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A B S T R A C T   

Approximately 6–7 million people around the world are estimated to be infected with Trypanosoma cruzi, the causative agent of Chagas disease. The current 
treatments are inadequate and therefore new medical interventions are urgently needed. In this paper we describe the identification of a series of disubstituted 
piperazines which shows good potency against the target parasite but is hampered by poor metabolic stability. We outline the strategies used to mitigate this issue 
such as lowering logD, bioisosteric replacements of the metabolically labile piperazine ring and use of plate-based arrays for quick diversity scoping. We discuss the 
success of these strategies within the context of this series and highlight the challenges faced in phenotypic programs when attempting to improve the pharma-
cokinetic profile of compounds whilst maintaining potency against the desired target.   

1. Introduction 

Chagas disease is a parasitic infection which is responsible for around 
10,000 deaths per year with 6–7 million people infected and approxi-
mately 70 million at risk of infection [1–3]. The disease is most preva-
lent in Latin America where it is responsible for more deaths than any 
other parasitic disease. Due to migration, Chagas disease is now also 
present in many other non-endemic countries [4–6]. The disease is 
caused by Trypanosoma cruzi (T. cruzi) and is primarily spread via an 
insect vector (triatomine or “kissing bug”) but can also be transmitted 
congenitally [7], by blood transfusions and through ingestion of 
contaminated food and juices. 

Chagas disease has two clinical phases. The acute phase directly 
follows infection and presents with non-specific flu-like symptoms 
including fever and malaise. The chronic asymptomatic or indetermi-
nate phase follows this, with most patients experiencing no symptoms. 
Around 10–30% of chronically infected patients will progress to the 
chronic symptomatic phase of the disease. This can occur 10–30 years 
after the acute infection and involves problems with the heart or 

gastrointestinal tract which can ultimately be fatal [8–10]. 
Current treatments for Chagas disease are very limited; the nitro-

aromatic drugs benznidazole and nifurtimox are the only available op-
tions. These drugs suffer from issues such as long treatment duration 
(60–90 days) and toxicity which frequently leads to premature treat-
ment discontinuation [11,12]. In terms of new chemical entities, two 
sterol C14α-demethylase (CYP51) inhibitors, posaconazole and fosra-
vuconazole, were progressed to the clinic based on promising in vitro 
profiles. The results from these trials were disappointing with treatment 
failing in 70–90% of patients [13,14]. 

Despite the disappointing clinical outcome of the CYP51 inhibitor 
trials, the information gained from these studies has led to significant 
back-translation of the clinical data which should assist in identifying 
new candidates with novel mechanisms of action which have a greater 
chance of success. We have implemented these learnings in our in vitro 
screening cascade, introducing steps to filter out compounds which 
share the same CYP51 driven mode of action exhibited by posaconazole 
and fosravuconazole. The drug discovery pathway we have developed 
includes a CYP51 inhibition assay [15], rate-of-kill determination [16], 
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assessment against a panel of strains and a washout assay, aimed to 
identify compounds which effectively clear all parasites in vitro, with no 
resurgence when the drug pressure is removed [17,18]. 

Here we present the discovery and optimisation of a series of 
disubstituted piperazines which shows efficacy against T. cruzi. We 
reveal a promising in vitro profile for the series and discuss the chal-
lenges associated with its optimisation. 

2. Results and discussion 

The starting point for this project was a high-throughput screen 
(HTS) of the GlaxoSmithKline (GSK) diversity collection of 1.8 million 
compounds undertaken against T. cruzi, cultured in NIH-3T3 fibroblasts. 
Potent and non-cytotoxic compounds with lead-like properties were 
selected and clustered into a “Chagas-box” with 222 compounds [19]. 
The most promising hits were selected for further optimisation based on 
physchem properties (MW < 500; Ar rings ≤ 4; cLogP <4) and visual 
inspection (to discard compounds which were similar to known series). 
One of the hits identified through this HTS and prioritization exercise 
was TCMDC-143497, with a reported potency of pEC50 6.4 against 
intracellular T. cruzi [19]. A rapid hit expansion approach was per-
formed by selecting available close analogues from the GSK and DDU 
compound collections (Tanimoto coefficient >0.7) and testing them 

against T. cruzi, resulting in the identification of a more potent analogue, 
compound 1 (see Fig. 1). 

