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Introduction: Malaria

‘Plasmodium falciparum
MALARIA Pvivax, P. malariae,

\ P. ovale, P. knowlesi

Anopheles mosquito

Fever, headache, anaemia
Liver and red blood
cells infection

WHO, Malaria Report 2021

262 m cases in 2000
219 m casesin 2017
241 m cases in 2020

839, 000 deaths in 2000
558,000 deaths in 2019,
627,000 deaths in 2020
77% children under 5 years



Introduction: Anopheles resistance

The effectiveness of insecticide-based vector control is threatened as malaria mosquitoes develop resistance to the
insecticides used in ITNs (insecticide-treated mosquito net) and IRS (indoor residual spraying).

S

Resistance status

Possible resistance |:| Control |:| Pre-elimination l:l Elimination |:| Prevention of reintroduction
® Susceptible [ | Not endemic or no ongoing malaria transmission B o applicable

® Confirmed resistance

Reported pyrethroid resistance status of malaria vectors.
World Malaria Report WHO



Introduction: Antimalarial Drugs

iy S .
| S Artemisinine -
Confirmed malaria cases per 1000 population - Resistance
B -0 [ w50 [ ] 01 | Noongoing malaria transmission
B so-wo | 1-10 | o000 " Motapplicable Source: National malaria control programme reports

Quinine (1632) Chloroquine Proguanil Phirymethamine Mefloquine Atovaquone ACT (1990)
R:1910 (1945) R: 1957 (1948) R: 1949 (1967) R: 1967 (1977) R: 1982 (1996) R: 1996 R: 2009

World Malaria Report 2018, WHO



Introduction: Macrocyclic Natural Products

= O = 0
O/{?')LN s O/:\?)LN
LN A A N'ﬁ
H
P~NH HN X0 PNH N0 Aerucyclamides isolated from Mycrocistis aeruginosa
L-Il N N . .. . -
© 0%?[ ?ﬁi\/\ L-lle OJ\E%\:/\ Hexacyclopeptides alternanting in hydrofobic and hydrofilic
= S =
D-Cys D-allo-lle D-allo-lle . .
Aerucyclamide A Aerucyclamide B (Ser, Thr, Cys) aminoacids.
- 0 - o The polar AA are heterocyclized to form oxazole or thiazole
o N ' 0
H NI /

1
' i o/ﬁ)LN/ﬁT ° rings or their reduced derivatives
XL A o
NH  uN"So

e Aerucyclamide B: submicromolar IC,, value against

N N Plasmodium falciparum K1 (0.7 uM)
O Q o) Q
A HOL S\
Aerucyclamide C e Non toxic for L6 rat myoblasts

Aerucyclamide D

a)Portmann, C.; Blom, J. F.; Gademann, K.; Juttner, F. J. Nat. Prod. 2008, 71, 1193. b) Portmann, C.; Blom, J. F.; Kaiser, M.; Brun, R.; Jittner, F.;
Gademann, K. J. Nat. Prod. 2008, 71, 1891



First Serie of Analogues: Retrosynthesis

R4
AN X
0/_'?)]\0'? BocHN)\||//
H@ f N
R/tNHBoc N
R (@

O
L-Ser, L-Thr, L allo-Thr + L-Ser, Gly, L-lle

L-lle, L-Ala or L-Phe

Doctoral Thesis: Stella Peha
L-Ser+ L-lle or D-allo-lle or L-Met



Synthesis of Building Blocks: Oxazoles

L-Ser: R, =H
L-Thr: R2 = CH3

HO__R,
H
. Meo\n;ENHz He| Ro_OH 1. DAST. OMe
O 2Clz, N
BocHN\g)LOH _ BOCHN\E)LN OMe 78°C. 1. BoCHN - L ~R,
R, HBTU, DMAP, R, H O 2. K,COa, i
L-Ala: R, = CHy DIPEA, CH,Cly, e o RT 1

Gly: Ry =H
L-lle: R1 = (S)'CHCH3CH2CH3

RT, 12 h.

