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ompounds showing aggregation-induced emission (AIE)

properties have found numerous applications in analytical ¢ Ph__Ph H* Ph  Ph

chemistry, imaging, materials sciences, and biology.!! Tetraar- o NatPh + A T o this work

ylethenes are particularly popular in this context.”) These ¢ -PhNH,*

AIE luminogens are easy to functionalize, and the optical ‘

properties can be modulated by steric and electronic effects. Ph Ph  PAN, Ph Ph g rJ

Symmetric tetraarylethenes are conveniently obtained by €) >=( —_— >=< : b

McMurry couplings.®’! However, unsymmetrical tetraaryle- PR MgBr THF  PH  NsHPh ! g} J
then.es With different aryl groups are needed for many ssc;,-lzri-c;rr;st.) ! X-ray 9 gram batch
applications. Unsymmetrical tetraarylethenes such as aryltri-
phenylethenes can also be obtained by McMurry couplings of Scheme 1. a—d) Different routes for the synthesis of aryltriphenyle-
benzophenone derivatives (Scheme 1a), but competing thenes-€) Synthesis of triazene TPE-Tr.
homocoupling reactions compromise the yield and require
chromatographic purification.”! The most popular route for
the synthesis of unsymmetrical aryltriphenylethenes is We show that aryltriphenylethenes and other unsym-
depicted in Scheme 1b. Coupling of benzophenone deriva-  metrical tetraarylethenes are accessible by acid-induced
tives with lithiated diphenylmethane gives tertiary alcohols, vinylation of aromatic and heteroaromatic compounds with
which can be dehydrated to give the desired olefins (Sche-  triazenes (Scheme 1d). This new C—H activation route is
me 1b). This method was developed by Rathore and co- facile and versatile. Importantly, it can be used for the direct
workers,” and it is widely used for the preparation of AIE  attachment of AIE luminogens to supramolecular hosts, to
luminogens. Its substrate scope is limited by the utilization of ~ biologically relevant molecules, and to polymers.

a highly reactive organolithium reagent. Functionalized Recently, we started to explore the chemistry of alkynyl

aryltriphenylethenes can be obtained by Pd-catalyzed cross- and vinyl triazenes.”! During these investigations, we found

coupling reactions between triphenylethenyl bromide and that cyclobutenyl triazenes can be coupled under acidic
arylboronic acids (Scheme 1c). There are several other  conditions to arenes, such as mesitylene and thiophene.”’? The
methods for the synthesis of asymmetric and symmetric =~ C—C coupling reactions are triggered by acid-induced cleav-
tetraarylethenes,”® but these procedures are rarely used in the ~ age of the triazene function. This finding prompted us to
context of AIE studies. explore if vinyl triazenes can be used more widely for the

electrophilic vinylation of aromatic compounds. In particular,
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To test if TPE-Tr was suited for the vinylation of aromatic
compounds, we investigated the reaction of TPE-Tr with
benzene, which was used as solvent. Different Brgnsted and
Lewis acids were used to induce cleavage of the triazene
function (for details, see the Supporting Information). Uti-
lization of triflic acid (HOTT, 5 equiv) gave tetraphenylethene
(1) in almost quantitative yield. Clean and fast (<10 min)
formation of 1 was also observed when the reaction was
performed in DCM (0.2m) with 20 equivalents of benzene.

For reactions of TPE-Tr with oxoacids, it was proposed
that that acid-induced cleavage of the triazene gives a vinyl
cation, which then reacts with the oxo acid.®!”! An analogous
mechanism is conceivable for the C—H vinylation of ben-
zene.'l Tt is worth noting that the triazene function is
apparently cleaved in a highly regiospecific fashion, because
we were only able to detect vinylation and not phenylation
products (or compounds derived from PhN,").

