Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

i+l

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

CA 3232111 A1 2023/03/30

en 3 232 111

12y DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13 A1

(86) Date de dépot PCT/PCT Filing Date: 2022/09/23

(87) Date publication PCT/PCT Publication Date: 2023/03/30
(85) Entrée phase nationale/National Entry: 2024/03/18

(86) N° demande PCT/PCT Application No.: NZ 2022/050124
(87) N° publication PCT/PCT Publication No.: 2023/048582

(30) Priorités/Priorities: 2021/09/24 (NZ780622),
2022/06/10 (NZ789272)

(51) CLInt./Int.Cl. A23K 20/137 (2016.01),
A23K 50/10 (2016.01), A61K 31/4245 (2006.01),
A61P 1/14 (2006.01), A61P 31/00 (2006.01),
CO7D 487/04 (2006.01)

(71) Demandeurs/Applicants:
PASTORAL GREENHOUSE GAS RESEARCH
LIMITED, NZ;
RENNISON, DAVID, NZ

(72) Inventeurs/Inventors:
BODDY, IAN KENNETH, NZ;
RENNISON, DAVID, NZ

(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : INHIBITEURS DE METHANOGENE
(54) Title: METHANOGEN INHIBITORS

(57) Abrégé/Abstract:

The present invention relates to a new class of methanogen inhibitors for ruminants, in particular new pyromellitic diimide
derivatives for ruminants. The invention also extends to the use of such derivatives in ruminants to reduce methane production in

the rumen and/or to enhance productivity in the ruminant.

C ana dg htp://opic.ge.ca - Ottawa-Hull K1A 0C9 - Attp.://eipo.ge.ca
OPIC - CIPO 191

OPIC




Date Submitted: 2024/03/18

CA App. No.: 3232111

Abstract:

The present invention relates to a new class of methanogen inhibitors for ruminants, in particular
new pyromellitic diimide derivatives for ruminants. The invention also extends to the use of such

derivatives in ruminants to reduce methane production in the rumen and/or to enhance productivity
in the ruminant.
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METHANOGEN INHIBITORS
FIELD OF INVENTION

The present invention relates (o a new class of methanogen inhibitors for ruminants, in
particular new pyromellitic diimide derivatives for ruminants. The invention also extends to
5  the use of such derivatives in ruminants to reduce methane production in the rumen and/or to

enhance productivity in the ruminant.
BACKGROUND OF INVENTION

Methane is produced as a natural consequence of digestion of feed by bacteria, fungi and

protozoa in ruminant animals. This fermentation leads to the production of volatile fatty acids
10  and peptides for the host. Fermentation also produces copious quantities of CO2 and H>

which are used by methanogenic archaea within the rumen to produce methane, which is

ultimately released from the rumen, mostly through eructation.

The methane forming methanogens are members of the Archaea, and are quite different in a
number of features to bacteria, fungi and protozoa. Methanogens have a number of unusual

15 and archaeal-specific features, including cell wall structures, lipids, cofactors, and amino acid
synthesis pathways, as well as their signature energy metabolism that is linked to methane
production. They represent only about 1-4% of the rumen microbial community. 1t is known
that, due to the unique metabolic pathways of methanogens and their low numbers,
methanogen-specific inhibitors can be developed that do not adversely allect the [ermentation

20 ol [eed.

It has been recognised that the release of such methane is deleterious for two reasons. One is
that methane is a greenhouse gas and the other is that the methane loss represents a loss of
cncrgy for the ruminant. It has been previously recogniscd that if onc could inhibit or reduce
the release of methane from ruminants that the impact of methane on the environment and

25  atmosphere would be reduced and productivity gains might be achieved in the ruminants.

It is therefore an object of the present invention to overcome the above mentioned difficulties

or to at least provide the public with a useful alternative.
SUMMARY OF INVENTION

In one aspect the present disclosure provides a compound of Formula I
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Formula 1

wherein R! may be selected from -H, -alkyl, -alkenyl, -alkynyl, -aryl, -benzyl or -CH>ONO:>.
or a group of Formula 11
R2
—(CHR3),,—¢H
(CHz),
5 ONO2  Formula IT

wherein each n may be independently selected [rom 0, 1,2, 3,4, 5 or 6 and whenn is 0, 1, 2,

3,4, 5, 6 any adjacent carbons are optionally unsaturated to form a double or triple bond,
wherein R? may be sclected from -H, -alkyl, or - alkyl-ONO»,
wherein each R* may be independently selected from -H or -alkyl,
10  wherein X may be absent, -CHbz-, -CH(R*)-, -(CH2)2-, or -(CH2)s-,
wherein Y may be, -CHa- or -CH(R®)-,
whercin Z may be abscnt, -O-, -S-, -NH- or -NR?-,
whercin R* may be sclected from -H or -alkyl,
wherein R® may be independently selected from -H or -alkyl,
15 wherein Q may be -CN, -NO, -SO,,R®,
wherein R® may be -H, -alkyl, -aryl or -benzyl,
wherein mis 0, 1 or 2,
or a salt thereof.
In one embodiment X is absent.

20  In onc cmbodiment X is -CH(R?)- and R3 is -alkyl.
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In one embodiment Y is -CHj>-.
In one embodiment Y is -CH(R?)- and R? is -alky].
In one embodiment X is -CH3z- and Y is -CH>-.
In one embodiment Z is absent.
5  In one embodiment Z is -O-.

