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Abstract. A first visible-light photoredox-catalyzed
thioacetalization of aldehydes under metal-free and solvent-
free conditions is described. Under blue LED irradiation, a
reactive thiyl radical was initially generated through single-
electron oxidation of thiol, which subsequently reacted with
aldehydes to afford dithioacetals following a radical
mechanism. The reaction proceeded under ambient

conditions, and a wide range of acyclic and cyclic
dithioacetal derivatives were afforded in good to excellent
yields.

Keywords: Thioacetalization; Radical reaction;
Photocatalyst; Aldehyde; Thiol

Introduction

Organosulfur compounds are important molecules
used for major structural diversification in drug
discovery,™  pharmaceuticals,’”? and  material
science.®l These sulfur-containing precursors are
used as key intermediates in total synthesis of natural
products™ and diverse synthetic modifications.®! In
particular, dithioacetals act as the prominent
protecting group for carbonyl moieties of aldehydes
or ketones; they also function as equivalent acyl
anions for specific chemical transformations.!®
Dithioacetals have been used as precursors in
fluorination,t@ hydrogenolysis,[™ alkylation,*9 and
olefination’®. Recently, dithioacetals were also
utilized in C-H or C-S bond activation,®®!
hydrodesulfurization,®! autoxidation,’® and dynamic
library access of dithioacetals.'® Various synthetic
approaches, including metal-catalyzed reactions,™*"
Brgnsted or Lewis acid-mediated reactions,*? solid-
supported-linkert3  or resin-bounded-solid-phase
reactions,[*®] and HBA-UV irradiation reactions,™*
can be wused for thioacetalization of aldehydes
(Scheme 1a); however, these methods can often be
toxic and hazardous, have limited substrate scope and
side-product-—related issues, and require harsh
reaction conditions. Therefore, establishing a facile
methodology for thioacetalization of aldehydes
remains challenging and requires further development.
Moreover, visible-light—promoted photoredox
catalysis has recently received considerable attention
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Scheme 1. Reaction design, activation, and pathways

because of its mildness and high functional group
tolerance in  the development of organic
methodologies.* It acts as a single-electron transfer
(SET) system that prevents undesired reaction
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pathways, to accomplish simple and clean organic
transformation processes,*®! and its homogenous
nature increases the catalyst efficiency with the
lowest catalyst loading in the reaction system.

Visible-light—driven reactions have emerged as
versatile methods for C-S bond formation.l*” Lei et
al.l'® developed visible-light-promoted acetalization
of aldehydes with alcohols through the photoacid-
mediated nucleophilic addition pathway (Scheme 1b).
We envisioned that photoredox catalysis with
uniform blue light penetration may activate thiol
through SET to enable radical addition on
aldehyde™ to access dithioacetals. As part of our
ongoing progress in the field of C-S bond coupling
reaction,? herein we report an environment friendly
thioacetalization of aldehydes with thiols through
visible-light-driven eosin Y-catalyzed C-S bond
formation at ambient temperature under metal-free
and solvent-free conditions (Scheme 1c).

Results and Discussion

For optimization, benzaldehyde (1a) and 1-
dodecanethiol (2a) were selected as model substrates
under solvent-free conditions, and the reaction was
initially carried out using 3.0 mol% photoredox
catalysts Ir(ppy)s and Ru(bpy)sCl, with 10-W blue
LEDs, which provided the desired product
dithioacetal, 3a, in 58% and 73% yields, respectively
(Table 1, entries 1 and 2). Notably, when 0.1 mol%
eosin Y was employed as an organic photocatalyst,
the product was obtained in 99% yield (Table 1, entry
3). Other organo photocatalysts, such as eosin B, rose
bengal, Acr-Mes*ClO,~, and methylene blue, were
also screened (Table 1, entries 4-7); nevertheless,
eosin 'Y is the best among those organo
photocatalysts for thioacetalization of benzaldehyde
(Table 1, entry 3).

To study the substrate scope for this notable
metal-free, visible-light photoredox-catalyzed
thioacetalization, various aldehydes la-u were
employed for the reaction with thiol 2a under
optimized reaction conditions (Table 2). 2-
Bromobenzaldehyde  or  4-bromobenzaldehyde
afforded dithioacetals 3b and 3c in 85% vyield.
Similarly, 2-chlorobenzaldehyde or 3-
chlorobenzaldehyde afforded 3d and 3e in 81% vyield.
Electron-rich aldehydes, such as 2-
methoxybenzaldehyde or 4-methoxybenzaldehyde,
were superior to other aldehydes and afforded
dithioacetals 3f and 3g in 96% vyield. Different
tolualdehydes reacted well under the optimized
reaction conditions to provide the resulting
dithioacetals 3h—j in 76%-99% yields. Electron-
deficient aldehydes, namely 2-nitrobenzaldehyde, 3-
nitrobenzaldehyde, and 4-nitrobenzaldehyde, also
reacted well with thiol 2a to provide the products 3k—
m in relatively good vyields (52%-78%). 3-
Formylbenzonitrile also tolerated the reaction
conditions well and afforded the product 3n in 73%
yield. Salicylaldehyde reacted well with 2a to provide

10.1002/adsc.201800999

Table 1. Optimization of reaction conditionst®

Ir(ppy)s Ru(bpy);Cl,

O

o
Dy
Br. l l Br
HO O OH
Br Br

EosinY

Methylene Blue

Eosin B (R = Br, R'=NO,, R = H)
Rose Bengal (R=R"'=1,R? = Cl)

Acr-Mes

T
QCHO + CypHpsSH ————— >
10 W blue LEDs SC1zHys
1a 2a Nz, 12 h, 1t 3a

Entry Photocatalyst Yield of 3a™
1 3 mol% Ir(ppy)s 58
2(c] 3 mol% Ru(bpy)sCl. 73
3 0.1 mol% Eosin Y 99
4 0.1 mol% Eosin B 95
5 0.1 mol% Rose Bengal 48

6 0.1 mol% Acr-Mes*CIO4 65
7 0.1 mol% Methylene blue 75

l{IReaction conditions: 1a (1.0 mmol), 2a (2.2 mmol),
photocatalyst (3 mol% for entries 1 and 2 and 0.1 mol%
for entries 3-7), 10-W blue LEDs. Plisolated vyields.
[CIReaction carried out with 1a (0.5 mmol) and 2a (1.2
mmol).

30 in 99% vyield. 3,5-Disubstituted and 2,3,5-
trisubstituted benzaldehydes reacted smoothly with
2a and the corresponding products 3p and 3q were
obtained in 95% and 74% yields, respectively.
Heteroaldehydes were also found to be compatible
with the optimized reaction conditions, delivering the
products 3r and 3s in 77% and 98% vyields,
respectively. Other aldehydes, such as 1-
naphthaldehyde and cinnamaldehyde, reacted with 2a
and provided the products 3t and 3u in 99% and 71%
yields, respectively.

