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o-specific electrophilic addition of
TeBr4 and ArylTeBr3 across terminal acetylene
bonds

Puspendra Singh, *a Swami Nath Bharti, b Andrew Duthie c

and Ray J. Butcher d

Despite their unique electronic properties and scope for use in applications including semiconductors,

catalysis, materials science and medicine, organotellurium compounds remain underexplored. Hence,

electrophilic addition reactions of TeBr4, C6H5TeBr3, 4-MeOC6H4TeBr3 and 1-C10H7TeBr3 with terminal

acetylene bonds of RC^CH (R = Me3C, C6H5, 4-MeC6H4) were performed, producing the respective

(Z)-isomer of organotellurium(IV) derivatives [t-BuC(Br)]CH]2TeBr2 (1), [(C6H5)-{t-BuC(Br)]CH}]TeBr2 (2),

[(4-MeOC6H4)-{t-Bu(C(Br)]CH)}]TeBr2 (3), [(1-C10H7)-{t-BuC(Br)]CH}]TeBr2 (4), [(4-MeOC6H4)-

{C6H5C(Br)]CH}]TeBr2 (5), [(1-C10H7)-{C6H5C(Br)]CH}]TeBr2 (6), [(C6H5)-{4-MeC6H4C(Br)]CH}]TeBr2
(7), [(4-MeOC6H4)-{4-MeC6H4C(Br)]CH}]TeBr2 (8) and [(1-C10H7)-{4-CH3–C6H4C(Br)]CH}]TeBr2 (9) in

good yield. These derivatives were characterized by elemental analysis, 1H, 13C{1H} and 125Te{1H} NMR

spectroscopic techniques. 1H NMR chemical shifts of the signals due to vinyl protons of compounds 1–4

are shifted ∼0.4 ppm up field due to the electronic effect of t-Bu group. Only one 125Te NMR signal is

observed for all the derivatives. Among these compounds, 2 and 7 were also characterized by single

crystal X-ray studies. The Br atom of the organotellurium(IV) derivatives is invariably involved, at least in

the solid state through nonbonding and hydrogen bonding interactions. An intermolecular Te/Br

nonbonding interaction gives rise to zero-dimensional supramolecular dimeric unit in the crystal lattice

of 2 and 7.
Introduction

Electrophilic addition reaction of alkynes is a highly valuable
method for preparing alkanes, haloalkanes, haloalkenes, alde-
hydes, ketones, cis-alkenes, and trans-alkenes, etc., due to the
availability of loosely held p-electrons. This unique property of
alkynes was rst employed by Nicola Petraganani in the elec-
trophilic addition reactions of TeCl4 with phenylacetylene and
diphenylacetylene.1 Comasseto et al. have also demonstrated
the addition reactions of arylTeCl3 with 1-alkynes to isolate
organotellurium(IV) derivatives.2 The electrophilic addition
reactions of TeBr4, arylTeBr3 and phenylTeI3 with a series of 1-
alkynes, yielded the 1 : 1 addition products, respectively.3,4 The
addition products formed can readily be reduced to b-bromo/
iodovinyltellurides. Considering vinyl bromides are promising
synthetic intermediates that can undergo many coupling reac-
tions under the catalysis of transition metal complexes, the
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reaction assumes signicance as it provides a stereoselective
synthetic route to obtain b-bromovinyltellurides.5 The addition
of tellurium(IV) tetra- or trihalides to terminal acetylenes was
found to be highly regio- and stereoselective. A polar solvent,
like methanol, that facilitates the formation of an intermediate
telluronium ion, favored the anti-addition to afford the E-
isomer. However, in a non-polar solvent like benzene, syn-
addition reactions lead to Z-isomers via a four-membered
cyclic transition state.6–8 Organotellurium(II) bromides and
iodides that have appreciably low electrophilicity owing to the
presence of two lone pairs at the Te(II) atom compared to their
Te(IV) analogues have been demonstrated to undergo 1 : 1
addition reaction with terminal acetylenes and thus provide
one-step access to b-halovinyltellurides in satisfactory yield.9,10

