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1. Preliminary Aquatic Toxicity Prediction Using ECOSAR v2.2

This model estimates if acute and chronic toxicity of a chemical to aquatic organisms, including 

fish, aquatic invertebrates, and aquatic plants, using predictive SAR software. 

Aquatic toxicity prediction was carried out as a preliminary assessment of the compounds. 

ECOSAR includes a maximum for the log Kow value that indicates if the compound is insoluble 

then it cannot develop a toxicity prediction for aquatic organisms when the log Kow is higher 

than the limit (Table S1).

Table S1. Maximum limit of logow value for aquatic toxicity parameters in ECOSAR v2.2.

Organism

Fish (LC50
a, 96 h) Daphnid (EC50

b, 48 h) Green algae (EC50, 96 h) ChVc

5.0 5.0 6.4 8.0

Value reported in mg/L. aLC50: concentration in water that kills 50% of organism in a continuous 

exposure; bEC50: concentration that gives decreases of growth of 50% of algae, or results in 50% 

immobilization (a surrogate for mortality) in Daphnids relative to the control in continuous exposure; 

cChV: chronic value, is a geometric average of NOEC (non-observed effect concentration) and LOEC 

(lowest observed effect concentration).1 

The program also includes classification of toxicity cutoff values (Table S2) that are used by 

the United States Environmental Protection Agency (US EPA), which consists of high, 

moderate, and low concern, assessed from the acute and chronic toxicity parameter.2

Table S2. Classification of aquatic toxicity levels.

Aquatic toxicity levels 

High Concern Moderate Concern Low Concern

Any of the 3 acute 
values are 

Any of the 3 acute values 
are between 1.0 mg/L and 

All 3 acute values are >100 mg/L, and all three chronic values 
are >10.0 mg/L, or there are “No Effects at Saturation” (or 
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< 1.0 mg/L, or any of 
the chronic values 
are < 0.1 mg/L

100 mg/L, OR any of the 
chronic values are between 
0.1 mg/L and 10.0 mg/L

NES). NES occurs when a chemical is not soluble enough to 
reach the effect concentration, i.e., the water solubility is lower 
than an effect concentration, or, for liquids, when Kow criteria 
are exceeded for an endpoint. For solids, NES is expected if 
Kow exceeds the specific SAR Kow cutoffs, or the effective 
concentration is more than one order of magnitude (> 10 X) less 
than water solubility.

The toxicity prediction results (Table S3) indicated that the compounds 5 and 7 presents 

LC50 and EC50 values between 1.0 mg/L and 100 mg/L and ChV value comprises between 0.1 

mg/L and 10 mg/L. Based on these results, both compounds can be considered as “moderate 

concern” toxicity level according to EPA classification.  

Table S3. Results of prediction of aquatic toxicity for compounds 5 and 7 using ECOSAR v2.2. 

Organism

Fish Daphnid Green algae

cmpd
MW 

(g/mol)

Log 

Kow
a

solubility 

in water 

(mg/mL)

LC50
b
 

(mg/L) 

(96 h)

ChVc

LC50
d
 

(mg/L) 

(48 h)

ChVc

EC50
e 

(mg/L) 

(96 h)

ChVc

5 561.53 4.64 0.03 1.95 0.254 1.41 0.271 2.88 1.30

7 591.56 4.73 0.02 1.73 0.228 1.27 0.249 2.67 1.22

aKow
a: octanol−water partition coefficient; bLC50: concentration in water that kills 50% of 

organism in a continuous exposure; cChV: chronic value, is a geometric average of NOEC (non-

observed effect concentration) and LOEC (lowest observed effect concentration) (EPA, 2013); 

dEC50: concentration that gives decreases of growth of 50% of algae, or results in 50% 

immobilization (a surrogate for mortality) in Daphnids relative to the control in continuous 

exposure.



S6

2. In silico physicochemical descriptors calculation

The design of new drug candidates for NTDs is inherently challenging, requiring a 

careful balance between optimizing target selectivity and pharmacokinetic properties. In this 

context, targeting the mitochondria presents a promising strategy, as these organelles possess 

unique features that can be leveraged to enhance drug accumulation. Compounds 5–25 have 

been specifically designed to target mitochondria, incorporating key elements to facilitate 

selective mitochondrial accumulation. Mitochondrial targeting compounds must navigate 

multiple cellular membranes to reach their destination, necessitating molecules with certain 

physicochemical characteristics that enable them to cross these barriers.3 A key feature for 

mitochondrial accumulation is the positive charge of molecules, which is drawn to the 

