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that are useful as dopamine-f-hydroxylase inhibitors; (b) pharmaceutical compositions
comprising such compounds, salts or solvates; (c) the use of such compounds, salts
or solvates in therapy; (d) therapeutic methods of treatment using such compounds,
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DESCRIPTION

BLOOD-BRAIN BARRIER-PENETRANT DOPAMINE-B-HYDROXYLASE INHIBITORS

FIELD OF THE INVENTION

This invention relates to: (a) compounds and pharmaceutically acceptable salts or
solvates thereof that are useful as dopamine-B-hydroxylase inhibitors; (b) pharmaceutical
compositions comprising such compounds, salts or solvates; (c) the use of such compounds, salts
or solvates in therapy; (d) therapeutic methods of treatment using such compounds, salts or

solvates; and (e) processes and intermediates useful for the synthesis of such compounds.

BACKGROUND OF THE INVENTION

The enzyme dopamine-B-hydroxylase (DBH), also known as dopamine -
monooxygenase, is expressed both in the periphery and the central nervous system (CNS). DBH
catalyses the specific hydroxylation of dopamine (DA) to produce norepinephrine, also known as
noradrenaline (NA). As such, inhibitors of DBH can inhibit the biosynthesis of NA, limiting its
concentration and increasing DA levels.

Conventionally, interest in the development of inhibitors of DBH had centred on the
hypothesis that inhibition of this enzyme may provide significant clinical improvements in
patients suffering from cardiovascular disorders such as hypertension or chronic heart failure.
The rationale for the use of DBH inhibitors is based on their capacity to inhibit the biosynthesis
of NA, which is achieved via enzymatic hydroxylation of DA. Reduction of the biosynthesis of
NA via inhibition of DBH can directly dampen sympathetic nerve function, the activation of
which is the principal clinical manifestation of congestive heart failure (Parmley, W.W., Clin.
Cardiol., 18: 440-445, 1995). Therefore, peripheral DBH inhibitors reduce sympathetic drive.

DBH inhibitors may also find application in disorders of the CNS, including drug
addiction, psychiatric disorders, reduced cognition or dementia. For example, cocaine primarily
acts through inhibition of presynaptic dopamine (DA) transporters as well as the serotonin and
norepinephrine transporters. Increased levels of synaptic DA and, thereby, DA receptor binding
following cocaine administration is a key mechanism through which cocaine is reinforcing.

Cocaine also modulates the endogenous opioid system, especially p-opioid receptors (MOR), k-
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opioid receptors (KOR), and preprodynorphin. Whereas stimulation of dopaminergic pathways
may be sufficient to cause the reinforcing effects of cocaine, DA transporter gene deletion
studies have shown that this pathway is not essential to the development of cocaine self-
administration. Selective gene disruption of the MOR will, however, prevent the development of
cocaine self-administration.

Disulfiram (Antabuse), which inhibits aldehyde dehydrogenase (ALDH) and has been
used for more than 50 years in the treatment of alcoholism (Fuller, R.K. et al., J. Amer. Med.
Assoc., 256: 1449-55, 1986), was found to reduce alcohol and cocaine intake in co-dependent
patient population (Carroll, K.M. et al., Arch. Gen. Psychiatry, 61: 264-72, 2000; Carroll, K.M.
et al., Addiction, 93: 713-27, 1998; Carroll, K.M. et al., J. Stud. Alcohol, 54: 199-208, 1993).
Surprisingly, further studies revealed that disulfiram was at least as effective at treating cocaine
addicts who do not consume alcohol, and may even be more effective (Carroll, K.M. et al., Arch.
Gen. Psychiatry, 61: 264-72, 2004; George, T.P. et al., Biol Psychiatry, 47: 1080-6, 2000;
Petrakis, I.L. et al., Addiction, 95: 219-28, 2000). Therefore, an ALDH-independent mechanism
must be responsible for the ability of disulfiram to promote cocaine abstinence (Gaval-Cruz, M.
et al,, Mol. Interv., 9: 175-87, 2009; Weinshenker, D. et al., Neuropsychopharmacology, 32:
1433-51, 2007). Subsequently, Schroeder et al. tested the effects of disulfiram on cocaine and
food self-administration behaviour and drug-primed reinstatement of cocaine seeking in rats
(Schroeder, J.P. et al., Neuropsychopharmacology, 35: 2440-9, 2010). Their results suggest that
disulfiram’s efficacy in the treatment of cocaine addiction is associated with the inhibition of
DBH and interference with the ability of environmental stimuli to trigger relapse (Schroeder, J.P.
et al., Neuropsychopharmacology, 35: 2440-9, 2010).

Furthermore, the noradrenergic system plays a role in a number of cognitive domains,
including working memory, attention, and memory consolidation (Coull, J.T. et al., NeuroIlmage,
10: 705-15, 1999; McGaugh, J.L. et al., Psychopharmacology, 202: 3-14, 2009; Sara, S.J.,
Neuroscience, 10: 211-23, 2009). However, noradrenergic system activity in excess may impair
cognition. Animal studies have shown associations between excess noradrenergic activity and
impairments in attention and working memory (Arnsten, A.F., Nat. Rev. Neurosci., 10: 410-22,
2009; Sara, S.J., Neuroscience, 10: 211-23, 2009). Other studies show decreased cognitive
performance in people placed under stress conditions, suggesting excess noradrenergic activity

affects human cognition as well (Campbell, H.L. et al., Pharmacol. Biochem. Behav., 88: 222-9,
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2008; Hermans, E.J. et al., Science, 334: 1151-3, 2011). Given this association between
cognitive performance and noradrenergic system activity, there remains the question of whether
differences in basal levels of activity may relate to differences in cognitive performance and
whether this relationship is also influenced by age. Noradrenergic system activity appears higher
in older compared with younger adults, both peripherally and in the CNS (Featherstone, J.A. et
al., J. Gerontol., 42, 271-6, 1987; Lawlor, B.A. et al., Biol. Psychiatry, 38: 185-8, 1995; Supiano,
M.A. et al., Am. J. Physiol., 259: E422-31, 1990). Previously it has been demonstrated that the
concentration of cerebrospinal fluid NA was higher in older compared with younger adults, but it
is not known whether noradrenergic system age differences may be a factor in cognitive
differences. Numerous studies have linked excess noradrenergic activity with cognitive
impairment. As such, DBH inhibitors may find application in enhancing cognition, especially in
those suffering from dementia, including frontotemporal dementia (FTD), Parkinson disease and
Alzheimer disease (AD), or Mild Cognitive Impairment (MCI).

Several inhibitors of DBH have been thus far reported in the literature. Early first and
second generation examples such as disulfiram (Goldstein, M. et al., Life Sci., 3:763, 1964) and
diethyldithiocarbamate (Lippmann, W. et al., Biochem. Pharmacol., 18: 2507, 1969) or fusaric
acid (Hidaka, H. Nature, 231, 1971) and aromatic or alkyl thioureas (Johnson, G.A. et al, J.
Pharmacol. Exp. Ther., 171: 80, 1970) were found to be of low potency, exhibited poor
selectivity for DBH and caused toxic side effects. The third generation of DBH inhibitors,
however, were found to have much greater potency, such as, for example, nepicastat (RS-25560-
197, 1Cso 9nM) (Stanley, W.C., et al., Br. J. Pharmacol., 121: 1803-1809, 1997), which was
developed to early clinical trials. Although it was initially developed for peripheral indications
(hypertension and congestive heart failure), an important discovery was that nepicastat was
found to cross the blood-brain barrier (BBB), and was thereby able to cause central as well as
peripheral effects.

Nepicastat and its analogues are disclosed in WQ095/29165. Furthermore, WO
2004/033447 and WO 2008/136695 disclose DBH inhibitors having high potency and
significantly reduced brain access, giving rise to potent and peripherally selective DBH
inhibitors. However, these compounds would either not exhibit an effect in the CNS or would act
primarily in the periphery, potentially resulting in unwanted secondary effects in the

cardiovascular system or systemic tissues such as reduced sympathetic drive. A review of the
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mechanism, substrates and inhibitors of DBH, is given by Beliaev, A., et al. in Current Enzyme
Inhibition, 5, 27-43, 2009.

Therefore, there remains an unfulfilled clinical requirement for a potent, non-toxic and
CNS-penetrant/active inhibitor of DBH with suitable pharmacokinetic properties, which could be
used for treatment of certain CNS disorders, including cocaine addiction, alcohol addiction,
adjunct opioid addiction, cognition decline in FTD, cognition decline in MCI, cognition decline
in AD, attention deficit-hyperactive disorder (ADHD), post-traumatic stress disorder (PTSD) and
unipolar depression. A DBH inhibitor with similar or even greater potency than nepicastat and
with beneficial CNS effects — including the ability to cross the BBB and exhibit a long residence
time in the brain so as to provide a long duration of DBH inhibition in the CNS — would provide
a significant improvement over all DBH inhibitor compounds thus far described in the prior art.
Additionally, such compounds would preferably be orally bioavailable and easier and cheaper to
synthesise.

During a SciFinder search, the following compounds were identified as commercially
available. However, no reference was made to their disclosure in the scientific or patent

literature.

Sejtosztodas Farmakologiaja (1979), 8(1), 79-100 discusses the antimicrobial effect of
certain 1,2,4-triazoles and discloses the compound 6-(4-chlorophenyl)-2,5,6,7-tetrahydro-3H-

pyrrolo[2,1-c]-1,2,4-triazole-3-thione which is not within the scope of the present invention.
4
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WO 2014/127350 Al discloses a genus of compounds that are modulators, such as
positive allosteric modulators, of one or more subclasses of vasopressin receptors. The genus
disclosed in this publication overlaps to a small extent with the genus of the present invention.
However, multiple selections of non-preferred embodiments within the genus of WO

2014/127350 Al would be required to arrive at a compound of the present invention.

SUMMARY OF THE INVENTION
The present invention provides a compound of formula I, or a pharmaceutically

acceptable salt or solvate thereof:

(H Rs Ry
HorD CH \N/R1
Rq —-<

wherein:

R1 is hydrogen, Ci-Cs alkyl, partially or fully deuterated C;-Cs alkyl, C3-Cs cycloalkyl,
C2-Cs cyanoalkyl, C1-Cs mercaptoalkyl or amino;

R: is hydrogen or C;-Cs alkyl;

R3 is hydrogen or oxo;

or R» and R3 combine to form a structure of formula Ia:

wherein:
X is CH3, CRgor N;
------ is a double bond when X is CRe or N and is a single bond when X is CHz;

R4 is hydrogen or C;-Cs alkyl;
Rs is hydrogen or C;-C; alkyl;
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or R4 and Rs combine, together with the carbon atom to which they are attached, to form

a cyclopropyl ring wherein the CH> moiety is optionally substituted with two deuterium (D)

atoms;
Re 1s hydrogen;
5 A 1s Cs-C7 cycloalkyl, furanyl, thiophenyl, methylthiophenyl or
X, X'
X5 X,
X3 ,
wherein:

X1 is hydrogen, halo or methyl;
X1’ i1s hydrogen or halo;
10 X is hydrogen, halo or methyl;
X2’ 1s hydrogen or halo;
X3 1s hydrogen or fluoro;
n is 0 or 1, and when n is O a single or double bond joins the carbon atoms to which R3
and Ry are attached;
15 for use in therapy.
This invention is also directed to compounds of formula I, as defined above, or a
pharmaceutically acceptable salt or solvate thereof, per se, provided that the following

compounds are excluded:
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This invention is also directed to compounds of formula I, as defined above, or a
pharmaceutically acceptable salt or solvate thereof, for use in the treatment of conditions
ameliorated by inhibition of DBH within the CNS.

This invention is also directed to compounds of formula I, as defined above, or a
pharmaceutically acceptable salt or solvate thereof, in the manufacture of a medicament for
treatment of conditions ameliorated by inhibition of DBH within the CNS.

This invention is also directed to a method for treating or preventing conditions
ameliorated by inhibition of DBH within the CNS comprising administering a therapeutically
effective amount of a compound of formula I, as defined above, or a pharmaceutically
acceptable salt or solvate thereof, to a patient in need thereof.

This invention is also directed to a pharmaceutical composition comprising (i) a
therapeutically effective amount of a compound of formula I, as defined above, or a
pharmaceutically acceptable salt or solvate thereof; and (i) a pharmaceutically acceptable

excipient.
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DETAILED DESCRIPTION OF THE EMBODIMENTS
A. Definitions

“C1-Ce alkyl” means a monovalent unsubstituted saturated straight-chain or branched-
chain hydrocarbon radical having from 1 to 6 carbon atoms. “C;-Cz alkyl”, “C;-Cs alkyl”, “C;-Ca
alkyl” and “C;-Cs alkyl” have analogous meanings.

“partially or fully deuterated C;-Cs alkyl” means a C;-Cg alkyl wherein some or all of the
hydrogen atoms, respectively, have been selectively replaced by deuterium.

“C3-Cs cycloalkyl” means a monovalent unsubstituted saturated cyclic hydrocarbon
radical having from 3 to 6 carbon atoms. “Cs-C7 cycloalkyl” has analogous meaning.

“C2-Ce cyanoalkyl” means a monovalent cyano-substituted saturated straight-chain or
branched-chain hydrocarbon radical having from 2 to 6 carbon atoms including that which forms
the cyano group.

“C1-Ce¢ mercaptoalkyl” means a monovalent thiol-substituted saturated straight-chain or
branched-chain hydrocarbon radical having from 1 to 6 carbon atoms.

“ox0” means an oxo radical, and may be depicted as =O.

“halo” means a fluorine (which may be depicted as -F), chlorine (which may be depicted
as -Cl), bromine (which may be depicted as -Br) or iodine (which may be depicted as -I) radical.

"amino" means -NHa.

“Pharmaceutically acceptable salt” means a salt such as those described in standard texts
on salt formation, see for example: P. Stahl, et al., Handbook of Pharmaceutical Salts:
Properties, Selection and Use (VCHA/Wiley-VCH, 2002), or S.M. Berge, et al., “Pharmaceutical
Salts” (1977) Journal of Pharmaceutical Sciences, 66, 1-19.

“Pharmaceutically acceptable solvate” means a molecular complex comprising the
compound of the invention and one or more pharmaceutically acceptable solvent molecules, for
example, water or ethanol. The term “hydrate” may be employed when said solvent is water.
Pharmaceutically acceptable solvates include hydrates and other solvates wherein the solvent of
crystallization may be isotopically substituted, e.g. D20, ds-acetone, de-DMSO.

“Pharmaceutically acceptable excipient” means any ingredient of a pharmaceutical
composition other than the compound(s) of the invention, or other known pharmacologically

active components. The choice of excipient will to a large extent depend on factors such as the
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particular mode of administration, the effect of the excipient on solubility and stability, and the
nature of the dosage form.

“Therapy”, “treatment” and “treating” include both preventative and curative treatment
of a condition, disease or disorder. It also includes slowing, interrupting, controlling or stopping
the progression of a condition, disease or disorder. It also includes preventing, curing, slowing,
interrupting, controlling or stopping the symptoms of a condition, disease or disorder.

Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a study of the disclosure, and the
appended claims. In the claims, the word "comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a plurality. The mere fact that certain

measures are recited in mutually different dependent claims does not indicate that a combination

of these measures cannot be used to advantage.

B. Compounds
The invention provides a compound of formula I, as defined above, or a pharmaceutically

acceptable salt or solvate thereof:

N

(H Rs Ry
HorD Cz\( \N/R1
R4 —<

Rs S
HorD
A
HorD M

with the proviso that the following compounds are excluded:
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STNHQ STE\ STE\/ STH\/\ STH\/\/
Y YTV YO T

B0. Core structures
In some embodiments Rz is hydrogen or C;-Cs alkyl; and R3 is hydrogen or oxo to

5 form a structure of formula I1 to 14:

alk 1(C4-C
(H yl (C4-C3) (H
HorD N/F{, Hor D un—"
Ry é R4 é
Rs Rs
HorD HorD
HorD an HorD 1)
lkyl
a yl (C1-Cs) (H 0
HorD N/R1 Hor D C HN/R1
R4 N—{
Rs S Rs S
A HorD A HorD
HorD 13 HorD (14),

Structure 12 is particularly preferred.

In some embodiments Rz and R3 of formula I combine to form a structure of formula Ia:
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wherein:
X 1s CH3, CRgor N;
------ 1s a double bond when X is CRe or N and is a single bond when X is CHb.

5 In some of these embodiments === 1S a double bond and X is N.

In some of these embodiments === 1S a double bond and X i1s CRe. This embodiment is

particularly preferred.

