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K,COs-catalyzed thio-Michael addition using quinoline-2-thiones and a,8-unsaturated carbonyl compounds was used to

assess chemoselective construction of C-S and S-S bonds under mild reaction conditions in different solvents. The C-S bond
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showed a better chemoselective constructing in EtOH whereas the S-S bond showed a better chemoselective constructing

in 1,4-dioxane. The corresponding products, generated from the reaction, presented a significant solvent-controlling effect.
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Introduction.

As a unique nitrogen-containing heterocyclic compound, the
quinoline skeleton plays an essential role in the field of
optoelectronic functional materials,l‘2 medical field*® and
organic synthesis.'r”6 Recently,  Substituted quinoline
compounds have attracted the attention of more and more
chemical researchers.

Sulfur, it is an active non-metallic element that is ubiquitous,
especially in nature and in living organisms. Thioether and
disulfide are important unique moiety in drugs,
agrochemicals,7 materials science,8 and many functional
molecules.’ The development of a gentle and versatile method
for the formation of C-S and S-S bonds has received
considerable attention, although many synthetic methods
have been reported.10 Some of these methods have significant
limitations and require the implementation of metal-ligand
combinations or highly pre-functionalized precursors.
Therefore, an important task of chemical researchers is to find
simple ways to form C-S bonds and S-S bonds.

It is well known that the Michael addition reaction is an
essential reaction in organic chemistry, an important primary
method for constructing C—C,11 C—N,12 and C-S bonds,13
However, the strategy for constructing C-S remains the
interest of chemists The thia-Michael addition reaction is a
simple and effective method for forming C-S bonds and is
widely used in organic synthesis.13

Herein, based on our previous work,14 we reported the
solvent-controlled selective construction of C-S and S-S bonds
on the quinoline skeleton by using K,CO3; as a catalyst under
mild conditions. The C=S bond in quinoline-2-thione were
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selectively converted into C-S bond in EtOH and S-S bond in
dioxane without any additives except the air at room
temperature.

Table 1. Optimization of Reaction Conditions *

s e ~ON C )
HN ] + ZCN _cat N7 ‘ 4 /7\ s
O O Solvent, rt, 4-5h O
S Hol g
1a 2a 3a 4a
Entry Base Solvent (mL) Yield (%)b 3a Yield (%)b 4a
1 K,COs (1 eq.) DCE trace 30
2 K,COs (1 eq.) Acetone 10 35
3 K,COs (1 eq.) EtOAC trace 25
4 K,COs (1 eq.) 1,4-Dioxane trace 83
5 K,COs (1 eq. 1,3-Dioxolane trace 76
6 K,COs (1 eq.) Dibutyl ether trace 72
7 K,CO; (1 eq.) THF 12 53
8 K,CO; (1 eq.) DME 15 62
9 K,CO; (1 eq.) PEG-400 67 10
10 K,COs (1 eq.) EtOH 92 trace
11 K,COs (1 eq.) MeOH 85 trace
12 K,COs (1 eq.) DMF 88 trace
13 K,CO; (20%) EtOH 90 trace
14 K,CO; (20%) 1,4-Dioxane trace 80
15° K,COs (20%) 1,4-Dioxane trace 13
16 DBU (20%) EtOH 88 trace
17 EtsN (20%) EtOH 42 15
18 DABCO (20%) EtOH 45 18
19 NaOH (20%) EtOH 73 13
20 Cs,CO3 (20%) EtOH 76 10
21 K3PO, (20%) EtOH 53 26
22 Na,S (20%) EtOH 47 31

 Reaction conditions: 1a (0.2 mmol), 2a (0.24 mmol), K,CO3 (20 mol%), EtOH (2
mL), rt., 5 hours. bisolated yield. © Under N, atmosphere.
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Results and discussion
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Scheme 1. Substrate scope of 4-arylquinoline-2(1H)-thione.

Our investigation was initiated by using quinoline-2-thione 1a
and acrylonitrile 2a as the model substrates. First, we screened
a series of solvents in the presence of 1 equivalent of K,CO3 as
the base (Table 1, entries 1-12). When a common polar aprotic
solvent was used (Table 1, entries 1-8), the target Michael
addition product 3a was obtained in a low yield, while the thiol
coupling product 4a was separated in moderate to a good
yield, especially in ether solvents (Table 1, entries 4-8). 1,4-
dioxane yielded a disulfide 4a in 83% yield. The reaction in 1,3-

a yield of 13%, when the dioxane that excluded,oxygenwas
used (Table 1, entry 15), indicating that tH&:pPEE8 SIS HATAE
4a required oxygen to participate. Thus, we got the optimal
conditions: K,COs; (20%) was used as base at room temperature.
When EtOH was used as a solvent, the compound 3a was isolated
in a yield of 90% by reacting for 5 hours (Table 1, entry 13).
Meanwhile, in the case of using dioxane as the solvent, 4a can be
obtained in an 80% yield after 5 hours (Table 1, entry 14).