In one embodiment R!' may be -H.
In one embodiment R! may be -alkyl.
In one embodiment R! may be -alkenyl.
In one embodiment R! may be -alkynyl.

10  In one embodiment R! may be -aryl.
In one embodiment R! may be -benzyl.
Tn one embodiment R! may be -CH2ONO:.
In one embodiment n may be 0.
In one embodiment n may be 1.

15  In one embodiment n may be 2.
In one embodiment n may be 3.
In one embodiment n may be 4.
In one embodiment Q is -SOmRS.
In one embodiment R®is -aryl.

20  In one embodiment m is 2.
In one embodiment Q is -SO2-phenyl.

In one embodiment the compound of Formula I is
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oo or a salt thereof.

In one embodiment the compound of Formula I is

O] 0O

N
o SO,Ph
o O 7

N

O,NO
2 N

< ,N\OG
oO® or a salt thereof.

In one embodiment the compound of Formula I is

O O

Me—N N
_\\—0 SO,Ph
o o i

N_ No -
5 0"+ O or a salt thereof.

In another aspect, the present invention provides the compound of Formula I as defined
abovc for reducing the formation of methane from the digestive actions of ruminants and/or

for improving ruminant performance.

In one embodiment a compound of Formula I as defined above is for reducing the formation

10  of methane from the digestive actions of ruminants.

In one embodiment a compound of Formula I as defined above is for reducing the formation

of methane from the digestive actions of ruminants by at least 10%.

In another embodiment of a compound of Formula T as defined above is for reducing the

formation of methane from the digestive actions of ruminants by at least 15%.

15  In yet another embodiment the compound of Formula I as defined above is for reducing the

formation of methane (rom the digestive actions of ruminants by at least 20%.

In one aspect the present invention further provides a method for reducing the production of

mcthanc cmanating from a ruminant and/or for improving ruminant animal pcrformance,
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comprising administering orally to the ruminant an effective amount of at least one
compound of Formula I or a salt thereof to the ruminant. Oral administration is to be
understood as a route involving drenching, addition to feed, water source or pasture; or

manual administration of a bolus or a capsule.

5  In one embodiment the effective amount of at least one compound of Formula I or a salt

thereof is administered at least once-daily to the ruminant.

In one embodiment the effective amount of at least one compound of Formula I or a salt
thereof reduces the production of methane emanating from the ruminant by at least 10% per

day.

10  In one embodiment the effective amount of at least one compound of Formula I or a salt
thereof reduces the production of methane emanating from the ruminant by at least 15% per

day.

In one embodiment the effective amount of at least one compound of Formula I or a salt
thereof reduces the production of methane emanating from the ruminant by at least 20% per

15  day.

In a further aspect of the present invention there is provided a composition for oral
administration comprising at least one compound of Formula 1 or a salt thereof for reducing
the production of methane emanating from a ruminant, and the composition further including

at least one agriculturally and orally acceptable excipient.
20  In one embodiment the composition is adapted for use as a feed additive.
In onc embodiment the composition is adapted for usc as a water additive.
In another embodiment the composition is adapted for use as a ruminant lick.
In one embodiment the composition is adapted for use as an oral drench.
In another embodiment the composition is adapted for use as a rumen bolus or capsule.

25  In onc embodiment the composition is adapted to reduce the production of mcthanc

emanating from the ruminant by at least 10% per day.

In one embodiment the composition is adapted to reduce the production of methane

emanating from the ruminant by at least 15% per day.

5
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In one embodiment the composition is adapted to reduce the production of methane

emanating from the ruminant by at least 20% per day.

In one embodiment the excipient may include one or more minerals and/or one or more

vitamins.

5 In one embodiment the excipient may include one or more vitamins selected from vitamin A,
vitamin D3, vitamin E, and vitamin K, e.g. vitamin K3, vitamin B12, biotin and choline,

vitamin B1, vitamin B2, vitamin B6, niacin, folic acid or the like.

In one embodiment the excipient may include one or more minerals selected from calcium,
phosphorus, sodium, manganese, zinc, iron, copper, chlorine, sulphur, magnesium, iodine,

10 selenium, and cobalt or the like.

In onc ecmbodiment the composition may further include sunflower oil, clectrolytes such as

ammonium chloride, calcium carbonates, starch, proteins or the like.

The compounds of the present invention have potential for use in a ruminant to reduce the
formation of methane without affecting microbial fermentation in a way that would be

15 detrimental to the ruminant.
DETAILED DESCRIPTION OF INVENTION
DEFINTIONS

The term “ruminant” as used herein is a mammal that is able to acquire nutrients from plant-

based food by fermenting it in a specialized foregut (the rumen) prior to digestion, principally
20  through microbial activity. Representative examples of ruminants and other foregut

fermenters include cattle, goats, sheep, giralles, bison, moose, elk, yaks, water buffalo, deer,

camels, alpacas, llamas, and antelope.

The term “effective amount” as used herein refers to an amount of at least one compound of
Formula 1 or a salt thereof that either reduces the production of methane emanating from the

25  ruminant or improves ruminant performance.

The term “ruminant performance” as used herein refers to improving the productivity of the
ruminant, such as increased weight gain, milk yield or quality, wool growth or quality,

surviving offspring per parturition, or the like.
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The term “halo” as used herein refers to a halogen atom selected from Cl, Br, or F.

