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Cu(II)-Catalyzed Sulfide Construction: Both Aryl Groups Utilization 

of Intermolecular and Intramolecular Diaryliodonium Salt 
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ab
 

A sulfur-iodine exchange protocol of diaryliodonium salts with 

inorganic sulfur salt was developed. Both aryl groups in 

diaryliodonium salt were fully exerted in this transformation. Five- 

to eight-membered sulfur-containing heterocycles were achieved. 

Notably, key unit of [1]benzothieno-[3,2-b][1]benzothiophene 

(BTBT) as organic field-effect transistor (OFET) material  and 

Zaltoprofen were efficiently established through this method. 

Sulfur-containing molecules extensively exist in materials,
1
 

natural products,
2
 pharmaceuticals,

3
 and even food.

4
 In 

organic photoelectric materials, sulfur atom plays the unique 

role owing to its higher resonance energy than other 

heteroatoms.
1c

 For example, thienothiophenes, thienoacenes 

and their derivatives are well-known organic functional 

material structure for thin film transistors.
1 

More than 20% of 

top 200 U.S. prescriptions drugs were sulfur-containing drugs, 

and the percentage is still fleetly increasing.
3a

 Thiophene, 

thiazepine and thiazine structures are typically occured in 

several famous pharmaceuticals  (Scheme 1, A).
3
 Traditionally, 

these widely existent heterocyclic sulfide structures were 

synthesized through cross-coupling between thiophenols and 

aryl halides followed by cyclization.
1c, 5

 Nevertheless, 

introduction of sulfur in the early stage of synthetic process 

confronts with several conundrums: 1) Poison effect toward 

catalysts in the following steps due to strong coordination 

from sulfur to transition metals. 2) Over-oxidization to 

disulfide, sulfoxides, and sulphones due to sensitivity to 

oxidative conditions. 3) Environmental-unfriendly poison and 

smelly thiophenol application. Since extensive application of 

sulfides mentioned above, the methodology of using odourless, 
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Scheme 1 Functional sulfides and diaryliodonium salts chemistry. 

stable and abundant inorganic sulfur source for sulfur 

introduction in the late stage is highly desirable. 

Diaryliodonium salt is an air-/moisture-stable and well-

established reagent reported by Hartmann and Meyer since 

1894,
6
 which is prepared easily by one step process

7
 and has 

shown to be one of the most efficient arylation reagent in 

organic synthesis.
8
 Cross-coupling reactions involving 

diaryliodonium salts with arenes,
9
 alkynes,

10
 alkenes,

11
 

heteroatoms
12

 and carbonyl compounds
13

 have been well 

developed, in which diaryliodonium salt was generally applied 

as a single arylation reagent. The applications of both aryl 

groups in diaryliodonium salt were concerned recently. 

Greaney group reported the first intermolecular 

diaryliodonium salts for double arylation of indole (Scheme 1, 

B1).
14

 There is no other example describing the both aryl 

groups transformation of intermolecular diaryliodonium salt. 

Despite some elegant works of intramolecular diaryliodonium 

salts were explored,
15

 it will be challenge to avoid the homo-
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coupling product in the both utilization of intermolecular 

diaryliodonium salt. Continuous with our concept of sulfur 

atom transfer study,
16 

it was envisioned that sulfur-iodine 

exchange for sulfide construction can stem from their similar 

electronegativity and atomic radius property by electron 

equilibration between sulfur and iodine(III) (Scheme 1, B2). 

Herein, we reported a new strategy for highly efficient 

construction of sulfides through double arylation of sulfur 

atom. This strategy, taking potassium thioacetate as sulfur 

source in the late stage of functional sulfide synthesis, was 

compliant with both intermolecular and intramolecular sulfur-

iodine exchange (Scheme 1, B3). 