However, the regio- as well as stereo-selectivity of the addition
reaction of Te(II) reagents to a triple bond was found to be poor
and appeared to depend upon the reaction temperature and
nature of the organic substrate. Thus, while the addition of
phenyl tellurium bromide to phenylacetylene and n-heptyne
gives the tellurides with E-conguration as the primary product
at reux, it yields its Z-isomers along with small amounts of
regioisomers. TeCl4 and arylTeCl3 (Aryl = 1-C10H7, 2,4,6-
Me3C6H2, 4-MeOC6H4) can also be employed to add across the
triple bond of 1-alkynes, RC^CH (R = Ph, 4-MeC6H4, t-Bu),
RSC Adv., 2025, 15, 49959–49967 | 49959
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Scheme 1 Synthesis of [t-BuC(Br)]CH]2TeBr2 and [t-BuC(Br)]CH]ArTeBr2.
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yielding the bis(2-chloro-2-phenylvinyl)tellurium dichloride or
aryl(2-chloro-2-phenylvinyl)tellurium dichlorides, respec-
tively.11 The addition reactions of arylTeBr3 with alkynes can be
used to develop stereoselective synthesis of (Z)- or (E)-b-
bromovinyl aryltellurium dibromides. Stereochemistry and the
nature of the solvent were established in this report.12 The
addition reactions of TeBr4, alkylTeBr3 and arylTeBr3 with
terminal acetylenes can be employed to isolate the corre-
sponding bis(b-bromovinyl)tellurium dibromides and (b-
bromovinyl)organyl tellurium dibromides.13 Similarly, ferroce-
nylacetylene can also react with a series of organotellurium(IV)
tribromide/triiodide, affording (Z)-products of ferrocenylacety-
lene fragment bearing organotellurium(IV) derivatives respec-
tively.14 In 2015, Chauhan and co-workers demonstrated the
hydrotelluration of acetylenic ester using Ar2Te2/NaBH4 (Ar =

2,4,6-Me3C6H2, 4-Me2NC6H4) in methanol, leading to a mixture
of stereoisomers of methyl b-(aryltelluro)acrylates.15 Recently,
addition of TeCl4 to phenyl propargyl ethers was reported via
anti addition following anti-Markovnikov rule to isolate bicyclic
organotellurium derivatives.16 In 2024 Junk and co-workers also
demonstrated synthesis of 1,3-benzotellurazole derivatives from
phenyl ureas and tellurium tetrachloride.17 In addition, the
same research group isolated 2-arylbenzo-1,3-tellurazoles from
bis(2-aminophenyl) ditelluride and aromatic aldehydes by
oxidative cyclization.18 Simultaneously, a review documented
the synthesis and chemical behavior of telluropyran and tel-
luropyrylium derivatives.19 The synthesis, ambient condition
isolation, and antioxidant properties of a nine coordinate
49960 | RSC Adv., 2025, 15, 49959–49967
copper complex of 4-dimethylaminopyridyltellurium
compound has also been performed.20

Overall, organotellurium derivatives are generating signi-
cant interest due to their electronic properties and potential
application in elds such as medicine, catalysis, and materials
science. In light of this, we performed electrophilic addition
reactions of TeBr4 with tert-butylacetylene to obtain [t-
BuC(Br)]CH]2TeBr2 (1) with 66% yield. Along with this,
C6H5TeBr3, 4-MeOC6H4TeBr3 and 1-C10H7TeBr3 were also
treated with terminal acetylene bonds of RC^CH (R = Me3C,
C6H5, 4-MeC6H4) to obtain the (Z)-isomer of unsymmetrical
organotellurium(IV) derivatives, [(C6H5)-{t-BuC(Br)]CH}]TeBr2
(2), [(4-MeOC6H4)-{t-Bu(C(Br)]CH)}]TeBr2 (3), [(1-C10H7)-{t-
BuC(Br)]CH}]TeBr2 (4), [(4-MeOC6H4)-{C6H5C(Br)]CH}]TeBr2
(5), [(1-C10H7)-{C6H5C(Br)]CH}]TeBr2 (6), [(C6H5)-{4-MeC6H4-
C(Br)]CH}]TeBr2 (7), [(4-MeOC6H4)-{4-MeC6H4C(Br)]CH}]
TeBr2 (8) and [(1-C10H7)-{4-MeC6H4C(Br)]CH}]TeBr2 (9)
respectively. Compounds 2 and 7 were also examined further by
single-crystal X-ray studies (Scheme 1).
Results and discussion

Phenyl, 4-tolyl and t-butylacetylenes undergo easy regio- and
stereo-specic electrophilic addition reactions with TeBr4,
C6H5TeBr3, 4-MeOC6H4TeBr3 and 1-C10H7TeBr3 under reuxed
in toluene, giving compounds 1–9 as solid yellow powders aer
work-up. The isolated pale yellow crystalline solids are air-
stable, fairly soluble in chloroform or dichloromethane but
sparingly soluble in benzene, n-hexane and ethers.
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Plausible mechanism for the formation of [RC(Br)]CH]ArTeBr2.
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Characterization and structural studies of the new compounds,
vide infra, indicate that 1,2-addition of Te–Br bonds of TeBr4
and more reactive equatorial Te–Br bonds of ArTeBr3 across
a triple bond of 1-alkynes in toluene is regio- and stereospecic
and proceeds via a concerted four-centered mechanism to give
the (Z) isomer (Scheme 2).21
Spectroscopic studies

All the compounds are crystalline solids and sufficiently soluble
in CDCl3 to obtain satisfactory NMR spectra. 1H NMR chemical
shis of the signals due to vinyl protons of compounds 1–4 are
shied ∼0.4 ppm up eld due to electronic effects of the t-Bu
group. The 1H NMR spectrum of compound 1 shows two
singlets at 1.31 and 7.86 ppm for t-Bu and vinyl protons,
Table 1 Crystallographic data and structure refinement details for 2 and