The term “aliphatic ring” is a cyclic organic compound containing carbon atoms joined to
form a non-aromatic ring. The aliphatic ring may be optionally substituted with alkyl,

hydroxy, halo, -ONO; or the like.

5  The term “alkyl” as used herein refers to a straight or branched chain, saturated hydrocarbon
having from 1 to 6 carbon atoms. Representative U-Cs alkyl groups inclade, but are not
lirnited to methyvl, ethyl, propyl, isopropyl, batyl, iso-butyl, sec-butyl, tert butyl, pentvi {eg n-

pentyl}, hexyl and the like. The C1-Cs alkyl group may be further substituted with arvl.

The term “alkenyl” as used herein refers to a straight chain unsaturated hydrocarbon having
10  from 2 to 6 carbon atoms including a single double bond. Representative (3-Cg alkenyl
groups include, but are not limited to ethenyl {or vinyl), prop-1-envyl, but-1-enyl, pent-1-enyl,

hex-1-enyl and the like.

The term “alkynyl” as wsed herein refers to a siraight chain unsaturated hydrocarbon having
from 2 to 6 carbon atoms ncluding a single triple bond. Representative C2-Cs alkynyl groups
15  include, but are not limited to ethynyl, prop- L-yavl, but-1-ynyl, pent-1-ynyl, hex-1-ynyl and

the like.

The term “aryl” as used herein refers to “aryl”, unless specifically limited, denotes a Cs-12 aryl
group, suitably a Ce.10 aryl group, more suitably a Ce g aryl group. Aryl groups will contain at
least one aromatic ring (e.g. one, two or three rings). Examples of a typical aryl group with

20  onc aromatic ring is phenyl. An cxample of a typical aryl group with two aromatic rings 1s
naphthyl. The aryl group is optionally substituted with one or more -CN, -halo, -C(halo)s,-
NH:z, -NH-(alkyl), -N(alkyl )z, alkyl, alkenyl, alkynyl, aryl or substituted aryl, the substituted
aryl, may include a substituted phenyl (benzyl group), a substituted thiophenol, a tosyl group,
the substituted aryl group being substituted with one or more -CN, -halo, -C(halo)s,-NHa, -

25  NH-(alkyl), -N(alkyl)2, alkyl, alkenyl, alkynyl,

All possible stereoisomers of the claimed compounds are included in the present disclosure.
Where a compound described herein has at least one chiral center, it may accordingly exist as
cnantiomcrs. Where a compound posscsscs two or morce chiral centers it may additionally
exist as diastereomers. 1t is to be understood that all such isomers and mixtures thereof are

30 encompassed within the scope of the present disclosure.
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Some of the crystalline forms of the compounds may exist in more than one polymorphic
form and as such all forms are intended to be included in the present disclosure. In addition,
some of the compounds may form solvates with water (i.e., hydrates) or common organic
solvents, and such solvates are also intended to be encompassed within the scope of this

5  disclosure. The compounds, including their salts, can also be obtained in the form of their

hydrates, or include other solvents used for their crystallization.

The present disclosure further includes within its scope prodrugs of the compounds described
herein. In general, such prodrugs will be functional derivatives of the compounds which are
readily convertible in vivo into the desired active compound. Thus, in these cases, the

10  methods of treatment of the present invention, the term “administering” shall encompass the
treatment of the various disorders described with prodrug versions of one or more of the
claimed compounds, but which converts to the above specified compound in vivo after

administration to the subject.

As used herein, the term “composition” is intended to encompass a product comprising a
15  claimed compound(s) in a therapeutically effective amount, as well as any product which

results, directly or indirectly, [rom combinations ol the claimed compounds.

The term “or a salt thereof,” as used herein, is a salt of an acid or a basic nitrogen atom.
Iustrative salts include, but are not limited, to sodium salt, potassium salt, lithium salt,
calcium salt, ammonium salt, sulfatc, citratc, acctatc, oxalatc, chloridc, bromide, iodidc,

20  nitrate, bisulfate, phosphate, and the like.
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Methods of making the Compounds of Formula I

3-(phenylsulfonyl)-4-(2-(1,3,5,7-tetraoxo-3,5,6,7-tetrahydropyrrolo[ 3,4-flisoindol-2(1H)-
ylethoxy)-1,2,5-oxadiazole 2-oxide (Compound 1)

(@) [0] /O\ﬁ/o_ (0] (0] ,O\ﬁ /o_
N N NH l N N NH
Me3Si (o] (o] (o] (o]
/ DMF, reflux
(o] @] ’o\ + /O_
NN
\
HN N
;:@fé _\_OHSOQPh
o (o]
Compound 1

5 A solution of 3-(phenylsulfonyl)-4-(2-(1,3,5,7-tetraox0-6-((2-(trimethylsilyl)ethoxy)methyl)-
3,5,0,7-tetrahydropyrrolo[3,4-flisoindol-2(1H)-yDethoxy)-1,2,5-oxadiazole 2-oxide (145 mg,
0.236 mmol) in dichloromethane/trifluoroacetic acid (5 mL, 4:1 v/v) was stirred at room
temperature for 1.5 h, then concentrated in vacuo. The resulting residue was taken up in N,N-
dimethylformamide (5 mL) and heated at reflux for 3 h. The reaction mixture was then

