
Drug name: S-Alkylisothioureas 

Indication/ type of drug: mainly Alzheimer’s/ beta-secretase (BACE1) inhibitors 
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Six drug candidates are mentioned here; most of them were terminated because of signs of liver  injury or other 
toxicities; lack of efficacy seems to have contributed; cf. review: Trans. Res. Clin. Int. 2020 

• LY2886721 (PubChem) was in clinical phase 1/2 trials, single 70 mg dose; terminated  in  June 2013. 

• The follow-up compound LY3202626 was in phase 1; terminated due to excessive covalent binding. 

• LY2811376 was terminated in 2009 in phase 1 due to retinal toxicity in rats, and possibly cathepsin D inhibition. 

• Atabecestat (JNJ-54861911) was terminated in phase 2/3 in May 2018; dose 10 or 50 mg. 

• Elenbecestat (E-2609) trials were suspended because of an unfavorable harm/benefit ratio (Eisai/Biogen). 

• PF-06751979 has been in phase 1, 2017. Probably discontinued. 

Hypotheses of RM mechanisms 

The common theme of the selected BACE inhibitors is the S-alkylisothiourea, which at least in the case of LY3202626 has 

been proven to be a structural alert for bioactivation to a reactive species (below). The Lilly compound LY2886721 was 

one of the earliest candidates to be terminated in the clinic and here one can easily imagine another well-known 
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mechanism of RM formation. The metabolism of LY2886721 has not been published (Nov. 2020) but its 

structure suggests at least one clear possibility for reactive metabolite formation, as deduced by analogy 

with drugs having a very similar substructure/alert, e.g. the anticancer drug gefitinib (monograph). As 

sketched below, if metabolism involves arene oxide formation on the fluorine-bearing anilide, this will lead 

to a reactive quinoneimine (oxidative defluorination).  

 

 

 

 

 

 

 

 

 

However, metabolism of the S-alkylisothiourea part is another, even more likely common route to RMs for 

all the compounds listed here since this was actually proven for  LY3202626 (JMC21) whose metabolism, 

excretion and mass balance was studied in humans (DMD20). Oral administration of a single 10 mg dose 

of [14C]-labeled drug resulted in incomplete recovery of radioactivity, about 75%. Closer investigation 

revealed an unusual enterohepatic re-circulation due to oxidation-reduction occurring between two 

metabolites that overall resulted in very prolonged excretion. Another important observation from the 

study was that a portion of plasma radioactivity was unextractable; the covalent protein binding was 

ascribed to the formation of a reactive sulfenic acid originating from the oxygenated S-alkylisothiourea 

(scheme below).  
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As a proof of this hypothesis, the reactive intermediate generated in liver  

microsomes formed an adduct with the 1,3-diketone dimedone as a 

nucleophile (structure to the right). 

The Lilly authors of the 2020 article did not comment on the obvious possibility  

that the earlier analogue LY2886721 might undergo the same activation process. 

A marginal note regarding the structure of LY3202626 is the presence of the 5-fluoropyrimidine-2-amine sub-

structure. Other authors have reported that this, in a BACE1 inhibitor too, entails unacceptable levels of CYP3A4 

inhibition. Because of this, an otherwise very promising Merck compound was stopped in development. 

The candidate drug atabecestat, originally made by Shionogi and later developed by Janssen as JNJ-54861911, 

was in clinical trials that were terminated in May 2018 because of elevations in hepatic enzymes. In 2020-21 three 

papers revealed some details of the toxicological findings that clearly put atabecestat in the class of liver injuring 

compounds that act by immune-mediated mechanisms, Hep20 ,Allergy20, and JMC21. The discovery path of 

atabecestat was revealed in the last-mentioned paper where a high rate of covalent protein binding was reported. 

Elenbecestat, an Eisai compound (E-2609), is a close analogue of LY2886721. Development was halted in 

September 2019 due to an unfavorable risk/benefit profile. 

The Pfizer compound PF-06751979 (JAlz19) is not listed in the company’s product pipeline as of November 2020. 

Based on the work by the Lilly researchers (DMD20)  it seems obvious that the tetrahydro-2-aminothiazine 

substructure (should likely include the dihydrothiazine ring of atabecestat), is a liability regarding potential for RM 

formation. In order to circumvent toxicity of the thiazine ring, at that time probably only presumed, Shionogi 

researchers started modifications of it (JMC19): “Our research efforts of exploring back-up molecules for atabecestat 

started in 2011, in order to mitigate the issues observed in preclinical investigations in terms of cardiovascular and liver 

toxicity, such as a low hERG IC50 value and elevations of liver enzymes in high dose in vivo toxicology studies.”  

They arrived at 1 whose clinical or histopathological findings were observed in the 2-week tolerance study: “no 

clinical or histopathological findings derived from liver toxicity were observed in the 2-week tolerance study of 1, whereas the 

toxicity study for the same period of atabecestat at the highest dose showed indications of liver toxicity such as alanine 

aminotransferase elevation and inflammatory cell infiltration of centrilobular hepatocytes”. Unfortunately, however, in a 1-

month GLP toxicity study with rat, administration of 1 led to a rare phospholipidosis in the brain at the highest 

dose, resulting in neuronal cell death.  

The researchers now turned to trifluoromethyl-substituted thiazines, like 2, mainly in order to mitigate hERG issues 
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(CMC19). However, the company at this time also had implemented testing for RMs which led to the 

following results:  

”Compound 2 did not form dansyl-GSH conjugates, whereas reactive intermediates trapped with 14CN amounted 

to be 807 pmol/mg protein, indicating the potential for bioactivation of 2 to reactive intermediates in the liver. In 

contrast, the corresponding oxazine analogue 3 did not provide any detectable dansyl-GSH and 14CN adducts in 

the trapping assay, implying that the predominant bioactivation mechanism of 2 could involve oxidation of the 

sulfur atom on the dihydrothiazine followed by nucleophilic reactions with liver proteins leading to RM formation.” 

The paper describes a huge optimization effort to derisk an eventual clinical candidate drug regarding 

ADMET properties. However, in the end the authors conclude: 
“Given the lack of confidence in how the hepatic toxicity in dog associated with the potential of RM formation 

translates to the clinical setting as well as the recent Phase III failure of our clinical BACE1 inhibitor, atabecestat, 

due to the DILI,ref compound 2 was considered to not contribute to the de-risking of the liver toxicity observed in 

atabecestat and thus led to discontinuation of its further study.” 

 

 

 

 

 

 

 

 

 

 

Further research by J&J chemists was published in 2021 (JMC21). Here, they targeted the liability of a 

thiazine to form RMs by radically removing the sulfur and reverting to an amidine whose strong basicity 

was lowered by introduction of an ethylsulfonyl to give compound 4, JNJ-67569762. From another RM 

perspective one can note the use of difluoromethylene to block activation of the benzodioxole part. 

 

Few drugs contain a S-alkylisothiourea substructure. One is levamisole, which is associated with severe 

ADRs, among them agranulocytosis. Detailed analysis of RM formation has not been achieved 
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(monograph) but clearly, the sulfur might play a role in formation of reactive species in analogy with the 

above reaction, illustrated in the scheme below (see also the thiourea metiamide monograph for 

oxidation on sulfur). 

Some, somewhat toxic NO synthase inhibitors are also S-alkylisothioureas; we recommend searching 

the following terms ("NO synthase inhibitors” + isothiourea), on Google Scholar for more info on these 

preclinical compounds.  
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