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Introduction

Protecting group manipulation is an essential and important
strategy to solve the chemoselectivity problem in modern
organic synthesis. A practical protecting group must tolerate
the following reaction conditions and be easy to assemble and
remove. Among various protecting groups of the ubiquitous
carbonyl group in organic molecules, 1,3-oxathiolanes are
unique for the following reasons. Firstly, they are more stable
than the O,0-acetal group under acidic conditions and much
easier to remove than an S,S-acetal group; secondly, they can
be used as an acyl anion equivalent for carbon-carbon bond
forming reactions;" finally, chiral 1,3-oxathiolanes can be used
for enantioselective synthesis of o-hydroxyaldehydes and
related compounds which has been well studied by Eliel and
others.” Although many methods have been developed for the
deprotection of acetals and 1,3-dithiolanes, there are only a
few efficient methods for the removal of 1,3-oxathiolanes.
Traditionally, 1,3-oxathiolanes can be removed using strong
Bronsted acids, Lewis acids and oxidants which are not compa-
tible with many useful and fragile functional groups and
seriously limit their applications in modern organic synthesis.®
Recently, Liu et al. reported an efficient LITMP promoted de-
protection of 1,3-oxathiolanes. However, the use of a strong
base inevitably subjects the substrates to various side reactions
and narrowing functional-group compatibility.* Therefore the
development of a mild and efficient method to remove this
kind of carbonyl protecting group is highly desirable.
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Eosin Y as a photocatalyst is disclosed. The deprotection procedure features the use of a metal-free cata-
lyst, mild conditions, a broad range of substrate scope, and good functional group tolerance. 35 examples
were tested under the standard conditions and most of them afforded the deprotected products in

Over the past few years, the application of visible light
induced photocatalysis has drawn increasing attention in syn-
thetic organic chemistry due to its unique reactivity, mild reac-
tion conditions and the natural abundance of visible light.
Importantly, several commercially available organic dyes such
as MesAcr’, Eosin Y and 4CzIPN, have been successfully
applied to photoredox reactions under metal-free conditions.®
A detailed literature search revealed that there are two prece-
dential reports regarding photo-catalyzed aerobic deprotection
of 1,3-oxathiolanes. The Fasani group firstly reported an
elegant photosensitive aerobic deprotection reaction of
2-methyl-2-tert-butyl-1,3-dithiolane under irradiation from a
high energy phosphor coated lamp using several common
photosensitizers as catalysts (Scheme 1b).” However, when 2-
tert-butyl 1,3-oxathiolane (R = H) was tested, the corresponding
2,2-dimethylpropanal was obtained in low yield (<20%). Lamb
and co-workers® reported that the 1,3-oxathiolane protecting
groups of aryl ketones could be removed by photoirradiation
using Rose Bengal as a photocatalyst in the presence of air.
Their method was still not effective for the deprotection of 1,3-
oxathiolanes prepared from aldehydes (Scheme 1b). Inspired
by the above reported results and our research interest in
visible light promoted organic transformations,’ we herein dis-
close a mild and efficient visible light-induced aerobic de-
protection of 1,3-oxathiolanes, providing the corresponding
aldehydes or ketones in modest to high yields.

Results and discussion

Initially, 2-(4-bromophenyl)-1,3-oxathiolane 1a was chosen as a
model substrate to screen the optimal deprotection conditions.
As shown in Table 1, the desired product 2a was obtained in
88% yield when the reaction was performed in acetonitrile
(MeCN) with Eosin Y as the photocatalyst (Table 1, entry 1).
Next, different photocatalysts were examined and it was found
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a. Traditional deprotection of 1,3-oxathiolanes

o
NG acids or oxidants )]\
R R' R R'
R = alkyl aryl

R' =alkyl, aryl or H
b. Previous light-promoted aerobic deprotection of 1,3-oxathiolanes

Fasani group (1997)

(o}
s 0 photocatalyst

—
>ﬁ< R MeCN,rt hv % R
phosphor coated lamp

R =Me, H R =Me, 95%
R=H, less than20%
Lamb group (2015)
S><0 Rose Bengal (5 mol%)
Ar R pH = 7.4, EtOH/H,0, hv  Ar R
R = alkyl compact fluorescent light
c. This work
/ \ (o}
OXS Eosin Y (3 mol%) JJ\
R R2 MeCN, rt, blue LEDs R! R2
; 1 2
R' = aryl, alkyl 35 substrates
R2 = H, alkyl up to 99% yield

B easy and convenient protocol M broad substrate scope
B mild and metal-free conditions B gram-scale

Scheme 1 Methods of deprotection of 1,3-oxathiolanes.

Table 1 Optimization of the deprotection reaction conditions?