Table 1 Conditions optimization
a
 

 

Entry S Source Solvent X Yield (%)b 

1c S8 MeOH BF4 trace 

2c Na2S2O3 MeOH BF4 trace 

3c (NH2)2C=S MeOH BF4 trace 

4c Na2S MeOH BF4 15 

5c K2S MeOH BF4 18 

6c KSAc MeOH BF4 23 

7c KSAc DMF BF4 32 

8 KSAc DMF BF4 71 

9 KSAc DMA BF4 56 

10 KSAc Dioxane BF4 27 

11 KSAc DMSO BF4 77 

12 KSAc DMSO OTf 72 

13 KSAc DMSO OTs 87 

14 KSAc DMSO I 69 
a
 The reactions were carried out with 0.1 mmol of 1a in 1 mL of solvent. 

b

Isolated yields of 2a. 
c
 Performed at room temperature. 

We commenced our study with unsymmetric 

diaryliodonium salt 1a and different inorganic sulfur sources 

catalyzed by copper in methanol at room temperature. 

Potassium thioacetate,
17

 possessing electron-withdrawing 

acetyl on sulfur, was shown to be the best result and 

generated desired unsymmetrical aryl sulfides 2a in 23% yield 

(Table 1, entries 1-6). N, N-Dimethylformamide was chosen as 

solvent instead of methanol to restrain the formation of 

symmetrical aryl sulfides 2a′ as by-product (Table 1, entry 7), 

in order to averting alcoholysis of acetyl. Higher temperature 

helped to promote the transformation to 71% (Table 1, entry 

8). Dimethyl sulfoxide was fixed to be the solvent giving better 

yield of 2a in 77% (Table 1, entries 9-11). Counter anions in 

diaryliodonium salts also played a crucial role for 2a formation. 

87% of unsymmetric sulfide 2a was achieved when tosyloxy 

served as anion (Table 1, entries 12-14). 

With optimized conditions in hand, intermolecular 

construction of unsymmetrical diaryl sulfides were sysmatically 

probed (Table 2). Different kinds of unsymmetrical diaryl 

sulfides were efficiently achieved through corresponding 

diaryliodonium salts derived from aryl iodides with various 

substituents (2a-2h). The unsymmetrical diaryl sulfides 2i 

could be obtained as well when 4-phenoxyl was installed 

instead of 4-methoxyl. Notably, phenyl-pyridine and phenyl-

uracil iodonium salts were good candidates for corresponding 

aryl sulfides 2j-2k construction.
18

 Logically, symmetrical 

diphenyl-sulfide (2l) was readily achieved through exchanging 

between diphenyliodonium salt and potassium thioacetate. 

Both electron-withdrawing (2m) and –neutral substituent (2n) 

on phenyl rings formed desired products smoothly. What 

needs to be pointed out, ortho-position substituted with 

methyl did not impede the exchanging, affording sulfides 2o 

and 2p in 69% and 44% yield respectively. 

Table 2 Intermolecular sulfur-iodine exchange
a
 

 

a
The reaction conditions: 1 (0.1 mmol), KSAc (0.2 mmol), Cu(OTf)2 

(0.01 mmol), 1, 10-phenanthrolin (0.012 mmol), K3PO4 (0.2 mmol), 

DMSO (1 mL). Isolated yields. 
b
Performed at 80 

o
C. 

c
Triflate was instead 

of tosyloxy. 
d
Tetrafluoroborate was instead of tosyloxy. 

Table 3 Intramolecular sulfur-iodine exchange
 a

 

 
a
The reaction conditions: 3 (0.1 mmol), KSAc (0.2 mmol), Cu(OTf)2 

(0.01 mmol), 1, 10-phen (0.012 mmol), K3PO4 (0.2 mmol), DMSO (1 mL). 

Isolated yields. 
b
Triflate was instead of tosyloxy. 

c
80 

o
C. 

d
60 

o
C. 

Following success of intermolecular sulfur-iodine exchange, 

intramolecular diaryl sulfides were further studied for widely 

existing sulfur-containing heterocycles in materials and 

pharmaceuticals (Table 3). Five-membered sulfur 
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heteroaromatics with diverse electronic properties were 

afforded in good to excellent yields (4a-4g), which is a core 

structure in OFET materials.
1
 Heteoaryl sulfides, derived from 

corresponding iodonium salts, could be also accommodated 

and furnished important multi-heterocyclic material structures 

4h and 4i. Six-membered sulfur-containing heterocyclic, which 

are of great importance in biological active lead compound 

structures,
19

 were obtained in 62-84% yields (4j-4m). 

