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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 K, value that indicates if the compound is insoluble
then it cannot develop a toxicity prediction for aquatic organisms when the log K, is higher

than the limit (Table S1).

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

Organism

Fish (LCs¢?, 96 h) Daphnid (ECs,°, 48 h) Green algae (ECsp, 96 h)  ChVe®

5.0 5.0 6.4 8.0

Value reported in mg/L. °LCs,: concentration in water that kills 50% of organism in a continuous
exposure; "ECs: 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;
°ChV: chronic value, is a geometric average of NOEC (non-observed effect concentration) and LOEC

(lowest observed effect concentration).!

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.

Table S2. Classification of aquatic toxicity levels.

Aquatic toxicity levels

High Concern Moderate Concern Low Concern

Any of the 3 acute Any of the 3 acute values All 3 acute values are >100 mg/L, and all three chronic values
values are are between 1.0 mg/L and 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

LCso and ECsq 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.

MW
cmpd
(g/mol)
5 561.53
7 591.56

Organism
Fish Daphnid Green algae

solubility
LOg b d e

in water LCso LCso ECso
KOWa

(mg/mL) (mg/L) ChVve (mg/L) ChVe (mg/L) ChVve

(96 h) (48 h) (96 h)

4.64 0.03 1.95 0.254 1.41 0.271 2.88 1.30
4.73 0.02 1.73 0.228 1.27 0.249 2.67 1.22

aK % octanol—water partition coefficient; PLCsy: concentration in water that kills 50% of

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

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

dECs0: 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.
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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.> A key feature for
mitochondrial accumulation is the positive charge of molecules, which is drawn to the
negatively charged mitochondrial membrane potential.* 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.’ Therefore,
compounds exhibiting both positive charge and lipophilicity are more likely to accumulate

within mitochondria.®

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,” 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 A2 to 65.43 A2 with lower values being beneficial for membrane
permeability. Similarly, the hydrogen bond acceptor (HBA)/hydrogen bond donor (HBD)
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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 7. 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 analogues® 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.
MW n. TPSA
Cmpd Structure logP* HBA¢ HBD! RBf
(g/mol) AR (A2)e
@\/\/\/Br\/@
5 =
© 561.53 4 648 1 0 228 13
S o0
o’ B @
6 P®—© 619.57 4 6.32 3 0 49.12 15
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LDT74

LDT49

PMDg

SUR"

DA

Bz

AmBk

MIL!

294.39

266.38

340.42
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515.52

260.25

n.d.
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68.40
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10

10

22
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6

n.d.

20

an. AR: n. aromatic rings; Pconsensus logP; ‘HBA: H-bond acceptors; HBD: H-bond donors;

°TPSA: Topological Polar Surface Area; 'RB: rotatable bonds; $PMD: pentamidine; "SUR:

suramine; 'DA: diminazene aceturate; /Bz: beznidazole; *XAmB: amphotericin B; 'MIL:

miltefosine.

3. Chemistry

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

Scheme S1. Synthesis of CNSL-derived C8-mesylates (26-28)“
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R, Rz
/@[R1 R1 R1
a b
R3 Ci5H31.2n R3 C1s5H31.2n R3 7 OH
35:R;=H; R, = OCHg Rz = H 29: Ry =H; Ry = OCH3; R; = H
30: R1 = COOCH3, R2 = OCH3; R3 =H

Cardanols (1): Ry =H; R, =0OH; Rz =H
An. acids (3): Ry = COOH; R, =OH; R3=H  36: Ry = COOCH3; R, = OCHg; R3 = H
Cardols (2): R = H; R, = R3 = OH 37: Ry =H; R, =R3 = OCH,4 31: Ry = H; Ry = R3 = OCHj3

Rz
Ry

R3 7 OMs

26: Ry = H; R, = OCH3; Ry = H
27: Ry = COOCHj; R, = OH: Rs = H
28: R1 =H; R2 = OCHg; R3 = OCH3

@Reagents and conditions: (a) K,CO; and acetone; Mel, 110 °C, 24 h (66—80%); (b) 1) Os,

DCM/MeOH, 0 °C; 2) NaBHy, rt, 24 h (60—70%), (¢) methanesulfonyl chloride, TEA, DCM,

12 h, and rt (60-85%).
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4. Spectral copies of 'H, 3C NMR, 3'P NMR and HPLC-MS of final compounds 5 — 13

