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Abstract: A tert-butyl
radical cyclization of 1-(allyloxy)-2-(1-
arylvinyl)benzenes  with sulfinic acids for the
construction of sulfonated benzoxepines is developed.
This reaction involves a radical pathway and offers a
straightforward route to the formation of seven-
membered ring via sulfonylation/cyclization process.
This methodology features mild reaction conditions, a
broad substrate scope and good functional group
tolerance.

hydroperoxide-initiated

Keywords:; radical reactions, cyclization, oxygen
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Benzoxepine deriatives, as one of the important
classes of oxygen-containing heterocycles, have been
widely found in many natural compounds and
synthetic bioactive molecules (Scheme 1a), which
display diverse chemical and biological activities
such as anti-inflammatory, antiproliferative and
antifungal.®!  Therefore, the establishment of
straightforward synthetic strategies to construct
structurally important benzoxepine scaffolds has
received substantial attention. In the past decade,
transition-metal-catalyzed transformations for the
synthesis of benzoxepine skeletons have become
attractive strategies.’>®! Among the selected elegant
examples, Dong and co-workers reported a Rh-
catalyzed intramolecular olefin hydroacylation to
yield benzoxepine deriatives in 2009.12°! Then, Chan
et al developed an Au-catalyzed intramolecular
cyclization of 2-(prop-2-ynyloxy)benzaldehydes to
form various benzoxepines.”! In addition, Gulias

group employed a Rh-catalyzed (5+2) cycloaddition
of o-vinylphenols with alkynes, providing an efficient
and practical route to a range of benzoxepines.B? It
should be noted that Lautens and co-workers
described a Pd-catalyzed sequential alkylation-
alkenylation reactions for the synthesis of 2-
substituted-4-benzoxepines.B®¥ Very recently, many
groups, for example, Jiang,[*d Meng,“s] Heo,“d and
Reddy, ! have established efficient protocols for the
construction of benzoxepine deriatives under
transition-metal-free  conditions.  Although thes:
advances have been achieved, the exploration of an
efficient and ecofriendly approach to this biologically
important class of seven membered cyclic ethers is
still in demand.

It is known that organosulfone compounds are
important synthetic intermediates in organic and
medicinal chemistry.! Therefore, the development of
green, efficient, and straightforward protocols to
access sulfone-containing compounds has aroused the
interest of chemists and pharmacologists.® Sulfinic
acids are versatile, relatively stable, easily accessible,

a) The prevalence in bioactive compounds

o} O  OH OH
= Cl
/o) Me O (0} Ph O

pterulone IV ptaeroxylin radulanin A

b) this work:
2 2
R R o /R
B 0O TBHP, NayHPO, N =\ S
R'T P + R-s ———————— gt o
\
X/\% oH CH3NO,, 100 °C Z N R3
R3
X = NTs, O 29 examples

up to 98% yield

This article is protected by copyright. All rights reserved.


mailto:zhounn@ahnu.edu.cn

Advanced Synthesis & Catalysis

Scheme 1. a) Examples of biologically active compounds
containing benzoxepine scaffold; b) Our work concept.

Table 1. Optimization of reaction conditions.[

Ph 0 Ph
@i& . /@/S\OH Oxidant, base C{?—/TS
0/\/ Me Solvent, t [°C] 0
1a 2a 3aa
Entry  Oxidant Base Solvent el 22/13:3
1 TBHP CH3CN 80 63
2 DTBP CH3CN 80 37
3 TBPB CHsCN 80 43
4 K2S208 CH3CN 80 21
50l TBHP CH3CN 80 63
6 TBHP DCM 80 60
7 TBHP DMF 80 trace
8 TBHP DMSO 80 43
9 TBHP CH3NO:2 80 70
10 TBHP . tert- 80 5
Butanol
11 TBHP NaOAc CHsNO:2 80 24
12 TBHP K2CO3 CHsNO:2 80 trace
13 TBHP Na2HPO4 CHsNO2 80 80
14 TBHP Pyridine CH3NO: 80 45
150 TBHP Na2HPO4 CH3NO:2 80 87
160 TBHP Na2HPO4 CHsNO:2 70 78
17 TBHP NazHPO4 CH3NO:2 90 84
18 TBHP NazHPO4 CH3NO:2 100 93
19M TBHP Na2HPO4 CHsNO:2 110 82
200 TBHP Na2HPO4 CHsNO:2 100 43
2101 TBHP NazHPO4 CHsNO2 100 45
220dd TBHP Na2HPO4 CHsNO:2 100 74
23M@h TBHP Na2HPO4 CHsNO:2 100 92
24141 TBHP NazHPO4 CHsNO2 100 75
25041 TBHP NazHPO4 CHsNO2 100 91

