
This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
author guidelines.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the ethical guidelines, outlined 
in our author and reviewer resource centre, still apply. In no 
event shall the Royal Society of Chemistry be held responsible 
for any errors or omissions in this Accepted Manuscript or any 
consequences arising from the use of any information it contains. 

Accepted Manuscript

rsc.li/chemcomm

ChemComm
Chemical Communications
www.rsc.org/chemcomm

ISSN 1359-7345

COMMUNICATION
Marilyn M. Olmstead, Alan L. Balch, Josep M. Poblet, Luis Echegoyen et al. 
Reactivity diff erences of Sc

3
N@C

2n
 (2n = 68 and 80). Synthesis of the 

fi rst methanofullerene derivatives of Sc
3
N@D

5h
-C

80

Volume 52 Number 1 4 January 2016 Pages 1–216

ChemComm
Chemical Communications

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  E. Carbonnel, T.

BESSET, T. Poisson, D. Labar, X. Pannecoucke and P. Jubault, Chem. Commun., 2017, DOI:

10.1039/C7CC02652H.

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c7cc02652h
http://pubs.rsc.org/en/journals/journal/CC
http://crossmark.crossref.org/dialog/?doi=10.1039/C7CC02652H&domain=pdf&date_stamp=2017-04-28


Journal Name  

COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 1  

Please do not adjust margins 

Please do not adjust margins 

Received 00th January 20xx, 

Accepted 00th January 20xx 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

18
F-Fluoroform: a 

18
F-trifluoromethylating agent for the synthesis 

of SCF2
18

F-aromatic derivatives 
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Herein the synthesis of various SCF2
18

F-containing derivatives is 

reported by a transition metal-free process. By using HCF2
18

F, 

readily generated from a bench-stable difluoromethyl  sulfonium 

salt, various aromatic disulfides were easily converted into the 

desired radiolabelled trifluoromethylthiolated compounds in the 

presence of a base. This protocol allowed the formation of the 

SCF2
18

F-containing aromatic derivatives in good to excellent 

radiochemical yields. This process was also extended to the 

corresponding selenium derivative. 

Positron emission tomography (PET) is one of the leading 

imaging tools used in clinic and research. 1 PET is based on the 

use of radioactive isotopes that are capable of β+-decay (positron 

emission). Positrons interact with electrons in the media, giving 

rise to a pair of γ-rays that are emitted in the opposite directions 

and are detected by a PET scanner. Pairs of simultaneously 

detected γ-rays are used to build up a 3D image of the 

radionuclide distribution in the analyzed object. The choice of a 

particular radioactive isotope depends on the specific application. 

1a Generally, nuclei that emit low-energy positrons are preferred 

since they offer better resolution. Therefore, short and efficient 

synthesis of radiolabeled probes and the typical interaction time 

with a biological target are key parameters to take in 

consideration. 18F is one of the most frequently used isotopes for 

PET. It has a convenient half-life of 109.7 minutes that allows 

using small quantities of the radionuclide but is still long enough to 

use it for the synthesis of complex small molecules. For example, 
18F-FDG (2-18F-fluoro-2-deoxy-D-glucose) is the most widely used 

PET tracer for the diagnosis of cancer since it is absorbed by the 

proliferating tumor cells.2 Worth to mention that numerous 18F-

labelled molecules have been also synthesized and used in the 

studies of various biological processes.1c,d As a consequence, 

important efforts and significant results in the blossoming 18F 

radiochemistry research field have been reported within the last 

thirty years. However, these recent advances are mainly restricted 

to the development of new approaches to radiotracers bearing a 

single fluorine-18 atom (either an aliphatic or aromatic derivative), 

and 18F-trifluoromethylated compounds.3 Therefore, the quest for 

the design of original radiolabeled fluorinated groups is of high 

interest. In this context, a lot of efforts has been devoted towards 

the trifluroromethylthio group (SCF3), an emergent fluorinated 

moiety, which appears as promising for pharmaceuticals and 

agrochemicals.4 Hence, nowadays efficient synthetic 

methodologies have been reported for the introduction of the non-

radiolabeled SCF3 moiety, mostly in aromatic series. In contrast, 

to the best of our knowledge, only two articles dealing with the 
18F-trifluoromethylthiolation were published in 2015 by the 

