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Abstract: Benzofuran derivatives can be synthesized
through the sequential Michael addition and cycliza-
tion of 1,3-dicarbonyl compounds with 1,4-benzoqui-
nones. However, ketones are rarely used in this reac-
tion because of their low nucleophilicities. In this
study, this problem was solved by utilizing triethyl
orthoformate, which enabled the formation of a vinyl
ethyl ether as an additive. As a result, the nucleophi-

licity of ketones increased. Many important 5-hy-
droxybenzofuran derivatives, which were not readily
available by synthesis in the past, were also prepared
via these newly established reactions.

Keywords: benzofuran; benzoqunione; ketone; Mi-
chael addition; triethyl orthoformate

Introduction

3-Unsubstituted 2-arylbenzofurans represent an im-
portant class of privileged structures prevalent in nat-
ural products[1] and active pharmaceutical ingredi-
ents.[2] Compounds featuring this scaffold exhibit vari-
ous interesting biological properties, including anti-
cancer, antiviral, antimicrobial, anti-inflammatory,
and antioxidant activities.[3] For instance, salvianolic
acid C with an IC50 value of 22.6 mm

[4] induces an anti-
proliferative activity against HepG2 cells through
apoptosis. 3-(g,g-Dimethylpropenyl)moracin M also
shows a moderate cyclooxygenase inhibitory activity.[5]

Ailanthoidol effectively inhibits inflammatory reac-
tions in macrophages and protects mice against endo-
toxin shocks.[6] Non-natural 3-unsubstituted 2-arylben-
zofurans have also been considered as promising
pharmaceutical ingredients (see supporting informa-
tion, Figure S1).[7,8]

Although benzofurans are potential synthetic tar-
gets in the development of efficient synthetic meth-
ods,[9] most of the reported synthetic methods are un-
suitable for the preparation of 3-unsubstituted 2-aryl-
benzofurans. 3-Unsubstituted 2-arylbenzofurans are
obtained using several methods categorized as fol-
lows. (i) In annulations with salicylaldehyde-based re-
agents, salicylaldehyde can be indirectly converted
into 2-arylbenzofurans in cooperation with many
counter-reagents, such as aromatic aldehydes,[10] pro-

tected thiazolium carbinols,[11] Wittig reagents,[12] and
alkynes.[13] (ii) In C–C cross-coupling method based
on either Sonogashira or Suzuki reactions,[14,15] eno-
late arylation with o-bromophenol is catalysed by pal-
ladium,[16] and 2-(2-hydroxyphenyl)acetonitrile with
potassium aryltrifluoroborates is subjected to one-
step sequential addition/intramolecular annulation.[17]

(iii) A C�H activation method based on a noble
metal-catalyzed heterocoupling of benzofuran and
benzene or arylhalide can also give 3-unsubstituted 2-
arylbenzofurans.[18] (iv) The decarboxylation of 3-car-
boxylic acid-functionalized benzofuran derivatives
also yields 3-unsubstituted 2-arylbenzofurans.[19]

Other methods have also been described.[20] However,
most of these methods often involve the use of expen-
sive reagents or catalysts, exhibit a certain degree of
complexity, and produce unsatisfactory yields and se-
lectivities. Considering the increasing importance of
3-unsubstituted 2-arylbenzofurans, the development
of simple and convenient approaches is desirable.

The 1,4-conjugate addition–cyclization of 1,4-ben-
zoquinones with 1,3-dicarbonyl compounds can be
performed to synthesize benzofuran effectively
(Figure 1).[21,22] However, ketones, such as aryl methyl
ketones, are rarely used in this reaction and thus pres-
ent a formidable challenge. Balamurugan and co-
workers[23] proposed an efficient method to activate
aryl methyl ketones by using trimethyl orthoformate
as an additive. With this additive, a methyl vinyl ether
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can be formed; as a result, the reactivity of aryl
methyl ketone is increased. In our study, sequential
1,4-addition and cyclization reactions of aryl methyl
ketones and 1,4-benzoquinones were developed to
synthesize 3-unsubstituted 2-arylbenzofurans by using
triethyl orthoformate as an additive and Sc(OTf)3 as
a catalyst.

Results and Discussion

Our initial studies started with the reaction of 1,4-
benzoquinone (1a) with 4-methylacetophenone (2a).
This reaction proceeded very well when Sc(OTf)3 was
used as a catalyst in the presence of triethyl orthofor-
mate, and the desired product 3a could be obtained
with an 88 % yield (Table 1, entry 1 and Table S1 in
the Supporting Information). No product was formed
in the absence of triethyl orthoformate; this result in-
dicated the critical role of orthoformate in promoting

the model reaction (entry 2). Different orthoformates
were then applied as additives. The yield was slightly
decreased when trimethyl orthoformate was used in-
stead of triethyl orthoformate (entry 3). Other ortho-
formate congeners with n-propyl, n-butyl, or 2-propyl
also produced low yields (entries 4 to 6). Triethyl or-
thoacetate was also ineffective in this reaction
(entry 7). Therefore, triethyl orthoformate was select-
ed as an additive in the subsequent experiments. The
outcome of the reaction was also affected by the
amount of triethyl orthoformate, and the optimal
ratio of triethyl orthoformate to 1a was 1.0:1.0
(entry 8). The reaction could also be effectively scaled
up with a similar efficiency. For example, the reaction
of 1a (10.0 mmol) with 2a (15.0 mmol) produced 3a
with an 86% yield (1.93 g, entry 1).

Under the optimized conditions, the scope of the
reaction was probed in terms of ketone and benzoqui-
none components. In Figure 2, acetophenones with
different substituents smoothly reacted with 1 a and

Figure 1. Schematic of the synthesis of 3-unsubstituted 2-ar-
ylbenzofurans.

Table 1. Condensation reaction of 1 a and 2 a.[a]

Entry Additive Yield (%)

1 CH(OEt)3 88 (86[b])
2 – 0
3 CH(OMe)3 78
4 CH(OPrn)3 70
5 CH(OBun)3 65
6 CH(OPri)3 65
7 MeC(OEt)3 35
8[c] CH(OEt)3 60

[a] 1a, 0.30 mmol; 2a, 0.45 mmol; additive, 0.60 mmol;
Sc(OTf)3, 0.03 mmol; 80 8C; 40 min.

