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ABSTRACT: A unified protocol for the construction of 3-(2-
bromoethyl)benzofurans and 2-(benzofuran-3-yl)ethylamines
from bis[(trimethylsilyl)oxy]cyclobutene has been developed.
This mild and facile strategy was applied for the synthesis of a
series of 5-HT serotonin receptor agonists, underlining its
potential for the syntheses of bioactive compounds and
natural products.

Benzofuran derivatives represent an important class of
oxygen-containing heterocycles found in many natural

products isolated from plants, sponges, and mushrooms.1 These
compounds exhibit important biological properties, and differ-
ent derivatives of this family have been investigated as
antimicrobial agents,2 antidepressants,3 acetylcholine esterase
inhibitors,4 or as pain relief or anesthetic drugs.5 Moreover, a
certain number of 2-(benzofuran-3-yl)ethylamines, such as 5-
MeO-BFE and 5-MeO-DiBF, possess strong psychedelic effects
leading to their use as recreational drugs, acting as 5-HT1A and 5-
HT2 serotonin receptor agonists similar to tryptamine
analogues.6 All of these compounds are characterized by the
functionalization of the benzofuran 3-position with an ethyl-
amine fragment (Figure 1). For this reason, several synthetic
strategies have been developed for the preparation of 2-
(benzofuran-3-yl)ethylamines and their precursors, 3-(2-
halogenoethyl)benzofurans: these include multistep functional-
ization of benzofuran-3-ones,6a,7 photoredox 1,4-addition,8

base-mediated Michael addition of acrylates,9 Ru-catalyzed 3-
alkylation of 2-arylbenzofurans,10 and Pd-catalyzed intra-
molecular cyclization of 2-bromobenzene ethers.11 In contrast,
the direct construction of 3-(2-halogenoethyl)benzofuran
moieties has not been reported before. Considering that
multistep approaches generally require the preparation of
prefunctionalized substrates, significant efforts for purification,
the production of large amount of waste, and a consequential
increase in operational costs, the development of a simple and
practical method to access these functionalized heterocycles is
still highly desirable. To continue our work on exploration of the
reactivity of 2-hydroxycyclobutanone,12 we now report that 3-
(2-bromoethyl)benzofurans can be readily obtained from
commercially available bis[(trimethylsilyl)oxy]cyclobutene 1a

and various phenols 2 via a Brønsted acid mediated nucleophilic
addition−carbocyclic rearrangement cascade reaction; this is a
one-pot, metal-free process that operates under mild conditions.
Recently, our research group reported some important

advances in the use of 2-hydroxycyclobutanone for the rapid
synthesis of functionalized tryptamines13 and tricyclic dioxins.14

In the presence of a Brønsted acid, 2-hydroxycyclobutanone 1b
and its precursor bis[(trimethylsilyl)oxy]cyclobutene 1a can
behave as electrophilic acceptors for intermolecular nucleophilic
addition followed by a ring closure−ring fission process.13 These
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Figure 1. Representative natural products: galantamine, lyco-ramine,
morphine, azonazide, and bioactive compounds as 5-MeO-BFE, 5-
MeO-DiBF, and a biphenylpiperazine 5-HT receptor agonist, bearing a
2-(benzofuran-3-yl)ethylamine structural unit.

Letter

pubs.acs.org/OrgLettCite This: Org. Lett. XXXX, XXX, XXX−XXX

© XXXX American Chemical Society A DOI: 10.1021/acs.orglett.8b03429
Org. Lett. XXXX, XXX, XXX−XXX

O
rg

. L
et

t. 
D

ow
nl

oa
de

d 
fr

om
 p

ub
s.

ac
s.

or
g 

by
 U

N
IV

 P
A

R
IS

-S
U

D
 o

n 
11

/1
3/

18
. F

or
 p

er
so

na
l u

se
 o

nl
y.