[l Reaction condition: 1a (0.1 mmol), 2a (0.2 mmol), base
(0.2 mmol), TBHP (70% in water, 0.3 mmol), solvent (1
mL), under Ar for 24 h.

ol [solated yield.

[©I TBHP (5-6 M in decane).

[d 2a (0.25 mmol).

¢12a (0.1 mmol).

[ Under air.

I TBHP (70% in water, 0.2 mmol).

(M TBHP (70% in water, 0.4 mmol).

[1Na;HPO, (0.15 mmol).

i1 Na;HPO4 (0.25 mmol).

and numerous efforts have been devoted to the high-
efficiency construction of organosulfones by using
sulfinic acids as sulfonylation agents.[’! To date, the
incorporation of a sulfonyl group into the
benzoxepine skeleton through a radical-mediated
cascade reaction was rarely scarce. With our
continuing interest in the synthesis and application of

10.1002/adsc.202100466

sulfone-containing organic compound,® herein, we
wish to report a tert-butyl hydroperoxide (TBHP)
initiated radical cascade sulfonylation/cyclization of
1-(allyloxy)-2-(1-arylvinyl)benzenes with sulfinic
acids for the synthesis of sulfonated benzoxepines
(Scheme 1b).

Initially, we chose 1-(allyloxy)-2-(1-
phenylvinyl)benzene 1a and p-tolylsulfinic acid 2a as
model substrates to identify the optimal reaction
conditions. When 3.0 equiv of TBHP (70% in
water) was chosen as the oxidant with CHsCN as the
solvent, the expected (R)-5-phenyl-3-(tosylmethyl)-
2,3-dihydrobenzo[b]oxepine 3aa was obtained in
63% vyield at 80 °C under argon (entry 1).
Encouraged by this result, other peroxides such as di-
tert-butylperoxide (DTBP), tert-butyl peroxybenzoate
(TBPB), K2S,0s and TBHP in decane were examined,
and no better results were observed (entries 2-5).
Subsequently, a series of solvents such as DCM,
DMF, DMSO, CHs3:NO; and tert-Butanol were
explored, and CH3NO; was found to be the most
efficient one (entries 6-10, see Supporting
Information for details). To further improve the yield
of this reaction, different bases were examined, of
which Na;HPO, provided the highest yield (entries
11-14). In addition, when 2.5 equiv of 2a was added
in this reaction, 3aa was observed in 87% yield (entry
15). Besides, various the reaction temperature were
also screened, and the desired product 3aa was
obtained in 93% vyield at 100 °C (entries 16-19).
When 1 equiv of 2a was used in this reaction, 3aa
was observed in 23% vyield (entry 20). Lower yield
was obtained when the reaction was run in air (entry
21). The vyield was decreased when the amount of
TBHP and Na,HPO, were reduced (entries 22 and 24),
while the yield was not significantly improved when
the amount of TBHP and Na,HPO, were increased
(entries 23 and 25).