In some of these embodiments === is a single bond and X is CHa.
In some embodiments of formula I, n is O and a single bond joins the carbon atoms to

10  which R3 and Ry are attached to form a structure of formula Ib

Hor D Rs R;
\N/Rl
R4
N
Rs /\
A HorD S
HorD (Ib)

In some embodiments of formula I, R4 and Rs combine, together with the carbon atom to
which they are attached, to form a structure of formula I¢ having a cyclopropyl ring wherein the

CH:> moiety is optionally substituted with two deuterium atoms:

(H Rs Rz
Hor D Ci\( \N/RI

H,C N
S
A HorD
15 HorD (Ie)
In some embodiments more than 50%, preferably more than 90%, more preferably more
than 95% and even more preferably more than 99% of substituents Rs and A of compounds of

formula I have the stereochemical configuration of formula Id

11
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HorD
HorD (Id),

In some embodiments more than 50%, preferably more than 90%, more preferably more
than 95% and even more preferably more than 99% of substituents Rs and A of compounds of

formula I have the stereochemical configuration of formula Ie
Rs Rp

(& \
HorD YC N/R1
R4 N <
S
HorD
5 HorD (Ie)

Preferred embodiments of formula I include compounds of formula If, Ig and Ih.

Formula Th is particularly preferred.

Re
Ry R3 R4
N N
Rs Rs /\
A S A s

an (1) ()

In some particularly preferred embodiments of formula If, Ig and Th more than 50%,
10 preferably more than 90%, more preferably more than 95% and even more preferably more than

99% have the stereochemical configuration of formulas Is, It and Tu. Formula Iu is particularly

preferred.
R4 R3
HN/R1 - \N/R1 / N/R1
Rstmy,,, N <
A S

@s) @ ()

Other preferred embodiments of formula I include compounds of formula Ii, Ij and Ik.
15  Formula IK is particularly preferred.

12
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Re
R3
o un—R1 “INy—FR He Z Sy—"Fu
\ "*Q
A S A S

(1) ) )
In some particularly preferred embodiments of formula Ii, Ij and Ik more than 50%,
preferably more than 90%, more preferably more than 95% and even more preferably more than

99% have the stereochemical configuration of formulas Il, Im and In. Formula In is particularly

preferred.

(Im)

B1.  Substituent Ry
R: is selected from the group consisting of hydrogen, C;-Cs alkyl, partially or fully
deuterated C;-Cs alkyl, C3-Cs cycloalkyl, C2-Cs cyanoalkyl, C1-Cs mercaptoalkyl and amino.
R is preferably selected from the group consisting of hydrogen and C;-Cs alkyl.
In some embodiments Ry is hydrogen.
In some embodiments Ry is C1-Cs alkyl.
In some embodiments Ry is partially deuterated C;-Cs alkyl.
In some embodiments Ry is fully deuterated C;-Cs alkyl.
In some embodiments Ry is C3-Cs cycloalkyl.
In some embodiments Ry is C2-Cs cyanoalkyl.
In some embodiments Ry is C1-Cg mercaptoalkyl.
In some embodiments Ry is amino.
R; is preferably selected from the group consisting of hydrogen, methyl, d;-methyl,
propyl, cyclopropyl, cyanomethyl, mercaptoethyl and amino.

R; is more preferably selected from the group consisting of hydrogen and methyl.
13
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In some embodiments R is preferably hydrogen.

In some embodiments Ry is preferably methyl.

In some embodiments Ry is preferably ds-methyl.

In some embodiments Rj is preferably propyl.

In some embodiments Ry is preferably cyclopropyl.
In some embodiments R is preferably cyanomethyl.
In some embodiments R is preferably mercaptoethyl.
In some embodiments Ry is preferably amino.

R; is most preferably hydrogen.

Substituent Rz (when not combined with R3)
R: is selected from the group consisting of hydrogen and C;-C; alkyl.
In some embodiments R is hydrogen.
In some embodiments Rz is C;-Cs alkyl.
R: is preferably selected from the group consisting of hydrogen and methyl.
In some embodiments R is preferably hydrogen.
In some embodiments R is preferably methyl.

R: is most preferably hydrogen.

Substituent R3 (when not combined with R3)

R3 is selected from the group consisting of hydrogen and oxo.
In some embodiments R3 is hydrogen.
In some embodiments R3 is oxo.

R3 is preferably hydrogen.

Substituent R4 (when not combined with Rs)
R4 is selected from the group consisting of hydrogen and C;-C; alkyl.
In some embodiments R4 is hydrogen.
In some embodiments Rgq 1s C;-C3 alkyl.
Ry is preferably selected from the group consisting of hydrogen and methyl.

In some embodiments Ry is preferably hydrogen.

14
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In some embodiments Ry is preferably methyl.

R4 is most preferably hydrogen.

B5.  Substituent Rs (when not combined with Ry)
Rs is selected from the group consisting of hydrogen and C;-C; alkyl.
In some embodiments Rs is hydrogen.
In some embodiments Rs is C;-Cz alkyl.
Rs is preferably selected from the group consisting of hydrogen and methyl.
In some embodiments Rs is preferably hydrogen.
In some embodiments Rs is preferably methyl.

Rs is most preferably hydrogen.

B6.  Substituent Re
Re is hydrogen.

B7.  Substituent A
A is selected from the group consisting of Cs-C; cycloalkyl, furanyl, thiophenyl,
methylthiophenyl and

X, X'

Xy Xy'
X3
wherein:
X1 is hydrogen, halo or methyl;
X1’ i1s hydrogen or halo;
X is hydrogen, halo or methyl;
X2’ 1s hydrogen or halo; and
X3 1s hydrogen or fluoro.

Preferably A is

15
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X4 Xy

wherein Xi, X1°, X2, X3’ and X3 are as defined above.

More preferably A is

X, X'

Xy Xy'
X3
wherein:
X1 is hydrogen, fluoro, chloro or methyl;
X1’ i1s hydrogen, fluoro or chloro;
Xz is hydrogen, fluoro, chloro, bromo or methyl;
X2’ 1s hydrogen, fluoro, chloro or bromo; and
X3 1s hydrogen or fluoro.
In one preferred embodiment not all of X1, X1’, X2, X5’ and X3 are hydrogen.

Preferably A is selected from the group consisting of

16
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Most preferably A is selected from the group consisting of

O @
©/F
4

-n

-
-n

Cl

-
hul pul
) >:

&q&&
g
o

Br Cl Br

B8.  Specific embodiments of Compounds of Formula I

Various embodiments of substituents Ry, Rz, R3, R4, Rs, Re, A, X, X1, X1’, X3, X3’ and
X3 have been discussed in B1 to B7 above. These “substituent” embodiments can be combined
with any of the “core structure” embodiments, discussed in B0 above, to form further
embodiments of compounds of formula I. All embodiments of compounds of formula I formed
by combining the “substituent” embodiments and “core structure” embodiments, discussed
above, are within the scope of Applicants' invention, and some preferred further embodiments of
the compounds of formula I are provided below.

In some embodiments of formula I, structures of formula If, Ii, and Il are highly

preferred

18



WO 2018/056854 PCT/PT2017/050022

R4 R3 R3

an 1)
wherein:
R; is selected from the group consisting of hydrogen and methyl;
R3 is selected from the group consisting of hydrogen and oxo;
5 R4 (if present) is selected from the group consisting of hydrogen and methyl;
Rs (if present) is selected from the group consisting of hydrogen and methyl; and

A 1s selected from the group consisting of
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In some embodiments of formula I, structures of formula Th, Ik, and In (in particular

o

-n

aqatpes

10 formula Ih) are highly preferred
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(k)
wherein:
R; is selected from the group consisting of hydrogen and methyl;
R4 (if present) is selected from the group consisting of hydrogen and methy];
5 Rs (if present) is selected from the group consisting of hydrogen and methyl;
Re 1s hydrogen; and
A 1s selected from the group consisting of

<
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In some embodiments of formula I, structures of formula Ih wherein more than 50%,

i
R
g

Cl Cl Br Cl

4
I
-

Br F Br

10 preferably more than 90%, more preferably more than 95% and even more preferably more than

99% have the stereochemical configuration of formula Iu are even more highly preferred
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wherein:
R; is selected from the group consisting of hydrogen and methyl;
Ry is selected from the group consisting of hydrogen and methyl;
5 Rs is selected from the group consisting of hydrogen and methyl;
Re 1s hydrogen; and
A 1s selected from the group consisting of

<
Wigf
4

AnAN AN

-n
-n
n

-n

-
-n
-

?CC&@

-n

M; o
I
0

Cl Cl

é& F
Q.
2

In some embodiments of formula I, structures of formula Io, Ip and Iq (in particular formula

-
m pul
) >:

Cl Cl Br ClI

Br F Br

10 To) are even more highly preferred
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/
NH Ny
H,C
A N < N
S
A S

(Ip)
wherein:

A 1s selected from the group consisting of
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Cl Cl  Br
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In some embodiments of formula I, structures of formula Io wherein more than 50%,
preferably more than 90%, more preferably more than 95% and even more preferably more than

99% have the stereochemical configuration of formula Iv are even more highly preferred

Z NH
A N—<
S

wherein:
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A 1s selected from the group consisting of
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The following compounds represent specific embodiments of the invention:

in
-

Jat
-

Cl Br ClI

Br F Br

3-Phenylpyrrolidine- 1-carbothioamide;

S 3-(thiophen-2-yl)pyrrolidine-1-carbothioamide;
3-(4-Fluorophenyl)pyrrolidine-1-carbothioamide;
3-phenylpiperidine-1-carbothioamide;
3-(2,4-difluorophenyl)pyrrolidine- 1-carbothioamide;
(5)-3-phenylpyrrolidine- 1-carbothioamide;

10 3-methyl-3-phenylpyrrolidine-1-carbothioamide;
1-phenyl-3-azabicyclo[3.1.0]hexane-3-carbothioamide;
3-cyclohexylpyrrolidine-1-carbothioamide;
3-(5-methylthiophen-2-yl)pyrrolidine- 1-carbothioamide;
(R)-3-phenylpyrrolidine- 1-carbothioamide;

15 3-(3,5-Difluorophenyl)pyrrolidine- 1-carbothioamide;
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3-o-tolylpyrrolidine-1-carbothioamide;

3-m-tolylpyrrolidine- 1-carbothioamide;

3-(thiophen-3-yl)pyrrolidine- 1-carbothioamide;
3-(furan-3-yl)pyrrolidine-1-carbothioamide;
3-(furan-2-yl)pyrrolidine-1-carbothioamide;

3-(2,5-difluorophenyl)pyrrolidine- 1-carbothioamide;
3-(2,4,5-trifluorophenyl)pyrrolidine-1-carbothioamide;
3-(3,4-difluorophenyl)pyrrolidine- 1-carbothioamide;
(5)-3-(2,4,6-trifluorophenyl)pyrrolidine- 1 -carbothioamide;
3-(2,3,4-trifluorophenyl)pyrrolidine-1-carbothioamide;
3-(2,3,5,6-Tetrafluorophenyl)pyrrolidine- 1-carbothioamide;
3-(2,3,5-trifluorophenyl)pyrrolidine-1-carbothioamide;
(5)-3-(3,5-difluorophenyl)pyrrolidine- 1-carbothioamide;
(R)-3-(3,5-difluorophenyl)pyrrolidine- 1-carbothioamide;
(18,55)-1-(thiophen-2-yl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide;
(1R,5R)-1-(thiophen-2-yl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide;
3-(perfluorophenyl)pyrrolidine- 1-carbothioamide;
(18,5R)-1-(3,5-Difluorophenyl)-N-methyl-3-azabicyclo[3.1.0]hexane-3-carbothioamide;
N-methyl-3-phenylpyrrolidine-1-carbothioamide;
3-(3,5-difluorophenyl)-N-methylpyrrolidine- 1-carbothioamide;
N-methyl-3-(2,3,5,6-tetrafluorophenyl)pyrrolidine- 1-carbothioamide;
1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]Jhexane-3-carbothioamide;
(1R,55)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide;
(18,5R)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide;
1-(2,4-difluorophenyl)-3-azabicyclo[3.1.0]Jhexane-3-carbothioamide;
1-(2,5-difluorophenyl)-3-azabicyclo[3.1.0]Jhexane-3-carbothioamide;
(18,5R)-1-(3,5-Difluorophenyl)-N-propyl-3-azabicyclo[3.1.0]hexane-3-carbothioamide;
1-(2,5-difluorophenyl)-N-(2-mercaptoethyl)-3-azabicyclo[3.1.0]Jhexane-3-carbothioamide;

(18,5R)-1-(3,5-difluorophenyl)-N-methyl-4-oxo0-3-azabicyclo[3.1.0]Jhexane-3-carbothioamide;

4-(3,5-difluorophenyl)-N-methyl-2-oxopyrrolidine- 1 -carbothioamide;
1-(3,5-Difluorophenyl)-N-methyl-4-oxo-3-azabicyclo[3.1.0]hexane-3-carbothioamide;

24



10

15

20

25

30

WO 2018/056854 PCT/PT2017/050022

6-Phenyltetrahydro-1H-pyrrolo[ 1,2-c]imidazole-3(2H)-thione;
1-(3,5-Difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothiohydrazide;
1-(3,5-Difluorophenyl)-N,N-dimethyl-3-azabicyclo[3.1.0]hexane-3-carbothioamide;
N-(cyanomethyl)-1-(2,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide;
3-(3,5-Difluorophenyl)-N-methyl-2,3-dihydro- 1 H-pyrrole-1-carbothioamide;
6-phenyl-6,7-dihydro-2H-pyrrolo[ 1,2-c]imidazole-3(5 H)-thione;
6-(3,5-difluorophenyl)-6,7-dihydro-2H-pyrrolo[ 1,2-c]imidazole-3(5H)-thione;
6-(2,4-Difluorophenyl)-6,7-dihydro-2H-pyrrolo[ 1,2-c]imidazole-3(5H)-thione;
6-(2,5-difluorophenyl)-6,7-dihydro-2H-pyrrolo[1,2-c]imidazole-3(5H)-thione;
5a-(3,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-3(2H)-
thione;

(5aS,6aR)-5a-(3,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-
3(2H)-thione;

(5aS,6aR)-5a-(2,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-
3(2H)-thione;

(5aS,6aR)-5a-(2,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-
3(2H)-thione;

(5aR,6aS)-5a-(2,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-
3(2H)-thione;

(R)-6-(3,5-difluorophenyl)-6,7-dihydro-2H-pyrrolo[ 1,2-c]imidazole-3(5 H)-thione;
(5)-6-(3,5-difluorophenyl)-6,7-dihydro-2 H-pyrrolo[ 1,2-c]imidazole-3(5H)-thione;
(5aS,6aR)-5a-(3,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 2,1-
c][1,2,4]triazole-3(2H)-thione;

(5)-6-(2,3,5,6-tetrafluorophenyl)-6,7-dihydro-2H-pyrrolo[ 1,2-c]imidazole-3(5 H)-thione;
(R)-6-(2,3,5,6-tetrafluorophenyl)-6,7-dihydro-2H-pyrrolo[ 1,2-c]imidazole-3(5 H)-thione;
(5aS,6aR)-5a-(2,3,5-trifluorophenyl)-5,5a,6,6a-tetrahydrocyclopropa[ 3,4]pyrrolo[ 1,2-
climidazole-3(2H)-thione;
(5aS,6aR)-5a-(2,6-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-
3(2H)-thione;

(5aR,6a8)-5a-(2,6-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-
3(2H)-thione;
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(5a$,6aR)-5a-(2,3-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropa[3.,4]pyrrolo[1,2-c]imidazole-
3(2H)-thione;

(5aR,6a8)-5a-(2,3-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropa[3.4]pyrrolo[ 1,2-c]imidazole-
3(2H)-thione;

(5a8,6aR)-5a-(2,3,6-trifluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-
c]imidazole-3(2H)-thione;
(5aR,6a8)-5a-(2,3,6-trifluorophenyl)-5,5a,6,6a-tetrahydrocyclopropa[ 3,4]pyrrolo[ 1,2-
climidazole-3(2H)-thione;
(5aS,6aR)-5a-(2,4-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-
3(2H)-thione;

(5aS,6aR)-5a-(3,4-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-
3(2H)-thione;

(5a8,6aR)-5a-(2,4,5-trifluorophenyl)-5,5a,6,6a-tetrahydrocyclopropa[ 3,4]pyrrolo[ 1,2-
c]imidazole-3(2H)-thione;
(5aS,6aR)-5a-(3-chloro-5-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-
c]imidazole-3(2H)-thione;
(5aS,6aR)-5a-(5-chloro-2-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-
climidazole-3(2H)-thione;
(5aS,6aR)-5a-(2-chloro-5-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-
climidazole-3(2H)-thione;
(5a8,6aR)-5a-(3,5-difluorophenyl)-2-methyl-5,5a,6,6a-tetrahydrocyclopropal 3,4 ]pyrrolo[ 1,2-
climidazole-3(2H)-thione;