2

Formula C12H15Br3Te
Formula weight 526.57
Temperature (K) 295(2)
Wavelength, l Å 0.71073
Crystal system Monoclinic
Space group P21/n
a (Å) 8.1805(3)
b (Å) 19.8262(6)
c (Å) 9.5995(3)
a (°) 90
b (°) 98.090(3)
g (°) 90
V (Å3) 1541.43(9)
Z 4
rcalcd (Mg m−3) 2.269
Abs coeff. (mm−1) 9.681
F(000) 976
Crystal size (mm3) 0.73 × 0.28 ×
q Range (°) 3.07 to 40.96
Index ranges −14 # h # 14

−36 # k # 35
−17 # l # 16

Rens collected 19 655
Indep rens 9887 [R(int) =
Completeness to q max (%) 99.9
Abs. correction Analytical
Max., min. transmission 0.505, 0.049
Data/restraints/params 9887/0/148
GoF (F2) 1.037
Final R indices [I > 2s(I)] R1 = 0.0517, w
R indices (all data) R1 = 0.1032, w
Renement method Full-matrix lea
Larg. diff. peak/hole(e Å−3) 1.811/−2.954

© 2025 The Author(s). Published by the Royal Society of Chemistry
respectively. The 1H NMR spectrum of 2 shows two singlets at
1.31 and 7.78 ppm for t-Bu and vinyl protons. Along with these
singlets, we also observed two sets of multiplets at 7.50–7.55
and 8.25–8.28 ppm for phenyl protons. The 1H NMR spectrum
of compound 3 shows three singlets at 1.30, 3.87 and 7.74 ppm
for t-Bu, p-MeO and vinyl protons, respectively. Along with these
singlets, two sets of doublets are also observed at 7.02–7.05 and
8.16–8.19 ppm for aryl protons with a coupling constant 9.0 Hz.
The 1H NMR spectrum of compound 4 shows two singlets at
1.40 and 8.08 ppm for t-Bu and vinyl protons, respectively.
Along with these singlets, three doublets and three multiplets
are also observed for aryl protons with coupling constants 7.5
and 8.1 Hz. The 1H NMR spectrum of 5 shows two singlets at
3.84 and 8.16 ppm for p-CH3O and vinyl protons, respectively.
7

7

C15H13Br3Te
560.58
295(2)
0.71073
Triclinic
P�1
8.1272(4)
13.6069(6)
17.3929(6)
106.777(3)°
96.291(3)
106.069(4)
1731.66(14)
4
2.150
8.625
1040

0.07 0.78 × 0.59 × 0.21
1.65 to 26.32
−9 # h # 10
−16 # k # 15
−13 # l # 21
11 387

0.0438] 6769 [R(int) = 0.0448]
99.6
Analytical
0.133, 0.009
6769/61/377
1.096

R2 = 0.0683 R1 = 0.0466, wR2 = 0.1244
R2 = 0.0833 R1 = 0.0517, wR2 = 0.1287
st-squares on F2

1.184/−0.918

RSC Adv., 2025, 15, 49959–49967 | 49961
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Table 2 Hydrogen-bonds for 2 and 7 [Å and °]

D–H/A d(D–H) d(H/A) d(D/A) (D–H/A) Symmetry

2 C2–H2A/Br1 0.93 3.095(0) 3.717(3) 125.8 1 + x, y, +z
C3–H3A/Br2 0.93 3.049(0) 3.609(3) 120.4 1 − x, 1 − y, 1 − z

7 C8B–HBA/Br2B 0.93 3.184(1) 3.996(7) 147.0 2 − x, 1 − y, 1 − z
C14B–H14B/Br1A 0.93 3.049(1) 3.833(8) 142.9 2 − x, 1 − y, 1 − z
C15A–H15A/Br2B 0.96 3.087(1) 3.875(7) 143.6 2 − x, 1 − y, 1 − z