Compound 1 demonstrated good potency against intracellular par-
asites and this activity does not appear to be driven by inhibition of 
T. cruzi CYP51. Rate-of-kill experiments comparing 1 with posaconazole 
further confirmed a non-CYP51 driven mode of action, as 1 showed a 
faster kill profile than the characteristically slow profile seen for CYP51 
inhibitors [15,16] (Supplementary Information, Fig. S1). We tested 1 in 
a T. cruzi washout assay to assess the compound’s ability to clear all 
parasites in vitro. In this experiment, T. cruzi, cultured in Vero cells were 
treated with compound 1 at 20- to 30-fold the EC50 for 8 days (with 
compound being re-supplemented after 4 days). After treatment, the 
culture medium containing compound 1 was removed, the cell mono-
layer was washed extensively and then incubated with fresh medium 
containing no compound 1. After approximately a further 2 weeks, 
parasite relapse was observed, indicating that compound 1 could not kill 
all parasites under these conditions (Table 1). The same result was ob-
tained in three independent experiments (Supplementary Information, 
Table S1). Compound 1 performed better than posaconazole, which 
showed earlier relapse at equivalent relative concentrations, but was not 
as good as benznidazole, which at lower relative concentration tended to 
relapse later. Despite the poor metabolic stability of 1, we were keen to 
demonstrate proof of concept for this compound series in an in vivo ef-
ficacy study. We therefore ran a 4-day PK study on 1, dosing at 50 mg/kg 
twice daily. As the intrinsic clearance was very high, compound 1 was 
co-dosed with 1-ABT (1-aminobenzotriazole) to inhibit CYP-mediated 
degradation and maximise exposure. The study showed that the com-
pound gave coverage above EC50 for >8 h on day 1, although this did 
drop slightly by day 4 (Supplementary Information, Fig. S2). As this was 
a novel series with an unknown mechanism of action, the PKPD drivers 
were unknown, so this coverage was considered suitable for progression 
to an animal model of Chagas disease. Compound 1 was dosed twice 
daily at 50 mg/kg for 5 days in an acute Chagas disease mouse efficacy 
study. This mouse model, developed by the Kelly laboratory, is able to 
distinguish between benznidazole (clinically effective) and pos-
aconazole (clinically ineffective) [20]. As in the previous PK study, 
compound 1 was co-dosed with 1-ABT and showed reduction in parasite 
burden compared to vehicle, although parasite levels were never 

Table 1 
Washout experiment.  

Compound Conc. (μM) Fold EC50 Relapse Daya 

1 3.9 25 11 
posaconazole 0.1 25 7 
benznidazole 36 12.5 18 
benznidazole 144 50 >60 

Results for one of three independent washout experiments, others detailed in 
Supplementary Information (Table S1). T. cruzi infected Vero cells were treated 
for 8 days at the indicated concentrations (compounds replenished after 4 days), 
followed by extensive washing to remove compounds and incubation until 
parasites were observed microscopically. 

a day after washout of compounds on which egressed parasites were first 
detected. 

Fig. 1. The structure of initial hit compound TCMDC-143497 and compound 1 with key profiling data.  
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reduced below the level of detection. Blood samples were taken on days 
1 and 5 and showed that total exposure exceeded the in vitro EC99 for the 
duration of dosing. Free blood levels were over or around the EC50 on 
day 1 but dropped below the EC50 after 5 h on day 5 (Fig. 2). 

It was possible that increasing the duration of treatment or dose 
would lead to a further reduction in parasite levels, both in in vitro 
washout and in vivo animal model studies, but because compound 1 was 
hindered by poor solubility and metabolic stability we decided to focus 
on identifying improved compounds before running further efficacy 
studies. Three parallel approaches to optimise compound 1 and improve 

the metabolic stability were adopted. We investigated the terminal 
amide and sulphonamide moieties to understand the requirement for 
potency while maintaining or lowering the logD, since high lipophilicity 
is often correlated to high intrinsic clearance [21,22]. To expand upon 
this, plate-based arrays were used to rapidly synthesise and screen a 
large number of compounds without the need for purification. This 
allowed for a far more rapid make, test process to efficiently assess 
diverse groups. The third approach was to identify bioisosteric re-
placements of the embedded piperazine ring which was shown by 
metabolite identification (metID) studies to be a metabolic liability. 