(5aS,6aR)-2-cyclopropyl-5a-(3,5-difluorophenyl)-5,5a,6,6a-
tetrahydrocyclopropa[3,4]pyrrolo[1,2-c]imidazole-3(2H)-thione;
6-cyclohexyl-6,7-dihydro-2H-pyrrolo[ 1,2-c]imidazole-3(5 H)-thione;
(5)-6-(2,3,5-trifluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-thione;
(R)-6-(2,3,5-trifluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-thione;
(5)-6-(2,6-difluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-thione;
(8)-6-(3-chloro-2,6-difluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-thione;
(R)-6-(3-chloro-2,6-difluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-thione;
(R)-6-(2,6-difluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-thione;
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(5a$,6aR)-5a-(3-chloro-2,6-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropa( 3,4]pyrrolo[2,1-
c][1,2,4]triazole-3(2H)-thione;
(5a$,6aR)-5a-(2-chloro-6-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropa( 3,4]pyrrolo[1,2-
c]imidazole-3(2H)-thione;
(5a8,6aR)-5a-(3-chloro-2,6-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4] pyrrolo[ 1,2-
c]imidazole-3(2H)-thione;
(5a8,6aR)-5a-(5-chloro-2-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-
climidazole-3(2H)-thione-5,5-d»;
(5a8,6aR)-5a-(3-chloro-2-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-
climidazole-3(2H)-thione;
(5aS,6aR)-5a-(5-bromo-2-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[1,2-
c]imidazole-3(2H)-thione;
(5a8,6aR)-5a-(3-bromo-5-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-
c]imidazole-3(2H)-thione;

(5aS,6aR)-5a-(5-chloro-2-fluorophenyl)-2-(methyl-ds)-5,5a,6,6a-
tetrahydrocyclopropa[3,4]pyrrolo[1,2-c]imidazole-3(2H)-thione;
5a-(5-chloro-2-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[1,2-c]imidazole-
3(2H)-thione-6,6,6a-ds;
(5aR,6aS8)-5a-(3-chloro-2,6-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4] pyrrolo[1,2-
climidazole-3(2H)-thione;

(5aS8,6aS)-5a-(3,5-difluorophenyl)-2,5,5a,6,6a,7-hexahydro-3H-cyclopropa[d]imidazo[ 1,5-
a]pyridine-3-thione;
(6R,75)-7-methyl-6-(2,3,5,6-tetrafluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-

3-thione;

(6R,7R)-7-methyl-6-(2,3,5,6-tetrafluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-

3-thione;

(5a8,6aR)-5a-(3,5-dichlorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-

3(2H)-thione;
(5aR,6a8)-5a-(5-chloro-2-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-
climidazole-3(2H)-thione;

(6R)-6-(2,3,5,6-tetrafluorophenyl)tetrahydro- 1 H-pyrrolo[ 1,2-c]imidazole-3(2H)-thione;
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(8)-6-(2,3,6-trifluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-thione;
(R)-6-(2,3,6-trifluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-thione;
(R)-2-methyl-6-(2,3,5,6-tetrafluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-
thione;
(5a8,6aR)-5a-(3-bromo-2,6-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4 ]pyrrolo[ 1,2-
c]imidazole-3(2H)-thione;

(5aS,6aR)-5a-(5-chloro-2-fluorophenyl)-2-methyl-5,5a,6,6a-
tetrahydrocyclopropa[3.,4]pyrrolo[1,2-c]imidazole-3(2H)-thione;
(8)-6-(3-bromo-2,6-difluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-thione;
(R)-6-(3-bromo-2,6-difluorophenyl)-2,5,6,7-tetrahydro-3H-pyrrolo[ 1,2-c]imidazole-3-thione;
(5a8,6aR)-5a-(3-bromo-2,6-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4 ]pyrrolo[2,1-
c][1,2,4]triazole-3(2H)-thione; and
(5aS,6aR)-5a-(5-bromo-2-fluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[2,1-
c][1,2,4]triazole-3(2H)-thione .

C. Compositions

The compounds of the invention intended for pharmaceutical use may be administered
alone or in combination with one or more other compounds of the invention or in combination
with one or more other drugs (or as any combination thereof). Generally, they will be
administered as a formulation in association with one or more pharmaceutically acceptable
excipients. Accordingly, the present invention is also directed to a pharmaceutical composition
comprising (1) a therapeutically effective amount of a compound of formula I, as defined above,
or a pharmaceutically acceptable salt or solvate thereof; and (i1) a pharmaceutically acceptable
excipient.

Pharmaceutical compositions suitable for the delivery of compounds of the present
invention and methods for their preparation will be readily apparent to those skilled in the art.
Such compositions and methods for their preparation may be found, for example, in

“Remington’s Pharmaceutical Sciences”, 19th Edition (Mack Publishing Company, 1995).
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D. Methods of Use

This invention is also directed to compounds of formula I, as defined above, or a
pharmaceutically acceptable salt or solvate thereof, for use in therapy, in particular for the
treatment of conditions ameliorated by inhibition of DBH within the CNS.

This invention is also directed to the use of compounds of formula I, as defined above, or
a pharmaceutically acceptable salt or solvate thereof, in the manufacture of a medicament for
treatment of conditions ameliorated by inhibition of DBH within the CNS.

This invention is also directed to a method for treating conditions ameliorated by
inhibition of dopamine-beta-hydroxylase within the CNS comprising administering a
therapeutically effective amount of a compound of formula I, as defined in claim 1, or a
pharmaceutically acceptable salt or solvate thereof, to a patient in need thereof.

Conditions ameliorated by inhibition of DBH within the CNS can include, but are not
limited to: cocaine addiction, alcohol addiction, adjunct opioid addiction, cognition decline in
FTD, cognition decline in MCI, cognition decline in AD, ADHD, PTSD and unipolar

depression.

E. General synthetic methodology

The methods used for the synthesis of the compounds of the invention are illustrated by
the schemes below. The starting materials and reagents used in preparing these compounds are
available from commercial suppliers or can be prepared by methods obvious to those skilled in
the art. To make the schemes easier to read, the option to incorporate deuterium at certain
positions is not shown. Specifically, deuterated products can be produced using specifically
deuterated starting materials, including, but not limited to, those used in Examples 1-121.

Compounds of formula I2 can generally be synthesised by the methods outlined in

Scheme 1.

29



WO 2018/056854 PCT/PT2017/050022

Scheme 1
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Compounds of formula I4 can generally be synthesised by the method outlined in

Scheme 2:
5 Scheme 2
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Compounds of formula Ia, where X = CH: can generally be synthesised by the method

outlined in Scheme 3:

Scheme 3
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Compounds of formula Ia, where X = CRg can generally be synthesised by the method

outlined in Scheme 4:

Scheme 4
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When Re = H, the starting material in Scheme 4 can generally be synthesised by the

method outlined in Scheme 5:

Scheme 5
O, O, O,
OH OH H H
(g’“\?; NaBH, + BF;.EtOEt (gi\(ﬁ Dess-Martin periodinane (EQ; HCI g’“\?;
R4 NBoc Ry NBoc R4 NBoc R4 NH
Rs Rs Rs Rs
A A A A
5 The starting material for Scheme 5, when n = 0, can generally be synthesised by the

method outlined in Scheme 6 as either enriched enantiomers or racemates:

Scheme 6
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When Re¢ = H and R4 and Rs combine to form a cyclopropyl group, the starting material

10 in Scheme 4 can generally be synthesised by the method outlined in Scheme 7:

Scheme 7
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The starting material for Scheme 7 can generally be synthesised by the method outlined
in Scheme 8:
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Scheme 8
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Compounds of formula Ia, where X = N can generally be synthesised by the method

outlined in Scheme 9:

5 Scheme 9
" \o S " N
(c HZN\N)I\S/ (Ci\( N,
Ry \N R, Ry N/g
Rs Rg S

The starting material for Scheme 9, when n = 0 and R4 and Rs combine to form a

cyclopropyl group, can generally be synthesised by the method outlined in Scheme 10:

Scheme 10
OH o o 0
. CrO;, + HySO, + H,0 CF,COOH Me,OBF,
> * —_— * —_— *
NBoc NH N N
AT A . A AT«

1 O NHBoc

In turn, the starting material for Schemes 8 and 10 can generally be synthesised by the
method outlined in Scheme 11 as either enriched enantiomers or racemates and including

specific deuteration:

Scheme 11
@
Na
¢
\Sli/ ‘sli/
I
NaBH,
BF,
cl o OH OH
—on A ) )
A * CHz)n * %o diert-butyl dicarbonate * Y
O
A A
15 NH, NHBoc

In accordance with this synthetic methodology, the invention provides a process

for the preparation of compounds of formulae I2 or Ia wherein == 1s a double bond and X is

CR¢
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H or D (12) (Ia)
which comprises reacting a compound of formula II2 or IIa wherein n, R4, Rs, R¢ and A are as

defined for formula I above

Re
( H ( H; 0
Hor D C H or D C
Rq NH Rq NH
Rs Rs
A HorD A HorD
HorD (12) HorD (ITa)

5  with a compound of formula R'-N=C=S.
Compounds of formula II2 and ITa wherein n, R4, Rs, R¢ and A are as defined for
formula I above are thus useful intermediates representing further embodiments of the present

mnvention.

10 F. Examples
All compounds and intermediates were characterised by NMR. The spectra were
recorded on a Bruker Avance III 600 MHz spectrometer with solvent used as internal standard.
3C spectra were recorded at 150 MHz and 'H spectra were recorded at 600 MHz. Data are
reported in the following order: approximate chemical shift (ppm), number of protons,
15  multiplicity (br, broad; d, doublet; m, multiplet; s, singlet; t, triplet) and coupling constant (Hz).
Room temperature in the following protocols means the temperature ranging from 20 °C

to 25 °C.

Example 1: 3-Phenylpyrrolidine-1-carbothioamide
20  Step 1: N-(3-phenylpyrrolidine-1-carbonothioyl)benzamide

%)

©/CNH NH,NCS
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To a solution of ammonium thiocyanate (62 mg, 0.815 mmol) in acetone (2 mL) was added
benzoyl chloride (0.087 mL, 0.747 mmol) at room temperature with stirring. After being stirred
for 10 min. the resulting precipitate was filtered off and 3-phenylpyrrolidine (CAS#936-44-7)
(100 mg, 0.679 mmol) was added to the filtrate in portions. The reaction mixture was stirred at
ambient temperature for 20 h, and then evaporated to dryness. Chromatography (petroleum ether
— ethyl acetate, 4:1) gave N-(3-phenylpyrrolidine-1-carbonothioyl)benzamide as an off-white
powder (0.067 g, 32% yield).

Step 2: 3-phenylpyrrolidine-1-carbothioamide

n />:/ K,CO4 Y NH,
©EN~<S Po) _— > ©/C .(S

To a solution of N-(3-phenylpyrrolidine-1-carbonothioyl)benzamide (0.06 g, 0.193 mmol) in
methanol (2 mL) was added 20% aq. sodium hydroxide (0.317 mL, 1.933 mmol) and the mixture
was refluxed for 6 h. Thereupon, the reaction was diluted with water (4 mL) and then the
organics were removed under vacuum to give the product as an oil that solidified on standing in
the cold (5 °C). The crystals were collected, washed with water and dried to give 3-
phenylpyrrolidine-1-carbothioamide as an off-white powder (0.018 g, 45% yield).

"H NMR (DMSO-d6): 7.33 (2H, t,J = 7.3 Hz), 7.29 (2H, d, ] = 7.2 Hz), 7.24 (1H, t, ] = 7.2 Hz),
7.19 (2H, br s), 4.12 (0.5 H, m), 3.90 (0.5 H, m), 3.78 (0.5 H, m), 3.44-3.61 (2H, m), 3.26 (0.5 H,
m), 2.34 (0.5 H, s br), 2.20 (0.5 H, s br), 2.11 (0.5 H, m), 1.97 (0.5 H, m).

3C NMR (DMSO-d6): 178.5, 141.2, 141.1, 128.5, 127.1, 126.8, 126.7, 57.5, 53.9, 51.3, 47.5,
44,42.4, 33,0, 31.9.

Example 2: 3-(thiophen-2-yl)pyrrolidine- 1-carbothioamide

NH,
N N\(
\_. s
3-(Thiophen-2-yl)pyrrolidine ~ (CAS#125067-53-0) was  converted to  3-(thiophen-2-
yl)pyrrolidine-1-carbothioamide by a similar procedure as described for Example 1 and the

product was isolated as an off-white powder.
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"H NMR (DMSO-d6): 7.39 (1 H, d, ] =4.4 Hz), 7.19 (2 H, br, s), 6.98 (1 H, dd, ] = 5.0, 3.5 Hz),
6.96 (1 H,d,J=2.9 Hz), 4.10 (0.5 H, br s), 3.86 (0.5 H, br s), 3.80 (1 H, br s), 3.66 (0.5 H, br s),
3.53 (1.5 H, m), 3.38 (0.5 H, m), 3.29 (0.5 H, br s), 2.39 (0.5 H, m), 2.26 (0.5 H, br s), 2.09 (0.5
H, br s), 1.95 (0.5 H, br s).

3C NMR (DMSO-d6): 178.5, 144.7, 127, 124.1, 124.1, 124, 58.1, 54.6, 51, 47.2, 39.2, 37.9,
34.1, 33,0.

Example 3: 3-(4-Fluorophenyl)pyrrolidine-1-carbothioamide
N= =N
Sh A
NH E NHs N__NH2
F S
F

To a solution of 1,1'-thiocarbonyldiimidazole (0.570 g, 3.20 mmol) in tetrahydrofuran (6 mL)
was added a solution of 3-(4-fluorophenyl)pyrrolidine (CAS#144620-11-1) (0.48 g, 2.91 mmol)

in tetrahydrofuran (6.00 mL). The mixture was then stirred for 1 h at room temperature and for
an additional 2 h at 55-60 °C. Thereupon, tetrahydrofuran was removed under vacuum and the
residue was dissolved in methanol (12 mL). The thus obtained solution was treated with 25% aq.
ammonia (3.26 mL, 43.6 mmol) and then the mixture was stirred at room temperature for 5 days.
The reaction was diluted with 1M HCI, the resulting precipitate was collected, washed with a
mixture of methanol-water (1:1) and dried under vacuum at 50 °C to give 3-(4-
fluorophenyl)pyrrolidine- 1-carbothioamide as a white powder (0.22 g, 34% yield).

'"H NMR (DMSO-d6): 7.33 (2H, m), 7.15 (2H, m), 6.70-7.60 (2 H, br s), 4.11 (0.5 H, m), 3.90
(0.5 H, m), 3.77 (0.5 H, m), 3.52 (1.5 H, m), 3.40 (1.5 H, m), 3.23 (0.5 H, m), 2.33 (0.5 H, br s),
2.18 (0.5 H, brs), 2.09 (0.5 H, m ), 1.96 (0.5 H, m).

3C NMR (DMSO-d6): 178.4, 161.8, 160.2, 137.2, 129, 129, 115.3, 115.1, 57.5, 54, 51.3, 47.4,
43.3,41.7,33.1, 31.9.

Example 4: 3-phenylpiperidine-1-carbothioamide
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3-Phenylpiperidine (CAS#3973-62-4) was converted to 3-phenylpiperidine-1-carbothioamide by
a similar procedure as described for Example 3 and the product was isolated as a white powder.
'H NMR (DMSO-d6): 7.38 2 H, brs), 7.32 (2 H, t, ] = 7.8 Hz), 7.29 (2 H, d, ] = 7.8 Hz), 7.23
(1 H, mt, J=7.1 Hz), 4.59 (2 H, m), 2.96 (2 H, m), 2.64 (1 H, m), 1.90 (1 H, m), 1.70 (2 H, m),
1.50 (1 H, m).

3C NMR (DMSO-d6): 180.5, 143.3, 128.4, 127.1, 126.5, 53.7, 47.6, 42,0, 31.3, 25.0,

Example S: 3-(2,4-difluorophenyl)pyrrolidine- 1-carbothioamide

NH
N\( 2
E S
F

3-(2,4-Difluorophenyl)pyrrolidine ~ (CAS#1092108-80-9) was  converted to  3-(2,4-
difluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for Example 3
and the product was isolated as a beige powder.

"H NMR (DMSO-d6): 7.39 (1H, m), 7.19 (1 H, ddd, J = 11.0, 9.2, 2.6 Hz), 7.09 (2H, br s), 7.07
(1H, ddt, J = 1.0, 2.6, 8.5 Hz), 3.34-4.24 (5H, m), 2.28 (1H, br s), 2.09 (1H, br s).