Next, we screened different thiols 2b-d for
thioacetalization with different aldehydes under
optimized reaction conditions (Table 3). We began
our studies with the reaction of cyclohexanethiol (2b)
with  benzaldehyde, 2-tolualdehyde, and 4-
methoxybenzaldehyde under identical reaction
conditions, which provided the corresponding
dithioacetals 4a-c in quantitative yields. 2-
Butanethiol (2c) also reacted well with benzaldehyde
to afford the desired product 4d in 99% yield.
However, thiophenol (2d) on reaction with 4-
methoxybenzaldehyde could only provide the desired
product 4e in 30% yield.
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Table 2. Scope of aldehydes with 2al?

i Eosin Y (0.1 mol%) SCazHas
+ Cq5H5SH
R1” 'H 127728 10 W blue LEDs SCizHzs
1a-u 2a Ny, 12 h, rt (3a-u)l!
SCyaHaps SCi2Hzs SCyzHzs SC12Hzs
(j/kscﬂn25 ©\)\sc1szs /©)\SC12H25 ©\)\SCHH25
Br
3a, 99% 3b, 85% 3¢, 85% 3d, 81%
SC12Hz5 SCy Hys SC12Hzs SC12Hys
¢ SC12Hys @ﬁ\SCqus /©/ksc1zH25 E:(ksanzs
CH,
3e, 81% 3f, 96% 39, 96% 3h, 99%
SCyzHps SCyzHzs SCizHzs SCqzHys

SCqzH2s /©/ksc12H25 @5012H25
NO,

3j, 88% 3k, 78%

@J\scqus

3i, 76% 31,71%

1ZH25

SC12Hz5
SCyHys dsc1szs

3n, 73% 30, 99%

12H25

3m, 52%

Q

Ci2Hzs SCyzHzs

@*scums

OMe 3p 95%

12H25

SCyzHzs [)/(
H SC12Hzs5

3r, 77%

il

39, 74%

c12HZSS sc12H25

SCyzHzs

©/\ASCMH25
3u, 71%

l{Reaction conditions: 1 (1.0 mmol), 2 (2.2 mmol), eosin Y
(0.1 mol%), 10-W blue LEDs. Msolated yields.

SC1ZH25

et

\ /" “SCypHys

3s, 98% 3t, 99%

Next, dithiols 2e and 2f were tested for
thioacetalization with different aldehydes under
optimized reaction conditions. They provided the
cyclic dithioacetal products 5a-5d in 35%-81%
yields (Table 4). However, alkyl aldehydes do not
work well in the present system; for example, when
butyraldehyde and thiophenol were exposed to the
standard reaction conditions, no product was detected.
On the other hand, only a trace amount of product
was observed when the reaction was performed by
using butyraldenyde and cyclohexanethiol as the
starting materials.

We also investigated the reaction efficiency
at a larger scale by conducting a 10-g scale
reaction between la and 2a in the presence of 0.1
mol% eosin Y under standard reaction conditions.
The desired product 3a was obtained in excellent

yield (Scheme 2).
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Table 3. Scope of various thiols with aromatic aldehydes!®

R3QCH0 + R-SH
2b-d

2
1 R

S—-R

R3
10 W blue LEDs S—R

2
Ny, 12 h, rt R
2 (4a-e)!

Cy
.C - _C
Y s . sCY
_Cy
c c
@/ks/ y ©\/l\s Q/Ls/ y
Me MeO

4a, 99% 4b, 99% 4c, 99%

Eosin Y (0.1 mol%)

s)\/Me s,Ph

_Ph
s s
e ~Me MeO

o
4d, 99% 4e, 30%

l{IReaction conditions: 1 (1.0 mmol), 2 (2.2 mmol), eosin ¥
(0.1 mol%), 10-W blue LEDs. Mlisolated yields.

Table 4. Synthesis of cyclic dithioacetals 5[]

o : o S’}
J\ . HS/\ﬁ)n Eosin Y (0.1 mol%) /k )n
R “H R1”TS
1 SH 10 W blue LEDs
n=0,1 Ny, 12 h, it 5a-d
2e-f
[ ji ' ©)\/j @[k ©/\/LS
5d, 35%
53, 81% 5b 350/0 5C, 59%,

l{IReaction conditions: 1 (1.0 mmol), 2 (1.1 mmol), eosin Y
(0.1 mol%), 10-W blue LEDs. Plisolated yields.

Eosin Y (0.1 mol%) SCy2Hs
o - con O
10 W blue LEDs SCogHas
1a,10.576 g 2a ' \Nz, 12 h, rt 3a
(1 equiv) (22 equiv) 49.06 g, 99.8% yield

[10 Gram scale]

Scheme 2. Ten-gram scale synthesis of dithioacetal

To propose a plausible reaction mechanism of
this visible-light photoredox-catalyzed
thioacetalization, various control experiments were
performed (Scheme 3). In the absence of blue-light
irradiation, 3a was not formed. Therefore, light
radiation is necessary to carry out this transformation
(Scheme 3a). In the presence of one equivalent of the
radical inhibitor TEMPO, the reaction failed to
deliver the product 4a, indicating that the reaction
proceeds through a radical pathway (Scheme 3b).
This experiment also ruled out the hypothesis of a
photoacid-mediated pathway and acid-catalyzed
pathway (released from the oxidation of thiol to a
thiyl radical). In addition, on reaction with thiol 2g
under standard reaction conditions in the presence of
TEMPO, the thiyl radical adduct, 1-
((isobutylthio)oxy)-2,2,6,6-tetramethyl piperidine 6,
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was formed, which was detected through GC-MS
(Scheme 3c). Moreover, 1la remained intact, without
any reaction in the absence of thiol, thus indicating
that only a thiyl radical from thiol triggered the
aldehyde (Scheme 3d). To understand disulfide
participation, a crossover experiment between la and
2g was conducted in the presence of n-butyl disulfide
under standard reaction conditions. Subsequently,
crossover products were carried out. This result
demonstrates that disulfide may also participate in
this transformation (Scheme 3e). In an open-air
atmosphere, 7 was obtained in 49% vyield, whereas in
an O; atmosphere, 7 did not form. These results
implied that a nitrogen atmosphere is essential for
this transformation (Schemes 3f and 3g). These
reaction mechanisms were studied further through
EPR experiments (see SI).

a)

Eosin Y (0.1 mol%) SCizHos
@—cm + CpHggSH ————————>
2 Ny, 12 h, rt SCqoHys
a
1a, 1.0 mmol In absence of 3a (0%)

2.2 equiv light irradiation

b,
) s
Eosin Y (0.1 mol%) _Cy N
QCHO + CySH _— > S

26 10 W blue LEDs 09
) TEMPO (1 equiv) 4a (0%) sCy
1a,1.0 | .
mmol 2.2 equiv Np, 12 h, 1t, Zﬁtgcéz_eﬂcj’s
) i Me
Me Eosin Y (0.1 mol%)
SH > Me)\/SNO/N
Me’ 10 W blue LEDs 6
2g TEMPO (1 equiv) detected by GC-MS
N, 12 h, 1t

d,
) Eosin Y (0.1 mol%)

—— > NoRxn

10 W blue LEDs

o

1a, 1.0 mmol N, 12 h, rt
Me_ Me
e) j/ Me
o
Me
oo wlm ke 2,
Eosin Y (0.1 mol%) 7 Me
+ 59
1a,1.0mmol *+ (5, 23% %
( eq“"’) 10 W blue LEDs 5 e
AN Np, 12 h, it
Me S 2, )
e
TN 219%  (GC Yield)
(1.1 equiv)
f) s Me
Me Eosin Y (0.1 mol%) g Me
CHO + SH —————— >
i:: Me)\/ 10 W blue LEDs 7 H/Me
1a, 1.0 mmol 29 12 h, rt, Open air 49%) W
2.2 equiv GC Yield

9)

Eosin Y (O 1 mol%)

Me
< >—CHO + SH ©)\
Me)v " Jow blue LEDs H/Me

2g 12 h, rt, O, (ballon) (0%)

1a, 1.0 mmol .
2.2 equiv

Scheme 3. Control experiments

On the basis of recent literaturel*®*? and the
results of the aforementioned control experiments, we
propose a plausible mechanism for this
transformation as follows: Thiol 2 initially interacts