/> photocatalyst (3 mol%) CHO
solvents rt, air
6 W blue LEDs Br

2a

Entry Photocatalyst Solvent Yield” [%]
1 Eosin Y MeCN 88 (80)°

2 Methylene blue MeCN 71

3 Acid red 87 MeCN 68

4 Rhodamine B MeCN 24

5 Ru(bpy),Cl, MeCN 70

6 Eosin Y Toluene 50

7 Eosin Y THF 78

“Reaction conditions: 1a (0.5 mmol, 1.0 equiv.) and the photocatalyst
(3 mol%) were added into the solvent (1.5 mL), and the mixture was
stirred in air at room temperature for 3 h under irradiation from a 6 W
blue LED lamp. °Yields determined by '"H NMR spectroscopy using
benzyl benzoate as an internal standard. “Isolated yield.

that Eosin Y showed the best reactivity (Table 1, entries 1-5).
The deprotection reaction could also proceed smoothly in the
presence of methylene blue, acid red 87 or Ru(bpy),Cl, as photo-
catalysts instead, albeit with somewhat lower efficiencies (Table 1,
entry 1 vs. entries 2, 3 and 5). It was found that Rhodamine B was
not an effective photocatalyst (Table 1, entry 4). Different solvents
were screened and acetonitrile turned out to be the best choice of
solvents compared with toluene and THF (Table 1, entry 1 vs.

This journal is © The Royal Society of Chemistry 2020

View Article Online

Paper

entries 6 and 7). Thus the optimal reaction conditions were as
follows: 3 mol% Eosin Y as the photocatalyst and acetonitrile as
the solvent (Table 1, entry 1, standard conditions).

With the optimal conditions in hand, the substrate scope of
the deprotection reaction was studied and the results are
shown in Table 2. 2-Aryl-1,3-oxathiolanes with electron with-
drawing or donating substituents at the para position of the
phenyl ring were initially screened under the standard con-
ditions (Table 2, 2a-2j). Generally speaking, the substrates
with electron donating groups at the para position of the
phenyl ring gave slightly higher yields of the corresponding
aldehydes (Table 2, 2f-2j) compared to those with electron
withdrawing groups at the same position (Table 2, 2a-2e). It
should be noted here that several common protecting groups
for phenols, such as OMOM, OAc and OTBS, were all tolerable
under the reaction conditions (Table 2, 2h-2j) which demon-
strated the mildness of our protocol. Additionally, substrates
with a substituent at the ortho position of the phenyl ring were
also explored to determine the steric effects of the de-
protection reaction (Table 2, 2k-2n). There were slight differ-
ences in the yields of the obtained aryl aldehydes with the
same substituents at the para, ortho or meta position of the
phenyl ring (Table 2, 2a vs. 2k; 2e vs. 21 vs. 2r) which indicated
that the steric hindrance did not affect the deprotection reac-
tion significantly. In fact, even the substrate with a bulky ortho-
substituted phenoxy group could undergo the deprotection
reaction smoothly to give the corresponding aldehyde in 90%
yield (Table 2, 2n). 2-Aryl-1,3-oxathiolanes with multiple substi-
tuents on the aryl ring also proved to be suitable substrates in
the deprotection reaction (Table 2, 20-2q). Both 2-(naphtha-
len-2-yl)-1,3-oxathiolane and  2-(4-bromothiophen-2-yl)-1,3-
oxathiolane underwent the deprotection reaction to give the
corresponding aryl aldehydes in 80% and 83% yields, respect-
ively (Table 2, 2s, 2t). A gram scale experiment of 1s under the
standard conditions gave aldehyde 2s in 90% yield which also
demonstrated the practical value of our protocol in fine chemi-
cal preparation. More significantly, 2-alkyl (or alkenyl)-1,3-
oxathiolanes could also participate in the deprotection reac-
tion to give the corresponding aldehydes in modest yields
(Table 2, 2u-2y). It should be noted that the TBDPS (Table 2,
2w) and Boc (Table 2, 2y) protecting groups of the substrates
remained unaltered during the reaction process which demon-
strated the selective deprotection potential of our method.
Further testing 2-aryl-2-methyl-1,3-oxathiolanes under the
standard conditions gave the corresponding acetophenones in
excellent to high yields which also demonstrated the generality
of our protocol (Table 2, 2aa-2af). 1,3-Oxathiolanes derived
from aliphatic ketones also proved to be suitable substrates for
this deprotection reaction (Table 2, 2ag-2aj). Notably, large ali-
phatic cyclic ketone 2ag and hindered ketone 2ai could be
obtained in high yields under the standard conditions starting
from the corresponding 1,3-oxathiolanes.

Several control experiments were conducted to gain a deep
insight into the possible mechanism (Scheme 2). As could be
seen, the photocatalyst, visible light-irradiation and air were
all indispensable for the deprotection reaction to proceed
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Table 2 Scope of the deprotection reaction?

