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Abstract—A new series of amino-acetonitrile derivatives (AAD) have been discovered that exhibit high anthelmintic activity against
parasitic nematode species such as Haemonchus contortus and Trichostrongylus colubriformis. Significantly, these compounds also
demonstrate activity against nematode strains resistant to the currently available broad-spectrum anthelmintics. The discovery, syn-

thesis, structure—activity relationship and biological results are presented.

© 2008 Elsevier Ltd. All rights reserved.

Parasitic nematodes, apart from being one of the most
frequent sources of human infections particularly in
tropical countries are also a major cause of disease
and productivity loss in farmed livestock. While only
three classes of broad-spectrum anthelmintic drugs are
widely used at present (benzimidazoles, imidazothiaz-
oles and macrocyclic lactones), resistance against the
pertinent compounds has become a serious concern in
veterinary medicine.! Thus, the discovery of novel mol-
ecules able to control multi-resistant nematodes is of
prime importance.?

In the course of our search for new anthelmintics, the
amino-acetonitrile derivative 13 (Fig. 1) was identified
as a lead compound in a larval development assay*
(LDA) against a benzimidazole-resistant isolate of Hae-
monchus contortus (H.c.). Certain N-acyl amino-aceto-
nitriles had been associated with diverse biological
properties (e.g. insecticides,’ fungicides, ¢ antibacterials’
as well as cysteine cathepsin inhibitors®), but have never
been described as nematocides.
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Figure 1.

Anthelmintic efficacy was also confirmed in a rodent
model.® Compound 1 showed a significant reduction in
the number of H.c. but no reduction of Trichostrongylus
colubriformis (T.c.) following oral administration as a
racemate at 10 mg/kg bodyweight. These encouraging
biological results prompted a chemical optimization
program with the aim of increasing the potency and
spectrum of activity.

Analogues were readily prepared by the alkylation of a
phenol with chloroacetone, followed by Strecker reac-
tion on the resulting ketone and a final acylation step
of the amino group using an acid chloride (Scheme
1).10-1T Although it was anticipated that the enantiomers
would exhibit different levels of efficacy, synthesis and
initial biological evaluations were mainly performed
with the racemates.

Alternatively, in case starting phenols were not easily
accessible and the R' substituents were electron-with-
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Scheme 1. Reagents and conditions: (a) K,COj3, KI, chloroacetone,
acetone, Rfl.; (b) NH4Cl, NaCN, NH;3/H,O; (c) DIPEA, 4-DMAP,
R?ArCOCI, CH,Cl,.
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Scheme 2. Reagents and conditions: (a) NH4CIl, NaCN, NH3/MeOH;
(b) 1 M NaHCOs, EtOAc, R?ArCOCI; (c) t-BuOK, 2-CFs-R'ArF,
THF.

drawing, a second route via aromatic nucleophilic sub-
stitution (SyAr) was used (Scheme 2). Strecker reaction
of hydroxyacetone followed by chemo selective N-ben-
zoylation with substituted benzoyl chlorides gave the
corresponding hydroxy-benzamide derivatives. Finally,
aromatic substitution of activated fluorobenzenes affor-
ded the targeted analogues.'>!3

In order to understand the structural requlrements a
first series of compounds bearing different R' substitu-
ents on the phenoxy moiety was prepared (2-24) and
evaluated in the LDA (Table 1). At the 2-position elec-
tron-withdrawing groups (1-4) afforded better activity
than electron donating groups. An increased potency
was observed in the case of CF3 compared to Cl. No
substituent at this position led to decreased activity in
any cases (6, 9 and 10). For this reason, the 2-Cl group
was kept at first for optimization of the other positions
on this ring. Position 6 was very sensitive to substitution
and steric hindrance, yielding to a loss of activity with
any group except for H (15 and 16). Slight decrease of
intrinsic activity and no improvement of efficacy in ger-
bils were observed with groups at position 3 (8) (Table
2). Remarkably, the small electron-withdrawing groups
F and CN at positions 4 and/or 5 (12, 14 and 17-24)
led to a moderate increase of in vitro efficacy along with
a strong increase of in vivo efficacy.

