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An Efficient CuO Nanoparticle Catalyzed C-S Cross Coupling of Thiols

with lodobenzene

L. Rout, T. K. Sen and T. Punniyamurthy*

Materialsand Methods

Thiols, aryl halides and CuO nanoparticle (particle size 33 nm, surface area 29 nf/g and purity 99.99%)
were purchased from Aldrich. NMR spectra (400 MHz for *H and 100 MHz for **C) were recorded using
DRX-400 Varian spectrometer using CDCl; as solvent and Me;Si as internal standard. Flash column
chromatography was performed on silica gel (230-400 mesh) using ethyl acetate and hexane as eluent.
Melting points were determined on Buchi B-540 and uncorrected. Centrifugation was carried out using
SIGMA 3K30 Sartorius for 1 h with 10000 rpm.

General Procedurefor C-S Coupling Reaction

Thiol (1 mmol), aryl halide (1.1 mmol), CuO nanoparticle (1.26 mol%) and KOH (1.5 mmol) were stirred
in DMSO (1 mL) at 80 °C under N, atmosphere for the appropriate time. The progress of the reaction was
monitored by TLC using ethyl acetate and hexane as eluent. After completion, the reaction mixture was
treated with ethyl acetate (10 mL) and water (3 mL). The organic layer was separated and the ageous layer
was extracted with ethyl acetate (3 x 5 mL). The combined organic solution was washed with brine (3 x 5
mL) and water (1 x 5 mL). Drying (N&SO.) and evaporation of the solvent provided a residue which was
purified on short pad of silicagel using ethyl acetate and hexane.

4-Tolylphenyl sulfide (Table4, entry 2).
Colorless oil; H NMR (CDCl;, 400 MHZ) d 7.30-7.25 (m, 6H), 7.20-7.12 (m, 3H), 2.31 (s, 3H); *C NMR
(CDCl;,100 MHz) d 137.80, 137.31, 132.48, 131.43, 130.26, 129.94, 129.24, 126.59, 21.34.

p-Anisyl phenyl sulfide (Table 4, entry 3).™

Colorless oil; *H NMR (CDCls, 400 MHz) d 7.39-7.37 (dd, J = 8.8, 2.8 Hz, 2H), 7.2 3-7.12 (m, 5H), 6.88-
6.85 (dd, J = 8.8, 2.4 Hz, 2H), 3.78 (s, 3H); *C NMR (CDCls, 100 MHz) d 159.99, 138.79, 135.56, 129.10,
128.32,125.91, 124.41, 115.15, 55.52.

4-Nitrophenyl phenyl sulfide (Table 4, entry 4).[2

Yellow solid; m.p. 54 °C; *H NMR (CDCl3, 400 MHz) d 8.00 (d, J = 8.8 Hz, 2H), 7.31-7.23 (m, 3H), 7.06
(d, J = 8.8 Hz, 2H), 6.72 (d, J = 8.4 Hz, 1H); *C NMR (CDCl;, 100 MHz) d 158.94, 142.89, 136.24,
131.33, 125.91, 124.84, 115.15.



4-Bromopheny! phenyl sulfide (Table 4, entry 5).°

Colorless oil; *H NMR (CDCl3, 400 MHz) d 7.41-7.39 (dd, J = 6.8, 4.8 Hz, 2H), 7.36-7.25 (m, 5H). 7.18-
7.16 (dd, J = 6.8, 4.8 Hz, 2H); *C NMR (CDCl;, 100 MHz) d 135.99, 132.74, 132.59, 132.06, 129.89,
128.08.

2-Bromophenyl phenyl sulfide (Table 4, entry 6).

Colorless oil; *H NMR (CDCls, 400 MHz) 7.57 -7.55 (d, J = 8 Hz, 1H), 7.49 -7.44 (m, 2H), 7.41-7.36 (m,
3H), 7.24 -7.23 (m, 1H), 7.16-7.12 (m, 1H), 7.05-7.01 (m, 1H), 6.92-6.90 (d, J = 8 Hz, 1H); *C NMR
(CDCls, 100 MHz) 133.74, 133.23, 129.91, 129.86, 128.95, 128.70, 128.02, 127.89, 127.44.

2-Naphthylphenyl sulfide (Table 4, entry 7).1%

Colorless solid, m.p. 49 °C; *H NMR (CDCls, 400 MHz) d 7.83-7.76 (m, 2H), 7.74-7.70 (m, 2H), 7.48 -
7.44 (m, 2H), 7.41-7.36 (m, 2H), 7.32 -7.23 (m, 4H); *C NMR (CDCls, 100 MHz) d 131.14, 130.08,
129.44,129.07, 128.95, 127.94, 127.62, 127.27, 126 80, 126.42.