[b] The reaction was performed in 10 mmol of scale.
[c] Triethyl orthoformate/1 a=1.0:1.0. Figure 2. Substrate scope of the model reaction.
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produced 5-hydroxy-2-arylbenzofurans with favorable
yields. The result obtained with the electron-with-
drawing group-substituted acetophenone (3d, 3e, 3f,
3g, and 3h) was not as competent as that obtained
with the electron-donating group-substituted aceto-
phenone. However, acetophenone with sterically de-
manding substituents did not generate satisfactory
yields. For example, the reaction of 4-bromoacetophe-
none proceeded well (3f), but the reaction with o-bro-
moacetophenone failed to yield the desired product.
The presence of a substituent in the a-position of the
ketocarbonyl did not elicite a significant detrimental
effect on the reaction yield because 1-phenylpropa-
none reacted readily with 1 a to form the correspond-
ing product 3 i with a 75 % yield. 1-Tetralone and 4-
chromanone also readily participated in this reaction
as well, and the generated tetracyclic compounds
were pharmaceutically active (3 j and 3 k).[24] On the
basis of these results, we examined cyclic ketones,
such as cyclohexanone, cycloheptanone, and cyclooc-
tanone, and we obtained remarkable results. One of
the reaction products, 3 l, is often involved in the
preparation of medicinal compounds.[25] Previously
described methods to synthesize 3 l also started with
cyclohexanone, but cyclohexanone should be initially
derivatized to the silyl enol ether or enamine.[26] Start-
ing materials were recovered when cyclopentanone
was used to react with 1 a. The tautomerization of cy-
clopentanone to its enol form decreased the length of
the carbon-carbon bond, strengthening thus the ring
strain. Therefore, the failure to use cyclopentanone is
reasonable because this compound cannot be easily
converted to enol form. Some acid-labile groups, such
as ester, ether, and benzyloxy are all tolerant in this
system (3 o to 3 r). 5-Acetyl-2,3-dihydrobenzo[b]furan,
which is susceptible to both acids and oxidants, can
also be used (3 s). Some heterocyclic ketones, such as
2-acetylfuran, 2-acetylthiophene, and 2-acetylbenzo-
furan, can also be applied as substrates (3 u to 3 w).
By contrast, 4-dimethylaminoacetophenone and 4-
acetylpyridine were unsuitable for the system. These
sufficient reactions could not be attributed to the poi-
soning of the acid catalyst in the presence of basic
species. Other quinones, such as 1,4-naphthoquinone,
2,3-dimethoxy-5-methyl-p-benzoquinone, and 2,5-di-
methyl-p-benzoquinone, were also applicable to this
reaction (3 x to 3 z). The poor yields of 3 y and 3 z
could be ascribed to the weak eletrophilicities of the
electron-donating group-substituted 1,4-benzoqui-
nones.

Figure 3 shows the proposed mechanism of the
model reaction. First, 2a is activated via the formation
of a vinyl ethyl ether (I) by using Sc(OTf)3 as a cata-
lyst.[27] Secondly, (I) is added to 1a to form an inter-
mediate (II).[28] Thirdly, the intramolecular cyclization
of (II) produces (III), which can be further converted
to 3a, and ethanol is eliminated as a by-product. We

performed some experiments to verify this mecha-
nism. First, (1,1-dimethoxyethyl)benzene was used in-
stead of acetophenone to synthesize 3b. Under the
standard conditions, 3b was formed with a 41% yield
in the absence of triethyl orthoformate. The yield of
3b increased to 65% in the presence of two equiva-
lents of triethyl orthoformate. These results indicated
the important of ketal in the formation of 3b. After-
ward, aceto-d3-phenone 2b-D3 was used to react with
2,3-dimethoxy-6-methyl-p-benzoquinone 1b
(Scheme 1) to verify the existence of intermediate
(III).[29a] Considering that the control experiments
with 1,4-dioxane-d8 failed to show the scrambling of
deuterium into the benzofuran products was not ob-
served (Supporting Information, Scheme S2), we con-
cluded that the generation of 3ab-D can be attributed
to the formation a (III)-type intermediate. The yield
of the deuterated product 3ab-D was much higher

Figure 3. Proposed mechanism.

Scheme 1. Two experiments to support the mechanism.

Adv. Synth. Catal. 0000, 000, 0 – 0 � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim asc.wiley-vch.de 3

These are not the final page numbers! ��

FULL PAPERS Synthesis of Benzofurans

http://asc.wiley-vch.de


than 3ab. This finding can be ascribed to the differ-
ence of the leaving ability of H from that of D (Sup-
porting Information, Figure S2).[29b]

We then applied this methodology in organic syn-
thesis. Compound 3ac is an intermediate of a tanshi-
none IIA analog that possesses potent inhibitory ac-
tivity against protein phosphatases Cdc25A.[30] Using
the triethyl orthoformate/Sc(OTf)3 system, we synthe-
sized 3ac starting from 1,4-naphthylquinone 1c and 1-
phenylpropanone 2c. Although the maximum yield
only was 46% (Scheme 2), the proposed method is
comparable with other method because the previous
route to produce 3ac involves a three-step synthesis
starting from the same quinone (Supporting Informa-
tion, Scheme S3).

The usefulness of this methodology can also be
demonstrated by the synthesis of 3ad, which is an in-
termediate of a novel anticancer compound that can
effectively inhibit the mTOR (mammalian target of
rapamycin) enzyme (IC50 = 0.38 mm, in SQ20B cancer
cells after 72 h of treatment).[8] This compound was
synthesized with a 23.7 % yield starting from 2,5-dihy-
droxybenzaldehyde through a five-step synthesis, in
which an expensive reagent, 2-(benzyloxy)benzoyl
chloride, was also used (Supporting Information,
Scheme S4).[31] Utilizing the triethyl orthoformate/
Sc(OTf)3 system, we developed a two-step route to
3ad, which involves (i) o-benzylation of 2’-hydroxya-
cetophenone 2d[32] and (ii) sequential Michael addi-
tion and cyclization of the generated product 2e with
1a. Applying this method, we obtained 3ad at a 39%
yield (Scheme 3). The steric hindrance of benzyloxy is
probably responsible for the low yield in the second
step.

A reaction product 3p can easily be converted to
4a, which has been used as a precursor for the synthe-
sis of a natural product, corsifuran A (Scheme 4).[33]

Previously described methods employed to prepare 4a
are less efficient than the proposed method, because
the two-step synthesis involves either a low-tempera-
ture operation (�50 8C) or the use of expensive cata-

lysts, such as palladium complex/phosphine ligand
(Supporting Information, Scheme S5).

5-Cyano-2-arylbenzofuran 6a can be a potential
component of liquid crystals. Previously reported
method to access this compound is not efficient, be-
cause it involves five steps, in which the last step has
only 14% yield (Supporting Information, Scheme
S6).[34] With the aid of triethyl orthoformate/Sc(OTf)3,
a three-step method was developed to synthesize 6a.
First, 2-phenylbenzofuran derivative 3ae was synthe-
sized from an easily available ketone, 2f. Second, 3ae
was converted to its triflate 5a to activate the hydrox-
yl group. Third, 6a was synthesized through a C–C
coupling reaction of 5a with K4[Fe(CN)6]

.3H2O in the
presence of a catalytic amount of Pd(OAc)2.

[35] With
this route, 6a could be obtained with a 59 % yield
(Scheme 5).

A remarkable activation effect of orthoformate was
also observed in the reaction of acetophenone 2b with
methyl vinyl ketone 7a, another Michael acceptor.
The desired product, 8a, could be obtained with
a 45% yield when concentrated H2SO4 was used as
a catalyst. However, the synthesis is unsuccessful
without adding trimethyl orthoformate (Scheme 6).
The previous route to access 8a also started from 2b,
but 2b must be derivatized to a silyl enol ether.[36]

Considering that two carbonyl groups were involved
in the skeleton of 8a, we investigated the application
of this compound in the condensation with 1a. Inter-
estingly, we obtained only one product, namely, 2-
phenylbenzofuran derivative 9a. This finding indicat-
ed that the a-position of the benzoyl group is much
more reactive than the other sites under the opti-
mized reaction conditions.

Scheme 2. Synthesis of 3 ac.

Scheme 3. Synthesis of 3 ad.

Scheme 4. Synthesis of 4 a.