10.1002/adsc.201800999

with the excited organophotocatalyst 11 and
undergoes a single-electron oxidation process to form
species 1V. The generated thiyl radical 1Va reacts
with 1 to form an intermediate V. Thiol 2 further
reacts with V, which delivers a thiyl radical and Va.
Va subsequently affords Vb after the elimination of
its water molecule. The thiyl radical then reacts with
Vb to afford VI. VI then favors a single-electron

reduction process from the reduced
organophotocatalyst 111, leading to the formation of
the dithioacetal product 3 (Scheme 4).
) [EYI\ RSSR
f' T _—R >
(blue LEDs) Photoredox SET RSH _,. -
catalysis v IVa
[EX] [EY] R'CHO
SET .
EY = Eosin Y \ o
< s R'-C-SR
RS SR ]
X H
R' H \
\'/]
_R
S RSH
R1J\s’R 2
3

Scheme 4. Plausible mechanism

Conclusion

In summary, a mild and efficient protocol for
thioacetalization of aldehydes using a visible-light—
promoted metal-free photoredox catalyst under
solvent-free conditions has been developed. A wide
range of aldehydes containing  aromatic,
heteroaromatic, and a,B-unsaturated aromatic rings
are all well tolerated under the reaction conditions
employed. The protocol provides the expedient
synthesis of cyclic dithioacetal derivatives with five-
or six-membered rings. The reaction is amenable to a
10-g scale synthesis. The control experimental studies
validated the insight of the reaction mechanism. The
eminent features of the present protocol include the
simple and convenient operation, ecofriendliness, low
catalyst loading, high functional group tolerance, ease
of scalability, and practicality.

Experimental Section

General information:

Merck silica gel 60 (230-400 mesh) were used to purify
the compounds by column chromatography. All
commercial chemicals were used as such. GC-MS analyses
were undertaken on Agilent Technologies 5977A GC
equipped with Agilent 7890B MS. Varian Unity Inova-600
or a Varian Mercury-400 NMR instrument were used to

4
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record NMR by using CDCIs solvent, and multiplicity
were determined as singlet s, doublet d, triplet t, double of
doublet dd, multiplet m and broad brs. Chemical shifts and
coupling constant values are determined in parts per
million (ppm) and in hertz (Hz). High-resolution mass
spectra (HRMS) were analyzed on a Jeol JMS-HX 110
spectrometer by the services provided at the National
Chung Hsing University.

General procedure for the synthesis of dithioacetals:

Aldehyde 1, thiol 2 and eosin Y (0.1 mol%) were added to
the Schlenk tube containing a Teflon-coated magnetic stir
bar and was purged by evacuating the tube and back filled
with nitrogen. The reaction mixture was kept for stirring
under 10 W blue LEDs irradiation at room temperature for
12 hours. After completion of the reaction, the crude
reaction mixture was purified by silicagel column
chromatography to afford the pure dithioacetal product.

Benzaldehyde didodecyldithioacetal (3a):[ Following
the general procedure, using benzaldehyde (0.106g, 1.0
mmol), 1-dodecanethiol (0.445g, 2.2 mmol), eosin Y (0.6
mg, 0.1 mol%), then purified by column chromatography
(SiO2, 10% ethyl acetate in hexanes) to provide 3a as the
yellow oil (0.485 g, 99% yield). 'H NMR (400 MHz,
CDCls): 6 7.43 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 8.0 Hz, 2H),
7.24 (t, J = 8.0 Hz, 1H), 4.87 (s, 1H), 2.60 — 2.46 (m, 4H),
1.57 — 1.50 (m, 4H), 1.24 (brs, 36H), 0.88 (t, J = 8.0 Hz,
6H). BC NMR (100 MHz, CDCls): & 140.55, 128.37,
127.63, 127.59, 53.07, 32.16, 31.88, 29.63, 29.61, 29.56,
29.46, 29.33, 29.15, 29.08, 28.83, 22.66, 14.10. The above
similar reaction procedure was followed for 10-gram scale
reaction, providing 99.8% vyield.

2-Bromobenzaldehyde  didodecyldithioacetal  (3b):
Following  the  general  procedure, using  2-
bromobenzaldehyde (0.185g, 1.0 mmol), 1-dodecanethiol
(0.445g, 2.2 mmol), eosin Y (0.6 mg, 0.1 mol%), then
purified by column chromatography (SiO,, 10% ethyl
acetate in hexanes) to provide 3b as the colorless oil (0.485
g, 85% vyield). 'H NMR (400 MHz, CDClg): 6 7.76 (d, J =
8.0 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.28 (t, J = 8.0 Hz,
1H), 7.06 (t, J = 8.0 Hz, 1H), 5.41 (s, 1H), 2.64 — 2.46 (m,
4H), 1.61 — 1.53 (m, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0
Hz, 6H). *C NMR (100 MHz, CDCls) & 139.87, 132.36,
129.74, 128.79, 127.67, 123.20, 51.26, 32.28, 31.85, 29.61,
29.59, 29.54, 29.43, 29.31, 29.13, 29.10, 28.70, 22.62,
14.05. HRMS (EI) calcd for CsiHssBrS, [M]+ 570.2929,
found 570.2934.

4-Bromobenzaldehyde  didodecyldithioacetal  (3c):
Following the  general  procedure, using 4-
bromobenzaldehyde (0.185g, 1.0 mmol), 1-dodecanethiol
(0.445g, 2.2 mmol), eosin Y (0.6 mg, 0.1 mol%), then
purified by column chromatography (SiO., 10% ethyl
acetate in hexanes) to provide 3c yellow oil (0.484 g, 85%
yield). 'H NMR (400 MHz, CDCls): § 7.42 (d, J = 8.0 Hz,
2H), 7.31 (d, J = 8.0 Hz, 2H), 4.82 (s, 1H), 2.59 — 2.44 (m,
4H), 1.56 — 1.49 (m, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0
Hz, 6H). 3C NMR (100 MHz, CDCl3): & 139.67, 131.39,
129.26, 121.31, 52.39, 32.07, 31.85, 29.61, 29.59, 29.54,

10.1002/adsc.201800999

29.43, 29.31, 29.11, 28.99, 28.78, 22.63, 14.06. HRMS
(EI) calcd for C31HssBrS; [M]* 570.2929, found 570.2938.

2-Chlorobenzaldehyde  didodecyldithioacetal  (3d):
Following the  general  procedure, using 2-
chlorobenzaldehyde (0.140. g, 1.0 mmol), 1-dodecanethiol
(0.445¢g, 2.2 mmol), eosin Y (0.6 mg, 0.1 mol%), then
purified by column chromatography (SiO., 10% ethyl
acetate in hexanes) to provide 3d as the colorless oil (0.426
g, 81% yield). *H NMR (400 MHz, CDCls): 6 7.75 (d, J =
8.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.25 (t, J = 8.0 Hz,
1H), 7.15 (t, J = 8.0 Hz, 1H), 5.43 (s, 1H), 2.64 — 2.47 (m,
4H), 1.60 — 1.53 (m, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0
Hz, 6H). *C NMR (100 MHz, CDCls): § 138.27, 132.44,
129.52, 129.15, 128.53, 127.10, 48.42, 32.29, 31.87, 29.62,
29.60, 29.55, 29.44, 29.32, 29.11, 28.74, 22.64, 14.07.
HRMS (El) calcd for CsiHssCIS; [M]* 526.3434, found
526.3440.

3-Chlorobenzaldehyde  didodecyldithioacetal  (3e):
Following the  general  procedure, using  3-
chlorobenzaldehyde (0.140 g, 1.0 mmol), 1-dodecanethiol
(0.445g, 2.2 mmol), eosin Y (0.6 mg, 0.1 mol%), then
purified by column chromatography (SiO,, 10% ethyl
acetate in hexanes) to provide 3e white oil (0.427 g, 81%
yield). IH NMR (400 MHz, CDCls): 6 7.44 (s, 1H), 7.32 (d,
J = 8.0 Hz, 1H), 7.24 — 7.21 (m, 2H), 4.81 (s, 1H), 2.60 —
2.46 (m, 4H), 1.55 — 1.52 (m, 4H), 1.25 (brs, 36H), 0.88 (t,
J = 8.0 Hz, 6H). *C NMR (100 MHz, CDCl3): § 142.77,
134.18, 129.52, 127.74, 125.79, 52.53, 32.15, 31.87, 29.60,
29.55, 29.45, 29.32, 29.13, 29.01, 28.78, 22.64, 14.06.
HRMS (EI) calcd for Cs1HssCIS, [M]* 526.3434, founa
526.3426.

