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a b s t r a c t

A copper(I)-catalyzed tandem reaction of 2-iodophenols with isothiocyanates in hydrophobic [bmim]
[PF6] ionic liquid was described, which proceeded smoothly and generated a variety of 2-iminobenzo-
1,3-oxathioles in good to excellent yields. The tandem reaction that was carried out in [bmim][PF6] has
some obvious advantages such as reaction rate acceleration and yield increasing as compared with the
reaction run in volatile solvents such as toluene. Furthermore, the CuI/1,10-phenanthroline catalytic
system can be reused up to 6 times without loss of activity and efficiency.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

The benzo-1,3-oxathiole motifs are found in a variety of useful
heterocyclic compounds that exhibit remarkable pharmaceutical or
biochemical activities [1e3]. In particular, the significant impor-
tance of the 2-iminobenzo-1,3-oxathioles has stimulated the
development of efficient routes for their preparation [4e8]. For
example, Ibata et al. discovered a feasible approach to 2-
iminobenzo-1,3-oxathioles utilizing rhodium(II) acetate-catalyzed
reaction of a-diazocarbonyl compounds with isothiocyanates [5].
Nair et al. found that the heterocyclic scaffolds could be constructed
via [4þ1] cycloaddition reaction of o-thioquinoneswith isocyanides
[6]. Kulka reported a facile synthesis of N-acyl-2-imino-1,3-
oxathioles from O-alkyl acylcarbamothioates and 2-chloro
ketones in the presence of sodium alkoxide [9]. However, in
many cases, the applications of these methodologies often suffered
from some limitations such as narrow substrate scopes, expensive
or toxic metal catalysts and reagents, unsatisfactory efficiencies, as
well as the tedious multistep manipulation. Recently, Bao et al.
reported a highly efficient method for the synthesis of 2-
iminobenzo-1,3-oxathioles via a copper(I)-catalyzed one-pot
tandem reaction of 2-iodophenols with isothiocyanates in toluene
8.
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[10]. However, the one-pot tandem reaction of 2-iodophenols with
isothiocyanates proceeds in the presence of a homogeneous CuI
(10 mol%) using 1,10-phenanthroline (20 mol%) as a ligand in
toluene, whichmakes the recovery of the catalytic system tedious if
not impossible and might result in unacceptable copper contami-
nation of the product. Ideally, one would like to be able to recover
and recycle the entire catalyst system but avoid the challenges
presented by either mounting the catalyst on a solid support or by
preparing designer ligands for use in aqueous or fluorous biphasic
systems.

Recently, a new alternative solution for catalyst recycling has
been reported. This involves the use of room temperature ionic
liquids (RTILs), in essence salts that are liquid at or below room
temperature [11]. Room temperature ionic liquids, especially those
based upon the 1,3-dialkylimidazolium cation, have attracted
growing interest in recent years [12e15]. They offer an alternative
and ecologically sound medium compared to conventional organic
solvents, as they are non-volatile, recyclable, thermally robust and
excellent solvents for a wide range of organic and inorganic
materials. Furthermore, their high compatibility with transition
metal catalysts and limited miscibility with common solvents,
enables easy product and catalyst separation with the retention of
the stabilized catalyst in the ionic phase [16]. These and related
ionic liquids have been successfully applied to hydrogenations [17],
alkene dimerizations [18], FriedeleCrafts reactions [19,20], Dielse
Alder reactions [21], Heck reactions [22,23], Bechmann
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condensations [24], Suzuki reactions [25e27], BayliseHillman
reactions [28,29], Stille reactions [30,31], and Sonogashira reac-
tions [32]. However, copper-catalyzed cross-coupling reactions in
ionic liquids have received less attention [33,34]. The emerging
importance of the imidazolium-based ionic liquids in organic
synthesis, motivated us to test the efficacy of ionic liquids for CeS
coupling reaction. In this paper, we describe the copper(I)-
catalyzed one-pot tandem reaction of 2-iodophenols with iso-
thiocyanates in room temperature ionic liquids. The developed
methodology has important practical advantages deserving special
note.
2. Experimental

2.1. General remarks

All chemicals were reagent grade and used as purchased. The
products were purified by flash chromatography on silica gel. IR
spectra were determined on a PerkineElmer 683 instrument. 1H
NMR spectra were recorded on a Bruker Avance (400 MHz)
spectrometer with TMS as an internal standard in CDCl3 as
solvent. 13C NMR spectra were recorded on a Bruker Avance
(100 MHz) spectrometer in CDCl3 as solvent. Melting points are
uncorrected. [bmim][PF6] was prepared according to the proce-
dure reported in the literature and the purity was confirmed by 1H
NMR [35,36].
2.2. General procedure for copper(I)-catalyzed tandem reaction of
2-iodophenols with isothiocyanates in [bmim][PF6]