Benzylphenyl sulfide (Table 4, entry 8).1°
White solid, m.p. 40°C; '"H NMR (CDCl;, 400 MHz) d 7.31 -7.23 (m, 10H), 4.12 (s, 2H); *C NMR
(CDCl3, 100 MHz) d 130.08, 129.05, 128.70, 127.38, 126.56, 39.28.

(n-Ethylthio)benzene (Table5, entry 1).1%
Colorless oil; *H NMR (CDCl3, 400 MHz) d 7.33 -7.25 (m, 4H), 7.17-7.15 (m, 1H), 2.94 (m, 2H), 1.30 (t, J
= 7.2 Hz, 3H); *C NMR (CDCl3, 100 MHz) 136.79, 129.16, 129.0, 127.66, 127.32, 12592, 27.78, 14.54.

(n-Butylthio)benzene (Table 5, entry 2).1"

Colorless oil; 'H NMR (CDCl3z, 400 MHZ) d 7.32 -7.24 (m, 4H), 7.16-7.14 (m, 1H), 2.88 (t, J = 7.6 Hz, 2H),
1.64-1.59 (m, 2H), 1.47-1.41 (m, 2H), 0.90 (t, J = 2.7 Hz, 3H); °C NMR (CDCls, 100 MHz) 137.55,
137.18, 130.32, 128.90, 127.53, 125.67, 33.28, 31.31, 22.08, 13.78.

(n-Hexylthio)benzene (Table 5, entry 3).

Colorless oil; *H NMR (CDCls, 400 MHZ) d 7.31 -7.24 (m, 4H), 7.14-7.13 (m, 1H), 2.89 (t, J = 7.6 Hz,
2H); 1.65-1.59 (m, 2H), 1.42-1.39 (m, 2H), 1.37-1.25 (m, 2H), 0.85 (t, J = 68 Hz, 3H); °C NMR (CDCl;,
100 MHz) 137.24, 128.93, 125.72, 33.68, 31.53, 29.26, 28.69, 22.70, 14.19.

(n-Octylthio)benzene(Table5, entry 4) @

Colorless oil, *H NMR (CDCls, 400 MH2) d 7.32 -7.25 (m, 4H), 7.17-7.15 (m, 1H), 2.91 (t, J = 7.6 Hz, 2H),
1.66-1.56 (M, 2H), 1.43-1.26 (m, 10H), 0.87 (t, J = 6.4 Hz, 3H); “*C NMR (CDCls, 100 MHz) 137.63,
137.24,130.39, 128.96, 125.74, 33.69, 31.98, 29.35, 29.31, 29.03, 22.83, 14.29.



(n-Decylthio)benzene (Table 5, entry 5).[1%

Colorlessail, 'H NMR (CDCls, 400 MHz) d 7.32 -7.59 (m, 4H), 7.17-7.15 (m, 1H), 291 (t, J = 7.6 Hz, 2H),
1.66-1.60 (m, 4H), 1.42-1.37 (m, 12H), 0.88 (t, J = 6 Hz, 3H); BC NMR (CDCl3, 100 MHz) 137.43, 129.01,
125.81, 33.76, 32.12, 29.84, 29.55, 29.37, 29.06, 22.90, 14.33.

(n-Dodecylthio)benzene (Table 5, entry 6).1*Y

Colorless oil; *H NMR (CDCl3, 400 MHz) d 7.33 -7.26 (m, 4H), 7.25-7.13 (m, 1H), 2.91(t, J = 7.6 Hz, 2H),
1.66-1.56 (M, 4H), 1.43-1.25 (m, 12H), 0.88-0.86 (M, 3H); *C NMR (100 MHz, CDCl5) d137.43, 129.01,
125.80, 33.76, 32.12, 29.83, 29.55, 29.45, 29.37, 29.05, 28.74, 26.62, 23.73, 22.90,14.32.