2-Methoxybenzaldehyde didodecyldithioacetal (3f):
Following the general procedure, using o-anisaldehydc
(0.136 g, 1.0 mmol), 1-dodecanethiol (0.445g, 2.2 mmol),
eosin Y (0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 3f as the colorless oil (0.502 g, 96% vyield). 'H
NMR (400 MHz, CDCls): 6 7.60 (dd, J = 8.0, 4.0 Hz, 1H),
7.18 (t, J = 8.0, 1H), 6.93 (t, J = 8.0 Hz, 1H), 6.82 (d, J =
8.0 Hz, 1H), 5.46 (s, 1H), 3.81 (s, 3H), 2.62 — 2.45 (m, 4H),
1.58 — 1.51 (m, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0 Hz,
6H). 3C NMR (100 MHz, CDCl3): § 155.47, 128.82,
128.44,128.28, 120.58, 110.21, 55.34, 44.87, 31.95, 31.80,
29.56, 29.54, 29.50, 29.40, 29.25, 29.10, 29.05, 28.75,
22.56, 13.98. HRMS (El) calcd for CsHss0S, [M]*
522.3929, found 522.3923.

4-Methoxybenzaldehyde didodecyldithioacetal (3g):
Following the general procedure, using p-anisaldehyde
(0.136 g, 1.0 mmol), 1-dodecanethiol (0.445g, 2.2 mmol),
eosin Y (0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 3g white solid (0.502 g, 96% vyield). m.p. 39-41°C;
'H NMR (400 MHz, CDCl3): 6 7.35 (d, J = 12.0 Hz, 2H),
6.83 (d, J = 8.0 Hz, 2H), 4.85 (s, 1H), 3.76 (s, 3H), 2.59 —
2.44 (m, 4H), 1.57 — 1.50 (m, 4H), 1.25 (brs, 36H), 0.88 (t,
J = 8.0 Hz, 6H). 3C NMR (100 MHz, CDCls): 5 158.88,
132.46, 128.67, 113.57, 54.99, 52.45, 32.07, 31.83, 29.58,
29.57, 29.52, 29.42, 29.28, 29.11, 29.06, 28.79, 22.60,

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis

14.02. HRMS (E|) calcd for CaszsOSz [M]+ 522.3929,
found 522.3931.

2-Methylbenzaldehyde  didodecyldithioacetal  (3h):
Following the general procedure, using o-tolualdehyde
(0.120 g, 1.0 mmol), 1-dodecanethiol (0.445g, 2.2 mmol),
eosin Y (0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 3h as the colorless oil (0.502 g, 99% yield). *H
NMR (400 MHz, CDCls): 6 7.65 (d, J = 8.0 Hz, 1H), 7.17
—7.09 (m, 3H), 5.11 (s, 1H), 2.63 — 2.43 (m, 4H), 2.39 (s,
3H), 1.57 -1.49 (m, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0
Hz, 6H). 3C NMR (100 MHz, CDCls): § 137.82, 134.86,
130.25, 127.59, 127.25, 126.02, 49.54, 31.86, 29.61, 29.60,
29.55, 29.45, 29.32, 29.13, 29.10, 28.81, 22.62, 19.11,
14.03. HRMS (El) calcd for CsHssS; [M]* 506.3980,
found 506.3975.

3-Methylbenzaldehyde  didodecyldithioacetal  (3i):
Following the general procedure, using m-tolualdehyde
(0.120 g, 1.0 mmol), 1-dodecanethiol (0.445g, 2.2 mmol),
eosin Y (0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 3i as the colorless oil (0.385 g, 76% yield). *H
NMR (400 MHz, CDClg): 6 7.24 — 7.15 (m, 3H), 7.04 (d, J
= 8.0 Hz, 1H), 4.83 (s, 1H), 2.60 — 2.46 (m, 4H), 2.33 (s,
3H), 1.57 — 1.50 (m, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0
Hz, 6H). *C NMR (100 MHz, CDCl3): § 140.42, 137.92,
128.39, 128.12, 124.63, 53.08, 32.13, 31.86, 29.60, 29.59,
29.54, 29.44, 29.31, 29.13, 29.06, 28.80, 22.62, 21.30,
14.04. HRMS (El) calcd for CszHssS, [M]* 506.3980,
found 506.3987.

4-Methylbenzaldehyde  didodecyldithioacetal  (3j):
Following the general procedure, using p-tolualdehyde
(0.120 g, 1.0 mmol), 1-dodecanethiol (0.445¢g, 2.2 mmol),
eosin Y (0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 3j colorless oil (0.446 g, 88% yield). *H NMR
(400 MHz, CDCls): 6 7.31 (d, J = 8.0 Hz, 2H), 7.09 (d, J =
8.0 Hz, 2H), 4.84 (s, 1H), 2.59 — 2.45 (m, 4H), 2.31 (s, 3H),
1.57 — 1.50 (m, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0 Hz,
6H). *C NMR (100 MHz, CDCls): § 137.48, 137.13,
128.94, 127.42, 52.79, 32.05, 31.85, 29.60, 29.59, 29.54,
29.43, 29.30, 29.12, 29.05, 28.79, 22.62, 20.99, 14.03.
HRMS (El) caled for CsHssS, [M]* 506.3980, found
506.3982.

2-Nitrobenzaldehyde didodecyldithioacetal (3k):
Following the  general  procedure, using 2-
nitrobenzaldehyde (0.151 g, 1.0 mmol), 1-dodecanethiol
(0.445¢g, 2.2 mmol), eosin Y (0.6 mg, 0.1 mol%), then
purified by column chromatography (SiO,, 10% ethyl
acetate in hexanes) to provide 3k as the yellow oil (0.419 g,
78% yield). *H NMR (400 MHz, CDCls): 6 7.99 (d, J=8.0
Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.59 (t, J = 8.0 Hz, 1H),
7.37 (t, J = 8.0 Hz, 1H), 5.72 (s, 1H), 2.66 — 2.51 (m, 4H),
1.54 (d, J = 8.0 Hz, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0
Hz, 6H). 3C NMR (100 MHz, CDCls): 6 147.90, 135.99,
132.92, 130.42, 128.10, 124.06, 46.67, 32.67, 31.83, 29.56,
29.50, 29.39, 29.28, 29.04, 28.97, 28.68, 22.60, 14.02.
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HRMS (EI) calcd for C31HssNO2S, [M]* 537.3674, found
537.3676.

3-Nitrobenzaldehyde didodecyldithioacetal 30):
Following the  general  procedure, using  3-
nitrobenzaldehyde (0.151 g, 1.0 mmol), 1-dodecanethiol
(0.445¢g, 2.2 mmol), eosin Y (0.6 mg, 0.1 mol%), then
purified by column chromatography (SiO., 10% ethyl
acetate in hexanes) to provide 3l yellow oil (0.381 g, 71%
yield). IH NMR (400 MHz, CDCls): 6 8.32 (s, 1H), 8.12 (d,
J = 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.51 (t, J = 8.0
Hz, 1H), 4.95 (s, 1H), 2.64 — 2.48 (m, 4H), 1.58 — 1.52 (m,
4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0 Hz, 6H). 1*C NMR
(100 MHz, CDClj): 6 148.04, 143.15, 133.72, 129.32,
122.56, 52.32, 32.20, 31.82, 29.56, 29.55, 29.49, 29.39,
29.27, 29.06, 28.94, 28.72, 22.59, 14.01. HRMS (EI) calcd
for C31HssNO,S, [M]* 537.3674, found 537.3666.