Scheme 5. Synthesis of 6 a.
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Conclusions

We successfully completed the sequential Michael ad-
dition and intramolecular cyclization reaction of ke-
tones and 1,4-benzoquinones by using triethyl ortho-
formate as an additive. In the presence of Sc(OTf)3 as
catalyst, triethyl orthoformate may be utilized to con-
vert enolizable ketone into ethyl vinyl ether; as
a result, nuclophilicity increases. This reaction is
a simple way to obtain 5-hydroxybenzofurans. The
proposed methodology can also be applied to synthe-
size some important 2-phenylbenzofuran derivatives.
Furthermore, the hydroxyl group in the generated
products can be used as a reactive site to introduce
other functional groups.

Experimental Section

General procedure for the reaction of 1,4-
benzoquinones and ketones

In a typical reaction, 1,4-benzoquinone 1a (0.3 mmol),
ketone (0.45 mmol), CH(OEt)3 (0.6 mmol), Sc(OTf)3

(0.03 mmol) were mixed in 1,4-dioxane (1.0 mL). The mix-
ture was then stirred at 80 8C for 40 min. After completion,
the reaction mixture was cooled to room temperature. Then,
the mixture was washed with water (5 mL) and extracted
with ethyl acetate (2 �10 mL). The combined organic phase
was further washed with brine, dried with anhydrous
Na2SO4 and concentrated in vacuo to give the crude prod-
uct. The crude product was purified by silica column chro-
matography to afford 3a (eluent: petroleum ether/ethyl ace-
tate=10:1 (v/v)). Tests for scope were all performed with an
analogous procedure (Figure 2). Controlled experiments in
Scheme 1 and Scheme S1 (Supporting Information) were
performed with an analogous procedure. Large scale synthe-
sis of 3a was performed under identical conditions; the
crude product was purified by silica column chromatography
to afford 3a (eluent: petroleum ether/ethyl acetate= 10:1 (v/
v)).

Procedure for synthesis of 2e

To a suspension of 2’-hydroxyacetophenone 2 d (1.0 mmol),
anhydrous K2CO3 (2.0 mmmol) and KI (1.0 mmol) in ace-

tone (4.0 mL) was added benzyl bromide (2.0 mmol). Then
the mixture was refluxed for 6 h. After cooling the reaction
mixture to room temperature, the mixture was filtered; the
filtrate was diluted with ethyl acetate(2 � 10 mL) and
washed with water (10 mL). The acquired organic phase was
then dried over anhydrous Na2SO4 and concentrated under
reduced pressure. The residue was purified by flash chroma-
tography to afford 2e (eluent: petroleum ether/ethyl ace-
tate=100:1 (v/v)).

Procedure for synthesis of 4a

3p (1.0 mmol), CH3I (5.0 mmol) and potassium carbonate
(1.0 mmol) were mixed in DMF (3.0 mL). The mixture was
then stirred at 50 8C under N2 for 12 h. The solution was fil-
tered and the filtrate was diluted with ethyl acetate (2�
10 mL) and washed with water (10 mL). The acquired or-
ganic phase was then dried over anhydrous Na2SO4. After
removing the volatile solvent, the residue was purified by
flash chromatography to afford 4a (eluent: petroleum ether/
ethyl acetate= 50:1 (v/v)).

Procedure for synthesis of 5 a

In a 10 mL of V-type two neck flask, 3ae (1.0 mmol), tolu-
ene (1.0 mL) and distilled pyridine (1.5 mmol) were added.
The mixture was cooled to 0 8C. Then, trifluoromethane sul-
fonate anhydride (3.0 mmol) was injected. The reaction was
then allowed to stir for 12 h at room temperature. After the
reaction was complete, the solution was filtered; the filtrate
was diluted with ethyl acetate (2 � 10 mL) and washed with
water (10 mL). The acquired organic phase was then dried
over anhydrous Na2SO4. After removing the volatile solvent,
the resulting material was purified with flash chromatogra-
phy to afford 5a (eluent: petroleum ether/ethyl acetate=
100:1 (v/v)).

Procedure for synthesis of 6 a

Pd(OAc) (0.05 mmol), XPhoS (0.1 mmol),
K4[Fe(CN)6]

.3H2O (2.0 mmol), K2CO3 (0.25 mmol) and 5a
(1.0 mmol) were mixed in a 10 mL of U-type pressure-resist-
ant glass tube. The tube was evacuated and backfilled with
N2 three times. Then, a mixture of 1,4-dioxane/water (v/v=
1:1, 1.0 mL) was added via syringe. The reaction tube was
then sealed and the mixture was stirred for 10 h at 140 8C.
After the reaction was complete, the mixture was cooled to
room temperature. Then, the mixture was washed with
water (5 mL) and extracted with ethyl acetate (2� 10 mL).
The combined organic phase was further washed with brine,
dried with anhydrous Na2SO4 and concentrated in vacuo, to
give the crude product. The crude product was purified by
silica column chromatography to afford 6a (eluent: petrole-
um ether/ethyl acetate=20:1 (v/v)).

Procedure for synthesis of 8a

Acetophenone 2b (1.0 mmol), methyl vinyl ketone 7a
(3.0 mmol), CH(OEt)3 (2.0 mmol), concentrated H2SO4

(0.1 mmol) were mixed in 1,4-dioxane (3.0 mL). The mixture
was then stirred at 0 8C for 1 hour. After the reaction was
complete, water (5.0 mL) and ethyl acetate (5 mL) were
added, and the aqueous phase was neutralized by an aque-

Scheme 6. Synthesis of 8 a and 9 a.
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ous solution of NaOH (1.0 m). Then, the organic phase was
separated. The aqueous phase was extracted by ethyl acetate
(3 �5.0 mL). The combined organic phase was dried over
anhydrous Na2SO4. Then, the volatile solvent was removed
under reduced pressure. The desired product 8a was ob-
tained by silica column chromatography (eluent: petroleum
ether/ethyl acetate=5:1 (v/v)).

Procedure for synthesis of 9 a

8a (0.3 mmol), 1a (1.5 mmol), trimethyl orthoformate
(2.25 mmol) and Sc(OTf)3 (0.06 mmol) were mixed with 1,4-
dioxane (1.0 mL). The mixture was then stirred for 15 min
at 80 8C. After cooling the reaction to room temperature,
the mixture was washed with water (5 mL) and extracted
with ethyl acetate (2 �10 mL). The combined organic phase
was further washed with brine, dried with anhydrous
Na2SO4 and concentrated in vacuo to give the crude prod-
uct. Purification by silica column chromatography afforded
9a (eluent: petroleum ether/ethyl acetate=5:1 (v/v)).

Spectroscopic data of the obtained products

2-(p-Tolyl)benzofuran-5-ol (3 a):[37] Grey solid, mp: 161–
162 8C; 1H NMR (400 MHz, DMSO-d6, 25 8C): d=2.34 (s,
3 H), 6.73 (dd, J=2.4, 8.8 Hz, 1 H), 6.92 (d, J=2.4 Hz, 1 H),
7.20 (s, 1 H), 7.29 (d, J= 8.0 Hz, 2 H), 7.38 (d, J= 8.8 Hz,
1 H), 7.75 (d, J=8.0 Hz, 2 H), 9.20 ppm (s, 1 H); 13C NMR
(100 Hz, DMSO-d6, 25 8C): d=20.9, 101.2, 105.3, 111.2,
113.0, 124.5, 127.3, 129.6, 129.7, 138.3, 148.3, 153.5,
155.8 ppm.