A two-necked flask equipped with a magnetic stirring bar were
placed Cs2CO3 (2.0 mmol), CuI (0.1 mmol), 1,10-phenanthroline
(0.2 mmol), 2-iodophenol (1.0 mmol) and [bmim][PF6] (2.0 mL)
under an argon atmosphere. The mixture was pre-stirred at 40 �C
for 1 h, then isothiocyanate (1.0 mmol) was added and the mixture
was allowed to stir at 80e90 �C. After completion of the reaction as
monitored by TLC, the reaction was cooled down to 25 �C and
extracted with diethyl ether (3 � 10 mL). The recovered ionic liquid
phase containing CuI/1,10-phenanthroline complex was concen-
trated in vacuo (5.0 Torr/r.t. for 1 h) and reused in the next run. The
combined ether solution was concentrated under vacuum, and the
residue was purified by flash chromatography on silica gel to give
the desired product.

2.2.1. N-(Benzo[d][1,3]oxathiol-2-ylidene)benzenamine, 3a
White solid [10], mp 76e78 �C. 1H NMR (400 MHz, CDCl3):

d¼ 7.07 (d, J¼ 7.6 Hz, 2H), 7.12e7.19 (m, 2H), 7.21e7.28 (m, 3H), 7.38
(d, J ¼ 7.6 Hz, 2H); 13C NMR (100 MHz, CDCl3): d ¼ 111.4, 120.9,
122.2, 122.7, 124.5, 125.0, 127.1, 129.6, 148.0, 150.4, 160.3.

2.2.2. N-(Benzo[d][1,3]oxathiol-2-ylidene)-4-methylbenzenamine, 3b
White solid [10], mp 78e80 �C. 1H NMR (400 MHz, CDCl3):

d ¼ 2.35 (s, 3H), 6.97 (d, J ¼ 8.4 Hz, 2H), 7.13 (dt, J ¼ 2.0, 7.6 Hz, 1H),
7.19 (d, J ¼ 8.0 Hz, 2H), 7.21e7.28 (m, 3H); 13C NMR (100 MHz,
CDCl3): d ¼ 21.0, 111.4, 120.6, 122.1, 122.7, 124.4, 127.1, 130.1, 134.5,
145.4, 150.3, 159.9.

2.2.3. N-(Benzo[d][1,3]oxathiol-2-ylidene)-2-methylbenzenamine, 3c
White solid [10], mp 62e64 �C. 1H NMR (400 MHz, CDCl3):

d ¼ 2.28 (s, 3H), 6.98 (d, J ¼ 7.6 Hz, 1H), 7.10e7.18 (m, 2H),
7.21e7.28 (m, 5H); 13C NMR (100 MHz, CDCl3): d ¼ 17.7, 111.4,
119.5, 122.1, 122.9, 124.4, 124.9, 127.1, 130.0, 130.9, 146.9, 150.6,
159.8.
2.2.4. N-(Benzo[d][1,3]oxathiol-2-ylidene)-4-
methoxybenzenamine, 3d

White solid [10], mp 110e112 �C. 1H NMR (400 MHz, CDCl3):
d ¼ 3.81 (s, 3H), 6.93 (d, J ¼ 9.2 Hz, 2H), 7.03 (d, J ¼ 8.8 Hz, 2H), 7.14
(dt, J ¼ 2.0, 7.6 Hz, 1H), 7.21e7.28 (m, 3H); 13C NMR (100 MHz,
CDCl3): d ¼ 55.5, 111.3, 114.8, 121.9, 122.1, 122.7, 124.4, 127.1, 141.1,
150.3, 157.0, 159.9.

2.2.5. N-(Benzo[d][1,3]oxathiol-2-ylidene)-4-nitrobenzenamine, 3e
Yellow solid [37], mp 162e164 �C. 1H NMR (400 MHz, CDCl3):

d ¼ 7.18e7.35 (m, 6H), 8.27 (d, J ¼ 8.8 Hz, 2H); 13C NMR (100 MHz,
CDCl3): d ¼ 111.7, 121.7, 122.3, 125.1, 125.6, 127.6, 144.7, 150.3, 153.6,
161.7.