R1 =CH3, R2=H,75% R1 =CH3, R2=H,70%
Ry=H,R;=H, 80 % Ry=H,R;=H, 23 %
Rq = (S)-CH(CH3)CH,CH3 R, =H, 98 % R4= (S)-CHCH3CH>CH3 R> = H, 92 %
R1 = (S)-CH(CH3)CHCH3 R> = CH3 80 %
R4 = CH3’ R, = H, 60 %
Brg(H:I3é?BU Ry = Hy, Ry = H, 40 %
1. DAST, CH,Cl,, -78 °C, 1 h. 22 R4 = (S)-CHCH3CH,CH3.
2. BrCClz/DBU, CH,Cl,, =20 °C, 1 h. Rz =H, 84 %
-20°C a TA, 12 h.
R, = CHs R, = H, 80 % QO
! S ° OMe
R1=H,R2=H,38%
R1 = (S)—CHCH3CH20H3’ R2 = H, 70 % N \ DQFST
R1 = (S)-CHCH3CH,CHs R, = CH3z 72 % I >F3
1 =(S) 3CH2CH3, R> 3, BocHN _ o R, _n
g SF,
U
R1 \O/\/N\/\O
Deoxo-Fluor

Doctoral Thesis: Stella Pena




Synthesis of Building Blocks: Thiazoles

R=CH; 73 %

o R = (S)-CHCH;CH,CH; 85 % o
OMe OMe
H,S OH 1. DAST, CH,Cl,,
N RT, 10 min. = 78 °C, 1 h. N
BocHN IO - BocHN\_)LN OMe >~ BocHN g s
F 5 H o 2. K;COg, = o
R R .78 °C to RT 65 %
1- D%ASS;I'(,: C1HﬁCI2 BrCCls/DBU,
2 _BrCCly/DBU o CH2C|12,;]20 °C,
0°C to RT :
OMe O
N‘? OMe
1\ N
BocHN~¢S BocHN 7\
~ S
98 % = 80 %
o)
1 CI)J\O/\CCI 7 R OEt
0 DIPEA/NH /TT—IF \)SL Br/\n)J\OEt BocHN N—\gL
3 aq BocHN O ocC /
BocHN\)LOH - NH, _ \/kS
2. Lawesson’s R. 62% Py, EtOH, reflux 65%

THF, reflux

Tesis Doctoral: Stella Pena



Coupling Reactions: Bis-Heterocycles

R1 R1
BocHN ] KOH aq/THF BocHN ,
N 4 - N_ /4 — R4
TA - 16 h. BocHN
MeO~ ~O HO™ O '\
R,=H,X;=S HBTU/DIPEA
R1 = (S)-CH(CH3)CH2CH3, X1 =0 - HN
R, =CHj3 X; =0 0°C a TA
CH,CIl, - 16 h N ‘I—I z
OMe  NHBoc OMe  NH,.HCI —\
. X
@) N HCI(g)/Dioxano N 2 ] MeOZC’K\/ 2
\ VAL - 97T\ >R
X5 = TA -2 h. X5 = R;=H,X,;=S,X,=0 65%
R1=H,X1=X2=S 65 %
X, =068 R, = (S)-CH(CH3)CH,CH3; X, =X, =0, 80 %

a) Peiia, S.; Scarone, L.; Manta, E.; Stewart, L.; Yardley, V.; Croft, S.; Serra, G. Bioorg.
Medeiros, A.; Manta, E.; Comini, M.; Serra, G. Med. Chem. Comm. 2012, 3, 1443.

R1=CH3,X1=X2=0,55%

Med. Chem. Lett. 2012, 22, 4994. b)Peiia, S.; Scarone L;



Coupling Reactions: Tris-Heterocycles

OMe  NHBoc OMe  NH,.HCI
OéiN>/‘\/\ HCI(g)/Dioxano O N T

H = L \\ 2 =
@) 2 TA - 2 h. R @) H 2
2

HBTU/DIPEA AN Nf
~ H
CH,CI, - 16 h
R, R, 2C1o O)\EN
BocHN)\W BocHN)\\T
N4 N 7/
i KOH aq/THF i R,
(@) = @) R4

H,R2=H,X1=S,X2=O,55%

] =H,R;=CHj3 X;=X,=8,52%
OMe HN TA - 16 h. OH HN Ri=H,R,=H,X;=X,=8, 55%
AT S LT R; = (S)-Er(eHICH;EH, R, = R
z z X, =X,=0,55%
O \ X2 O \ x2 1 2

a) Peiia, S.; Scarone, L.; Manta, E.; Stewart, L.; Yardley, V.; Croft, S.; Serra, G. Bioorg. Med. Chem. Lett. 2012, 22, 4994. b)Pefia, S.; Scarone L.;
Medeiros, A.; Manta, E.; Comini, M.; Serra, G. Med. Chem. Comm. 2012, 3, 1443.