Fig. 1 ORTEP diagram showing 30% probability displacement ellipsoids and crystallographic numbering scheme for 2. Selected bond distances
(Å) and angles (°): Te–C(1): 2.125(3); Te–C(7): 2.099(3); C(8)–Br(3): 1.915(3); Te–Br(1): 2.7193(4); Te–Br(2): 2.6379(4); Te/Br(3): 3.3734(11); C(1)–
Te/Br(3): 148.33(8); C(1)–Te–C(7): 93.13(11); Br(1)–Te–Br(2): 176.839(13); s: 176.84–93.13/60 = 1.39.
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Along with these singlets, in the aryl region we also observed to
have two doublet of doublets with coupling constants 9.0 and
3.0 Hz and three multiplets. The 1H NMR spectrum of 6 shows
a singlet at 8.45 ppm for the vinyl proton, three multiplets and
three doublets with a coupling constant 8.1 Hz. The 1H NMR
spectrum of 7 shows two singlets at 2.40 and 8.14 ppm for p-Me
and vinyl protons, respectively. Along with these singlets, the
aryl region shows two multiplets and a doublet with a coupling
constant 9.6 Hz. The 1H NMR spectrum of 8 shows three
singlets at 2.40, 3.88 and 8.10 ppm for p-Me, p-MeO and vinyl
protons, respectively. Along with these singlets, four doublets
are also observed with coupling constants of 8.1 and 9.0 Hz. The
1H NMR spectrum of 9 shows two singlets at 2.43 and 8.40 ppm
for p-Me and vinyl protons, respectively. Along with these
singlets, two multiples and four doublets are observed.

The 125Te{1H} NMR spectrum of compounds 1–9 exhibits
a single resonance at 714.3, 795.2, 805.0, 697.7, 808.6, 759.4,
689.7, 811.4 and 706.3 ppm, respectively, suggesting their
stability in the solution state. The observed 125Te{1H} NMR
chemical shi in these compounds are very close to the re-
ported 125Te{1H} NMR chemical shi for (1-C10H7)(t-BuCOCH2)
49962 | RSC Adv., 2025, 15, 49959–49967
TeCl2 (762.6 ppm), (2,4,6-Me3C6H2)(t-BuCOCH2)TeCl2 (814.5
ppm),22 (1-C10H7)(i-PrCOCH2)TeCl2 (760.1 ppm), (2,4,6-
Me3C6H2)(i-PrCOCH2)TeCl2 (780.8 ppm),23 (2,4,6-Me3C6H2)(Et2-
NCOCH2)TeBr2 (745.0 ppm),24 (MeOCOCH2)2TeBr2, (748.0
ppm), (1-C10H7)(MeOCOCH2)TeBr2, (713.0 ppm) and (2,4,6-
Me3C6H2)(MeOCOCH2)TeBr2 (721.0 ppm).25
Molecular and crystal structures of 2 and 7

The relevant individual crystals of compounds 2 and 7 suitable
for X-ray studies were obtained by slow evaporation of their
chloroform solutions at room temperature. Single-crystal X-ray
data and structure renement details are given in Table 1,
while the hydrogen bonding interaction (HBIs) details are
summarised in Table 2. ORTEP diagrams of 2 and 7 are depic-
ted in Fig. 1 and 2, respectively. The crystal packing diagrams of
their molecular structures are shown in Fig. S1–S2. Signicant
bond lengths and angles are depicted in the gure captions.
Compound 2 crystallizes in monoclinic with P21/n space group
and compound 7 crystallizes in triclinic with P�1 space group.
Crystal lattices of both compounds are centrosymmetric. In the
case of 2, the asymmetric unit consists of onemolecule, while in
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 ORTEP diagram showing 30% probability displacement ellipsoids and crystallographic numbering scheme for 7. Selected bond distances
(Å) and angles (°): Molecule A: Te(1)–C(1A): 2.086(6); Te–C(10A): 2.1075(6); C(2A)–Br(3A): 1.906(6); Te(1)–Br(1A): 2.6375(8); Te(1)–Br(2A):
2.7123(7); Te(1)/Br(3A): 3.373(1); C(10A)–Te(1)/Br(3A): 150.51(18); C(1A)–Te(1)–C(10A): 97.6(2); Br(1A)–Te(1)–Br(2A): 176.19(2); s: 176.19–97.6/
60 = 1.31. Molecule B: Te(2)–C(1B): 2.075(6); Te(2)–C(10B): 2.113(7); C(2B)–Br(3B): 1.901(9); Te(2)–Br(1B): 2.6504(12); Te(2)–Br(2B): 2.7242(11);
Te(2)/Br(3B): 3.427(8); C(10B)–Te(2)/Br(3B): 146.91(31); C(1B)–Te(2)–C(10B): 95.3(3); Br(1B)–Te(2)–Br(2B): 177.74(3); s: 177.74–95.3/60= 1.37.
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the case of 7, there are two crystallographically independent
molecules. Though the crystal structure of 2 is free from any
disorder, the vinyl Br atom in one of the molecules of 7 is four-
fold disordered with positional occupancies of 0.38(3) for
Fig. 3 Zero-dimensional supramolecular centrosymmetric dimeric unit
Te/Br(3): 3.366(1) Å, C(1)–Te/Br(3): 148.33(8); C(7)–Te/Br(1): 166.98(

© 2025 The Author(s). Published by the Royal Society of Chemistry
(Br3B), 0.39(3) for (Br3C), 0.09(3) for (Br3D), and 0.14(3) for
(Br3E). The primary geometry around the Te(IV) atom in both
compounds is pseudo-trigonal bipyramidal with one equatorial
position occupied by a stereochemically active lone pair. The
sustained by Te/Br(lp) NBIs [Te/Br(1): 3.604(0); Te/Br(2): 3.542(1);
8)°] in the crystal structure of 2.

