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Abstract: An efficient protocol for the direct sulfa-
nylation of various 4-hydroxycoumarins and 4-hy-
droxyquinolinones in good yield with arylsulfonyl-
hydrazides as sulfanylating agents was developed
via copper(l) bromide-dimethyl sulfide-catalyzed S—
O, S-N bond cleavage and C-S cross-coupling reac-
tions. A highly selective fluorescence turning-on
sensing of cadmium(II) ions in water using the syn-
thesized 3-sulfanyl-4-hydroxycoumarin derivative
was also investigated.

Keywords: cadmium(II); cross-coupling; sulfanyla-
tion; 3-sulfanyl-4-hydroxycoumarins; 3-sulfanyl-4-
hydroxyquinolinones; switch-on sensing

Molecules bearing a C-S bond are a privileged struc-
tural motif widely found in bioactive natural prod-
ucts,'! pharmaceuticals,” and functional materials.”!
These sulfanylated coumarin and quinolinone deriva-
tives have a wide range of biological and pharmaco-
logical activities, such as antifungal,'* antibacterial,”!
antimicrobial,®! and anti-HCV activities.”" Because of
their importance and usefulness, several synthetic ap-
proaches for the sulfanylation of 4-hydroxycoumarins
and 4-hydroxyquinolinones have been developed by
C-S bond formation between coumarins or quinoli-
nones and sulfanylating reagents.”® The representa-
tive approach for 3-sulfanylcoumarins or 3-sulfanyl-
quinolinones includes the reaction of hydroxycoumar-
ins and hydroxyquinolinones with the corresponding
thiols and disulfides.”) Recently, the Peddinti group
reported an iodine-catalyzed method for the synthesis
of 3-sulfanylcoumarin derivatives using aryl thiols as
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a sulfanylating agent (Scheme 1).¥ Traditionally, sul-
fanamides,””) sulfanyl halides,'” disulfides,'!! thiols,
and sulfanate esters!” are used as the thiolating
agent.

Although several synthetic methods for the sulfany-
lation of 4-hydroxycoumarins and 4-hydroxyquinoli-
nones have been described, most of these synthetic
protocols encounter drawbacks including harsh reac-
tion conditions, especially the use of foul-smelling and
volatile sulfanylating reagents such as thiols, disul-
fides, and thiolates. Therefore, more efficient and
facile arsenals are still needed, which prompted this
study to develop a new methodology relying on the
characteristic reactivity of arylsulfonylhydrazides as
a sulfanylating agent.

Recently, arylsulfonylhydrazides have been used
widely as ideal and useful sulfanylation agents for C—
S bond formation.”¥ Copper-catalyzed direct C-H
functionalization has attracted enormous attention
over the past decade because of the high functional
group compatibility of copper metal as well as the
easy accessibility, and cost-effectiveness.'¥ In this
regard, sulfonyl hydrazides, a readily accessible syn-
thetic intermediate, were used as the in-situ disulfide
source for the copper-catalyzed C-S bond formation.
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Scheme 1. Reported method for the sulfanylation of 4-hy-
droxycoumarin.

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://dx.doi.org/10.1002/adsc.201600429

COMMUNICATIONS

asc.wiley-vch.de

Adva
Synthesis &
Catalysis

OH
YT
R1_,
- AT OH
X=0o0rNR s
CuBr-Me,S Ny X ~Ar
! DABCO R o
ArSO,NHNH 1,4-dioxane
2 2

Scheme 2. Our protocol for the sulfanylation of 4-hydroxy-
coumarins and 4-hydroxyquinolinones.

To the best of the our knowledge, there are no reports
on the CuBr-Me,S-catalyzed sulfanylation of 4-hy-
droxycoumarins and 4-hydroxyquinolinones with aryl-
sulfonylhydrazides. =~ Herein, we  describe the
CuBr-Me,S-catalyzed direct sulfanylation of 4-
hydroxycoumarins and 4-hydroxyquinolinones for the
synthesis of diverse 3-sulfanyl-4-hydroxycoumarins
and 3-sulfanyl-4-hydroxyquinolinones (Scheme 2).
The direct coupling between 4-hydroxycoumarin
(1a) and benzenesulfonylhydrazide (2a) using differ-
ent catalysts and solvents was first examined
(Table 1). The initial attempt in presence of 10 mol%
Ag,0, Cu(OTf),, or Cu(OAc), catalyst and 1.0 equiv-
alent of DABCO as the base additive did not provide
the coupling product 3a (entries 1-3). On the other
hand, the reactions of 1a with 2a in the presence of
10 mol% of I,, Cul, and CuBr afforded 3a in 68, 65
and 70% yields, respectively (entries 4-6). The best

Table 1. Optimization of reaction conditions for the synthe-
sis of 3a.?