negatively charged mitochondrial membrane potential.4 However, to penetrate the 

mitochondrial matrix, molecules must also exhibit sufficient lipophilicity, as the inner 

mitochondrial membrane is highly lipophilic due to its cardiolipin content.5 Therefore, 

compounds exhibiting both positive charge and lipophilicity are more likely to accumulate 

within mitochondria.6

To rationalize the physicochemical properties of the CNSL-derived compounds 5–25, 

key molecular descriptors were calculated using SwissADME (http://www.swissadme.ch/) as 

open-access tool. Specifically, selected structural 2D descriptors for lipophilicity (aromatic 

rings,7 logP), polarity (TPSA, HBD/HBA) and flexibility (rotatable bond) were calculated for 

5–25 and reference compounds (Table S4). The logP values of these compounds, ranging from 

2.32 to 9.15, suggest favourable lipophilicity, particularly for compound 5–10, which are 

expected to easily permeate biological membranes, including the mitochondrial membranes. 

The topological polar surface area (TPSA) values, which reflect the polarity of the compounds, 

ranged from 13.11 Å² to 65.43 Å², with lower values being beneficial for membrane 

permeability. Similarly, the hydrogen bond acceptor (HBA)/hydrogen bond donor (HBD) 

http://www.swissadme.ch/
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descriptors and the rotatable bond count (13–15) highlight the molecular flexibility of the 

compounds, which is critical for conformational adaptability and membrane interaction. 

However, while high lipophilicity aids in mitochondrial accumulation, it also brings 

potential challenges related to solubility and bioavailability, which must be considered during 

further optimization. For instance, lipophilicity of compounds 11–13 is extremely high. These 

descriptors provide valuable insights into the drug-likeness of the compounds, focusing on 

properties critical for predicting membrane permeability, solubility, and overall bioavailability, 

all of which are key factors for drug efficacy, especially when targeting the mitochondria of 

parasites and possibly penetrating the BBB in the case of CNS involvement in T. brucei second-

stage infections. 

Finally, regarding potential concerns about the metabolic stability of the anacardic acid 

methyl ester derivatives 6, 9, 12, 15, 18, 21, and 24, previous experiments with CNSL methyl 

ester analogues8 showed no decomposition over a 6-hour period. These findings suggest that 

the methyl esters in the current series are also likely to be similarly metabolically stable.

Table S4. Predicted in silico physicochemical descriptors for compounds 5–25 and reference 

compounds. 

Cmpd Structure
MW 

(g/mol)

n. 

ARa
logPb HBAc HBDd

TPSA

(Å²)e
RBf

5

O

P

Br

561.53 4 6.48 1 0 22.82 13

6

O

P

O

O

Br

619.57 4 6.32 3 0 49.12 15
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7

O

O P

Br

591.56 4 6.47 2 0 32.05 14

8

O

P

NBr

562.52 4 5.81 2 0 35.71 13

9

O

P

O

O

NBr

620.56 4 5.74 4 0 62.01 15

10

O

O P

N
Br

592.55 4 5.75 3 0 44.94 14

11

O

P

Br

711.71 7 9.11 1 0 22.82 13

12

O

P

O

O

Br

769.74 7 8.98 3 0 49.12 15

13

O

O P

Br

741.73 7 9.05 2 0 32.05 14

14 N

O
Br

378.35 2 2.94 1 0 13.11 10

15 N

O

O

O

Br 436.38 2 3.01 3 0 39.41 10
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16 N

O
Br

O
408.37 2 2.93 2 0 22.34 10

17 N

O
Br

392.37 2 3.23 1 0 13.11 10

18 N

O

O

O
Br 450.41 2 3.21 3 0 39.41 12

19 N

O
Br

O
422.40 2 3.24 2 0 22.34 11

20 N

O
Br

N

381.35 2 2.32 1 0 18.04 10

21 N

O
Br

N

O

O

439.39 2 2.46 3 0 44.34 12

22 N

O
Br

N
O

411.38 2 2.34 2 0 27.27 11

23 N

NH2

O
Br

393.36 2 2.33 1 1 39.13 10

24 N

O

NH2

O

O Br

451.40 2 2.32 3 1 65.43 12

25 N

O

NH2

Br

O
423.39 2 2.30 2 1 48.36 11

LDT72

O

OH

236.35 1 3.75 2 1 29.46 9
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LDT74

O

OH

O

O

294.39 1 3.68 4 1 55.76 11

LDT49

0

O

OHO

266.38 1 3.67 3 1 38.69 10

PMDg 340.42 2 2.72 4 4
118.2

0
10

SURh 1297.28 8 2.59 23 12
534.0

3
22

DAi 515.52 2 0.90 19 9
269.2

9
11

Bzj 260.25 2 0.49 4 1 92.74 6

AmBk n.d. n.d. n.d. n.d. n.d. n.d. n.d.