10 quenched with water (20 mL) and extracted with ethyl acetate (3 x 20 mL). The combined
organic layers were then washed with brine (3 x20 mL), dried over MgSOu, filtered and
concentrated in vacuo. Purification by flash column chromatography (petroleum ether/EtOAc,
1:1) afforded Compound 1 as a colourless solid (61 mg, 0.126 mmol, 53%). 'H NMR (500
MHz, ds-DMSO) 6 4.12 (2H, t, J =5.4 Hz). 4.66 2H., t, J =5.4 Hz), 7.65 (2H, dd, J = 8.4 and

15 7.6 H7)),7.82(1H, tt,/J=7.6 and 1.2 Hz), 7.94 (2H, dd, J=8.4 and 1.2 Hz), 8.21 (2H, s), 11.87
(1H, s); >*C NMR (125 MHz, de-DMSO) 8 36.5 (CHb), 68.1 (CH»), 110.5 (C), 117.4 (CH),
128.2 (CH), 129.9 (CH), 136.1 (CH), 136.8 (C), 137.2 (C), 138.1 (C), 158.7 (C), 166.1 (C),
167.7 (C).
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4-(2-(6-((nitrooxy)methyl)-1,3,5,7-tetraoxo-3,5,6,7-tetrahydropyrrolo[ 3,4-flisoindol-
2(1H)-yl)ethoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (Compound 2).

o o] ) O ,o\ﬁ,o'
N
\ ! \
/N N H /N N N
e ;\j« SOzPh oM HO T_O SO,Ph
Me;Si o] o (o] o

1 HNO3; , AcoO

urea

(o] [0} ,O

N\ /
N N
o »):Gié o >’ksozPh
O

(o)
Compound 2

5 A solution of 3-(phenylsulfonyl)-4-(2-(1,3.,5,7-tetraoxo-6-((2-(trimethylsilyl)ethoxy)methyl)-
3,5,6,7-tetrahydropyrrolo[3,4-flisoindol-2(1H)-yDethoxy)-1,2,5-oxadiazole 2-oxide (239 mg,
0.389 mmol) in dichloromethane/trifluoroacetic acid (10 mL, 4:1 v/v) was stirred at room
temperature for 1.5 h, then concentrated in vacuo. The resulting residue was taken up in 1,2-
dichloroethane (5 mL) and to this was added urea (1.2 mg, 0.019 mmol), acetic anhydride (0.18

10 mL. 1.94 mmol) and 70% nitric acid (0.06 mL, 0.972 mmol), and the mixture heated at reflux
for 2 h. Following cooling to room temperature, the reaction mixture was [irst concentrated in
vacuo, then diluted with ethyl acetate (20 mL) and washed with water (20 mL). The organic
layer was then dried over anhydrous MgSOy, filtered and concentrated in vacuo. Purification
by flash column chromatography (petroleum ether/EtOAc, 6:4) afforded Compound 2 as a

15 colourless solid (114 mg, 0.204 mmol, 52%). 'H NMR (500 MHz, de-DMSO) § 4.13 H. t, J
=5.4 Hz), 4.66 (2H, t, / =5.4 Hz), 6.05 (2H., s), 7.66 (2H. dd. / =8.4 and 7.6 Hz), 7.82 (1H. t,
J=17.6Hz), 7.94 (2H, dd, J = 8.4 and 1.2 Hz), 8.36 (2H, s); 1>C NMR (125 MHz, ds-DMSO)
0 36.6 (CH2), 67.6 (CH»), 68.1 (CH32), 110.5 (C), 118.0 (CH), 128.2 (CH), 130.0 (CH), 136.1
(CH), 136.9 (C), 137.2 (C), 158.7 (C), 164.7 (C), 166.0 (C).

20

10
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3-(Phenylsulfonyl)-4-(2-(1,3,5,7-tetraoxo-6-((2-(trimethylsilyl)ethoxy)methyl)-3,5,6,7-
tetrahydropyrrolo[3,4-flisoindol-2(1H)-yDethoxy)-1,2,5-oxadiazole 2-oxide

OO
\
HoN -
0 o 2 onsozph Q 2 N OR-O
0
\
N N
Jd N;\j@:éqﬂo THF _/—o/_ »;()ié _\_OHSOZPh
MSSSi_/_ & % Me;Si o] o]

A solution of  ethyl 1,3.5.7-tetraoxo-6-((2-(trimethylsilyl)ethoxy)methyl)-3,5.6,7-

5  tetrahydropyrrolo[3.4-flisoindole-2(1H)-carboxylate (100 mg, 0.239 mmol) and 4-(2-
aminoethoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (75 mg, 0.263 mmol) in
tetrahydrofuran (10 mL) was stirred at room temperature for 1 h, then concentrated in vacuo.

The resulting residue was taken up in ethyl acetate (20 mL) and washed with water (10 mL),
followed by brine (10 mL). The organic layer was dried over anhydrous MgSOa, filtered and

10  concentrated in vacuo to afford the title compound as a yellow solid (145 mg, 0.236 mmol,

99%); which was used without further purification.

