

Table 1 Optimization of reaction conditions®

Ph Ph

m \
Ph on +Me° Reagent
— o CO,Et
. COuEt neat, 90 °C oMe
OMe
1a 2a MeO 3a
Entry Reagent Time (h) Yield” (%)

1 L 5 55
2 p-TSA-H,0 4 82
3 CH,SO;H 4 86
4 TFA 4 84
5 TfOH 2 94

“ All reactions were performed with 1a (1 mmol), 1,3-dimethoxybenzene
(2a) (1.5 mmol), reagent (1 mmol) under neat conditions. ” Yields of
pure and isolated products.
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Table 2 Scope of substrate®?

2 Ar' 0 Ar?
AT ) XN Triflic acid (1 equiv.) \
\”ﬂ“ A + R - v _ o
O  COt Z  neat, 90 °C, 2h /
RN
3a-h

1a-c 2a-c
Entry 1,4-Dienone Benzene derivatives Product Yield” (%)
o OMe Ph \O/ Ph
Ph
X Ph
1 COzEt 3a 94
O COEt OMe OMe
Cl OMe
o)
| KJY\ U L
O  COuEt OMe
O ove
QP ©
3 3c 92
X
\HLPh OMe
O  COuEt
Ph o Ph
0 \
CO,Et
4 %Ph 2 3d 84
O  COuEt OH
HO
Cl
O_Ph
Cl
0 \
5 N oh O COEt  3e 87
O  COuEt OH
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Table 2 (Contd.)
Entry 1,4-Dienone Phenol Product Yield? (%)
QP
6 3f 82
\)kph on
CO,Et
7 CO,Et 91
COzEt OH O
8 \©\’( CO,Et 81
CO,Et OH O

“ All reactions were performed with 1a-c (1 mmol), benzene derivatives (1.5 mmol), TfOH (1 mmol) under neat conditions.

isolated products.

respectively (Table 1, entry 2 & 3). The similar reaction
promoted by trifluoroacetic acid (TFA) provided the product in
84% yield in 4 h (Table 1, entry 4). When we employed triflic
acid (TfOH) as a reagent surprisingly, the reaction was
completed in 2 h and the product 3a was isolated in 94% yield
(Table 1, entry 5).

With the optimized reaction conditions, we further proceeded
to explore the scope of substrates in the current protocol. There-
fore, the starting materials 1a, 1b and 1c were synthesized
following the literature procedure.* Under the standard reaction
condition, the compounds 1b and 1c were reacted with 1,3-
dimethoxybenzene, the reaction proceeded well and after purifi-
cation by column chromatography the corresponding furan
derivatives 3b and 3c were obtained in 88 and 92% yields (Table 2,
entries 2-3). When the reactivity of 2,6-diisopropylphenol was
examined with the 1,4-dienones 1a, 1b and 1c, we were pleased to
observe that the reactions have undergone smoothly even in
presence of bulky iso-propyl groups and gave the desired products
in 84, 87 and 82% yields respectively (Table 2, entries 4-6).
Furthermore, the reactions of 1a and 1b with phenol in presence
of TfOH acid underwent effectively to deliver the desired products
in 91 and 81% yields (Table 2, entries 7-8). Purity of all the
products was confirmed by the analysis of IR, Mass, 'H and **C
NMR spectral data.
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b Yields of pure and

Mechanism

In the initial step of the reaction of 1a with 1,3-dimethox-
ybenzene in presence of triflic acid, the 1,3-dimethoxybenzene
reacts with 1a via Friedel-Crafts reaction to give 1,4-dione
intermediate. Thus obtained 1,4-dione, further undergoes the
acid-mediated intramolecular cyclization by elimination of
water molecule to give the furan derivative 3a (Scheme 2).

TIPH®
O _Ph o o
)ohj TfOH
PP ~coost —= Ph COOEt
COOEt
®
MeO ( OMe =0Me
OMe
OMe -TfOH
Ph o)
| )—Pn
COOEt H
e | CO0Et
MeQO’

Scheme 2 Proposed mechanism for synthesis of furan and its
derivatives.
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Conclusion

In conclusion we have developed triflic acid mediated novel,
efficient protocol for the synthesis of densely functionalized
furan derivatives from the simple starting materials. The
current strategy is easy to handle and provides an access to the
synthesis of diversely substituted furan derivatives in excellent
yields.

Experimental section
General information

Triflic acid, 1,4-dienone, 1,3-dimethoxy benzene and other
starting materials were purchased from Sigma Aldrich and
Fluka were used without purification. All experiments were
carried out under air. Column chromatography was carried out
with silica gel 60-120 sized mesh using hexane and ethyl acetate
as eluents. Analytical TLC was performed with silica gel 60 F254
plates (Merck), and the products were visualized by UV detec-
tion. "H-NMR and "*C-NMR (Avance 300, Innova 400 MHz and
Brucker Gemini 200 MHz) spectra were recorded in CDCl; using
TMS as internal standard. Chemical shifts (6) are reported
in ppm, and spin-spin coupling constants () are in Hz. Melting
points were determined on a Fisher-Johns melting point appa-
ratus. FT-IR and MS were recorded on a Thermo Nicolet Nexus
670 FT-IR spectrometer and Finnegan MAT 1020 mass spec-
trometer operating at 70 eV.

Representative experimental procedure for the synthesis of
furan derivatives using triflic acid. To mixture of 1,4-dienone 1a
(1.0 mmol) and 1,3-dimethoxybenzene (2a) (1.5 mmol), TfOH
(1.0 mmol) was added and the resulting reaction mixture was
stirred at 90 °C for 2 h. After completion of reaction as shown by
TLC, the reaction mixture was diluted with 10 mL of DCM. The
organic layer was washed with saturated NaHCOj; solution (10
mL), followed by water (2 x 10 mL). The organic layer was
separated, dried over Na,SO, and the solvent was evaporated
under reduced pressure. Thus obtained crude reaction mixture
was purified by silica gel column chromatography to afford the
product 3a Ethyl 4-(2,4-dimethoxyphenyl)-2,5-diphenylfuran-3-
carboxylate in 94% yield.
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