With the optimized conditions in hand, we then
studied the scope of the reaction with various 1-
(allyloxy)-2-(1-arylvinyl)benzenes, as shown in Table
2. First, we examined the substitution pattern on the
aromatic ring of the phenol moiety. Both electron-
donating (Me, MeOQ) and electron-withdrawing (Br)
groups at the 5 position of phenyl ring provided the
desired sulfonated benzoxepines 3ba-3da in 69-75%
yields. The halide substituents (F, CI, Br) at the 4
position of the phenyl ring proceeded smoothly and
gave the corresponding products 3ea-3ga in 64-74%
yields. The structure of 3ga was confirmed by single-
crystal X-ray analysis (Figure 1). P Furthermore,
substrate bearing disubstituted tert-butyl group was
viable in the transformation, producing 3ha in 51%
yield. It should be noted that 2-(allyloxy)-1-(1-
phenylvinyl)naphthalene 1i was also tolerated under
this reaction conditions, delivering the desired
product 3ia in 88% vyield. Subsequently, we

2
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investigated the effect of substituents on the benzene
ring tethered alkene. The functional groups such as p-
Me, p-Br, m- Me, and 0-Me on the phenyl ring gave
the corresponding products 3ja-3na in 53-81% vyields.

Table2. Scope of 1-(allyloxy)-2-(1-arylvinyl)benzenes b

@@

X= NTs o R3

R2
TBHP (3 equiv)

_ NaHPO,25equiv) ™ = TS
R
CH3NO,, 100 °C NS R

3

Ph Ph P Ph
TS m_;s m_;s - T
Me MeO’ °

3ca, 73%

3da, 69%
Me

c@ﬁ@%

Bu =\ /¢
R=F, 3ea, 71%
R = Cl, 3fa, 64% 3ha, 51% 3ia, 88% o

R Br, 3ga, 74% 3ja, 74%

O . Ts
3Ia 53%

3aa, 93% (85%)° 3ba, 75%

(o]

3na, 69%
Ph

Ph o S Me - Ts
= Ts
N
o) Me 0 !

3ka 81% 3ma, 68%

Ts

30a, 98% 3pa, 53% 3qa, 0% 3ra, 87%

[ Reaction condition: 1 (0.1 mmol), 2a (0.25 mmol),
Na;HPO, (0.2 mmol), TBHP (0.3 mmol), CH3NO; (1 mL),
under Ar at 100 °C for 24 h.’ Isolated yield. ¢1a (5 mmol)
was used, and the corresponding product 3aa was obtained
in 1.65 g.

Additionally, substrate 1 with a methyl group on the
alkene could also undergo the tandem reaction to
generate the desired product 3o0a in 98% vyield.
Furthermore, when R? is a thienyl group, the desired
product 3pa was isolated in 53% yield. Unfortunately,
when R? is a methyl group, no desired product 3ga
was obtained probably due to the unstable benzyl
radical intermediate. It was found that N-allyl-4-
methyl-N-(2-(1-phenylvinyl)phenyl)benzenesulf-
onamide 1r could react with 4-methylbenzenesulfinic
acid 2a under the standard conditions to give the
desired product 3ra in 87% vyield.

, &
\1‘%7# L
/k’-z[w o

%ure 1 The X-ray structure of 3ga (thermal ellipsoids
are shown with 30% probability).

Next, the reaction of 1-(allyloxy)-2-(1-
phenylvinyl)benzene 1a with a wide range of sulfinic
acids 2 were examined, as shown in Table 3.

Tagn
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Arylsulfinic acids bearing either electron-donating
(MeO) or electron-withdrawing (F, Cl, Br) groups at
the para-position of the aromatic ring underwent this
transformation smoothly, and the desired products
3ab-3ae were obtained in 75-98% yields. Halide

Table3. Substrate scope of sulfinic acids P

R
05/
P =\ S,
* R-§ °
_ 3
o OH °

1a 2 3

OMe F <! Br
Ph Ph
W O a0 om0 O
Oy, Ox, = ~S. = =S,
o]
O O o

3ad, 85% 3ae, 81%
NO,

Ph Br

o Ph Ph Ph
=\ S [oN [oN o
~o =\ S, Br =\ s S
&)
) (&) o)

3af, 94%

"
= O\\S
~o
O

3aj, 74%
[l Reaction condition: 1a (0.1 mmol), 2 (0.25 mmol),
NaHPO, (0.2 mmol), TBHP (0.3 mmol), CH3NO; (1 mL),
under Ar at 100 °C for 24 h. Isolated yield.