Next, we investigated the scope of the reaction using
different aromatic compounds (Scheme 2). Monosubstituted
benzenes gave the desired tetraarylethenes 2-7 in yields
between 53 and 99 %. Reactions with anisole and diphenyl
ether afforded the products 3 and 4, respectively, in the form
of a single isomer, whereas mixtures of para and ortho isomers
were observed for the other substrates. It is worth noting that
halobenzenes are competent coupling partners, even though
the yields are slightly lower (5-7). Unsuccessful coupling
reactions were observed for electron-deficient arenes such as
nitrobenzene and methyl benzoate. Di-, tri-, and tetrasub-
stituted arenes gave the corresponding products as single
isomers in high yields (10-16). Even though methyl benzoate
was not a suitable reaction partner, 3,5-dimethoxy-substituted
methyl benzoate could be converted into the corresponding
product 17 in good yield.

Heterocyclic AIE emitters have found many applications
because of their unique electronic and structural properties.?
The coupling of TPE-Tr with standard five-membered-ring
heterocycles using HOTT as a cleavage agent gave complex
mixtures of products. However, utilization of the weaker
trifluoroacetic acid (TFA) instead of HOTf allowed the
preparation of the desired TPE derivatives 18-22 (Scheme 2).
For the reactions with furan, thiophene, and dimethylthio-
phene, triphenylethenyl trifluoroacetate was observed as
a side product, compromising the yields of the products 18-
20. The compound 18 was additionally characterized by
single-crystal X-ray diffraction. Electron-rich N-methyl pyr-
role gave the TPE derivative 21 in quantitative yield as
a mixture of positional isomers (a/f =70:30). To our surprise,
unprotected pyrrole gave also the desired C—C coupling
product, 22, which was synthesized on a 1 mmol scale and
isolated in 78% yield with a high o/f ratio. Notably, 22 is
described in the literature as a precursor for the synthesis of
AlE-active BODIPY fluorophores with near-infrared emis-
sion.'®l The previous synthesis for 22 is based on a two-step
procedure involving a Pd-catalyzed cross-coupling between
triphenylethenyl bromide and N-Boc-pyrrole-2-boronic acid,
followed by Boc removal, whereas our procedure allows
direct vinylation of free pyrrole without a transition-metal
catalyst.
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Scheme 2. Synthesis of aryltriphenylethenes by coupling of TPE-Tr with
different arenes. [a] para/ortho isomers. [b] o/} isomers.

The replacement of one or more phenyl groups in
tetraphenylethene by polycyclic aromatic hydrocarbons is of
interest because the resulting compounds can display superior
electroluminescence properties.™! Our new method is suited
to prepare such compounds, as evidenced by the synthesis of
the naphthalene derivative 23 and the fluorene-containing 24
(Scheme 2). The latter was isolated as a single regioisomer.

The functionalization of supramolecular receptors with
AlE-active groups is attractive because the resulting con-
jugates can potentially be used for the optical detection of
guest molecules.'” An advantage of our new synthetic
methodology is the possibility to convert existing receptors
in one step into AIE luminophores, given that the receptors
contain appropriate aromatic groups. To demonstrate this
point, we performed coupling reactions between TPE-Tr and
five commercially available benzo-crown ethers (Scheme 2).
The corresponding TPE derivatives 25-27 were obtained in
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moderate to good yields as single isomers (selective coupling
at the meta position). Twofold coupling reactions are also
possible, as evidenced by the syntheses of 28 and 29.
Ferrocene was found to be compatible with our vinylation
protocol, and triphenylethenylferrocene (30) was isolated in
57% yield. The compound 30 is nonfluorescent in the solid
state, presumably because the redox-active ferrocenyl groups
acts as an intramolecular quencher.

Conjugates between biomolecules and AIE luminophores
are of interest for medicinal and analytical applications.™'°!
Following our procedure, we were able to install the TPE
moiety on a f-estradiol derivative (Scheme 2). The corre-
sponding product, 31, was isolated in good yield as a single
isomer.

The scope of the coupling reaction was extended to
different aryl-substituted vinyl triazene reagents (X-TPE-Tr)
using 1,2-dimethoxybenzene as the coupling partner (32-34,
Scheme 3). To demonstrate that our approach allows building
complex TPE derivatives in a few steps, we synthesized the
chlorinated benzo-crown ether 35, which was further func-
tionalized using a Suzuki cross-coupling reaction with tolyl
boronic acid to give the compound 36.