Coupling Reactions: Macrocycles

X
1]
O =N N/ i) KOH aq/THF 4 =N H N
H ) NH N - ||)HCI(g)/D|oxano> 4 NH HN o

N i) HBTU/DIPEA N
© \ 4 CH,Cl, © \)‘( & =
X2 = 0°C to RT > ' E
3 d.
R1=H, R2=H,X1=S,X2=0,40°/o
Ry=H,R,=CH; X, =X,=S, 60 %
R1=H,R2=H,X1=X2=S,44°A)
R, = (S)-CH(CH3)CH,CH3; R, = H, X, =X, = O, 60 %

a)Peiia, S.; Scarone, L.; Manta, E.; Stewart, L.; Yardley, V.; Croft, S.; Serra, G. Bioorg. Med. Chem. Lett. 2012, 22, 4994. b) Pefia, S.; Scarone L.;
Medeiros, A.; Manta, E.; Comini, M.; Serra, G. Med. Chem. Comm. 2012, 3, 1443.



Thesis: Stella Pena

Biological Evaluation

. /'\)\N S P.f.K1 ECsy= 0.19 pM
influence of the H H/\rﬁ o
0

SI> 526
P.f.K1 ECsy= 0.18 uM P.f. KIEC4= 1.69 uM azole rings in the '

NH
SI > 556 = "NH
o - - e e, ? H
)3)(1 NHB biological activities O)\_/NH\”/H/\
o7 N OMe I 3 "
=N H Y \ O
A‘/E i Art i o
NH
N
O%\E\
S
o o ¥
. BuO (@)
O/\)kN s /\r, Bug 2 5 HOOCV\HJ\ MN 0
" N HN O<__NH HN
N AR o @J f '
O \ \>)\é/\ O%\C?/A\E/\ NH H HN 0] H\[H
o)

g H

T TrtS
P.f. K1 EC5= 0.62 M P.f. K1 ECg= 0.18 uM Trts " r
SI=88
Sl > 500 Pf. K1 P.f.K1 P.f.K1
ECso= 0.19 pM ECso- 0.46 UM ECso- 28 nM
SI > 1063 S| > 6200 SI > 8900

EC;, Chloroquine (P. falciparum K1)= 0.84 uM. EC.,Artemisinin (P.falciparum K1)= 0.03 uM

a) Pefia, S.; Fagundez, C.; Medeiros, A.; Comini, M.; Scarone, L.; Sellanes, D.; Manta, E.; Tulla-Puche, J.; Albericio, F.; Stewart, L.
Yardley, V.; Serra, G Med. Chem. Commun. 2014, 5, 1309. b) Fagundez, C.; Sellanes, D.; Serra, G. ACS Comb. Sci. 2018, 20, 212.



Macrocycles: Physicochemical Barriers, Hydrocarbon Lipophilicity and Permeability

Cyclopeptides: adopt bioactive conformations
selectivity to the receptors
metabolic stability
High MW - increased burden to maintain lipophilicity and aq. solubility

Cyclopeptides: Molecular Chameleons

* Simple model of passive permeation

H O H H,O*H oM HOs, Hp—H
H O': H H O': (\_-\\
< H—d | /'\/ 0: 0 I\IIIe H_d | “
s \)\ _o \)L y \)\ o
2 O‘H‘N Sle N N E oI O‘H‘N :';e N_ ross E o | f
3 T e M l me '\ ot %0\ T e l E E—) mportance o
e . e % .
B Y N' IYIe N\H (o) \E )l()YE W NI |Y|e N\H\O“ L||'| N-methylatlon
h N . \\\‘ '}l N 0"' .
3 i | 0" ve | o g T U - for valuable properties
., F H S . Y
“w Mo "o Ty @
H 0-H H O-H
EXTRACELLULAR INTRAMEMBRANE INTRACELLULAR

Synthesis of cyclopeptides containing N-methyl amino acids to improve physicochemical properties and antimalarial activity



Synthesis: SPPS and Solution Macrocyclization

1) Fmoc-AA-OH (3,0 eq);

HBTU (3,0 eq)/DIPEA (6,0 eq); or
HCTU (3,0 eq)/DIPEA (6,0 eq); or
DIC/CI-HOBt (3,0 eq), DMF, rt.

