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Charge transfer complex enabled
mechanochemical synthesis of
chalcogenoacetylenes via alkynyl radicals†
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Mechanochemistry has become an appealing strategy to enable numerous organic transformations.

While significant advancements have been achieved, radical coupling reactions under mechanochemical

conditions are still in their infancy. In this study, a charge transfer complex enabled mechanochemical

generation of alkynyl radicals from alkynyl sulfonium salts is reported. This method provides a convenient

pathway to achieve alkynyl selenides and alkynyl tellurides under much simpler conditions, without inert

gas protection.

Introduction

In the past decades, mechanochemistry has emerged as a
powerful technique with significance across a range of multi-
scale applications in chemical synthesis and materials
science.1 The solvent-free properties and mechanical activation
mode not only make this technique compatible with the
concept of green chemistry,2 but more importantly, can also
provide higher and even completely new reactivities compared
to solution-based methods. Recently, mechanochemistry has
come to be considered a valuable potential synthetic techno-
logy for various synthetically important bond formations.3

However, the application of mechanochemical processes in
radical chemistry is quite limited due to the inherent unpre-
dictable nature of highly reactive radical intermediates.4 Only
recently, seminal studies using piezoelectric materials5 as
ideal photoredox catalyst mimics have been accomplished by
the groups of Ito and Bolm,6 opening up new avenues for the
generation of radicals (Fig. 1A). Since then, several radical
transformations have been reported under ball milling con-
ditions.7 However, most of them employed diazonium salts as
aryl radical precursors.7b,e,l,m Recently, Mandal, Bhunia, and
co-workers developed an interesting solid-state method for the

generation of the super electron donor phenlenyl anion under
ball milling conditions for the single electron reduction of aryl
halides (Fig. 1B).8 Compared with these developed alkyl and
aryl radicals under mechanochemical conditions, radical reac-
tions involving alkynyl radicals under ball milling conditions
remain unexplored. Given the importance of the alkyne func-

Fig. 1 (A) Piezoelectric material-catalyzed radical reactions via ball
milling, (B) generation of the super electron donor phenlenyl anion via
ball milling, and (C) this work: charge transfer complex enabled radical
alkynylations via ball milling.
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tionalities in organic synthesis9 and the inherent advantages
of mechanical techniques, investigating new mechanochemis-
try strategies for the generation of alkynyl radicals is
imperative.

Recently, the photoactive charge transfer complex (CTC)
strategy has emerged as an additional approach to photoredox
catalysis, eliminating the need for photocatalysts.10 However,
the applications of this strategy under ball milling conditions
remain underdeveloped. In 2022, we discovered that alkynyl
sulfonium salts could generate alkynyl radicals by a single
electron transfer (SET) process via chalcogen bonding under
blue light irradiation.11 Based on these results, we wondered
whether the CTC strategy could be applied in mechanochemis-
try to generate alkynyl radicals under much simpler conditions
without inert gas protection (Fig. 1C).

Results and discussion

To test our hypothesis, initial experiments were conducted
with the alkynyl sulfonium salt 1 12 and diphenyl diselenide 2.
We were pleased to find that NaI as the electron donor and
ethyl acetate (EA) as the liquid-assisted grinding (LAG) additive
afforded alkynyl selenide 3 13 in 95% yield, as determined by
GC-MS using n-hexadecane as the internal standard (Table 1,
entry 1). Screening LAG additives showed that EA was the best
choice (entries 2–4). Control experiments demonstrated the
importance of the electron donor and the LAG additive
(entries 5–7).

With the optimal conditions in hand, we first evaluated the
substrate scope of various diphenyl diselenides. As shown in
Scheme 1, diphenyl diselenides with both electron-donating
(4-Me and 4-tBu) and electron-withdrawing (4-F, 4-OCF3, and
4-CN) groups on the aryl ring were suitable for this transform-
ation, giving the corresponding products 4–8 in good to high

yields. Moreover, the reaction was compatible with substrates
containing –OMe, –Cl, and –Me at the meta-position and the
ortho-position, providing 9–12 in 61–83% yields. The di-
substituted substrates also reacted smoothly, giving products