To further explore the SAR, another serles of com-
pounds (25-36) with modifications of the R? substituent
on the benzamide moiety was synthesized. Substitutions
at ortho and meta positions led to inactive compounds
(25, 27) or to a decreased activity in case the para
CF;-substituent was present (26). At the 4-position the
substituents could be ranked as follows: CF3 =2 OCF; =
SCF;>Cl > F > H = Me.

Table 1. Activity of compounds 1-36 against H. contortus and T.
colubriformis in LDA

H

EZ (o] 1

R1 3 x\n’o 3 ]RZ
N

Compound R! R? H.c T.c.
Eclooa.b Ecwoa,b.c
(ppm)  (ppm)
Thiabendazole — — 10 1
Levamisole — — 0.32 10
Ivermectin — — 0.001 0.01
1 2-Cl 4-CF; 0.032 0.032
2 2-Cl 4-OCF; 0.032 0.032
3 2-CF; 4-OCF3; 0.01 0.01
4 2-Br 4-OCF; 0.032 0.032
5 2-F 4-CF; 1 1
6 H 4-CF; >10 >10
7 2-Et 4-OCF; 0.32 0.32
8 2,3-diCl 4-CF; 0.1 0.1
9 3-F 4-OCF; 0.32 1
10 4-CF; 4-CF; >10 >10
11 2,4-diCl 4-OCF; 0.1 0.1
12 2-Cl, 4-F 4-OCF; 0.032 0.032
13 2,5-diCl 4-OCF; 0.01 0.032
14 2-Cl, 5-F 4-OCF; 0.01 0.032
15 2,6-diCl 4-CF; >10 >10
16 2,4,6-triF 4-OCF; >10 >10
17 2-Br, 5-F 4-OCF3; 0.01 0.1
18 2-Br, 4,5-diF  4-OCF; 0.01 0.032
19 2-CF3, 4,5-diF  4-OCF; 0.01 0.032
20 2-CF;, 4,5-diF  4-CF; 0.032 0.032
21 2-CF;, 4-CN  4-CF; 0.1 0.1
22 2-CF;, 4-CN  4-OCF; 0.032 0.1
23 2-CF;, 5-CN  4-CF; 0.032 0.1
24 2-CF3, 5-CN 4-OCF; 0.01 0.032
25 2-Cl 2-CF; >10 >10
26 2-Cl 2-F, 4-CF; 0.32 0.32
27 2-Cl 3-OCF; >10 10
28 2-Cl 4-Me >10 >10
29 2-Cl 4-F 3.2 1
30 2-CF; H 10 >10
31 2-Cl 4-Cl 0.32 0.32
32 2-CF; 4-Ph >10 >10
33 2-CF; 4-SCF3 0.032 0.032
34 2-CF3, 4,5-diF  4-SCF; 0.032 0.032
35 2-CF;, 4-CN  4-SCF; 0.032 0.032
36 2-CF3;, 5-CN 4-SCF; 0.01 0.032

#Values are means of three experiments.
® Benzimidazole-resistant isolate.
¢ Levamisole-resistant isolate.

Compounds active following oral application in gerbils
at 1 mg/kg bodyweight (19-20, 22-24 and 34-36) were
also evaluated in the gerbil model after subcutaneous
injection to investigate their systemic efficacy (Table 3).

Systemic activity was indeed observed, with slight differ-
ences between these analogues. These may be due to
small changes in the compounds’ polarity and thus, in
their pharmacokinetic profiles in rodents.