NHR,
Q 1) DIPEA (10,0 eq), DCM, o ( o > /UI \nﬂ \H/\N TH
Cl NHFmoc  1h, T. amb. O\ 2) Piperidine 20%,DMF
Qe - QA

Ra 2) MeOH, DIPEA, DCM 3) TFA 1%/DCM

- Ra
2-CTC (2,0 eq) 3) Piperidine 20% en DMF HBTU or HATU 1-10 mM
o DMAP (cat), 41-77% Yield
0 o ] o t . /\I¢O DIPEA , 24t072h
PRI A" “BuO" N DCM, rt.
WO TN T ot |l
o e T T T T
NH |, HNTTO NT , HNTTo
T A
Ts” 2 © s~ 3 © s STrt
Pf. K1 and 3D7 Pf. K1 and 3D7 P.f. K1and 3D7 R Ro Re R CHa or H
ECso- 8 and 3.8 nM ECg,-0.008 and 0.25nM  ECs;_ 0.04 and 1.0 nM 12 e R M8 OF
SI>12000 SI>1000000 S| > 2500000 n=0or 1
O tBu0 O

oBu®
By O o)
B gﬁNﬁLN/:NI// . . \NiLN/:Nf % o ‘
TN/ \Nro @NH \Nfosm Q‘(_N HN%Asm EC,, Artemisinin (Pfalciparum K1)= 30 nM MNYO
o H\ﬂ) o N o STrt o NH T HN
i I T rsm

THS™ 5 THS” 6 7
Pf.K1 NH ., HN o
Pf. K1 and 3D7 Pf K1and 3D7 ot K1 ECq,. 28 M Hf
ECg-0.13and1.4 "M EC,;_9.0 and 1.8 nM EC.. 150 nM ©
Sl > 800000 S| > 10000 S0 2

TrtS

Fagundez, C.; Sellanes, D.; Pefia, S.; Scarone, L.; Aguiar, A. C. C.; de Souza, J.; Guido, R. V. C.; Stewart, L.; Yardley, V.; Ottilie, S.; Winzeler, E. A,;
Gamo, F-J; Sanz, L. M.; Serra, G. L. ACS Med. Chem. Lett. 2019, 10, 137.



Synthesis: SPPS and on resin macrocyclization

Fmoc-AA-OH;
; o o 4 o 4 0
0 i) HBTU /DIPEA; Piperidine N N
0 0 ii) HCTU/DIPEA; 20%, DMF Allylo TN TON
O/C' AllylO NHFmoc O\ or iii) DIC/CI-HOB, 0 R, O R,
* 0 OAllyl  DMFt STrt
1) DIPEA, DCM 0o
NHFmoc
Resin 2) MeOH, DIPEA, DCM O
2-CTC O~ OH
Pd(PPhs),, Piperidine 10%,
THF, 2 h
HOOC o
0
NH,R;

0 o)
MTY Q.
HN o 0 oy o 4 o 4
0 NH R STt N H H H
T Ry Ra g OsNH R, HN DIC/CI-HOBt, DMAP, HO 3 ON YN

N TFA 1% DCM T R STrt DMF:DCM, rt, 18-24 h 0 R, 0 R, L O
4 R3\ STrt

oo

N H
N -
o f L g
(0]

8: R1= CH3, Rz, R3= H, 51%
HO O

9: Ry, Ry= CHg, Ry= H, 54%
. = 0
10: Ry, Ry, Ry= CHj, 70% Ho o HO o

EC;, Artemisinin (P.falciparum K1)= 30 nM
TrtS 8 TrtS 9 TS 10
Pf. K1 Pf. K1 Pf. K1 and 3D7 Pf.K1
ECeo. 5400 nM ECso- 210 nM ECsp. 0.2 and 12 nM ECsp. 28 nM
SI>480 S| > 20000

Fagundez, C.; Sellanes, D.; Pefia, S.; Scarone, L.; Aguiar, A. C. C.; de Souza, J.; Guido, R. V. C.; Stewart, L.; Yardley, V.; Ottilie, S.; Winzeler, E. A.;
Gamo, F-J; Sanz, L. M.; Serra, G. L. ACS Med. Chem. Lett. 2019, 10, 137.