HOTf

Ar? Ar® (2-5 equiv) Az Ar
+ ArH
Ar' N;HPh (1-20 equiv)  DCM Al Ar
X-TPE-Tr 0.1-02M)
(X=Me, Cl, F)
R3 Cl

32 (R'=R2=R3=Me) 82%
R1 33 (R'=R=R%=Cl)64%
34 (R'=R2=F, R3= H) 70%

wesom . )

Pdydbas SPhos
K3POy4, 1,4-dioxane
100 °C

Scheme 3. Scope of vinyl triazenes used for the synthesis of the
tetraarylethenes 32-36 and post-functionalization reactions.

Finally, we applied our vinylation procedure to the
functionalization of polymers.'”! Polymers containing AIE
groups have been investigated extensively over the last years,
and numerous applications have emerged."® Typically, multi-
step syntheses are required to prepare polymer-AlEgen
conjugates. Our method allows the direct grafting of TPE
groups to polymers containing arenes (side or main chain;
Scheme 4). When triflic acid was added to a suspension of
crosslinked polystyrene beads (1 % divinylbenzene) in a solu-
tion of TPE-Tr (10mol%) in DCM, an instantaneous
reaction was observed (evidenced by gas evolution). Filtra-
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Scheme 4. Covalent grafting of TPE groups to commercial polymers.

tion and extensive washing of the polymer gave a highly
fluorescent TPE-PS conjugate. The latter showed a fluores-
cence quantum yield (QY) of 24 % in the solid state with an
emission maximum at 500 nm (A, =320 nm). The QY is
comparable to that of tetraphenylethene (QY=18%, A=
460 nm, A, =320 nm) and clearly different from the starting
crosslinked polystyrene (QY=10%, A.,=360nm, A=
320 nm). Furthermore, we modified parylene C, which is
used as protective coating for microelectronic and medical
devices. A film of parylene C was dipped in a DCM solution
of TPE-Tr (0.2Mm), followed by addition of TfOH. The
resulting TPE-functionalized parylene C film (TPE-PC)
showed strong blue fluorescence, whereas the starting poly-
mer is almost nonemissive under UV-365 nm.[") Polyvinyl-
carbazole (PVK) has numerous applications in materials
science as a conducting polymer.”” In a similar fashion as
described above, we transformed commercially available
PVK into TPE-PVK, which showed strong fluorescence in
the solid state.

The swelling behavior of crosslinked polystyrene beads is
strongly dependent on the nature of the solvent. We
hypothesized that the degree of swelling would affect the
conformational freedom of the TPE groups, and thus the
fluorescence intensity. Indeed, suspensions of TPE-PS in
different organic solvents showed vastly different emission
intensities (Figure 1). Nonswelling solvents such as methanol
or n-hexane gave rise to a bright emission, whereas highly
swelling solvents such as toluene gave poor emission. TPE-PS
therefore allows easy optical differentiation of solvents.

To conclude, we have developed a simple, fast, and
versatile protocol for the preparation of asymmetric tetraar-
ylethene luminogens. The new methodology relies on the
acid-induced conversion of vinyl triazenes into highly electro-
philic vinylation reagents. A key feature of our procedure is

11l

Et,0 EtOAc Tol. Hex. MeOH DCM AN Acet DMSO DMF

Figure 1. The polymer TPE-PS in different organic solvents under UV
366 nm (20 mg of polymer in 0.5 mL of solvent).
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the possibility to use plain aromatic or heteroaromatic
compounds as coupling partners. It is thus possible to convert
nonfunctionalized aromatic compounds in a single step into
solid-state emitters. For example, we have been able to attach
TPE groups to commercially available crown ethers and
polymers. Further studies towards new applications of this
new coupling procedure are ongoing in our laboratory.

Acknowledgements

This work was supported by funding from the Ecole
Polytechnique Fédérale de Lausanne (EPFL), and by the
Swiss National Science Foundation. We thank Dr. Euro Solari
for elemental analyses and Mr. Miguel Marmelo for samples
of parylene C.

