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Abstract: The synthesis of SCF3 as well as SeCF3 isosteres of two OCF3–containing drugs was achieved through visible light 

and copper-catalyzed processes. Herein, we show that chalcogen replacement modulates physico-chemical and ADME properties 

without introducing intrinsic liabilities. The S- and SeCF3 groups are more lipophilic than their O-parent; however, microsomal 

stability is unchanged, indicating that these molecular changes may be beneficial for in vivo half-life. Enabled by modern synthetic 

methods, we present the chalcogen-CF3 groups as potential key players for future fluorinated pharmaceuticals. 

Organofluorine chemistry gained widespread interest since its discovery in the last century. The advantage relies on the 

gained properties including the increased stability against oxidative metabolism as well as the lipophilicity.[1] Moreover, 

fluorine is routinely used as a bioisoster of hydrogens or hydroxyl groups in drug design.[2] In parallel, attention has been 

turned recently to the incorporation of trifluoromethyl chalcogen groups into organic molecules in order to tune the 

physicochemical properties. Historically, indirect approaches have been used and several active compounds are already 

finding a plethora of applications. In the forefront, trifluoromethoxylated compounds are employed in all areas of life 

science.[3] To date, several compounds are in the market. In contrast, compounds with SCF3 group are scarcely studied,[4] 

and, to the best of our knowledge, there is no biologically active compound on the market containing SeCF3 (Scheme 1).[5] 

During the past years, we have been involved in the design as well as the use of new reagents for trifluoromethyl 

chalcogenation. Our focus has been lately on the scarcely studied SeCF3 motif, and we recently reported photocatalyic 

and copper-catalyzed strategies to access the aryl-SeCF3 motif by using our reagent, namely 

trifluormethylselenosulfonate.[6] Herein, we report the application of these processes in the synthesis of the chalcogen 

homologs of Riluzole and Pretomanid, two bioactive molecules bearing OCF3 moieties, as well as their physicochemical 

and in vitro ADME properties, and their off-target profiles. Riluzole is already commercialized for amyotrophic lateral 

sclerosis treatment,[7] and a New Drug Application has recently been accepted by the FDA for the treatment of tuberculosis 

with Pretomanid (PA-824) (Scheme 2).[8] 

 

 

Scheme 1. Examples of trifluoromethoxylated and trifluoromethylthiolated, commercial bioactive compounds 

 

Scheme 2. Pharmacologically active compounds chosen as test cases for the effects of the replacement of OCF3 with SCF3 and SeCF3 



The selenylated analog of Riluzole was first prepared (Scheme 3, top). In a visible-light metal-free procedure, using Eosin 

Y as organic photocatalyst, aryldiazonium salt 1 was combined with the trifluoromethylselenolating agent TsSeCF3 under 

white LED irradiation. This procedure allows the formation of the desired product 2 in 75 % yield.[6b] Afterwards, the 

reduction of the nitro moiety was performed with iron powder in aqueous HCl media leading to the corresponding aniline 

3 with 81 % yield within 1 hour.[9] Finally, Se-Riluzole analog 4 was obtained after a cyclization with bromine and potassium 

thiocyanate in acetic acid with an overall yield of 40 %.[10] 

The Se-Pretomanid derivative was prepared in a three steps sequence (Scheme 3, bottom). First, commercially available 

boronic acid 5 was converted to the trifluoromethylselenylated arene 6 under copper catalysis with a moderate yield.[6a] 

Next, the benzyl alcohol was mesylated. Afterwards, removal of both NEt3 as well as the excess of MsCl was undertaken. 

Finally, Se-Pretomanid 8 was obtained by mixing 7 with commercially available and enantiopure alcohol 9 in the presence 

of sodium hydride furnishing the desired compounds in overall yield of 30 %. 

 

Scheme 3. Se-Riluzole and Se-Pretomanid syntheses. a) TsSeCF3 (3 equiv.), eosin Y (5 mol%), DMSO, rt, 16 h, white LED, 75 %. b) Fe (3.5 equiv.), 

HCl 37 % (10 equiv.) 90 °C, 1 h, 81 %. c) KSCN (4 equiv.), Br2 (1 equiv.), AcOH, rt, 16 h, 66 %. d) TsSeCF3 (1 equiv.), Cu(OAc)2 (10 mol%), bpy 

(10 mol%), Cs2CO3 (1 equiv.), THF, rt, 16 h, 45 %. e) NEt3 (4 equiv.), MsCl (2 equiv.), CH2Cl2, 0 °C, 30 min. f) 9 (1 equiv.), NaH (2 equiv.), DMF, rt, 

16 h, 66%. 