2.2.6. N-(Benzo[d][1,3]oxathiol-2-ylidene)-4-chlorobenzenamine, 3f
White solid [37], mp 91e93 �C. 1H NMR (400 MHz, CDCl3):

d¼ 6.90 (d, J¼ 8.4 Hz, 2H), 7.05 (dt, J¼ 2.0, 7.6 Hz,1H), 7.12e7.20 (m,
3H), 7.25 (d, J ¼ 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3): d ¼ 111.5,
122.2, 122.3, 122.4, 124.6, 127.3, 129.8, 130.1, 146.5, 150.4, 160.8.

2.2.7. N-(Benzo[d][1,3]oxathiol-2-ylidene)-4-fluorobenzenamine, 3g
White solid [37], mp 101e103 �C. 1H NMR (400 MHz, CDCl3):

d ¼ 7.01e7.10 (m, 4H), 7.14 (dt, J ¼ 2.0, 7.6 Hz, 1H), 7.20e7.28 (m,
3H); 13C NMR (100 MHz, CDCl3): d ¼ 111.4, 116.4 (d, 2JCF ¼ 22 Hz),
122.2 (d, 2JCF ¼ 23 Hz), 122.4, 122.5, 124.6, 127.3, 144.2, 150.3, 160.1
(d, 1JCF ¼ 243 Hz), 160.7.

2.2.8. N-(5-Methylbenzo[d][1,3]oxathiol-2-ylidene)benzenamine, 3h
White solid [10], mp 83e85 �C. 1H NMR (400 MHz, CDCl3):

d ¼ 2.33 (s, 3H), 7.02e7.12 (m, 5H), 7.17 (t, J ¼ 7.6 Hz, 1H), 7.38 (t,
J ¼ 8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3): d ¼ 21.0, 110.9, 120.9,
122.3, 122.4, 124.9, 127.7, 129.6, 134.4, 148.0, 148.4, 160.6.

2.2.9. 4-Methyl-N-(5-methylbenzo[d][1,3]oxathiol-2-ylidene)
benzenamine, 3i

White solid [10], mp 87e89 �C. 1H NMR (400 MHz, CDCl3):
d¼2.33 (s, 3H), 2.35 (s, 3H), 6.97 (d, J¼8.0Hz, 2H), 7.02e7.11 (m, 3H),
7.18 (d, J ¼ 8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3): d ¼ 21.0 (2C),
110.9,120.7,122.3,122.5,127.7,130.2,134.2,134.4,145.5,148.4,160.3.

2.2.10. 2-Methyl-N-(5-methylbenzo[d][1,3]oxathiol-2-ylidene)
benzenamine, 3j

White solid [10],mp56e58 �C.1HNMR (400MHz, CDCl3): d¼ 2.27
(s,3H), 2.36 (s, 3H), 6.98 (d, J¼7.6Hz,1H), 7.04e7.15 (m,4H), 7.22e7.28
(m, 2H); 13C NMR (100 MHz, CDCl3): d ¼ 17.7, 21.0, 111.0, 119.7, 122.3,
122.7, 124.9, 127.1, 127.7, 130.1, 130.9, 134.3, 147.1, 148.6, 160.2.

2.2.11. 4-Methoxy-N-(5-methylbenzo[d][1,3]oxathiol-2-ylidene)
benzenamine, 3k

White solid [10], mp 93e95 �C. 1H NMR (400 MHz, CDCl3):
d ¼ 2.33 (s, 3H), 3.81 (s, 3H), 6.91e6.95 (m, 2H), 7.01e7.05 (m, 3H),
7.09e7.13 (m, 2H); 13C NMR (100 MHz, CDCl3): d ¼ 20.9, 55.4, 110.9,
114.8, 121.9, 122.2, 122.5, 127.7, 134.2, 141.2, 148.3, 156.9, 160.1.

2.2.12. 4-Nitro-N-(5-methylbenzo[d][1,3]oxathiol-2-ylidene)
benzenamine, 3l

Yellow solid [37], mp 160e162 �C. 1H NMR (400 MHz, CDCl3):
d¼ 2.37 (s, 3H), 7.08e7.19 (m, 5H), 8.26 (d, J ¼ 8.8 Hz, 2H); 13C NMR
(100 MHz, CDCl3): d ¼ 21.0, 111.2, 121.7, 122.4, 125.7, 128.2, 135.2,
144.6, 148.5, 153.7, 162.0.