4-Nitrobenzaldehyde  didodecyldithioacetal (Bm)
Following  the  general  procedure, using 4-
nitrobenzaldehyde (0.151 g, 1.0 mmol), 1-dodecanethiol
(0.445g, 2.2 mmol), eosin Y (0.6 mg, 0.1 mol%), then
purified by column chromatography (SiO,, 10% ethyl
acetate in hexanes) to provide 3m white solid (0.279 g,
52% vyield). m.p. 44-46°C; 'H NMR (400 MHz, CDCl,):
'H NMR (400 MHz, CDCls): § 8.19 (d, J = 8.0 Hz, 2H),
7.62 (d, J=12.0 Hz, 2H), 4.91 (s, 1H), 2.63 — 2.47 (m, 4H),
1.59 — 1.51 (m, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0 Hz,
6H). 3C NMR (100 MHz, CDCls): § 148.23, 147.04,
128.46, 123.62, 52.34, 32.18, 31.82, 29.55, 29.49, 29.39,
29.26, 29.06, 28.94, 28.73, 22.59, 14.01. HRMS (EI) calcd
for Ca1HssNO»S; [M]* 537.3674, found 537.3677.

3-Cyanobenzaldehyde  didodecyldithioacetal  (3n).
Following the  general  procedure, using  3-
formylbenzonitrile (0.131 g, 1.0 mmol), 1-dodecanethic:
(0.445g, 2.2 mmol), eosin Y (0.6 mg, 0.1 mol%), then
purified by column chromatography (SiO,, 10% ethyl
acetate in hexanes) to provide 3n colorless oil (0.378g,
73% yield). 'H NMR (400 MHz, CDCls): § 7.75 (s, 1H),
7.71(d, J =8.0 Hz, 1H), 7.55 (d, J = 4.0 Hz, 1H), 7.43 (t, J
= 8.0 Hz, 1H), 4.87 (s, 1H), 2.62 — 2.46 (m, 4H), 1.58 —
1.51 (m, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0 Hz, 6H).*C
NMR (100 MHz, CDCls): 6 142.43, 132.05, 131.12,
129.15, 118.31, 112.39, 52.18, 32.11, 31.77, 29.52, 29.50,
29.45, 29.34, 29.22, 29.02, 28.88, 28.68, 22.55, 13.99.
HRMS (El) calcd for CsHssNS; [M]* 517.3776, found
517.3783.

2-Hydroxybenzaldehyde didodecyldithioacetal (30):
Following the general procedure, using salicylaldehyde
(0.122 g, 1.0 mmol), 1-dodecanethiol (0.445g, 2.2 mmol),
eosin Y (0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 30 as the colorless oil (0.504g, 99% vyield). 'H
NMR (400 MHz, CDCls): 6 7.20 — 7.17 (m, 2H), 7.04 (s,
1H), 6.89 — 6.83 (m, 2H), 5.08 (s, 1H), 2.60 — 2.48 (m, 4H),
1.59 — 1.51 (m, 4H), 1.24 (brs, 36H), 0.88 (t, J = 8.0 Hz,
6H). 3C NMR (100 MHz, CDCls): § 154.62, 129.32,
129.21, 123.65, 120.07, 117.33, 109.81, 49.58, 32.22,
31.81, 29.55, 29.49, 29.37, 29.26, 29.02, 28.92, 28.66,
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22.58, 13.99. HRMS (E|) calcd for C31H56052 [M]+
508.3773, found 508.3769.

3,5-Dimethoxybenzaldehyde didodecyldithioacetal (3p):
Following the general procedure, using 3,5-
dimethoxybenzaldehyde (0.166 g, 1.0 mmol), 1-
dodecanethiol (0.445g, 2.2 mmol), eosin Y (0.6 mg, 0.1
mol%), then purified by column chromatography (SiO.,
10% ethyl acetate in hexanes) to provide 3p colorless oil
(0.525g, 95% vyield). *H NMR (400 MHz, CDCly): 6 6.61
(d, J=4.0 Hz, 2H), 6.34 (s, 1H), 4.78 (s, 1H), 3.76 (s, 6H),
2.61 —2.48 (m, 4H), 1.58 — 1.51 (m, 4H), 1.25 (brs, 36H),
0.88 (t, J = 8.0 Hz, 6H). 3C NMR (100 MHz, CDCls): §
160.55, 142.83, 105.46, 99.63, 55.07, 53.26, 32.22, 31.81,
29.56, 29.54, 29.50, 29.41, 29.26, 29.10, 29.02, 28.76,
22.57, 13.99. HRMS (EI) calcd for CssHeoO2S, [M]*
552.4035, found 552.4033.

3,5-Dichloro-2-hydroxybenzaldehyde
didodecyldithioacetal (3q): Following the general
procedure, using 3,5-Dichlorobenzaldehyde (0.175 g, 1.0
mmol), 1-dodecanethiol (0.445¢g, 2.2 mmol), eosin Y (0.6
mg, 0.1 mol%), then purified by column chromatography
(SiO2, 10% ethyl acetate in hexanes) to provide 3q as the
colorless oil (0.428g, 74% vyield). *H NMR (400 MHz,
CDCls): 6 7.40 (d, J = 4.0 Hz, 1H), 7.26 (d, J = 4.0 Hz,
1H), 6.36 (s, 1H), 5.21 (s, 1H), 2.64 — 2.49 (m, 4H), 1.61 —
1.53 (m, 4H), 1.25 (brs, 36H), 0.88 (t, J = 8.0 Hz, 6H). °C
NMR (100 MHz, CDCls): ¢ 147.50, 128.84, 127.93,
127.60, 125.30, 121.08, 46.71, 39.03, 31.85, 29.58, 29.53,
29.42, 29.30, 22.61, 14.03. HRMS (El) calcd for
Ca1Hs4Cl,0S; [M]* 576.2993, found 576.2995.

2-Furaldehyde didodecyldithioacetal (3r): Following the
general procedure, using furfural (0.096 g, 1.0 mmol), 1-
dodecanethiol (0.445g, 2.2 mmol), eosin Y (0.6 mg, 0.1
mol%), then purified by column chromatography (SiO,
10% ethyl acetate in hexanes) to provide 3r as the
colorless oil (0.371g, 77% yield). 'H NMR (400 MHz,
CDCls): 0 7.34 (s, 1H), 6.32 — 6.28 (m, 2H), 4.98 (s, 1H),
2.68 — 2.51 (m, 4H), 1.56 — 1.50 (m, 4H), 1.26 (brs, 36H),
0.88 (t, J = 8.0 Hz, 6H). **C NMR (100 MHz, CDCls): ¢
152.27, 141.82, 110.14, 107.37, 45.80, 31.81, 31.24, 29.56,
29.54, 29.50, 29.40, 29.26, 29.09, 29.01, 28.80, 22.58,
13.99. HRMS (EI) calcd for CxHs40S, [M]* 482.3616,
found 482.3617.