3C NMR (DMSO-d6): 178.6, 178.5, 162, 161.9, 161.2, 160.4, 160.3, 159.6, 129.4, 129.2, 129,
129, 124.9, 124.1, 115.3, 115.1, 111.7, 111.5, 104.1, 103.9, 103.8, 56.1, 52.5, 50.9, 37.1, 35.5,
31.6,30.4.

Example 6: (5)-3-phenylpyrrolidine-1-carbothioamide

Z \ NH

S
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(5)-3-phenylpyrrolidine (CAS#62624-46-8) was converted to (S)-3-phenylpyrrolidine-1-
carbothioamide by a similar procedure as described for Example 3 and the product was isolated
as a beige powder.

'H NMR (DMSO-d6): 7.33 (2H, t,J = 7.2 Hz), 7.29 (2H, d, ] = 7.4 Hz), 7.24 (1H, t, ] = 7.1 Hz),
7.21 (2H, br s), 4.12 (0.5 H, m), 3.90 (0.5 H, m), 3.78 (0.5 H, m), 3.44-3.61 (2H, m), 3.26 (0.5 H,
m), 2.34 (0.5 H, s br), 2.20 (0.5 H, s br), 2.11 (0.5 H, m), 1.97 (0.5 H, m).

BC NMR (DMSO-d6): 178.4, 141.2, 141.1, 128.5, 127.1, 126.7, 126.7, 57.5, 53.9, 51.3, 47.5,
44,42.4, 33,0, 31.9.

Example 7: 3-methyl-3-phenylpyrrolidine- 1-carbothioamide

N

)\NHZ

S
3-Methyl-3-phenylpyrrolidine ~ (CAS#56606-73-6)  was  converted to  3-methyl-3-
phenylpyrrolidine-1-carbothioamide by a similar procedure as described for Example 3 and the
product was isolated as a white solid.
"H NMR (DMSO-d6): 6.80-7.60 (7 H, m), 3.89 and 3.82 (1 H, 2 br d, J = 11.4 Hz), 3.68 (1 H,
m), 3.60 and 3.54 (1 H, 2 br d, J = 10.8 Hz), 3.45 (0.5 H, m), 2.27 (0.5 H, m), 2.21 (0.5 H, m),
2.10 (1 H, m).
3C NMR (DMSO-d6): 178.9, 178.6, 146.8, 146.6, 128.4, 126.3, 126.2, 125.7, 125.5, 62.3, 58.9,
50.1,46.4,46.2,44.5, 37.7,36.2, 27.5, 27.1.

Example 8: 1-phenyl-3-azabicyclo[3.1.0]hexane-3-carbothioamide
~

S
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1-phenyl-3-azabicyclo[3.1.0]hexane  (CAS#67644-21-7) was converted to 1-phenyl-3-
azabicyclo[3.1.0]hexane-3-carbothioamide by a similar procedure as described for Example 3
and the product was isolated as a white powder.

'H NMR (DMSO-d6): 6.8-7.9 (2H, br s), 7.31 (2H, t, J = 7.6 Hz), 7.31 (3 H, m), 4.39 (0.5H, br
s), 4.09 (0.5 H, br s), 3.95 (0.5 H, br s), 3.47-3.80 (2.5 H, m), 1.90-2.21 (1 H, m), 1.10 (1 H, br
dd,J=7.6,5.0Hz),0.72 (1 H, t,J =4.6 Hz).

3C NMR (DMSO-d6): 179.9, 140.9, 128.4, 126.4, 126.2, 57.3, 54, 53.5, 50.2, 31.8, 30.2, 24.5,
23.6, 19.5.

Example 9: 3-cyclohexylpyrrolidine-1-carbothioamide

\ \(NHz
S

3-cyclohexylpyrrolidine (CAS#78813-85-1) was converted to 3-cyclohexylpyrrolidine-1-
carbothioamide by a similar procedure as described for Example 3 and the product was isolated
as a white powder.
"H NMR (DMSO-d6): 7.08 (2 H, br s), 3.87 (0.5 H, br t, ] =9 Hz), 3.81 (0.5 H, brt, ] = 9.7 Hz),
3.51 (0.5H, brt,J=28.5Hz), 3.43 (0.5 H, m), 3.32 (0.5 H, m), 3.18 (0.5H, m), 3.03 (0.5 H, t,J =
10.8 Hz), 2.86 (0.5 H, J = 10 Hz), 2.07 (0.5 H, m), 1.94 (1H, m), 1.82 (0.5 H, m), 1.57-1.77
(5.5H, m), 1.42 (0.5 H, m), 1.17 (4.0 H, m), 0.94 (2H, m).
3C NMR (DMSO-d6): 178.2, 55.6, 51.9, 51.5, 47.7, 45.4, 43.6, 41.1, 40.8, 31.5, 31.4, 30.8,
30,0, 28.9, 25.6, 25.5.

Example 10: 3-(5-methylthiophen-2-yl)pyrrolidine-1-carbothioamide

N= _N
S
T NH
N NH S i N N\‘(NHZ

\S \s S

To a stirred solution of 1,1'-thiocarbonyldiimidazole (0.469 g, 2.63 mmol) in dry tetrahydrofuran
(9 mL) was added a solution of 3-(5-methylthiophen-2-yl)pyrrolidine (CAS#1260863-70-4)
(0.44 g, 2.63 mmol) in dry tetrahydrofuran (9 mL). The reaction was stirred for 1 h at room
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temperature and for an additional 2 h at 55-60 °C. After being cooled to room temperature, the
organics were evaporated to dryness under vacuum and the residue was treated with 2 M
ethanolic ammonia solution (7.89 mL, 15.78 mmol). The reaction was stirred for 16 h in a sealed
vial at 70 °C. The mixture was then cooled again and quenched water (2 mL). The resulting
crystals were collected, washed with a mixture of ethanol-water (1:1) and dried under vacuum at
50 °C to give 3-(5-methylthiophen-2-yl)pyrrolidine-1-carbothioamide as a white powder (0.3 g,
1.325 mmol, 50.4% yield).

"H NMR (DMSO-d6): 6.84 (2 H, br d, J = 3.5 Hz), 6.71 (1 H, d, ] = 3.2 Hz), 6.63 (1 H, m), 4.04
(0.5 H, brs), 3.83 (0.5 H, br s), 3.72 (1 H, m), 3.50 (2 H, m), 3.35 (0.5 H, m), 3.25 (0.5 H, m),
2.39 (3H, m), 2.30 (0.5 H, m), 2.22 (0.5 H, br s), 2.04 (0.5 H, br s), 1.90 (0.5 H, br s).

3C NMR (DMSO-d6): 178.6, 178.5, 142.3, 142.3, 137.3, 137.2, 125,0, 123.8, 58,0, 54.4, 51,0,
47.1, 39.4, 38,0, 34,0, 32.9, 15.0,

Example 11: (R)-3-phenylpyrrolidine-1-carbothioamide

\ \(NHz
S

(R)-3-phenylpyrrolidine (CAS#61580-46-7) was converted to (R)-3-phenylpyrrolidine-1-
carbothioamide by a similar procedure as described for Example 10 and the product was isolated
as a white powder

"H NMR (DMSO-d6): 7.33 (2H, t,J = 7.2 Hz), 7.29 (2H, d, ] = 7.4 Hz), 7.24 (1H, t, ] = 7.1 Hz),
7.21 (2H, br s), 4.12 (0.5 H, m), 3.90 (0.5 H, m), 3.78 (0.5 H, m), 3.44-3.61 (2H, m), 3.26 (0.5 H,
m), 2.34 (0.5 H, s br), 2.20 (0.5 H, s br), 2.11 (0.5 H, m), 1.97 (0.5 H, m).

3C NMR (DMSO-d6): 178.5, 141.2, 141.1, 128.5, 127.1, 126.8, 126.7, 57.5, 53.9, 51.3, 47.5,
44,42.4,33,31.9.

Example 12: 3-(3,5-Difluorophenyl)pyrrolidine- 1-carbothioamide

F
NH;

iy

S
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3-(3,5-Difluorophenyl)pyrrolidine ~ (CAS#10%2108-82-1) was  converted to  3-(3,5-
Difluorophenyl)pyrrolidine-1-carbothioamide by a similar procedure as described for Example
10 and the product was isolated as a white powder.

"H NMR (DMSO-d6): 7.21 (2 H, br s), 7.09 (3H, m), 4.12 (0.5 H, br m), 3.89 (0.5 H, br m), 3.79
(0.5 H, br m), 3.45 (3 H, br m), 3.27 (0.5 H, m), 2.34 (0.5 H, br m), 2.20 (0.5 H, br m), 2.14 (0.5
H, br m), 1.99 (0.5 H, br m).

3C NMR (DMSO-d6): 178.5, 163.3, 163.2, 161.7, 161.6, 145.9, 110.6, 110.6, 110.5, 110.4,
102.4,102.2, 102, 57, 53.4,51.2,47.3,43.6, 42.1, 32.6, 31.4.

Example 13: 3-o-tolylpyrrolidine-1-carbothioamide
NH,

~

S

3-(o-Tolyl)pyrrolidine ~ (CAS#954220-67-8) was  converted to  3-o-tolylpyrrolidine-1-
carbothioamide by a similar procedure as described for Example 10 and the product was isolated
as a white powder

'"H NMR (DMSO-d6): 6.87 - 7.43 (6 H, m), 4.02 (0.5 H, m), 3.85 (0.5 H, m), 3.75 (0.5 H, m),
3.67 (0.5H, m), 3.51 - 3.62 (1.5 H, m), 3.47 (0.5 H, m), 3.40 (0.5 H, m), 3.23 (0.5 H, m), 2.32 (3
H, s), 2.30 (0.5H, m), 2.14 (0.5 H, m), 2.07 (0.5 H, m), 1.98 (0.5 H, m).

3C NMR (DMSO-d6): 178.4, 139.5, 139.2, 135.9, 130.3, 126.5, 126.4, 126.2, 125.2, 125.1,
56.8,53.2,51,47.1, 40.1, 38.5, 32.3, 30.9, 19.3.

Example 14: 3-m-tolylpyrrolidine-1-carbothioamide
S

~

NH,

3-(m-Tolyl)pyrrolidine  (CAS#95422(}-64-5) was converted to 3-m-tolylpyrrolidine-1-
carbothioamide by a similar procedure as described for Example 10 and the product was isolated

as an off-white solid.
40



10

15

20

25

WO 2018/056854 PCT/PT2017/050022

"H NMR (DMSO-d6): 6.56-7.60 (2H, br s), 7.21 (1 H, t,J = 7.5 Hz), 7.11 (1 H, br s), 7.07 (1 H,
brd,J=6.3Hz), 705 (1 H,brd, J =7.5 Hz), 4.11 (0.5 H, m), 3.90 (0.5 H, m), 3.77 (0.5 H, m),
3.52 (1 H, m), 3.44 (1 H, m), 3.35 (1 H, m), 3.24 (0.5 H, m), 2.32 (0.5 H, m), 2.28 (3H, s), 2.18
(0.5 H, m), 2.08 (0.5 H, m), 1.96 (0.5 H, m).

3C NMR (DMSO-d6): 178.4, 178.4, 141.1, 141, 137.6, 128.4, 127.8, 127.4, 127.3, 124.1, 57.5,
53.9,51.4,475, 44,423, 33,0, 31.8, 21.1.

Example 15: 3-(thiophen-3-yl)pyrrolidine-1-carbothioamide

3-(Thiophen-3-yl)pyrrolidine (CAS#1231907-58-6) was converted to 3-(thiophen-3-
ylpyrrolidine-1-carbothioamide by a similar procedure as described for Example 10 and the
product was isolated as a white powder.

"H NMR (DMSO-d6): 7.51 (1 H, m), 7.28 (1 H, m), 7.18 (2 H, br s), 7.09 (1 H, m), 4.08 (0.5 H,
br s), 3.85 (0.5 H, br s), 3.74 (0.5 H, m), 3.39-3.65 (2.5 H, m), 3.32 (0.5 H, m), 3.25 (0.5 H, m),
2.34 (0.5 H, brs), 2.18 (0.5 H, br s), 2.09 (0.5 H, m), 1.95 (0.5 H, m).

3C NMR (DMSO-d6): 178.5, 178.4, 142.2, 127.2, 127.1, 126.5, 126.4, 120.7, 120.5, 57.2, 53.7,
51.2,47.3,39.8, 38.2, 32.9, 31.8.

Example 16: 3-(furan-3-yl)pyrrolidine- 1-carbothioamide

/ ] NH,

3-(Furan-3-yl)pyrrolidine (CAS#1260650-66-5) was converted to 3-(furan-3-yl)pyrrolidine-1-
carbothioamide by a similar procedure as described for Example 10 and the product was isolated
as a dark beige solid.

"H NMR (DMSO-d6): 7.61 (1 H, s), 7.54 (1 H, s), 7.12 (2 H, m), 6.49 (1 H, dd, J = 1.8, 0.7 Hz),
4.01 (0.5 H, m), 3.81 (0.5 H, m), 3.67 (0.5 H, m), 3.31-3.57 (2.5 H, m), 3.24 (0.5 H, br s), 3.19
(0.5H, m), 2.27 (0.5 H, brs), 2.12 (0.5 H, br s), 1.99 (0.5 H, m), 1.87 (0.5 H, m).
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3C NMR (DMSO-d6): 178.5, 178.4, 143.5, 143.5, 138.9, 125.2, 110, 109.9, 57, 53.4, 51.1, 47.3,
35.1,33.6, 32.5, 31.5.

Example 17: 3-(furan-2-yl)pyrrolidine- 1-carbothioamide
S

—(
~ NH,
\_o

3-(Furan-2-yl)pyrrolidine (CAS#10§2926-03-1) was converted to 3-(furan-2-yl)pyrrolidine-1-
carbothioamide by a similar procedure as described for Example 10 and the product was isolated
as a white solid.

'"H NMR (DMSO-d6): 7.57 (1 H, s), 7.28 (2 H, br s), 6.38 (1 H, m), 6.21 (1 H, d, J = 3.1 Hz),
3.97 (0.5H, brs), 3.77 (0.5 H, br s), 3.69 (0.5 H, br s), 3.52-3.66 (1.5 H, m), 3.30-3.51 (2 H, m),
2.31 (0.5H, brs), 2.16 (0.5 H, m), 2.13 (0.5 H, m), 1.99 (0.5 H, br s).

3C NMR (DMSO-d6): 178.6, 155.0, 154.8, 142.0, 110.4, 105.2, 105.0, 55.4, 51.8, 50.8, 47,0,
37.7, 36.1, 30.8, 29.6.

Example 18: 3-(2,5-difluorophenyl)pyrrolidine-1-carbothioamide

F
F N
)\NHz
S

3-(2,5-Difluorophenyl)pyrrolidine ~ (CAS#1203797-48-1)  was  converted to  3-(2,5-
difluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for Example 10
and the product was isolated as a white solid.

'"H NMR (DMSO-d6): 6.82-7.61 (5 H, m), 4.09 (0.5 H, m), 3.90 (0.5 H, m), 3.76 (0.5 H, m),
3.71 (0.5 H, m), 3.46-3.64 (1 H, m), 3.38 (1 H, m), 2.33 (0.5 H, m), 2.18 (1 H, m), 2.03 (0.5 H,

m).
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3C NMR (DMSO-d6): 178.5, 159.1, 157.6, 157.4, 155.7, 129.9, 117.0, 116.8, 114.9, 56.0, 52.4,
51.0,47.0, 37.4, 35.9, 31.4, 30.3.

Example 19: 3-(2,4,5-trifluorophenyl)pyrrolidine- 1-carbothioamide

F
F
F N
}\NHz
5 S

3-(2,4,5-Trifluorophenyl)pyrrolidine  (CAS#1260814-64-9)  was converted to 3-(2.4,5-

trifluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for Example

10 and the product was isolated as a white solid.

"H NMR (DMSO-d6): 7.55 (2 H, m), 7.24 (2 H, br s), 4.09 (0.5 H, m), 3.90 (0.5 H, m), 3.76 (0.5
10 H, m), 3.69 (0.5 H, m), 3.52 (2 H, m), 3.37 (0.5 H, m), 3.29 (0.5 H, m), 2.31 (0.5 H, m), 2.17 (1

H, m), 2.03 (0.5 H, m).

3C NMR (DMSO-d6): 178.5, 156.4, 154.8, 148.8, 147, 145.4, 125.1, 124.9, 116.5, 116.4, 116.3,

106.2, 106.0, 106.0, 105.8, 56.0, 52.5, 51.0, 47.0, 36.9, 35.4, 31.5, 30.4.

