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Efficient Halogen Photoelimination from 

Dibromo, Dichloro and Difluoro Tellurophenes† 

Elisa I. Carreraa and Dwight S. Seferos*a  

We present the reactivity and photochemistry of 2,5-diphenyltellurophene.  A change in 

oxidation state from Te(II) to Te(IV) occurs by oxidative addition of bromine, chlorine, and 

fluorine from appropriate halogen sources.  Photoreductive halogen elimination is 

demonstrated using optical absorption spectroscopy and NMR spectroscopy.  The 

photodebromination reaction occurs with 16.9% quantum yield, the highest value for any Te 

compound.  Photoreductive elimination of chlorine and fluorine occurs with quantum yields 

of 1.6% and 2.3%, respectively, albeit with less efficient halogen trapping when an organic 

trap is used.  Improved fluorine trapping was achieved using water, allowing for much cleaner 

photodefluorination. This is the first example of photodefluorination from a tellurium 

compound. 

 

Introduction 

Tellurium is a metalloid that undergoes oxidation reactions with 

halogens and other oxidants.[1–4]  Organotellurium compounds 

including tellurium-containing heterocyclic dyes undergo 

thermally-driven reductive elimination,[3,5] however the 

photochemistry of such compounds has not been extensively 

studied.  In particular, photodehalogenation has been the 

subject of several resent reports because it is important for 

catalysis and releasing energy stored in chemical bonds. Gabbaï 

and coworkers synthesized a dinuclear Te-Pt complex in which 

Cl2 could be added across the Te and Pt atoms.  Light-driven 

reductive elimination of chlorine was observed for this complex 

with a 4.4% quantum yield.[6]  Our group recently reported the 

first example of photoreductive elimination of bromine and 

chlorine from a transition metal-free mononuclear 

organotellurium compound, 2,5-bis[5-(N,N′-

dihexylisoindigo)]tellurophene.[7]  The extended conjugation 

through tellurophene to isoindigo allows for the use of 505 nm 

(green) light to drive the photoreaction.  However, the quantum 

yields are low, near 0.2%. To put this in context, 

dehalogenation quantum yields between 5% and 38% are 

considered quite good and have been reported for bimetallic Pt-

Au, Au-Au, Pt-Rh, and Pt-Pt complexes,[8] and recently up to 

82% for a monometallic Pt complex.[9] Although the primary 

photoexcitation in the isoindigo-tellurophene system occurs to 

an excited state that has antibonding Te-X character, it may 

rapidly decay to a lower-energy excited state that does not have 

antibonding Te-X character, leading to the relatively poor 

quantum efficiency. This hypothesis is supported by density 

functional theory (DFT) calculations. It is therefore important 

to develop a tellurophene compound where primary 

photoexcitation occurs to an excited state that has antibonding 

Te-X character and there are no lower lying excited states. 

Photodehalogenation from these types of tellurophenes have 

not been reported by us or others.  

Herein, we report photoreductive elimination of bromine, 

chlorine, and fluorine from 2,5-diphenyltellurophene (PT) 

(Scheme 1).  While the dibromo- and dichloro- adducts of PT 

(PT-Br2 and PT-Cl2) have been previously reported,[4,7] the 

difluoro- adduct (PT-F2) is reported here for the first time.  We 

observe photodehalogenation quantum yields of up to 16.9% 

for the dibromo- compound at 5 M halogen trap concentration, 

which is a nearly 100-fold improvement from previous work 

and is comparable to efficient transition metal based systems.[9] 

The chlorine and even fluorine photoreduction reactions also 

take place albeit with decomposition reactions when an organic 

trap is used. Efficient fluorine trapping using water leads to 

improved photodefluorination reactions with little 

decomposition.  This is the first example of photoreductive 

defluorination from an organotellurium compound and to the 

best of our knowledge, the only known photodefluorination 

reactions occur with organic substrates.[10]  
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Scheme 1 Oxidative addition and photoreductive elimination of halogens. 