OH OH
@fi ©/SOZNHNH2 catalyst ©\)is©
+ e
oo solvent o 0o
1a 2a 3a
Entry Catalyst Additive Solvent Time Yield
(mol%) [h] [%]

1 Agy0 (10) DABCO 1,4-dioxane 15 -

2 Cu(OTf), (10) DABCO 1,4-dioxane 15 -

3  Cu(OAc), (10) DABCO 1,4-dioxane 15 -

4  1,(10) - 1,4-dioxane 10 68

5 Cul (10) DABCO 1,4-dioxane 6 65

6  CuBr(10) DABCO 1,4-dioxane 6 70

7 CuBr-Me,S (10) DABCO 1,4-dioxane 5 88

8 - DABCO 1,4-dioxane 15 -

9 CuBr-Me,S (10) - 1,4-dioxane 15 10
10 CuBr-Me,S (10) DBU 1,4-dioxane 5 60
11 CuBr-Me,S (10) Et3N 1,4-dioxane 5 50
12 CuBr-Me,S (15) DABCO 1,4-dioxane 5 88
13 CuBr-Me,S (5) DABCO 1,4-dioxane 6 60
14 CuBr-Me;S (10) DABCO CH4CN 8 45
15 CuBr-Me,S (10) DABCO DMSO 8 58
16  CuBr-Me,S (10) DABCO DMF 8 66
17 CuBr-Me,S (10) DABCO toluene 8 10

() Reaction conditions: 1a (1.0 mmol), 2a (1.5 mmol), cata-
lyst (mol%), and additive (1.0 equiv) in 5.0 mL of sol-
vent, at 100°C
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result (88% yield) was achieved using 10 mol% of
CuBr-Me,S as a catalyst in combination with
1.0 equivalent of DABCO in refluxing 1,4-dioxane for
5h (entry 7). The product 3a was not detected in the
absence of copper catalyst (entry 8). In the absence of
the additive DABCO, the yield of 3a was only 10%
(entry 9). To improve the yield of this sulfanylation
reaction, different base additives, such as DBU and
Et;N, were screened using the catalyst CuBr-Me,S.
With a combination of CuBr-Me,S (10 mol%) and
DBU (1.0 equiv.) or Et;N (1.0 equiv.), the yield of 3a
decreased to 60 and 50% (entries 10 and 11), respec-
tively. The product yield was not improved by increas-
ing the catalyst loading to 15 mol% or decreasing it
to 5mol% (entries 12 and 13). In polar solvents, such
as acetonitrile, DMSO, and DMF, 3a was produced in
45, 58, and 66% yields, respectively, whereas in a non-
polar solvent, toluene, 3a was obtained in only 10%
yield (entries 14-17). The structure of 3a was deter-
mined by an analysis of its spectral data and by a com-
parison with the reported values.®!

Under these optimized reaction conditions, the sub-
strate scope was examined further using various 4-hy-
droxycoumarins la-1g and sulfonyl hydrazides 2a-2f
(Table 2). Substituents, such as methyl, bromo, chloro,
and fluoro on the benzene ring of coumarins were
well tolerated, and several sulfonyl hydrazides bearing
p-tolyl, mesityl, and 5-(dimethylamino)naphthalen-1-
yl groups were coupled well with the corresponding 4-
hydroxycoumarins to afford the desired products in
good yield. For example, reactions of 1a with 2b-d for
5 h provided the desired products 3b-3d in 90, 91, and
62% yields, respectively. The treatment of 1b bearing
an electron-donating methyl group at the 6-position
on the benzene ring of 4-hydroxycoumarin with sulfo-
nyl hydrazides 2a-2¢ afforded 3e-3g in 90-93% yield,
whereas reactions of le—f bearing electron-withdraw-
ing groups, such as 6-Cl, 6-F, 7-Br, and 7-F, provided
3h-3n in 78-86% yield. In the case of 1g bearing two
electron-withdrawing substituents on the benzene ring
of hydroxycoumarin, the desired products 30 and 3p
were isolated in 78 and 84% yields, respectively. To
investigate the possibility of the use of heteroarylsul-
fonylhydrazide and alkenesulfonylhydrazide, addition-
al reactions of thiophene-2-sulfonohydrazide (2e) and
(p-tolyl)ethene-1-sulfonohydrazide (2f) were next car-
ried out. Treatment of 1a with 2e in 1,4-dioxane at
100°C for 5 h afforded the desired product 3q in 65%
yield, whereas that with 2f did not provide the desired
product 3r. In this case, both starting materials 1a and
2f were recovered. In addition, reaction of 2H-chro-
men-2-one with benzenesulfonyl hydrazide in 1,4-di-
oxane at 100°C for 12 h did not provide the desired
product. In this reaction, benzenesulfonylhydrazide
was decomposed, but unreacted 2H-chromen-2-one
was recovered.
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Table 2. CuBr-Me,S-catalyzed synthesis of diverse 4-hydroxy-3-sulfanylcoumarin derivatives.[