Table 1 Optimization of the reaction conditionsa

Entry Variation from standard conditions Yieldb (%)

1 None 89
2 DMF instead of EA 63
3 DCM instead of EA 76
4 THF instead of EA 72
5 Without Nal Trace
6 Without EA 47
7 Without Nal and EA Trace

a Reaction conditions: 1 (0.4 mmol, 2.0 equiv.), 2 (0.2 mmol), NaI
(0.4 mmol, 2.0 equiv.), and EA (0.2 μL mg−1) were added to a stainless-
steel jar (5 mL) with nine stainless steel balls (each stainless steel ball
had a diameter of 5 mm and weighed ca. 0.6 g) under air and milled at
30 Hz for 30 min. bGC-MS yields with n-hexadecane as the internal
standard.

Scheme 1 Reaction scope. Reaction conditions: alkynyl sulfonium salts
(0.4 mmol, 2.0 equiv.), diselenides or ditellurides (0.2 mmol), NaI
(0.4 mmol, 2.0 equiv.), and EA (0.2 μL mg−1) were added to a stainless
steel jar (5 mL) with nine stainless steel balls (each stainless steel ball had
a diameter of 5 mm and weighed ca. 0.6 g) under air conditions and
milled at 30 Hz for 30 min. Yields of the isolated products are given
beside the desired products; trace amounts of diynes were detected as
by-products. a 1.0 mmol.
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13–15 in moderate to high yields. Notably, 1,2-di(thiophen-3-
yl) diselane was also compatible and provided 16 in 70% yield.
Based on the success with diphenyl diselenides, we attempted
to apply this strategy to alkyl diselenide substrates. It was
found that dibenzyl diselenide and dimethyl diselenide under-
went smooth transformation to give the corresponding pro-
ducts 17 and 18 in 68% and 89% yields, respectively. Then,
various alkynyl sulfonium salts were examined and all of them
performed admirably (19–23).

Considering the medical applications of tellurides,14 we
further evaluated the corresponding tellurylation reactions
under the same reaction conditions. The ditellurides contain-
ing electron-donating or electron-withdrawing substituents
attached to the phenyl ring, such as 4-methoxyl, 4-methyl,
4-fluro, and 4-chloro, all reacted well with 1 to produce the
corresponding products 24–27 in high to excellent yields. In
addition, several alkynyl sulfonium salts were examined as
well, and all reactions proceeded well, affording the corres-
ponding products 28–32 in high yields.

To obtain a deeper insight into the mechanism of this
transformation, a series of mechanistic experiments were
carried out, and the results are shown in Fig. 2. First, the

alkynyl sulfonium salts containing an iodide anion instead of
a trifluoromethanesulfonate anion reacted well with diphenyl
diselenide 2 in the absence of NaI, affording product 3 in
89% yield (Fig. 2A, top), which demonstrated the importance
of the iodide anion as the electron donor. Then, the reaction
was performed in the absence of diphenyl diselenide 2,
leading to iodoethynylbenzene 34 in a yield of 59%; mean-
while, the dimer of phenylacetylene 35 was detected by
GC-MS (Fig. 2, middle), which indicated the generation of the
alkynyl radical. Next, iodoethynylbenzene 34 and diphenyl
diselenide 2 were milled under the standard reaction con-
ditions and product 3 was not detected, which ruled out the
possible pathway between the iodoethynylbenzene and disele-
nide (Fig. 2A, bottom). Moreover, the radical pathway of this
reaction was further confirmed by a radical inhibition experi-
ment. When 5.0 equiv. of 5,5-dimethyl-1-pyrroline-N-oxide
(DMPO) was subjected to the standard reaction conditions,
product formation was inhibited (product 3 was not detected)
and iodoethynylbenzene 34 was also not formed (Fig. 2B).
These results suggested that radicals may be involved in the
process.

On the basis of the above experimental results and our pre-
vious studies,15 we proposed a possible mechanism for this
mechanochemical alkynylation of alkynyl sulfonium salts
(Fig. 2C). After the formation of a charge transfer complex
between the alkynyl sulfonium salt and NaI, the cleavage of
the C–S bond occurred under ball milling conditions, leading
to the generation of the alkynyl radical and the iodine radical;
the former then reacts with diselenide to give the final
product. Additionally, the alkynyl radical would be coupled
with the iodine radical to give iodoethynylbenzene, which is
supported by the results of the control experiment (Fig. 2A,
middle).