pubs.acs.org/OrgLett
http://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.orglett.8b03429
http://dx.doi.org/10.1021/acs.orglett.8b03429


observations led us to speculate that the reaction of 1a or 1bwith
a phenol 2might deliver a one-pot cascade-reaction assembly of
the benzofuran molecular scaffold.
According to our hypothesis (Scheme 1), a Brønsted acid

should promote the formation of the corresponding 2-

aryloxycyclobutanone A from 1a (or 1b) and 2a. Subsequent
acid-mediated intramolecular ring closure should furnish the
corresponding dihydrocyclobutabenzofuran B. Finally, acid-
induced generation of carbocationic species C and nucleophilic
attack should lead to the formation of a benzofuran 3 or 5.
To test our hypothesis, we first examined the reaction

between 1a and p-cresol 2a, at 40 °C and in the presence of
TsOH (1.0 equiv). We were encouraged to find that under
solvent-free conditions, the desired benzofuran product 3a(a)
could be isolated from the reaction mixture in 30% yield
accompanied by traces (<7%) of the compound 5a(a) (Table 1,
entry 1). Tosylate 3a(a) was also reacted withNa-phthalimide in
order to achieve the crystalline solid 4a (characterized by NMR
and X-ray diffraction analysis). The use of toluene (entry 2) or
dichloromethane (entry 3) as a solvent provided a significant
improvement since the isolated yield of 3a(a) almost doubled in
each case. However, the reaction did not proceed at all when
THF, EtOAc, or 1,4-dioxane was employed as solvent (entries
4−6). Retaining a toluene solution at 40 °C as standard
conditions, the activity of other Brønsted acids (as concentrated
aqueous solutions) was evaluated: HI provided a 3:1 mixture of
the corresponding 3-(2-iodoethyl)benzofuran 3a(b) (2-CH,
7.49 ppm) and 2-(2-iodoethyl)benzofuran 5a(b) (3-CH, 6.45
ppm) in 70% isolated overall yield (entry 7), while HBr and HCl
performed better, leading to the corresponding benzofuran
adducts 3a and 3a(c) in 78% and 84% yields, respectively, and
higher regioselectivity (entries 8−9 and Scheme 2).15 HF and
TFA, however, appeared to be largely unreactive (entries 10−
11). Further evaluation of the preparation of 3a was carried out
using excess acid loading (entries 12−13), which led to an
optimum yield (89%) in the presence of 2.0 equiv of the acid.
Moreover, the same results were obtained when 1b was used as
the functionalized cyclobutanone source in the place of 1a
(entry 14). With the optimized reaction conditions in hand, we
next examined the substrate scope using a series of phenols 2a−

w. The results are summarized in Scheme 2. A reasonable
substituent tolerance in the phenols emerged, allowing access to
a variety of highly functionalized benzofurans with diverse ring-
substituent patterns. Phenols 2a−f, bearing m- or p-alkoxy
substituents, furnished the corresponding adducts 3a−f16 in
good chemical yields and high regioselectivity.
Similar results were achieved when reactions were carried out

with, m- or p-hydroxyphenols 2g−2h affording the 3-(2-
bromoethyl)benzofuran derivatives 3g−3h in 58−65% yield.
Good tolerance of alkyl substituents was also observed, allowing
the isolation of the adducts 3i−3k in satisfactory yields.
However, the reaction of 3,5-dimethyl- and 2,4-dimethylphenols
2l−2mwith 1a afforded the corresponding derivatives 3l−3m as
a mixture of regioisomeric benzofurans. When o-substituted
phenols 2s and 2twere employed in this reaction, compounds 3s
and 3twere afforded in only moderate yields (26 to 28%) after 4
days. Unsubstituted phenol 2n and β-naphthols 2o yielded
benzofuran 3n and the parent naphtho[1,2-b]furan 3o in good
yields. However, compound 3p was isolated in 32% yield. Also,
phenols bearing halogen atoms (m-Br 2q, m-Cl 2r) gave the
adducts 3q and 3r in moderate yields. In contrast, electron-
withdrawing groups, such as p-nitrophenol 2v or o-hydrox-
ybenzaldehyde 2w, failed to provide the corresponding 3-(2-
bromoethyl)benzofuran adducts, probably due to electronic
effects. In a further extension of this methodology, hydro-
quinone 2g, resorcinol 2h, and pyrocatechol 2x were reacted
with 2 equiv of 1a, and we isolated the related bis(2-
bromoethyl)-benzodifurans (Figure 2) in respective 40−57%
yields. Moreover, compound 6h and 6h′ were collected as a
70:30 mixture of regioisomers.
Moved by the large number of bioactive compounds that

might be accessible using this methodology,2−7 we set out to
explore the reactions of the 3-(2-bromoethyl)benzofurans 3b,
3g, and 3l with selected amines, as shown in Scheme 3. The