2-Phenylbenzofuran-5-ol (3b):[37] Brown solid, mp: 185–
186 8C; 1H NMR (400 Hz, DMSO-d6, 25 8C): d= 6.74–6.77
(m, 1 H), 6.95 (d, J= 2.4 Hz, 1 H), 7.28 (s, 1 H), 7.36–7.42 (m,
2 H), 7.48 (t, J=7.6 Hz, 2 H), 7.86 (d, J=7.2 Hz, 2 H),
9.24 ppm (s, 1 H); 13C NMR (100 Hz, DMSO-d6, 25 8C): d=
102.0, 105.4, 111.3, 113.4, 124.5, 128.7, 129.0, 129.6, 130.0,
148.5, 153.6, 155.6 ppm.

2-(4-(tert-Butyl)phenyl)benzofuran-5-ol (3c): Light grey
solid, mp: 159–161 8C; 1H NMR (400 Hz, DMSO-d6, 25 8C):
d= 1.30 (s, 9 H), 6.74 (dd, J=2.4, 8.8 Hz, 1 H), 6.93 (d, J=
2.4 Hz, 1 H), 7.20 (s, 1H), 7.39 (d, J=0.8 Hz, 1H), 7.49 (d,
J=8.4 Hz, 2 H), 7.78 (d, J=8.4 Hz, 2H), 9.22 ppm (s, 1 H);
13C NMR (100 Hz, DMSO-d6, 25 8C): d=31.0, 34.5, 101.3,
105.3, 111.2, 113.1, 124,3, 125.8, 127.3, 129.7, 148.4, 151.3,
153,5, 155.8 ppm; IR: v=3370, 2957, 2903, 2867, 1915, 1834,
1707, 1655, 1600, 1456, 1409, 1367, 1270, 1198, 1113, 1038,
949, 917, 835, 794, 735, 552, 446 cm�1; HRMS (EI): m/z :
calcd for C18H18NaO2: 289.1204 [M + Na]+; found: 289.1198.

2-(4-Fluorophenyl)benzofuran-5-ol (3 d):[37] Grey solid,
mp: 158–159 8C; 1H NMR (400 Hz, DMSO-d6, 25 8C): d=
6.76 (dd, J= 2.4, 8.8 Hz, 1 H), 6.85 (d, J=2.4 Hz, 1 H), 7.25
(s, 1 H), 7.30- 7.34 (m, 2 H), 7.40 (d, J= 8.8 Hz, 1 H), 7.89-
7.92 (m, 2 H), 9.26 (s, 1 H) ppm; 13C (100 Hz, DMSO-d6,
25 8C): d=101.9, 105.4, 111.3, 113.4, 116.1 (d, J=22.0 Hz),
126.7 (d, J=8.0 Hz), 129.6, 148.5, 153.6, 154.7, 161.0, 163.4;
19F (377 Hz, DMSO, 25 8C): d=�112.5 (heptet, J= 3.8 Hz,
1F) ppm.

2-(4-Chlorophenyl)benzofuran-5-ol (3e):[8] Light yellow
solid, mp: 138–139 8C; 1H NMR (400 Hz, DMSO-d6, 25 8C):
d= 6.77 (dd, J=2.4, 8.8 Hz, 1 H), 6.95 (d, J=2.4 Hz, 1 H),
7.33 (s, 1 H), 7.40 (d, J= 8.8 Hz, 1 H), 7.54 (d, J= 8.4 Hz,
2 H), 7.87 (d, J=8.4 Hz, 2 H), 9.31 ppm (s, 1 H); 13C NMR

(100 Hz, DMSO-d6, 25 8C): d=102.7, 105.5, 111.4, 113.7,
126.2, 128.9, 129.1, 129.5, 133.1, 148.6, 153.6, 154.4 ppm.

2-(4-Bromophenyl)benzofuran-5-ol (3 f): Light grey solid,
mp: 151–153 8C; 1H NMR (400 Hz, DMSO, 25 8C): d= 6.78
(dd, J=2.4, 8.8 Hz, 1 H), 6.96 (d, J=2.0 Hz, 1 H), 7.33 (s,
1 H), 7.40 (d, J=8.8 Hz, 1 H), 7.66 (d, J= 8.8 Hz, 2 H), 7.79
(d, J=8.8 Hz, 2 H), 9.28 ppm (s, 1 H); 13C NMR (100 Hz,
DMSO, 25 8C): d= 102.8, 105.5, 111.4, 113.8, 121.7, 126.4,
129.2, 129.5, 132.0, 148.6, 153.7, 154.4 ppm; IR: v= 3254,
2921, 2854, 1701, 1677, 1654, 1599, 1558, 1508, 1456, 1399,
1272, 1202, 1137, 1102, 1072, 1033, 1007, 950, 915, 827, 799,
772, 739, 710, 497 cm�1; HRMS (EI): m/z : calcd for
C14H9BrNaO2: 310.9684 [M + Na]+; found: 310.9677.

2-(4-Iodophenyl)benzofuran-5-ol (3 g): Light grey solid,
mp: 181–183 8C; 1H NMR (400 Hz, DMSO, 25 8C): d= 6.77
(dd, J=2.4, 8.8 Hz, 1 H), 6.94 (d, J=2.4 Hz, 1 H), 7.33 (s,
1 H), 7.40 (d, J=8.8 Hz, 1 H), 7.65 (d, J= 8.4 Hz, 2 H), 7.84
(d, J=8.4 Hz, 2 H), 9.27 ppm (s, 1 H); 13C NMR (100 Hz,
DMSO, 25 8C): d= 94.8, 102.8, 105.5, 111.4, 113.7, 126.4,
129.5, 137.8, 148.5,153.6, 154.6 ppm; IR: v=3424, 2920,
2851, 1713, 1651, 1600, 1545, 1512, 1461, 1394, 1310, 1269,
1205, 1144, 1109, 1060, 1031, 1003, 950, 915, 853, 824, 799,
770, 739, 696, 660, 621, 591, 556, 495, 454 cm�1; HRMS (EI):
m/z : calcd for C16H12NaO2: 259.0735 [M+ Na] +; found:
259.0733. HRMS (EI): m/z : calcd for C14H9NaO2: 358.9545
[M + Na]+; found: 358.9540.

2-(4-Nitrophenyl)benzofuran-5-ol (3 h): Light purple solid,
mp: 192–194 8C; 1H NMR (400 Hz, DMSO, 25 8C): d= 6.85
(dd, J=2.4, 8.8 Hz, 1 H), 7.01 (d, J= 2.4 Hz, 1 H), 7.47 (d,
J=8.8 Hz, 1 H), 7.62(s, 1 H), 8.11 (d, J= 8.8 Hz, 2 H), 8.33
(d, J=8.8 Hz, 2 H), 9.40 ppm (s, 1 H); 13C NMR (100 Hz,
DMSO, 25 8C): d= 105.6, 106.1, 111.8, 115.1, 124.5, 125.3,
129.2, 135.9, 146.7, 149.2, 153.2, 153.9 ppm; IR: v= 3498,
3107, 2921, 1720, 1597, 1570, 1506, 1463, 1340, 1280, 1196,
1179, 1107, 1038, 916, 850,796, 751, 690, 537, 483 cm�1;
HRMS (EI): m/z : calcd for C14H9NNaO4: 278.0429 [M +
Na]+; found: 278.0420.