Conclusions

In summary, we have developed a new CTC strategy for synthe-
sizing chalcogenoacetylenes from alkynyl sulfonium salts
using NaI as the electron donor under mechanochemical con-
ditions. The reactions are easy to perform, solvent- and metal-
free, and proceed in a short reaction time (30 min) to provide
products in good to excellent yields. The utilization of NaI as
the electron donor and EA as the liquid-assisted grinding addi-
tive was identified as the key factor for this transformation.
Further exploration on using the CTC strategy with mechanical
techniques to develop new reaction modes is currently under-
way in our laboratory.

Data availability

The authors confirm that the data underlying this study are
available within the article and its ESI.†

Fig. 2 (A) Control experiments, (B) radical inhibition experiment, and
(C) proposed mechanism.

Organic Chemistry Frontiers Research Article

This journal is © the Partner Organisations 2025 Org. Chem. Front., 2025, 12, 649–654 | 651

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
N

ov
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 7

/3
0/

20
25

 5
:4

1:
28

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4qo01827c


Conflicts of interest

There are no conflicts to declare.

Acknowledgements

The authors are thankful for the support provided by the
National Natural Science Foundation of China (21773240 and
22173103), the Postdoctoral Fellowship Program of CPSF
(Grant number GZC20232603), the China Postdoctoral Science
Foundation Funded Project (2024M753178), the Shandong
Provincial Natural Science Foundation (ZR2024QB080) and the
Fundamental Research Funds for the Central Universities and
the University of the Chinese Academy of Sciences and Beijing
National Laboratory for Molecular Sciences (BNLMS2023014).

References

1 (a) S. L. James, C. J. Adams, C. Bolm, D. Braga, P. Collier,
T. Friščić, F. Grepioni, K. D. M. Harris, G. Hyett, W. Jones,
A. Krebs, J. Mack, L. Maini, A. G. Orpen, I. P. Parkin,
W. C. Shearouse, J. W. Steed and D. C. Waddell,
Mechanochemistry: opportunities for new and cleaner syn-
thesis, Chem. Soc. Rev., 2012, 41, 413–447; (b) E. Boldyreva,
Mechanochemistry of inorganic and organic systems: what
is similar, what is different?, Chem. Soc. Rev., 2013, 42,
7719–7738; (c) J. Li, C. Nagamani and J. S. Moore, Polymer
mechanochemistry: from destructive to productive, Acc.
Chem. Res., 2015, 48, 2181–2190; (d) J.-L. Do and T. Friščić,
Mechanochemistry: A Force of Synthesis, ACS Cent. Sci.,
2017, 3, 13–19; (e) J. G. Hernández and C. Bolm, Altering
Product Selectivity by Mechanochemistry, J. Org. Chem.,
2017, 82, 4007–4019; (f ) J. L. Howard, Q. Cao and
D. L. Browne, Mechanochemistry as an emerging tool for
molecular synthesis: what can it offer?, Chem. Sci., 2018, 9,
3080–3094; (g) C. Bolm and J. G. Hernández,
Mechanochemistry of Gaseous Reactants, Angew. Chem.,
Int. Ed., 2019, 58, 3285–3299; (h) T. Friščić, C. Mottillo and
H. M. Titi, Mechanochemistry for Synthesis, Angew. Chem.,
Int. Ed., 2020, 59, 1018–1029; (i) K. Kubota and H. Ito,
Mechanochemical Cross-Coupling Reactions, Trends
Chem., 2020, 2, 1066–1081; ( j) V. Martinez, T. Stolar,
B. Karadeniz, I. Brekalo and K. Užarević, Advancing
mechanochemical synthesis by combining milling with
different energy sources, Nat. Rev. Chem., 2023, 7, 51–65;
(k) K. J. Ardila-Fierro and J. G. Hernández, Intermediates in
Mechanochemical Reactions, Angew. Chem., Int. Ed., 2024,
63, e202317638.

