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Synthesis and SAR studies of a new trypanosome
alternative oxidase inhibitors: imidazoline and
benzamidine derivatives
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Abstract:

Sleeping sickness or human African trypanosomiasis (HAT), is a vector-borne parasitic disease. It is caused
by infection with protozoan parasites belonging to the genus Trypanosoma (T. brucei sp.). Without
treatment, the disease is usually fatal.

Our research of a novel and effective chemotherapy of HAT is based on the inhibition of the Trypanosome
Alternative Oxidase (TAO). TAO is essential for the respiration of bloodstream form trypomastigotes
because it is the only enzyme available to re-oxidize the NADH produced during glycolysis. This enzyme,
which is conserved among trypanosome subspecies and has no counterpart in mammalian cells, is a
validated drug target against trypanosomes.

In previous studies, the structure — activity relationships (SAR) of different TAO inhibitors derived from 4-
hydroxybenzoate and 4-alkoxybenzaldehyde was investigated. These compounds were shown to exhibit
TAO inhibitory activity at the nanomolar level, showing trypanocidal activity in in vitro and in vivo assays.

In the current study, new analogs have been synthesized with the aim of extending the SAR studies of TAO
inhibitors. In this case, the ester bond has been replaced by an amide bond, which is more metabolically
stable. In addition, new cationic groups such as benzamidinium, 2-phenylimidazolin-3-ium and 2-
(phenylamino)imidazolin-3-ium cations have been incorporated.

Keywords: Trypanosome alternative oxidase (TAO) inhibitor; Trypanosoma brucei;
benzamidine; imidazoline; structure — activity relationships (SAR).
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Introduction. Human African trypanosomiasis (HAT)

* Better known as sleeping
sickness
* Parasitic disease
o T. brucei gambiense
(95% of cases)
o T. brucei rhodesiense
(<5% of cases)
 Transmitted by infected
Tsetse flies S

[ Countries reporting under 100 cases

[ ) 3 6 S u b_Sa h a ra n Afri Ca n I Countries reporting between 100 & 1000 cases

B Countries reporting more than 1000 cases

countries atris k Févre et al. PLOS Neglected Tropical Diseases. Rev. 2008,2,2.

World Health Organisation. (18 May 2021). Trypanosomiasis, human African (sleeping sickness).
https://www.who.int/news-room/fact-sheets/detail/trypanosomiasis-human-african-(sleeping-sickness)
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https://www.who.int/news-room/fact-sheets/detail/trypanosomiasis-human-african-(sleeping-sickness)
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Tsetse Fly Stages

e Epimastigotes multiply
in salivary gland. They
transform into metacyclic
trypomastigotes.
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& ‘é‘}

Procyclic trypomastigotes
leave the midgut and transform
into epimastigotes.

Bloodstream trypomastigotes\

transform into procyclic
trypomastigotes in the vector
midgut. Procyclic tryposmatigotes
multiply by binary fission.

&* Infective stage

4 Diagnostic stage

Trypanosoma brucei gambiense & Trypanosoma brucei rhodesiense

African Trypanosomiasis

Mammalian Stages

Tsetse fly takes

@ o ablood meal

(injects metacyclic trypomastigotes)

g

Injected metacyclic
trypomastigotes transform
into bloodstream
trypomastigotes, which
are carried to other sites.

Trypomastigotes multiply by
binary fission in various
body fluids, e.g., blood,
lymph, and spinal fluid.

e Tsetse fly takes
a blood meal
(bloodstream
trypomastigotes
are ingested)

Circulating trypomastigotes
in blood during acute phase;
usually undetectable in latent
phase.

4

Cattle and possibly wild
ungulates are reservoirs
for T. b. rhodesiense.