Ethyl 1,3,5,7-tetraoxo-6-((2-(trimethylsilyl)ethoxy)methyl)-3,5,6,7-
tetrahydropyrrolo[3.4-flisoindole-2(1H)-carboxylate

o o) pg Q 0 _/
NaH ¢CI”° o™ > o)
pege” T
o DMF o] o)
Measi—/_ Measi—/_

(o] O

15 To a stirred solution of 2-((2-(trimethylsilyl)ethoxy)methyl)pyrrolo[3,4-flisoindole-
1,3,5,7(2H,6H)-tetraone (2.0 g, 5.77 mmol) in N,N-dimethylformamide (25 mL) was added
sodium hydride (393 mg, 60% dispersion in mineral oil, 6.93 mmeol), and the mixture stirred at
room (emperature for 30 min. Ethyl chloroformate {0.66 mL, 6.93 mmol) was then added
dropwise, and the mixture stirred at room temperature for a further 1 h. The reaction mixture

20  was then quenched with water (150 mL) and extracted with ethyl acetate (2 x 60 mL). The
combined organic layers were then dried over anhydrous MgSOx, filtered and concentrated in
vacuo to afford the title compound as a colourless solid (2.2 g, 5.26 mmol, 91%). 'H NMR
(400 MHz, ds-DMSO) 6 —0.03 (9H. s), 0.88 (2H. dd. /=89 and 7.3 Hz), 1.34 3H.t. J=7.1
Hz), 3.62 (2H, dd, J = 8.9 and 7.3 Hz), 4.41 (2H, q, J = 7.1 Hz), 5.01 (2H, s), 8.35 (2H, s); °C

25 NMR (100 MHz, ds-DMSO) 6 —1.4 (CH3), 13.9 (CH3), 17.3 (CH»), 63.4 (CH»), 66.3 (CH>),

11
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67.0 (CH2), 118.7 (CH), 136.5 (C), 137.2 (C), 147.6 (C), 162.2 (C), 165.9 (C); ESI-MS: m/z
calcd for C1gH2»N207Si: 418.1196; found [M+Na]*: 441.1073.

2-((2-(Trimethylsilyl)ethoxy)methyl)pyrrolo[3,4-flisoindole-1,3,5,7(2H 6 H)-tetraone

o 0 MesSi o 0
NaH o33N0
HN NH N NH
DMF o
o 0 Messi— & °

5 To a solution of pyromellitic diimide (2.00 g, 9.25 mmol) in N,N-dimethylformamide (200 mL)
was added sodium hydride (0.24 g, 10.2 mmol, 60% dispersion in mineral oil), and the mixture
stirred at room temperature for 30 min. 2-(Triemethylsilyl)ethoxymethyl chloride (1.80 mL,
10.2 mmol) was then added dropwise, and the mixture stirred at room temperature for a further
1 h. The reaction mixture was then quenched with water (200 mL) and extracted with ethyl

10  acetate (2 x 100 mL). The combined organic layers were then washed with brine (3 x 200 mL),
dried over anhydrous MgSQy, filtered and concentrated in vacuo. Purification by flash column
chromatography (petroleum ether/EtOAc, 3:1) afforded the title compound as a colourless solid
(0.64 g, 1.85 mmol, 20%). 'H NMR (400 MHz, de-DMSO) § —0.03 (9H, s), 0.87 (2H, dd, J =
8.9 and 7.9 Hz), 3.61 (2H, dd, J = 8.9 and 7.9 Hz), 5.01 (2H, s), 8.35 (2H, s), 11.86 (1H, s); 13C

15 NMR (100 MHz, ds-DMSO) & —1.4 (CH3), 17.3 (CH2), 66.3 (CHz), 66.9 (CH2), 117.7 (CH),
136.6 (C), 138.2 (C), 166.2 (C), 167.5 (C); ESI-MS: m/z calcd for CisHi1sN20sSi: 346.0985;
found [M+Na]*: 369.0867.

4-(2-Aminoethoxy)-3-(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide

OO O .G
HoN
20 PhO,S SO,Ph THF _\—o SOLPh

To a solution of 3,4-bis(phenylsulfonyl)-1,2,5-oxadiazole (0.60 g, 1.64 mmol), which is
commercially available, in tetrahydrofuran (25 mL) at O °C was added ethanolamine (0.30 mL,
4.96 mmol), followed by sodium hydride (0.13 g, 3.25 mmol, 60% dispersion in mineral oil)
portion-wise, and the mixture stirred at O °C for a further 3 h. The reaction mixture was then
25  quenched with water (15 mL) and extracted with ethyl acetate (2 x 15 mL). The combined
organic layers were then washed with brine (15 mL), dried over anhydrous Na>SOx, filtered
and concentrated in vacuo to afford the title compound as a yellow oil (0.33 g, 1.16 mmol,

71%); which was used without further purification. '"H NMR (400 MHz, CDCl3) § 3.19 (2H, t,

12
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J =52 Hz), 4.46 (2H, t, J = 5.2 Hz), 7.64-7.60 (2H, m), 7.78-7.74 (1H, m), 8.08-8.05 (2H,

m).
Pyromellitic imide anhydride

1) H,0, THF

0] [o] 2) MgSQ, 0 (o)
3) NH3, acetone 4 %
o ° 4)SOCl,

5 To a solution of pyromellitic dianhydride (20 g) in THF (200 mL) at room temperature was
added water (11.4 mL), and the reaction stirred at room temperature for a further 15 min. After
cooling to 0 °C, anhydrous MgSO. (68.8 g) was added and the reaction stirred at O °C for a
further 15 minutes, before allowing to warm to room temperature. After 30 minutes at room
tcmpceraturce the reaction mixturc was filtcred, and the collected solid washed with THF (2 x

10 100 mL). The filtrate was then cooled to 0 °C and saturated with anhydrous ammonia gas -
rapidly forming a precipitate (at which point 200 mL of acetone was added to increase the
efficiency of the stirring — and the mixture then re-saturated with further ammonia gas). After
stirring at 0 °C for a [urther 20 minutes the insoluble material was then collected by filtration,
washed with acetone and dried in vacuo 1o alford 2,4,5-tricarboxybenzamide as a colourless

15  solid (24.6 g), which was used in the next step without further purification.

