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Abstract 
A simple method has been developed for homocoupling of terminal alkynes bearing different functional groups by reaction 
with CuI/tribromoisocyanuric acid/piperidine in acetonitrile at room temperature. A telescoped approach based on Huns-
diecker/Cadiot–Chodkiewicz reactions for C(sp)-C(sp) cross-coupling was also presented.

Graphic abstract

Keywords Alkynes · One-pot synthesis · Oxidative coupling · Cross-coupling · Hunsdiecker reaction

Introduction

Polyynes are a unique class of compounds in organic chem-
istry [1]. A subset of this large group, the 1,3-diyne moiety 
is fairly common in a variety naturally occurring molecules 
with biological properties [2, 3]. In addition to being useful 
synthetic building blocks, especially in polymer and supra-
molecular chemistry [4], these compounds have been used 
for the preparation of a wide range of other functionalities 
[5, 6]. Traditional preparation of 1,3-diynes involves the oxi-
dative Glaser [7] and related [8–10] coupling reactions of 

terminal alkynes through copper acetylides [11], as shown 
in Scheme 1.

Due to the importance of carbon–carbon bond forma-
tion, many attempts have been made to improve the Gla-
ser coupling reaction [12]. Solvent-free reactions [13] or 
environmentally benign solvents [14] gained considerable 
attention and have been increasingly reported. Other inter-
esting approaches involve the use of different oxidants (e.g. 
 I2 [15], NBS [16], α,α-dibromo-β-dicarbonyl compounds 
[17], 3,4-dihalo-2(5H)-furanones [18], among others), dif-
ferent metal catalysts, ligands and also utilization of alterna-
tive substrates [19].

Tribromoisocyanuric acid (1,3,5-tribromo-1,3,5-tria-
zine-2,4,6-(1H,3H,5H)-trione, TBCA, Fig. 1) is an effective 
and stable electrophilic brominating reagent that can be eas-
ily prepared from readily accessible material (cyanuric acid, 
KBr, Oxone) [20]. From the green chemistry point of view, it 
presents a higher atom economy as being able to transfer up 
to three bromine atoms to a substrate corresponding to 66% 
of its mass [20]. In addition, in reactions involving TBCA, 
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cyanuric acid by-product can be reused to produce more of 
trihaloisocyanuric acid [21].

Continuing our interest on the chemistry of tribromoiso-
cyanuric acid [22–25], we wish to report here its use as a 
novel oxidant for the Glaser coupling reaction.

Results and discussion

Optimization studies were performed using ethynylbenzene 
as a model substrate for the Glaser homocoupling reac-
tion using TBCA/CuI and different bases. The reactions 
were carried out in a 1 mmol scale using a molar ratio of 
1.0:0.5:0.17 (base/CuI/TBCA) and led to 1,4-diphenylbuta-
1,3-diyne (1a). The results, summarized in Table 1, clearly 
indicate that inorganic bases were ineffective for the Glaser 
homocoupling in the presence of CuI and tribromoisocyanu-
ric acid, providing only trace of the product, whilst second-
ary cyclic amines are more effective for this transformation. 
The reaction proceeded smoothly at room temperature and 
the best results were obtained when piperidine or pyrrolidine 
was used as bases, which led to a quantitative conversion of 
ethynylbenzene to the corresponding 1,3-diyne. On the other 
hand, a reaction performed without any oxidative reagent 
gave a low yield (< 20%) of the diyne after 24 h in the pres-
ence of triethylamine as base.

Based on the above results, the optimized conditions were 
extended to different terminal alkynes and the scope of this 

protocol is shown in Table 2. Alkynes with different func-
tional groups reacted in up to 40 min under mild conditions 
to give the corresponding symmetrical 1,3-diynes 1a–1g in 
good to excellent yields, including less acidic substrates (e.g. 
trimethylsilyl and alkyl terminal alkynes) and tertiary pro-
pargylic alcohols. Interestingly, the homocoupling reaction 
of 2-methylbut-3-yn-2-ol was also effective using water as 
solvent, but the corresponding diyne was obtained in a lower 
yield (87 vs. 70%). Although tribromoisocyanuric acid has 
been extensively reported as an efficient electrophilic bro-
minating reagent for alkynes [25] and arenes [26], none of 

Scheme 1

Fig. 1  Tribromoisocyanuric 
acid (TBCA)
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Table 1  Optimization studies for the Glaser homocoupling of ethy-
nylbenzene

Base Time Yield / %

- 24 h trace

Na2CO3 24 h trace

NaOH 24 h trace

NEt3 24 h 72

i-Pr2NH 24 h 88

cyclohexylamine 1 h 86

pirrolidine 20 min 90

piperidine 20 min 94

a Isolated yield
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these brominated compounds were detected as side products 
by the analytical techniques employed. Rearrangements of 
tertiary propargylic alcohols were not observed too [27].