2 K. J. Ardila-Fierro and J. G. Hernández, Sustainability
Assessment of Mechanochemistry by Using the Twelve
Principles of Green Chemistry, ChemSusChem, 2021, 14,
2145–2162.

3 (a) B. Rodríguez, A. Bruckmann, T. Rantanen and C. Bolm,
Solvent-Free Carbon-Carbon Bond Formations in Ball

Mills, Adv. Synth. Catal., 2007, 349, 2213–2233; (b) D. Tan
and T. Friščić, Mechanochemistry for Organic Chemists:
An Update, Eur. J. Org. Chem., 2018, 18–33; (c) I. N. Egorov,
S. Santra, D. S. Kopchuk, I. S. Kovalev, G. V. Zyryanov,
A. Majee, B. C. Ranu, V. L. Rusinov and O. N. Chupakhin,
Ball milling: an efficient and green approach for asym-
metric organic syntheses, Green Chem., 2020, 22, 302–315;
(d) A. Porcheddu, E. Colacino, L. de Luca and F. Delogu,
Metal-Mediated and Metal-Catalyzed Reactions Under
Mechanochemical Conditions, ACS Catal., 2020, 10, 8344–
8394; (e) D. Virieux, F. Delogu, A. Porcheddu, F. García and
E. Colacino, Mechanochemical Rearrangements, J. Org.
Chem., 2021, 86, 13885–13894; (f ) E. Juaristi and
C. G. Avila-Ortiz, Salient Achievements in Synthetic Organic
Chemistry Enabled by Mechanochemical Activation,
Synthesis, 2023, 2439–2459; (g) R. Liu, X. He, T. Liu,
X. Wang, Q. Wang, X. Chen and Z. Lian, Organic Reactions
Enabled by Mechanical Force-Induced Single Electron
Transfer, Chem. – Eur. J., 2024, 30, e202401376;
(h) J. F. Reynes, F. Leon and F. García, Mechanochemistry
for Organic and Inorganic Synthesis, ACS Org. Inorg. Au,
2024, 4, 432–470.

4 A. Studer and D. P. Curran, Catalysis of Radical Reactions:
A Radical Chemistry Perspective, Angew. Chem., Int. Ed.,
2016, 55, 58–102.

5 Z. Ren, Y. Peng, H. He, C. Ding, J. Wang, Z. Wang and
Z. Zhang, Piezoelectrically Mediated Reactions: From
Catalytic Reactions to Organic Transformations,
Chin. J. Chem., 2023, 41, 111–128.

6 (a) K. Kubota, Y. Pang, A. Miura and H. Ito, Redox reactions
of small organic molecules using ball milling and piezo-
electric materials, Science, 2019, 366, 1500–1504;
(b) Y. Pang, J. W. Lee, K. Kubota and H. Ito, Solid-State
Radical C-H Trifluoromethylation Reactions Using Ball
Milling and Piezoelectric Materials, Angew. Chem., Int. Ed.,
2020, 59, 22570–22576; (c) C. Schumacher, J. G. Hernández
and C. Bolm, Electro-Mechanochemical Atom Transfer
Radical Cyclizations using Piezoelectric BaTiO3, Angew.
Chem., Int. Ed., 2020, 59, 16357–16360.

7 Recent examples of mechanochemical radical reactions
using piezoelectric materials: (a) H. Lv, X. Xu, J. Li,
X. Huang, G. Fang and L. Zheng, Mechanochemical
Divergent Syntheses of Oxindoles and α-Arylacylamides via
Controllable Construction of C-C and C-N Bonds by Copper
and Piezoelectric Materials, Angew. Chem., Int. Ed., 2022,
61, e202206420; (b) F. Liu, L.-N. Chen, A.-M. Chen, Z.-P. Ye,
Z.-W. Wang, Z.-L. Liu, X.-C. He, S.-H. Li and P.-J. Xia,
Mechanochemical Synthesis of 2-Arylquinoxalines and
3-Arylquinoxalin–2(1H)–ones via Aryldiazonium Salts, Adv.
Synth. Catal., 2022, 364, 1080–1084; (c) G. Wang, J. Jia,
D. Wie, M. Song, L. Zhang, G. Li, H. Li and B. Yuan, Solid-
state molecular oxygen activation using ball milling and a
piezoelectric material for aerobic oxidation of thiols, RSC
Adv., 2022, 12, 18407–18411; (d) M. M. Amer,
R. Hommelsheim, C. Schumacher, D. Kong and C. Bolm,
Electro-mechanochemical approach towards the chloro sul-

