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A visible light and base promoted O-H insertion/cyclization of para-quinone methides with aryl
diazoacetates is developed. This one-pot two step reaction offers a mild and efficient approach for the
synthesis of biologically important 2,3-dihydrobenzofuran derivatives in good yields and moderate
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2,3-Dihydrobenzofuran is one of the most important oxygen-
containing heterocycles, which can be frequently found in various
natural isolates and synthetic bioactive molecules [1]. As some
selected examples shown in Fig. 1, Abiesinol E was isolated from
the bark of Abies sachalinensis with remarkable anti-tumor
activities [2a]. Other 2,3-dihydrobenzofuran containing structures,
such as (+)-Obtusafuran exhibits anticarcinogenic and antifeedant
activities [2b], and Pterocarpan is found to show impressive
antiproliferative activities [2c]. Due to their broad spectra of
pharmaceutical applications, a great deal of efforts has been
devoted to the development of efficient methods towards the
synthesis of 2,3-dihydrobenzofurans over the past several years
[3]. Among the reactions reported, [4 + 1] cycloaddition of para-
quinone methides (p-QMs) [4] with a suitable C1 building block
has been witness as a reliable method for the construction of 2,3-
dihydrobenzofurans. In 2018, Yuan et al. disclosed a catalyst-free
synthesis of 2,3-dihydrobenzofuran derivatives via [4 + 1] cyclo-
addition of p-QMs with sulfur ylides [5]. Shortly after this
discovery, other commonly used C1 synthons, such as sulfonium
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salts [6], ammonium bromides [7] and a-halogenated carbonyl
compounds [8] were sequentially investigated to conduct such
valuable cycloaddition reactions. In addition, Waser group
demonstrated a [4+ 1] cycloaddition of para-quinone methides
with allenoates as C1 cycloaddition partner by using commercially
available chiral phosphine as catalyst [9]. Despite these elegant
progresses, further exploring of other C1 units for the synthesis of
biologically important 2,3-dihydrobenzofurans is still appealing
and highly desirable.

Visible light-promoted chemical transformation has attracted
much attentions in the past decade not only because it utilizes
visible-light or direct sun-light as green and sustainable energy
source, but also due to the fact that it can create unique reaction
manifolds in synthetic organic chemistry which are generally
difficult or unavailable to realize under traditional thermal
conditions [10]. Pioneering works disclosed by the group of
Jurberg and Davies [11], He and Zhou [12] revealed that aryl
diazoacetates could efficiently undergo photolysis to generate free
carbene species under blue LED irradiation. Compared with
classical transition metal-catalyzed carbene formation by using
a-diazocarbonyl compounds as carbene precursors [13], these
photochemical processes could be achieved without the need of
exogenous metal catalysts under very mild reaction conditions
[14]. The formed free carbene species has been successfully applied
to the synthesis of various useful products through X-H insertion
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Fig. 1. Bioactive compounds containing 2,3-dihydrobenzofuran moiety.

[15], cyclopropanation [16], rearrangement reaction [17] and
others [18]. Regarding to X-H insertion reactions [ 15], to the best of
our knowledge, the reported photochemical process mainly
limited to one-step carbene insertion to construct single C-N,
C-0 or C-Si bond (Scheme 1a).

Within the frame of our ongoing research interests in visible-
light-induced chemical transformations [19] and [4 + m]
cycloaddition reaction of p-QMs [4],4m], we envisage that ortho-
hydroxyphenyl-substituted p-QMs 1 might be suitable carbene
trapping reagents because of the suitable pKA of phenol and easy
formation of hydrogen bond between phenols and aryl diazo-
acetates [15d,15f]. As shown in Scheme 1b, upon visible light
irradiation, A would be formed through insertion reaction of
photogenerated carbene species into O—H bonds of 1. Then, an
intramolecular cyclization of A might occur with the assistance of
an appropriate base. This expected one-pot two step annulation
process could provide a green and efficient method to access 2,3-
dihydrobenzofurans 3. Herein, we would like to describe our
preliminary investigations on this study.

To test the feasibility of our design, we started our investigation
with the reaction of ortho-hydroxyphenyl-substituted p-QM 1a and
methyl 2-diazo-2-phenylacetate 2a as model substrates (Scheme
2).1Itis well known that diazo compounds can serve as 1,1’-dipolar
C1 synthons in various cycloaddition processes. However, the
desired 2,3-dihydrobenzofuran 3aa could not be obtained by direct
reacting of 1a and 2a in the presence of Cs,CO3 as base at room
temperature or 50 °C which might due to the steric effect (Scheme

(a) previous works: one-step carbene insertion
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Scheme 1. 2,3-Dihydrobenzofuran synthesis via one-pot visible light-promoted O-
H insertion/cyclization cascade.
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(a) direct [4+1]-cycloaddition under basic conditions
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Scheme 2. Initial investigation.

