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Abstract: Through the preparation and characterization of five new derivatives, the regioselective mono 

and di, homo and hetero, halogenation of the benzothioxanthene (BTXI) core is demonstrated herein. All 

structurally solved by X-ray crystallography, these complementary functionalized building blocks open 

doors to the design of new symmetrical and asymmetrical π-conjugated systems based on this promising 

but still under-explored rylene.  

 

Introduction 

Over the past decades, the naphthalene (NDI) and perylene (PDI) diimides have emerged as reference 

building blocks in the field of organic electronics due to their excellent thermal and photochemical 

stability, synthetic tunability as well as specific electrochemical and high charge transport properties 

(Figure 1).1-6 Although belonging to the imide-containing rylene family, the benzothioxanthene 

monoimide (BTXI) has not triggered such research interest, until recently.7 

 

Figure 1. Structures of naphthalene diimide (NDI), perylene diimide (PDI), benzothioxanthene monoimide 

(BTXI) and the brominated derivative BTXI-Br. 

 

Synthesized in the 70’s and solely functionalized on  the N-position for post-grafting and/or solubility 

purposes,8-12 we indeed recently demonstrated the selective mono-bromination (Figure 1, BTXI-Br) and 

use of this new promising block to prepare new π-conjugated systems via conventional palladium catalyzed 

cross-coupling reactions for organic photovoltaic applications.13-15 As a step towards new design principles, 

and therefore potential applications, we report herein a systematic halogenation study of the BTXI block to 

afford complementary mono- and di-halogenated derivatives.  

 

Results and Discussion  

Hence, and from our early reported procedure,13 where the BTXI was efficiently mono-brominated in the 

presence of 1.1 equivalents of bromine (Table 1, entry 1), we started to investigate the reactivity of 

additional and safer sources of bromine atoms. 
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To that end, the reactivity of the cheap and well-known N-bromosuccinimide (NBS) was first evaluated. It 

turned out that regardless of the reaction time (from few minutes to hours), temperature (room temperature 

or reflux) and nature of the solvent (chloroform or N,N-dimethylformamide), the entirety of the starting 

material was systematically recovered (Table 1, entries 2-5). However, while activating the NBS with p-

toluenesulfonic acid in ethanol barely improved the conversion (Table 1, entry 6),16 it was found that 

mechanochemistry can be an interesting tool to prepare the target BTXI-Br in high yield (Table 1, entry 

7).17 However, this solvent-free method requires a large excess of reactant (12 equivalents) to reach a full 

conversion of the starting material (Table 1, entry 9).   

 

Table 1. Experimental conditions evaluated in this study to mono-brominate the BTXI. R.T. = room 

temperature.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In contrast, this was not the case for the dibromoisocyanuric acid since only 1.1 molar equivalents of this 

strong bromine source were indeed necessary to efficiently convert the BTXI into the target compound. 

Moreover, it is important to note that the reaction occurs under very mild conditions, i.e., at room 

temperature and overnight (Table 1, entry 10). However, considering the relative high price of this reagent, 

the use of a cheaper one but still known to be a strong and solid source of bromine was finally assessed, 

namely the pyridinium tribromide. When engaged under the previously described mild conditions, i.e., 1.1 

equivalents at room temperature and overnight (Table 1, entry 11), a maximum conversion of 50% was 

reached (47% isolated), corresponding to a mixture of the target BTXI-Br and the starting material (BTXI). 