15  Example 20: 3-(3,4-difluorophenyl)pyrrolidine- 1-carbothioamide

F
F
N
)\NHz
S

3-(3.,4-Difluorophenyl)pyrrolidine ~ (CAS#848822-98-03)  was  converted to  3-(3,4-
difluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for Example 10

and the product was isolated as a light orange solid.
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"H NMR (DMSO-d6): 7.41 (2H, br m), 7.16 (1H, br s), 6.59-7.86 (2 H, m), 4.12 (0.5 H, m), 3.90

(0.5H, m), 3.78 (0.5 H, m), 3.51 (1.5H, m), 3.42 (1.5 H, m 1 H, s), 3.24 (0.5 H, m), 2.32 (0.5 H,

m), 2.18 (0.5 H, m), 2.11 (0.5 H, m), 1.98 (0.5 H, m).

3C NMR (DMSO-d6): 178.4, 150.2, 150.2, 149.1, 149.0, 148.6, 148.5, 147.5, 147.4, 139.0,
5 138.9,124.0,117.4,117.3,116.3,116.2,57.3,53.8,51.3,47.4,43.3,41.7, 32.8, 31.7.

Example 21: (5)-3-(2,4,6-trifluorophenyl)pyrrolidine- 1-carbothioamide

F )
N%
W

NH,

F F
(8)-3-(2,4,6-Trifluorophenyl)pyrrolidine (CAS#1335508-11-6) was converted to (S)-3-(2,4,6-
10 trifluorophenyl)pyrrolidine-1-carbothioamide by a similar procedure as described for Example
10 and the product was isolated as a white solid.
'"H NMR (DMSO-d6): 7.22 (2 H, m), 6.50-8.0 (2H, m br), 4.03 (0.5 H, br m), 3.96 (0.5 H, br
$),3.81 (0.5 H, br m), 3.68 (1 H, br m), 3.51-3.58 (1.5 H, m), 3.42 (0.5 H, br s), 3.38 (0.5 H, br s),
2.28 (1 H,m),2.13 (1 H, brs).
15 3C NMR (DMSO-d6): 178.6, 162.1, 162, 160.5, 160.4, 112.2, 101.4, 101.2, 101.0, 54.6, 51.2,
50.8,47.5,33.7,32.4, 30.8, 29.7.

Example 22: 3-(2,3,4-trifluorophenyl)pyrrolidine- 1-carbothioamide
S

A

NH,

F
20 3-(2,3,4-Trifluorophenyl)pyrrolidine  (CAS#1260884-52-3) was converted to 3-(2,3,4-
trifluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for Example

10 and the product was isolated as an off-white solid.
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"H NMR (DMSO-d6): 6.15-8.25 (2H, s br), 7.33 (1 H, br s), 7.21 (1 H, br s), 4.09 (0.5 H, br s),
3.88 (0.5 H, brs), 3.76 (1 H, m), 3.56 (1.5 H, m), 3.50 (0.5 H, br s), 3.30-3.50 (1 H, m), 2.37 (0.5
H, m), 2.18 (1 H, m), 2.03 (0.5 H, br s).

3C NMR (DMSO-d6): 178.6, 178.5, 149.9, 149.7, 148.3, 148.1, 139.8, 138.2, 126.1, 122.4,
112.7, 55.9, 52.4, 50.9, 47.0, 37.0, 35.5, 31.6, 30.4.

Example 23: 3-(2,3,5,6-Tetrafluorophenyl)pyrrolidine- 1-carbothioamide
S

F
N
F

NH,

F
3-(2,3,5,6-Tetrafluorophenyl)pyrrolidine (CAS#126(865-90-4) was converted to 3-(2,3,5,6-
Tetrafluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for
Example 10 and the product was isolated as an off-white powder.

"H NMR (DMSO-d6): 7.84 (1 H, br s), 7.26 (2 H, br s), 4.10 (0.5 H, m), 3.95 (1 H, m), 3.78 (1
H, m), 3.47 (2 H, m), 3.41 (0.5 H, m), 2.0-2.40 (2H, m).

BC NMR (DMSO-d6): 178.6, 146.5, 146.4, 146.3, 145.5, 144.8, 144.8, 144.7, 143.9, 143.8,
119.4, 105.6, 105.4, 54.3, 51.1, 50.6, 47.4, 34.7, 33.3, 30.7, 29.6.

Example 24: 3-(2,3,5-trifluorophenyl)pyrrolidine- 1-carbothioamide

F
N\(NHz
s
F
F

3-(2,3,5-Trifluorophenyl)pyrrolidine  (CAS#1260885-0%-3) was converted to 3-(2,3,5-
trifluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for Example

10 and the product was isolated as a white powder.
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"H NMR (DMSO-d6): 7.45 (1 H, br s), 7.25 (2 H, br s), 7.13 (1H, m), 4.10 (0.5 H, m), 3.90 (0.5
H, m), 3.78 (1 H, m), 3.63 (0.5H, m), 3.53 (1.5 H, m), 3.41 (0.5 H, m), 3.35 (0.5 H, m), 2.35
(0.5H, m), 2.19 (1H, m), 2.04 (0.5H, m).

3C NMR (DMSO-d6): 178.5, 158.2, 158.1, 156.6, 156.5, 150.5, 150.4, 150.3, 148.9, 148.8,
148.7, 145.8, 144.2, 131.5, 110.1, 104.3, 55.8, 52.3, 50.9, 47, 37.3, 35.8, 31.5, 30.3.

Example 235: (5)-3-(3,5-difluorophenyl)pyrrolidine-1-carbothioamide

F NH;
e N \(
S
F

(5)-3-(3,5-difluorophenyl)pyrrolidine (CAS#1336142-75-6) was converted to (S5)-3-(3,5-
difluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for Example 10
and the product was isolated as a white powder.

"H NMR (DMSO-d6): 7.21 (2 H, br s), 7.07 (3 H, m), 4.12 (0.5 H, m), 3.89 (0.5 H, m), 3.78 (0.5
H, m), 3.35-3.63 (3 H, m), 3.27 (0.5 H, m), 2.34 (0.5 H, m), 2.20 (0.5 H, m), 2.14 (0.5 H, m),
1.99 (0.5 H, m).

3C NMR (DMSO-d6): 178.5, 163.3, 163.2, 161.7, 161.6, 146, 145.8, 110.6, 110.6, 110.5, 110.4,
102.3,102.2, 102.0, 57, 53.4, 51.2,47.3,43.7,42.1, 32.6, 31.4.

Example 26: (R)-3-(3,5-difluorophenyl)pyrrolidine-1-carbothioamide

F
N\(NHz
S
F

(R)-3-(3,5-difluorophenyl)pyrrolidine (CAS#1334824-24-6) was converted to (R)-3-(3,5-
difluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for Example 10

and the product was isolated as a white powder.

46



10

15

20

25

WO 2018/056854 PCT/PT2017/050022

"H NMR (DMSO-d6): 7.21 (2 H, br s), 7.07 (3 H, m), 4.12 (0.5 H, m), 3.89 (0.5 H, m), 3.78 (0.5
H, m), 3.35-3.63 (3 H, m), 3.27 (0.5 H, m), 2.34 (0.5 H, m), 2.20 (0.5 H, m), 2.14 (0.5 H, m),
1.99 (0.5 H, m).

3C NMR (DMSO-d6): 178.5, 163.3, 163.2, 161.7, 161.6, 146, 145.8, 110.6, 110.5, 110.4, 102.4,
102.2, 102.0, 57.0, 53.4, 51.2, 47.3, 43.7, 42.1, 32.6, 31.4.

Example 27: (15,55)-1-(thiophen-2-yl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide

(18,55)-1-(thiophen-2-yl)-3-azabicyclo[3.1.0]hexane (CAS#1046141-90-5) was converted to
(1S8,5S)-1-(thiophen-2-yl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide by a similar procedure as
described for Example 10 and the product was isolated as a beige semi-solid.

'"H NMR (CDCls): 7.14 (1 H, br d, J = 4.4 Hz), 6.93 (1 H, dd, J = 5.1, 3.5 Hz), 6.89 (1 H, br),
5.81 (2 H, br s), 4.56 (0.5 H, m), 4.29 (0.5 H, m), 4.02 (0.5 H, m), 3.94 (0.5 H, m), 3.85 (0.5 H,
m), 3.73 (1 H, m), 3.60 (0.5 H, br s), 1.97 (0.5 H, br s), 1.92 (0.5 H, br s), 1.39 (1 H, m), 0.96 (1
H, m).

3C NMR (CDClh): 180.2, 144.1, 143.8, 127, 124.2, 123.8, 123.6, 123.5, 58.9, 55.0, 54.8, 50.5,
28.6,27.5,27.2,26.3, 20.1.

Example 28: (1R,5R)-1-(thiophen-2-yl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide

NH2
( 7 e
S

(1R,5R)-1-(thiophen-2-yl)-3-azabicyclo[3.1.0]hexane (CAS#1(46141-89-2) was converted to

aillT

(1R,5R)-1-(thiophen-2-yl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide by a similar procedure

as described for Example 10 and the product was isolated as a beige solid.

"H NMR (DMSO-d6): 7.14 (1 H, br d, ] = 4.4 Hz), 6.93 (1 H, dd, J = 5.1, 3.5 Hz), 6.89 (1 H, br),

5.75 (2 H, br s), 4.57 (0.5 H, m), 4.30 (0.5 H, m), 4.03 (0.5 H, m), 3.95 (0.5 H, m), 3.85 (0.5 H,
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m), 3.73 (1 H, m), 3.59 (0.5 H, brs), 1.98 (0.5 H, br s), 1.93 (0.5 H, br s), 1.39 (1 H, m), 0.96 (1
H, m).

3C NMR (DMSO-d6): 180.3, 144.1, 143.8, 127, 124.2, 123.8, 123.6, 123.5, 58.9, 55.0, 54.8,
50.5, 28.6, 27.5, 27.3, 26.3, 20.1.

Example 29: 3-(perfluorophenyl)pyrrolidine-1-carbothioamide

F
F
\ \(NHZ
F S
F
F

3-(Perfluorophenyl)pyrrolidine (CAS#12606650-30-3) was converted to 3-
(perfluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for Example
10 and the product was isolated as a white powder.

"H NMR (DMSO-d6): 7.27 (2 H, br s), 4.09 (0.5 H, br s), 3.94 (1 H, br s), 3.77 (1 H, br s), 3.58
(1.5 H, brs), 3.46 (0.5 H, br s), 3.40 (0.5 H, br s), 2.37 (0.5 H, br s), 2.29 (0.5 H, br s), 2.23 (0.5
H, brs), 2.13 (0.5 H, br s).

3C NMR (DMSO-d6): 178.6, 145.9, 144.3, 54.3,51.1, 50.6, 47.3, 34.2, 32.8, 30.7, 29.7.

Example 30: (1S,5R)-1-(3,5-Difluorophenyl)-N-methyl-3-azabicyclo[3.1.0]hexane-3-

" N H
F. {:NH - \\c\‘s R <Zz \ R
W o N\‘(N\
s
F

F
A solution of (1S,5R)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]Jhexane (Feng Xu et al.: Org.
Lett. 8(17), 3885-3888, 2006) (0.215 g, 1.1 mmol) and methyl isothiocyanate (0.088 g, 1.210

carbothioamide

mmol) in acetonitrile (5 mL) was stirred at room temperature for 4 h and then concentrated under
reduced pressure. The residue was chromatographed (ethyl acetate — petroleum ether) to give
(1S,5R)-1-(3,5-difluorophenyl)-N-methyl-3-azabicyclo[3.1.0]hexane-3-carbothioamide as a
yellowish solid (0.148 g, 50% yield).
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"H NMR (CDCl): 6.60-6.71 (3 H, m), 5.51 (1 H, br s), 4.29 (1 H, br s), 3.96 (1 H, m), 3.81 (1 H,
brd,J=89Hz),3.75(1H,d,J=75Hz),3.133H,d,J=45Hz),2.02 (1 H,dt, ] =84,44
Hz),1.21 (1 H,dd,J=5.4,8.3),094 (1 H,t,J =49 Hz).

3C NMR (CDCl): 181, 163.9, 163.8, 162.3, 162.2, 144.4, 144.4, 109.6, 109.5, 109.4, 109.4,
102.2, 102.1, 101.9, 55.5, 51.6, 32.4, 31.1, 24.7, 20.4.

Example 31: N-methyl-3-phenylpyrrolidine-1-carbothioamide
S

3-Phenylpyrrolidine (CAS#936-44-7) was converted to N-methyl-3-phenylpyrrolidine-1-
carbothioamide by a similar procedure as described for Example 30 and the product was isolated
as a white solid.

"H NMR (CDCl): 7.34 (2 H, t, J = 7.8 Hz), 7.27 (1 H, m), 7.23 (2 H, d, ] = 7.9 Hz), 5.32 (1 H,
brs), 3.68 - 4.46 (2 H, m), 3.62 (1 H, br s), 3.49 (1 H, brs), 3.17 (3H, d, ] =4.55 Hz), 2.40 (1 H,
brs), 2.07 - 2.20 (1 H, m).

3C NMR (CDCl): 179.8, 140.4, 128.7, 127.1, 126.9, 55.6, 49.2, 43.7, 32.7, 32.4.

Example 32: 3-(3,5-difluorophenyl)-N-methylpyrrolidine-1-carbothioamide
S

F
3-(3,5-Difluorophenyl)pyrrolidine ~ (CAS#1$921(38-82-1) was  converted to  3-(3,5-
difluorophenyl)-N-methylpyrrolidine-1-carbothioamide by a similar procedure as described for
Example 30 and the product was isolated as a white solid.

"H NMR (DMSO-d6): 7.31 (1 H, br q, ] =4.0 Hz), 7.11 (1 H, tt, ] = 2.3, 9.3 Hz), 7.07 (2 H, m),
3.98 (1 H, brs), 3.73 (1 H, br m), 3.48 (2 H, br m), 3.39 (1 H, m), 2.89 (3 H, d, J =4.3 Hz), 2.28
(1 H, br m), 2.07 (1 H, br m).
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3C NMR (DMSO-d6): 179.4, 163.8, 163.7, 162.2, 162.1, 146.5, 146.5, 146.4, 111, 110.9, 102.8,
102.6, 102.5, 56.2, 50.3, 43.1, 32.4, 32.1.

Example 33: N-methyl-3-(2,3,5,6-tetrafluorophenyl)pyrrolidine- 1-carbothioamide

N\(\

S

F
F

F
3-(2,3,5,6-Tetrafluorophenyl)pyrrolidine (CAS#1260865-9(-4) was converted to N-methyl-3-
(2,3,5,6-tetrafluorophenyl)pyrrolidine- 1-carbothioamide by a similar procedure as described for
Example 30 and the product was isolated as a white powder.

"H NMR (DMSO-d6): 7.83 (1 H, m), 7.36 (1 H, brq, J = 3.7 Hz), 3.99 (1 H, br s), 3.83 (1 H, m),
3.77 (1 H, br s), 3.60 (1 H, m), 3.48 (1 H, m), 2.89 (3 H,d,J =4.1 Hz), 2.31 (1 H, br s), 2.25 (1
H, br m).

BC NMR (DMSO-d6): 179.1, 146.5, 146.4, 146.3, 145.5, 145.4, 144.9, 144.8, 144.7, 143.9,
143.8,119.5,119.4, 119.3, 105.7, 105.5, 105.3, 52.8, 48.4, 33.6, 32.0, 30.0.

Example 34: 1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide

F
NH
N\( 2
S
F

1-(3,5-Difluorophenyl)-3-azabicyclo[3.1.0]hexane (Feng Xu et al.: Org. Lett. 8(17), 3885-3888,
2006) was converted to 1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide by a
similar procedure as described for Example 10 and the product was isolated as a white powder.
"H NMR (DMSO-d6): 7.30 (2 H, br s), 7.07 (1 H, br t, ] = 9.2 Hz), 6.94 (2 H, br s), 4.39 (0.5 H,
brs), 4.07 (0.5 H, br s), 3.92 (0.5 H, br s), 3.58-3.80 (2 H, m), 3.53 (0.5 H, br s), 2.21 (0.5 H, br
s),2.12(0.5 H, brs), 1.20 (1 H, br s), 0.78 (1 H, br s).

3C NMR (DMSO-d6): 179.9, 163.4, 163.3, 161.7, 161.6, 145.9, 145.9, 145.8, 109.8, 109.7,
109.5, 109.4, 101.8, 101.6, 101.5, 56.5, 53.7, 52.8, 49.9, 31.7, 30.1, 25.4, 24.7, 20.4, 20.0.
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Example 35: (1R,55)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide
H

ad
S
F
(1R,55)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]Jhexane (Feng Xu et al.: Org. Lett. 8(17),
3885-3888, 2006) was converted to (1R,55)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-
carbothioamide by a similar procedure as described for Example 10 and the product was isolated

as a white powder.
"H NMR (DMSO-d6): 7.30 (2 H, br s), 7.07 (1 H, br t, ] = 9.2 Hz), 6.94 (2 H, br s), 4.39 (0.5 H,

brs), 4.07 (0.5 H, br s), 3.92 (0.5 H, br s), 3.58-3.80 (2 H, m), 3.53 (0.5 H, br s), 2.21 (0.5 H, br
s),2.12(0.5 H, brs), 1.20 (1 H, br s), 0.78 (1 H, br s).