Further, we decided to investigate this new system to 
promote a cross-coupling of two different terminal alkynes. 
When equimolar quantities of the corresponding alkynes 
were used, a mixture of all possible three coupling products 
(two homocoupling and one cross-coupling) was obtained. 
In all cases, the cross-coupling products were the major 
constituents, but significant amounts of both homocoupling 
products were obtained (independently of the nature of 
substrate), which turned the purification of desired cross-
coupling product difficult (Table 3).

Unfortunately, the chemoselectivity in Glaser cross-cou-
pling reaction remains a challenge and effective methodolo-
gies for the preparation of unsymmetrical 1,3-diynes suffer 
from drawbacks, especially from the standpoint of starting 
materials, expensive catalysts or use of a large excess of the 
alkynes [28–30]. However, the selectivity towards unsym-
metrical 1,3-diynes can be improved using the Cadiot–Chod-
kiewicz coupling reaction [31], wherein a terminal alkyne 
reacts with an alkynyl halide in the presence of a Cu(I), 

an organic base, and a reductive agent (frequently hydroxy-
lamine hydrochloride). Therefore, we decided to investigate 
a telescoped approach (i.e. execution of multiple transforma-
tions, quenches and workup procedures without the isola-
tion of intermediates [32]) for a one-pot halogenation and 
Cadiot–Chodkiewicz-type reaction to promote the cross-
coupling of terminal alkynes with 1-bromoalkynes.

Previously, we showed that trihaloisocyanuric acids are 
effective reagents for the Hunsdiecker reaction (halode-
caboxylation of carboxylic acids) and prepared styryl hal-
ides from cynnamic acids [33]. Initially, we investigated the 
bromodecarboxylation of phenylpropiolic acid mediated by 
TBCA to produce (bromoethynyl)benzene. The reaction was 
conducted upon treatment with TBCA (1 equiv) and a base 
(1 equiv). Organic bases (piperidine, DBU, and pyrrolidine) 
were ineffective to promote this reaction, producing a mix-
ture of (bromoethynyl)benzene and ethynylbenzene in equal 
proportions. However, using  Na2CO3 as base in the presence 
of a mixture of MeCN/H2O (1:1) produced (bromoethynyl)
benzene (2) in 87% yield without further need of purifica-
tion (Scheme 2).

With these results in hand, we decided to perform a tel-
escoped reaction for the cross-coupling of terminal alkynes 
with 1-bromoalkynes generated in situ. Therefore, phenyl-
propiolic acid was treated with TBCA and  Na2CO3 in aque-
ous acetonitrile (1:1) at room temperature. Further addition 
of terminal alkynes,  BuNH2 (6 mol equiv), CuI (20 mmol%), 
and  NH2OH∙HCl led to the desired cross-coupling product 
in high selectivity (Table 4).

The mechanism of the reaction is not clearly under-
stood, however based on previous works [34–36], a 
plausible proposal involves two simultaneous pathways 
(Scheme 3). Initially, a copper–acetylene π-complex would 
activate the alkyne toward deprotonation. In pathway A, 
an oxidative addition promoted by TBCA would lead to 
an intermediate that collapses through a reductive elimina-
tion to give the 1,3-diyne. On the other hand, in pathway 

Table 2  Glaser homocoupling of terminal alkynes using TBCA/CuI/
piperidine

Product Time / min Yielda / %

20 94

30 97

30 76

40 87 (70)b

40 81

40 97

30 90

a Isolated yield
b Reaction performed in water using pyrrolidine as base

Table 3  Cross-coupling of two different terminal alkynes

Time / min A:B:C ratioa / %

15 46 / 31 / 23

15 51 / 25 / 24

40 44 / 33 / 23

HO

a Determined by GC–MS
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B, alkyne deprotonation would lead to 1-bromoalkyne 
via intermediacy of tribromoisocyanuric acid following 
a Cadiot–Chodkiewicz-type reaction (in an independent 
experiment, ethynylbenzene produced (bromoethynyl)-
benzene by reaction with TBCA in the presence of base). 

Therefore, in pathway A, tribromoisocyanuric acid may 
act as an oxidant, while in pathway B, it acts as an elec-
trophilic brominating reagent.