Physicochemical Properties and Biological Evaluation

L 1 JOF

Killing rate assay

100 —Cyclop. 4 Medicines for Malaria Venture

90

80
= 70 = Cyclop. 6 ]
£ 60 Effects over parasite
g 50 T
S 20 Artesunate viability comparable
A 30 )

20 Chloroquine to slow agents.

10

0 = Pyremethamine
0 24 48

Time (h)

impair pyrimidine
biosynthesis

= Atovaquone

PAMPA Artificial_Permeability Assay

1-2% lipid |, oo
n-dodecane Quantify both LOd D’ SOIUbIIIty
layers
1-2% lipid |.* ’
porous PVDF
membrane T ACCEPTOR
9
—o—Cyclop. 3 i i
7 =) /n vivo efficacy
g 5 =0—Cyclop. 10
g 3 Tmax Cmax
% . Chloroquine (hr) (ng/mL)
ST, T et 2.00 61.1
treated ° :

Days after infection

e

(hr*ng/mL)  (hr*ng/mL)

EC;,=0.018 and 0.335 uM
(4 and 6) in liver stage of

(0] (0]
N N )
| ersm @\ojLNH | HNrSTn the rodent Plasmodium
INNIN) NH N No

S

berghei.

4

Prophylactic potential

Compound 3:
Pharmacokinetic parameters
oral administration (mice).

Fagundez, C.; Sellanes, D.; Pefia, S.; Scarone, L.; Aguiar, A. C. C.; de Souza, J.; Guido, R. V. C,; Stewart, L.; Yardley, V.; Ottilie, S.; Winzeler,

E. A.; Gamo, F-J; Sanz, L. M.; Serra, G. L. ACS Med. Chem. Lett. 2019, 10, 137.



Approach to the Mechanism of Action: Metabolomic Studies

L 1 JOF

Medicines for Malaria Venture

Target Identification: Plasmodium parasites were incubated during 18 months with
cyclopeptides 4 and 6. It was not observed any IC50 shift, therefore the parasites dit not
generate resistance . The compounds were classified as “irresistibles”

MetaPrint Map Metabolomic Studies
»

1,4y 6 decrease of peptides and hemoglobine

3D7 IC50’s:  catabolism

1: 47 nM L
3 025nm * 1,4 and 6 decrease Pyrimidine Precursors

4:1.0 nM :
6:1.8nm °* 1: decreases of nucleobases and metabolites of TCA

Metabolite Enrichment

mam TCA/Glycolysis Folate Biosynthesis
Amino Acids BN Peptides

mmm Pyrimidine Precursors mmm Deoxynucleotides/Nucleobases



Synthesis: SPPS and on-resin macrocyclization by Native Chemical Ligation

T

_ m
s J/\;Trt i) Piperidine/NMP
H->N peptide
Tl %TFA/D M 2 -
FmOCHNW OII) S 50 % /DC
iii) urea, AcOH,
CH3;CN/H,0 L
N—-S

i) Deprotection:

20% Pip/NMP

ii) Coupling:HBTU/ DIPEA
or HATU/ DIPEA

Trt
i) Fmoc-AA-NEt-Cys(Trt)
OxymaPure/DIC

. or OxymaPure/ DIC
Dichloroethylene

NH» .
O ii) Capping: Ac,0, DIPEA/ NMP R, O Fr::g:g;is
Amino-PEGA Resin
N O ~
O« _N._H an SH O
j I; " Sto N acyl .mNH, glyecalll\f:;l:n-
s
R °N R R\N . migration s
Rs
Rs 'O
R=H or CH;
n=0or1.

Serra, G.,* Posada, L.; Hojo, H.*, Chem. Comm. 2020, 56, 956

S
FmocHN i H
moc N .
N k o) O

/\‘)k cyclization and
cleavage

_STrt

H2N (0] (@)
s N\)l\ /'\"/ \)l\ /k"/ \)]\ /\n/\O
© R3 \ [ o SH
:.)'errH—ﬁ
i) TIS,TFA 50%/DCM O\ o o
ii) MeOH (washing) t | miarati )
ii) Urea, AcOH, CH3CN/ H,0 N to S acyl migration o :.%Nlﬁ
37°C s & o
H
1Tk
L ~ 9
NH3+R () R4 0
|
N\_)J\N)\”/N\)J\ /vﬁ(N\)J\ /\)J\N/O
o) R nR O Ry R NH2+H
|
J\«A‘,‘:\,kw«f