Remarkably, even seven- and eight-membered diaryliodonium 

salts efficiently formed the corresponding seven- and eight-

membered sulfur-containing heterocyclic products (4n-4p) in 

good yields, which were kernel structures of pharmaceutical 

intermediate.
5f

 These results indicated that sulfur-iodine 

exchange processed predominant compatibility for different 

size ring formation. 

 
Scheme 2 The plausible mechanism. 

In order to figure out the mechanism of sulfur-iodine 

exchange reaction, we tried to detect key intermediates 

through decreasing the temperature to 25 
o
C, which gave the 

desired aryl sulfides 2a in only 29% yield with aryl thioacetate 

2a′′ in 50% yield (SI, Scheme S1a). Further, 47% of homo-

coupling product of 2a′ was isolated with only 25% of product 

2a under standard conditions when aryl thioacetate 2a′′ was 

subjucted to diaryliodonium salt 1a. However, intermediate 

2a′′ and aryl iodide 5 could afford the desired product 2a in 88% 

yield under standard conditions (SI, Scheme S1b). It illustrated 

that aryl thioacetate is the key intermediate during sulfur-

iodine exchange process. Thus, a postulated reaction pathway 

is depicted in Scheme 2. Intermediate 6 was afforded through 

oxidative addition of diaryliodonium salt 1 with Cu(I) species 

which had been proposed and investigated in Cu(II)-catalyzed 

reactions of diaryliodonium salts.
9d,12k

 Subsequently, ligand 

exchange of 6 with potassium thioacetate formed complex 7, 

followed by reductive elimination affording aryl thioacetate 8. 

Oxidative addition of aryl iodine with Cu(I) catalyst provided 

Cu(III) aryl species 9 as Ullman type intermediate, which 

underwent intramolecular ligand exchange to generate 

intermediate 10. Reductive elimination of 10 afforded desired 

product 2 and regenerated Cu(I) catalyst (Scheme 2). 

BTBT (4q), a promising organic semiconductor structure 

exhibiting outstanding electron mobility in thin-film transistor 

settings,
20

 could be afforded in 71% yield from diaryliodonium 

salts 3q through this sulfur-iodine exchange approach (Scheme 

3a). Non-steroidal anti-inflammatory drug Zaltoprofen (11) 

was highly efficiently synthesized from diaryliodonium salt 3r, 

followed by only two steps of hydrolysis and oxidation 

(Scheme 3b), which provided a new synthetic route for 

Zaltoprofen, different from the traditional strategy.
21

 

 
Scheme 3 Application in the syntheses of BTBT and Zaltoprofen. 

In summary, an efficient sulfur-iodine exchange protocol 

between odourless safe sulfur salt and readily available 

diaryliodonium salts was developed. Both intermolecular and 

intramolecular sulfur-iodine exchanging process performed 

well to afford different types of functional sulfur-containing 

structures, which introduce sulfur in the late stage as a 

practical approach for the construction of sulfides. New 

pathways of the semiconductor material BTBT and non-

steroidal anti-inflammatory drug Zaltoprofen exhibited great 

potential of this method. Further explorations of 

diaryliodonium salts are in progress in our laboratory. 
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DFMEC (20130076110023), Fok Ying Tung Education 
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(15QA1401800), Professor of Special Appointment (Eastern 

Scholar) at Shanghai Institutions of Higher Learning, and the 

National Program for Support of Top-notch Young 

Professionals. 

Notes and references 

1 (a) A. Mishra, C. Q. Ma, P. Bäuerle, Chem. Rev. 2009, 109, 
1141; (b) K. Takimiya, I. Osaka, T. Mori, M. Nakano, Acc. 

Chem. Res. 2014, 47, 1493; (c) M. E. Cinar, T. Ozturk, Chem. 

Rev. 2015, 115, 3036. 
2 (a) A. D. Borthwick, Chem. Rev., 2012, 112, 3641; (b) K. C. 

Nicolaou, C. R. H. Hale, C. Nilewski and H. A. Ioannidou, Chem. 