Conflict of interest

The authors declare no conflict of interest.

Keywords: aggregation - tetraralyethenes - fluorescence -
synthetic methods - vinylation

[1] a) B. Liu, B. Z. Tang, Chem. Asian J. 2019, 14, 672-673; b) G.
Feng, B. Liu, Acc. Chem. Res. 2018, 51, 1404-1414; c) G. Feng,
R.T. K. Kwok, B.Z. Tang, B. Liu, Appl. Phys. Rev. 2017, 4,
021307; d) R. Zhan, Y. Pan, P. N. Manghnani, B. Liu, Macromol.
Biosci. 2017, 17, 1600433; e) L. Yan, Y. Zhang, B. Xu, W. Tian,
Nanoscale 2016, 8, 2471 -2487; ) J. Mei, N. L. C. Leung, R. T. K.
Kwok, J. W. Y. Lam, B. Z. Tang, Chem. Rev. 2015, 115, 11718—
11940; g) X. Zhang, X. Zhang, L. Tao, Z. Chi, J. Xu, Y. Wei, J.
Mater. Chem. B 2014, 2, 4398 —4414; h) J. Mei, Y. Hong, J. W. Y.
Lam, A. Quin, Y. Tang, B. Z. Tang, Adv. Mater. 2014, 26, 5429 —
5470; i) D. Ding, B. Liu, B. Z. Tang, Acc. Chem. Res. 2013, 46,
2441-2453; j) Y. Hong, J. W. Y. Lam, B. Z. Tang, Chem. Soc.
Rev. 2011, 40, 5361 —5388.

[2] a) D. D. La, S. V. Bhosale, L. A. Jones, S. V. Bhosale, ACS Appl.

Mater. Interfaces 2018, 10, 12189-12216; b) Z. Zhao, B. Z. Tang,

Polycyclic Arenes and Heteroarenes: Synthesis Properties, and

Applications (Ed.: Q. Miao), Wiley-VCH, Weinheim, 2016,

pp. 193-221; ¢) Z. Zhao, J. W. Y. Lam, B. Z. Tang, Curr. Org.

Chem. 2010, 14,2109-2132.

a) J. E. McMurry, Acc. Chem. Res. 1983, 16, 405-411; For

applications of McMurry reaction in AIE research, see: b) M.

Xie, Y. Che, K. Liu, L. Jiang, L. Xu, R. Xue, M. Drechsler, J.

Huang, B. Z. Tang, Y. Yan, Adv. Funct. Mater. 2018, 28, 1803370;

¢)J. Li, K. Liu, H. Chen, R. Li, M. Drechsler, F. Bai, J. Huang,

B.Z. Tang, Y. Yan, ACS Appl. Mater. Interfaces 2017, 9, 21706 —

21714; d) X. Chi, H. Zhang, G. I. Vargas-Zuniga, G. M. Peters,

J.L. Sessler, J. Am. Chem. Soc. 2016, 138, 5829-5832; ¢) M.

Zhang, X. Yin, T. Tian, Y. Liang, W. Li, Y. Lan, J. Li, M. Zhou, Y.

Ju, G. Li, Chem. Commun. 2015, 51, 10210-10213; f) G. Yu, G.

Tang, F. Huang, J. Mater. Chem. C 2014, 2, 6609 -6617; g) L. Xu,

L. Jiang, M. Drechsler, Y. Sun, Z. Liu, J. Huang, B. Z. Tang, Z.

Li, M. A. Cohen Stuart, Y. Yan, J. Am. Chem. Soc. 2014, 136,

1942 -1947.

For examples, see: a) D. T. Jayaram, S. Ramos-Romero, B. H.

Shankar, C. Garrido, N. Rubio, L. Sanchez-Cid, S. B. Gémez, J.

Blanco, D. Ramaiah, ACS Chem. Biol. 2016, 11,104-112;b) Y.-

[3

—

[4

—_—

www.angewandte.org

&These are not the final page numbers!