Centers for Disease Control and Prevention. (29 September 2020).

https://www.cdc.gov/parasites/sleepingsickness/
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Diagnosis and stages of sleeping sickness

Stage 1 African Sleeping Sickness

Common Symptoms

* Diagnosis by lymph node aspirate.
Early diagnosis is difficult due to the
non-specific signs and symptomes.

e 2 stages:

o Stage 1 = Haemolymphatic stage.

headaches

enlarged lymph
nodes

g muscle and

Nonspecific symptoms. W Joi pan

o Stage 2 = Meningoencephalic argesoreattnesie W
stage (300-500 days after @
infection). Invasion of de CNS -
neuropsychiatric manifestations, Sl
coma, death. Sieeping Sickness, Verywelbenlth 2020

https://www.verywellhealth.com/africa
n-sleeping-sickness-overview-4590129
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Current treatments

SOy

e 1st stage: e 1st stage: Suramine
Pentamidine e 2nd stage: l
e 2nd stage: melarsoprol (highly
nifurtimox- toxic arsenical drug) The 2019 WHO interim
eflornithine NH, guidelines for the treatment
combination therapy HN_<:J— ' of human. West African
trypanosom|a5|s

/
g_NfCTZj g < N HNj/\OH recommends FEXINIDAZOLE
® JSTaAan Nd Stages:

(ORAL) for the treatment of
fexinidazole gambiense trypanosomiasis
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Trypanosome alternative oxidase (TAO) a validated drug target

African trypanosomes adapt their energy

metabolism depending on substrate

availability
Procyclic form Bloodstream form (BSF)
* Present in the tsetse fly ® Present in mammals (i.e. human)
¢ Fully functional cytochrome- e Use the glycolysis as main source
dependent respiratory chain of ATP
¢ No cytochrome respiratory
pathway

¢ No oxidative phosphorylation

Menzies et al. Parasitology 2018, 145, 175-183.
Clarkson et al. J. Biol. Chem. 1989, 264, 17770-17776.




TAO is a validated target of trypanosomes:

ey Expressed in all O

viability os BSF B S——— @\/U\N,OH
trypanosomes H
OH

Absent in Sensitive to Salicylhydroxamic acid
mammals specific (SHAM)
(selectivity) inhibitors

OH
TAO inhibitors 0~ Z - 0
are active in OH ©
Cl

mouse models

v

Ascofuranone
Minu et al. Trends Parasitol. 2006, 22, 484-491.
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Objective: synthesis of benzamidine and imidazoline TAO inhibitors

Mitochondrion-targeting cation

Hit compound
IC50 = 0.088 uM (rTAO) NH,

ECso = 0.0016 uM (T.b.b.) “NH,
r R=
( ) HN
OH @ OH LT/B
+ + N
O (CH2)14__P© > O (CH,),—0O < R = H
0 CH, HO

) ) ’ N.__N
| | | _ R-= YJ
HN

TAO inhibitor Mitochondrion-targeting
pharmacophore cation

Ebiloma et al. Eur. J. Med. Chem. 2018, 150, 385-402.
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Synthesis of precursors

10c: n = 12 (35%) } R1=NO;

e ——

o
PhtNH, PhP, DIAD in=6 (65%)
. - (o]
HO=(CHz)yBr ——— N—(CH,),~Br 2c:n = 12 (87%)
THF, 0°C then rt Y 2d: n =14 (76%)
HO.
7 j&t - ~
2T Hy-H,0
R . \ N2H4Hy
@[éN—(CHZ)n—Br ! PhtN—(CHz)n-O@R1 . H,N—(CH,),-O R,
Y K,CO3, CH5CN, 80 °C N ’
3a:n=3 (81%) 4a:n=3 (48%)
3b:n=6 (91%) _ 4b:n=6 (~100%) _
3c:n =12 (82%) Ry=CN 4c: n =12 (~100%) Ri=CN
3d:n =14 (76%) 4d: n =14 (~100%)
8c:n=12(98%) | Ry=NO, 9¢:n =12 (~100%) | Ry=NOj
0
Ho)ﬁ\
OH o—< >—R1
HO OH /
HzN—(CHz)n-OOm — HN-(CHz):2
EDC-HCI, DMAP, o
dain=3 (48%) CH3CN, 80°C
4b:n=6 (~100%) R,=CN S5a:n=3 (40%)
4c:n =12 (~100%) ! 5b:n=6 (26%) R4=CN
4d: n = 14 (~100%) 5¢:n =12 (29%)
9c:n =12 (~100%) | R4=NO, Sd: n =14 (15%) Hy, MeOH,