research groups of Gouverneur5 as well as Liang and Xiao6 

(Scheme 1). Gouverneur and co-workers developed a silver(I) 

triflate-mediated halex 18F-fluorination of bromodifluoromethylthio 

aromatic derivatives leading to the expected 18F-

trifluoromethylthiolated aromatic compounds in low to excellent 

radiochemical yields. A complementary approach based on an in 

situ generated difluorocarbene was depicted by the group of Liang 

and Xiao. Indeed, the first 18F-trifluoromethylthiolation of benzylic, 

allylic and aliphatic electrophiles (ie. R-X) using 

difluoromethylenephosphobetaine, elemental sulphur and 18F-

fluoride furnished the corresponding 18F-trifluoromethyl thiolated 

derivatives in moderate to very good radiochemical yields.  

In a preliminary work, we reported an efficient method for the 

preparation of a well-defined radiolabeled trifluoromethylcopper 

(CuCF2
18F) from HCF2

18F, allowing us to prepare 18F-

trifluoromethylated aromatic compounds from arylboronic acids at 

room temperature.7 In that sequence, the efficient generation of 

HCF2
18F under mild conditions was carried out from 18F-fluoride 

and the bench-stable crystalline (difluoromethyl)(mesityl)(phenyl) 

sulfonium salt 1. Continuing our ongoing research program 

devoted to the use of this radiolabeled reagent, we investigated its 

application toward the synthesis of other 18F-radiolabeled aromatic 

compounds under simple reaction conditions. Indeed, we depicted 

herein the reaction of HCF2
18F with readily available disulfides in 

the presence of a base to build up SCF2
18F-containing aromatic 

molecules.8  
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Scheme 1. State of the art of the 
18

F-trifluoromethylthiolation reaction. 

At the outset of our optimization studies,1,2-diphenyl disulfane 2a 

was chosen as an electrophile. The radiochemical synthesis of 

SCF2
18F-containing aromatic derivatives was achieved using a 

semi-automated module.9 18F-Fluoride anions previously produced 

and dried according to the usual procedure10 were solubilized in 

PhCN and the resulting solution was then transferred onto neat 

111 to generate the radiolabeled fluoroform: HCF2
18F.12 This latter, 

was then pulled out using a flow of N2 and trapped in a solution of 

tBuOK and 1,2-diphenyl disulfane 2a in DMF. With 0.07 mmol of 

the precursor 1 and a reaction time of 3 minutes, PhSCF2
18F 3a 

was obtained in an encouraging 44% radiochemical yield (RCY, 

Table 1, entry 1). Increasing the reaction time to 15 minutes 

resulted in a 84% RCY (Table 1, entry 2). We next examined the 

importance of the stoichiometry between 2a and 1. With a 7:1 

ratio, we observed an important decrease of the RCY to 40% 

(Table 1, entry 3). Finally, we turned our attention to the reactor 

size in order to minimize the volume of the gas phase. Replacing 

a 15 mL reactor by a 8 mL one did not improve the reaction 

outcome and a similar 84% RCY of PhSCF2
18F 3a was obtained 

(Table 1, entry 4). 

 
Table 1. Optimization of 

18
F-trifluorothiomethylation from 1. 

 

 

 

 

Entry
a 2a (mmol)

b
 Reaction time 

(min) 

Reactor 

 size (mL)
c
 

3a RCY (%)
d
 

1 1 3 15 44 

2 1 15 15 83 

3 0.5 15 15 40 

4 1 15 8 84 

a
 For each entry, [

18
F]KF/K222 was obtained after elution of a QMA carbonate 

cartridge with a K2CO3/K222 solution in CH3CN and water. 
b
 Each experiment 

was carried out using 0.07 mmol of 1, PhCN (1 mL), tBuOK (1 equiv relatively 

to 2a), DMF (0.5M). 
c
 See Supporting information for details. 

d
 Calculated from 

the activity of HCF2
18

F. One experiment for each entry has been carried out. 

Radiochemical yield was calculated from the activities of organic and aqueous 

layers. 