Communications

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angewandte

intemationaldition’y) Chemie

T. Lee, Y.-T. Chang, C.-T. Chen, C.-T. Chen, J. Mater. Chem. C
2016, 4, 7020-7025; c) X. Gu, J. Yao, G. Zhang, C. Zhang, Y.
Yan, Y. Zhao, D. Zhang, Chem. Asian J. 2013, 8, 2362-2369;
d) W.-L. Gong, M. P. Aldred, G.-F. Zhang, C. Li, M.-Q. Zhu, J.
Mater. Chem. C 2013, 1,7519-7525; ¢) X.-F. Duan, J. Zeng, J.-W.
Lii, Z.-B. Zhang, Synthesis 2007, 713-718; f) X.-F. Duan, J.
Zeng, J.-W. Lii, Z.-B. Zhang, J. Org. Chem. 2006, 71, 9873 —9876.

[5] a) M. Banerjee, S. J. Emond, S. V. Lindeman, R. Rathore, J. Org.

Chem. 2007, 72, 8054-8061; b) R. Rathore, C. L. Burns, S. A.

Abdelwahed, Org. Lett. 2004, 6, 1689—-1692.

Alternative synthetic routes are discussed in Ref. [2a] and, for

example, in: a) M. Eissen, D. Lenoir, ACS Sustainable Chem.

Eng. 2017, 5, 10459-10473; b) G.-F. Zhang, H. Wang, M. P.

Aldred, T. Chen, Z.-Q. Chen, X. Meng, M.-Q. Zhu, Chem. Mater.

2014, 26, 4433 -4446; c) W. Dai, J. Xiao, G. Jin, J. Wu, S. Cao, J.

Org. Chem. 2014, 79, 10537 -10545; d) J. Jiao, K. Hyodo, H. Hu,

K. Nakajima, Y. Nishihara, J. Org. Chem. 2014, 79, 285-295;

e) A. B. Flynn, W. W. Ogilvie, Chem. Rev. 2007, 107, 4698 — 4745,

f) C. Zhou, R. C. Larock, J. Org. Chem. 2005, 70, 3765-3777,

g) C. Zhou, D. E. Emrich, R. C. Larock, Org. Lett. 2003, 5, 1579 —

1582.

[7] a) J-F. Tan, C.T. Bormann, F. G. Perrin, F. M. Chadwick, K.
Severin, N. Cramer, J. Am. Chem. Soc. 2019, 141, 10372-10383;
b) T. Wezeman, R. Scopelliti, F. Fadaei Tirani, K. Severin, Adv.
Synth. Catal. 2019, 361, 1383-1388; c) A. A. Suleymanov, R.
Scopelliti, F. Fadaei Tirani, K. Severin, Adv. Synth. Catal. 2018,
360, 4178 -4183; d) A. A. Suleymanov, R. Scopelliti, F. Fadaei
Tirani, K. Severin, Org. Lett. 2018, 20,3323 -3326; ¢) D. Kossler,
F. G. Perrin, A. A. Suleymanov, G. Kiefer, R. Scopelliti, K.
Severin, N. Cramer, Angew. Chem. Int. Ed. 2017, 56, 11490 -
11493; Angew. Chem. 2017, 129, 11648 -11651; f) F. Perrin, G.
Kiefer, L. Jeanbourquin, S. Racine, D. Perrotta, J. Waser, R.
Scopelliti, K. Severin, Angew. Chem. Int. Ed. 2015, 54, 13393 -
13396; Angew. Chem. 2015, 127, 13591 -13594; g) G. Kiefer, T.
Riedel, P. J. Dyson, R. Scopelliti, K. Severin, Angew. Chem. Int.
Ed. 2015, 54, 302-305; Angew. Chem. 2015, 127, 306—310.

[8] W. M. Jones, E. W. Miller, J. Am. Chem. Soc. 1967, 89, 1960—
1962.

[9] H. Zollinger, Diazo Chemistry I, Wiley-VCH, Weinheim, 1994,
pp. 107-141.