Research Article Organic Chemistry Frontiers

652 | Org. Chem. Front., 2025, 12, 649–654 This journal is © the Partner Organisations 2025

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
N

ov
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 7

/3
0/

20
25

 5
:4

1:
28

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4qo01827c


foximidations of allenes under solvent-free conditions in a
ball mill, Faraday Discuss., 2023, 241, 79–90; (e) X. Wang,
X. Zhang, L. Xue, Q. Wang, F. You, L. Dai, J. Wu, S. Kramer
and Z. Lian, Mechanochemical Synthesis of Aryl Fluorides
by Using Ball Milling and a Piezoelectric Material as the
Redox Catalyst, Angew. Chem., Int. Ed., 2023, 62,
e202307054; (f ) R. Qu, S. Wan, X. Zhang, X. Wang, L. Xue,
Q. Wang, G.-J. Cheng, L. Dai and Z. Lian, Mechanical-
Force-Induced Non-spontaneous Dehalogenative
Deuteration of Aromatic Iodides Enabled by Using
Piezoelectric Materials as a Redox Catalyst, Angew. Chem.,
Int. Ed., 2024, 63, e202400645; (g) X. Wang, X. Zhang,
X. He, G. Guo, Q. Huang, F. You, Q. Wang, R. Qu, F. Zhou
and Z. Lian, Triphasic Hydroxysilylation of Alkenes by
Mechanically Piezoelectric Catalysis, Angew. Chem., Int. Ed.,
2024, e202410334. Recent examples of mechanochemical
radical reactions without using piezoelectric materials:
(h) M. Jakubczyk, S. Mkrtchyan, M. Shkoor, S. Lanka,
Š. Budzák, M. Iliaš, M. Skoršepa and V. O. Iaroshenko,
Mechanochemical Conversion of Aromatic Amines to Aryl
Trifluoromethyl Ethers, J. Am. Chem. Soc., 2022, 144,
10438–10445; (i) S. Min, B. Park, J. Nedsaengtip and
S. Hyeok Hong, Mechanochemical Direct Fluorination of
Unactivated C(sp3)–H Bonds, Adv. Synth. Catal., 2022, 364,
1975–1981; ( j) D. Kong, M. M. Amer and C. Bolm, Stainless
steel-initiated chloro sulfoximidations of allenes under
solvent-free conditions in a ball mill, Green Chem., 2022,
24, 3125–3129; (k) D. Kong and C. Bolm, Stainless steel-
initiated thiosulfonylations of unactivated alkenes under
solvent-free conditions in a mixer mill, Green Chem., 2022,
24, 6476–6480; (l) S. Andrejčák, P. Kisszékelyi, M. Májek
and R. Šebesta, Eur. J. Org. Chem., 2023, e202201399;
(m) X. Yang, H. Wang, Y. Zhang, W. Su and J. Yu,
Generation of aryl radicals from in situ activated homolytic
scission: driving radical reactions by ball milling, Green
Chem., 2022, 24, 4557–4565; (n) W. R. C. N. Silva,
J. E. Hellmann and J. Mack, Radical Reduction of Alkyl and
Aryl Halides under Mechanochemical Conditions, ACS
Sustainable Chem. Eng., 2023, 11, 14895–14900;
(o) K. Kubota, J. Jiang, Y. Kamakura, R. Hisazumi, T. Endo,
D. Miura, S. Kubo, S. Maeda and H. Ito, Using
Mechanochemistry to Activate Commodity Plastics as
Initiators for Radical Chain Reactions of Small Organic
Molecules, J. Am. Chem. Soc., 2024, 146, 1062–1070;
(p) S. Mkrtchyan, V. B. Purohit, O. Shalimov, J. Zapletal,
S. Sarfaraz, K. Ayub, J. Filo, M. Sillanpää, M. Skoršepa and
V. O. Iaroshenko, Mechanochemical Synthesis of
Trifluoromethyl Arenes: Nanocellulose-Supported
Deaminative Trifluoromethylation of Aromatic Amines, ACS
Sustainable Chem. Eng., 2024, 12, 8980–8989; (q) S. Patra,
V. Valsamidou, B. N. Nandasana and D. Katayev, Merging
Iron-Mediated Radical Ligand Transfer (RLT) Catalysis and
Mechanochemistry for Facile Dihalogenation of Alkenes,
ACS Catal., 2024, 14, 13747–13758; (r) Y. Zhao, Z. Yang,
X. Wang, Q. Kang, B. Wang, T. Wu, H. Lei, P. Ma, W. Su,
S. Wang, Z. Wu, X. Huang, C. Fan and X. Wei,