3-Methyl-2-phenylbenzofuran-5-ol (3 i):[8] Light grey solid,
mp: 154–155 8C; 1H NMR (400 Hz, DMSO, 25 8C): d= 2.38
(s, 3 H), 6.78 (dd, J= 2.4, 8.4 Hz, 1 H), 6.93 (d, J= 2.4 Hz,
1 H), 7.35–7.41 (m, 2 H), 7.51 (t, J=7.6 Hz, 2 H), 7.77 (d, J=
7.2 Hz, 2 H), 9.23 ppm (s, 1 H); 13C NMR (100 Hz, DMSO,
25 8C): d= 9.2, 104.0, 111.1, 111.2, 1113.5, 126.2, 128.0, 128.9,
130.8, 131.4, 147.3, 150.4, 153.4 ppm.

5,6-Dihydronaphtho[1,2-b]benzofuran-8-ol (3 j): Light
brown solid, mp: 129–130 8C; 1H NMR (400 Hz, DMSO,
25 8C): d=2.84 (t, J=8.0 Hz, 2 H), 3.02 (t, J= 8.0 Hz, 2 H),
6.76 (dd, J=2.4, 8.8 Hz, 1 H), 6.90 (d, J=2.4 Hz, 1 H), 7.19–
7.23 (m, 1 H), 7.26–7.29 (m, 2 H), 7.39 (d, J= 8.8 Hz, 1 H),
7.51–7.53 (m, 1 H), 9.27 ppm (s, 1 H); 13C NMR (100 Hz,
DMSO, 25 8C): d= 18.6, 27.9, 104.0, 111.6, 113.1, 114.1,
119.9, 126.9, 127.2, 127.8, 128.2, 128.5, 135.8, 148.8, 151.5,
153.6 ppm; IR: v=3304, 3193, 3054, 3018, 2939, 2907, 2850,
1941, 1906, 1848, 1801, 1733, 1691, 1615, 1594, 1488, 1463,
1442, 1409, 1380, 1305, 1280, 1219, 1190, 1138, 1079, 1040,
955, 934, 876, 846, 804, 755, 729, 710, 686, 655, 611, 550, 507,
459, 438 cm�1; HRMS (EI): m/z : calcd for C16H12NaO2:
259.0735 [M + Na]+; found: 259.0730.

6H-Benzofuro[3,2-c]chromen-8-ol (3k): Dark solid, mp:
138–139 8C; 1H NMR (400 Hz, DMSO, 25 8C): d=5.58 (s,
2 H), 6.78 (dd, J=2.4, 8.8 Hz, 1 H), 6.86 (d, J=2.0 Hz, 1 H),
6.93 (d, J= 8.4 Hz, 1 H), 7.00 (t, J=7.6 Hz, 1 H), 7.20–7.24
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(m, 1 H), 7.43–7.46 (m, 2 H), 9.36 ppm (s, 1 H); 13C NMR
(100 Hz, DMSO, 25 8C): d=64.7, 104.2, 108.7, 111.7, 113.4,
115.9, 116.2, 120.2, 121.7, 125.9, 129.9, 147.2, 149.0, 153.6,
153.9 ppm; IR: v=3173, 2918, 2878, 2659, 1925, 1889, 1847,
1775, 1684, 1644, 1616, 1598, 1498, 1465, 1443, 1383, 1302,
1231, 1186, 1138, 1088, 1033, 985, 957, 925, 799, 745, 610,
452 cm�1; HRMS (EI): m/z : calcd for C15H10NaO3: 261.0528
[M + Na]+; found: 261.0522.

6,7,8,9-Tetrahydrodibenzo[b,d]furan-2-ol (3 l):[26a] Dark
grey solid, mp: 102–103 8C; 1H NMR (400 Hz, DMSO,
25 8C): d= 1.71–1.79 (m, 2 H), 1.82–1.88 (m, 2 H), 2.49–2.52
(m, 2 H), 2.64–2.67 (m, 2 H), 6.65 (dd, J= 2.4, 8.8 Hz, 1 H),
6.76 (d, J=2.4 Hz, 1 H), 7.24 (d, J=8.8 Hz, 1 H), 9.08 ppm
(s, 1 H); 13C NMR (100 Hz, DMSO, 25 8C): d=19.9, 22.2,
22.5, 23.0, 103.4, 110.7, 111.3, 112.3, 129.1, 147.7, 153.0,
154.2 ppm.

7,8,9,10-Tetrahydro-6H-cyclohepta[b]benzofuran-2-ol
(3 m): Dark grey solid, mp: 98–99 8C; 1H NMR (400 HZ,
DMSO, 25 8C): d=1.68–1.77 (m, 6 H), 2.54–2.56 (m, 2 H),
2.79–2.82 (m, 2 H), 6.63 (dd, J=2.4, 8.8 Hz, 1H), 6.76 (d, J=
2.0 Hz, 1 H), 7.18 (d, J= 8.8 Hz, 1 H), 9.04 ppm (s, 1 H);
13C NMR (100 Hz, DMSO, 25 8C): d=22.6, 25.9, 27.9, 28.6,
29.9, 103.2, 110.5, 111.4, 115.4, 130.8, 146.7, 153.0,
156.5 ppm; IR: v=3240, 2919, 2848, 2682, 1829, 1711, 1614,
1593, 1459, 1408, 1364, 1297, 1248, 1194, 1148, 1088, 1040,
956, 858, 822, 800, 773, 696, 512, 433 cm�1; HRMS (EI): m/z :
calcd for C13H14NaO2: 225.0891 [M + Na]+; found: 225.0896.

6,7,8,9,10,11-Hexahydrocycloocta[b]benzofuran-2-ol (3 n):
Light grey solid, mp: 119–121 8C; 1H NMR (400 Hz, DMSO,
25 8C): d= 1.41–1.43 (m, 4 H), 1.64–1.76 (m, 4 H), 2.65–2.68
(m, 2 H), 2.80–2.84 (m, 2 H), 6.63 (dd, J= 2.4, 8.4 Hz, 1 H),
6.76 (d, J=2.4 H z, 1 H), 7.20 (d, J= 8.8 Hz, 1 H), 9.03 ppm
(s, 1 H); 13C NMR (100 Hz, DMSO, 25 8C): d=20.8, 25.1,
25.5, 25.7, 26.9, 27.7, 103.1, 110.6, 111.4, 113.2, 130.2, 147.2,
152.9, 155.0 ppm; IR: v=3284, 2926, 2851, 2686, 1834, 1711,
1594, 1459, 1401, 1352, 1301, 1193, 1124, 940, 856, 800, 743,
697, 432 cm�1; HRMS (EI): m/z : calcd for C14H16NaO2:
239.1048 [M + Na]+; found: 239.1041.

Ethyl 8-hydroxy-1,2,3,4-tetrahydrodibenzo[b,d]furan-2-
carboxylate (3o): Grey solid, mp: 102–103 8C; 1H NMR
(400 Hz, DMSO, 25 8C): d= 1.19–1.23 (m, 3 H), 1.88–1.99
(m, 1 H), 2.18–2.20 (m, 1 H), 2.64–2.85 (m, 5 H), 4.08–4.16
(m, 2 H), 6.64 (dd, J=2.4, 8.8 Hz, 1 H), 6.77 (d, J= 2.4 Hz,
1 H), 7.23 (d, J=8.4 Hz, 1 H), 9.09 ppm (s, 1 H); 13C NMR
(100 Hz, DMSO, 25 8C): d= 14.1, 21.9, 22.6, 25.1, 28.1, 38.6,
103.5, 110.9, 111.0, 111.6, 128.7, 148.0, 153.1, 153.4,
174.2 ppm; IR: v=3379, 2983, 2907, 2849, 1848, 1698, 1612,
1574, 1466, 1411, 1378, 1326, 1293, 1223, 1187, 1123, 1026,
854, 812, 723, 631, 479 cm�1; HRMS (EI): m/z : calcd for
C15H16NaO4: 283.0946 [M + Na] +; found: 283.0941.