Soc. Rev., 2012, 41, 5185; (c) H. Liu and X. Jiang, Chem. Asain 

J., 2013, 8, 2546. 
3 (a) E. A. Ilardi, E. Vitaku and J. T. Njardarson, J. Med. Chem., 

2014, 57, 2832; (b) B. R. Smith, C. M. Eastman and J. T. 
Nijardarson, J. Med. Chem., 2014, 57, 9764; (c) M. Feng, B. 
Tang, S. H. Liang and X. Jiang, Current Topics in Medicinal 

Chemistry., 2016, 16, 1200. 
4 (a) E. Block, Angew. Chem. Int. Ed., 1992, 31, 1135; (b) D. Y. 

Lin, S. Z. Zhang, E. Block and L. C. Katz, Nature, 2005, 434, 470; 

(c) V. Vaidya, K. U. Ingold and D. A. Pratt, Angew. Chem. Int. 

Ed., 2009, 48, 157; (d) N. I. Joyce, C. C. Eady, P. Silcock, N. B. 
Perry and J. W. van Klink, J. Agric. Food Chem., 2013, 61, 1449; 

Page 3 of 4 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 2
1 

D
ec

em
be

r 
20

16
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
N

ew
ca

st
le

 o
n 

21
/1

2/
20

16
 1

6:
16

:4
2.

 

View Article Online
DOI: 10.1039/C6CC09201B

http://dx.doi.org/10.1039/c6cc09201b


COMMUNICATION Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

(e) C. E. Sansom, V. S. Jones, N. I. Joyce, B. M. Smallfield, N. B. 

Perry and J. W. van Klink, J. Agric. Food Chem., 2015, 63, 
1833. 

5 Selected  examples,  see:  (a) T. Kondo and T. Mitsudo, Chem. 

Rev., 2000, 100, 3205; (b) M. A. Fernández-Rodríguez, Q. 
Shen and J. F. Hartwig, J. Am. Chem. Soc., 2006, 128, 2180; (c) 
D. Ma, S. Xie, P. Xue, X. Zhang, J. Dong and Y. Jiang, Angew. 

Chem. Int. Ed., 2009, 48, 4222; (d) N. Park, K. Park, M. Jang 
and S. Lee, J. Org. Chem., 2011, 76, 4371; (e) X. Wang, G. D. 
Cuny and T. Noël, Angew. Chem. Int. Ed., 2013, 52, 7860; (e) Y. 

Masao, K. Kumio and H. Katsumasa, 1998, WO: 9807717. 
6 C. Hartmann and V. Meyer, Ber. Dtsch. Chem. Ges., 1894, 27, 

426. 

7 Selected examples, see: (a) M. Ochiai, Y. Kitagawa, N. 
Takayama, Y. Takaoka and M. Shiro, J. Am. Chem. Soc., 1999, 
121, 9233; (b) M. Bielawski and B. Olofsson, Chem. Commun., 

2007, 2521; (c) M. Bielawski, M. Zhu and B. Olofsson, Adv. 

Synth. Catal., 2007, 349, 2610; (d) T. Dohi, M. Ito, K. 
Morimoto, Y. Minamitsuji, N. Takenaga and Y. Kita, Chem. 

Commun., 2007, 4152; (e) M. Bielawski, D. Aili and B. 
Olofsson, J. Org. Chem., 2008, 73, 4602. 

8 Selected reviews, see: (a) P. J. Stang and V. V. Zhdankin, 

Chem. Rev., 1996, 96, 1123; (b) N. R. Deprez and M. S. 
Sanford, Inorg. Chem., 2007, 46, 1924; (c) V. V. Zhdankin and 
P. J. Stang, Chem. Rev., 2008, 108, 5299; (d) E. A. Merritt and 

B. Olofsson, Angew. Chem. Int. Ed., 2009, 48, 9052; (e) M. S. 
Yusubov, A. V. Maskaev and V. V. Zhdankin, ARKIVOC, 2011, 
370. (f) Yoshimura, A.; Zhdankin, V. V. Chem. Rev. 2016, 116, 

3328. A special issue on hypervalent iodine chemistry, see: (g) 
T. Wirth, Topics in Current Chemistry, 2016, 373, 1. 

9 Selected examples, see: (a) O. Daugulis and V. G. Zaitsev, 

Angew. Chem. Int. Ed., 2005, 44, 4046; (b) D. Kalyani, N. R. 
Deprez, L. V. Desai and M. S. Sanford, J. Am. Chem. Soc., 2005, 
127, 7330; (c) R. J. Phipps, N. P. Grimster and  M. J. Gaunt, J. 