2.2.13. 4-Chloro-N-(5-methylbenzo[d][1,3]oxathiol-2-ylidene)
benzenamine, 3m

White solid [37], mp 100e102 �C. 1H NMR (400 MHz,
CDCl3): d ¼ 2.33 (s, 3H), 6.99 (d, J ¼ 8.8 Hz, 2H), 7.01e7.12 (m,
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3H), 7.34 (d, J ¼ 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3):
d ¼ 21.0, 111.1, 122.2, 122.3, 122.4, 127.9, 129.7, 130.2, 134.6,
146.5, 148.3, 161.2.

2.2.14. N-(5-methylbenzo[d][1,3]oxathiol-2-ylidene)
cyclohexanamine, 3n

White solid [10], mp 73e75 �C. 1H NMR (400 MHz, CDCl3):
d¼ 1.26e1.50 (m, 5H), 1.59e1.64 (m,1H), 1.76e1.82 (m, 4H), 2.32 (s,
3H), 2.80e2.85 (m, 1H), 6.93e7.04 (m, 2H), 7.09 (s, 1H); 13C NMR
(100 MHz, CDCl3): d ¼ 20.9, 24.5, 25.5, 33.1, 63.4, 110.6, 122.3, 122.6,
127.4, 133.6, 148.2, 156.4.

2.2.15. N-(5-tert-Butylbenzo[d][1,3]oxathiol-2-ylidene)
benzenamine, 3o

White solid [10], mp 56e58 �C. 1H NMR (400 MHz, CDCl3):
d ¼ 1.30 (s, 9H), 7.06 (d, J ¼ 7.6 Hz, 2H), 7.16 (t, J ¼ 8.0 Hz, 2H), 7.25
(d, J ¼ 8.0 Hz, 1H), 7.27 (s, 1H), 7.38 (t, J ¼ 7.6 Hz, 2H); 13C NMR
(100 MHz, CDCl3): d ¼ 31.4, 34.8, 110.7, 118.9, 120.9, 122.3, 124.3,
124.9, 129.6, 148.0, 148.1, 148.3, 160.7.

2.2.16. N-(5-tert-Butylbenzo[d][1,3]oxathiol-2-ylidene)-4-
methylbenzenamine, 3p

White solid [10], mp 81e83 �C. 1H NMR (400 MHz, CDCl3)
d ¼ 1.30 (s, 9H), 2.35 (s, 3H), 6.97 (d, J ¼ 8.0 Hz, 2H), 7.14 (d,
J ¼ 8.0 Hz, 1H), 7.18 (d, J ¼ 7.6 Hz, 2H), 7.24 (d, J ¼ 8.0 Hz,
1H), 7.26 (s, 1H); 13C NMR (100 MHz, CDCl3) d 21.0, 31.5, 34.8,
110.7, 118.9, 120.8, 122.4, 124.2, 130.2, 134.4, 145.5, 147.9, 148.2,
160.4.

2.2.17. N-(5-tert-Butylbenzo[d][1,3]oxathiol-2-ylidene)-4-
methoxybenzenamine, 3q

White solid [10], mp 99e101 �C. 1H NMR (400MHz, CDCl3) d 1.31
(s, 9H), 3.81 (s, 3H), 6.92 (d, J ¼ 8.8 Hz, 2H), 7.02 (d, J ¼ 8.8 Hz, 2H),
7.14 (d, J ¼ 8.8 Hz, 1H), 7.25 (d, J ¼ 8.4 Hz, 1H), 7.27 (s, 1H); 13C NMR
(100 MHz, CDCl3) d 31.4, 34.7, 55.4, 110.6, 114.8, 118.9, 122.0, 122.3,
124.2, 141.2, 147.9, 148.2, 156.9, 160.3.

2.2.18. N-(5-tert-Butylbenzo[d][1,3]oxathiol-2-ylidene)-4-
nitrobenzenamine, 3r

Yellow solid [37], mp 134e136 �C. 1H NMR (400 MHz, CDCl3):
d ¼ 1.33 (s, 9H), 7.18e7.36 (m, 5H), 8.26 (d, J ¼ 8.8 Hz, 2H); 13C NMR
(100 MHz, CDCl3): d ¼ 31.4, 34.8, 111.0, 119.1, 121.7, 122.3, 124.8,
125.5, 144.6, 148.2, 148.7, 153.7, 162.1.