2-Thiophenecarboxaldehyde didodecyldithioacetal (3s):
Following the  general  procedure, using 2-
Thiophenecarboxaldehyde (0.112 g, 1.0 mmol), 1-
dodecanethiol (0.445g, 2.2 mmol), eosin Y (0.6 mg, 0.1
mol%), then purified by column chromatography (SiO,
10% ethyl acetate in hexanes) to provide 3s as the colorless
oil (0.489g, 98% vyield). *H NMR (400 MHz, CDCly): §
7.18 (d, J = 4.0, 1H), 7.06 (s, 1H), 6.88 — 6.86 (m, 1H),
5.17 (s, 1H), 2.69 — 2.52 (m, 4H), 1.60 — 1.53 (m, 4H),
1.25 (brs, 36H), 0.88 (t, J = 8.0 Hz, 6H). 3C NMR (100
MHz, CDCls): ¢ 145.12, 126.10, 125.43, 125.05, 48.30,
31.83, 29.58, 29.56, 29.52, 29.42, 29.28, 29.11, 28.94,
28.83, 22.60, 14.02. HRMS (EI) calcd for CgHs4Ss [M]*
498.3388, found 498.3379.
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1-Naphthaldehyde didodecyldithioacetal (3t): Following
the general procedure, using 1-Naphthaldehyde (0.156 g,
1.0 mmol), 1-dodecanethiol (0.445g, 2.2 mmol), eosin Y
(0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 3t as the colorless oil (0.537g, 99% vyield). H
NMR (400 MHz, CDCls): 6 8.24 (bs, 1H), 7.80 — 7.69 (m,
3H), 7.49 (t, J = 8.0 Hz, 1H), 7.43 — 7.36 (m, 2H), 5.67 (bs,
1H), 2.66 — 2.47 (m, 4H), 1.57 — 1.49 (m, 4H), 1.25 (brs,
36H), 0.87 (t, J = 8.0 Hz, 6H). 3C NMR (100 MHz,
CDCls): ¢ 135.15, 133.93, 130.39, 128.78, 128.33, 125.87,
125.69, 125.49, 124.90, 123.16, 32.34, 31.86, 29.60, 29.59,
29.53, 29.42, 29.31, 29.11, 29.02, 28.80, 22.63, 14.05.
HRMS (EI) calcd for CssHssS; [M]* 542.3980, found
542.3981.

Cinnamaldehyde didodecyldithioacetal (3u):P2
Following the general procedure, using cinnamaldehyde
(0.132g, 1.0 mmol), 1-dodecanethiol (0.445g, 2.2 mmol};
eosin Y (0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 3u as the yellow oil (0.367g, 71% yield). *H NMR
(400 MHz, CDCls): 8 7.37 (d, J =8.0 Hz, 2H), 7.29 (t, J =
8.0 Hz, 2H), 7.21 (t, J = 8.0 Hz, 1H), 6.51 (d, J = 16.0 Hz,
1H), 6.19 — 6.06 (m, 1H), 4.47 (d, J = 8.0 Hz, 1H), 2.67 -
2.56 (m, 4H), 1.63 — 1.56 (m, 4H), 1.25 (brs, 36H), 0.88 (t,
J = 8.0 Hz, 6H). **C NMR (100 MHz, CDCls): § 136.03,
130.55, 128.41, 128.04, 127.65, 127.56, 126.39, 51.25,
31.84, 31.10, 29.57, 29.53, 29.44, 29.33, 29.29, 29.15,
28.84, 22.61, 14.04. HRMS (EI) calcd for CssHssS, [M]*
518.3980, found 518.3989.

Benzaldehyde dicyclohexyldithioacetal (4a):220]
Following the general procedure, using benzaldehyde
(0.106g, 1.0 mmol), cyclohexanethiol (0.256 g, 2.2 mmol),
eosin Y (0.6 mg, 0.1 mol%), then purified by colum:
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 4a as the yellow oil (0.318 g, 99% yield). 'H NMR
(400 MHz, CDCls): 6 7.45 (d, J =8.0 Hz, 2H), 7.28 (t, J =
8.0 Hz, 2H), 7.20 (t, J = 8.0 Hz, 1H), 5.00 (s, 1H), 2.76 —
2.69 (m, 2H), 1.93 — 1.86 (m, 4H), 1.73 — 1.69 (m, 4H),
1.55 (s, 2H), 1.36 — 1.24 (m, 10H). **C NMR (100 MHz,
CDCls): 6 141.06, 128.14, 127.41, 127.30, 126.81, 49.52,
43.88, 33.06, 25.56. HRMS (EI) calcd for CigH2sS, [M]*
320.1632, found 320.1629.

2-Methylbenzaldehyde dicyclohexyldithioacetal (4b):
Following the general procedure, using o-tolualdehyde
(0.120 g, 1.0 mmol), cyclohexanethiol (0.256 g, 2.2 mmol),
eosin Y (0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 4b as the colorless oil (0.331 g, 99% vyield). 'H
NMR (400 MHz, CDCls): 6 7.76 (d, J = 8.0 Hz, 1H), 7.19
—7.08 (m, 3H), 5.24 (s, 1H), 2.77 (t, J = 8.0 Hz, 2H), 2.41
(s, 3H), 1.94 — 1.84 (m, 4H), 1.70 (s, 4H), 1.55 (s, 2H),
1.36 — 1.24 (m, 10H). 3C NMR (100 MHz, CDCl3): ¢
138.37, 134.51, 130.09, 127.93, 127.16, 126.13, 46.11,
43.93, 33.26, 33.17, 25.64, 19.03. HRMS (EI) calcd for
C20H3052 [M]+ 334.1789, found 334.1791.

4-Methoxylbenzaldehyde dicyclohexyldithioacetal (4c):
Following the general procedure, using p-anisaldehyde
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(0.136 g, 1.0 mmol), cyclohexanethiol (0.256 g, 2.2 mmol),
eosin Y (0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 4c as the colorless oil (0.347 g, 99% vyield). H
NMR (400 MHz, CDCls): 6 7.38 (d, J = 8.0 Hz, 2H), 6.82
(d, J=8.0 Hz, 2H), 4.99 (s, 1H), 3.76 (s, 3H), 2.71 (s, 2H),
1.89 (s, 4H), 1.70 (s, 4H), 1.54 (s, 2H), 1.41 — 1.23 (m,
10H). 3C NMR (100 MHz, CDCl3): § 158.67, 132.99,
128.55, 113.50, 54.95, 48.89, 43.84, 33.08, 25.60. HRMS
(EI) calcd for CoH300S, [M]* 350.1738, found 350.1740.

(Phenylmethylene)bis(sec-butylsulfane) (4d):@1
Following the general procedure, using benzaldehyde
(0.106g, 1.0 mmol), 2-butanethiol (0.198 g, 2.2 mmol),
eosin Y (0.6 mg, 0.1 mol%), then purified by column
chromatography (SiO2, 10% ethyl acetate in hexanes) to
provide 4d as the colorless oil (0.266 g, 99% vyield). H
NMR (400 MHz, CDCls): 6 7.47 (d, J = 4.0 Hz, 2H), 7.29
(t, J = 8.0 Hz, 2H), 7.22 (t, J = 8.0 Hz, 1H), 4.94 (s, 1H),
2.86 — 2.64 (m, 2H), 1.58 — 1.46 (m, 4H), 1.21 (t, J = 8.0
Hz, 6H), 0.95 — 0.88 (m, 6H). 3C NMR (100 MHz,
CDCls): ¢ 140.98, 128.27, 127.63, 127.48, 50.50, 42.30,
29.37, 20.51, 11.02. HRMS (EI) calcd for C1sHS, [M]*
268.1319, found 268.1323.

4-Anisaldehyde diphenyldithioacetal (4e): Following
the general procedure, using p-anisaldehyde (0.136 g, 1.0
mmol), thiophenol (0.242 g, 2.2 mmol), eosin Y (0.6 mg,
0.1 mol%), then purified by column chromatography (SiOz,
10% ethyl acetate in hexanes) to provide 4e as the
colorless oil (0.101 g, 30% vyield). 'H NMR (400 MHz,
CDCl3): 8 7.35 — 7.21 (m, 12H), 6.79 (d, J = 8.0 Hz, 2H),
5.42 (s, 1H), 3.76 (s, 3H). 3C NMR (100 MHz, CDCls): &
159.21, 134.68, 132.31, 131.59, 129.04, 128.75, 127.61,
113.77, 59.68, 55.22.