Then, these optimized conditions were successfully applied to a 

large panel of disulfides and one diselenide (Scheme 2). 1,2-

Diphenyl disulfane 2a gave the corresponding product 3a in a 

very good 73% RCY and an excellent radiochemical purity (> 

99%). Electron rich aryldisulfide derivatives led to the expected 

radiolabeled products (Scheme 2, 3b, 3f and 3g) in good to high 

RCY (58 to 74%). It is noteworthy that functional groups such as 

ester, halogen and nitrile are compatible with the reaction 

conditions (Scheme 2, 3h, 3c-e, 3i) leading to good RCY (61-

68%) except for 3h (45% RCY and 82% radiochemical purity). 

Interestingly 1,2-di(pyridin-2-yl) disulfane was also a suitable 

substrate in this process (Table 2, entry 10) providing 3j in 45% 

RCY. Finally, this protocol has been applied to 1,2-diphenyl 

diselane (Table 2, entry 11) leading for the first time to the 

corresponding 18F-trifluoromethylselenoarene 3k in a very good 

RCY and an excellent radiochemical purity. Unfortunately, 

application of this 18F-trifluoromethylthiolation sequence to 1,2-

dibenzyl sulfane or bis(dodecylthio)-methane failed. 
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Scheme 2. Scope for the 
18

F-trifluoromethylthiolation of disulfane and diselane 

derivatives. Reactions were performed on a 1 mmol scale of substrate 2. 

Reaction conditions: 0.07 mmol of 1, PhCN (1 mL), tBuOK (1 equiv relatively to 

2a), DMF (0.5M). 
a
 Radiochemical yields were calculated from the activities of 

organic and aqueous layers. Average of n experiments. 
b
 The radiochemical 

purity was determined by radio-HPLC of the crude organic layer. 

The specific activity observed for the 18F-trifluoromethylthiolated 

arenes prepared with our process (0.38 GBq.µmol-1 for 3e) is in 

agreement with the ones reported by Gouverneur5 (0.17 

GBq.µmol-1) as well as Xiao and Liang6 (0.78 GBq.µmol-1); this 

range of specific activity is compatible with most applications in 

PET. 

We next examined the possibility to use different sulfur-containing 

derivatives as precursors containing either a phthalimide group or 

a sulfone moiety as a leaving group (Scheme 3). We were 

pleased to observe that when 2-(phenylthio)isoindoline-1,3-dione 

4a was reacted under the same optimized reaction conditions as 

reported for 2a, 18F-phenyl(trifluoromethyl)sulfane 3a was 

obtained in very good 84 % RCY and excellent radiochemical 

purity (> 96%). A similar reactivity was observed when the S-

phenyl benzenesulfonothioate 5a was reacted, furnishing 3a in 

quantitative RCY and excellent radiochemical purity. These results 

clearly demonstrated the efficiency and the potential of this 

protocol using various starting materials. This constitutes a real 

asset from a synthetic point of view and opens new synthetic 

strategies to access the final target. 

 

Scheme 3.
18

F-trifluoromethylthiolation  of different sulfur-containing derivatives 

as precursors. Reactions were performed on 1mmol scale of substrate. Reaction 

conditions: 0.07 mmol of 1, PhCN (1 mL), tBuOK (1 equiv relatively to 2a, 4a or 

5a), DMF (0.5M). 
a
 Radiochemical yields were calculated from the activities of 

organic and aqueous layers.  Average of n experiments. 