3C NMR (DMSO-d6): 179.9, 163.4, 163.3, 161.7, 161.6, 145.9, 145.9, 145.8, 109.7, 109.5,
101.8, 101.6, 101.4, 56.5, 53.7, 52.7, 50.0, 31.7, 30.2, 25.4, 24.7, 20.4, 20.0.

Example 36: (15,5R)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide

NH2

N

(18,5R)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]Jhexane (Feng Xu et al.: Org. Lett. 8(17),
3885-3888, 2006) was converted to (15,5R)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-
carbothioamide by a similar procedure as described for Example 10 and the product was isolated
as a white powder.

"H NMR (DMSO-d6): 7.30 (2 H, br s), 7.07 (1 H, br t, ] = 9.2 Hz), 6.94 (2 H, br s), 4.39 (0.5 H,
brs), 4.07 (0.5 H, br s), 3.92 (0.5 H, br s), 3.58-3.80 (2 H, m), 3.53 (0.5 H, br s), 2.21 (0.5 H, br
s),2.12(0.5 H, brs), 1.20 (1 H, br s), 0.78 (1 H, br s).
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3C NMR (DMSO-d6): 179.9, 163.4, 163.3, 161.7, 161.6, 145.9, 145.9, 109.7, 109.5, 101.8,
101.6, 101.4, 56.5, 53.7, 52.8, 50, 31.7, 30.2, 25.5, 24.7, 20.4, 20.0,

Example 37: 1-(2,4-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide

NH
N\( 2
F S
F

1-(2,4-Difluorophenyl)-3-azabicyclo[3.1.0]hexane (Feng Xu et al.: Org. Lett. 8(17), 3885-3888,
2006) was converted to 1-(2,4-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide by a
similar procedure as described for Example 10 and the product was isolated as a white powder.
'"H NMR (DMSO-d6): 7.42 (1 H, m), 7.24 (1 H, br t, J = 9.3 Hz), 7.05 (1 H, br t, J = 7.5 Hz),
6.80-7.60 (2H, br s), 4.30 (0.5 H, m), 4.09 (0.5 H, m), 3.87 (0.5 H, m), 3.71 (0.5 H, m), 3.66 (0.5
H, m), 3.58 (0.5 H, m), 3.48 (0.5 H, m), 3.35 (0.5 H, m), 2.09 (0.5 H, m), 1.93 (0.5 H, m), 1.10
(1 H,brs),0.70 (1 H, t, J =4.7 Hz).

3C NMR (DMSO-d6): 179.8, 162.7, 162.6, 162.3, 162.2, 161, 160.9, 160.7, 160.6, 131.9, 123.5,
111.5,111.3,104.2, 104.0, 103.9, 57.9, 54.1, 53.9, 50.0, 27.6, 26.2, 22.8, 21.8, 16.8, 16.7.

Example 38: 1-(2,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide

F
NH
N\( 2
S
F

1-(2,5-Difluorophenyl)-3-azabicyclo[3.1.0]hexane (Feng Xu et al.: Org. Lett. 8(17), 3885-3888,
2006) was converted to 1-(2,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothioamide by a
similar procedure as described for Example 10 and the product was isolated as a white powder.
'"H NMR (DMSO-d6): 7.20-7.28 (2 H, m), 7.16 (1 H, m), 6.60-8.00 (2H, br s), 4.33 (0.5 H, br
m), 4.09 (0.5 H, br m), 3.90 (0.5 H, br m), 3.71 (0.5 H, br m), 3.65 (0.5 H, br m), 3.46-3.61 (1H,
m), 3.40 (0.5 H, br m), 2.18 (0.5 H, br m), 2.03 (0.5 H, br m), 1.14 (1 H, brs), 0.73 (1 H, t, J =
4.8 Hz).

3C NMR (DMSO-d6): 179.8, 158.8, 157.2, 129.2, 117, 117, 116.9, 116.8, 115.4, 115.3, 57.5,

53.8,49.9,28.2,26.7,23,22.1,17.4, 17.1.
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Example 39: (18,5R)-1-(3,5-Difluorophenyl)-N-propyl-3-azabicyclo[3.1.0]hexane-3-
carbothioamide
Step 1: ((1S,5R)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexan-3-yl)(1H-imidazol-1-

yl)methanethione

N= =N
Ry @

F.

s C,
D\@NH F\Q\@N\‘g”\}
F

F

To a solution of 1,1'-thiocarbonyldiimidazole (0.329 g, 1.844 mmol) in dry tetrahydrofuran (6
mL) was added a solution of (1S5,5R)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane (Feng
Xu et al.: Org. Lett. 8(17), 3885-3888, 2006) (0.36 g, 1.844 mmol) in dry tetrahydrofuran (6
mL). The solution was stirred at room temperature for 1 h and then at 50-55 °C for 2 h. After
being cooled to room temperature, the solution was concentrated under reduced pressure. The
residue was chromatographed (ethyl acetate — petroleum ether) to give ((15,5R)-1-(3,5-
difluorophenyl)-3-azabicyclo[3.1.0]hexan-3-yl)(1 H-imidazol- 1-yl)methanethione (0.31 g, 55%
yield).

Step 2: (1S,5R)-1-(3,5-Difluorophenyl )—N-propyl-j’—azabicyclo[ 3.1.0]hexane-3-carbothioamide

F\Q%\N \Q @ \‘(

To a solution of ((15,5R)-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexan-3-yl)(1H-imidazol-1-

\) /\/NHz

yl)methanethione (0.15 g, 0.491 mmol) in dry tetrahydrofuran (3 mL) was added propan-1-amine
(0.081 mL, 0.982 mmol) and the mixture was stirred at 65 °C for 16 h. The solvents were
evaporated off and then the residue was chromatographed (petroleum ether — ethyl acetate) to
give (15,5R)-1-(3,5-difluorophenyl)-N-propyl-3-azabicyclo[3.1.0]hexane-3-carbothioamide as a
yellowish viscous oil (0.093 g, 64% yield).

"H NMR (CDCl): 6.65-6.74 (3 H, m), 5.30 (1 H, t, J = 4.7 Hz), 4.29 (1 H, br m), 3.96 (1 H, br
m), 3.82 (1 H,brd, J=8.9 Hz), 3.76 (1 H, brd, J =7.0 Hz), 3.60 (2 H, m), 2.03 (1 H, dt, ] = 4.3,
8.3Hz), 1.65(2H, m), 1.23 (1 H,dm,J=5.3Hz),0.97 3H, t,J =7.5Hz), 0.97 (1H, m).
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3C NMR (CDCl): 180.2, 164, 163.9, 162.3, 162.2, 144.5, 144.4, 144.4, 109.7, 109.6, 109.5,
109.5, 102.3, 102.1, 102.0, 55.4, 51.5,47.4, 31.1, 24.7, 22.5, 20.3, 11.4.

Example 40: 1-(2,5-difluorophenyl)-N-(2-mercaptoethyl)-3-azabicyclo[3.1.0]hexane-3-

" \ Nl sH
[ogrn

1-(2,5-Difluorophenyl)-3-azabicyclo[3.1.0]hexane (Feng Xu et al.: Org. Lett. 8(17), 3885-3888,

carbothioamide

2006) was converted to 1-(2,5-difluorophenyl)-N-(2-mercaptoethyl)-3-azabicyclo[3.1.0]hexane-
3-carbothioamide by a similar procedure as described for Example 39 and the product was
1solated as a colourless oil.

"H NMR (DMSO-d6): 7.56 (1 H, t br, J = 4.5 Hz), 7.24 (2 H, m), 7.16 (1 H, m), 4.17 (1H, s br),
3.91 (1H, s br), 3.67 (1 H, m), 3.56 (2 H, m), 3.50 (1 H, br s), 2.63 (2 H, q, J =7.1 Hz), 2.39 (1
H, m), 2.14 (1 H, brs), 1.13 (1 H,dd, J =8.0, 5.1 Hz), 0.76 (1 H, t, ] = 4.8 Hz).

3C NMR (DMSO-d6): 179.3, 158.8, 158.7, 157.2, 157.1, 129.3, 129.3, 129.2, 129.2, 117.0,
117.0, 117.0, 116.9, 116.9, 116.8, 115.5, 115.4, 115.3, 115.2, 53.6, 49.6, 47.8, 47, 27.1, 22.8,
22.2,17.6.

Example 41: (18,5R)-1-(3,5-difluorophenyl)-N-methyl-4-oxo-3-azabicyclo[3.1.0]hexane-3-

carbothioamide

H o
F L Nse F, ; H
NaH s W NN~
e NH \«
S
¢ F

To a solution of (1R,5S5)-5-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexan-2-one (Example 60,
step 2) (0.628 g, 3 mmol) in dry tetrahydrofuran (15 mL) was added sodium hydride (60% in
mineral oil) (0.180 g, 4.5 mmol) at 0-5 °C in portions. The mixture was stirred for 30 min at
room temperature, and methyl isothiocyanate (0.329 g, 4.5 mmol) was then added at -78 °C. The
mixture was allowed to reach room temperature over 3 h, then carefully quenched with aq.

ammonium chloride solution, and extracted with a mixture of ethyl acetate — petroleum ether
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(2:1). The organic phase was dried over MgSO4 and evaporated to dryness. The residue was
triturated with petroleum ether, then filtered, washed with petroleum ether, and dried under
vacuum. Chromatography (ethyl acetate — petroleum ether; 1: 4) afforded (1S,5R)-1-(3,5-
difluorophenyl)-N-methyl-4-oxo-3-azabicyclo[3.1.0]hexane-3-carbothioamide as a white powder
(0.036 g, 4% yield).

"H NMR (DMSO-d6): 10.37 (1 H, br s), 7.18 (2 H, m), 7.15 (1 H, tt, J = 2.3, 9.3 Hz), 4.50 (1 H,
dd,J=114,17Hz),4.16 (1 H,d,J=11.3Hz),3.02(3H,d,J=2.8Hz),2.76 (1 H, ddd, J = 1.7,
3.5,9.1Hz), 1.68 (1 H,dd, ] =9.1, 4.8 Hz), 1.43 (1 H, dd, ] =4.8, 3.6 Hz).

3C NMR (DMSO-d6): 180.5, 174.4, 163.3, 163.2, 161.7, 161.6, 143.3, 143.3, 143.2, 111.0,
111.0, 110.9, 110.8, 102.9, 102.7, 102.6, 56.1, 32.1, 30.1, 26.8, 26.7, 26.7, 20.7.

Example 42: 4-(3,5-difluorophenyl)-N-methyl-2-oxopyrrolidine-1-carbothioamide
O

N\(N\
S
F
4-(3,5-Difluorophenyl)pyrrolidin-2-one  (CAS#1604736-89-1) was converted to 4-(3,5-
difluorophenyl)-NV-methyl-2-oxopyrrolidine- 1-carbothioamide by a similar procedure as
described for Example 41 and the product was isolated as a beige powder.
"H NMR (DMSO-d6): 10.51 (1 H, br q, J = 4.5 Hz), 7.10-7.20 (3 H, m), 4.54 (1 H, dd, J = 10.7,
8.2 Hz), 3.85 (1 H, dd, J = 10.8, 9.0 Hz), 3.68 (1 H, quin, J] = 9.0 Hz), 3.05 (3 H, d, ] = 4.5 Hz),
2.95-3.05 (2H, m).
3C NMR (DMSO-d6): 180.1, 174.7, 163.3, 163.3, 161.7, 161.6, 145.5, 145.4, 145.3, 110.8,
110.7, 110.6, 110.6, 102.7, 102.5, 102.4, 56.7, 40.3, 35.1, 32.2.

Example 43: 1-(3,5-Difluorophenyl)-N-methyl-4-oxo-3-azabicyclo[3.1.0]hexane-3-

carbothioamide
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N\(N\
S
F

5-(3,5-Difluorophenyl)-3-azabicyclo[3.1.0]hexan-2-one was converted to 1-(3,5-
Difluorophenyl)-N-methyl-4-oxo-3-azabicyclo[3.1.0]hexane-3-carbothioamide by a similar
procedure as described for Example 41 and the product was isolated as a beige powder.

'H NMR (DMSO-d6): 10.37 (1 H, q, J = 4.5 Hz), 7.18 2 H, m), 7.15 (1 H, tt, J = 2.3, 9.3 Hz),
450 (1 H,dd,J=114,17Hz),4.16 (1 H,d,J=11.3 Hz), 3.02 (3 H, d,J =4.5 Hz), 2.76 (1 H,
ddd,J=1.7,3.5,9.1 Hz), 1.68 (1 H,dd, ] =9.1, 4.8 Hz), 1.43 (1 H, dd, ] =4.8, 3.6 Hz).

3C NMR (DMSO-d6): 180.5, 174.4, 163.3, 163.2, 161.7, 161.6, 143.3, 143.3, 143.2, 111.0,
111.0, 110.9, 110.8, 102.9, 102.7, 102.5, 56.1, 32.1, 30.1, 26.7, 26.7, 20.7.

Example 44: 6-Phenyltetrahydro-1H-pyrrolo[1,2-c]imidazole-3(2H)-thione

NH,
s, /=N NH
NH + "?’N\) N’&S
0y |

A solution of 1,1'-thiocarbonyldiimidazole (0.159 g, 0.894 mmol) in dichloromethane (2 mL)
was added dropwise to a solution of (4-phenylpyrrolidin-2-yl)methanamine (CAS# §2256-70-0)
(0.150 g, 0.851 mmol) in dichloromethane (2 mL) at room temperature. The thus obtained
orange solution was allowed to stir at room temperature for 1 h, diluted with dichloromethane,
and then washed with water. The organic layer was dried over MgSO4 and evaporated under
vacuum to give the crude product as an orange oil. Chromatography (dichloromethane -
methanol) followed by trituration (petroleum ether — ethyl acetate) afforded 6-phenyltetrahydro-
1H-pyrrolo[1,2-c]imidazole-3(2H)-thione as a beige solid (0.076 g, 41% yield).

'H NMR (DMSO-d6): 8.61 (1 H, s), 7.31 2 H, t,J = 7.5 Hz), 7.25 (2 H, d, ] = 8.6 Hz), 7.22 (1
H,tm,J=7.2Hz),4.17 (1 H, m,J =10.1, 4.5 Hz), 3.74 (1 H, dd, J = 7.3, 10.3 Hz), 3.67 (1 H, t,
J=9.8 Hz), 3.60 (1H, t, ] = 9.3 Hz), 3.55 (1H, m), 3.44 (1 H, dd, J = 3.7, 10.4 Hz), 2.26 (1 H,
m), 1.50 (1 H, q, J =11.3 Hz).

3C NMR (DMSO-d6): 186.3, 142.6, 128.6, 127.1, 126.5, 63.1, 54.2, 46.2, 45, 39.2.
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Example 45: 1-(3,5-Difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carbothiohydrazide
Step 1: N-(3-phenylpyrrolidine-1-carbonothioyl)benzamide

o N~
NH N N THF E.
F S P I NH; HN-NH /—O
\Q{: + Q\,NTN\/ + (DA "N “weon o)—o
s

E F
To a solution of 1,1'-thiocarbonyldiimidazole (201 mg, 1.127 mmol) in anhydrous
tetrahydrofuran (2.6 mL) was added dropwise a solution of 1-(3,5-difluorophenyl)-3-
azabicyclo[3.1.0]hexane (Feng Xu et al.: Org. Lett. 8(17), 3885-3888, 2006) (200 mg, 1.025
mmol) in anhydrous tetrahydrofuran (2.6 mL) at room temperature. The reaction was stirred at
room temperature for 1 h, then heated at 55 °C for 2 h. Thereupon, the solvent was evaporated
off and the resulting yellow oil was dissolved in methanol (2.5 mL) followed by addition of
benzyl carbazate (341 mg, 2.049 mmol) in one portion. The reaction was heated at reflux
temperature for 24 h, the solvent was then evaporated off and the residue was dissolved in
dichloromethane, washed with water, dried over MgSOu, filtered and evaporated to dryness. The
thus obtained yellow oil was purified by chromatography (dichloromethane — methanol) to give
benzyl 2-(1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-
carbonothioyl)hydrazinecarboxylate as a yellow oil (0.27 g, 0.67 mmol, 65% yield).