RSC Adv., 2025, 15, 49959–49967 | 49963
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Fig. 4 Zero-dimensional supramolecular dimeric unit of molecules “A” and “B” of 7 in its crystal lattice realized through intermolecular Te/Br
attractions. Centrosymmetric dimer sustained by Te/Br(lp) NBIs [Te(1)/Br(2B): 3.707(11); Te(2)/Br(2A): 3.542(1); Te(1)/Br(3A): 3.373(1); Te(2)/
Br(3B): 3.427(8) Å, C(1A)–Te(1)/Br(2B): 170.02(18); C(10A)–Te(1)/Br(3A): 150.5(2); C(1B)–Te(2)/Br(2A): 175.64(18); C(10B)–Te(2)/Br(3B):
149.2(2)°].
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distorted geometries can also be conrmed with the observed
tau parameters (s) for 2 : 1.39 and for 7 : 1.37. Molecular struc-
tures of both compounds in the solid state contain the putative
planar vinyl fragment, C(Br)C]C(H)Te. The observed C]C
bond length of 1.316(4) Å for 2 and 1.3170(10), 1.325(13) Å for
two independent molecules of 7 are comparable to the value
(1.337 Å) in free ethylene. The ethylene fragment bound to the
Te atom in both compounds displays (Z) stereochemistry. The
observed intramolecular nonbonding interactions (NBIs) [Te/
Br(3): 3.3734(11) for 2; Te(1)/Br(3A): 3.373(1) for molecule A
and Te(2)/Br(3B): 3.427(8) Å for molecule B of 7] are longer
than the Srcov(Te,Br), 2.68 Å, and signicantly shorter than
Srvdw(Te,Br), 4.04 Å.26 In the face of possible rotations about the
Te–C bonds, the vinyl fragment, C(Br)C]C(H)Te in both cases
is orientated so that the bromine atom(s) are almost in the
equatorial C–Te–C plane. Coplanarity together with near line-
arity of the Br/Te–C(trans) triad(s) (:Br/Te–C(trans) ∼148°)
make n / s* orbital interaction feasible.27 The four-electron
three-centre covalent bonding interaction, therefore, appears
to be the major component of the attractive interaction between
the lone pair-laden hypervalent Te(IV) and Br atoms.
Supramolecular aspects

The propensity exhibited by the central Te atom among orga-
notellurium(IV) halides to achieve six-coordination via intra/
intermolecular Te/A (A = an electron-rich p-block atom viz.
O, N, Cl, Br, I) NBIs is well displayed in the crystal packings of 2
and 7 (Fig. S1–S2).28 In the crystal lattice of compounds 2 and 7,
as well, the intermolecular reciprocatory Te/Br NBIs imparts
six-coordination to Te(IV) atom with pseudo-octahedral geom-
etry and results in the formation of centrosymmetric dimeric
49964 | RSC Adv., 2025, 15, 49959–49967
units (Fig. 3). The observed intermolecular NBIs [Te/Br(1):
3.604(0) for 2; Te(1)/Br(2B): 3.707(11) and Te(2)/Br(2A):
3.542(1) for 7] are longer than the Srcov(Te,Br), 2.68 Å, and
signicantly shorter than Srvdw(Te,Br), 4.04 Å.26 Linearity of the
Br/Te–C(trans) triad(s) [:C(7)–Te/Br(1): 166.98(8)° for 2 and
C(1A)–Te(1)/Br(2B): 170.02(18) for molecule A and C(1B)–
Te(2)/Br(2A): 175.64(18) for molecule B of 7] approaching to
180° to make n / s* orbital interaction feasible.27 In
compound 7, pairs of the independent molecules “A” and “B”
form dimeric units through reciprocatory intermolecular Te/
Br NBIs (Fig. 4). The crystal packing diagrams of 2 and 7, also
sustained by numerous reciprocatory C–H/Br HBIs, give rise to
a one-dimensional supramolecular self-assembly (Fig. S1 and
S2).
Hirshfeld surface analysis