Fig. 2. Results of acute T. cruzi infection efficacy study. Treatments: vehicle b.i.d. 10 mL/kg for 5 days, benznidazole 50 mg/kg b.i.d. for 5 days and 1-ABT (1- 
aminobenzotriazole) b.i.d. 50 mg/kg as a pre-treatment 30 min prior to each dose of compound 1 b.i.d. 50 mg/kg for 5 days (a) Study outline. Blue arrows indicate 
imaging days, red arrows indicate immunosuppression days. 5 day dosing begins on day 14 (b) Quantification (Total Flux [p/s]) of combined ventral and dorsal 
bioluminescence for the mice shown in (c). Black line and grey line represent limit of detection of the imaging system and are the mean and mean + 2 SDs, 
respectively, for infected untreated control mice. Vehicle (purple), benznidazole (red), 1-ABT + compound 1 (green). Blue box indicates dosing period, red box 
indicates immunosuppression period (c) Whole body imaging – dorsal and ventral. Heat-maps are on log10 scales and indicate intensity of bioluminescence from low 
(blue) to high (red), minimum and maximum radiance values as indicated. The mice were immunosuppressed on days 28, 32 and 36 post-infection using cyclo-
phosphamide (200 mg/kg i.p.). Study shows reduction in parasite burden when dosing compound 1 compared to vehicle but relapse is observed post immuno-
suppression (d) Exposure data (n = 3) for compound 1 from efficacy study showing sustained whole blood levels over EC99 for the duration of the study on day 1 and 
day 5. Free blood levels are over or around EC50 on day 1 but drop below EC50 after 5 h on day 5. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the Web version of this article.) 
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As this was a phenotypic series, with no structural information to 
guide optimisation, we initially focused on the terminal substituents, 
making numerous changes to build our understanding of the SAR. We 
first investigated the optimisation of the terminal sulphonamide whilst 
maintaining the amide portion of the molecule (Table 2). Truncating to 
the simple methyl sulphonamide 2 resulted in complete loss of potency 
suggesting larger substituents are required in this region. This com-
pound did, however, show significant improvement in metabolic sta-
bility and solubility, which is consistent with our hypothesis that the 
high intrinsic clearance may be associated with high lipophilicity. 
Moving to the unsubstituted aromatic 3 showed improved solubility but 
suffered from a log unit drop in potency compared to 1. Replacing the p- 
methyl with a p-methoxy substituent 4 resulted in a 0.5 log unit drop in 
potency whilst showing similar solubility. Switching this substituent for 
a nitrile 5 led to a considerable loss in potency. The dioxolane compound 
6 showed equivalent potency to compound 1 but no marked improve-
ment in solubility or microsomal stability was observed. Finally, 
removing the aromatic ring and replacing with saturated ring systems 
containing heteroatoms such as 7, 8, and 9 led to improved solubility. 
However, the intrinsic clearance was still too high and without excep-
tion these changes resulted in significant drops in potency. 

We then focused on the amide substituent, maintaining the sulpho-
namide portion of the molecule with the p-methoxyphenyl sulphona-
mide identified in compound 4 (Table 3). Unsubstituted aromatic 
compound 10 shows almost a log unit drop in potency while demon-
strating an improvement in solubility. Substituting chlorine for fluorine 
11 led to an equipotent compound with no significant advantage in 
other properties, similarly with substitution for methyl 12. Addition of a 
methoxy or methyl substituent 13, 14 and 15 led to reduced potency and 
no improvement in solubility or microsomal stability. We also looked at 
a series of heterocyclic amides. Placing a nitrogen into the aromatic ring 
16 to introduce some polarity and reduce the ChromlogDpH7.4 worked to 

improve solubility and maintain reasonable potency but had no impact 
on clearance. Moving to other heterocycles such as 17, 18 and 19 
showed promise in terms of solubility as well as microsomal stability but 
this was at the expense of potency. Various small alkyl groups exem-
plified by 20, 21 and 22 were also investigated; many of these com-
pounds exhibited lower ChromlogDpH7.4 compared to compound 4 
which translated to superior clearance and solubility but significantly 
reduced potency. 