2-(4-Methoxyphenyl)benzofuran-5-ol (3 p):[37] Light yellow
solid, mp: 190–191 8C; 1H NMR (400 Hz, DMSO, 25 8C): d=
3.80 (s, 3 H), 6.71 (dd, J= 2.4, 8.4 Hz, 1 H), 6.91(d, J= 2.4 Hz,
1 H), 7.04 (d, J=8.8 Hz, 2 H), 7.11 (s, 1 H), 7.36 (d, J=
8.8 Hz, 1 H), 7.80 (d, J=8.4 Hz, 2 H), 9.20 ppm (s, 1 H); 13C
(100 Hz, DMSO, 25 8C): d=55.3, 100.2, 105.2, 111.1, 112.6,
114.5, 122.7, 126.1, 129.9, 148.3, 153.5, 155.8, 159.7 ppm.

2-(4-Methoxyphenyl)-3-methylbenzofuran-5-ol (3 q): Light
grey solid, mp: 140–142 8C; 1H NMR (400 Hz, DMSO,
25 8C): d=2.33 (s, 3 H), 3.81 (s, 3 H), 6.74 (dd, J=2.4, 8.8 Hz,
1 H), 6.89 (d, J=2.4 Hz, 1 H), 7.07 (d, J= 8.8 Hz, 2 H), 7.33
(d, J= 8.4 Hz, 1 H), 7.69 (d, J=8.8 Hz, 2 H), 9.20 ppm (s,

1 H); 13C NMR (100 Hz, DMSO, 25 8C): d=28.8, 71.4, 99.7,
105.1, 109.4, 111.0, 112.4, 121.6, 122.7, 124.9, 128.4, 130.0,
148.2, 153.5, 156.2, 160.3 ppm; IR: v=3293, 3003, 2962,
2921, 2842, 1605, 1510, 1466, 1415, 1302, 1244, 1193, 1090,
1034, 933, 837, 801, 771, 670, 564, 521, 438 cm�1; HRMS
(EI): m/z : calcd for C16H14NaO2: 277.0841 [M + Na] +;
found: 277.0846.

2-(4-(Benzyloxy)phenyl)benzofuran-5-ol (3r): Dark gery
solid, mp: 152–154 8C; 1H NMR (400 MHz, DMSO, 25 8C):
d= 5.16 (s, 2 H), 6.71 (dd, J=2.4, 8.4 Hz, 1 H), 6.91 (d, J=
2.4 Hz, 1 H), 7.11–7.14 (m, 3 H), 7.34–7.42 (m, 4 H), 7.46-
7.48 (m, 2 H), 7.80 (d, J= 8.8 Hz, 2 H), 9.17 ppm (s, 1 H);
13C NMR (100 MHz, DMSO, 25 8C): d=69.4, 100.3, 105.2,
111.0, 112.7, 115.3, 122.9, 126.1, 127.8, 127.9, 128.5, 129.9,
136.8, 148.3, 153.5, 155.7, 158.7 ppm; IR: v=3443, 3224,
2922, 2854, 1725, 1607, 1567, 1505, 1462, 1379, 1301, 1248,
1206, 1175, 1141, 1112, 1005, 917, 834, 796, 746, 698, 664,
616, 522, 449 cm�1; HRMS (EI): m/z : calcd for C21H16NaO3:
339.0997 [M + Na]+; found: 339.0992.

2’,3’-Dihydro-[2,5’-bibenzofuran]-5-ol (3s): Light grey
solid, mp: 165–167 8C; 1H NMR (400 Hz, DMSO, 25 8C): d=
3.24 (t, J=8.8 Hz, 2 H), 4.58 (t, J= 8.8 Hz, 2 H), 6.69 (dd, J=
2.4, 8.8 Hz, 1 H), 6.86 (d, J= 8.4 Hz, 1 H), 6.89 (d, J= 2.4 Hz,
1 H), 7.05 (s, 1 H), 7.34 (d, J= 8.8 Hz, 1 H), 7.61 (dd, J= 1.6,
8.4 Hz, 1 H), 7.73 (s, 1 H), 9.16 ppm (s, 1 H); 13C NMR
(100 Hz, DMSO, 25 8C): d= 28.8, 71.4, 99.7, 105.1, 109.4,
111.0, 112.4, 121.6, 122.7, 124.9, 128.4, 130.0, 148.2, 153.5,
156.2, 160.3 ppm; IR: v=3421, 3109, 2962, 2893, 2854, 1612,
1597, 1473, 1421, 1372, 1336, 1300, 1279, 1241, 1199, 1151,
1125, 1107, 1033, 980, 942, 891, 854, 820, 793, 737,557,
438 cm�1; HRMS (EI): m/z : calcd for C16H12NaO3: 275.0648
[M + Na]+; found: 275.0640.

2-(Benzo[d][1,3]dioxol-5-yl)benzofuran-5-ol (3 t): Dark
grey solid, mp: 175–176 8C; 1H NMR (400 Hz, DMSO,
25 8C): d= 6.08 (s, 2 H), 6.72 (dd, J= 2.4, 8.8 Hz, 1 H), 6.90
(d, J= 2.4 Hz, 1 H), 7.02 (d, J= 8.0 Hz, 1 H), 7.14 (s,1 H),
7.35–7.42 (m, 3 H), 9.20 ppm (s, 1 H); 13C NMR (100 Hz,
DMSO, 25 8C): d= 100.8, 101.4, 104.9, 105.2, 108.8, 111.1,
112.9, 118.7, 124.2, 129.8, 147.8, 148.0, 148.2, 153.5,
155.5 ppm; IR: v=3421, 3257, 3111, 2898, 1600, 1542, 1501,
1474, 1363, 1256, 1203, 1151, 1102, 1040, 936, 862, 816, 797,
739, 675, 585, 445 cm�1; HRMS (EI): m/z : calcd for
C15H10NaO4: 277.0477 [M + Na]+; found: 277.0471.

2-(Furan-2-yl)benzofuran-5-ol (3 u):[8] Dark grey solid,
mp: 149–150 8C; 1H NMR (400 Hz, DMSO, 25 8C): d= 6.66–
6.67 (m, 1 H), 6.75 (dd, J=2.4, 8.8 Hz, 1H), 6.91 (d, J=
3.6 Hz, 1 H), 6.94 (d, J=2.4 Hz, 1 H), 6.99 (s, 1 H), 7.38 (d,
J=8.8 Hz, 1 H), 7.84 (d, J=1.2 Hz, 1 H), 9.27 ppm (s, 1 H);
13C NMR (100 Hz, DMSO, 25 8C): d=101.3, 105.5, 108.0,
111.3, 112.1, 113.4, 129.1, 144.0, 145.3, 147.8, 148.1,
153.7 ppm.