A solution of 2.4,5-tricarboxybenzamide (24.6 g) in thionyl chloride (200 mL) was hcated at
reflux for 2 hours. Upon cooling, hexane (200 mL) was added and the mixture stirred at room
temperature for a further 30 minutes. The insocluble material was then collected by filtration,
washed thoroughly with hexane, followed by ice-cold DMF:toluene (200 mL, 1:4 v/v) to
20  remove the impurities (pyromellitic dianhydride and pyromellitic diimide). The resulting solid
was then dissolved in acetone (400 mL) and any insoluble salts were filtered off. The collected
filtrate was then concentrated in vacuo to alford compound pyromellitic imide anhydride as a light

bcige solid (16.4 g).

2-Methylpyrrolo[3,4-flisoindole-1,3,5,7(2H ,6 H)-tetraone

(0} [0} (o} O
1) MeNH,, EtOH, acetone
O, NH —N NH
2) aq. HCI
25 O (o] (o} 0]

13
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To a stirred solution of pyromellitic imide anhydride (5.00 g, 23.0 mmol) in acetone (150 mL)
at 0 °C was added methylamine (7.20 mL, 33 wt. % in EtOH, 58.4 mmol) dropwise. The
reaction mixture was stirred at room temperature for 30 min and concentrated in vacuo. Water
(25 mL) was then added and the insoluble solids filtered off. The filtrate was then acidified to

5 pH 1 with 2 M aq. hydrochloric acid solution and the mixture stirred at room temperature for
L8 h. The precipitated solids were collected by filtration, washed with water (20 mL), then
dried in vacuo to afford 2-methylpyrrolo[3.4-f]lisoindole-1,3,5,7(2H,6H)-tetraone as a
colourless solid (1.53 g, 6.65 mmol, 29%). '"H NMR (400 MHz, de-DMSO) 6 3.09 (3H, s), 8.13
(2H, s), 11.81 (1H, brs).

10

Ethyl 6-methyl-1,3,5,7-tetraoxo-3,5,6,7-tetrahydropyrrolo[3,4-flisoindole-2(1H)-carboxylate

OO0
o o) @ o o N)_JE 9 o 0.1.0
H,oN LOn-0
CI)I\O/\ O T N_g  sopn —N N N}‘—’z
—N NH —  — . —N N— N sopk

NaH, DMF 0—\ DMF

o o] e} o) o °

Compound 3

To a stirred solution of 2-methylpyrrolo[3.4-flisoindole-1,3,5,7(2H,6H)-tetraone (100 mg,
15 0.434 mmol) in DMF (5 mL) was added sodium hydride (60% in mineral oil, 0.652 mmol, 1.5
eq.). The reaction mixture was stirred at room temperature for 30 min then ethyl chloroformate
(62 pL, 0.652 mmol, 1.5 cq.) was addcd. After 24 h, the rcaction mixturc was quenched with
water (20 mL) and then extracted with ethyl acetate (2 x 20 mL). The combined organic layers
were dried over anhydrous Na,SO,, filtered and concentrated in vacuo to yield a colourless solid
20 (137 mg, a 1:1 mixture of product and starting material), which was used in the next step

without further purification.

To the crude material (137 mg) in DMF (5 mlL) was added 4-(2-aminoethoxy)-3-
(phenylsulfonyl)-1,2,5-oxadiazole 2-oxide (91 mg, 0.317 mmol), and the mixture stirred at
room temperature for 3 h. The reaction mixture was then concentrated in vacuo. Purification by
25  flash column chromatography (petroleum ether/ethyl acetate, 1:1) afforded Compound 3 as a
colourless solid (25 mg, 0.05 mmol, 11% over 2 steps). 'H NMR (400 MHz, CDCls) 6 3.25
(3H, s, CHs), 4.26 (2H, t, J = 5.2 Hz, CH»), 4.72 (2H, t, 7 = 5.2 Hz, CH,), 7.60-7.64 (2H, m,
ArH), 7.73-7.78 (1H, m, ArH), 8.01-8.04 (2H, m, ArH), 8.31 (2H, s, ArH); *C NMR (100

14
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MHz, CDCl5) 6 24.5,36.7, 67.4,110.3, 118.4, 128.6, 129.7, 135.6, 137.0, 137.5, 158.4, 165.9,
166.1; HRMS (ESI/Q-TOF) m/z: [M + Na]* calcd for Cy;HsNsNaQsS, 521.0374; found,
521.0363.

In vifro studies

The compounds of the present invention were initially screened for activity using an in vitro
fully automated incubation system for the measurement of total gas production and gas
composition (methane and hydrogen). The system used is described in detail in the paper by
Muetzel et al. (2014; Animal Feed Science and Technology 196, 1-11). The system in this
specification is referred to as the rumen in vitro system or RIV. The RIV system provides a
relatively simple tool for determining the rate and production of mcethance and also whether

the rate and production of methane is inhibited or reduced by a particular compound or feed.

Rumen in vitro assay method.