As this initial SAR investigation progressed it clearly highlighted a 
disconnect between optimisation of potency and optimisation of clear-
ance and solubility. We decided to employ plate-based array chemistry 
[23–25] as an approach to rapidly explore a diverse set of amides in the 
hope of identifying a suitable compound which maintained potency and 
showed improved solubility and microsomal stability. The aim of the 
plate-based chemistry was to use liquid handling robotics to rapidly 
produce an array of compounds which could inform the SAR, without 
the need for the time-consuming steps of purification and isolation. 
Synthesis, analysis and assay plating can all be carried out from the 
microtiter plates used. Relative to batch synthesis tiny amounts of ma-
terial are required, typically of the order of 0.1 mg of template per well. 
In this way 384 compounds can be made and screened with around 50 
mg of material in hand. At the DDU we have invested time in stand-
ardising reliable chemistry methods which allows automated synthesis 
to be conducted with good synthetic reliability. Optimisation of reaction 
conditions is key when using this approach to ensure that there is a good 
yield of product. Careful use of controls is also required, all reagents, 
solvents and starting materials employed are screened in the relevant 
assays to confirm they are inactive and will therefore not interfere with 
the output. 

The technology was first validated with a series-specific test set. 
Eight compounds which had been previously synthesised, purified and 
tested were resynthesized in the plate format. All desired products were 

Table 2 
Changes to the sulphonamide substituent of compound 1. 

Structure Number T. cruzia (pEC50) Mouse CLi
b (mL/min/g) Solubilityc (μM) ChromlogDpH7.4

d 

1 6.8 >50 38 5.8 

2 <4.3 2.6 ≥470 4.0 
3 5.8 >50 67 5.5 

4 6.3 >50 43 5.6 

5 5.1 >50 54 5.2 

6 6.8 >50 33 5.2 

7 4.8 44 486 4.6 

81 4.6 21 ≥402 5.1 

9 4.8 32 ≥430 4.1 

1Nitrogen linked directly to aromatic ring of core structure. 
a T. cruzi pEC50: potency against intracellular T. cruzi amastigotes, data from at least three independent replicates, standard deviations ≤0.2. 
b Cli is mouse liver microsomal intrinsic clearance. 
c Kinetic solubility measured by CAD (Charged Aerosol Detector) 
d ChromLogDpH7.4 = CHIpH7.4 × 0.0857–2 where CHI is chromatographic hydrophobicity index [20]. 
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formed with purities ranging from 39 to 82% as reported from LCMS UV 
trace (254 nm). The reaction mixtures were tested directly in our 
intracellular T. cruzi assay, dose-response curves were generated, and 
the potencies of purified and non-purified material were compared. To 
our delight, the measured potencies correlated well, which validated 
this technique for use on our series and beyond this, across many other 
in-house projects (Fig. 3). 

The amine scaffold was enumerated with our in-house acid com-
pound collection and a clogD cut off of 4.5 was applied (clogD as 
calculated in Stardrop) to afford a set of 922 unique compounds. The set 
was assessed based on reactivity, toxicity and frequent hitters as well as 

assigning a drug likeness score (QED). Based on these outputs, several 
compounds were removed from the set to leave 659 potential com-
pounds for synthesis. Fingerprints were generated for these molecules 
(Canvas [26,27]) and using these, a selection of 84 compounds was 
made to include a diverse range of aliphatic, aromatic, basic and neutral 
groups. We also aimed to include molecules with a range of clogD values 
(Fig. 4). 

The array was run in a 96-well plate format and 84 reactions were 
performed. Of these 84 reactions, 63 led to formation of the desired 
product with conversions of 20–80% as estimated by LCMS UV trace 
(254 nm). These compounds were then tested directly at three 

Table 3 
Changes to the amide substituent of compound 4. 