Step 2: N-(3-phenylpyrrolidine-1-carbonothioyl)benzamide

S S
F N—< Br F. N_<
HN—NH /—Q + Br—Bi JE— . HN—NH,
)'_ 0 Br
(o)
F

F
To a stirred solution of benzyl 2-(1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-
carbonothioyl)hydrazinecarboxylate (270 mg, 0.67 mmol) in dichloromethane (5 mL) was added
dropwise boron tribromide (0.19 mL, 2.008 mmol) at -78 °C under nitrogen. The solution was
stirred in the cold for 5 min, then was allowed to warm up to room temperature naturally and
stirred for 1.5 h. The mixture was then cooled again to 0-5 °C followed by quenching with water.
The resulting emulsion then was extracted with a mixture of 30% 2-propanol in
dichloromethane, the organic phase was washed with water, dried over MgSQOa, filtered and
evaporated to dryness. The thus obtained yellow oil was purified by chromatography

(dichloromethane — methanol), Recrystallization from 2-propanol afforded 1-(3,5-
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difluorophenyl)-3-azabicyclo[3.1.0]Jhexane-3-carbothiohydrazide as a pink solid (0.015 g, 8%
yield).

"H NMR (DMSO-d6): 8.80 (1 H, s), 7.08 (1 H, tt,J = 9.4, 2.4 Hz), 6.95 (2 H, m), 4.64 (2 H, br
s),4.17(1 H,brd, J=10.9 Hz), 3.89 (1 H, brd, J=11.0 Hz), 3.68 (1 H, d, J = 10.9 Hz), 3.59 (1
H, brdd,J=109,4.2 Hz), 2.18 (1 H, dt,J =8.3,4.2 Hz), 1.19 (1 H, dd, J = 8.0, 5.1 Hz), 0.77 (1
H,t,J =48 Hz).

3C NMR (DMSO-d6): 180.7, 163.4, 163.3, 161.8, 161.7, 146, 145.9, 145.8, 109.7, 109.7, 109.6,
109.5, 101.8, 101.7, 101.5, 54.4, 51.7, 30.4, 24.6, 20.3.

Example 46: 1-(3,5-Difluorophenyl)-N,N-dimethyl-3-azabicyclo[3.1.0]hexane-3-

carbothioamide

S S
NH N N
F S F I THF N4, N—
\ Y N ——» F _ and F N—
\©§: . «/NTN\) + HoN ~ MeOH HN N\ /
S
F F

F

To a solution of 1,1-thiocarbonyldiimidazole (201 mg, 1.127 mmol) in anhydrous
tetrahydrofuran (2.6 mL) was added dropwise a solution of 1-(3,5-difluorophenyl)-3-
azabicyclo[3.1.0]hexane (Feng Xu et al.: Org. Lett. 8(17), 3885-3888, 2006) (200 mg, 1.025
mmol) in anhydrous tetrahydrofuran (2.6 mL) at room temperature. The solution was stirred at
room temperature for 1 h, then was heated at 55 °C for 2 h. The solvent was evaporated off under
vacuum and the oily residue was dissolved in methanol (4.1 mL), followed by addition of 1,1-
dimethylhydrazine (0.13 mL 1.690 mmol). The mixture was then heated to reflux and stirred for
24 h, and then cooled to room temperature, whereupon the solvent was evaporated off. The
yellow oily residue was dissolved in dichloromethane, washed with water, dried over MgSOs,
filtered and evaporated to dryness. Chromatography (petroleum ether — ethyl acetate) afforded 1-
(3,5-difluorophenyl)-N,N-dimethyl-3-azabicyclo[3.1.0]hexane-3-carbothioamide as a light
yellow oil (0.124 g, 26% yield).

"H NMR (CDCl): 6.70 (2 H, m), 6.67 (1 H, tt, ] = 2.3, 8.9 Hz), 4.59 (1 H, d, J = 11.0 Hz), 4.16
(1H,d,J=11.0Hz),3.72 (1 H,dd, J = 3.6, 109 Hz), 3.71 (1 H,dd, ] = 1.2, 10.9 Hz), 3.13 (6 H,
m), 1.84 (1 H, m), 1.07 (1 H, m), 0.98 (1 H, m).

3C NMR (CDCl): 191.7, 163.9, 163.8, 162.3, 162.2, 144.8, 109.7, 109.7, 109.6, 109.6, 102.1,
101.9, 101.7, 57.2, 54.4, 43.2, 30.0, 24.3, 17.4.
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Example 47: N-(cyanomethyl)-1-(2,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-
carbothioamide

S

F =
N,

1-(2,5-Difluorophenyl)-3-azabicyclo[3.1.0]hexane (Feng Xu et al.: Org. Lett. 8(17), 3885-3888,

F

2006) was converted to N-(cyanomethyl)-1-(2,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-
carbothioamide by a similar procedure as described for Example 30 and the product was isolated
as a brownish red solid.

"H NMR (DMSO-d6): 7.99 (1 H, br s), 7.25 (2 H, m), 7.17 (1 H, m), 4.45 (2 H, br d, ] = 5.1 Hz),
3.44-4.40 (4H, br m), 2.19 (1 H, br s), 1.16 (1 H, m), 0.80 (1 H, m).

3C NMR (DMSO-d6): 179.7, 158.8, 158.7, 157.2, 157.1, 129.1, 129.1, 129.0, 129.0, 129.0,
129.0, 117.6, 117.1, 117.0, 117.0, 116.9, 116.8, 116.8, 115.5, 115.5, 115.4, 115.3, 58.3, 54.5,
53.6,49.9, 33.2, 28.1, 26.4, 23, 21.6, 17.8.

Example 48: 3-(3,5-Difluorophenyl)-N-methyl-2,3-dihydro-1H-pyrrole- 1-carbothioamide
Step 1: 4-(3,5-difluorophenyl)-2-hydroxy-N-methylpyrrolidine-1-carbothioamide

E u w/\al/\( F OH H

To a solution of 4-(3,5-difluorophenyl)-N-methyl-2-oxopyrrolidine- 1-carbothioamide (Example

42) (0.270 g, 1 mmol) in dry toluene (5 mL) was added dropwise 1 M diisobutylaluminum
hydride (2.70 mL, 2.70 mmol) in toluene at 0-5 °C and the reaction was stirred for 1 h in the
cold. Thereupon, the mixture was quenched with ice-water, stirred for 1 h in the cold, diluted
with ethyl acetate (20 mL) and then filtered through a celite plug. The organic phase was dried
over MgSO4 and evaporated to dryness. Purification by chromatography (petroleum ether — ethyl
acetate) afforded 4-(3,5-difluorophenyl)-2-hydroxy-N-methylpyrrolidine-1-carbothioamide as a
white powder (0.14 g, 51% yield).

Step 2: 3-(3,5-Difluorophenyl)-N-methyl-2,3-dihydro- 1 H-pyrrole-1-carbothioamide
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"y Dy
S S

To a solution of 4-(3,5-difluorophenyl)-2-hydroxy-/N-methylpyrrolidine- 1-carbothioamide (0.2 g,
0.734 mmol) in dry toluene (5 mL) was added 2,6-lutidine (0.428 mL, 3.67 mmol) followed by
addition of 2,2,2-trifluoroacetic anhydride (0.23 mL, 1.76 mmol) at -10 °C under nitrogen. The
reaction was allowed to warm up to room temperature and stirred for 20 h. Thereupon, the
mixture was quenched with water (10 mL) and stirred for 30 min. The organic phase was
evaporated to dryness, the residue was then dissolved in ethanol (15 mL) and treated with 5 M
sodium hydroxide (0.3 mL, 1.469 mmol) at room temperature for 1 h. Thereupon, the mixture
was evaporated to dryness and the residue was partitioned between dichloromethane and water.
The organic phase was dried over MgSOa, evaporated to dryness under vacuum and
chromatographed (petroleum ether — ethyl acetate) to give 3-(3,5-difluorophenyl)-N-methyl-2,3-
dihydro-1H-pyrrole-1-carbothioamide as a white powder (0.063 g, 33% yield).

"H NMR (DMSO-d6): 7.80 (1 H, brs), 7.41 (1 H, brd, J = 2.3 Hz), 7.11 (1 H, m), 6.93 (2 H, m),
5.37(1H,dd,J=4.1,2.6 Hz), 437 (1 H, m), 423 (1 H,t,J = 11.2 Hz), 3.70 (1 H, dd, J = 11.6,
5.7Hz),291 (3H,d,J=4.3 Hz).

3C NMR (DMSO-d6): 176.6, 163.5, 163.4, 161.8, 161.8, 148.5, 148.4, 148.3, 133.4, 112.2,
110.4, 110.2, 102.6, 102.4, 102.2, 55.9, 46.6, 31.9.

Example 49: 6-phenyl-6,7-dihydro-2H-pyrrolo[ 1,2-c]imidazole-3(5H)-thione
Step 1: 2-phenylpent-4-enenitrile

X ! X
©/\\N ¢ gy r AN SN
WA

To a stirred solution of 2-phenylacetonitrile (3.15 mL, 27.3 mmol) in tetrahydrofuran (136 mL)
was added lithium hexamethyldisilazane (30 mL, 30.0 mmol) dropwise at -78 °C. The resulting
yellow solution was allowed to stir in the cold for 30 min, whereupon 3-bromoprop-1-ene (2.3
mL, 27.2 mmol) was added dropwise and the mixture was stirred at room temperature. The

solvent was then removed under vacuum and the product was purified by chromatography
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(petroleumether — ethyl acetate; 1:0, 9:1, then 6:1) and isolated as a yellow oil. (Yield: 2.62g,
63%).
Step 2: 2-phenylpent-4-en-1-amine

T 17 O —— C/d/"‘“z

To a stirred solution of 2-phenylpent-4-enenitrile (2.82 g, 17.94 mmol) in dry tetrahydrofuran
(60 mL) was added lithium aluminum hydride (1.362 g, 35.9 mmol) portionwise at 0 °C. The
thus obtained pink suspension was allowed to stir at room temperature for 5 min and then at 60
°C overnight. Thereupon, water (1.5 mL) was added followed by slow addition of a mixture of
50% sodium hydroxide (1.5 mL) and water (3 mL) at O °C. The organic layer was diluted with a
mixture of dichloromethane — 2-propanol (7:3), dried over MgSOys and filtered through a celite
plug. The filtrate was evaporated to dryness under vacuum to give a clear oil. The product was
purified by chromatography (dichloromethane — methanol) and isolated as a dark yellow oil.
(Yield:1.13 g, 39%).

Step 3: 4-methyl-N-(2-phenylpent-4-en-1-yl)benzenesulfonamide

| |
(0} N\
N [
NH, + 05\\3\@; + ) N H\ ,,O
i ,/S\©\
(o}

To a stirred solution of 2-phenylpent-4-en-1-amine (1.13 g, 7.01 mmol) and triethylamine (1.074
mL, 7.71 mmol) in dichloromethane (35 mL) was added tosyl chloride (1.336 g, 7.01 mmol)
portionwise at room temperature. The resulting yellow solution was allowed to stir at room
temperature overnight. The reaction was then diluted with dichloromethane and quenched with
water. The organic layer was separated, dried over MgSO4 and evaporated to dryness under
vacuum to give a yellow oil. The product was purified by chromatography (petroleum ether —
ethyl acetate 1:0, 9:1, 6:1, then 4:1) and isolated as a yellow oil. (Yield: 1.03 g, 44%).

Step 4: (4-phenyl-1-tosylpyrrolidin-2-yl)methanol

61



10

15

20

WO 2018/056854 PCT/PT2017/050022

Cl

3-Chlorobenzoperoxoic acid (0.676 g, 3.92 mmol) was added portionwise to a stirred solution of
4-methyl-N-(2-phenylpent-4-enyl)benzenesulfonamide (1.03 g, 3.27 mmol) in dichloromethane
(16 mL) at O °C. The reaction mixture was allowed to warm up to room temperature and stirred
for 2 days. Thereupon, water was added, the organic layer was diluted with dichloromethane,
separated, dried over MgSO4 and evaporated to dryness under reduced pressure. The product was
purified by chromatography (petroleum ether — ethyl acetate; 1:1) and isolated as a clear oil.
(Yield: 0.215 g, 20%).

Step 5: (4-phenylpyrrolidin-2-yl)methanol

HO
9 .
N—SO— *  LiAH, NH
1}
o

Lithium aluminium hydride (0.223 g, 5.88 mmol) was added portionwise to a stirred solution of

HO

(4-phenyl-1-tosylpyrrolidin-2-yl)methanol (0.487 g, 1.469 mmol) in dry terahydrofuran (7 mL)
at 0 °C under nitrogen. The thus obtained grey suspension was allowed to stir at room
temperature overnight, whereupon the reaction was quenched with water (0.3 mL) followed by
dropwise addition of a mixture of 50% NaOH (0.3 mL) and water (0.6 mL). The mixture was
then dried over MgSO, and filtered through a celite plug. The filtrate was evaporated to dryness
under vacuum to give a semisolid on trituration with ethyl acetate. The solid was suspended in
ethyl acetate, filtered off and the filtrate was evaporated to dryness to leave a clear oil. (Yield:
0.318 g, 122% (intermediate not purified prior to next step)).

Step 6: tert-butyl 2-(hydroxymethyl)-4-phenylpyrrolidine-1-carboxylate

HO

HO
©/5NH * ><OJOLOJOI\O>< - N‘<03<
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To a stirred solution of (4-phenylpyrrolidin-2-yl)methanol (0.260 g, 1.467 mmol) in ethanol (3
mL) was added di-zert-butyl dicarbonate (0.352 g, 1.614 mmol) at O °C. The resulting yellow
solution was allowed to stir at room temperature overnight. The solvent was then evaporated to
dryness under vacuum and the thus obtained mixture was separated by chromatography
(petroleum ether — ethyl acetate (1:0, 3:1, 2:1, then 1:1). The product was isolated as a clear oil.
(Yield: 0.298 g, 73%).

Step 7: tert-butyl 2-formyl-4-phenylpyrrolidine- 1-carboxylate

HO o o

N\
VAR —— v~
03( >/’° O\H/ 0¥
Dess-Martin periodinane (3-oxo-1A°-benzo[d][1,2]iodaoxole-1,1,1(3H)-triyl triacetate) (0.443 g,
1.046 mmol) was added in one portion to a stirred solution of zert-butyl 2-(hydroxymethyl)-4-
phenylpyrrolidine-1-carboxylate (0.290 g, 1.046 mmol) in dichloromethane (13 mL) at room
temperature and the reaction was then stirred for 3 h. Thereupon, the solvent was evaporated off
and the resulting residue was azeotroped with toluene. The product was purified by
chromatography (petroleum ether — ethyl acetate; 1:0, 4:1, 3:1, 2:1, 1:1) and isolated as a clear

oil. (Yield: 0.234 g, 81%).
Step 8: 4-phenylpyrrolidine-2-carbaldehyde hydrochloride

o 0
A A
N%O HCl ————» NH
+
ol< HCl

A 2 M solution of HCI (3.34 mL, 6.68 mmol) in diethyl ether was added to tert-butyl 2-formyl-
4-phenylpyrrolidine-1-carboxylate (0.230 g, 0.835 mmol) at room temperature and the thus
obtained yellow mixture was allowed to stir at room temperature for 3 h. The solvent was then
evaporated off under vacuum to leave a yellow oil. (Yield: 0.177 g, 100%).

Step 9: 6-phenyl-6,7-dihydro-2H-pyrrolo[ 1,2-c]imidazole-3(5H)-thione
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K* />NH
—_—
NH S N

HCI

To a stirred solution of 4-phenylpyrrolidine-2-carbaldehyde hydrochloride (0.177 g, 0.836
mmol) in dimethyl formamide (3.5 mL) was added potassium thiocyanate (0.163 g, 1.672 mmol)
and the thus obtained yellow solution was allowed to stir at 100 °C for 1 h and 45 min to give a
brown solution. The reaction mixture was allowed to cool to room temperature, and then diluted
with water (3 mL) and diethyl ether, respectively. The aqueous layer was extracted with ethyl
acetate (3 times) and the combined organic layers were washed with water (twice), dried over
MgSO4 and evaporated to dryness under vacuum to give a brown solid. Recrystallization from
1sopropanol afforded a beige solid. (Yield: 24 mg, 12%).

'"H NMR (DMSO-d6): 11.78 (1 H, br s), 7.15-7.45 (5 H, m), 6.63 (1 H, s), 4.17 (1 H, dd, J =
11.2, 8.1 Hz), 4.08 (1 H, quin, J = 8.1 Hz), 3.67 (1 H, dd, J =11.2, 8.1 Hz), 3.24 (1 H, ddd, J =
15.0,7.9,0.7 Hz), 2.86 (1 H, ddd, J = 15.4, 8.5, 1.5 Hz).