2.2.19. N-(5-tert-Butylbenzo[d][1,3]oxathiol-2-ylidene)-4-
chlorobenzenamine, 3s

White solid [37], mp 94e96 �C. 1H NMR (400 MHz, CDCl3) d 1.23
(s, 9H), 6.92 (d, J¼ 8.8 Hz, 2H), 7.07 (d, J¼ 8.4 Hz, 1H), 7.17e7.25 (m,
4H); 13C NMR (100MHz, CDCl3) d 30.4, 33.7, 109.7,117.9, 121.0, 121.3,
123.4, 128.7, 129.0, 145.5, 147.1, 160.2.

2.2.20. N-(5-tert-Butylbenzo[d][1,3]oxathiol-2-ylidene)
cyclohexanamine, 3t

White solid [10], mp 52e54 �C. 1H NMR (400 MHz, CDCl3):
d ¼ 1.29 (s, 9H), 1.31e1.52 (m, 4H), 1.59e1.65 (m, 2H), 1.76e1.83
(m, 4H), 2.81e2.87 (m, 1H), 7.04 (d, J ¼ 8.4 Hz, 1H), 7.20 (d,
J ¼ 8.8 Hz, 1H), 7.31 (s, 1H); 13C NMR (100 MHz, CDCl3): d ¼ 24.5,
25.6, 31.5, 33.1, 34.7, 63.3, 110.4, 118.9, 122.4, 124.0, 147.2, 148.0,
156.5.

2.2.21. N-(5-Chlorobenzo[d][1,3]oxathiol-2-ylidene)benzenamine,3u
White solid [10], mp 106e108 �C. 1H NMR (400 MHz, CDCl3):

d¼ 7.04 (d, J¼ 7.6 Hz, 2H), 7.12e7.25 (m, 4H), 7.38 (t, J¼ 7.6 Hz, 2H);
13C NMR (100 MHz, CDCl3): d ¼ 112.2, 120.8, 121.9, 122.8, 124.5,
125.2, 127.3, 129.7, 147.6, 148.9, 159.4.
2.2.22. N-(5-Chlorobenzo[d][1,3]oxathiol-2-ylidene)-4-
methylbenzenamine, 3v

White solid [37], mp 120e122 �C. 1H NMR (400 MHz, CDCl3):
d¼ 2.35 (s, 3H), 6.94 (d, J ¼ 8.0 Hz, 2H), 7.10e7.23 (m, 5H); 13C NMR
(100 MHz, CDCl3): d ¼ 21.0, 112.1, 120.6, 121.9, 124.6, 127.2, 129.7,
130.3, 134.8, 145.0, 148.9, 159.0.

2.2.23. N-(5-Chlorobenzo[d][1,3]oxathiol-2-ylidene)-4-
methoxybenzenamine, 3w

White solid [37], mp 100e102 �C. 1H NMR (400 MHz, CDCl3):
d ¼ 3.81 (s, 3H), 6.93 (d, J ¼ 8.8 Hz, 2H), 7.01 (d, J ¼ 8.8 Hz, 2H), 7.13
(d, J ¼ 8.4 Hz, 1H), 7.18 (d, J ¼ 8.4 Hz, 1H), 7.24 (s, 1H); 13C NMR
(100 MHz, CDCl3): d ¼ 55.4, 112.1, 114.9, 121.8, 121.9, 124.5, 127.2,
129.6, 140.7, 148.9, 157.1, 158.9.

2.2.24. N-(5-Chlorobenzo[d][1,3]oxathiol-2-ylidene)-4-
nitrobenzenamine, 3x

Yellow solid [37], mp 171e173 �C. 1H NMR (400MHz, DMSO-d6):
d ¼ 7.29 (d, J ¼ 7.6 Hz, 2H), 7.35e7.43 (m, 2H), 7.74 (s, 1H), 8.25 (d,
J ¼ 8.4 Hz, 2H); 13C NMR (100 MHz, DMSO-d6): d ¼ 112.7, 122.0,
122.7, 123.9, 125.4, 127.6, 129.0, 144.2, 148.8, 152.8, 160.9.

2.2.25. N-(5-Chlorobenzo[d][1,3]oxathiol-2-ylidene)-4-
chlorobenzenamine, 3y

White solid [37], mp 116e118 �C. 1H NMR (400 MHz, CDCl3):
d¼ 6.98 (d, J¼ 8.0 Hz, 2H), 7.15 (d, J¼ 8.8 Hz,1H), 7.23 (d, J¼ 8.8 Hz,
1H), 7.27 (s, 1H), 7.34 (d, J¼ 8.0 Hz, 2H); 13C NMR (100MHz, CDCl3):
d ¼ 112.3, 122.0, 122.3, 124.2, 127.4, 129.9, 130.1, 130.5, 146.1, 148.9,
160.1.