Structure Number T. cruzia (pEC50) Mouse CLi
b (mL/min/g) Solubilityc (μM) ChromlogDpH7.4

d 

4 6.3 >50 43 5.6 

10 5.5 >50 116 4.6 

11 6.2 >50 76 4.8 

12 6.0 NA 64 5.1 

13 5.5 >50 18 5.1 

14 5.7 >50 27 5.2 

15 5.9 >50 13 5.8 

16 6.0 >50 171 4.3 

17 5.2 6.4 122 4.9 

18 <4.3 <0.5 ≥336 2.3 

19 <4.3 12 414 3.2 

20 <4.3 1.5 ≥526 2.3 

21 <4.3 1.0 ≥511 2.6 

22 <4.3 8.0 ≥374 4.3  

a T. cruzi pEC50: potency against intracellular T. cruzi amastigotes, data from at least three independent replicates, standard deviations ≤0.2. 
b Cli is mouse liver microsomal intrinsic clearance. 
c Kinetic solubility measured by CAD (Charged Aerosol Detector). 
d ChromLogDpH7.4 = CHIpH7.4 × 0.0857–2 where CHI is chromatographic hydrophobicity index [20]. 
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concentrations in our intracellular T. cruzi assay (0.5, 5 and 50 μM based 
on complete conversion to desired product). One hit was identified as 
showing >50% effect with no cytotoxicity when tested at 0.5 μM and 
four further hits were identified when tested at 5 μM. These structurally 
diverse compounds were selected for resynthesis, purification and 
further profiling (Table 4). Of these hits, indole compound 23 was found 
to be the most potent but only showed a modest improvement in 
clearance and was considerably less soluble. Unfortunately, the other 
hits identified 24–27 were found to be at least one log unit less potent 
than 4. Alkyne compound 26 showed considerably reduced Chrom-
logDpH7.4 when compared to 4 (c.f 4.4 vs 5.6) and exhibited superior 
solubility. However, this compound was inactive when the purified 
batch was tested. 

A further plate-based array of 52 compounds was made focused 
around compound 23, but no improvement in activity or DMPK prop-
erties was achieved. 

The plate-based array approach undoubtedly facilitated a rapid SAR 
expansion allowing us to investigate structural diversity without the 
need for a purification step. Unfortunately, in the case of this series no 
compounds with the desired balance of potency, solubility and meta-
bolic stability were identified. This could indicate that lipophilic amides 
and sulphonamides are required for interaction with the molecular 
target. Converse to this, the relatively high lipophilicity appeared to be 
driving poor solubility and microsomal instability [28,29]. In the 
absence of knowledge of the molecular target and any structural infor-
mation, we could not identify any further opportunities to optimise 
these terminal moieties. 

To investigate the high metabolic clearance of the hit further a metID 
study was performed (Fig. 5). Compounds were incubated with mouse 
liver microsomes and metabolites were identified using LCMS-MS. This 
work revealed that the embedded piperazine moiety is a metabolic hot 
spot with two of the identified metabolites indicating deethylation of 
this group (A and B). A third metabolite (C) suggested oxidation of the 
molecule, the point of which could not be specified but may be occurring 
on the piperazine ring with formation of the N-oxide. 

With the metID study identifying the embedded piperazine as a 
metabolic liability we hypothesised that finding a suitable isostere could 
retain potency and reduce the clearance of the series. We designed and 
synthesised a set of 13 compounds including known piperazine isosteres 
from the literature [30,31]. Compounds with a range of clogD values 
were included with a focus on those in similar or lower clogD space 

Fig. 3. Comparison of T. cruzi pEC50 of purified and non-purified material for 
test set. 

Fig. 4. Plot showing number of compounds in each clogD bracket included in 
the plate-based array. 

Table 4 
Hits identified from plate-based array. 

R Number T. cruzia (pEC50) Mouse CLi
b (mL/min/g) Solubilityc (μM) ChromlogDpH7.4