With the optimized conditions in hand, we firstly studied the
Michael addition range of differential quinoline-2-thiones 1
and acrylonitrile 2a (Scheme 1). The results indicate that when
acrylonitrile is used as a receptor, both electron-donating and
electron-withdrawing substitution at the 2-position, 3-position,
4-position of the aromatic ring provided moderate to good
yields of the thia-Michael addition products (3a-30). The halide
(-F) substituent was well tolerated under these conditions.
However, it is unsatisfactory that the yield of naphthyl
quinoline-2-thiones (3k, 3l) is relatively low. This may be
caused by the high electron-withdrawing nature of the
naphthyl group. Acrylates were also tested in this reaction,
where both methyl acrylates (3m) and butyl esters (30) gave
addition products in good vyields. This shows that the chain
length of the acrylate does not affect the yield. The structure
of 3a was clearly determined by single crystal X-ray
diffraction.”

K,COj3 (20%)

Dioxane, rt, 4-5h

/

o
\S 7 N—g 7N g 7 N—g
O LN L ND D
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e W g a
7 N—g 7 N—g /7\ s O N
— — 3
s le [le | \&
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4e, 70%° 4, 71%° 4g, 68%° 4h, 63%°

dioxolane and dibutyl ether were able to give 4a in 76% and 68% Scheme 2. Substrate scope of the symmetric disulphide. * Reaction conditions: 1

yield, and trace amounts of 3a were detected (Table 1, entries
5-6). 4a was obtained in a yield of 53% and 62% in THF or DME
as a solvent, while a low yield of compound 3a (Table 1,
entries 7-8) was isolated. Next, we tested the common polar
protic solvents (Table 1, entries 9-12) which showed that both
polar protic solvents (EtOH, MeOH) and polar inert protic
solvents (PEG-400, DMF) delivered compound 3a in a
moderate to good yield. Based on these results, we indicated
that disulfide 4a selectively obtained in a polar aprotic solvent,
while the thia-Michael addition product 3a can be
advantageously obtained in a polar protic solvent. Finally, we
screened the amount and type of base(Table 1, entries 16-22).
The target products 3a and 4a were still obtained in 90% and
80% yields when a catalytic amount of K,CO3; (20 mol%) was
used (Table 1, entries 13-14). Although DBU, NaOH, Cs,CO3
and some other bases gave target compound 3a in moderate
yield, K,CO3 remained the best one and 4a has isolated only in

2 | J. Name., 2018, 00, 1-3

(0.2 z2 mmol), K,CO5 (20 mol%), dioxane (2 mL), rt., 4-5 hours. ” Isolated yield. “ 4h,

H
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Scheme 3. Substrate scope of the asymmetric disulphide. * Reaction conditions: 1 (0.2
mmol), 2 (0.3 mmol), K,CO; (20 mol%), Dioxane (2 mL), rt., 5 hours. ® |solated yield.

In view of the optimum conditions (Table 1, entry 17), we
tested the coupling reaction of a series of quinolin-2-thiones.
As shown in Scheme 2, a variety of disulfides were obtained in
good yields and the functional groups are well-tolerated, and

This journal is © The Royal Society of Chemistry 20xx
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the position of the substituent does not influence the yield.
Based on our previous work, 7 asymmetric heterocyclic
disulfides have different reaction sites, so we tried to
synthesize asymmetric disulfides with quinoline-2-thione and
simple thiols (Scheme 3). It was found that asymmetric
disulfide compounds can be obtained in about 50% yield. And
that the symmetric disulfides (4a, 4d) were obtained in a yield
of 15% to 25%, and about 30% vyield of the simple disulfides
7a-d was isolated.