OH OH
R! CuBrMe,S R S.
AN 4 uBr-Me, N R4
R4SO,NHNH, DABCO
R2 o X0 1,4-di<f)|xane R? 0~ ~o
3 retiux 3
R ta—g 2a—f R 3b-r
1aR'=H,R?=H,R3=H 2a R4 = phenyl
1bR'=Me,R2=H,R3=H  2p R*= p-tolyl
1c R1=C|, R2= H, R3= H 2c R4= mes[ty]
1dR'=F R2=H,R3=H 2d R* = 5-(dimethylamino)naphthalen-1-yl
1e R'=H,R2=Br,R3=H 2e R* = 2-thienyl
1fR'=H,R2=F R3=H 2f R* = 2-p-tolylethenyl
1gR'=Cl,R2=H, R3=Cl
3b 5h (90%) 3c 5h (91%) 3d 5h (62%) 3e 5h(90% 3f 4h (90%)
3g 4 h (93%) 3h, 5 h (83%) 3i, 5 h 85% 3], 5 h (86%) 3k 5 h (80%)
3l 5 h (83%) 3m 5 h (80%) 3n, 5h (78%) 30,5 h (78%)
3p5h (84%) 3q 5 h (65%) 3r7h(0%

[} Reaction conditions: 4-hydroxycoumarins (1.0 mmol),
DABCO (1.0 equiv) in 5.0 mL of 1,4-dioxane, at 100°C

To further demonstrate the versatility of this sulfa-
nylation, additional reactions of various 4-hydroxyqui-
nolinones with arylsulfonylhydrazides were examined
(Table 3). The reactions of 4-hydroxy-1-methylquino-
lone (4a) with 2a-2d produced the desired products
5a-5d in 70-90% yield, whereas those of 4b with 2a
and 2b afforded 5e and 5f in 80 and 83% yields, re-
spectively. In addition, reactions of 4-hydroxyquinoli-
nones 4c—4f bearing electron-donating or electron-
withdrawing groups on the aromatic ring were also
successful. The reactions of 4¢ and 4d bearing elec-
tron-donating groups, such as 6-methyl or 6-isopropyl
with 2a-2¢ provided the desired products 5g-5j in 82—
88% yield, and those of 4e and 4f bearing electron-
withdrawing groups, such as 6-bromo or 6-chloro with
2b and 2¢ afforded 5k—5m in 80, 82, and 77% yields,
respectively.

Some control experiments were next performed to
obtain further insight into the mechanism of this sul-
fanylation reaction, as shown in Scheme 3. First, in
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sulfonyl hydrazides (1.5 mmol), CuBr-Me,S (10mol%), and

the absence of 4-hydroxycoumarin or 4-hydroxyqui-
nolinone, S-phenyl benzenesulfonothioate (6) and di-
phenyl disulfide (7) were isolated in 35 and 55%
yield, respectively, under the standard reaction condi-
tions [Eq. (1)]. On the other hand, upon refluxing
with the arylsulfonylhydrazides for 24 h in 1,4-dioxane
in the absence of copper(I) complex, neither 6 nor 7
were detected. Importantly, the reaction of 6 or 7
with 4-hydroxycoumarin provided the product 3a in
80 and 82%, respectively, under optimized reaction
conditions [Egs. (2) and (3)]. These results clearly
show that S-phenyl benzenesulfonothioate (6) or di-
sulfide (7) might be an intermediate for this sulfanyla-
tion reaction. On the other hand, the effects of a radi-
cal scavenger were not observed when a reaction of
la with 2a was attempted with the addition of
TEMPO under the optimized conditions. This result
excludes the possibility of a radical pathway [Eq. (4)].

Based on previously reported studies and these ex-
perimental results, a plausible mechanistic pathway is

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 3. CuBr-Me,S-catalyzed synthesis of diverse 4-hydroxy-3-sulfanylquinolinone derivatives.
OH OH

R2 R2 S.
N CuBr-Me,S, DABCO NUUR?
+ R3SO,NHNH,
NS0 i N

| 1,4-dioxane, reflux
4a—f R?