2a). In contrast, treatment of 1a and 2a in 1,4-dioxane under the
irradiation of 24 W blue LEDs for 12 h, followed by addition of
Cs,CO5 lead to the formation of 3aa in 73% yield over two steps with
1.2:1 diastereoselectivity (Scheme 2b). Note that, the two diaster-
eomers of 3aa were unambiguously confirmed by X-ray diffraction
analysis (CCDC: 2039981 and CCDC: 2039982). For detailed
condition optimizations, please see Supporting information.
Next, we turned our attention to investigate the substates scope
of this visible light and base promoted 2,3-dihydrobenzofuran
formation process (Scheme 3). Regarding to ortho-hydroxyphenyl-
substituted p-QMs components, both electron-donating groups
(e.g., -Me) and electron-withdrawing groups (e.g., -F, -Cl, -Br, -NO;)
can be successfully introduced to aryl ring of 1, affording the
corresponding heterocycles 3aa-ga in good yields with moderate
diastereoselectivities. Only one-step O—H insertion product was
isolated in 10% yield when methoxy substituted p-QM 1c was
involved. It was reported that hydrogen-bonding interaction
between the proton of phenols and carbonyl group of aryl
diazoacetates played an important role for O—H insertion reaction
[15d,15f]. The pKa value of para-methoxy phenol (10.21) showed
that this type of substrate had weaker acidic activity and low
reaction efficiency for O—H insertion. Moreover, a wide range of
substations on the different positions of phenyl ring of the diazo
compounds could be well tolerated, yielding the dihydrobenzo-
furans 3ab-3ag in synthetically useful to high yields with
moderate dr. To our delight, 3ad still could be isolated in 71%
yield when expand the reaction to 0.5mmol scale. It was
noteworthy that disubstituted aryl diazoacetate 2h was also
amenable substrate to give product 3ah in 73% yield with 1.2:1 dr.
Then, substituent modification of ester group in diazo compounds
was investigated. Replacement of methyl group in 2a with other
primary alkyl groups (3ai-ak, 3ao, 3ap), secondary alkyl group
(3al), cyclic alkyl groups (3am and 3an) were all proved to be
successful, providing the corresponding heterocycles in acceptable
results (42%-73% yields, 1:1-2.3:1 dr). It should be pointed out
that carbene cyclopropanation or cyclopropenation products were
not observed in the cases of substrates containing unsaturated
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Scheme 3. Reaction scopes. Reaction condition: 1 (0.4 mmol), 2 (0.1 mmol), Cs,CO3 (0.4 mmol), in 1,4-dioxane (2.0 mL), irradiation by 24 W blue LEDs at room temperature.
Isolated yield. ¢ Reaction was conducted with 0.5 mmol scale. ® Sodium bis(trimethylsilyl)amide (0.4 mmol) was used as base.

double or triple bonds. Some commonly used simple diazo
compounds, such as ethyl diazoacetate and 3-diazopentane-2,4-
dione are not suitable for this transformation. More significantly,
the synthetic potential of the method could be further highlighted
by successfully introducing some useful molecules, such citronel-
lol, cholesterol, oleyl alcohol and i-menthol, into the final
heterocycles (3aq-3at). It was found that tert-Bu group in
p-QMs 1 had significant effect on the reaction efficiency. Only
one-step O—H insertion product can be obtained when the two
tert-Bu groups were replaced by i-Pr groups.

To further demonstrate the synthetic utility of this reaction, some
follow-up chemistry was performed (Scheme 4). Treatment of one
single isomer of 3aa with LiAlH4 in THF provided the reductive
product 5 in 89% yield. In addition, a decarboxylative aromatization
of 3aa in NaOH/MeOH under reflux conditions afforded 2,3-diaryl
substituted benzofuran 6 in 53% isolated yield. Note that, further
functionalization of C-Br bond in final product 3fa was succeed by
using employing palladium catalyzed Suzuki cross-coupling and
Sonogashira cross-coupling as examples, affording the correspond-
ing products 6 and 7 with 86% and 82% yield, respectively.

Bu OH By OH
f ‘Bu
O Bu 0°C-rt,1h 3aa reflux, 2 h O
- aa PR
LiAlHg, THF  -minor NaOH, MeOH
S @8
Ph
o “CH,OH o
4,89% 5, 53%
Bu OH
Ph—= By
S 10 mol% PdCL,(PPh),  py,
A MO g 1o1% Cul, DMF, EN X
80°C, 10 h O Ph
o CO,Me
6, 86%
gy OH
PhB(OH), O 'Bu
) 1.0 mol% Pd(PPh),
3fa-minor
THF/H,O = 3:1 Ph
100°C, 12 h

‘ o CO,Me
7,82%

Scheme 4. Synthetic transformations.
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Scheme 5. Mechanism studies.

To better understanding of the reaction mechanism, some control
experiments were subsequently conducted. As shown in Scheme 5,
treatment of 1a and 2a under standard reaction conditions for 12 h
gavethe one-step O-H insertion product8in 81%isolated yield. Note
that, visible light irradiation was crucial for the formation of 8
(Scheme 5a). 8 could transfer to final 2,3-dihydrobenzofuran 3aain
87%yield by treating them with Cs,CO5 in 1,4-dioxane (Scheme 5b).

Based on above experiment results and literature reports, a
plausible reaction mechanism was proposed in Scheme 5c. Initially,
upon irradiation of aryl diazoacetate with blue LED generated carbene
species with the release of molecule nitrogen [14]. Then, insertion of
carbene species into O—H bond of 1a afforded product 8 [15]. Under
basic reaction conditions, deprotonation of 8 gave carbon anion
intermediate 9, which subsequently cyclized to produce 10. Finally,
protonation of 10 delivered final 2,3-dihydrobenzofuran 3aa.

In summary, we have developed a visible light and base
promoted O-H insertion/cyclization of para-quinone methides
with aryl diazoacetates. By using the strategy, a wide range of 2,3-
dihydrobenzofuran derivatives can be obtained in good yields and
moderate diastereoselectivities. More significantly, the successful
introduction of some useful complex structures into the 2,3-
dihydrobenzofuran heterocycles and synthetic transformation of
the final products further renders this approach attractive and
valuable. The further discovery of new visible light-promoted
carbene transfer reactions is currently underway in our laboratory.
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