Results and Discussion 

DFT calculations were used to determine whether the 

halogenated compounds (PT-X2) would be good candidates for  

photoreductive elimination.  Geometry optimizations and time 

dependent (TD-DFT) calculations[11] were performed on PT 

and the halogen adducts using the Gaussian 09 software suite[12] 

at the B3LYP level of theory[13] with a split basis set 

(LANL2DZ for Te,[14] and 6-31G(d) for all other atoms[15]). 

The TD-DFT calculations predict two strong optical transitions 

(f = 0.30 and 0.42) for PT, consisting of transitions from the 

HOMO to the LUMO and from the HOMO to the LUMO +1. 

The molecular orbital (MO) diagrams indicate that these are 

π→π* transitions (Fig. 1a).  The LUMO is delocalized across 

the entire molecule.  Upon halogen addition, the energy of the 

HOMO to LUMO gap decreases, which in turn leads to a lower 

energy calculated optical transition. The shift is less 

pronounced for PT-F2 and is roughly equal in magnitude for 

PT-Br2 and PT-Cl2 (Fig. S1, ESI†). Two strong optical 

transitions are predicted for all three halogenated compounds. 

The lower energy absorption is dominated by a 

HOMO→LUMO transition, and the LUMO possesses 

significant Te-X antibonding character (Fig. 1b).  The use of 

the Stuttgart/Dresden ECP[16] for tellurium does not lead to 

significant differences in the DFT results compared to the 

LANL2DZ basis set.  Since the compounds exhibit charge-

transfer character, the calculations were also repeated using the 

long-range correlation functional CAM-B3LYP[17] with the 

SDD ECP for tellurium. Similar to our previous work,[13a] 

CAM-B3LYP is less accurate at predicting energy levels than 

B3LYP due to an underestimation of the HOMO energy, and an 

overestimation of the LUMO energy (Fig. S2a, ESI†), resulting 

in overall higher-energy calculated transitions for PT and 

PT-Br2. A comparison of the calculated and experimental 

absorption spectra indicates that the B3LYP functional agrees 

best with experiment, and changing the basis set from 

LANL2DZ to SDD does not alter the calculated spectra 

significantly (Fig. S2b-c, ESI†). It is important to note, 

however, that the nature of the transitions and the MOs remain 

the same regardless of the functional used, with significant 

Te-X antibonding character in the LUMO.  Population of this 

state through photoexcitation should therefore promote halogen 

dissociation. 

 
Fig. 1  a) Excited state transitions of PT and PT-Br2 with oscillator strength 

greater than 0.1 as predicted by TD-DFT, and their associated MOs (isocontour 

value of 0.02; H refers to HOMO, L refers to LUMO). b) Front and top view of the 

calculated LUMO for PT-Br2. 

To test this hypothesis, PT was synthesized according to a 

modified literature method.[4] Briefly, tellurium powder was 

reduced by treatment with sodium borohydride in a refluxing 

ethanol/water mixture to give sodium telluride.  Once the 

reaction mixture changed from purple to colorless (1.5 h), the 

temperature was reduced to 80 °C and 1,4-diphenyl-1,3-

butadiyne was added and heated for 21 h to give PT in 61% 

yield after workup.  The oxidized tellurophenes PT-Br2, 

PT-Cl2, and PT-F2 were prepared by reaction with Br2, iodine 

monochloride (ICl), and xenon difluoride (XeF2), respectively.  

The identity of the newly synthesized compound PT-F2 was 

confirmed by NMR spectroscopy and elemental analysis 

(ESI†). 

Optical absorption titration experiments were carried out on 

 
Fig. 2 Optical absorption titration experiments. a) Br2 titration; b) ICl titration; c) XeF2 titration; d) Comparison of absorption spectra of PT and its halogenated 

adducts. 
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dilute solutions of PT (2 × 10-5 M in chloroform) to monitor the 

conversion to the halogenated species (Fig. 2).  For reference, 

the absorption spectrum of PT consists of a peak at 342 nm (ε = 

2.24 × 104 M-1 cm-1) with increasing absorption  

at wavelengths approaching the high-energy solvent cut-off. 