2-(Thiophen-2-yl)benzofuran-5-ol (3 v):[8] Dark grey solid,
mp: 135–136 8C; 1H NMR (400 Hz, DMSO, 25 8C): d= 6.74
(dd, J=2.8, 8.8 Hz, 1 H), 6.92 (d, J=2.4 Hz, 1 H), 7.08 (s,
1 H), 7.17–7.19 (m, 1 H), 7.38 (d, J= 8.8 Hz, 1 H), 7.57–
7.58(m, 1H), 7.65–7.66 (m, 1 H), 9.29 ppm (s, 1 H); 13C NMR
(100 Hz, DMSO, 25 8C): d= 101.4, 105.3, 111.2, 113.3, 125.0,
126.9, 128.4, 129.5, 132.4, 148.1, 151.1, 153.7 ppm.

[2,2’-Bibenzofuran]-5-ol (3 w): Light grey solid, mp: 133–
135 8C; 1H NMR (400 Hz, DMSO, 25 8C): d=6.85 (dd, J=
2.4, 8.8 Hz, 1 H), 7.04 (d, J= 2.4 Hz, 1H), 7.27–7.31 (m, 2 H),
7.34–7.38 (m, 2 H), 7.46 (d, J=8.8 Hz, 1 H), 7.67 (dd, J= 8.4,
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12 Hz, 2 H), 9.40 ppm (s, 1 H); 13C NMR (100 Hz, DMSO,
25 8C): d= 103.7, 104.2, 105.8, 111.2, 111.5, 114.5, 121.6,
123.7, 125.4, 128.1, 128.9, 147.0, 147.2, 148.8, 154.0,
154.4 ppm; IR: v=3618, 3449, 3218, 2922, 2853, 1706, 1656,
1622, 1599, 1515, 1467, 1440, 1378, 1348, 1253, 1198, 1164,
1049, 978, 852, 800, 741, 609, 438 cm�1; HRMS (EI): m/z :
calcd for C16H10NaO3: 273.0528 [M + Na]+; found: 273.0524.

2-(p-Tolyl)naphtho[1,2-b]furan-5-ol (3 x): Brown solid,
mp: 164–165 8C; 1H NMR (400 Hz, DMSO, 25 8C): d= 2.34
(s, 3 H), 7.05 (s, 1 H), 7.31 (d, J=8.0 Hz, 2 H), 7.35 (s, 1 H),
7.47–7.51 (m, 1 H), 7.62–7.66 (m, 1 H), 7.85 (d, J= 8.0 Hz,
2 H), 8.22–8.26 (m, 2 H), 10.04 ppm (s, 1 H); 13C NMR
(100 Hz, DMSO, 25 8C): d=20.9, 100.0, 102.4, 119.3, 121.0,
123.1, 123.4, 124.1, 124.2, 124.8, 127.0, 127.6, 129.6, 137.9,
143.5, 149.6, 154.8 ppm; IR: v=3483, 3215, 3073, 2914, 2855,
2722, 2583, 1895, 1641, 1594, 1499, 1444, 1419, 1377, 1338,
1274, 1212, 1156, 1111, 1068, 1039, 918, 821, 798, 756, 693,
613, 494, 422 cm�1; HRMS (EI): m/z : calcd for C19H14NaO2:
297.0891 [M + Na]+; found: 297.0885.

6,7-Dimethoxy-4-methyl-2-(p-tolyl)benzofuran-5-ol (3y):
Brown oil; 1H NMR (400 Hz, DMSO, 25 8C): d= 2.26 (s,
3 H), 2.34 (s, 3 H), 3.77 (s, 3 H), 4.11 (s, 3 H), 7.27–7.31 (m,
3 H), 7.76 (d, J=8.0 Hz, 2 H), 8.44 ppm (s, 1 H); 13C NMR
(100 Hz, DMSO, 25 8C): d=12.1, 20.9, 60.4, 61.1, 100.4,
108.6, 124.2, 125.7, 127.3, 129.5, 135.6, 137.6, 137.9, 139.1,
144.5, 154.8 ppm; IR: v=3514, 2931, 2859, 2731, 1905, 1727,
1678, 1608, 1517, 1497, 1454, 1407, 1356, 1268, 1220, 1187,
1127, 1066, 1042, 914, 819, 796, 741, 502 cm�1; HRMS (EI):
m/z : calcd for C18H18NaO4: 321.1103 [M + Na]+; found:
321.1097.

4,6-Dimethyl-2-(p-tolyl)benzofuran-5-ol (3z): Light purple
solid, mp: 153–155 8C; 1H NMR (100 Hz, DMSO, 25 8C): d=
2.27 (s, 3 H), 2.33 (s, 3 H), 2.41 (s, 3 H), 6.63 (s, 1 H), 7.26–
7.27 (m, 3 H), 7.77 (d, J= 8.0 Hz, 2 H), 8.88 ppm (s, 1 H);
13C NMR (100 Hz, DMSO, 25 8C): d=12.1, 14.6, 20.9, 100.6,
111.6, 113.8, 117.5, 124.3, 127.7, 129.4, 129.5, 137.9, 147.0,
150.5, 154.9 ppm; IR: v=3240, 3031, 2919, 2857, 1676, 1604,
1533, 1498, 1420, 1384, 1314, 1195, 1087, 1036, 981, 914, 877,
820, 796, 743, 578, 495 cm�1; HRMS (EI): m/z : calcd for
C17H16NaO2: 275.1048 [M + Na]+; found: 275.1043.

2-(Naphthalen-2-yl)benzofuran-5-ol (3aa):[8] Yellow solid,
mp: 157–158 8C; 1H NMR (400 Hz, DMSO, 25 8C): d= 6.80
(dd, J=2.4, 5.2 Hz, 1 H), 7.00 (d, J=2.4 Hz, 1 H), 7.42 (s,
1H), 7.45 (d, J= 8.8 Hz, 1 H), 7.52–7.58 (m, 2 H), 7.92–7.94
(m, 1 H), 8.00 (s, 2 H), 8.02–8.04 (m, 1 H), 8.41 (s, 1 H),
9.30 ppm (s, 1 H); 13C NMR (100 Hz, DMSO, 25 8C): d=
102.8, 105.5, 111.4, 113.6, 122.7, 123.0, 126.7, 126.9, 127.4,
127.7, 128.3, 128.6, 129.7, 132.8, 133.0, 148.7, 153.6,
155.6 ppm.

3-Methyl-2-phenylnaphtho[1,2-b]furan-5-ol (3 ac):[30]

Brown solid, mp: 134–135 8C; 1H NMR (400 Hz, DMSO,
25 8C): d= 2.47 (s, 3 H), 7.00 (s, 1 H), 7.38–7.42 (m, 1 H),
7.47–7.57 (m, 3 H), 7.62–7.66 (m, 1 H), 7.88 (d, J= 7.2 Hz,
2 H), 8.23 (d, J=8.8 Hz, 2 H), 10.05 ppm (s, 1 H); 13C NMR
(100 Hz, DMSO, 25 8C): d= 9.5, 98.4, 112.4, 119.5, 120.9,
123.4, 124.2, 125.9, 126.1, 126.9, 127.7, 128.9, 131.0, 142.5,
149.4, 149.5 ppm.