In an attempt to improve the reactivity, the conventional oil bath was directly replaced by microwave 

irradiations (Table 1, entry 12). Unfortunately, a well-balanced blend of BTXI-Br and BTXI was once 

Entry Source of Bromine atom 
Number of 
equivalents 

Solvent 
Experimental 

conditions 

Synthetic Yield 
of isolated 

BTXI-Br 

1 Bromine (Br2) 1.1 dichloromethane R.T.; overnight 93% 

2 N-bromosuccinimide 4.0 N,N-dimethylformamide R.T.; overnight 0% 

3 N-bromosuccinimide 4.0 chloroform R.T.; overnight 0% 
4 N-bromosuccinimide 4.0 N,N-dimethylformamide reflux; overnight 0% 
5 N-bromosuccinimide 4.0 chloroform reflux; overnight 0% 

6 N-bromosuccinimide 4.0 ethanol 

 
p-toluenesulfonic acid;  

microwave; 100 °C 
15 minutes 

 

11% 

7 N-bromosuccinimide 3 no solvent 
ball-milling; 

1 hour 
33% 

8 N-bromosuccinimide 6 no solvent 
ball-milling; 

1 hour 
60% 

9 N-bromosuccinimide 12 no solvent 
ball-milling; 

1 hour 
99% 

10 
 
Dibromoisocyanuric acid 

 
1.1 N,N-dimethylformamide R.T.; overnight 95% 

11 Pyridinium tribromide 1.1 dichloromethane R.T.; overnight 47% 

      

12 Pyridinium tribromide 1.1 dichloromethane microwaves, 100 °C; 1 
hour 

52% 

13 Pyridinium tribromide 2.2 dichloromethane 
microwaves, 100 °C; 1 

hour 
94% 



again recovered even after one hour of stirring at 100 °C. According to these observations, it was decided 

to double the amount of brominating agent (Table 1, entry 13) resulting in a full conversion, thus suggesting 

that the quantity of the pyridinium tribromide was the limiting parameter.  

On the other hand, characterization of the crude by mass spectrometry also revealed the presence of a minor 

product attributed to a dibrominated species. As an important building block for a multi functionalization 

of the BTXI core, the second insertion of a bromine atom was naturally investigated. To do so, the amount 

of pyridinium tribromide was significantly increased to 5, 10 and even 20 equivalents under the same heating 

conditions (Table 2, entries 1-3). It turned out that using a large excess of this brominating agent indeed 

generated a dibrominated species but with a maximum yield of 12%, the major product still being in these 

conditions the mono derivative, ie, the BTXI-Br.  

 

Hence, owing to its high reactivity, 2.2 equivalents of dibromoisocyanuric acid were subsequently added to 

a solution of BTXI (Table 2, entry 4). After 16 hours under reflux and the total consumption of the starting 

material, only one spot migrated on the thin layer chromatography (TLC), corresponding, after purification, 

to a dibrominated compound. With a resulting yield of ca. 32%, the quantity of brominated agent was 

increased to 5.0 equivalents (Table 2, entry 5). In these conditions, although only a single dibrominated 

derivative was recovered from the purification, the synthetic yield dropped to 18%, resulting from the higher 

amount of polar by-products stuck at the start of the chromatography column. 

 

Consequently, the BTXI was finally exposed to an increasing quantity of bromine and the solutions were 

refluxed overnight (Table 2, entries 6-8). While, in all cases, the starting material was systematically 

consumed, the full conversion into a dibrominated derivative was only reached with 20 equivalents (Table 

2, entry 8).  

 

All isolated Br-BTXI-Br products were analyzed by 1H NMR revealing a perfect superimposition of their 

spectra, thus confirming, in consistency with the TLC (same Rf = 0.6 in toluene), the generation of the same 

and unique dibrominated compound regardless of the nature of the brominating agent. Luckily, single 

crystals were successfully grown revealing the exact grafting of the second bromine atom at the 11 position 

as depicted in Figure 2. 

 

Figure 2. Molecular structure of the Br-BTXI-Br obtained by X-ray diffraction. 

 

 

In parallel, the iodination of the BTXI was also investigated to extend the range of functionalization and 

reactivity (Table 3). 

 

 



Table 2. Experimental conditions evaluated for the preparation of a dibrominated BTXI.  