Upon halogen addition, the peak at 342 nm decreases while a 

red-shifted absorption band develops. The magnitude of the 

observed red-shift increases moving to heavier halogens 

(PT-F2, λmax = 395 nm, ε = 1.36 × 104 M-1 cm-1; PT-Cl2, 

λmax = 416 nm, ε = 9.42 × 103 M-1 cm-1; PT-Br2, λmax = 

433 nm, ε = 6.34 × 103 M-1 cm-1).  For PT-Br2, the magnitude 

of the red-shift is large enough to observe the fully resolved 

dual-band absorption. All of this data is consistent with the 

TD-DFT calculations described above.  

At 2 × 10-5 M concentration conversion of PT to PT-F2, 

PT-Cl2, and PT-Br2 was complete after the addition of 1.25, 

4.2, and 1.8 equivalents of halogen source, respectively.  

Incomplete conversion after stoichiometric addition of halogen 

was consistent over several experimental runs.  In more 

concentrated solutions, incomplete conversion was also 

observed by NMR spectroscopy after stoichiometric halogen 

addition, however higher conversions were achieved compared 

to the optical absorption titration experiments. This discrepancy 

suggests that an excess of halogens is required to drive the 

reaction forward, especially in dilute solution.  

Photolysis experiments were carried out at wavelengths 

corresponding to the low energy absorption peaks of each 

compound. A 447.5 nm tri-LED setup was used to irradiate 

solutions of PT-Br2 (see ESI† for light source specifications). 

2,3-dimethyl,1-3-butadiene (DMBD) was used as a halogen 

trap. The change in the absorption spectrum during 

photoexcitation was used to follow the reaction progress 

(Fig. 3a).  A rapid decrease in the low energy absorption is 

observed along with an increase in absorption around 340 nm.  

The final trace is obtained within 12 seconds, and matches well 

with the spectrum of PT. A slight deviation from the high 

energy isosbestic point suggests minor decomposition.  

Photolysis reactions were carried out on more concentrated 

solutions and probed by 1H NMR spectroscopy.  The symmetric 

tellurophene protons give rise to a singlet with satellite peaks 

arising from proton-tellurium coupling. This signature allows 

for easy identification of the different tellurophene compounds 

present in solution.  Accordingly, 2.5 mM solutions of PT-Br2 

were irradiated in the presence of DMBD (0.9 M) at 5 second 

time intervals and a spectrum was obtained after each interval 

(Fig. 3b). During the course of the reaction, the singlet 

corresponding to the tellurophene protons (7.42 ppm) is 

depleted and a singlet corresponding to the tellurophene protons 

of PT develops (7.84 ppm).  The changes in chemical shifts of 

the phenyl proton signals are also consistent with restoration of  

PT.  Evidence of slight decomposition is observed, however 

these are quite minor and will be discussed below.      

Control experiments were carried out to confirm that the 

reverse reaction is indeed light-driven rather than by other 

means.  Solutions of PT-Br2 in the presence of 1 M DMBD 

showed no change in the 1H NMR spectrum after 45 hours in 

the dark.  When exposed to room lighting, PT was restored 

within 45 hours (Fig S2, ESI†).  In the absence of trap, the 1H 

NMR spectrum of PT-Br2 was unchanged when stored in the 

dark, but showed slow conversion to PT when exposed to room 

lighting (30% after 6 days; Fig. S3, ESI†). Finally, a solution of 

PT-Br2 was irradiated with 447.5 nm light in the absence of 

trap.  The 1H NMR spectrum shows evidence of restored PT, 

however a significant amount of decomposition occurs (Fig. S4, 

ESI†). In the presence of trap, most of the liberated bromine 

reacts with DMBD, however a small amount reacts with the 

conjugated tellurophene, leading to minor decomposition as 

evidenced by 1H NMR and optical absorption spectroscopy. 

In order to quantify the efficiency of the photoreductive 

elimination reaction, the photochemical quantum yield (Φ) was 

determined using potassium ferrioxalate standard actinometry 

(details provided in the ESI†).[18] At 2 M DMBD concentration, 

the quantum yield is 8.5%, and a linear increase in quantum 

yield is observed with increasing trap concentration 

(y = 2.7732x + 2.9707, R2 = 0.9981; Table 1).  At the highest 

experimental DMBD concentration (5 M), the quantum yield of 

photodebromination is 16.9%. This is the first example of 

efficient dehalogenation from a compound that does not contain 

a metal. 