A 11c:n =12 (97%) R4=NH,
= 0

Y




Target compound: Benzamidine (1a-1d)

- 0 INH
ST 0 NH H ; -
S H HO N-(CH —o@—v/( :
oH /O‘QTCN; HO N-(CHz)n'O‘Q—/{ 1)Ac,0, ACOH (Hzh LNH,
HN-(CH,), *--" NH,0H-HCI, NH 2) Hy, 5% Pd-C CH
HO o CH, OH . 8 . CH3CO,H
0 tBUOK, DMSO, rt HO
R = 0
O anns e twnss oo
6b:n=6 (76%) 1c:n =12 (50%)
6cn=12(62%) 1d: n =14 (68%)
6d: n = 14 (43%) '

Target compound: Imidazoline (7c)

OH O@—'&:N\\; P2Ss, O\ H SN
HN-(CHy)12 1,2-ethyl§ngdiamine HO N"(CH2)1204®_</NJ .'
HO o o SOH S
© 120°C .
g . CF3CO,H
5c 7c (76%)
Target compound: Aminoimidazoline (14c)

>\\NBoc

BocN

/’—-\\\ ’,’/ R \\\\
oH P@T”“Zx‘ 1)HgCl, E,N, DMF,  OH O SN
HN-CH 7 oo P )
HO —_— H—(CH2)12_0
(@) Se -

2) CH,Cl,, TFA, 0 °C.

) CHoCl HO CHs

11c 13c: R = Boc (88%)

14c: R =H (CF;CO,H salt) (88%)
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Inhibition of recombinant TAO enzyme (rTAO)

- rTAO %lInhibition rTAO IC;, (1M)

48% (40 pM)
1b 6 12,5% (40 uM) -
1c 12 39,3% (40 pM) -
1d 14 31,4% (40 uM) - Amide bond

linkage < ester
bond for TAO
inhibition

27,4% (40 uM)

14,1% (40 pM)

6b 6 -14,9% (40 pM) s

6¢ 12 44,8% (40 uM) s

6d 14 -3,4% (40 uM) -
10,0% (10 uM)

Ascofuranone 100% 0,002




In vitro activity against T. b. brucei

- T. b. brucei s427 (WT) Cytotoxicity
EC;, (LM) Human cells
CCsp (M)
la 3 >100 >200
1b 6 15.5+0.6 >200
1c 12 3.3+0.2 435+54
1d 14 186+1.1 >200
5a 3 37.2+34 >200
5b 6 30.4+0.4 >200
5c 12 15.6 0.7 57.1+0.1
5d 14 14.8+0.5 56.8+0.2
6a 3 >100 >200
6b 6 19.5+1.0 76.8+7.2
6¢ 12 84+t1.1 1089+ 1.6
6d 14 29.0+2.2 >200
Pentamidine - 0.0038 + 0.0004 -
Diminazene - 0.095 £ 0.011 -
Phenylarsine oxide - 0.001 0.29
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Conclusions

* We have synthesized and characterized a series of amido compounds
derived from 2,4-dihydroxy-6-methylbenzoic scaffold with different
methylene linker lengths (n = 3, 6, 12, 14) between the TAO pharmacophore
and the cationic group.

e Structure — activity relationships (SAR) showed that the substitution of the
ester bond defined in previous studies*®’ by an amide bond does not
improve TAO inhibition nor in vitro activity against T. brucei.
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