d clogD 

23 6.7 40 <1 5.6 2.4 

24 5.4 >50 35 5.8 2.8 

25 5.2 >50 22 5.7 2.9 

26 <4.3 >50 367 4.4 1.4 

27 5.4 >50 29 5.4 2.7  

a T. cruzi pEC50: potency against intracellular T. cruzi amastigotes, data from at least three independent replicates, standard deviations ≤0.2. 
b Cli is mouse liver microsomal intrinsic clearance. 
c Kinetic solubility measured by CAD (Charged Aerosol Detector). 
d ChromLogDpH7.4 = CHIpH7.4 × 0.0857–2 where CHI is chromatographic hydrophobicity index [20]. 
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compared to compound 4 (clogD 2.9, Table 5), as isosteres which 
increased logD were unlikely to improve metabolic stability or solubil-
ity. Dihydropyrrolopyrazole core 29 showed the most significant 
improvement in clearance compared to compound 4 (12 compared to 
>50 ml/min/g) with a reduction in ChromlogDpH7.4 despite a higher 
clogD. This compound was still not in desirable stability space and was 
over a log unit less potent than compound 4. All other isosteric re-
placements synthesised 28, 30–40 showed no substantial improvement 
in metabolic stability and significantly reduced potency against the 
T. cruzi parasites. 

Having thoroughly explored changes to the piperazine ring, we 
turned our attention to the central phenyl moiety with the intention of 
introducing polarity to reduce logD and improve metabolic stability 
(Table 6). Introducing oxadiazole 41 was successful in driving down 
ChromlogDpH7.4 and moving solubility and clearance into excellent 
space. However, disappointingly this compound was inactive. Likewise, 
introducing various 6-membered heterocycles such as pyrimidines 42, 
43 and pyrazines 45, 46 showed superior solubility and microsomal 
stability but lacked any activity in the intracellular T. cruzi assay. Pyri-
dine compound 44 retained some activity and showed improved solu-
bility but the metabolic stability was still poor. 

Having explored various strategies to identify a suitable compound 
which retained potency and improved metabolic stability and solubility 

we performed a thorough analysis of the series. On inspection of the 
available SAR it was apparent that within the series ChromlogDpH7.4 > 4 
was required to achieve the desired potency level of pEC50 > 6. 
Conversely, ChromlogDpH7.4 < 4 was necessary to have any hope of 
achieving Cl < 5 mL/min/g (Fig. 6). Considering this information, the 
decision was taken to close the series. 

2.1. Synthesis 

As shown in Scheme 1 changes to the terminal sulfonamide could be 
easily accessed from intermediate aniline 49. This was afforded in two 
steps from commercially available N-Boc-p-aminobenzaldehyde, per-
forming a reductive amination with 47 followed by a Boc deprotection. 
With aniline 49 in hand, reaction with the relevant sulfonyl chloride 
yielded the desired sulfonamide products 1–9. 

Variation of the terminal amide (Scheme 2) could be easily investi-
gated from common piperazine intermediate 51. This could be afforded 
from commercially available 4-(1-Boc-piperazin-4-yl-methyl)-aniline by 
first reacting with p-methoxy benzenesulphonyl chloride to install the 
sulphonamide 50 followed by Boc deprotection. With this advanced 
intermediate in hand an amide coupling reaction afforded products 
10–22. 

All the compounds containing replacements of the central piperazine 

Fig. 5. (a) the loss of parent and appearance of metabolites when compound 1 was incubated with mouse liver microsomes; (b) the proposed structures of the 
metabolites. 
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Table 5 
Compounds containing isosteric replacements of the piperazine moiety.  

Structure Number T. cruzia (pEC50) Mouse CLi
b (mL/min/g) Solubilityc (μM) ChromlogDpH7.4

d clogD 

4 6.3 >50 43 5.6 2.9 

28 5.3 37 <1 5.9 4.1 

29 4.9 12 19 5.0 3.6 

30 4.3 >50 51 5.1 3.1 

31 5.0 >50 72 4.9 2.5 

32 4.8 48 75 4.9 2.5 

33 5.2 >50 27 5.7 2.8 

34 5.0 >50 28 5.7 2.8 

35 5.2 >50 25 5.8 3.4 

36 4.7 25 18 5.6 2.9 

37 5.5 37 42 5.3 3.4 

38 4.9 >50 70 4.8 2.4 

39 4.8 >50 47 5.1 2.9 

40 5.3 >50 35 5.5 2.9  

a T. cruzi pEC50: potency against intracellular T. cruzi amastigotes, data from at least three independent replicates, standard deviations ≤0.2. 
b Cli is mouse liver microsomal intrinsic clearance. 
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unit 28–40 were made via one of the routes exemplified in Schemes 3–5 
or similar, based on commercially available starting materials. 