The possible reaction mechanism was obtained by comparing
with the literature precedent (Scheme 4). 118 Initially, owing to
the substrate has higher activity in this reaction, a thio
intermediate A is formed by tautomerization of 1. 18 Next,
K,CO3 captures the protons in thiol A to generate KHCO3; and
sulfur-anion intermediates B. Usually, Michael reaction is
carried out in a protic solvent,'® hydrogen bond formation
among solvent (EtOH) and substrates increased the
electrophilicity of 2 and nucleophilicity of 1, thus,
simultaneous activation of the 1 and 2. ** So, in a protic solvent
the addition reaction of an intermediate B to an unsaturated
carbonyl compound produces a carbon anion intermediate C.
Finally, C obtained the proton in KHCO;, generating the target
product 3 and K,COs; which was continued to enter the
catalytical cycle. Meanwhile, it is more favourable that in a
aprotic sl?ivent A can be oxidized by O, (air) to form a disulfide
4or6. %"

R'=s

1

u KHCO3 KHCO,
S...R? 0 1 1.g- S~ s

R'™s R'-SH R'-s / rR1S~"cn R1S~"cn
416 A B c 3
R2-SH e
K,CO3 ) KoCOs

Scheme 4. Proposed mechanism.

Conclusions

In summary, we have reported a solvent-dependent selectively
construction of C-S and S-S bonds in good yields under mild
conditions. The thioether compounds could be obtained in
high yields in EtOH with high efficiency. Particularly interesting
is that the reaction could also produce the symmetric or
asymmetric disulfides product in dioxane with chemical
selectivity.

Experiment
Synthesis of quinoline-2-thiones 1a-10

Under an atmosphere of air, 2-(1-phenylvinyl) aniline (0.5
mmol, 0.0095 g), CS, (1.2 eq. 0.6 mmol, 0.0046 g), DBU (5
mol%, 0.00018 g) were added to a tube. DMF (3.0 mL) was
added by dropper and the mixture was stirred for 8 h at 140
and the reaction was monitored by TLC analysis. Then, 2.0 mL
ammonium chloride were added to the mixture to quench the
reaction and extracted with ethyl acetate (3x25 mL). The
combined organic layers were washed with saturated aq.
NH4CI and brine, dried over MgSQ,, filtered, and the volatiles

This journal is © The Royal Society of Chemistry 20xx
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were removed in vacuum. The residue wasv‘gwumflc%%ml%g

recrystallization (EtOH) to give the quinoline-2xthkonesoB02971G
Typical Procedure for the Synthesis of 3a

The mixture of quinoline-2-thione 1a (0.2 mmol, 50 mg),
acrylonitrile 2a (0.24 mmol, 13 mg) and K,CO;3 (20%, 6 mg) in
EtOH (2 mL) was stirred at room temperature for 5 hours
under air atmosphere. After the reaction was complete
according to TLC detection, 2.0 mL of saturated aq. NH4Cl was
added to the mixture to quench the reaction. The mixture was
extracted with ethyl acetate (3x25 mL). The organic layer was
washed with aqueous NaHCO; and brine, dried over MgS0y,,
filtered, and the volatiles were removed in vacuum. Then the
mixture was purified by using silica gel column
chromatography with a different eluent (ethyl acetate:
petroleum ether = 1:30) thus yielding a pure 3a was obtained
as a white solid (55 mg, 90% yield).

Typical Procedure for the Synthesis of 6a

The mixture of quinoline-2-thione 1a (0.2 mmol, 50 mg),
thiophenol 5a (0.3 mmol, 13 mg) and K,CO3 (20%, 6 mg) in 1,4-
dioxane (2 mL) was stirred at room temperature for 5 hours
under air. After the completion of the reaction monitored by
TLC detection, 2.0 mL of saturated aq. NH4Cl was added to the
mixture to quench the reaction and extracted with ethyl
acetate (3x25 mL). The organic layer was washed with
aqueous NaHCOs and brine, dried over MgSQ,, filtered, and
the volatiles were removed in vacuum. Then, the mixture was
purified by using silica gel column chromatography with
different eluent (ethyl acetate: petroleum ether = 1:30) thus
yielding a pure 6a as a colourless oil (40 mg, 55% yield).
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Solvent-Controlled Chemoselective Construction of C-S/S-S Bonds via Michael
reaction/Thiol Coupling of Quinoline-2-thiones

Xi Zhang,** Tong-Lin Wang,* Xiao-Jun Liu,? Xi-Cun Wang,? Zheng-Jun Quan*2>
Solvent-controlled selectively constructing C-S and S-S bonds containing quinoline
skeleton under mild conditions from quinoline-2-thione.

S\g-R
R-SH O EWG
or
Dioxane, rt EtOH, rt
2
12 examples 15 example_s
up to 80% yield up to 90% yield

EWG= -CN, -COOR

Keywords: Solvent-controlled; Thio-Michael addition; Quinoline-2-thione; C-S and

S-S; Thioether; Symmetric/asymmetric disulfide.
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