Scheme 1. Rational Design for the Synthesis of 3-Substituted
Benzofurans via a Brønsted Acid-Catalyzed Cascade
Reaction and ORTEP Representation of Compound 4a

Table 1. Initial Screening Studiesa

entry HA (equiv) solvent 3 yield %b 3/5 ratioc

1 TsOH (1) 30 (3aa) 15:1
2 TsOH (1) toluene 59 (3aa) 17:1
3 TsOH (1) CH2Cl2 57 (3aa) 17:1
4 TsOH (1) THF
5 TsOH (1) 1,4-dioxane
6 TsOH (1) EtOAc
7 HI (1)d toluene 70 (3ab) 3:1
8 HBr (1)e,f toluene 79 (3a) 20:1
9 HCl (1)g toluene 84 (3ac) 25:1
10 HF (1)h toluene n.d. (3ad)
11 TFA (1) toluene
12 HBr (1.5) toluene 82 (3a) 23:1
13 HBr (2) toluene 89 (3a) 27:1
14 HBr (2)i toluene 88 (3a) 25:1

aReactions were performed with 50 mg (0.2 mmol) of 1a, 2a (1.1
equiv), acid (0.2−0.4 mmol), solvent (1.0 mL), 16 h, 40 °C. bIsolated
yield after the flash chromatography. cA 3:5 ratio was determined by
GC−MS analysis. dHI (57% in water). eHBr (47% in water).
fReactions conducted in the presence of HBr (in AcOH) furnished
the adduct 3a in 18% yield. gHCl (37% in water). hHF (48% in
water). i1b was used as the substrate instead of 1a.

Organic Letters Letter

DOI: 10.1021/acs.orglett.8b03429
Org. Lett. XXXX, XXX, XXX−XXX

B

http://dx.doi.org/10.1021/acs.orglett.8b03429


reaction of compound 3gwith an ethanolic solution of ammonia
at 40 °C furnished the 5-HT3 serotonin receptor agonist 1-oxo-
5-hydroxytryptamine 817 in 88% yield.

In a third example, the reaction of 3l with 1-(biphenyl-2-
yl)piperazine18 in DMF afforded the SSRI-piperazine-like
bioactive compound 919 in 72% yield.
In summary, a new Brønsted acid mediated regioselective

cascade reaction has been established, allowing access to highly
substituted benzofurans from simple starting materials under
mild conditions. To the best of our knowledge, there are no
literature reports of the construction of a 3-(2-haloethyl)- or
other 3-functionalized benzofuran skeleton using a similar
strategy. This methodology can be expected to serve as a
practical tool for the synthesis and for the elaboration of libraries
of bioactive compounds. Future work will be dedicated to the
specific applications of the developed method for the total
synthesis of complex benzofuran-containing natural products.
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Scheme 2. Exploration of the Substrate Scopea,b,c,d,e,f

aReactions were performed with 0.2 mmol of 1a, 0.2 mmol of 2a, 0.4
mmol of acid, toluene (1.0 mL); b0.2 mmol of TsOH; cHBr (47% in
water), 40 °C; dHI (57% in water), 40 °C; eHCl (37% in water), 40
°C; fIsolated yield after flash chromatography are given. gO.Y. (overall
yield).

Figure 2. Synthesis of benzo[1,2-b;4,5-b′]difuran 6g, benzo[1,2-b;5,4-
b′]difuran 6h, and benzo[2,1-b;3,4-b′]difuran 6x.

Scheme 3. Synthesis of 5-MeO-BFE 7, 1-Oxo-5-
hydroxytryptamine 8, and Antidepressant-Like Piperazine
SSRI/5-HT1A 9
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