The synthesis of compound 37 started from 4-nitrobenzaldehyde, as 
outlined in Scheme 3. The reductive amination to give 52 was followed 
by nitro reduction to afford 53 which underwent reaction with 4-meth-
ylbenzenesulfonyl chloride to give 54. Subsequent Boc deprotection 
afforded amine 55 which could then be coupled with 3-chlorobenzoic 

acid yielding compound 37. 
The synthesis of bridged piperazine compound 39 started with a 

palladium facillitated sulfonamidation with 4-bromobenzaldehyde to 
afford aldehyde intermediate 56, Scheme 4. Subsequent reductive 
amination with bridged piperazine monomer 57 followed by Boc 
deprotection afforded amine intermediate 59. This could then undergo 
amide coupling with 3-chlorobenzoic acid to afford compound 39. 

c Kinetic solubility measured by CAD (Charged Aerosol Detector). 
d ChromLogDpH7.4 = CHIpH7.4 × 0.0857–2 where CHI is chromatographic hydrophobicity index [20]. 

Table 6 
Compounds containing replacements of the central phenyl moiety. 

Structure Number T. cruzia (pEC50) Mouse CLi
b (mL/min/g) Solubilityc (μM) ChromlogDpH7.4

d 

4 6.3 >50 43 5.6 

41 <4.3 0.6 ≥404 1.9 

42 <4.3 1.0 ≥345 3.1 

43 <4.3 1.5 ≥474 2.9 

44 5.1 39 ≥373 4.5 

45 <4.3 1.3 ≥414 2.8 

46 <4.3 1.2 ≥443 4.0  

a T. cruzi pEC50: potency against intracellular T. cruzi amastigotes, data from at least three independent replicates, standard deviations ≤0.2. 
b Cli is mouse liver microsomal intrinsic clearance. 
c Kinetic solubility measured by CAD (Charged Aerosol Detector). 
d ChromLogDpH7.4 = CHIpH7.4 × 0.0857–2 where CHI is chromatographic hydrophobicity index [20]. 

Fig. 6. Plot of potency vs microsomal clearance. Green lines show desired property cut offs of pEC50 > 6 and clearance <5 mL/min/g. Desired property space is 
coloured in green. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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The synthesis of compound 40 started from 1-(2-bromoethyl)-4- 
nitrobenzene, as shown in Scheme 5. Substitution of the bromo with tert- 
butyl piperazine-1-carboxylate to give 60 was followed by Boc depro-
tection and subsequent amide coupling with 3-chlorobenzoic acid to 
give 62. Nitro reduction using zinc and acetic acid afforded 63 which 
could then be reacted with 4-methoxybenzenesulfonyl chloride to give 
40. 

Compounds 41–46, synthesised to investigate changes to the central 
phenyl moiety, were afforded via routes exemplified in Schemes 6–8 or 
similar, depending on commercial availability of starting materials. 

Compound 41 was prepared as outlined in Scheme 6 starting from 
ethyl 5-amino-1,3,4-oxadiazole-2-carboxylate. Reaction with 4-methox-
ybenzenesulfonyl chloride to give 64 was followed by reduction of the 
ethyl ester moiety using LiAlH4. This afforded a mixture of aldehyde 65 
and the expected alcohol product. This mixture was used directly in a 
reductive amination reaction with 47 and yielded 41. 

The synthesis of compound 44 started from 5-nitropicolinaldehyde 
as shown in Scheme 7. Reductive amination with tert-butyl piperazine- 
1-carboxylate to give 66 was followed by zinc mediated nitro reduc-
tion to afford 67. Subsequent sulfonamide formation with 4- 

Scheme 1. Synthesis of varied sulphonamide compounds 1-9a 

aReagents and conditions: (a) NaBH(OAc)3, anh. MgSO4, DCM, rt, 5 h (b) 4 M HCl in dioxane, DCM, rt, 16 h (c) triethylamine, DCM, 0◦C-rt, 16 h or pyridine, 0◦C-rt, 
16 h 1Nitrogen linked directly to aromatic ring of core structure. 