Conclusions 

We have developed an efficient transition metal- free radiolabeled 

trifluoromethylthiolation reaction of aromatic derivatives using 

disulfides as starting materials. This approach showcased a very 

interesting application of the well-defined preparation of HCF2
18F 

as a radiolabeling agent12 for the synthesis of radiolabeled 

trifluoromethylthiolated arenes in good to excellent RCY and 

radiochemical purities. The whole sequence is rapid (<25 

minutes), operates at room temperature from easy accessible 

starting materials. Therefore, this methodology opens new doors 

towards the radiolabeling of CF3S-containing biologically active 

targets. 

 

This work was partially supported by INSA Rouen, Rouen 

University, CNRS, EFRD, LabexSynOrg (ANR-11-LABX-0029) 

and Région Normandie (Crunch Network). E.C. thanks the 

LabexSynOrg (ANR-11-LABX-0029) for a doctoral fellowship.  

Notes and references 
a.
 Normandie Univ., COBRA, UMR 6014 et FR 3038;Univ. Rouen; INSA Rouen; CNRS 

1 rue Tesnière, 76821 Mont Saint-Aignan Cedex, France 

E-mail: philippe.jubault@insa-rouen.fr  

Homepage: /http://www.lab-cobra.fr/?equipe=synthese-de-biomolecules-fluorees 
b
 Pole of Molecular Imaging, Radiotherapy and Oncology (MIRO) Institute of 

Experimental and Clinical Research (IREC) Université Catholique de Louvain Av. 

Hippocrate, 54,1200-Brussels, Belgium. E-mail: daniel.labar@uclouvain.be 

 
1 a) Z. Li and P. S. Conti, Adv. Drug. Del. Rev.2010, 62, 1031; b) 

P. W. Miller, N. J. Long, R. Vilar and A. D. Gee, Angew. Chem. 
Int. Ed., 2008, 47, 8998; c) G. Smith, L. Caroll and E. O. 
Aboagye, Mol. ImagingBiol., 2012, 14, 653; d) M. M. 

Alauddin, Am. J. Nucl. Med. Mol. Imaging, 2012, 2, 55; e) S. 
M. Ametamey, M. Honer and P. A. Schubiger, Chem. Rev., 
2008, 108, 1501. 

2 a) S. M. Ametamey, M. Honer and P. A. Schubiger, Chem. 
Rev. 2008, 108, 1501; b) L. Cai, S. Lu and V. W. Pike, Eur. J. 
Org. Chem., 2008, 2853. 

3 For late stage [
18

F]fluorination methodologies, see: a) R. 
Littich and P. J. H. Scott, Angew. Chem. Int. Ed., 2012, 51, 
1106; b) M. Tredwell and V. Gouverneur, Angew. Chem. Int. 

Ed., 2012, 51, 11426; c) E. Lee, A. S. Kamlet, D. C. Powers, C. 

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
8 

A
pr

il 
20

17
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
- 

Sa
n 

D
ie

go
 o

n 
28

/0
4/

20
17

 2
0:

30
:4

4.
 

View Article Online
DOI: 10.1039/C7CC02652H

http://dx.doi.org/10.1039/c7cc02652h


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 

N. Neumann, G. B. Boursalian, T. Furuya, D. C. Choi, J. M. 

Hooker and T. Ritter, Science, 2011, 334, 639; d) E. Lee, J. M. 
Hooker and T. Ritter, J. Am. Chem. Soc. 2012, 134, 17456; e) 
A. S. Kamlet, C. N. Neumann, E. Lee, S. M. Carlin, C. K. 

Moseley, N. Stephenson, J. M. Hooker and T. Ritter, PLoS 
ONE, 2013, 8, e59187; f) M. Tredwell, S. M. Preshlock, N. J. 
Taylor, S. Gruber, M. Huiban, J. Passchier, J. Mercier, C. 

Génicot and V. Gouverneur, Angew. Chem. Int. Ed., 2014, 53, 
7751; g) M. G. Campbell and T. Ritter, Chem. Rev., 2015, 115, 
612; h) K. J. Makaravage, A. F. Brooks, A. V. Mossine, M. S. 

Sanford and P. J. H. Scott, Org. Lett., 2016, 18, 5440; i) A. V. 
Mossine, A. F. Brooks, K. J. Makaravage, J. M. Miller, N. 
Ichiishi and M. S. Sanford, Org. Lett., 2015, 17, 5780; j) S. 