Rumen in vitro assays use rumen fluid from donor animals (typically either sheep or cattle)
which is typically combined with a buffer and then incubated in sealed fermentation vessels at
39 °C for either 24 or 48 h. These assays systems have been well-characterised and used by the
scientific community over the last two decades (Rymer er al. 2005). The system that has been
uscd here to charactcrisc the cffects of inhibitors on mcthanc production and gas production,
and the formation of H», was described by Muetzel er al. (2014). Rumen in vitro assay systems
rellect what can occur in the rumen ir vivo, but only short-term, due (o their short incubation
times (typically not exceeding 48 h) which is limited by its buffering capacity and the fact that

it is a closed system.

Stock solutions of inhibitors were re-suspended in dimethylformamide (DMF) at
concentrations 1000-fold higher than the highest used for the assays. Any further dilutions were
also prepared using DMF. The total amount of inhibitor solution added to the rumen fluid-
buffer mixture (60 mL) was 60 ul. Incubations used 60 ml of medium containing 12 ml of
filtered rumen fluid and 48 ml of buffer in serum bottles for 24-48 h, essentially as described
by Muetzel et al. (2014). Two fistulated cattle were used as donor animals for rumen fluid and
treatments were incubated in duplicate bottles. Sets of duplicate incubation vials that contained
ryegrass (with ramen fluid-buffer mixture), and ryegrass with 30 uM bromoethanesulfonate

(BES) were also incubated as negative and positive controls, respectively. One experiment

15
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consists of 2 replicates of an inhibitor at any one concentration run at the same time, and a run
can contain up to 32 bottle, including positive (30 uM BES) and negative (no inhibitor added)

controls.

5 Compound 1, for example, was tested using the 60 mL rumen in vitro assay system at 30 pM,
1O uM, 2 uM and | uM final concentrations and compared to a positive control with 30 uM
BES. At 30 uM and 2 uM, inhibition levels were approximately 87.1 % and 23.3% at 18 h,

respectively.

10 Compounds 2 and 3 of Formula I were also tested in the RIV using the same method and the
RIV results are tabulated in Table 1. Compound 3 was very active in the RIV and only the

lower concentrations of 2 uM and 1 pM were measured.

Table 1
Structure RIV (all figures are % methane reduction)
30 uM 10 uM 2 uM 1uM
Compound #
(0} O
H—N N
L g SO,Ph| 87.1 67.8 233 8.9
o © I/
N. N_©O
0'® 0
0 o)
O,NO,
T o
o SO,Ph| 85.9 56.1 30.6 7.2
2 o ° /!
N, _N. ©
0@ 0
o] [o]
Me—N | N
3 _\_O SO,Ph | ~ - 80.4 49.0
o o) =
N, No-
0 + O

15

It is anticipated that the RIV results for the compounds ol Formula I will be somewhat

predictive of in vivo activity in reducing methane production in rumens.
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The present invention and its embodiments have been described in detail. However, the scope
of the present invention is not intended to be limited to the particular embodiments of the
invention described in the specification. Various modifications, substitutions, and variations
can be made to the disclosed material without departing from the spirit and/or essential
5  characteristics of the present invention. Accordingly, one of ordinary skill in the art will

readily appreciate from the disclosure that later modifications, substitutions, and/or variations
performing substantially the same function or achieving substantially the same result as
embodiments described herein may be utilized according to such related embodiments of the
present invention. Thus, the following claims are intended to encompass within their scope

10 modifications, substitutions, and variations to the embodiments of the invention disclosed

herein.

17
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Claims
1 A compound of Formula I

O 0]

R-N N-X
Y-Z Q
o o X
N_ _N_ ©
O'® O

Formula I

5  wherein R! may be selected from -H, -alkyl, -alkenyl, -alkynyl, -aryl, -benzyl or -CH>ONO..
or a group of Formula II
R2
—(CHR?),—CH

(CI:HZ)n

ONO2  Formula IT

wherein each n may be independently selected from 0, 1, 2, 3, 4, 5 or 6 and whenn is O, 1, 2,

3,4, 5, 6 any adjacent carbons are optionally unsaturated to form a double or triple bond,
10  wherein R? may be selected from -H, -alkyl, or - alkyl-ONO»,
wherein each R may be independently selected from -H or -alkyl,
whercin X may be absent, -CHz-, -CH(R"-, -(CH>)>-, or -(CH2)s-,
wherein Y may be, -CH»- or -CH(RY)-,
wherein Z may be absent, -O-, -S-, -NH- or -NR?-,
15  wherein R* may be selected from -H or -alkyl,
wherein R® may be independently selected from -H or -alkyl,
wherein Q may be -CN, -NOa2, -SOuR®,
wherein R® may be -H, -alkyl, -aryl or -benzyl, and
wherein mis 0, 1 or 2,

20 or a salt thereof.

18
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10

11

12

13

14

15

16

The compound as claimed in claim 1, wherein X is absent.
The compound as claimed in claim 1, wherein X is -CH(R?)- and R? is -alkyl.
The compound as claimed in any one of claims 1 to 3 wherein Y is -CHa-.

The compound as claimed in any one of claims 1 to 3 wherein Y is -CH(R®)- and R is

The compound as claimed in claim 1 wherein X is -CH2- and Y is -CHoz-.

The compound as claimed in any one of claims 1 to 6 wherein Z is absent.

The compound as claimed in any one of claims 1 to 6 wherein Z is -O-.

The compound as claimed in any one of claims 1 to 8, wherein R! is -H.

The compound as claimed in any one of claims 1 to 8, wherein R! is -alkyl.