Mechanochemical Synthesis of α-halo Alkylboronic Esters,
Adv. Sci., 2024, 11, 2404071.

8 A. Biswas, A. Bhunia and S. K. Mandal, Mechanochemical
solid state single electron transfer from reduced organic
hydrocarbon for catalytic aryl-halide bond activation,
Chem. Sci., 2023, 14, 2606–2615.

9 (a) P. Boutillier and S. Z. Zard, Synthetic equivalents of
alkynyl and propargyl radicals, Chem. Commun., 2001,
1304–1305; (b) D. Listunov, V. Maraval, R. Chauvin and
Y. Génisson, Chiral alkynylcarbinols from marine sponges:
asymmetric synthesis and biological relevance, Nat. Prod.
Rep., 2015, 32, 49–75.

10 (a) A. Postigo, Electron Donor-Acceptor Complexes in
Perfluoroalkylation Reactions, Eur. J. Org. Chem., 2018,
6391–6404; (b) G. E. M. Crisenza, D. Mazzarella and
P. Melchiorre, Synthetic Methods Driven by the
Photoactivity of Electron Donor-Acceptor Complexes, J. Am.
Chem. Soc., 2020, 142, 5461–5476; (c) Y. Yuan,
S. Majumder, M. Yang and S. Guo, Recent advances in cata-
lyst-free photochemical reactions via electron-donor-accep-
tor (EDA) complex process, Tetrahedron Lett., 2020, 61,
151506; (d) Z. Yang, Y. Liu, K. Cao, X. Zhang, H. Jiang and
J. Li, Synthetic reactions driven by electron-donor-acceptor
(EDA) complexes, Beilstein J. Org. Chem., 2021, 17, 771–799;
(e) L. Zheng, L. Cai, K. Tao, Z. Xie, Y.-L. Lai and W. Guo,
Progress in Photoinduced Radical Reactions using Electron
Donor-Acceptor Complexes, Asian J. Org. Chem., 2021, 10,
711–748; (f ) A. Dewanji, L. van Dalsen, J. A. Rossi-Ashton,
E. Gasson, G. E. M. Crisenza and D. J. Procter, A general
arene C-H functionalization strategy via electron donor-
acceptor complex photoactivation, Nat. Chem., 2023, 15,
43–52; (g) A. K. Wortman and C. R. J. Stephenson, EDA
Photochemistry: Mechanistic Investigations and Future
Opportunities, Chem, 2023, 9, 2390–2415.

11 Y. Lu, Q. Liu, Z.-X. Wang and X.-Y. Chen, Alkynyl
Sulfonium Salts Can Be Employed as Chalcogen-Bonding
Catalysts and Generate Alkynyl Radicals under Blue-Light
Irradiation, Angew. Chem., Int. Ed., 2022, 61, e202116071.

12 (a) B. Waldecker, F. Kraft, C. Golz and M. Alcarazo, 5-
(Alkynyl)dibenzothiophenium Triflates: Sulfur-Based
Reagents for Electrophilic Alkynylation, Angew. Chem., Int.
Ed., 2018, 57, 12538–12542; (b) B. Waldecker, Preparation
of 5-(Triisopropylalkynyl) dibenzo[b,d]thiophenium triflate,
Org. Synth., 2019, 96, 258–276; (c) K. Kafuta, C. J. Rugen,
T. Heilmann, T. Liu, C. Golz and M. Alcarazo, Reactivity of
5-(Alkynyl)dibenzothiophenium Salts: Synthesis of Diynes,
Vinyl Sulfones, and Phenanthrenes, Eur. J. Org. Chem.,
2021, 4038–4048; (d) J. Sun, H. Tong, Y. Yan, Z. Huang,
X. Chen and Y. Huang, Cu-Promoted Divergent
Phosphination of Alkynylsulfonium Salts with
Diarylphosphines, Org. Lett., 2024, 26, 7414–7418.