Am. Chem. Soc., 2008, 130, 8172; (d) R. J. Phipps and M. J. 
Gaunt, Science, 2009, 323, 1593; (e) T. Dohi, M. Ito, N. 
Yamaoka, K. Morimoto, H. Fujioka and Y. Kita, Angew. Chem. 

Int. Ed., 2010, 49, 3334; (f) T. E. Storr and M. F. Greaney, Org. 

Lett., 2013, 15, 1410. 
10 (a) S.-K. Kang, S.-K. Yoon and Y.-M. Kim, Org. Lett., 2001, 3, 

2697; (b) U. Radhakrishnan and P. J. Stang, Org. Lett., 2001, 3, 
859; (c) Z. Xue, D. Yang and C. Wang, J. Organomet. Chem., 
2006, 691, 247; (d) B. S. L. Collins, M. G. Suero and M. J. 

Gaunt, Angew. Chem. Int. Ed., 2013, 52, 5799; (e) M. G. 
Suero, E. D. Bayle, B. S. L. Collins and M. J. Gaunt, J. Am. 

Chem. Soc., 2013, 135, 5332. 

11 (a) A. Kina, H. Miki, Y.-H. Cho and T. Hayashi, Adv. Synth. 

Catal., 2004, 346, 1728; (b) E. Cahard, N. Bremeyer and M. J. 
Gaunt, Angew. Chem. Int. Ed., 2013, 52, 9284; (c) F. Zhang, S. 

Das, A. J. Walkinshaw, A. Casitas, M. Taylor, M. G. Suero 
and M. J. Gaunt, J. Am. Chem. Soc., 2014, 136, 8851; (d) D. 
Holt and M. J. Gaunt, Angew. Chem. Int. Ed., 2015, 54, 7857.  

12 Oxygen: (a) N. Jalalian, E. E. Ishikawa, L. F. Silva Jr. and B. 
Olofsson, Org. Lett., 2011, 13, 1552; (b) T. B. Petersen, R. 
Khan and B. Olofsson, Org. Lett., 2011, 13, 3462; (c) E. 

Lindstedt, R. Ghosh and B. Olofsson, Org. Lett., 2013, 15, 
6070; (d) L. Chan, A. McNally, Q. Y. Toh, A. Mendoza and M. J. 
Gaunt, Chem. Sci., 2015, 6, 1277; (e) G. L. Tolnai, U. J. Nilsson 

and B. Olofsson, Angew. Chem. Int. Ed. 2016, 55, 11226; (f) E. 
Lindstedt, E. Stridfeldt and B. Olofsson, Org. Lett. 2016, 18, 
4234. Nitrogen: (g) F. Tinnis, E. Stridfeldt, H. Lundberg, H. 

Adolfsson and B. Olofsson, Org. Lett., 2015, 17, 2688. Sulfur 
and selenium: (h) A. Krief, W. Dumont and M. Robert, Chem. 

Commun., 2005, 2167; (i) A. M. Wagner and M. S. Sanford, J. 

Org. Chem., 2014, 79, 2263. Fluorine: (j) S. Martin-
Santamaria, M. A. Carroll, C. M. Carroll, C. D. Carter, H. S. 
Rzepa, D. A. Widdowson and V.W. Pike, Chem. Commun., 

2000, 649. (k) N. Ichiishi, A. J. Canty, B. F. Yates, M. S. Sanford, 

Organometallics, 2014, 33, 5525. 
13 (a) J. H. Ryan and P. J. Stang, Tetrahedron Lett., 1997, 38, 

5061. (b) M. Ochiai, Y. Kitagawa, N. Takayama, Y. Takaoka 

and M. Shiro, J. Am. Chem. Soc., 1999, 121, 9233. (c) V. K. 
Aggarwal and B. Olofsson, Angew. Chem. Int. Ed., 2005, 44, 
5516. (d) A. E. Allen and D. W. C. MacMillan, J. Am. Chem. 