Scheme 2. Synthesis of varied amide compounds 10–22 a 

aReagents and conditions: (a) DCM, rt, 16 h (b) TFA, DCM, rt, 20 h (c) T3P, triethylamine, DCM, rt, 5 h. 
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methoxybenzenesulfonyl chloride and Boc deprotection afforded amine 
69 which was then coupled to 3-chlorobenzoic acid yielding 44. 

Heterocyclic replacements for the phenyl moiety, 43 and 45 were 
prepared as shown in Scheme 8. Starting material 71 was commercially 
available but 70 had to be synthesised. Starting from methyl 5-bromo-
pyrimidine-2-carboxylate Buchwald coupling with benzophenone 
imine afforded 72 which could then be hydrolysed under acidic condi-
tions to afford the desired starting material 70. Sulfonamide formation 
to afford 73/74 was followed by reduction of the methyl ester to the 
alcohol using LiBH4 to give 75/76. The alcohol was converted to the 
benzyl halide using PBr3 to give 77/78, subsequent substitution of the 
halide with 47 afforded compounds 43 and 45. 

3. Conclusions 

Through a phenotypic screen, we have identified a compound series 
which shows good activity against T. cruzi. Despite numerous strategies 

to mitigate the metabolic instability of this series, no compound was 
identified which maintained the desired potency whilst reducing clear-
ance to suitable levels for in vivo studies. We have demonstrated that the 
strategies adopted including lowering logD, scoping out diversity and 
replacing particular metabollically labile groups can indeed improve 
intrinsic clearance. Also, the use of high-throughput plate-based chem-
istry proved an effective way to rapidly explore SAR. Unfortunately, in 
the case of this series, the changes which improved metabolic stability 
were associated with loss of potency against the target parasite. This is 
demonstrated in Fig. 6 which clearly illustrates there is no overlap in the 
ChromLogDpH7.4 space required to achieve potency and the Chrom-
LogDpH7.4 space required to achieve suitable clearance. 

Both the in vitro and in vivo profiles of compound 1 show that the 
mechanism of action is potentially suitable for developing a novel 
treatment for Chagas disease, although it proved challenging to progress 
this series. Establishing the molecular target and understanding how our 
compound interacts with this may provide a clearer route to optimising 

Scheme 3. Synthesis of piperazine replacement compound 37a 

aReagents and conditions: (a) NaBH(OAc)3, DCM, 0◦C-rt, 22 h (b) Zn, NH4Cl, THF:water, 0◦C-rt, 16 h (c) triethylamine, DCM, 0◦C-rt, 5 h (d) TFA, DCM, 0◦C-rt, 4 h (e) 
HATU, DIPEA, DCM, 0◦C-rt, 16 h. 

Scheme 4. Synthesis of piperazine replacement compound 39a 

aReagents and conditions: (a) Pd2(dba)3, XPhos, K3PO4, 1,4-dioxane, 100 ◦C, 16 h (b) NaBH(OAc)3, THF, rt, 3 h (c) 4 M HCl dioxane, MeOH, rt, 16 h (d) HOBt, EDC. 
HCl, triethylamine, DCM, rt, 18 h. 
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Scheme 5. Synthesis of piperazine replacement compound 40a 

aReagents and conditions: (a) K2CO3, MeCN, rt 16 h (b) 4 M HCl in dioxane, MeOH, rt, 24 h (c) HOBt, EDC.HCl, DIPEA, DCM, rt, 72 h (d) Zn, AcOH, DCM, rt, 2.5 h (e) 
DIPEA, DCM, 0◦C-rt, 16 h. 

Scheme 6. Synthesis of phenyl replacement compound 41a 

aReagents and conditions: (a) NaH, DMF, 0◦C-rt, 2 h (b) LiAlH4, THF, − 78 ◦C, 1 h (c) NaBH(OAc)3, anh. MgSO4, DCM, 0◦C-rt, 12 h. 

Scheme 7. Synthesis of phenyl replacement compound 44a 

aReagents and conditions: (a) NaBH(OAc)3, DCM, rt, 16 h (b) Zn, NH4Cl, THF:H20, rt, 24 h (c) pyridine, 0◦C-rt, 1 h (d) TFA, DCM, 0◦C-rt, 5 h (e) T3P, DIPEA, DCM, rt, 
16 h. 
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this compound series. 
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