 

Scheme 4. S-Riluzole and S-Pretomanid syntheses. a) TsSCF3 (3 equiv.), [Ru(phen)3Cl2] (5 mol%), DMSO, rt, 16 h, white LED, 50 %. b) Fe (3.5 

equiv.), HCl 37 % (10 equiv.) 90 °C, 1 h, 73 %. c) KSCN (4 equiv.), Br2 (1 equiv.), AcOH, rt, 16 h, 54 %. d) NEt3 (4 equiv.), MsCl (2 equiv.), CH2Cl2, 

0 °C, 30 min. f) 9 (1 equiv.), NaH (2 equiv.), DMF, rt, 16 h, 66%. 

Sulfur analogs were synthesized using similar procedures. Trifluoromethylthiolated arene 10 was prepared from the 

corresponding diazonium salt 1 with a Ru-based photocatalyst with a moderate yield of 50 % (Scheme 4, top).[11] Nitro 

reduction was then performed with good efficiency, and aniline 11 was obtained in 73 % yield. The desired compound 12 

was isolated after the third step with an overall yield of 20 %. The synthesis of Se-Pretomanid started with commercially 

available trifluoromethylthiolated arene 13 (Scheme 4, bottom). A sequential mesylation/substitution with 9 allowed us to 

prepare the desired product 15 in 66 % yield. 

 

Isosteric replacement of functional groups is a powerful strategy in medicinal chemistry to modulate physicochemical and 

ADME properties while retaining on-target potency.[12] Since molecular structure determines properties, bioisosteres need 

to strike a balance: Structural and electronic differences between the isostere and the parent functional group must be 

small enough to enable recognition by the biological target but large enough to significantly change other properties. Thus, 

we set out to assess the influence of chalcogen replacement in aryl-OCF3-containing compounds on structure and 

electronic properties. First, we performed a search for bond lengths and angle distributions in x-ray crystal structures of 

Ar-X-CF3 containing compounds in the Cambridge Crystallographic Data Centre database using the Mogul Software 

(Scheme 5, top). We found that both sigma-bonds, the F3C-X and X-Ar bonds, significantly increase in length going from 

X=O (ca. 1.4 Å) to X=S (ca. 1.8 Å). The corresponding bonds in the selenium-containing structures are only marginally 

longer (ca. 1.9 Å). The mean bond angle at the chalcogen decreases from 118° in F3C-O-Ar to 99.2° in F3C-S-Ar 

compounds (no entries for the Se-homolog were found). When the dihedral angle of F3C-X-C-C was assessed, we saw a 

clear preference of the CF3-group to adopt a conformation perpendicular to the aromatic plane for both OCF3 and SCF3 

groups; although significantly less CCDC entries exist for the sulfur derivatives than for the OCF3-compounds. Only two 

values for the dihedral angle in ArSeCF3 structures are listed in the CCDC database, both close to 90°. We obtained an 



x-ray crystal structure of compound 12 and found the geometry around the SCF3 group to be comparable to the mean 

values obtained from the CCDC (Scheme 5, bottom). Next, we assessed the influence of chalcogen replacement on 

electronics via quantum mechanical calculations. We did not find significant differences in the dipole moments, electron 

densities, or the HOMO-LUMO gaps for the Pretomanid and Riluzole chalcogen matched pairs (see SI for details). Taken 

together with the structural information, we concluded that chalcogen replacement does not overly perturb conformation 

and electronics of the molecules, suggesting that desired biological activity may be conserved. However, if structural 

differences manifest in property differences we would expect the sulfur and selenium derivatives to be more similar to one 

another than to the Ar-OCF3-compounds. 
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Scheme 5. While structural and conformational trends are generally conserved between chalcogen homologs, differences between OCF3- and 

SCF3-compounds are larger than between SCF3- and SeCF3-compounds. Cambridge Crystallographic Data Centre (CCDC) queries were performed 

using Mogul software. “Entries” refers to number of entries in the CCDC. X-ray crystal structure of 12 was obtained and analysed using PyMol. 