Soc., 2011, 133, 4260. (e) A. Bigot, A. E. Williamson and M. J. 
Gaunt, J. Am. Chem. Soc., 2011, 133, 13778. (f) J. S. Harvey, S. 
P. Simonovich, C. R. Jamison and D. W. C. MacMillan, J. Am. 

Chem. Soc., 2011, 133, 13782. 
14 S. G. Modha and M. F. Greaney, J. Am. Chem. Soc., 2015, 137, 

1416. 

15 (a) D. Zhu, Q. Liu, B. Luo, M. Chen, R. Pi, P. Huang and S. Wen, 
Adv. Synth. Catal., 2013, 355, 2172; (b) D. Zhu, Y. Wu, B. Wu, 
B. Luo, A. Ganesan, F.-H. Wu, R. Pi, P. Huang and S. Wen, Org. 

Lett., 2014, 16, 2350; (c) Z. Liu, D. Zhu, B. Luo, N. Zhang, Q. Liu, 
Y. Hu, R. Pi, P. Huang and S. Wen, Org. Lett., 2014, 16, 5600; 
(d) B. Wu and N. Yoshikai, Angew. Chem. Int. Ed., 2015, 54, 

8736; (e) B. Luo, Q. Cui, H. Luo, Y. Hu, P. Huang, S. Wen, Adv. 

Synth. Catal. 2016, 358, 2733; (f) M. Shimizu, M. Ogawa, T. 
Tamagawa, R. Shigitani, M. Nakatani, Y. Nakano, Eur. J. Org. 

Chem. 2016, 2785. 
16 (a) Z. Qiao, H. Liu, X. Xiao, Y. Fu, J. Wei, Y. Li and X. Jiang, Org. 

Lett., 2013, 15, 2594; (b) Z. Qiao, J. Wei and X. Jiang, Org. 

Lett., 2014, 16, 1212; (c) Y. Li, J. Pu and X. Jiang, Org. Lett., 
2014, 16, 2692; (d) Y. Zhang, Y. Li, X. Zhang and X. Jiang, Chem. 

Commun., 2015, 51, 941; (e) X. Xiao, M. Feng and X. Jiang, 

Chem. Commun., 2015, 51, 4208; (f) Z. Qiao, N. Ge and X. 
Jiang, Chem. Commun., 2015, 51, 10295; (g) Y. Li, W. Xie, X 
and Jiang, Chem. Eur. J., 2015, 21, 16059; (h) J. Wei, Y. Li and 

X. Jiang, Org. Lett., 2016, 18, 340; (i) Z. Qiao and X. Jiang, Org. 

Lett., 2016, 18, 1550; (j) M. Wang, Q. Fan and X. Jiang, Org. 

Lett. 2016, 18, 5756; (k) X. Xiao, M. Feng and X. Jiang, Angew. 

Chem. Int. Ed. 2016‚ 56‚ 14121. 
17 Z. Qiao and X. Jiang, Potassium thioacetate, e-EROS 

Encyclopedia of Reagents for Organic Synthesis, 2014. 

18 CCDC 1428271 (2k). 
19 I. Pajeva and M. Wiese, J. Med. Chem., 1998, 41, 1815. 
20 (a) A. R. Murphy and J. M. J. Fréchet, Chem. Rev., 2007, 107, 

1066; (b) A. Facchetti, Chem. Mater., 2011, 23, 733. 
21 (a) F. Yasuo and Y. Shigeru, 1980, DE: 2941869; (b) M. Shoji 

and W. Mikio, 1986, JP: 61251682(86251682); (c) M. Mitsuo, 

T. Hiromitsu and M. Naoya, 1989, EP: 0309626. 

Page 4 of 4ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 2
1 

D
ec

em
be

r 
20

16
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
N

ew
ca

st
le

 o
n 

21
/1

2/
20

16
 1

6:
16

:4
2.

 

View Article Online
DOI: 10.1039/C6CC09201B

http://dx.doi.org/10.1039/c6cc09201b