Hirshfeld surface (HS) analyses were carried out to gain deeper
insight into the intermolecular interactions present in the
crystal structure of complexes 2 and 7. The associated 2D
ngerprint plots were generated using CrystalExplorer21.5 to
demonstrate the relative contributions of all possible intermo-
lecular HBIs and NBIs to the overall surface area (Fig. 5, for
detailed breakdown see Fig. S3–S6). For the compounds under
investigation, prominent red spots were observed near the Br
atom in compounds 2 and 7, highlighting the key intermolec-
ular interactions (Fig. 5). Among these interactions, the H/H
and H/Br interactions are the most prominent, contributing
30.5–40.7%. The highest H/H (40.7%) and H/Br (39.8%)
contribution is observed for complex 2 and complex 7, respec-
tively, suggesting a densely packed structure. The H/Br inter-
actions, arising from C–H/Br HBIs, with the highest value for
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 Hirshfeld surfaces (mapped over dnorm). (a) Compound 2, (b) compound 7, (c) molecule A of compound 7, (d) molecule B of compound 7.
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complex 7 (39.8%). The C/H interactions represent the third
signicant contribution of 9.9% with complex 2 and 19.3%,
with complex 7 exhibiting the highest proportion. These
contacts are typically associated with C–H/p and C–H/C
interactions. Along with these interactions Br/Br and Te/Br
NBIs are also contributing. For compound 2, Br/Br (5.9%) Te/
Br/Br/Te (3.6%) and H/Te/Te/H (2.0%) contacts (Fig. S3). In
compound 7, the corresponding contributions are Br/Br
(3.7%) and H/Te/Te/H (1.5%) contacts (Fig. S4). To gain
deeper insight into the crystal structure of 7. Molecule A and B
of compound 7 both separately studied with the help of HS
analysis, revealed that the presence of Te/Br NBIs with 2.3%
contacts (Fig. S5 and S6). These results are consistent with the
observed packing features and highlight the role of non-
covalent interactions in stabilizing the crystal structures
(please see SI File for Fig. S3–S6).
Experimental
General

All reactions were performed under dry nitrogen. The starting
materials tert-butylacetylene, phenylacetylene, p-ethynylto-
luene, TeBr4, bromine, bromobenzene, 4-bromoanisole, 1-
bromonaphthalene, bromomesityl, THF, toluene and chloro-
form were purchased from Merck and Aldrich. The starting
materials C6H5TeBr3,29,30 4-MeOC6H4TeBr3,29,30 and 1-
C10H7TeBr3 (ref. 30) were prepared according to literature
methods. Melting points were recorded in capillary tubes and
are uncorrected. The 1H (300.13 MHz), 13C{1H} (125.77 MHz)
and 125Te{1H} (157.86 MHz) NMR spectrum were recorded in
CDCl3 on Bruker Avance 300 and 500 spectrometers. Chemical
shis cited were referenced to Me4Si (

1H, 13C{1H}) and Me2Te
© 2025 The Author(s). Published by the Royal Society of Chemistry
(125Te). Elemental analyses were performed on a Carlo Erba
model 1106 elemental analyzer.

Reaction of TeBr4 and ArTeBr3 with acetylenes

Compound 1 [t-BuC(Br)]CH]2TeBr2. A solution of tert-
butylacetylene (0.62 mL, 5 mmol) and TeBr4 (0.90 g, 2 mmol) in
dry toluene (10 mL) was reuxed under stirring for 8 h. The
completeness of the reaction was monitored through TLC,
eluting with CHCl3 : CH3OH (9 : 1). The solvent was reduced to
approximately one third under reduced pressure and petroleum
ether 60–80 °C was added. The sticky mass so obtained, on
trituration with petroleum ether (60–80 °C) afforded a light
yellow solid. Aer decantation of the solvent, the solid was di-
ssolved in chloroform and passed through a short silica column
to remove elemental tellurium produced due to partial
decomposition. The resulting ltrate was concentrated to give
a yellow solid powder of 1. The solid was recrystallized from
chloroform to give yellow needle-shaped crystals of 1. Yield:
(0.87 g, 66%); mp 193 °C (from CHCl3) (found: C, 23.24; H, 3.23.
C12H20Br4Te requires C, 23.57; H, 3.30%); 1H NMR (ppm): 1.31
(9H, s, t-Bu), 7.86 (1H, s, vinyl). 13C{1H} NMR, (ppm): 29.18 (t-
Bu), 42.4, 122.4, 156.3 (vinyl). 125Te{1H} NMR (ppm): d 714.3.

Compound 2 [(C6H5)-{t-BuC(Br)]CH}]TeBr2. Prepared from
C6H5TeBr3 (0.89 g, 2.0 mmol) and tert-butylacetylene (0.62 mL, 5
mmol) at reux, in a way similar to 1. Yield: (0.68 g, 65%); mp
125 °C (from CHCl3) (found: C, 27.42; H, 2.77. C12H15Br3Te
requires C, 27.37; H, 2.87%); 1H NMR (ppm): 1.31 (9H, s, t-Bu),
7.50–7.55 (3H, m, aryl), 7.78 (1H, s, vinyl), 8.25–8.28 (2H, m,
aryl). 13C{1H} NMR (ppm): 29.3 (t-Bu), 42.4, 126.0, 156.6 (vinyl),
130.4, 131.9, 135.0 (aryl). 125Te{1H} NMR (ppm): 795.2.