[10] a) C. C. Lee, C. A. Obatemi, Can. J. Chem. 1981, 59, 1636 —1640;
b) C.C. Lee, E. C. F. Ko, Can. J. Chem. 1976, 54, 30413044,
c) C. C. Lee, A.J. Cessna, B. A. Davis, M. Oka, Can. J. Chem.
1974, 52, 2679-2683; d) G. Modena, U. Tonellato, J. Chem. Soc.
B 1971, 1569-1573; ¢) W. M. Jones, D. D. Maness, J. Am. Chem.
Soc. 1970, 92, 5457 —5464.

[11] For recent advances in C—H activation using vinyl cations, see:
a) B. Wigman, S. Popov, A.L. Bagdasarian, B. Shao, T.R.
Benton, C. G. Williams, S. P. Fisher, V. Lavallo, K. N. Houk,
H. M. Nelson, J. Am. Chem. Soc. 2019, 141, 9140-9144; b) M.
Niggemann, S. Gao, Angew. Chem. Int. Ed. 2018, 57, 16942 —
16944; Angew. Chem. 2018, 130, 17186-17188; c) S. Popov, B.
Shao, A. L. Bagdasarian, T. R. Benton, L. Zhou, Z. Yang, K. N.
Houk, H. M. Nelson, Science 2018, 361, 381 -387; d) J. Fang, M.
Brewer, Org. Lett. 2018, 20, 7384-7387; e)S. Cleary, M.
Hensinger, M. Brewer, Chem. Sci. 2017, 8, 6810-6814; f) D.
Kaiser, L. F. Veiros, N. Maulide, Chem. Eur. J. 2016, 22, 4727 -
4732; g) L. Fu, M. Niggemann, Chem. Eur. J. 2015, 21, 6367 -
6370; h) F. Zhang, S. Das, A.J. Walkinshaw, A. Casitas, M.
Taylor, M. G. Suero, M. J. Gaunt, J. Am. Chem. Soc. 2014, 136,
8851-8854; i) A.J. Walkinshaw, W. Xu, M. G. Suero, M. J.
Gaunt, J. Am. Chem. Soc. 2013, 135, 12532 -12535.

[12] For a recent review, see: P. Sheng, Z. Zhuang, Z. Zhao, B. Z.
Tang, J. Mater. Chem. C 2018, 6, 11835-11852.

[13] a) M. H. Chua, Y. Ni, M. Garai, B. Zheng, K.-W. Huang, Q.-H.
Xu, J. Xu, J. Wu, Chem. Asian J. 2015, 10, 1631 -1634; b) M. H.
Chua, K.-W. Huang, J. Xu, J. Wu, Org. Lett. 2015, 17,4168 -4171.