The compound as claimed in any one of claims 1 to 8, wherein R! is -alkenyl.
The compound as claimed in any one of claims 1 to 8, wherein R! is -alkynyl.
The compound as claimed in any one of claims 1 to 8, wherein R! is -aryl.

The compound as claimed in claim 13, wherein R! is -benzyl.

The compound as claimed in any one of claims 1 to 8, wherein R! is -CH,ONO3.

The compound as claimed in any one of claims 1 to 8, wherein R! is a group of

Formula IT and each n is O.

17

The compound as claimed in any one of claims 1 to 8, wherein R! is a group of

Formula IT and each n is 1.

18

The compound as claimed in any one of claims 1 to 8, wherein R! is a group of

Formula II and cach n is sclected from O, 1 or 2.

19

The compound as claimed in any one of claims 1 to 8, wherein R! is a group of

Formula II and each n is selected from O, 1 or 2, 3 or 4.

20

The compound as claimed in any one of claims 1 (o 19, wherein Q may be -CN, -NO2,

or -SOmR®.

CA 03232111 2024-3-18
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21 The compound as claimed in claim 20, wherein Q is SOmR®, m is 2 and R®is -aryl.

22 The compound as claimed in claim 20 or claim 21, wherein Q is -SO2-phenyl.
23 The compound as claimed in claim 1 wherein the compound of Formula I is
@) 0O
H—N N
"\ o S0,Ph
o © /Y
N.-N.©
2] or a salt thereof.
5 24 The compound as claimed in claim 1 wherein the compound of Formula I is
o) 0]
O-NO
2 N

N
"o  so,prh
o o /!

N_ ,N\O@
oO® or a salt thereof.

25 The compound as claimed in claim 1 wherein the compound of Formula I is

O O

0"+ 0 or a salt thereof.

10 26 The use of a compound of Formula I as claimed in any one of claims 1 to 25 for
reducing the formation of methane from the digestive actions of ruminants and/or for

improving ruminant performance.

27 The use of a compound of Formula I as claimed in any one of claims 1 to 25 for

reducing the formation of methane from the digestive actions of ruminants.

15 28 The use of a compound of Formula I as claimed in any on¢ of claims 1 to 25 for

reducing the formation of methane from the digestive actions of ruminants by at least 10%.

20
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29 The use of a compound of Formula I as claimed in any one of claims 1 to 25 for

reducing the formation of methane from the digestive actions of ruminants by at least 15%.

30 The use of a compound of Formula I as claimed in any one of claims 1 to 25 for

reducing the formation of methane from the digestive actions of ruminants by at least 20%.

5 31 A method for reducing the production of methane emanating from a ruminant and/or
for improving ruminant animal performance, comprising administering orally to the ruminant
an effective amount of at least one compound of Formula I or a salt thereof as claimed in any

one of claims 1 to 25 to the ruminant.

32 The method as claimed in claim 31, wherein the eflective amount of at least one

10  compound of Formula I or a salt thereof is administered at least once-daily to the ruminant.

33 The mcethod as claimed in claim 32, wherein the cffective amount of at lcast onc
compound of Formula 1 or a salt thereof reduces the production of methane emanating from

the ruminant by at least 10% per day.

34 The method as claimed in claim 33, wherein the effective amount of at least one
15  compound of Formula I or a salt thereof reduces the production of methane emanating from

the ruminant by at least 15% per day.

35 The method as claimed in claim 34, wherein the effective amount of at least one
compound of Formula I or a salt thereof reduces the production of methane emanating from

the ruminant by at least 20% per day.

20 36 A composition for oral administration comprising at least one compound of Formula I
or a salt thercof as claimed in any one of claims 1 to 25 for reducing the production of
methane emanating from a ruminant, and the composition further including at least one

agriculturally and orally acceptable excipient.

37 The composition as claimed in claim 36 being adapted for usc as a feed additive.

25 38 The composition as claimed in claim 36 or claim 37 being adapted for use as a water
additive.
39 The composition as claimed in claim 36 or claim 37 being adapted for use as a

ruminant lick.

21
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40 The composition as claimed in claim 36 being adapted for use as an oral drench.

41 The composition as claimed in claim 36 being adapted for use as a rumen bolus or
capsule.

42 The composition as claimed in any one of claims 36 to 41 being adapted to reduce the

5  production of methane emanating from the ruminant by at least 10% per day.

43 The composition as claimed in claim 42 being adapted to reduce the production of

methane emanating from the ruminant by at least 15% per day.

44 The composition as claimed in claim 41 being adapted to reduce the production of

methane emanating from the ruminant by at least 20% per day.

10 45 The composition as claimed in any one of claims 36 to 44 wherein the excipient may

include one or more minerals and/or one or more vitamins.

46 The composition as claimed in claim 45 wherein the excipient may include one or
more vitamins selected from vitamin A, vitamin D3, vitamin E, and vitamin K, e.g. vitamin
K3, vitamin B12, biotin and choline, vitamin B1, vitamin B2, vitamin B6, niacin, folic acid or

15 the like.

47 The composition as claimed in claim 46 wherein the excipient may include one or
more minerals selected from calcium, phosphorus, sodium, manganese, zinc, iron, copper,

chlorine, sulphur, magnesium, iodine, selenium, and cobalt or the like.

48 The composition as claimed in any one of claims 36 to 47 further including sunflower

20 oil, electrolytes such as ammonium chloride, calcium carbonates, starch, proteins or the like.

22
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