Compound 3 [(4-MeOC6H4)-{t-Bu(C(Br)]CH)}]TeBr2.
Prepared from 4-MeOC6H4TeBr3 (0.95 g, 2.0 mmol) and tert-
RSC Adv., 2025, 15, 49959–49967 | 49965

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra07072d


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

5 
D

ec
em

be
r 

20
25

. D
ow

nl
oa

de
d 

on
 1

/1
4/

20
26

 1
1:

48
:5

2 
A

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
butylacetylene (0.62 mL, 5 mmol) at reux, in a way similar to 1.
Yield: (0.67 g, 60%); mp 143 °C (from CHCl3) (found: C, 4, 28.10;
H, 3.12. C13H17Br3OTe requires C, 28.05; H, 3.08%); 1H NMR
(ppm): 1.30 (9H, s, t-Bu), 3.87 (3H, s, CH3O), 7.02–7.05 (2H, d J
9.0 Hz, aryl), 7.74 (1H, s, vinyl), 8.16–8.19 (2H, d J 9.0 Hz, aryl).
13C{1H} NMR (ppm): 29.2 (t-Bu), 42.3, 55.8 (CH3O), 116.1, 156.4
(vinyl), 119.2, 126.3, 136.8, 162.3 (aryl). 125Te{1H} NMR (ppm):
805.0.

Compound 4 [(1-C10H7)-{t-BuC(Br)]CH}]TeBr2. Prepared
from 1-C10H7TeBr3 (0.99 g, 2.0 mmol) and tert-butylacetylene
(0.62 mL, 5 mmol) at reux, in a way similar to 1. Yield: (0.83 g,
72%); mp 188 °C (from CHCl3) (found: C, 33.08; H, 2.89.
C16H17Br3Te requires C, 33.33; H, 2.97%); 1H NMR (ppm): 1.40
(9H, s, t-Bu), 7.60–7.67 (2H, m, aryl), 7.69–7.74 (1H, m, aryl),
7.95–7.98 (1H, d J 8.1 Hz, aryl), 8.05–8.09 (2H, m, aryl), 8.27–8.30
(1H, d J 7.5 Hz, aryl), 8.08 (1H, s, vinyl), 8.27–8.30 (1H, d J 7.5 Hz,
aryl). 13C{1H} NMR (ppm): 29.3 (t-Bu), 42.6, 124.1, 156.5 (vinyl),
126.9, 127.0, 127.6, 128.2, 129.6, 131.6, 132.8, 132.8, 134.7 (aryl).
125Te{1H} NMR (ppm): 697.7.

Compound 5 [(4-MeOC6H4)-{C6H5C(Br)]CH}]TeBr2.
Prepared from 4-MeOC6H4TeBr3 (0.95 g, 2.0 mmol) and
phenylacetylene (0.55 mL, 5 mmol) at reux in a way similar to
1. Yield: (0.90 g, 78%); mp 155 °C (from CHCl3) (found: C, 31.20;
H, 2.28. C15H13Br3OTe requires C, 31.25; H, 2.27%); 1H NMR
(ppm): 3.84 (3H, s, OMe), 7.02–7.08 (2H, dd J 9.0 Hz & 3.0 Hz,
anisyl), 7.38–7.47 (3H, m, phenyl), 7.62–7.67 (2H, m, phenyl),
8.16 (1H, s, vinyl), 8.21–8.26 (2H, dd J 9.0 & 3.0 Hz, anisyl). 125Te
{1H} NMR (ppm): 808.6.

Compound 6 [(1-C10H7)-{C6H5C(Br)]CH}]TeBr2. Prepared
from 1-C10H7TeBr3 (0.99 g, 2.0 mmol) and phenylacetylene (0.55
mL, 5 mmol) at reux in a way similar to 1. Yield: (1.01 g, 84%);
mp 183 °C (from CHCl3) (found: C, 36.24; H, 2.60. C18H13Br3Te
requires C, 36.24; H, 2.20%); 1H NMR (ppm): 7.43–7.49 (3H, m,
aryl), 7.62–7.67 (2H, m, aryl), 7.71–7.77 (3H, m, aryl), 7.96–7.99
(1H, d J 8.1 Hz, aryl), 8.08–8.10 (2H, d J 8.1 Hz, aryl), 8.37–8.40
(1H, d J 7.5 Hz, aryl), 8.45 (1H, s, vinyl). 13C{1H} NMR (ppm):
67.3, 123.6, 126.6, 126.7, 126.9, 127.4, 128.8, 129.5, 131.4, 131.5,
132.1, 132.8, 134.4, 134.5, 135.3, 135.9 (aryl), 192.1 (vinyl). 125Te
{1H} NMR (ppm): 759.4.