With S- and Se-matched molecular pairs of Riluzole and Pretomanid in hand, we studied their fundamental 

physicochemical properties (Table 1). We noted that replacement of O by S and Se increases lipophilicity by about 0.5 

logP-units in both cases. Notably, no further increase in lipophilicity was observed in either case going from S to Se. These 

differences in lipophilicity follow the same trend seen for the structural differences between the chalcogen homologs (vide 

infra). Increased lipophilicity results in a decrease in solubility. This difference is marginal in case of Pretomanid, which 

has low solubility itself, but is more pronounced in case of the Riluzole homologs. In that case, decreased solubility of the 

S- and Se-homologs is likely owed to a combination of increased lipophilicity and increased lattice energy, which manifests 

in higher melting points compared to their OCF3 parent (ca. 30 °C higher). Again, no further decrease in solubility was 

observed going from SCF3 to SeCF3. Passive permeability was not significantly affected by replacement of O with the 

higher chalcogens, as measured in Martin-Darby Canine Kidney cells.  

Next, we studied the impact of the chalcogen replacement on in vitro ADME properties and off-target activity. Perhaps 

counter-intuitively to medicinal chemists, we found stability in human liver microsomes not to be impacted by S- and Se-

replacement in either case (Table 2). We conclude that the SCF3 and SeCF3 groups introduce „nonmetabolizable 

lipophilcity“, which may improve in vivo half-life, an important pharmacological feature that enables low clinical doses.[13] 

Furthermore, we found no flags for inhibition of CYP3A4 for any of the matched molecular pairs of the two drugs. Time-

dependent inhibition of CYP3A4 did slightly increase in case of the Riluzole chalcogen isosteres. However, we found the 

opposite to be true in case of Pretomanid, indicating no general, intrinsic liabilities of the SCF3 and SeCF3 groups for 

CYP3A4 inhibition. Likewise, human plasma protein binding was affected differently in the two test cases: While PPB 

increased for the Pretomanid analogs, a slight decrease was noted for the Riluzole homologs. Most importantly, we profiled 

the matched molecular pairs in a principal in vitro safety panel to test if replacement of OCF3 by SCF3 and SeCF3 was 

associated with a change in off-target potency. We found no significant changes in off-target activity in either case, 

indicating that, in the present case, the SCF3 and SeCF3 groups do not carry any intrinsic safety liabilities (see SI for 

details).  

Table 1. Basic physico-chemical properties of the chalcogen matched 
molecular pairs. 

Compound Measured 

logP 

Aq. Sol. pH 

6.8 [mM] [a] 

Melting 

point 

[°C][b] 

MDCK-LE 

Papp A-B [c] 

Pretomanid 2.2 0.008 149.9 21.1 



S-Pretomanid (15) 2.7 0.005 155.8 15.5 

Se-Pretomanid (8) 2.7 0.007 149.2 13.7 

Riluzole 3.2 0.986 118.3 13.1 

S-Riluzole (12) 3.6 0.124 152.0 16.8 

Se-Riluzole (4) 3.6 0.118 161.6 14.2 

[a] aqueous solubility of crystalline material in buffer at pH 6.8; [b] measured 

by Differential Scanning Calorimetry; [c] passive permeability measured in 

Martin-Darby Canine Kidney Low Efflux cells and expressed in ratio of 

concentration of chambers A and B. Higher numbers indicate higher passive 

permeability. 

Table 2. Advanced in vitro ADME data for the chalcogen matched 

molecular pairs. 

Compound Clint in 

HLM 

[µl/min

/mg][a] 

IC50 for 

CYP3A4 

inhibition 

[µM] 

Kobs for 

TDI of 

CYP3A4 

[1/min] [b] 

human 

plasma 

protein 

binding  

Pretomanid <25 >25 0.025 38% 

S-Pretomanid (15) <25 >25 0.010 60% 

Se-Pretomanid (8) <25 >25 0.019 61% 

Riluzole 38.9 >25 0.007 85% 

S-Riluzole (12) 40.9 >25 0.011 76% 

Se-Riluzole (4) 32.6 >25 0.012 76% 

[a] Clint: intrinsic clearance; HLM: human liver microsomes; [b] rate of time 

dependent enzyme inhibition (TDI). 

 

In summary, we utilized novel photocatalytic and copper-catalyzed methods to rapidly access the S- and Se-homologs 

of two OCF3 containing pharmaceuticals. We showed that these isosteric replacements increase lipophilicity of the 

compound without impacting microsomal stability, qualifying the SCF3 and SeCF3 groups as potential handles to increase 

in vivo half-life. Additionally, we demonstrated that chalcogen isosteres of OCF3 can be used to tweak physicochemical 

and ADME properties, and that the SCF3 and SeCF3 groups do not carry any intrinsic liabilities. This data should put the 

SCF3 and SeCF3 groups on every medicinal chemist’s radar.  
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