2.3. Recycling of ionic liquid and catalytic system

After completion of the reaction, the reaction mixture was
cooled to 25 �C and extracted with diethyl ether (3 � 10 mL). The
remaining oily ionic liquid containing CuI/1,10-phenanthroline
complex was concentrated in vacuo (5.0 torr/r.t. for 1 h) and
a second amount of reactants were added and the process was
repeated up to 3 times. After third cycle, the ionic liquid was
washed with distilled water (2 � 10 mL), dried in vacuo (5.0 Torr/
80 �C for 1 h) and recycled for another three times without addition
of CuI and 1,10-phenanthroline.

3. Results and discussion

Our choice of solvent was the readily prepared and hydrophobic
1-butyl-3-methylimidazolium hexafluorophosphate ([bmim][PF6]).
In our preliminary experiments, the reaction of 2-iodophenol with
phenyl isothiocyanate was chosen as a model reaction. The influ-
ences of various reaction parameters such as copper salts, ligands,
and bases on the reaction were tested and the results are
summarized in Table 1. Among the copper salts such as CuI, CuBr,
CuCl, Cu2O, CuCl2, CuSO4 and Cu(OAc)2 screened in the reaction, CuI
was found to be the most effective catalyst, leading to the desired
product in 97% yield (Table 1, entry 1). In a blank experiment, the
reaction did not occur in the absence of copper catalyst (entry 12).
And then, we investigated the influences of various ligands such as
1,10-phenanthroline, L-proline, N,N-dimethylglycine, glycine and
acac on the model reaction. L-Proline, glycine and acac were not
suitable for this process. N,N-Dimethylglycine was good, but 1,10-
phenanthroline was the best choice. Hardly any desired product
was observed without a ligand (entry 13). Among the bases
examined, Cs2CO3 was found to be the most effective (Table 1, entry
1), K2CO3 and K3PO4 also afforded good yields (Table 1, entries 14
and 16), but Na2CO3 was substantially less effective (Table 1, entry
15). Therefore, the optimized conditions for this tandem reaction



Table 1
Reaction condition screening for the reaction of 2-iodophenol 1a with phenyl isothiocyanate 2a in [bmim][PF6].a

I

OH
+ PhNCS

copper salt/L, base

[bmim][PF6], 80 oC

O

S
N

Ph

1a 2a 3a

N N
L1

L-Proline

L2

CO2HN

L3

CO2HH2N

L4

O O

L5

Entry Copper salt Ligand Base Yieldb (%)

1 CuI L1 Cs2CO3 97
2 CuBr L1 Cs2CO3 68
3 CuCl L1 Cs2CO3 70
4 Cu2O L1 Cs2CO3 23
5 CuCl2 L1 Cs2CO3 74
6 CuSO4 L1 Cs2CO3 65
7 Cu(OAc)2 L1 Cs2CO3 63
8 CuI L2 Cs2CO3 28
9 CuI L3 Cs2CO3 87
10 CuI L4 Cs2CO3 31
11 CuI L5 Cs2CO3 21
12 e L1 Cs2CO3 n.d.c

13 CuI e Cs2CO3 Trace
14 CuI L1 K2CO3 90
15 CuI L1 Na2CO3 78
16 CuI L1 K3PO4 88

a Reaction conditions: 2-iodophenol 1a (1.0 mmol), phenyl isothiocyanate 2a (1.0 mmol), copper salt (0.1 mmol), ligand (0.2 mmol) and base (2.0 mmol) in [bmim][PF6]
(2.0 mL) under Ar at 80 �C for 14 h.

b Isolated yield.
c The desired product was not detected (n.d.).
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are to use a combination of CuI (10 mol%) and 1,10-phenanthroline
(20 mol%) in the presence of Cs2CO3 (2.0 equiv.) as base at 80 �C in
[bmim][PF6] (Table 1, entry 1).