Synthesis: SPPS and solution macrocyclization by Native Chemical Ligation

o
0
\Hk NH HN \QLN k|
NH HN SH o N—H HN NV ¥
Ph NH N

o)
O Ph Ph o
@) Ph
Y= 50% Y=40% Y= 46% Do not show
Cytotoxicity against
Pf. 3D7 P.f. 3D7 P.f. 3D7
ECso > 10 uM ECso > 10 uM ECs, > 10 uM P.f. 3D7
OH
A U :
BnO N BnO/YL
no NH HAH»T N ° OxNH /\f
H HN
T I\SH O+__NH j\/ SH
N~ ~N o \T\ I\SH N~ \N
H N~ N o H O
o o N\H)
BnS © B//;j/ o BnS o
—_ 0,
Y=23% Y=19% v=18%
P.f. 3D7 P.f. 3D7 P.E 3D7

ECy, > 10 uM ECs > 10 pM ECy, > 10 pM



Synthesis of Versicotides A-F

2014 |
trans i
g O = H O Aspergillus Versicolor ZLN-60  Thesis: Laura Posada
L Y\N >
HN . 7 . . . 7 .
NH Aminodacidos N-metilados: conformacion cis o trans
@/LNHY& /Lo
O
- M ,
- 0O Acido antranilico como 8 aminoacido
\karscohdec \HscohdeA Versicotide B

J. Peng, H. Gao, X. Zhang, S. Wang, C. Wu, Q. Gu, P. Guo, T. Zhu, D. Li, J. Nat. Prod.,
2014, 77, 2218.

“ O
2017
/N NH‘@
Q_)\g \\ o \ﬂ/
Versicotide D Versicotide E Versicotide F

Chen, R.; Cheng, Z.; Huang, J.; Li, D.; Wu, C.; Guo. P,; Lin, W. RSC Adv. 2017,7, 49235.



Synthesis of Versicotides C

0
_Cl Fmoc—AIa-OH) . i.PiperidinalDMF)
. DIPEA, DCM ot i, Fmoo-Anth-OH. —O HN NHFmoc :
2-CTC resin NHFmoc HBTU,DIPEA, DMF
Thesis: Laura Posada
I.Piperidina/ DMF
ii.Fmoc-NMeAla-OH,
O, =3 Oxyma, DIC, DMF.
' ®) 00 NHFmoc O
~—0 HN—4 HN H | Piperidina/ DMF o
-l
N ii. Fmoc-Ala-OH, HATU, —O HN HN
DIPEA, DMF NFrmoc
l | : O
1\ R
R= 98% \(KO ,l; o H
o NH HATU, DIPEA, 4- HN
H Y DMAP, 5mM DCM \(g
- o)
N\_)LNJ}(N 3 dias, R=49% NH !
oo NHO = | o0 ~

2 Posada, L.; Davyt, D.; Serra, G. RSC Advances, 2020, 10, 43653.
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Synthesis of Versicotides A-F

§ 0 §2 3 2.8
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Synthesis od Cyclotetrapeptides and Cyclopentapeptides

Tg COOH Natural products with phytotoxic or Camila Irabuena
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Synthesis of Nitazoxanide and Analogues
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Irabuena, C.; Scarone; L.; de Souza, G. E.; Campos Aguiar, A. C; Rossi Mendes, G.; Carvalho Guido, R. V.; Serra, G. Med. Chem. Res. 2022.



Conclusions

« Novel class of antimalarial cyclopeptides containing N-methyl Gly with enhanced antiplasmodial
activity were obtained in good yield using SPPS and solution or on-resin cyclization.

A novel methodology: on-resin intramolecular native chemical ligation (NCL) assisted by N-
ethylcysteine using Fmoc/SPPS to obtain cyclic peptides, was described.

» Six cyclopeptides showed EC;, in a low nanomolar or subnanomolar range against P.
falciparum K1 and 3D7. In addition, these compounds are active against the liver stage of the
parasite showing submicromolar ECq,

 Cyclopeptides 3 and 10 have confirmed in vivo efficacy and 3 presents a considerable half-
life.

« The compounds were classified as “irresistibles”.
* Next investigations: studies to improve PK properties.

« Exploring another concerns: SARS-CoV2, herbicides, cyanobacteria. The results encourage
us to continue the investigations.
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