MILl 407.57 0 3.35 4 0 68.40 20

an. AR: n. aromatic rings; bconsensus logP; cHBA: H-bond acceptors; dHBD: H-bond donors; 

eTPSA: Topological Polar Surface Area; fRB: rotatable bonds; gPMD: pentamidine; hSUR: 

suramine; iDA: diminazene aceturate; jBz: beznidazole; kAmB: amphotericin B; lMIL: 

miltefosine. 

3. Chemistry

3.1 Synthesis of CNSL-derived C8-mesylates (26 – 28)

Scheme S1. Synthesis of CNSL-derived C8-mesylates (26-28)a
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aReagents and conditions: (a) K2CO3 and acetone; MeI, 110 °C, 24 h (66−80%); (b) 1) O3, 

DCM/MeOH, 0 °C; 2) NaBH4, rt, 24 h (60−70%), (c) methanesulfonyl chloride, TEA, DCM, 

12 h, and rt (60–85%).

R2
R1

C15H31-2nR3

a

R2
R1

C15H31-2nR3

b

R2
R1

R3 OH7

29: R1 = H; R2 = OCH3; R3 = H
30: R1 = COOCH3; R2 = OCH3; R3 = H
31: R1 = H; R2 = R3 = OCH3

Cardanols (1): R1 = H; R2 = OH; R3 = H
An. acids (3): R1 = COOH; R2 = OH; R3 = H
Cardols (2): R1 = H; R2 = R3 = OH

35: R1 = H; R2 = OCH3; R3 = H
36: R1 = COOCH3; R2 = OCH3; R3 = H
37: R1 = H; R2 = R3 = OCH3

R2
R1

R3 OMs7

26: R1 = H; R2 = OCH3; R3 = H
27: R1 = COOCH3; R2 = OH; R3 = H
28: R1 = H; R2 = OCH3; R3 = OCH3

c
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4. Spectral copies of 1H, 13C NMR, 31P NMR and HPLC-MS of final compounds 5 – 13

1H NMR, 13C NMR, 31P NMR, HPLC-MS chromatogram and HRMS of compound 5.
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1H NMR, 13C NMR, 31P NMR and HPLC-MS chromatogram of compound 6.
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1H NMR, 13C NMR, 31P NMR, HPLC-MS chromatogram and HRMS of compound 7.

DCM
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1H NMR, 13C NMR, 31P NMR and HPLC-MS chromatogram of compound 8.
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1H NMR, 13C NMR, 31P NMR and HPLC-MS chromatogram of compound 9.
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1H NMR, 13C NMR, 31P NMR and HPLC-MS chromatogram of compound 10.
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1H NMR, 13C NMR, 31P NMR and HPLC-MS chromatogram of compound 11.

DCM
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1H NMR, 13C NMR, 31P NMR and HPLC-MS chromatogram of compound 12.

DCM
acetone

ACN

D2O
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1H NMR, 13C NMR, 31P NMR and HPLC-MS chromatogram of compound 13.

D2O
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5. Spectral copies of 1H, 13C NMR and HPLC-MS of final compounds 14 – 25.

1H NMR, 13C NMR and HPLC-MS chromatogram of compound 14.

DCM

D2O
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1H NMR, 13C NMR and HPLC-MS chromatogram of compound 15.

D2O
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1H NMR, 13C NMR and HPLC-MS chromatogram of compound 16.

D2O
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1H NMR, 13C NMR and HPLC-MS chromatogram of compound 17.

D2O
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1H NMR, 13C NMR and HPLC-MS chromatogram of compound 18.

D2O
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1H NMR, 13C NMR and HPLC-MS chromatogram of compound 19.
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1H NMR, 13C NMR and HPLC-MS chromatogram of compound 20.

DCM
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1H NMR, 13C NMR and HPLC-MS chromatogram of compound 21.
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1H NMR and 13C NMR of compound 22.
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1H NMR, 13C NMR and HPLC-MS chromatogram of compound 23

.

DCM

EtOAc

EtOAcEtOAc

D2O
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1H NMR, 13C NMR and HPLC-MS chromatogram of compound 24.

D2O

DCM
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1H NMR, 13C NMR and HPLC-MS chromatogram of compound 25.

D2O
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