1,4-Dipheny! butanethiol (Scheme 2).1*3
Colorless solid, m.p. 84 °C; *H NMR (CDCl3, 400 MHZ) d 7.29 -7.23 (m, 8H), 7.16 -7.14 (m, 2H), 2.90-
2.87 (m, 4H), 1.76-1.73 (m, 4H); *C NMR (CDCl3, 100 MHz) 137.63, 129.44, 129.10, 33.47, 28.32.
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solvent COC1E gain ot weed
L p spin not weed
ACQUISITION hst n.0es
6304, 18,700
at 1.5995 nifa B.000
np 28528 FLAGS
b not used 11 n
be 4 in [
d1 1.008 dp ¥
nt a2 ns an
ot 33 PROCESSTHG
TRAMSHITTER 1k 0.10
n 1 fr 5535
g a99.853 DIsPLAY
tof 62,8 5p -B16.5
tpwr 57w 53898
1 5.850 il B18.5
DECQIPLER rfp n
dn p 1138
dof p 44,1
dn nine PLOT
m £ 250
r 5t [
dnf 15900 vs =1
th 4
nn o cd; ph
s
e HE
LR
ama
i
L
|
s
et = o Fa e =
T T T T T == T 1 - T T Vo 1 pm—
13 1z 11 10 ] 1 [ H q 3 2 i -0 ppm
Wy L] W
50894 12.32.61
18.31 10.24 14.61 18,85
14=phery Theny
expl  3Zpul
SAMPLE SPECTAL
I7 2007 temp
::%LH;F” CDC12 gain
rile exp spin
RCOUESTTTON et
% 51956 pwhld
at 1189 alfa S\/\/\/
p 80270
o 13808 11 L]
By 16 in B
a 1,500 dp ¥
ey 1600 he L)
H 11 FROCESSTHG
TRAMSMITTER }: 52&52
tn
£trq 100,554 DIEPLAY 514.6
tof 1536.3 #p Hirg
e s ho T
DECOUPLER rtn TIEe:1
an HL P ek
e » PLOT :
dn wy 250
aam W T H
A az 5o i
8800
dar ;’; 2
. ne ph -~
E
&
B
|
Tama
a5 S
- A S
d 232 I2n =
y e . " L
- 8 - l T 9
: g |
g ‘
5
3 | |
| L v ‘
T T T TIXErLT : PR
- T LR
e 5 I EDAaRARTS P A IR 120 81 50 40 20 o pen
220 200 180 160
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TL=ncty1=1H

eupl  52pul
SAMPLE
ﬂ\n;& Fab 22 2007
solvant oocia
File
s S\/\/\/\/
i 6383.8
at 1,948
! 5520
f mat ueed
b q
a1 1.000
nt 32
©t
TRANSMITTER
tn HI
afrg 4939053
bl 2528
T 57
Bl 5.850
DECIUPLER
dn [E]
dof
in
e nap
T at
L 15900
ig
o
a2 za
: [
j ‘
B AR - A
T ™ T ™ T ™71 i Gl T T ™
T ™ i
13 1z 11 10 9 8 7 [ 5 a 3 3 i I—'ul T D_p,m_
1433 o P
5.2 868 ar.5n
11,75 12.z5
o~
TS-octyl-13C
wipl  £2pul

SANFLE &
date Fab £2 2007 temp
cDC1d g

eolvent aln
Tite eiiion exp ::1#\

=
i 25125.5 pudl
at L1898 alfa S
o ia00 \/\/\/\/
o 13zan 1
e 16 In
I 1.080 dp
nt
ct

TRAKSHITTER
sfrg 100,554
taf 15
tpwr
™ fecoupLen

n
ot
im
dmen
dgrwr
dnf

=
=
n
g -
Z -
g Bl
£ 8 g
s %
22 L=
e - =
s 2 - "
=3 = = nn 8 £
o -4 = e !;1 i s
X i " o =
i o mul :
P 1 ]
L] b i

_ —ta7.edn
130,283

T v v =T T

ltlill ’ lél] léﬂl . ].iﬂ . -1|IIO an an 7a L1 50 40 30 20 ppm
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ool
AFECIEL |
o L
o =l |
(3] il
o p‘.u. ru |
i it i)
] " n
= a n
al 5 T
" = G
e PARCEELINE
TRARRRIFTLA I L]
n ™ THiy
LLLL B merLEd
el aEE B ap H e
EpeT LEd Eanw
Ha $.880 Th Lo
b e ®
i FE (R
aar (44 ~THa | E
in AT
e w e |
r [
= = T |
n ]
™ i ph |
|
|
T
1
v o
I I
- : LS
e e e e T S ———
L3 1z 11 i a L] T i B 4 npe
[
baE
(EH
dacy1-15-2
epl  =2pu)
BARPLE SFLCIAL
date  Mar § 2007 témp nat waed
solvent BOC13 gain mot ugad
file o spin not used
ACQUISITION hE o008
L0 25125, 18,60
at 1.19% 2,800
n 6027 FLAOS
f 13808 "
by 11 n
a1 i. ¥
nt nn
“t L] PROCESSING
TRANSNITTER 1 z.00 S
tn Clz fn 65536 \/\/\/\/\/
wfrg OISPLAY
tof 5 —a1
tpwr u 1508
il 827
rfp 77648
dn I -88
dor n -278.4
dm PLOT
dmn e 250
dewr Ll 113
daf 8300 ws is
th
L
oo
P =
[ 41
-
1l g3s25y
f g
- FERNET
1 td EA @
i ' i E 7 =
8 H g * B
| |
J]_ | . !
P L.i A R o | JL oA b b
¥ y Tt iy akad -
I T — T — - T - e - T — P
140 130 120 110 an 7l 11 50 41 Z0 10 ppm
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L dadedyl