[6

—_

Angew. Chem. Int. Ed. 2019, 58, 1—6


https://doi.org/10.1002/asia.201900185
https://doi.org/10.1021/acs.accounts.8b00060
https://doi.org/10.1063/1.4984020
https://doi.org/10.1063/1.4984020
https://doi.org/10.1002/mabi.201600433
https://doi.org/10.1002/mabi.201600433
https://doi.org/10.1039/C5NR05051K
https://doi.org/10.1021/acs.chemrev.5b00263
https://doi.org/10.1021/acs.chemrev.5b00263
https://doi.org/10.1039/c4tb00291a
https://doi.org/10.1039/c4tb00291a
https://doi.org/10.1002/adma.201401356
https://doi.org/10.1002/adma.201401356
https://doi.org/10.1021/ar3003464
https://doi.org/10.1021/ar3003464
https://doi.org/10.1039/c1cs15113d
https://doi.org/10.1039/c1cs15113d
https://doi.org/10.1021/acsami.7b12320
https://doi.org/10.1021/acsami.7b12320
https://doi.org/10.1021/ar00095a003
https://doi.org/10.1002/adfm.201803370
https://doi.org/10.1021/acsami.7b06306
https://doi.org/10.1021/acsami.7b06306
https://doi.org/10.1021/jacs.6b03159
https://doi.org/10.1039/C5CC02377G
https://doi.org/10.1039/C4TC01022A
https://doi.org/10.1021/ja410443n
https://doi.org/10.1021/ja410443n
https://doi.org/10.1021/acschembio.5b00537
https://doi.org/10.1039/C6TC01251E
https://doi.org/10.1039/C6TC01251E
https://doi.org/10.1002/asia.201300451
https://doi.org/10.1039/c3tc31585a
https://doi.org/10.1039/c3tc31585a
https://doi.org/10.1055/s-2007-965906
https://doi.org/10.1021/jo061644d
https://doi.org/10.1021/jo701474y
https://doi.org/10.1021/jo701474y
https://doi.org/10.1021/ol036037g
https://doi.org/10.1021/acssuschemeng.7b02479
https://doi.org/10.1021/acssuschemeng.7b02479
https://doi.org/10.1021/cm501414b
https://doi.org/10.1021/cm501414b
https://doi.org/10.1021/jo5022234
https://doi.org/10.1021/jo5022234
https://doi.org/10.1021/jo4024057
https://doi.org/10.1021/cr050051k
https://doi.org/10.1021/jo048265+
https://doi.org/10.1021/ol034435d
https://doi.org/10.1021/ol034435d
https://doi.org/10.1021/jacs.9b04111
https://doi.org/10.1002/adsc.201801341
https://doi.org/10.1002/adsc.201801341
https://doi.org/10.1002/adsc.201800984
https://doi.org/10.1002/adsc.201800984
https://doi.org/10.1021/acs.orglett.8b01214
https://doi.org/10.1002/anie.201706013
https://doi.org/10.1002/anie.201706013
https://doi.org/10.1002/ange.201706013
https://doi.org/10.1002/anie.201507033
https://doi.org/10.1002/anie.201507033
https://doi.org/10.1002/ange.201507033
https://doi.org/10.1002/anie.201408597
https://doi.org/10.1002/anie.201408597
https://doi.org/10.1002/ange.201408597
https://doi.org/10.1021/ja00984a041
https://doi.org/10.1021/ja00984a041
https://doi.org/10.1139/v81-242
https://doi.org/10.1139/v76-431
https://doi.org/10.1139/v74-390
https://doi.org/10.1139/v74-390
https://doi.org/10.1039/J29710001569
https://doi.org/10.1039/J29710001569
https://doi.org/10.1021/ja00721a026
https://doi.org/10.1021/ja00721a026
https://doi.org/10.1021/jacs.9b02110
https://doi.org/10.1002/anie.201810701
https://doi.org/10.1002/anie.201810701
https://doi.org/10.1002/ange.201810701
https://doi.org/10.1126/science.aat5440
https://doi.org/10.1021/acs.orglett.8b03054
https://doi.org/10.1039/C7SC02768K
https://doi.org/10.1002/chem.201600432
https://doi.org/10.1002/chem.201600432
https://doi.org/10.1002/chem.201406503
https://doi.org/10.1002/chem.201406503
https://doi.org/10.1021/ja504361y
https://doi.org/10.1021/ja504361y
https://doi.org/10.1021/ja405972h
https://doi.org/10.1039/C8TC02956C
https://doi.org/10.1002/asia.201500420
https://doi.org/10.1021/acs.orglett.5b01916
http://www.angewandte.org

GDCh
~~—

[14] a)J. Zhou, Z. Chang, Y. Jiang, B. He, M. Du, P. Lu, Y. Hong,
H.S. Kwok, A. Qin, H. Qiu, Z. Zhao, B.Z. Tang, Chem.
Commun. 2013, 49, 2491-2493; b) Z. Zhao, S. Chen, J. W. Y.
Lam, Z. Wang, P. Lu, F. Mahtab, H. H. Y. Sung, I. D. Williams, Y.
Ma, H. S. Kwok, B. Z. Tang, J. Mater. Chem. 2011, 21, 7210-
7216.

[15] a) M. Gao, B. Z. Tang, ACS Sens. 2017, 2,1382-1399; b) J. Li, D.
Yim, W.-D. Jang, J. Yoon, Chem. Soc. Rev. 2017, 46, 2437 —2458.