 

Entry Source of Bromine atom 
Number of 
equivalents 

Solvent Experimental conditions 
Synthetic yield of 
BTXI/BTXI-Br and 

Br-BTXI-Br 

      

1 Pyridinium tribromide 5.0 dichloromethane microwaves, 100 °C; 1 hour 0%/93%/5% 

      
2 Pyridinium tribromide 10.0 dichloromethane microwaves, 100 °C; 1 hour 0%/85%/11% 

3 Pyridinium tribromide 20.0 dichloromethane microwaves, 100 °C; 1 hour 0%/83%/12% 
      

4 
 
Dibromoisocyanuric acid 
 

2.2 N,N-dimethylformamide reflux.; overnight 0%/0%/32% 

5 
 
Dibromoisocyanuric acid 

 
5.0 N,N-dimethylformamide reflux.; overnight 0%/0%/18% 

6 
 

Bromine 
 

5.0 
 

dichloromethane 
 

reflux; overnight 
 

0%/78%/19% 
 

7 Bromine 10.0 dichloromethane reflux; overnight 0%/23%/73% 

 
8 

 
Bromine 

 
20.0 

 
dichloromethane 

 
reflux; overnight 

 
0%/0%/98% 

 

 

 

Mild and green conditions, reported by Gohier and coworkers,16 using N-iodosuccinimide in ethanol with a 

catalytic amount of p-toluenesulfonic acid, were first investigated (Table 3, entry 1). Stirring the reaction 

mixture overnight at 60 °C successfully led to the formation of a new compound. Once isolated in good 

yield by column chromatography, the latter was subsequently analyzed by mass spectrometry and NMR 

experiments revealing the presence of a single iodine atom grafted on the constituting naphthyl moiety of 

BTXI, the exact position of which was, once again, solved by single crystal X-ray diffraction (Figure 3).  

 

Figure 3. Molecular structure of the BTXI-I obtained by X-ray diffraction. 

 

 

 

 

 

 



Table 3. Experimental conditions for the synthesis of the mono- and di-iodinated BTXI based derivatives 

(BTXI-I and I-BTXI-I). R.T. = room temperature. 

 

 

 

Entry Source of Iodine atom 
Number of 
equivalents 

Solvent Experimental conditions 
Synthetic yield 
of BTXI/BTXI-I 

and I-BTXI-I 

      

1 N-iodosuccinimide 2.0 ethanol 
p-toluenesulfonic acid;  

60 °C.; overnight 
30%/67%/0% 

      

2 N-iodosuccinimide 2.0 ethanol p-toluenesulfonic acid;  
microwave, 100 °C; 1 

hour 

12%/80%/0% 

      

3 N-iodosuccinimide 4.0 ethanol 
p-toluenesulfonic acid;  
microwave, 100 °C; 1 

hour 
0%/100%/0% 

4 Iodine/Iodic acid 2.5/cat. 

acetic acid:sulfuric 
acid:water:CHCl3 
(1:0.02:0.2:0.08 

/v:v:v:v) 

R.T.; overnight 0%/67%/3% 

      

5 Iodine/Iodic acid 2.5/cat. acetic acid:sulfuric 
acid:water:CHCl3 
(1:0.02:0.2:0.08 

/v:v:v:v) 

90 °C; overnight 0%/38%/19% 

 

 

As for BTXI-Br, the iodination occurs on the rylene core at the β-position with regards to the sulfur atom. 

In addition to changing the heating method (Table 3, entry 2), the full conversion of the BTXI in this new 

derivative, namely BTXI-I, was only achieved by increasing the quantity of N-iodosuccinimide (Table 3, 

entry 3). Interestingly, though a large excess of this reagent was used, no multi-halogenated compound was 

detected in the crude. In an attempt to generate such species, a stronger method based on the use of the iodic 

acid/iodine couple in a mixture of acetic and sulfuric acid, water and chloroform was considered and 

evaluated. After 16 hours of stirring at room temperature, TLCs highlighted the formation of two compounds 

(Table 3, entry 4). Once purified by simple column chromatography, the major product was found to be the 

above mentioned mono-iodinated BTXI (BTXI-I) while the second, isolated with a low yield, corresponds 

to a di-iodinated derivative. In stark contrast with Br-BTXI-Br where both bromine atoms are localized on 

the naphthyl ring, 1H NMR experiments of the new I-BTXI-I suggested a functionalization of the 

constituting phenyl ring (Figure 4, purple tagged protons).  