13 (a) B. Mohan, J. C. Park and K. H. Park, Mechanochemical
Synthesis of Active Magnetite Nanoparticles Supported on
Charcoal for Facile Synthesis of Alkynyl Selenides by C–H
Activation, ChemCatChem, 2016, 8, 2345–2350;
(b) A. A. Heredia and A. B. Peñéñory, Transition-metal-free

Organic Chemistry Frontiers Research Article

This journal is © the Partner Organisations 2025 Org. Chem. Front., 2025, 12, 649–654 | 653

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
N

ov
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 7

/3
0/

20
25

 5
:4

1:
28

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4qo01827c


one-pot synthesis of alkynyl selenides from terminal
alkynes under aerobic and sustainable conditions, Beilstein
J. Org. Chem., 2017, 13, 910–918; (c) S. Kodama, T. Saeki,
K. Mihara, S. Higashimae, S.-I. Kawaguchi, M. Sonoda,
A. Nomoto and A. Ogawa, A Benzoyl Peroxide/Diphenyl
Diselenide Binary System for Functionalization of Alkynes
Leading to Alkenyl and Alkynyl Selenides, J. Org. Chem.,
2017, 82, 12477–12484; (d) G. Wu, L. Min, H. Li, W. Gao,
J. Ding, X. Huang, M. Liu and H. Wu, Metal-free synthesis
of alkynyl alkyl selenides via three-component coupling of
terminal alkynes, Se, and epoxides, Green Chem., 2018, 20,
1560–1563; (e) Y. Yao, C. Wang, Y. Ma, J. Zhang, D. Sun,
L. Chen, L. Huang and G. Wu, Copper–Catalyzed
Decarboxylative Alkylselenation of Propiolic Acids with Se
Powder and Epoxides, Adv. Synth. Catal., 2021, 363, 1930–
1934.

14 (a) C. Li, F. Gao, Y. Wang, L. Zhao, H. Li and Y. Jiang,
Advances of bioactive tellurium nanomaterials in anti-
cancer phototherapy, Mater. Adv., 2022, 3, 6397–6414;

(b) B. Banerjee, A. Sharma, G. Kaur, A. Priya, M. Kaur and
A. Singh, Latest developments on the synthesis of bioactive
organotellurium scaffolds, Phys. Sci. Rev., 2023, 8, 4611–
4629.

15 (a) Q. Liu, Y. Lu, H. Sheng, C.-S. Zhang, X.-D. Su,
Z.-X. Wang and X.-Y. Chen, Visible-Light-Induced Selective
Photolysis of Phosphonium Iodide Salts for
Monofluoromethylations, Angew. Chem., Int. Ed., 2021, 60,
25477–25484; (b) F. Tan, P. Zheng, Q. Liu and X.-Y. Chen,
Charge transfer complex enabled photoreduction of Wittig
phosphonium salts, Org. Chem. Front., 2022, 9, 5469–5472;
(c) X. Ren, Q. Liu, Z. Wang and X. Chen, Visible-light-
induced direct hydrodifluoromethylation of alkenes with
difluoromethyltriphenylphosphonium iodide salt, Chin.
Chem. Lett., 2023, 34, 107473; (d) S. Qiao, K. Chen, Q. Liu,
Z. Wang and X. Chen, Charge transfer complex enabled
photoreduction of ether phosphonium salts for the selec-
tive oxyalkylation of enamides, Chin. Chem. Lett., 2024, 35,
108979.

Research Article Organic Chemistry Frontiers

654 | Org. Chem. Front., 2025, 12, 649–654 This journal is © the Partner Organisations 2025

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
N

ov
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 7

/3
0/

20
25

 5
:4

1:
28

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4qo01827c

	Button 1: 