2-(0-Tolyl)-1,3-dithiolane (5a):?*°! Following the general
procedure, using o-tolualdehyde (0.120g, 1.0 mmol), 1,2-
ethanedithiol (0.103g, 1.1 mmol), eosin Y (0.6 mg, 0.1
mol%), then purified by column chromatography (SiOg,
10% ethyl acetate in hexanes) to provide 5a as the yellow
oil ( 0.159g, 81% vyield). *H NMR (400 MHz, CDCls): §
7.79 (d, J = 8.0 Hz, 1H), 7.26 — 7.12 (m, 3H), 5.88 (s, 1H),
3.54 — 3.32 (m, 4H), 2.43 (s, 3H). 1*C NMR (100 MHz,
CDCls): 8 137.83, 135.55, 130.23, 127.58, 127.50, 126.26,
52.75, 39.64, 19.56.

2-Phenyl-1,3-dithiane (5b):® Following the general
procedure, using benzaldehyde (0.106g, 1.0 mmol), 1,3-
propanedithiol (0.119g, 1.1 mmol), eosin Y (0.6 mg, 0.1
mol%), then purified by column chromatography (SiO,
10% ethyl acetate in hexanes) to provide 5b white solid
(0.069 g, 35% vyield). m.p. 60-62°C;'H NMR (400 MHz,
CDCls): 6 7.48 — 7.46 (m, 2H), 7.35 - 7.25 (m, 3H), 5.17 (s,
1H), 3.10 — 3.03 (m, 2H), 2.93 — 2.88 (m, 2H), 2.20 — 2.14
(m, 1H), 1.99 — 1.88 (m, 1H). ¥*C NMR (100 MHz,
CDCls): 6 139.00, 128.58, 128.28, 127.61, 51.33, 31.95,
24.97.

2-(0o-Tolyl)-1,3-dithiane (5¢):®! Following the general
procedure, using o-tolualdehyde (0.120g, 1.0 mmol), 1,3-
propanedithiol (0.119g, 1.1 mmol), eosin Y (0.6 mg, 0.1
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mol%), then purified by column chromatography (SiO,,
10% ethyl acetate in hexanes) to provide 5¢ white solid
(0.124 g, 59% yield). m.p. 80-82 °C; *H NMR (400 MHz,
CDCls): 6 7.59 (d, J = 8.0 Hz, 1H), 7.23 — 7.14 (m, 3H),
5.32 (s, 1H), 3.13 — 3.06 (m, 2H), 2.95 — 2.90 (m, 2H),
2.45 (s, 3H), 2.22 — 2.15 (m, 1H), 2.00 — 1.89 (m, 1H).*C
NMR (100 MHz, CDCls): & 137.06, 134.92, 130.33,
128.06, 127.73, 126.51, 48.16, 32.29, 25.16, 18.99.

(E)-2-Styryl-1,3-dithiolane  (5d):[?9  Following the
general procedure, using cinnamaldehyde (0.132g, 1.0
mmol), 1,2-ethanedithiol (0.103g, 1.1 mmol), eosin Y (0.6
mg, 0.1 mol%), then purified by column chromatography
(SiO2, 10% ethyl acetate in hexanes) to provide 5d as the
yellow oil (0.073g, 35% yield). 'H NMR (400 MHz,
CDCls): 6 7.38 — 7.36 (m, 2H), 7.32 — 7.28 (m, 2H), 7.26 -
7.21 (m, 1H), 6.51 (d, J = 16.0 Hz, 1H), 6.21 (dd, J = 16.0,
8.0 Hz, 1H), 5.23 (d, J = 8.0 Hz, 1H), 3.41 — 3.25 (m, 4H).
13C NMR (100 MHz, CDCls): & 135.98, 130.05, 128.9¢,
128.44, 127.72, 126.52, 54.40, 39.52.

Acknowledgements

This work was financially supported by the Ministry of
Science and Technology, Taiwan (Most 107-2113-M-005-
019-MY3), National Chung Hsing University, Research
Center for Sustainable Energy and Nanotechnology
(RCSEN), and the "Innovation and Development Center of
Sustainable Agriculture (IDCSA)" from The Featured
Areas Research Center Program within the framework of
the Higher Education Sprout Project by the Ministry o
Education (MOE) in Taiwan.

References

[1] a) K. A. Scott, J. T. Njardarson, Top Curr Chem.
2018, 376, 5. https://doi.org/10.1007/s41061-018-
0184-5; b) M. Feng, B. Tang, S. H. Liang, X,
Jiang, Curr. Top. Med. Chem. 2016, 16,
1200-1216; c) L. A. Damani, Sulphur-Containing
Drugs and Related Organic Compounds; Wiley:
New York, 1989.

[2] a) E. A. llardi, E. Vitaku, J. T. Njardarson, J. Med.
Chem. 2014, 57, 2832-2842; b) X.-L. Liu, K.-W.
Yang, Y.-J. Zhang, Y. Ge, Y. Xiang, Y.-N. Chang,
P. Oelschlaeger, Bioorg. Med. Chem. Lett. 2016,
26, 4698-4701.

[3] @) M. E. Cinar, T. Ozturk, Chem. Rev. 2015, 115,
3036—3140; b) C.-F. Lee, Y.-C. Liu, S. S. Badsara,
Chem. Asian J. 2014, 9, 706-722; c) C.-F. Lee, R.
S. Basha, S. S. Badsara, Top Curr Chem. 2018,
376, 25. https://doi.org/10.1007/s41061-018-
0203-6.

[4] a) A. B. Smith, C. M. Adams, Acc. Chem. Res.
2004, 37, 365-377; b) D. J. Hart, J. Li, W.-L. Wu,
J. Org. Chem. 1997, 62, 5023-5033.

[5] a) F. Althoff, K. Benzing, P. Comba, C.
McRoberts, D. R. Boyd, S. Greiner, F. Keppler,

This article is protected by copyright. All rights reserved.


https://doi.org/10.1007/s41061-018-0203-6
https://doi.org/10.1007/s41061-018-0203-6

Advanced Synthesis & Catalysis

(6]

[7]

(8]

[0l

Nat. Commun. 2014, 5, 4205, doi:
10.1038/ncomms5205; b) E. Block, M. Aslam, J.
Am. Chem. Soc. 1983, 105, 6164-6165; c) R. J.
Cremlyn, An Introduction to Organosulfur
Chemistry, Wiley, New York, 1996; d) E. Block,
Reactions of  Organosulfur ~ Compounds,
Academic Press, New York, 1978.

a) M. Yus, C. Najera, F. Foubelo, Tetrahedron
2003, 59, 6147-6212 and references therein; b) T.
W. Greene, P. G. M. Wuts, Protective groups in
Organic Synthesis, 3rd ed.; John Wiley and Sons;
New York, 1999; c) D. Seebach, Angew. Chem.,
Int. Ed. 1979, 18, 239-258; d) D. Seebach, E. J.
Corey, J. Org. Chem. 1975, 40, 231-237.

a) R. Sasson, A. Hagooly, S. Rozen, Org. Lett.
2003, 5, 769-771; b) R. Mozingo, D. E. Wolf, S.
A. Harris, K. Folkers, J. Am. Chem. Soc. 1943, 65,
1013-1016; c¢) K. Chiba, R. Uchiyama, S. Kim, Y.
Kitano, M. Tada, Org. Lett. 2001, 3, 1245-1248;
d) T.-Y. Luh, Acc. Chem. Res. 1991, 24, 257-263;
e) K.-T. Wong, T.-Y. Luh, J. Am. Chem. Soc. 1992,
114, 7308-7310.

a) L. Liu, G. Wang, J. Jiao, P. Li, Org. Lett. 2017,
19, 6132-6135; b) J. Chang, B. Liu, Y. Yang, M.
Wang, Org. Lett. 2016, 18, 3984-3987; c) K.
Saito, K. Kondo, T. Akiyama, Org. Lett. 2015, 17,
3366—3369.