 
Fig. 3   a) Photolysis of PT-Br2 with 447.5 nm light over time monitored by a) optical absorption spectroscopy and b) 

1
H NMR spectroscopy. 
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Analogous photolysis experiments were carried out on 

solutions of PT-Cl2 and PT-F2, using a 447.5 nm tri-LED and a 

405 nm LED, respectively.  Photoreductive elimination of both 

chlorine and fluorine is successful (ΦPT-Cl2 = 1.6% and ΦPT-F2 = 

2.3% as calculated from the loss of halogenated compound in 

solution); however, decomposition products are observed.  The 

optical absorption spectra after photolysis are skewed to higher 

energies compared to PT (Fig. S5, ESI†).  This suggests that 

although reductive elimination of chlorine and fluorine is 

successful, decomposition products are formed in significant 

proportions. This is further supported by the 1H NMR spectra 

of photolyzed samples (Fig. S6, ESI†).  In these cases, it is 

likely that the liberated halogens are more reactive toward PT 

than the trap, leading to a large proportion of decomposition 

products.  Given the extremely high reactivity of fluorine with 

water to produce HF,[19]  photodefluorination was carried out on 

 

Table 1. Quantum yields for photoreductive elimination from PT-Br2 with 

varying trap concentration. 

 

[DMBD] (M) Quantum yield, Φ (%)a Standard Dev. (%) 

0.1 3.1 0.1 

0.5 4.3 0.2 

0.9 5.9 0.4 

2 8.5 0.3 

3 11.0 0.6 

4 14.1 0.2 

5 16.9 0.6 

aDetermined by potassium ferrioxalate actinometry. 

a biphasic mixture of PT-F2 in chloroform and water, in the 

absence of DMBD. Here we observe less decomposition by 
1H NMR spectroscopy due to improved fluorine trapping by 

water.  Fluorine trapping was even further improved when 

trapping events were no longer limited to the interface between 

organic and aqueous phases and photolysis experiments were 

carried out in THF/H2O mixtures (35:65; see SI for 

experimental details). As a result, little decomposition of PT is 

observed by 1H NMR, 19F NMR, and optical absorption 

spectroscopy (Fig. 4 and Fig. S7, ESI†).  Additionally, analysis 

of the aqueous phase after work-up shows a decrease in pH 

(qualitatively, using pH paper) and a peak at -129.6 ppm in the 
19F NMR spectrum, which is consistent with the presence of F- 

in aqueous solutions of HF.[20] Bulk photolysis on a larger scale 

led to 77% isolated yield of recovered PT. 

Conclusions 

We have shown that 2,5-diphenyltellurophene can be oxidized 

in the presence of bromine, chlorine, and fluorine and the 

halogens can be photoreductively eliminated by photoexcitation 

into the low energy absorption band of the halogenated species.  

Photoreductive elimination of bromine occurs rapidly with 

16.9% quantum efficiency and minimal decomposition using 

447.5 nm blue light.  The 16.9% quantum yield achieved is 

comparable to the performance of several transition metal 

catalysts reported in the literature.  Photoreductive elimination 

of chlorine and fluorine also occurs in the presence of organic 

trap, albeit with decomposition reactions. However, a 

significant improvement in fluorine trapping is realized when 

water is used as a halogen trap, leading to restoration of the 

reduced tellurophene in 77% isolated yield and very little 

evidence of decomposition. This is the first example of 

photoreductive elimination of fluorine from an inorganic 

compound, and is an unexpected result given the strength of 

typical M-F bonds. Improving the quantum efficiency of 

halogen photoreductive elimination reactions is currently under 

investigation. 
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Fig. 4   a) Photolysis of PT-F2 with 447.5 nm light over time monitored by a) optical absorption spectroscopy and b) 

1
H NMR spectroscopy. 
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Graphical Abstract: 

 

Visible light induces photoreductive elimination of bromine, 

chlorine, and for the first time, fluorine from the tellurium 

center of 2,5-diphenyltellurophene  
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