With this promising result in hand, we started to investigate the
scope of this methodology. Firstly, the scope of isothiocyanates was
examined and the results are summarized in Table 2. The optimized
reaction conditions were applied to a variety of isothiocyanates
giving rise to the corresponding 2-iminobenzo-1,3-oxathioles 3 in
good to excellent yields, regardless of the electronic nature of the
groups on the aryl isothiocyanate (Table 2, entries 2e7). For
example, 2-iodophenol 1a reacted with 4-methylphenyl iso-
thiocyanate 2b or 2-methylphenyl isothiocyanate 2c leading to the
desired products in excellent yields (entries 2 and 3). When 4-
nitrophenyl isothiocyanate 2e was used in the reaction of 1a
under the standard conditions, the corresponding product 3e was
formed in 94% yield (Table 2, entry 5). Reaction of 1a with 4-
chlorophenyl isothiocyanate 2f or 4-fluorophenyl isothiocyanate
2g gave rise to the corresponding 2-iminobenzo-1,3-oxathioles 3f
or 3g in 92% or 93% yield, respectively (Table 2, entries 6 and 7). For
the strong electron-donating substituents such as methoxy
attached on the isothiocyanate the reaction required higher
temperature (90 �C) and longer time to promote the completion of
the reaction (Table 2, entry 4).

With respect to the electronic nature of the substituents on the
2-iodophenol, we further investigated the scope and the generality
of the methodology by varying the 2-iodophenols, which could be
easily derived from the para-substituted phenols. As shown in
Table 3, generally the tandem reactions proceeded smoothly to
afford the corresponding products 3 in good to excellent yields,
although a higher temperature (85 �C) and slightly longer times
were required. For instance, reaction of 1b or 1c with a variety of
aryl isothiocyanates bearing electron-withdrawing groups as well
as weak electron-donating groups led to the corresponding prod-
ucts 3 in good to excellent yields (Table 3, entries 1e3, 5, 6, 8, 9, 11
and 12). The reaction of 1b or 1c with 2d bearing strong electron-
donating group was slow and required higher temperature
(90 �C) and prolonged times (entries 4 and 10). A slightly drop of
yield was observed when the alkyl isothiocyanates were subjected
into the copper(I)-catalyzed tandem reaction of 2-iodophenols,
which might be due to the less reactivity of the substrates as
compared with the aryl isothiocyanates (entries 7 and 13).

We were pleased to notice that the tandem reaction carried out
in [bmim][PF6] has the advantages of rate acceleration and yield
increasing as compared with the reaction run in toluene. For
example, the reaction of 1bwith 2d in the presence of CuI (10mol%)
and 1,10-phenanthroline (20 mol%) using Cs2CO3 (2.0 equiv.) as
base at 90 �C in [bmim][PF6] afforded 3k in 82% yield after 24 h
(entry 4), however, the same reaction run in toluene at 90 �C for
30 h gave 3k in 63% yield [10]. The desired products were also
isolated in good yields, when 4-chloro-2-iodophenol 1d was used
in the reaction (Table 3, entries 14e18). However, the reaction of 4-
chloro-2-iodophenol 1d with phenyl isothiocyanate 2a in the
presence of CuI (10 mol%) and 1,10-phenanthroline (20 mol%)
using Cs2CO3 (2.0 equiv.) as base at 90 �C in toluene afforded 3u in
only 52% yield after 40 h [10]. 1-Iodonaphthalen-2-ol was also tried
under the same conditions, but no desired product was detected.
Probably the steric hindrance of the naphthyl ring inhibited the
intramolecular coupling process.



Table 2
CuI-catalyzed tandem reaction of 2-iodophenol 1a with isothiocyanates 2.a

I

OH
+ R2NCS

CuI/L1, Cs2CO3

[bmim][PF6], 80 oC

O

S
N

R2

1a 2 3

Entry 2/R2 Time (h) Product Yieldb (%)

1 2a/Ph 14 3a 97
2 2b/4-MeC6H4 14 3b 93
3 2c/2-MeC6H4 18 3c 91
4c 2d/4-MeOC6H4 24 3d 89
5 2e/4-O2NC6H4 11 3e 94
6 2f/4-ClC6H4 12 3f 92
7 2g/4-FC6H4 12 3g 93

a Reaction conditions: 2-iodophenol 1a (1.0 mmol), isothiocyanate 2 (1.0 mmol), CuI (0.1 mmol), 1,10-phenanthroline (0.2 mmol) and Cs2CO3 (2.0 mmol) in [bmim][PF6]
(2.0 mL) under Ar at 80 �C.