'H NMR, 3C NMR, 3P NMR, HPLC-MS chromatogram and HRMS of compound 5.
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Item name: BIM7_1ul Channel name: Time 0.1420 +/- 0.0072 minutes
Item description:
Component name: BIM7-Br
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'"H NMR, 3C NMR, 3'P NMR and HPLC-MS chromatogram of compound 6.
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'H NMR, 3C NMR, 3!'P NMR, HPLC-MS chromatogram and HRMS of compound 7.
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Item name: MB7_0.1ul Channel name: Time 0.0646 +/- 0.0212 minutes
Item description:

Component name: MB7-Br
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'H NMR, 3C NMR, 3!'P NMR and HPLC-MS chromatogram of compound 10.
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'H NMR, 3C NMR, 3!'P NMR and HPLC-MS chromatogram of compound 11.
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'H NMR, 3C NMR, 3!'P NMR and HPLC-MS chromatogram of compound 13.
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5. Spectral copies of 'H, 13C NMR and HPLC-MS of final compounds 14 — 25.

'H NMR, 3C NMR and HPLC-MS chromatogram of compound 14.
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Auto-Scaled Chromatogram
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"H NMR, '*C NMR and HPLC-MS chromatogram of compound 15.
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Auto-Scaled Chromatogram
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'H NMR, 3C NMR and HPLC-MS chromatogram of compound 16.

600

550

500

450

400

350

300

250

200

150

100

50

0

F-50

€ET
SE'T
8ET

S5'T
ST
65T
19T
€91
[tox4
we
€0z
w0'Z

08'Z—
Nm,m\-
bS'Z

9%
9 VW
9

Fialy

[==]
|
Bl

Foes
Faoe

Feoe

F0t

=185

=00t

it

Feet
=80

=89l

T T T
105 100 95

T

115 110

85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 00

9.0

f1 (ppm)

1700

1600

1500

1400

1300

1200

r1100

1000

900

800

700

600

500

400

300

200

r100
ro
r-100

60°LT

6667
60 Dmv
9z 0e
9€ZE
b'TE
£l ,mm\

E9'S5S—

L0E9—

6b'86—

o' L0T—
6k 62T —
T6'SpT
9Z' 9T W
€891

0z'zoT—

il

60

80

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110
1 (ppm)

T
210

220

S36



Auto-Scaled Chromatogram
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'H NMR, 3C NMR and HPLC-MS chromatogram of compound 17.

350

r300

250
200
ri50
-100
F50
o

1€7T
ET
SET
9T
8E'T
%57
851
091
91
T
S6'T
96'T
867
00z
w0
¥s'Z

- 14
g

8s'Z
mm,m\
89

DQO

D (m)
745
C (tdd)
6.72
|
1 ﬁ

Feos
Fzoz

Fe61

00T
887

=paT

o961

69t

=160

st

981

0.0

r9o

80

r70

60

50

40

r30

r20

rio

o

0.5

1.0

SETEIN

Piogta
8562
80°0€
90
IEZE
14y mm“.

Nm.um\

25 20

3.0

bS5 —

35

arie—

4.5

5.0

5.5

6.0
1 (ppm)

6T —
SUSIT—

T
6.5

og1cI—

7.0

06621
mﬁdmav

L < 8 PhI~
L ar 5T~

[284: 19
134 Hwﬂv

Bre

o)

NS

=

20

40

60

70

T
100

T
120

T
200

T
210

f1 (ppm)

S38



Auto-Scaled Chromatogram
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'H NMR, 3C NMR and HPLC-MS chromatogram of compound 18.
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Auto-Scaled Chromatogram
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'H NMR, 3C NMR and HPLC-MS chromatogram of compound 19.
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Auto-Scaled Chromatogram
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'H NMR, 3C NMR and HPLC-MS chromatogram of compound 20.
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Auto-Scaled Chromatogram
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"H NMR, '*C NMR and HPLC-MS chromatogram of compound 21.
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Auto-Scaled Chromatogram
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'H NMR and *C NMR of compound 22.
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"H NMR, '*C NMR and HPLC-MS chromatogram of compound 23
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Auto-Scaled Chromatogram
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'H NMR, 3C NMR and HPLC-MS chromatogram of compound 24.
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Auto-Scaled Chromatogram
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'H NMR, 3C NMR and HPLC-MS chromatogram of compound 25.
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Auto-Scaled Chromatogram
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