OXS -Eosin ¥ (3 molk),
MeCN, rt R! R2
R' R?  pue LEDs, air
1 2
a.R!=aryl, alkyl; Rz = H
CHO : jCHO : :CHO
R” :: R Cl Cl
2a R =Br, 80% 2k R = Br, 80%; 20, 78%

2b R =Cl, 60% 21 R =NO,, 62%
2cR=F, 50% 2m R=CN, 62%
2d R=CO;Me, 82%  2n R = OPh, 90%
2e R = NO,, 68%

2f R =OMe, 90% Br

2g R = OBn, 88% O,N CHO o) CHO
2h R = OMOM, 53% < :@

2iR = OAc, 91% o Br
2j R = OTBS, 92%

2p, 66% 2q, 90%
O,N CHO CHO | S oo
Y
Br
2r, 74% 2s, 80% 2t,83%

1 g scale (4.7 mmol), 90%

CHO X _-CHO

2u, 59% 2v, 75% 2w, 57%
m BOCIO/
2x, 69% 2y, 36%

b.R! = aryl, aIkyI R? = alkyl

FealSsalice

2aa, 91% 2ab, 68% 2ac, 91%
(e} (o} o
NO,
2ad, 85% 2ae, 90% 2af, 92%
(o}
(o}
o
2ag, 99% 2ah, 79% 2ai, 94%
(o}
)k%
2aj, 98%

“Reaction conditions: 1 (0.5 mmol, 1.0 equiv.) and Eosin Y (3 mol%)
were added into MeCN (1.5 mL), and the mixture was stirred in air at
room temperature for 3 h under irradiation from a 6 W blue LED
lamp.

(Scheme 2, eqn (1)-(3)). Addition of TEMPO to the de-
protection reaction of 1s completely inhibited the process
(Scheme 2, eqn (4)), thus suggesting the involvement of key
radical intermediates along the reaction pathway.
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o blue LEDs
MeCN rt. air
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MeCN, rt. N, or argon g,
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0/
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Scheme 2 Control experiments.

a. Key intermediates in previous related mechanism studies
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n=1,2;X=8, O; R =alkyl, aryl, R" = alkyl

b. Our proposed reaction mechanism

RCHO
2
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Eosi%in Y /o

} sz

o T
o\o_

Scheme 3 Proposed mechanism.

Kamata et al. proposed that radical cations A-C (Scheme 3a,
n =1, 2; X = S) were involved in the reaction process when they
studied triphenylpyrylium salt photosensitized catalyzed SET
reactions of 1,3-dithianes and 1,3-dithiolanes in the presence
of molecular oxygen.'® Fasani et al. also mentioned the invol-
vement of the above three key intermediates (n =1, X =0, R =
‘Bu, R’ = Me) in their discussion about the possible mecha-
nism of photosensitized aerobic deprotection of 1,3-oxathio-
lanes.” Based on the above previous related mechanism
studies and the results of control experiments, a possible
mechanism of this reaction is shown in Scheme 3. Firstly, Eosin
Y is irradiated with blue LED light to generate the active species
Eosin Y* in its excited state. Then Eosin Y* was quenched with
the oxathiolane to give radical cation I and radical anion Eosin

This journal is © The Royal Society of Chemistry 2020
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Y. Eosin Y has strong reduction potential and reduces O, to
super O, and regenerates the photocatalyst Eosin Y. On the
other hand, intermediate I was subsequently transformed to
radical cation II which combined with O, to afford peroxide
III. Finally the fragmentation of peroxide III gave the corres-
ponding aldehyde. The final fragmentation step was not very
clear at this stage since no useful intermediate was captured
using a GC-MS analysis of the reaction mixture.

Experimental

General procedure for the deprotection reaction

1,3-Oxathiolane 1a (122 mg, 0.5 mmol) and Eosin Y (10 mg,
3 mol%) were added into MeCN (1.5 mL) in a 10 mL clear
Pyrex glass tube. The resulting mixture was stirred with a
Teflon-coated magnetic stir bar in air at room temperature for
3 h under visible-light irradiation generated from 6 W blue
LEDs. After completion of the reaction, the solvent was
removed under reduced pressure with a rotary evaporator and
the residue was purified by flash column chromatography on
silica gel to give the desired 4-bromobenzaldehyde (2a) as a
white solid (74 mg, 80%).

Conclusions

In summary, an efficient visible-light promoted aerobic de-
protection of 1,3-oxathiolanes was developed. Our method fea-
tured advantages such as mild conditions, good tolerance of
the functional group and easy performance which will expand
the application of the 1,3-oxathiolane protecting group in
organic synthesis.
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