Compound 7 [(C6H5)-{4-MeC6H4C(Br)]CH}]TeBr2. Prepared
from C6H5TeBr3 (0.89 g, 2.0 mmol) and p-ethynyltoluene (0.63
mL, 5 mmol) at reux in a way similar to 1. Yield: (0.63 g, 56%);
mp 77 °C (from CHCl3) (found: C, 31.98; H, 2.40. C15H13Br3Te
requires C, 32.14; H, 2.34%); 1H NMR (ppm): 2.40 (3H, s, p-Me),
7.17–7.20 (2H, d J 9.6 Hz, m-tolyl), 7.52–7.57 (5H, m, phenyl),
8.14 (1H, s, vinyl), 8.30–8.33 (2H, m, o-tolyl). 13C{1H} NMR
(ppm): 21.6 (p-Me), 125.3, 128.3, 129.6, 130.5, 132.0, 133.6,
135.0, 141.1(aryl), 142.2, (vinyl). 125Te{1H} NMR (ppm): 689.7.

Compound 8 [(4-MeOC6H4)-{4-MeC6H4C(Br)]CH}]TeBr2.
Prepared from 4-MeOC6H4TeBr3 (0.95 g, 2.0 mmol) and p-
ethynyltoluene (0.63 mL, 5 mmol) at reux in a way similar to 1.
Yield: (0.91 g, 77%); mp 156 °C (from CHCl3) (found: C, 32.61;
H, 2.60. C16H15Br3OTe requires C, 32.54; H, 2.56%); 1H NMR
(ppm): 2.40 (3H, s, p-Me), 3.88 (3H, s, MeO), 7.03–7.06 (2H, d J
9.0 Hz, o-anisyl), 7.19–7.22 (2H, d J 8.1 Hz, o-tolyl); 7.51–7.54
(2H, d J 8.1 Hz, m-tolyl), 8.10 (1H, s, vinyl), 8.22–8.24 (2H, d J
9.0 Hz, m-anisyl). 13C{1H} NMR (ppm): 21.6 (p-Me), 55.8 (p-
49966 | RSC Adv., 2025, 15, 49959–49967
MeO), 116.1, 125.8, 128.2, 129.6, 133.6, 136.8, 140.8, 142.1 (aryl),
162.4, (vinyl). 125Te{1H} NMR (ppm): 811.4.

Compound 9 [(1-C10H7)-{4-CH3–C6H4C(Br)]CH}]TeBr2.
Prepared from 1-C10H7TeCl3 (0.99 g, 2.0 mmol) and p-ethy-
nyltoluene (0.63 mL, 5 mmol) at reux in a way similar to 1.
Yield: (0.78 g, 63%); mp 170 °C (from CHCl3) (found: C, 37.34;
H, 2.53. C19H15Br3Te requires C, 37.37; H, 2.48%); 1H NMR
(ppm): 2.43 (3H, s, p-Me), 7.24–7.26 (1H, d J 4.8 Hz, aryl), 7.60–
7.67 (4H, m, aryl), 7.71–7.76 (1H, m, aryl), 7.96–7.98 (1H, d J
8.1 Hz, aryl), 8.07–8.09 (2H, d J 7.8 Hz, aryl), 8.36–8.39 (1H, d J
7.2 Hz, aryl), 8.40 (1H, s, vinyl). 13C{1H} NMR (ppm): 21.6 (p-Me),
123.4, 126.9, 127.0, 127.6, 128.2, 128.3, 129.7, 131.6, 132.9,
133.0, 133.9, 134.8, 141.0 (aryl) 142.2 (vinyl). 125Te{1H} NMR
(ppm): 706.3.
Crystallography

A suitable-sized single crystal was selected using an optical
microscope and attached on the top of a glass ber for data
collection. Intensity data of the molecules were recorded using
MoKa (l = 0.71073 Å) radiation on a Bruker SMART APEX
diffractometer with a CCD area detector at 295(2) K. The data
was integrated with SAINT soware31 and an experimental
absorption correction applied to the collected reections with
SADABS.32 The structure was conrmed by direct methods using
SHELXTL and rened on F2 by the full-matrix least-squares
procedure using the program SHELXL-2018.33 All non-
hydrogen atoms were rened with anisotropic dislocation
parameters, whereas all H atoms were positioned geometrically
and rened with relative isotropic dislocation parameters.
ORTEP and packing diagrams are generated with the ORTEP-
3,34 and DIAMOND 3.2 programs, respectively.35 Hirshfeld
surface (HS) analyses and associated 2D ngerprint plots were
generated using CrystalExplorer21.5.36
Conclusions

In conclusion, we have developed the electrophilic addition
reaction of the TeBr4 and aryltellurium tribromides C6H5TeBr3,
4-MeOC6H4TeBr3 and 1-C10H7TeBr3 with terminal acetylene
bonds of RC^CH (R = Me3C, C6H5, 4-MeC6H4), producing the
respective (Z) isomer organotellurium(IV) derivatives 1–9. These
derivatives were characterized by elemental analysis, 1H, 13C
{1H} and 125Te{1H} NMR spectroscopic techniques. Only one
125Te NMR signal is observed for all the derivatives. Among
these compounds, 2 and 7 were also characterized by single
crystal X-ray studies.
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