2a-e 5a—m R’
12 2_
4a R1 = Me, 5 =H 2a R3 = phenyl
4bR'=H,R*=H 2b R3 = p-tolyl

4c R'=H, R2=Me
4dR'=H, R2= j-Pr
4eR'= HR2-Br
4fR'=H, R2=Cl

OH OH OH OH ‘ OH
s s
Lo @f\IO\ @fl/]@ di \ @fi“@
\
'l\l 0 N ¢ N o} N 0 H o)

2¢ R3 = mesityl
2d R3 = 5-(dimethylamino)naphthalen-1-yl

5a, 5 h (85%) 5b, 5h(88%) 5¢c, 5h (90%) 5d, 6 h (70%) 5e, 6 h (80%)
5f, 6 h (83%) 59, 6h( 5%) 5h, 6 h (88%) 5. 6 h (82%) 5j, 6 h (83%)
5k, 7 h (80%) 5I, 7h (82%) 5m, 6 h (77%)

(2} Reaction conditions: 4-hydroxyquinolinones (1.0 mmol), sulfonyl hydrazides (1.5 mmol), CuBr-Me,S (10 mol%), and
DABCO (1.0 equiv) in 5.0 mL of 1,4-dioxane, at 100°C

: NS 0
i i i S

i optimized conditions ~ ~

a 6 (35%) 7,5h (55%)

N
NO/U)
=
z
I
N

0 OH OH
g\ /© X optimized conditions A S
6 * @)
(0]
6 o S0 o "0
1a 3a, 5 h (80%)
OH OH
S. @ A optimized conditions B S
S * (3)
O (0] (0] (0]
4 1a 3a 5 h (82%)
OH 9
S....NH
= TN 2 CuBr-Me,S (10 mol%)
o” "0 DABCO (1 equiv.) o X0
2a
1 TEMPO (2 equiv.)
2 1,4- d|oxane reflux 3a, 5 h (88%)

Scheme 3. Control experiments.

presented in Scheme 4 for the formation of 3a and 5a  give intermediates thiosulfonate 6 and disulfide 7 via
through the sulfanylation reaction.'” The reaction is intermediates 8 and 9 through redox decomposi-
first initiated by Cu(I)-catalyzed aerobic oxidation to  tion.'”! The copper catalyst then reacts with 6 or 7 to
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/\ catalytic cycle
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1" + HBr
X O
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Scheme 4. Proposed mechanism for the formation of 3a or
Sa.

form copper(IIl) complex 10, which undergoes
DABCO-mediated transmetallation at the 3-position
of 4-hydroxycoumarins or 4-hydroxyquinolinones to
form another intermediate copper(III) complex 11.11°]
The reductive elimination of the copper(Ill) complex
11 gives 3a’ or 5a’ and copper (I) complex 12. The ex-
change of copper(I) complex 12 with HBr leads to
sulfinic acid 13 or thiol 14 and generates the copper
(T) catalyst. Keto-enol tautomerzation of intermediate
3a’ or 5a’ leads to the final product 3a or Sa.

To explore the utility of the synthesized com-
pounds, further conversion reactions were investigat-
ed (Scheme 5). For example, reaction of 3b in the
presence m-CPBA at room temperature for 5h pro-

OHo
\\
_ mCPBA _ @(i
O O CH2C|2
15, 97%
stCI EtsN

rt.,2h (o XAe)

thlophenol 16, 95%

rt., 10
Scheme 5. The utility of the synthesized compound 3b.
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vided the pharmacologically interesting 4-hydroxy-3-
tosyl-2H-chromen-2-one (15) in 97% yield.” In addi-
tion, treatment of 3b with p-TsCl and triethylamine
followed by addition of thiophenol afforded 4-(phe-
nylthio)-3-(p-tolylthio)-2H-chromen-2-one  (16) in
95% vyield, which shows that the synthesized sulfanyl
derivatives can be effectively used for the conversion
to various coumarin derivatives bearing two different
sulfanyl groups at the 3- and 4-positions on the cou-
marin ring.

Several organic molecules have been successfully
applied for the fluorescence sensing of various toxic
metal ions such as Hg®*, Pb**, Cd** and Cu**.['">!8
Among these metal ions, Cd** is widely used in the
field of electroplating, metallurgy and weapons indus-
try. Therefore, the effluents of these industries contain
high levels of Cd**, which lead to serious health issues
such as renal dysfunction, calcium metabolism disor-
ders, and prostate cancer.'”” Hence, the detection
and sensing of Cd*" is significantly important.