Preshlock, S. Calderwood, S. Verhoog, M. Tredwell, M. 
Huiban, A. Hienzsch, S. Gruber, T. C. Wilson, N. J. Taylor, T. 
Cailly, M. Schedler, T. Lee Collier, J. Passchier, R. Smits, J. 

Millitor, A. Hoepping, M. Mueller, C. Genicot, J. Mercier and 
V. Gouverneur, Chem. Commun., 2016, 52, 8361; k) F. 
Buckingham and V. Gouverneur, Chem. Sci., 2016, 7, 1645; l) 

X. Huang, W. Liu, H. Ren, R. Neelamegam, J. M. Hooker and J. 
T. Groves, J. Am. Chem. Soc., 2014, 136, 6842; m) H. Shi, A. 
Braun, L. Wang, S. H. Liang, N. Vasdev and T. Ritter, Angew. 

Chem. Int. Ed., 2016, 55, 10786; n) C. N. Neumann, J. M. 
Hooker and T. Ritter, Nature, 2016, 534, 369. For recent 
[
18

F]trifluoromethylation methodologies, see: a) S. Mizuta, I. 

S. R. Stenhagen, M. O’Duill, J. Wolstenhulme, A. K. 
Kirjavainen, S. J. Forsback, M. Tredwell, G. Sandford, P. R. 
Moore, M. Huiban, S. K. Luthra, J. Passchier, O. Solin and V. 

Gouverneur, Org. Lett., 2013, 15, 2648; b) M. Huiban, M. 
Tredwell, S. Mizuta, Z. Wan, X. Zhang, T. L. Collier and V. 
Gouverneur, Nat. Chem., 2013, 5, 941; c) T. Rühl, W. Rafique, 

V. T. Lien and P. J. Riss, Chem. Commun., 2014, 50, 6056; d) 
D. Van Der Born, J. D. M. Herscheid, R. V. A. Oru and D. J. 
Vugts, Chem. Commun. 2013, 49, 4018.  

4 For selected reviews, see: a) V. N. Boiko, Beilstein J. Org. 
Chem., 2010, 6, 880; b) G. Landelle, A. Panossian, S. Pazenok, 
J.-P. Vors and F. R. Leroux Beilstein J. Org. Chem., 2013, 9, 

2476; c) X.-H. Xu, K. Matsuzaki and N. Shibata, Chem. Rev., 
2015, 115, 731; d) X. Shao, C. Xu, L. Lu and Q. Shen, Acc. 
Chem. Res., 2015, 48, 1227; e) F. Toulgoat, S. Alazet and T. 

Billard, Eur. J. Org. Chem., 2014, 2415; f) S. Barata-Vallejo, S. 
Bonesi and A. Postigo, Org. Biomol. Chem., 2016, 14, 7150; g) 
H. Zheng, Y. Huang and Z. Weng, Tetrahedron Lett., 2016, 57, 

1397; for selected examples, see: h) Q. Wang, F. Xie and X. Li, 
J. Org. Chem., 2015, 80, 8361; i) Y. Huang, X. He, X. Lin, M. 
Rong and Z. Weng, Org. Lett., 2014, 16, 3284; j) M. Hu, J. 

Rong, W. Miao, C. Ni, Y. Han and J. Hu, Org. Lett., 2014, 16, 
2030; k) L. Zhu, G. Wang, Q. Guo, Z. Xu, D. Zhang and R. 
Wang, Org. Lett., 2014, 16, 5390; l) J.-B. Liu, X.-H. Xu, Z.-H. 