b Isolated yield.
c Reaction was performed at 90 �C.
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Isolation of products from the [bmim][PF6] reaction mixtures
can be conveniently achieved by extraction with diethyl ether for
three times. To evaluate the possibility of recycling the ionic
liquid and CuI/1,10-phenanthroline catalytic system used in the
reaction, 2-iodophenol 1a and phenyl isothiocyanate 2a were
allowed to react in [bmim][PF6] under the catalysis of CuI and
1,10-phenanthroline for 14 h and then the product 3a was
extracted with diethyl ether for three times affording the
cleaned, ionic liquid, catalytic solution. After the recovered ionic
liquid containing copper catalyst and the ligand was concen-
trated in vacuo (5.0 torr/r.t. for 1 h), a second amount of reactants
Table 3
CuI-catalyzed tandem reaction of 2-iodophenols 1 with isothiocyanates 2.a

Entry 1/R1 2/R2

1 1b/4-Me 2a/Ph
2 1b/4-Me 2b/4-MeC6H4

3 1b/4-Me 2c/2-MeC6H4

4c 1b/4-Me 2d/4-MeOC6H4

5 1b/4-Me 2e/4-O2NC6H4

6 1b/4-Me 2f/4-ClC6H4

7 1b/4-Me 2h/cyclohexyl
8 1c/4-tBu 2a/Ph
9 1c/4-tBu 2b/4-MeC6H4

10c 1c/4-tBu 2d/4-MeOC6H4

11 1c/4-tBu 2e/4-O2NC6H4

12 1c/4-tBu 2f/4-ClC6H4

13 1c/4-tBu 2h/cyclohexyl
14 1d/4-Cl 2a/Ph
15 1d/4-Cl 2b/4-MeC6H4

16c 1d/4-Cl 2d/4-MeOC6H4

17 1d/4-Cl 2e/4-O2NC6H4

18 1d/4-Cl 2f/4-ClC6H4

a Reaction conditions: 2-iodophenol 1 (1.0 mmol), isothiocyanate 2 (1.0 mmol), CuI (0
(2.0 mL) under Ar at 85 �C.

b Isolated yield.
c Reaction was performed at 90 �C.
were added and the process was repeated up to 3 times. After
third cycle, the ionic liquid was washed with distilled water
(2 � 10 mL), dried in vacuo (5.0 torr/80 �C for 1 h) and recycled
for another three times without addition of CuI and 1,10-
phenanthroline. The results are listed in Table 4. It seemed that
there was no obvious effect on the rate and yield of the reaction
during those 1e6 cycles. Additionally, this ionic liquid layer could
be stored for several weeks with no special precautions to
exclude air or moisture and still afford comparable results to the
fresh ionic liquid/catalyst system. The result is important from
a practical point of view.
Product Time (h) Yieldb (%)

3h 15 95
3i 17 92
3j 20 87
3k 24 82
3l 13 90
3m 15 91
3n 24 65
3o 15 94
3p 16 90
3q 24 85
3r 13 88
3s 15 89
3t 24 72
3u 24 83
3v 24 85
3w 36 67
3x 20 82
3y 24 86

.1 mmol), 1,10-phenanthroline (0.2 mmol) and Cs2CO3 (2.0 mmol) in [bmim][PF6]



Table 4
Ionic liquid and catalyst recycling in the reaction of 2-iodophenol 1a and phenyl isothiocyanate 2a.a

I

OH
+ PhNCS

CuI/L1, Cs2CO3

[bmim][PF6], 80 oC

O

S
N

Ph

1a 2a 3a

Cycle Yieldb (%) Cycle Yieldb (%)

1 97 4 96
2 96 5 96
3 94 6 95

a Reaction conditions: 2-iodophenol 1a (1.0 mmol), phenyl isothiocyanate 2a (1.0 mmol), CuI (0.1 mmol), 1,10-phenanthroline (0.2 mmol) and Cs2CO3 (2.0 mmol) in [bmim]
[PF6] (2.0 mL) under Ar at 80 �C for 14 h.

b Isolated yield.
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4. Conclusion

In summary, we have described an environmentally benign,
simple, and highly efficient method for the synthesis of 2-
iminobenzo-1,3-oxathioles via a CuI-catalyzed tandem reaction of
2-iodophenols with isothiocyanates in [bmim][PF6]. A variety of 2-
iminobenzo-1,3-oxathioles have been synthesized in moderate to
excellent yields. Easy product isolation, the ionic liquid and catalyst
system recycling, enhanced reaction efficiency as well as avoiding
the use of easily volatile and toxic toluene as solvent are important
advantages of this developed methodology.
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