[16] a) C. Zhu, R. T. K. Kwok, J. W. Y. Lam, B. Z. Tang, ACS Appl.
Bio Mater. 2018, 1, 1768-1786; b) J. Qian, B. Z. Tang, Chem
2017, 3, 56 -91.

[17] For a recent review about the C—H functionalization of
polymers, see: J. B. Williamson, S.E. Lewis, R. R. Johnson,
I. M. Manning, F. A. Leibfarth, Angew. Chem. Int. Ed. 2019, 58,
8654 -8668; Angew. Chem. 2019, 131, 8746—8761.

[18] For reviews about AIE-active polymers, see: a) Y. B. Hu,J. W. Y.
Lam, B. Z. Tang, Chin. J. Polym. Sci. 2019, 37, 289-301; b) R.

Communications

Hu, Y. Kang, B. Z. Tang, Polym. J. 2016, 48, 359-370; c) R. Hu,
N. L. C. Leung, B. Z. Tang, Chem. Soc. Rev. 2014, 43,4494 —4562.

[19] For the surface modification of parylene C, see: C. Zhang, M. E.
Thompson, F. S. Markland, S. Swenson, Acta Biomater. 2011, 7,
3746-3756.

[20] a) C. M. Santos, J. Mangadlao, F. Ahmed, A. Leon, R.C.
Advincula, D. F. Rodriguez, Nanotechnology 2012, 23, 395101,
b) H. J. Bolink, H. Brine, E. Coronado, M. Sessolo, Adv. Mater.
2010, 22, 2198 -2201.

Manuscript received: July 14, 2019

Revised manuscript received: September 5, 2019
Accepted manuscript online: September 8, 2019
Version of record online: lill HE. ERENR

Angew. Chem. Int. Ed. 2019, 58, 1-6

© 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.angewandte.org

These are not the final page numbers

Angewandte

intemationalEdition’y Chemie

(AR

5


https://doi.org/10.1039/c3cc00010a
https://doi.org/10.1039/c3cc00010a
https://doi.org/10.1039/c0jm04449k
https://doi.org/10.1039/c0jm04449k
https://doi.org/10.1021/acssensors.7b00551
https://doi.org/10.1039/C6CS00619A
https://doi.org/10.1021/acsabm.8b00600
https://doi.org/10.1021/acsabm.8b00600
https://doi.org/10.1016/j.chempr.2017.05.010
https://doi.org/10.1016/j.chempr.2017.05.010
https://doi.org/10.1002/anie.201810970
https://doi.org/10.1002/anie.201810970
https://doi.org/10.1002/ange.201810970
https://doi.org/10.1007/s10118-019-2221-4
https://doi.org/10.1038/pj.2016.1
https://doi.org/10.1039/C4CS00044G
https://doi.org/10.1016/j.actbio.2011.06.003
https://doi.org/10.1016/j.actbio.2011.06.003
https://doi.org/10.1088/0957-4484/23/39/395101
https://doi.org/10.1002/adma.200904018
https://doi.org/10.1002/adma.200904018
http://www.angewandte.org

GvDCh Communications Angewandte

intemationaldition’y) Chemie

Communications
-
Synthetic Methods Ph
Ph Ph
A.A. Sul M. Doll, A. Ruggi b 7 NaHPh Ph
. A. Suleymanov, M. Doll, A. Ruggi,

R. Scopelliti, F. Fadaei-Tirani, Ph ~

K.Severin* ____________ INEE-HENN H* i

Synthesis of Tetraarylethene Luminogens  Glowing couple: A simple and versatile The novel C—H vinylation approach

by C—H Vinylation of Aromatic coupling method to make tetraaryle- allows installation of the triarylethenyl

Compounds with Triazenes thenes, which display active aggregation-  group onto simple unactivated arenes,
induced emission, from aromatic com- heteroarenes, supramolecular hosts, bio-
pounds and vinyl triazenes is described. active molecules, and polymers.
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