2-(2-(Benzyloxy)phenyl)benzofuran-5-ol (3 ad):[8] Light
yellow solid, mp: 145–146 8C; 1H NMR (400 MHz, DMSO,
25 8C): d= 5.34 (s, 2 H), 6.75 (dd, J= 2.4, 8.8 Hz, 1 H), 6.89
(d, J=2.4 Hz, 1 H), 7.06–7.10 (m, 1 H), 7.22–7.25 (m, 2 H),
7.32–7.45 (m, 5 H), 7.54 (d, J=7.2 Hz, 2 H), 7.93 (dd, J= 1.6,

8.0 Hz, 1 H), 9.19 ppm (s, 1 H); 13C NMR (100 Hz, DMSO,
25 8C): d= 69.7, 105.4, 106.2, 111.0, 113.1, 113.3, 118.8, 120.9,
126.4, 127.7, 128.0, 128.6, 129.6, 129.8, 136.8, 147,4, 152.0,
153.4, 155.0 ppm.

5-Methoxy-2-(4-methoxyphenyl)benzofuran (4 a):[33]

White solid, mp: 163–164 8C; 1H NMR (400 Hz, CDCl3,
25 8C): d=3.84 (s, 3 H), 3.85 (s, 3 H), 6.81 (s, 1 H), 6.85 (dd,
J=2.8, 8.8 Hz, 1 H), 6.96 (d, J=8.8 Hz, 2 H), 7.01 (d, J=
2.8 Hz, 1 H), 7.38 (d, J= 8.8 Hz, 1 H), 7.76 ppm (d, J=
8.8 Hz, 2 H); 13C NMR (100 Hz, CDCl3, 25 8C): d= 55.5,
56.0, 100.0, 103.3, 111.5, 112.4, 114.4, 123.6, 126.5, 130.2,
149.9, 156.2, 157.0, 160.1 ppm.

2-(4-n-Pentylphenyl)benzofuran-5-ol (3 ae): Dark grey
solid, mp: 135–136 8C; 1H NMR (400 Hz, DMSO, 25 8C): d=
0.82–0.86 (m, 3 H), 1.25–1.28 (m, 4 H), 1.52–1.60 (m, 2 H),
2.56 (t, J=7.6 Hz, 2 H), 6.74 (dd, J=2.4, 8.8 Hz, 1 H), 6.94
(d, J=2.4 Hz, 1 H), 7.18 (s, 1 H), 7.27 (d, J=8.4 Hz, 2 H),
7.38 (d, J=8.8 Hz, 1 H), 7.75 (d, J=8.0 Hz, 2 H), 9.24 ppm
(s, 1 H); 13C NMR (100 Hz, DMSO, 25 8C): d=14.0, 22.0,
30.5, 30.9, 34.9, 101.2, 105.3, 111.2, 113.1, 124.5, 127.6, 128.9,
129.7, 143.1, 148,4, 153.5, 155.8 ppm; IR: v=3267, 2952,
2924, 2854, 1665, 1602, 1456, 1415, 1379, 1277, 1204, 1118,
1036, 966, 916, 846, 796, 736, 616, 534, 436 cm�1; HRMS
(EI): m/z : calcd for C19H20NaO2: 303.1361 [M + Na]+;
found: 303.1356.

2-(4-n-Pentylphenyl)benzofuran-5-yl trifluoromethanesul-
fonate (5a): White solid, mp: 73–74 8C; 1H NMR (400 Hz,
DMSO, 25 8C): d=0.85 (t, J=6.8 Hz, 3 H); 1.24–1.33 (m,
4 H), 1.54–1.62 (m, 2 H), 2.61 (t, J=7.6 Hz, 2 H), 7.33 (d, J=
8.4 Hz, 2 H), 7.38 (dd, J= 2.4, 8.8 Hz, 1 H), 7.44 (s, 1 H),
7.76–7.81 (m, 2 H), 7.84 ppm (d, J= 8.4 Hz, 2 H); 13C NMR
(100 Hz, DMSO, 25 8C): d= 13.9, 21.9, 30.4, 30.9, 34.9, 101.5,
112.6, 113.8, 117.3, 125.0, 126.5, 129.0, 130.3, 144.2, 145.2,
152.9, 158.2 ppm; 19F (377 Hz, DMSO, 25 8C): d=- 72.7 (s,
3F) ppm; IR: v=2974, 1923, 1653, 1453, 1423, 1381, 1330,
1274, 1215, 1139, 1089, 1048, 947, 880, 795, 658, 437 cm�1;
HRMS (EI): m/z : calcd for C20H19F3NaO4S: 435.0854 [M +
Na]+; found: 435.0848.

2-(4-n-Pentylphenyl)benzofuran-5-carbonitrile (6 a):[34]

Yellow solid, mp: 101–102 8C; 1H NMR (400 Hz, CDCl3,
25 8C, TMS): d= 0.89–0.92 (m, 3 H), 1.33–1.36 (m, 4 H),
1.62–1.69 (m, 2 H), 2.64–2.68 (m, 2 H), 6.99 (d, J= 0.4 Hz,
1 H), 7.29 (d, J=8.8 Hz, 2 H), 7.52–7.59 (m, 2 H), 7.77 (d, J=
8.0 Hz, 2 H), 7.88–7.89 ppm (m, 1 H); 13C NMR (100 Hz,
CDCl3, 25 8C): d=14.2, 22.7, 31.1, 31.6, 36.0, 100.1, 106.9,
112.3, 119.7, 125.4, 125.7, 126.9, 127.8, 129.2, 130.2, 145.0,
156.5, 158.8 ppm.

1-Phenylhexane-1,5-dione (8 a):[36] Light yellow solid, mp:
64–65 8C; 1H NMR (400 Hz, CDCl3, 25 8C, TMS): d= 1.98–
2.05 (m, 2 H), 2.15 (s, 3 H), 2.55–2.59 (m, 2 H), 3.00–3.33 (m,
2 H), 7.45 (t, J=7.8 Hz, 2 H), 7.54–7.57 (m, 1 H), 7.94–
7.96 ppm (m, 2 H); 13C NMR (100 Hz, CDCl3, 25 8C): d=
18.3, 30.1, 37.5, 42.7, 128.2, 128.7, 133.2, 136.9, 199.9,
208.7 ppm.

4-(5-Hydroxy-2-phenylbenzofuran-3-yl)butan-2-one (9a):
Light yellow solid, mp: 66–68 8C; 1H NMR (400 Hz, DMSO,
25 8C): d=2.32 (s, 3 H), 2.88 (t, J=7.2 Hz, 2 H), 3.31 (t, J=
7.2 Hz, 2 H), 6.62 (dd, J= 2.4, 8.8 Hz, 1 H), 6.85 (d, J=
2.4 Hz, 1 H), 7.19 (d, J=8.8 Hz, 1 H), 7.48–7.53 (m, 2 H),
7.60–7.64 (m, 1 H), 7.95 (d, J=7.2 Hz, 2 H), 9.04 ppm (s,
1 H); 13C NMR (100 Hz, DMSO, 25 8C): d=11.9, 17.8, 37.7,
103.8, 110.6, 111.5, 113.1, 127.9, 128.8, 129.8, 133.2, 136.6,
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147.4, 151.5, 152.9, 199.4 ppm; IR: v=3390, 2926, 2854,
1680, 1618, 1597, 1511, 1492, 1462, 1204, 1126, 1100, 1035,
945, 910, 805, 760, 576, 419 cm�1; HRMS (EI): m/z : calcd for
C18H16NaO3: 303.0997 [M + Na]+; found: 303.0992.
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