Chen and F.-L. Qing, Angew. Chem. Int. Ed., 2015, 54, 897; m) 
T. Yang, L. Lu and Q. Shen, Chem. Commun., 2015, 51, 5479; 
n) K.-Y Ye, X. Zhang, L.-X. Dai and S.-L. You, J. Org. Chem., 

2014, 79, 12106; o) Z. Huang, Y.-D. Yang, E. Tokunaga and N. 
Shibata, Org. Lett., 2015, 17, 1063; p) G. Danoun, B. 
Bayarmagnai, M. F. Gruenberg and L. J. Goossen, Chem. Sci., 

2014, 5, 1312; q) K. Zhang, J.-B. Liu and F.-L. Qing, Chem. 
Commun., 2014, 50, 14157; r) W. Yin, Z. Wang and Y. Huang, 
Adv. Synth. Catal., 2014, 356, 2998; s) Y. Yang, L. Xu, S. Yu, X. 

Liu,Y. Zhang and D. A. Vicic,  Chem. Eur. J. 2016, 22, 858; t) L. 
Jiang, J. Qian, W. Yi, G. Lu, C. Cai and W. Zhang, Angew. 
Chem. Int. Ed., 2015, 54, 14965; u) C. Chen, Y. Xie, L. Chu, R.-

W. Wang, X. Zhang and F.-L. Qing, Angew. Chem. Int. Ed., 
2012, 51, 2492; v) Q. Glenadel, M. Bordy, S. Alazet, A. Tlili 
and T. Billard, T. Asian J. Org. Chem., 2016, 5, 428; w) X. Liu, 

R. An, X. Zhang, J. Luo and X. Zhao, Angew. Chem. Int. Ed., 
2016, 55, 5846; x) X. Shao, X. Wang, T. Yang, L. Lu and Q. 
Shen, Angew. Chem. Int. Ed., 2013, 52, 3457; y) S. 

Mukherjee, B. Maji, A. Tlahuext-Aca and F. Glorius, J. Am. 

Chem. Soc., 2016, 138, 16200. 
5 T. Khotavivattana, S. Verhoog, M. Tredwell, L. Pfeifer, S. 

Calderwood, K. Wheelhouse, T. Lee Collier and V. 

Gouverneur, Angew. Chem. Int. Ed., 2015, 54, 9991. 
6 a) J. Zheng, L. Wang, J.-H. Lin, J.-C. Xiao and S. H. Liang, 

Angew. Chem. Int. Ed., 2015, 54, 13236; b) J. Zheng, R. 

Cheng, J.-H. Lin, D.-H. Yu, L. Ma, L. Jia, L. Zhang, L. Wang, J.-C. 
Xiao and S. H. Liang, Angew. Chem. Int. Ed., 2017, 56, 3196. 

7 P. Ivashkin, G. Lemonnier, J. Cousin, V. Grégoire, D. Labar, P. 

Jubault and X. Pannecoucke, Chem. Eur. J., 2014, 20, 914. 
8 A seminal report from Russel and Roques reported a single 

example of the nucleophilic trifluoromethylation of 1,2-

diphenylsulfane, to generate the trifluoromethylthiolated 
benzene under cold conditions, see: J. Russel and N. Roques, 
Tetrahedron, 1998, 54, 13771. 

9 See the Supporting Information for detailed semi-automated 
process. 

10 J. Aerts, S. Voccia, C. Lemaire, F. Giacomelli, D. Goblet, D. 

Thonon, A. Pleneveaux, G. Warnock and A. Luxen, 
Tetrahedron Lett., 2010, 51, 64. 

11 Compound 1 free of CH2Cl2 can be obtained as a white 

powder. See ref. 7. 
12 To carry out this study, 35 experiments of generation of 

HCF2
18

F from (difluoromethyl)(mesityl)(phenyl) sulfonium 

salt 1 have been achieved leading to an average yield of 60% 
proving the efficiency and the reproducibility of this 
protocol. It should be also mentioned that all the 

radiochemical yields reported in this study are calculated 
from the radiochemical activity of HCF2

18
F. 

 

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
8 

A
pr

il 
20

17
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
- 

Sa
n 

D
ie

go
 o

n 
28

/0
4/

20
17

 2
0:

30
:4

4.
 

View Article Online
DOI: 10.1039/C7CC02652H

http://dx.doi.org/10.1039/c7cc02652h