 

 

 

 

 



Figure 4. Comparison of BTXI, BTXI-I and I-BTXI-I 1H NMR spectra recorded at room temperature in 

deuterated chloroform. 

 

 

While the integrity of the naphthyl constituting protons were recovered when comparing the spectra of both 

BTXI-I and I-BTXI-I, the multiplet centered at ca. 7.45 ppm, that comprises three hydrogen atoms, splits 

into a doublet (at 7.19 ppm) and a doublet of doublets (at 7.72 ppm) of one proton each. Moreover, the 

characteristic doublet centered at 8.5 ppm of I-BTXI-I, also attributed to a phenyl proton, appears 

significantly deshielded (compared to its BTXI-I analogue) thus supporting a close-by halogenation. Single 

crystal X-ray diffraction later confirmed these suppositions, thus revealing the exact position of the second 

iodine atom, corresponding to a functionalization in para of the sulfur atom (Figure 5). 

 

Figure 5. Molecular structure of the I-BTXI-I obtained by X-ray diffraction  

In a further attempt to improve the conversion into this new bis-functionalized derivative, the temperature 

of the reaction was increased to 90 °C for 24 h (Table 3, entry 5). While a larger amount of I-BTX-I was 

indeed isolated, these conditions also led to more unidentified and mostly insoluble by-products.  Hence, to 

take it to the next level, these reactions were finally complementarily combined to afford hetero- and 

regiospecific dihalogenated derivatives (Scheme 1).  

 

To do so, BTXI-Br was successfully iodinated in acidic conditions in the presence of iodic acid and iodine. 

As for I-BTXI-I, the iodine atom was found to be localized on the phenyl ring in para position with respect 

to the sulfur atom as evidenced by 1H NMR and single crystal X-ray diffraction (I-BTXI-Br, Figure 6). In 

parallel, BTXI-I was first exposed to 20 equivalents of bromine. After reflux overnight, TLCs revealed the 

total consumption of the starting compound and generation of a single compound. However, once isolated 

and characterized, the latter turned out to be the dibrominated Br-BTXI-Br. Consequently, to avoid the 

halogen exchange reaction, the excess of bromine was replaced by only 1.1 equivalents of 

dibromoisocyanuric acid. First highlighted by TLCs, a new compound, whose Rf was found to be different 

from that of the Br-BTXI-Br, was successfully isolated in good yield after the total consumption of the 

starting material and purification of the crude. Mass spectrometry confirmed the presence of both a bromine 

and an iodine atom on this new BTXI derivative and 1H NMR suggested a functionalization on the naphthyl 



ring as for Br-BTXI-Br (see SI). Luckily, crystals of good quality were successfully grown and analyzed 

by X-ray diffraction confirming both hypothesized structures (Figure 6). 

 

Scheme 1. Regioselective hetero dihalogenated derivatives reported herein. 

 

 

Figure 6. X-ray structures of I-BTXI-Br (left) and Br-BTXI-I (right). 

 

Conclusion 

In conclusion, the regioselective dihalogenation of the BTXI core is demonstrated herein. As a result, five 

new derivatives were successfully prepared, isolated and characterized. Depending on the nature and 

source of the halogen atom, different positions on the rylene core are now fully and, above all, selectively 

accessible for post grafting purposes, thus opening doors to new designs of functional π-conjugated BTXI 

based molecules and polymers.  
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