J. R. Vale, T. Rimpilainen, E. Sievanen, K.
Rissanen, C. A. M. Afonso, N. R. Candeias, J.
Org. Chem. 2018, 83, 1948-1958.

[10]A. G. Orrillo, A. M. Escalante, R. L. E. Furlan,

Org. Lett. 2017, 19, 1446—1449.

[11]a) R. C. Larock, Comprehensive Organic

Transformations, 2nd ed.; Wiley-VCH: New York,
1999; b) S. K. De, Adv. Synth. Catal. 2005, 347,
673-676; c) C.-T. Chen, Y.-D. Lin, C.-Y. Liu,
Tetrahedron 2009, 65, 10470-10476; d) S.
Muthusamy, S. Arulananda Babu, C. Gunanathan,
Tetrahedron 2002, 58, 7897—-7901.

[12] Brgnsted acid: a) J. W. Ralls, R. M. Dodson, B.

Riegel, J. Am. Chem. Soc. 1949, 71, 3320—3325;
b) C. Djerassi, M. Gorman, J. Am. Chem. Soc.
1953, 75, 3704-3708; c) S. Rudrawar, R. C. Besra,
Chakraborti, A. K. Synthesis 2006, 27672771,
For Lewis acid: d) S.-S. Weng, S.-C. Chang, T.-H.
Chang, J.-P. Chyn, S.-W. Lee, C.-A. Lin, F.-k.
Chen, Synthesis 2010, 1493-1499; e) V. Bertini, F.
Lucchesini, M. Pocci, S. Alfei, B. Idini, Synlett
2008, 8, 1141-1144; f) B. S. Ong, Tetrahedron
Lett. 1980, 21, 4225-4228.

[13]a) V. Bertini, M. Pocci, F. Lucchesini, S. Alfei, A.

De Munno, Synlett 2003, 864—866; b) N. Jung, S.
Grassle, D. S. Lutjohann, S. Brase, Org. Lett.
2014, 16, 1036—1039.

10.1002/adsc.201800999

[14] K. Chaiseeda, W. Chavasiri, Phosphorus, Sulfur,

and Silicon and the Related Elements, 2017, 192,
1034-1039.

[15] a) L. Marzo, S. K. Pagire, O. Reiser, B. Konig,

Angew. Chem., Int. Ed. 2018, 57, 10034-10072; b)
J. K. Matsui, S. B. Lang, D. R. Heitz, G. A.
Molander, ACS Catal. 2017, 7, 2563—2575; c¢) D.
Staveness, |. Bosque, C. R. J. Stephenson, Acc.
Chem. Res. 2016, 49, 2295-2306; d) J. C. Tellis,
C. B. Kelly, D. N. Primer, M. Jouffroy, N. R. Patel,
G. A. Molander, Acc. Chem. Res. 2016, 49,
1429-1439; e) J. J. Douglas, M. J. Sevrin, C. R. J.
Stephenson, Org. Process Res. Dev. 2016, 20,
1134-1147.

[16]a) Y. Jin, L. Ou, H. Yang, H. Fu, J. Am. Chem. Soc.

2017, 139, 14237-14243; b) D. P. Hari, B. Konig,
Chem. Commun. 2014, 50, 6688-6699; c) N. A.
Romero, D. A. Nicewicz, Chem. Rev. 2016, 116,
10075-10166; d) N. A. Romero, K. A. Margrey,
N. E. Tay, D. A. Nicewicz, Science 2015, 349,
1326-1330; e) D. J. Wilger, J.-M. Grandjean, T. R.
Lammert, D. A. Nicewicz, Nat. Chem. 2014, 6,
720-726.

[17]a) H. M. Wang, Q. Q. Lu, C. W. Chiang, Y. Luo, J.

F. Zhou, G. Y. Wang, A. Lei, Angew. Chem. Int.
Ed. 2017, 56, 595-599; b) Y. Li, M. Wang, X.
Jiang, ACS Catalysis 2017, 7, 7587-7592; c) L.
Zhang, J. Zhu, J. Ma, L. Wu, W.-H. Zhang, Org.
Lett. 2017, 19, 6308—6311; d) G. Zhao, S. Kaur, T.
Wang, Org. Lett. 2017, 19, 3291-3294; e) J.-G.
Sun, H. Yang, P. Li, B. Zhang, Org. Lett. 2016, 18,
5114-5117.

[18]H. Yi, L. B. Niu, S. C. Wang, T. Y. Liu, A. K.

Singh, A. Lei, Org. Lett. 2017, 19, 122-125.

[19]L. Pitzer, F. Sandfort, F. Strieth-Kalthoff, F.

Glorius, J. Am. Chem. Soc. 2017, 139,
13652-13655, and references therein.

[20]a) C.-W. Chen, Y.-L. Chen, D. M. Reddy, K. Du,

C.-E. Li, B.-H. Shih, Y.-J. Xue, C.-F. Lee, Chem
Eur. J. 2017, 23, 10087-10091; b) S. S. Badsara,
Y. -C. Liu, P.-A. Hsieh, J.-W. Zeng, S.-Y. Lu, Y.-
W. Liu, C.-F. Lee, Chem. Commun. 2014, 50,
11374-11377; ¢) C.-L. Vi, Y.-T. Huang, C.-L. Yi,
C.-F. Lee, Green Chem. 2013, 15, 2476—2484; d}
H.-L. Kao, C.-F. Lee, Org. Lett. 2011, 13,
5204-5207; e) J.-W. Zeng, Y.-C. Liu, P.-A. Hsieh,
Y.-T. Huang, C-L. Yi, S. S. Badsara, C.-F. Lee,
Green Chem. 2014, 16, 2644-2652; f) Y.-W. Liu,
S. S. Badsara, Y.-C. Liu, C.-F. Lee, RSC Adv.
2015, 5, 44299-44305.

[21]M. Majek, A. J. von Wangelin, Acc. Chem. Res.

2016, 49, 2316—2327.

[22] a) H. Miyake, Y. Nakao, M. Sasaki, Chem Lett.

2007, 36, 104—105; b) H. Firouzabadi, S. Eslami,

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis 10.1002/adsc.201800999

B. Karimi, Bull. Chem. Soc. Jpn. 2001, 74, 2401- 3659-3665; d) G. Xu, J. Cao, Y. Zhao, L. Zheng,
2406; ¢) K. Nishino, K. Minato, T. Miyazaki, Y. M. Tao, W. Zhang, Chem. Asian J. 2017, 12,
Ogiwara, N. Sakai, J. Org. Chem. 2017, 82, 2565-2575.

10

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis

FULL PAPER

10.1002/adsc.201800999

Visible-Light Photoredox-Catalyzed
Thioacetalization of Aldehydes Under Metal-Free
and Solvent-Free Conditions

Adv. Synth. Catal. Year, Volume, Page — Page

Kai Du, Shao-Chien Wang, R. Sidick Basha, and
Chin-Fa Lee*

Solvent-Free

o} . SR
Eosin Y (0.1 mol%) J\

A, . RsH 1
R" 'H 10 W blue LEDs R

R = Aryl, Heteroaryl Ny, 12 h, rt
and Alkenyl

SR

30 examples
up to 99% yield
e Metal-free photocatalyst e Mild reaction conditions

e Low catalyst loading ® 10-Gram synthesis

11

This article is protected by copyright. All rights reserved.