TBHP (3 equiv)
Na,HPO, (2.5 equiv)

CH,NO,, 100 °C

3ab, 75% 3ac, 98%

3ag, 79% 3ah, 86% 3ai, 83%

Ph 0 B [o) )>
Ph —/ N
% O\\> @6\)_,5\\0
=\ S = S.
~o o
i >4 [ :[ > o
o o

3ak, 84% 3al, 75% 3am, 68%

substituents such as Br at the 2 or 3 positions of the
phenyl rings afforded the desired products 3af and
3ag in 94% and 79% yields, respectively,
Benzenesulfinic acid also proved to be a viable
substrate and gave the desired product 3ah in 86%
yield. In addition, the arylsulfinic acid with a strong
electron withdrawing group such as NO; substituent
at the para position produced 3ai in 83% vyield.
Moreover, naphthalene-1-sulfinic acid and
naphthalene-2-sulfinic acid were good sulfonating
agents, providing 3aj and 3ak in 74% and 84% vyields,
respectively. Furthermore, thiophene-2-sulfinic acid
was also compatible with this conversion to give the
corresponding desired product 3al in 75% vyield.
Remarkably, the aliphatic sulfinic acid, such as
cyclopropanesulfinic acid, was also suitable for this
conversion, rendering the desired product 3am in
68% yield.

To understand the reaction mechanism, a radical
trapping experiment was conducted as shown in
Scheme 2. When a radical scavenger such as TEMPO
(3.0 equiv) was added to the reaction, the reaction
was completely inhibited and the TEMPO-Ts adduct
4 was detected by HRMS-ESI. This result suggested
that a radical processe might be involved in this
transformation.
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Ph
O  TEMPO (3 equiv)
+ Me4©78
o/\/ OH standard conditions
1a 2a

Scheme 2 Control experiment.

==

3aa, 0% 4, detect by HRMS

Based on the above results and previous reports,
a possible reaction mechanism was proposed as
shown in Scheme 3. Initially, sulfinic acid 2 reacts
with TBHP resulted in the formation of the sulfonyl
radical 1. Then radical |1 chemoselective adds to the
C=C bond to afford the intermediate II, which
undergoes intramolecular cyclization to give the
benzyl radical intermediate I111. Finally, intermediate
11 undergoes oxidation to produce the cation 1V,
which affords the desired product 3 via deprotonation.

0 t BUOOH &£ @i\/ ©f§
O/\/\

2 £BUOH + HZO ' J

Scheme 3. Proposed mechanism.

In summary, we have successfully developed a
protocol for access to various sulfonated
benzoxepines via a tert-butyl hydroperoxide-
mediated sulfonylation/cyclization process of various
1-(allyloxy)-2-(1-arylvinyl)benzenes with sulfinic
acids. This protocol featured with wide substrate
scope and mild reaction conditions, providing a
general approach toward sulfonated benzoxepines.
Further studies on the application of 1-(allyloxy)-2-
(1-arylvinyl)ben-zenes are underway in our
laboratory.

Experimental Section

General Procedure for Synthesis of Products 3:

An oven-dried Schlenk tube (10 mL) was equipped
with a magnetic stir bar, 1 (0.1 mmol), sulfinic acids
2 (2.5 equiv, 0.25 mmol), Na;HPO4 (2 equiv, 0.2
mmol). The flask was evacuated and backfilled with
Ar for 3 times. Then 1 mL CHs;NO; was added
followed by TBHP (3 equiv, 0.3 mmol). The tube
was then sealed and the mixture was stirred for 24 h
at 100 °C under Argon (1 atm). After the reaction was
finished, the organic solvent was removed under the

10.1002/adsc.202100466

reduced pressure. The residue was purified by
column chromatography (petroleum ether/ethyl
acetate, 5:1) to afford the desired products 3.
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