Conclusion

In summary, we developed an efficient protocol for the 
high-yield synthesis of symmetrical 1,3-diynes using CuI/
piperidine/TBCA system as a new approach to the Gla-
ser coupling reaction. Broad substrate scope proved that 
these conditions are well tolerated by diverse functional 
groups. In addition, an alternative telescoped approach for 
a one-pot Hunsdiecker/Cadiot–Chodkiewicz-type reaction 
to promote the cross-coupling of terminal alkynes with 
1-bromoalkynes was introduced. Experimental simplicity, 
mild conditions, short-time reactions, and readily available 
starting materials turn this method attractive for a wide 
range of applications in organic synthesis, supramolecular 
chemistry and material chemistry. Furthermore, to the best 
of our knowledge, our methodology is the first report of 
a C(sp)–C(sp) bond formation promoted by a trihaloiso-
cyanuric acid.

Table 4  One-pot telescoped Hunsdiecker/Cadiot–Chodkiewicz reac-
tion for C(sp)–C(sp) cross-coupling

A:B ratioa / %

83 / 16

82 / 18

80 / 20

a Determined by GC–MS

Scheme 3
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Experimental

All chemicals and solvents were used as received. Tri-
bromoisocyanuric acid was prepared as described [37]. 
NMR spectra were recorded on Bruker spectrometers 
using  CDCl3 or acetone-d6 as solvents. IR spectra were 
recorded on a Nicolet 740 FT-IR spectrometers. GC–MS 
analyses were performed on a Shimadzu GC-MS-QP2010S 
gas chromatograph with electron impact (70 eV) using a 
30 m DB-5 silica capillary column with 0.25 mm inter-
nal diameter and 0.25 μm phase thickness. Melting points 
were determined on a Laboratory Device Mel-Temp II and 
are corrected.

Typical procedure for homocoupling of terminal 
alkynes

To 1 mmol alkyne dissolved in 10  cm3 MeCN, 95 mg CuI 
(0.5 mmol), 85 mg piperidine (1 mmol), and 62 mg tri-
bromoisocyanuric acid (0.17 mmol) were successively 
added. The mixture was stirred at room temperature and 
TLC monitored progress of the reaction. After comple-
tion of the reaction, the resulting mixture was filtered, 10 
 cm3  H2O was added and then the solution was extracted 
with 3 × 10  cm3  Et2O. The combined organic layers were 
washed with 10  cm3 water, 2 × 10  cm3 brine and dried over 
 Na2SO4. The solvent was removed under reduced pressure, 
and the residue obtained was purified by column chroma-
tography using EtOAc-hexanes as eluent to give the cor-
responding 1,3-diyne pure.

1,4‑Diphenylbuta‑1,3‑diyne (1a) Yield: 94%; m.p.: 
83–84 °C (Ref [38]. 83–85 °C); the analytical data were 
found to be identical with those described in [39].

Dodeca‑5,7‑diyne (1b) Yield: 97%; colorless oil; the ana-
lytical data were found to be identical with those described 
in [40].

1,4‑Bis(trimethylsilyl)buta‑1,3‑diyne (1c) Yield: 76%; m.p.: 
106–107 °C (Ref [39]. 107–109 °C); the analytical data were 
found to be identical with those described in [39].

2,7‑Dimethylocta‑3,5‑diyne‑2,7‑diol (1d) Yield: 87%; m.p.: 
127–129 °C (Ref [39]. 130–132 °C); the analytical data were 
found to be identical with those described in [41].

1,1′‑(Buta‑1,3‑diyne‑1,4‑diyl)dicyclohexanol (1e) Yield: 
81%; m.p.: 173–174 °C (Ref [42]. 173–175 °C); the ana-
lytical data were found to be identical with those described 
in [41].

1,1′‑(Buta‑1,3‑diyne‑1,4‑diyl)dicyclopentanol (1f ) Yield: 
97%; m.p.: 133–134 °C (Ref [43]. 127–129 °C); the ana-
lytical data were found to be identical with those described 
in [41].

Hexa‑2,4‑diyne‑1,6‑diyldibenzoate (1g) Yield: 90%; m.p.: 
69–71 °C (Ref [44]. 74.8 °C); the analytical data were found 
to be identical with those described in [44].

Hunsdiecker reaction of phenylpropiolic acid: 
preparation of (bromoethynyl)benzene (2)

To 0.146 g phenylpropiolic acid (1 mmol) and 0.105 g 
 Na2CO3 (1 mmol) dissolved in 10  cm3 MeCN/H2O (1:1), 
0.125 g TBCA (0.34 mmol) was added. After 1 h stirring at 
room temperature, the reaction mixture was filtered, 5  cm3 
 H2O was added and the solution was extracted with 3 × 10 
 cm3 pentane. The combined organic layers were washed 
with 10  cm3 water, 2 × 10  cm3 brine and dried over  Na2SO4. 
The solvent was removed under reduced pressure to give 
(bromoethynyl)benzene pure. Yield: 87%; colorless liquid; 
the analytical data were found to be identical with those 
described in [45].
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