Racemic 19 and 36 were separated using chiral HPLC.
The most active enantiomers showed at least a 300-fold
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Table 2. Activity of selected analogues of compound 1 against
H. contortus and T. colubriformis in gerbils after oral treatment

Compound  Dose H.c. (% worm T.c. (% worm

(mg/kg)  count reduction)  count reduction)

Ivermectin 0.1 98 97

1 10 88 19

3 10 98 97

4 10 97 99

8 10 84 67
11 10 94 100
12 32 98 77
13 3.2 68 89
14 32 92 79
17 3.2 90 99
18 32 100 97
19 1 99 73
20 1 89 91
21 1 97 91
22 1 95 98
23 1 97 87
24 1 95 85
33 10 77 99
34 1 84 98
35 1 90 98
36 1 100 100

Table 3. Activity of selected analogues of compound 1 against H.
contortus and T. colubriformis in gerbils after subcutaneous treatment

Compound Dose H.c. (% worm T.c. (% worm count
(mg/kg) count reduction) reduction)

Ivermectin ~ 0.32 99 85
19 1 99 75
20 1 94 90
22 1 91 97
23 1 90 72
24 1 97 75
34 1 73 90
35 1 92 86
36 1 99 84

higher potency in the LDA (Table 4). Trace amount of
the (—)-enantiomers may be the cause of the residual
efficacy of the (+)-enantiomers. These results tend to
demonstrate enantiospecificity of these compounds
against nematodes.

The absolute configuration (S) of the most active enan-
tiomer of 36 was established by single crystal X-ray
structure determination (Fig. 2).'42

Table 4. Activity of separated enantiomers of 19 and 36 against H.
contortus and T. colubriformis in LDA

Compound® H.c. EC100°¢ (ppm) T.c. EC100®%Y (ppm)
(+)-19 1 32
(—)-19 0.0032 0.01
(R)-(+)-36 10 >10
(8)-(—)-36 0.0032 0.01

%ee > 99.0% as determined by analytical chiral HPLC.
®Values are means of three experiments.

¢ Benzimidazole-resistant isolate.

9 Levamisole-resistant isolate.

Figure 2. Structure of compound 36'° in the crystal.'*® For the (S)-
enantiomer shown the Flack x parameter refined to —0.02(2).4

a
Q:LOIXNHZ—PE;IO . NH,
\ R TR
N

R' \
(rac)-38 N (S)-38

1
R W

M d A

Scheme 3. Reagents and conditions: (a) resolution with enantiopure
chiral acid; (b) CuSO,4, EtOH, Rfl.; (¢) NH4Cl, NaCN, NH3/MecOH;
(d) standing in MeOH.
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Several routes leading to the desired enantiomers were
analyzed. Although efficient enantioselective Strecker
reactions have been reported,'® the use of often expen-
sive metal catalysts was not considered practical in view
of future scale-up and large scale production. Thus, we
decided to investigate resolution options. Intermediate
compounds 38 were obvious candidates since diastereo-
meric salts of amino nitriles with chiral acids had been
described!” and used industrially (Scheme 3). Further-
more, the unwanted enantiomers could easily be race-
mized either spontaneously (standing in MeOH) or via
a retro-Strecker using CuSO,/Strecker sequence. In the
case of R! = 2-CF3, 5-CN the amine (.5)-38 was obtained
in 95-98% ee and 40% yield using (+)-di-O,0’-p-toluyl-
D-tartaric acid as the chiral acid. This approach looks
promising for large scale production.

In this letter, we have described the discovery of a new
series of amino-acetonitrile derivatives (AAD) with sig-
nificant nematocidal activity. Despite intensive efforts in
medicinal chemistry over the past 25 years,'® merely two
new classes of broad-spectrum anthelmintics have
emerged, the cyclodepsipeptides!® and the paraherqua-
mides,?° both derived from fermentation. However, nei-
ther class has resulted in a marketed product for
livestock as yet. Several of the compounds disclosed
above are currently under evaluation as drug develop-
ment candidates for use in ruminants. Since the ami-
no-acetonitrile derivatives also possess a new mode of
action,?! they could offer farmers a sought-after solution
to overcome current anthelmintic resistance issues. If the
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favorable tolerability of this class of compounds ob-
served in ruminants can be confirmed for humans, hu-
man medical practice may also benefit from this new
alternative to current treatments.
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