wepl  w2pul S
SAMPLE SPECIAL
gate Har 5 2007 temp not used
solvent crcia  gain not used
file ep 3pin mtnnud
ns .
o mwn”?‘n! B a0 19,700
at 1,488 alfa 20,809
" wsza :
1 1t Ehe
e ;
1. »
o 3z he nn
ct £ FROCESSING .
TRANSMITTER 1k @, 10
7 9‘:; ™ piselav kS |
A 389,
ar 3625 5P 2046 das
T 7 own 53736 a3
™ 8.650 rfl 7946 ‘:_]_-d
DLEAUPLER rip I b
an GlE e 114.0 6
ot [ ] -87.5 r
L nan PLET I
dem S 250 |
o sc .
bl 15908 ¥s asd 28 | |
o Gde Bh gan

N

H-
"
KN !F"‘
=1 w |
e 3 o= 8| E
g8:Ry ¢ s 8 T
o |"‘-. J Rt hri] i
]

= mT_—\._ "

P

T T T T T T T

13 12 11 it
Dedecy | TS
mepl  sZpul

SAMPLE SPECIAL

date  War 7 2007 temp ot used
aalvant ohC13  gain ot Esed

& axp  spin mot used

ADIUISITION hst o008
B 25125.8  pwal 18,800
at .19 alfa 0,000
np Bo2TR FLAGE
1o 13808 |1 n
bz in n
a1 1,000 dp ¥
nt 1800 hs nn
ot (2]

TRANSMITTER 200
tn C 36
sfrg 109,554
of 1536.3
Lpur 51
£ 5,300

OECDUPLER r i
n Wl rp -B4.3
dof 1 oip -371.4 S
#n Y PLOT
dam W 250
Apar 4z sg [
it BEdl we 27

.50
78,817

129,013

135 80
-33_TET

—
— i 8

T
1a0 izo 100 1) 171 40 20 I}

T TP T T T T T T T
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o
1
q2
o o
T
1= - dbatyl
wnpl  £2pul
SAMPLE SPECTAL '
date War 5 2007 tomp not used S
solvent CpEld  gatn net usad \/\/\
file wup spin not uked
AGOULSITION hst [ S
5 B3B8 A pwil 18,760
at 1.998 alfa 20,080
ng zds2h FLAGS |
b rot wked 11 n
bs in n
a1 1.000 dp ¥
t 2 hs nn
ot PROCESSING
TRARSMITTLR b .10
0 fn G536
sirg 389452 OISPLAY
taf 62,8 &R -B07.1
L 5T wp §388.6
9.850 rfl 3698.2
DECOUPLER rfp 2898.9
o1z rp 115.6
[ -96,2
dm A ot
dnm 5§ wC 250
dpur sc
dnf 15940 " ray
W
. cdc ph
e
. AEa
b T
ERERNL a5
P -3 e
L J " g
) g «
| \
fi_ | L 5 S
L e T T L T T T T T T T T Lo T =Y =T
13 12 11 10 ] a8 7 B ] 3 1 -0 -1 ppm
s L
as.71 1861
11.80 '
1-1-d iiity] 130
wrpl alpal
L
date My 0 2007 Lamg
mhan \L] n
H'II“ An
- ]
S 34
= 11
" in S
H - \/\/\
3 w S
TRAMMITTEE 1b
in au n
wiry 10
o -
=1 1M rh
DECENM PR s -
im - H e B
whrf i Is s
i q . )
— - e "‘l': L
it e .
* it M -J
th
-
.
LH 3
T8
-
¢ 8
| E[
T T T T T T T T T T T T T T T T T T T T T
14] 11 188 160 in 1z0, 110 L 1) | ppa
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