In this regard, we have examined the fluorescence
sensing ability of the synthesized compound 3f in ace-
tonitrile towards important metal ions in water. Fig-
ure la shows the fluorescence selectivity responses of
3f towards many metal ions namely AI**, Ca’*, Cd**,
Co**, Cr’*, Cu*", Fe’*, Fe**, Hg**, Ni**, Pb*" and
Zn**. The results strongly suggested that 3f is highly
selective in sensing Cd** ions among other screened
metal ions by fluorescence enhancement (Figure 1a).

Furthermore, the sensitivity of 3f has also been
tested towards different concentrations of Cd** ion in
water as shown in Figure 1b. The maximum emission
intensity (442 nm) was linearly fitted with various
concentrations of Cd** ion (Figure 2a), which was
identified from the linear correlation coefficient value
(R*=0.99)."] The detection limit of 3f towards Cd**
ion in water was found to be 6.29 uM. These results
demonstrate that 3f has highly efficient fluorescence
selectivity and sensitivity towards Cd*" ion. In addi-
tion, the results of Job’s plot (Figure 2b) showed that
at the maximum fluorescence intensity the binding
ratio of Cd** ion and 3f is 1:1. The enhanced fluores-
cence of 3f (CHEF) can be attributed to the chelation
between Cd** ion and the lone pair electrons of sulfur
and oxygen (hydroxy group) along with the blocking
of photoinduced electron transfer.'’¥ In order to
compare with the synthesized compound 3f, we have
tested the fluorescence sensing ability of commercial-
ly available 4-hydroxycoumarin, 4-hydroxyquinoline,
and p-tolenesulfonylhydrazide, which did not show
any fluorescence sensing properties for the detection
of cadmium(II) ions.

In summary, we have disclosed a CuBr-Me,S-cata-
lyzed direct sulfanylation of 4-hydroxycoumarins and
4-hydroxyquinolinones to afford diverse 3-arylsulfan-
yl-4-hydroxycoumarins and 3-arylsulfanyl-4-hydroxy-
quinolinones in good yield. This protocol involves the

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://asc.wiley-vch.de

COMMUNICATIONS

asc.wiley-vch.de

Adva
Synthesis &
Catalysis

=4(a)

100 =
80 o
60
40

20

Fluorescence Intensity @ 442 nm (a.u.)

Various metal ions

120 -

-
=3
o
A

o— B2 0K
o 10 A
o— 20 A
e 30 A

40 p|
o 50 AL

75 pd|
o 100 i
e 160 A
o 100 it
o 100 i
e 100 A
[— 10 MM

=3
o
A

-
o
A

-
o
'l

Fluorescence Intensity (a.u.)

20 -

400 450 500 550 600
Wavelength % (nm)

Figure 1. (a) The fluorescence response of 3f (0.001 M) in the presence of various metal ions (500 uM) in water at excitation
of 355 nm. (b) Fluorescence titration response of 3f (0.001M) in the presence of various concentrations of Cd** in water.
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Figure 2. (a) Fluorescence intensity of 3f at 442 nm as a function of Cd** ion (0-500 uM) concentration (b) Job’s plot for 3f

and Cd** under different ratios.

copper-catalyzed S—-O and S-N bond cleavage of sul-
fonyl hydrazides and the direct cross-coupling of vari-
ous 4-hydroxycoumarins or 4-hydroxyquinolinones.
This methodology offers a facile approach for direct
C-S bond formation. In addition, the synthesized 3-ar-
ylsulfanyl-4-hydroxycoumarin displayed outstanding
turn-on type fluorescence selectivity towards Cd**
ions in water with a low detection limit and unique
reversible function.
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Experimental Section

General Procedure for the Synthesis of 3-Arylsul-
fanyl-4-hydroxycoumarin and 3-Arylsulfanyl-4-
hydroxyquinolinone Derivatives (3 and 5)

A  mixture of 4-hydroxycoumarin/4-hydroxyquinolinone
(1.0 mmol), arylsulfonylhydrazide (1.5 mmol), CuBr-Me,S
(10 mol% ) and DABCO (1.0 equiv.) was stirred in 5 mL 1,4-
dioxane under refluxing conditions. The reaction was moni-
tored by TLC. After completion of the reaction, the solvent
was evaporated under vacuum, and the residue was subject-
ed to column chromatography using ethyl acetate in hexanes
as the eluent to afford pure 3-arylsulfanyl-4-hydroxycoumar-

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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in (3a-r) and 3-arylsulfanyl-4-hydroxyquinolinone (5a—m)
derivatives.
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