3C NMR (DMSO-d6): 155.9, 141.3, 132.7, 128.7, 127.2, 127.0, 106.7, 50.4, 47.0, 31.2.

Example 50: 6-(3,5-difluorophenyl)-6,7-dihydro-2H-pyrrolo[1,2-c]imidazole-3(5H)-thione

)

—

F
2-(3,5-difluorophenyl)acetonitrile was converted to 6-(3,5-difluorophenyl)-6,7-dihydro-2H-
pyrrolo[1,2-c]imidazole-3(5H)-thione by a similar procedure as described for Example 49 and
the product was isolated as a dark beige solid.

'"H NMR (DMSO-d6): 11.81 (1 H, br s), 7.11-7.18 (3 H, m), 6.64 (1 H, m), 4.19 (1 H, dd, J =
11.2, 7.9 Hz), 4.12 (1 H, quin, J = 8.3 Hz), 3.70 (1 H, dd, J = 11.2, 8.5 Hz), 3.23 (1 H, ddd, J =
15.3,7.9,0.9 Hz), 2.90 (1 H, ddd, J = 15.3, 8.9, 1.6 Hz).
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3C NMR (DMSO-d6): 163.3, 163.2, 161.7, 161.6, 156.0, 145.5, 145.4, 145.4, 132.3, 110.8,
110.8, 110.7, 110.7, 106.8, 102.7, 102.5, 102.3, 49.9, 46.6, 30.8.

Example S1: 6-(2,4-Difluorophenyl)-6,7-dihydro-2H-pyrrolo[ 1,2-c]imidazole-3(5H)-thione
Step 1:  (E)-N-(2-(2,4-difluorophenyl)-3-(dimethylamino)allylidene)- N-methylmethanaminium
hexafluorophosphate(V)

F
OH F F
cl AN FOLLF e FoL-F
.
c—Rz0 + N°7O0 . o * FREK F FhE
\CI | F F F | |f F
N AN

Phosphoryl trichloride (8.12 mL, 87 mmol) was added dropwise to N,N-dimethylformamide
(8.32 mL, 107 mmol) at 0 °C to give a clear viscous solution. The mixture was allowed to warm
up to room temperature and stirred for 1 h before adding a solution of  2-(2,4-
difluorophenyl)acetic acid (5 g, 29.0 mmol) in N,N-dimethylformamide (15 mL). The resulting
yellow solution was allowed to stir at 70 °C overnight. The thus obtained brown reaction mixture
was cooled to room temperature and slowly poured onto a mixture of ice-water (60 mL) and a
solution of potassium hexafluorophosphate(V) (8.02 g, 43.6 mmol) in water (20 mL). The
resulting yellow precipitate was filtered off, washed with cold water and dried under vacuum.
(Yield: 10 g, 85%).

Step 2: ethyl 4-(2,4-difluorophenyl)-1H-pyrrole-2-carboxylate

F
Fol.F Eo NH o
'S /
Hcg\/ ) 'Q L IF F W
HzN/\g/ EN: N~ /N’\ F <

To a stirred solution of ethyl 2-aminoacetate hydrochloride (5.45 g, 39.0 mmol) and (E)-N-(2-

n-0-n

(2,4-difluorophenyl)-3-(dimethylamino)allylidene)-N-methylmethanaminium
hexafluorophosphate(V) (10 g, 26.0 mmol) in N,N-dimethylformamide (240 mL) was added 1,4-
diazabicyclo[2.2.2]octane (7.30 g, 65.1 mmol) at room temperature and the thus obtained yellow
suspension was allowed to stir at 100 °C overnight. The mixture was then poured onto ice-water
(ca. 400 mL) and allowed to stir at room temperature for 1 h. The resulting precipitate was
filtered off, washed with water to give the product as a brown solid. (Yield: 4.5 g, 65%).

Step 3: 1-tert-butyl 2-ethyl 4-(2,4-difluorophenyl)-1H-pyrrole-1,2-dicarboxylate
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Boc
’

E NH o F N o
’ 1A N —— '
/ >< /
WE‘ * OJ\OJ\O * NQN\ OEt
F F

To a stirred solution of ethyl 4-(2,4-difluorophenyl)-1H-pyrrole-2-carboxylate (4.5 g, 17.91
mmol) and di-tert-butyl dicarbonate (4.30 g, 19.70 mmol) in acetonitrile (90 mL) was added
N,N-dimethylpyridin-4-amine (0.219 g, 1.791 mmol) at room temperature. The resulting clear
solution was allowed to stir at room temperature overnight. Thereupon, the reaction mixture was
quenched with water, the organic layer was diluted with dichloromethane, separated, dried over
MgSO. and evaporated to dryness under vacuum to give a brown oil. The product was purified
by chromatography (petroleum ether — ethyl acetate; 1:0, 8:1, then 6:1) and isolated as a yellow
oil. (Yield: 5.46 g, 82%).

Step 4: 1-tert-butyl 2-ethyl 4-(2,4-difluorophenyl)pyrrolidine-1,2-dicarboxylate

NBoc o NBoc o
’ Y Hz
OEt 4 pdiIC ————> OEt
F F F F

A solution of 1-tert-butyl 2-ethyl 4-(2,4-difluorophenyl)-1H-pyrrole-1,2-dicarboxylate (4.5 g,
12.81 mmol) in ethanol (128 mL) was added to 10% palladium on charcoal (0.341 g, 0.320
mmol) at room temperature under nitrogen. The mixture was allowed to stir at 60 °C under 10
bar of hydrogen for 3h. Thereupon, the mixture was cooled to room temperature, purged with
argon, filtered through a celite plug and washed with dichloromethane. The filtrate was
evaporated to dryness under vacuum to give a clear oil. (Yield: 5.38g, 93%).

Step 5: (3-(2,4-difluorophenyl)pyrrolidin-2-yl)methanol

NB
NBoc o oc
OH
OEt , Na* BHs + Li* CF ——>
F F
F F

To a stirred solution of 1-fert-butyl 2-ethyl 4-(2,4-difluorophenyl)pyrrolidine-1,2-dicarboxylate
(5.38 g, 15.14 mmol) and lithium chloride (2.246 g, 53.0 mmol) in a mixture of methanol (38
mL) and tetrahydrofuran (38 mL) was added sodium borohydride (2.005 g, 53.0 mmol) at 0 °C.
The thus obtained white suspension was allowed to stir at room temperature overnight.
Thereupon, a second crop of lithium chloride (1 g) and sodium borohydride (1 g) was added and
the mixture was allowed to stir for additional 48 h. Water was then added, whereupon the
organic layer was diluted with dichloromethane, separated, dried over MgSO4 and evaporated to
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dryness under vacuum. The product was purified by chromatography (petroleum ether - ethyl
acetate) and then isolated as a yellow oil. (Yield: 1.96g, 41%).
Step 6: tert-butyl 4-(2,4-difluorophenyl)-2-formylpyrrolidine-1-carboxylate

NBoc NBoc
o= q P
OH 0l - = o]
0o F F
F F >’
o

To a stirred solution of tert-butyl 4-(2,4-difluorophenyl)-2-(hydroxymethyl)pyrrolidine-1-
carboxylate (1.96 g, 6.26 mmol) in dichloromethane (78 mL) was added Dess-Martin
periodinane (3-oxo-1)A’-benzo[d][1,2]iodaoxole-1,1,1(3H)-triyl triacetate) (2.65 g, 6.26 mmol) at
room temperature. The thus obtained pale pink suspension was allowed to stir at room
temperature for 4 h. The solvent was then evaporated off under vacuum and the product was
purified by chromatography (petroleum ether — ethyl acetate; 1:0, 8:1, 6:1, 4:1, then 2:1). The
product was isolated as a colourless oil. (Yield: 1.5 g, 90%).

Step 7: 4-(2,4-difluorophenyl)pyrrolidine-2-carbaldehyde hydrochloride

HCI

NBoc NH
\0 \
+ HCI —™ o]
F F F F

A 2 M solution of HCI (19.27 mL, 38.5 mmol) in diethyl ether was added to tert-butyl 4-(2,4-
difluorophenyl)-2-formylpyrrolidine- 1-carboxylate (1.5 g, 4.82 mmol) at room temperature and
the yellow solution was allowed to stir at room temperature for 4 h. The solvent was then
evaporated off under vacuum to give the product as a yellow oil. (Yield: 1.19 g, 100%).

Step 8: 6-(2,4-difluorophenyl)-6,7-dihydro-2H-pyrrolo[ 1,2-cJimidazole-3(5H)-thione

Hel )\NH

To a stirred solution of 4-(2,4-difluorophenyl)pyrrolidine-2-carbaldehyde hydrochloride (1.19 g,
4.80 mmol) in N,N-dimethylformamide (24 mL) was added potassium thiocyanate (0.934 g, 9.61
mmol) at room temperature, whereupon the resulting brown solution was allowed to stir at 100
°C for 90 min. Thereupon, water was added and the organic layer was diluted with diethyl ether
containing few drops of ethyl acetate. The organic layer was separated and the aqueous layer was

extracted again. The combined organic layers were washed with water (three times), dried over
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MgSO. and evaporated to dryness under vacuum to give a brown semisolid. Recrystallisation
from ethanol afforded the product as a beige solid. (Yield: 0.08g, 6%).

"H NMR (DMSO-d6): 11.83 (1 H, br's), 7.45 (1 H, td, ] = 8.7, 6.7 Hz), 7.28 (1 H, ddd, J = 2.7,
9.4, 11.5Hz), 7.09 (1 H, dt, J = 2.6, 8.6 Hz), 6.64 (1 H, s), 4.24 (1 H, quin, J = 8.0 Hz), 4.15 (1
H,dd,J=11.1,8.1 Hz),3.72 (1 H,dd, J =11.3, 7.8 Hz), 3.24 (1 H, dd, J = 8.2, 15.2 Hz), 2.90 (1
H, ddd, J =15.5, 8.3, 1.5 Hz).

3C NMR (DMSO-d6): 162.3, 162.2, 161.1, 161, 160.6, 160.5, 159.5, 159.4, 156, 132.2, 129.9,
129.8, 129.8, 129.8, 124.3, 124.3, 124.2, 124.2, 111.8, 111.8, 111.7, 111.7, 106.9, 104.3, 104.2,
104.0, 49.3, 40.1, 30.1.

Example 52: 6-(2,5-difluorophenyl)-6,7-dihydro-2H-pyrrolo[1,2-c]imidazole-3(5H)-thione

)

F N
—

F
2-(2,5-Difluorophenyl)acetic acid was converted to 6-(2,5-difluorophenyl)-6,7-dihydro-2H-
pyrrolo[1,2-c]imidazole-3(5H)-thione by a similar procedure as described for Example 51 and
the product was isolated as a beige solid.

"H NMR (DMSO-d6): 11.83 (1 H, br s), 7.30 (2 H, m), 7.19 (1 H, m), 6.65 (1 H, s), 4.27 (1 H,
quin, J =8.1 Hz),4.16 (1 H,dd,J=11.2,8.2 Hz), 3.75 (1 H,dd, J = 8.1, 11.2 Hz), 3.24 (1 H, dd,
J=15.5,8.0Hz),2.94 (1 H, brdd,J=15.3, 8.4 Hz).

3C NMR (DMSO-d6): 159, 157.5, 157.2, 156, 155.6, 132.1, 129.8, 129.7, 129.7, 129.6, 117.2,
117.1, 117.0, 117.0, 115.5, 115.5, 115.4, 115.4, 115.4, 115.3, 115.3, 115.2, 106.9, 49.1, 40.5,
29.9.

Example 53: 5a-(3,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-
c]imidazole-3(2H)-thione
Step 1: (2-(aminomethyl)-2-(3,5-difluorophenyl)cyclopropyl)methanol
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OH

F Na* F
SN ~ N~ . F-B—F F

\Q/\ + cu%o + /Sli &?i\ + Na* BH, + o ? NH,
: r :
To a stirred solution of 3,5-difluorophenylacetonitrile (3 g, 19.59 mmol) in dry terahydrofuran
(30 mL), was added 2-(chloromethyl)oxirane (1.839 mL, 23.51 mmol) at room temperature,
under nitrogen, The reaction was then cooled to 0° C and 2 M sodium bis(trimethylsilyl)amide in
terahydrofuran (17.14 mL, 34.3 mmol) was added, dropwise at 0-5 °C. Thereupon, the thus
obtained red mixture was allowed to warm up to room temperature and stirred for 3 h. The
reaction was diluted with dry terahydrofuran (30 mL), cooled to O °C, whereupon sodium
borohydride (2.96 g, 78 mmol) was added, followed by dropwise addition of boron trifluoride
diethyl etherate (9.93 mL, 78 mmol). The mixture was allowed to warm up to room temperature
and stirred overnight. The resulting pale yellow suspension was cooled to 0 °C and carefully
quenched with 2 M HCI (58.8 mL, 118 mmol). The terahydrofuran was then evaporated off and
the aqueous phase was washed with diethyl ether. The pH of the aqueous phase was set to pH =
10 by adding 3 M sodium hydroxide and then extracted with dichloromethane. The organic
phase was dried over MgSOy, filtered and evaporated to dryness under vacuum to leave a yellow
oil. (Yield: 3.01 g, 65%).

Step 2: tert-butyl (1-(3,5-difluorophenyl)-2-(hydroxymethyl)cyclopropyl)methylcarbamate
OH OH

F. N ><

NH, O

O o F.
—_—
J]\o)l\o>< EtOH HNs.(0
ol(

F

To an ice-cold solution of (2-(aminomethyl)-2-(3,5-difluorophenyl)cyclopropyl)methanol (3 g,
14.07 mmol) in ethanol (32 mL) was added di-zert-butyl dicarbonate (3.38 g, 15.48 mmol). The
solution was stirred at room temperature for 4 h and then the solvent was evaporated off under
vacuum. The resulting yellow oil was purified by chromatography (dichloromethane - methanol).

The product was isolated as a pale yellow oil. (Yield: 3.9 g, 88%).
Step 3: tert-butyl 1-(3,5-difluorophenyl)-4-hydroxy-3-azabicyclo[3.1.0]hexane-3-carboxylate
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F
HN__O * DMSO + (cocl, »
& \g/ CH,Cl,

F
To a stirred solution of oxalyl dichloride (1.194 mL, 13.69 mmol) in dry dichloromethane (33
mL), was added dropwise a solution of dimethylsulfoxide (1.945 mL, 27.4 mmol) in dry
dichloromethane (6 mL) at -78 °C. The reaction mixture was stirred in the cold for 5 min, and
then a solution of tert-butyl (1-(3,5-difluorophenyl)-2-
(hydroxymethyl)cyclopropyl)methylcarbamate (3.9 g, 12.45 mmol) in dry dichloromethane (12
mL) was added dropwise. The mixture was stirred at -78 °C for 45 min and then triethylamine
(8.67 mL, 62.2 mmol) was added. The reaction was allowed to warm up gradually to room
temperature and stirred at room temperature for 2 h. Thereupon, the mixture was washed three
times with water, dried over MgSOs, filtered and evaporated to dryness to give a yellow oil.
(Yield: 3.96 g, 82%).

Step 4: tert-butyl 4-cyano-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-carboxylate

N
OH N
£ P
N N o0
F. o) + \SI/// + g —_— 3 N—<0
4% - I F~ ‘\'J: CH2c|2 {
F

F

To a stirred solution of tert-butyl 1-(3,5-difluorophenyl)-4-hydroxy-3-azabicyclo[3.1.0]hexane-
3-carboxylate (3.9 g, 12.53 mmol) in dry dichloromethane (260 mL) was added
trimethylsilanecarbonitrile (4.46 mL, 33.4 mmol) at room temperature under nitrogen. The
solution was then cooled to -78 °C and boron trifluoride etherate (4.62 mL, 36.7 mmol) was
added dropwise. The reaction mixture was stirred in the cold for 4 h. and then saturated solution
of sodium bicarbonate was added and the mixture was allowed to warm up to room temperature.
The organic phase was separated and aqueous phase was extracted with dichloromethane. The
combined organic phases were dried over MgSOg, filtered and evaporated to dryness to leave a
pinkish oil. (Yield: 3.88 g, 77%).

Step 5: 3-(tert-butoxycarbonyl)-5-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-2-carboxylic

acid
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,% EtOH —%
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To a stirred solution of tert-butyl 4-cyano-1-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-3-
carboxylate (3.6 g, 11.24 mmol) in ethanol (36 mL), was added a solution of 3 M sodium
hydroxide (18.73 mL, 56.2 mmol) at room temperature. The solution was heated at 80 °C for 3 h.
and then was cooled to room temperature. Thereupon, ethanol was evaporated off and the
aqueous phase was acidified with 2 M HCI solution and then extracted with ethyl acetate. The
organic phase was dried over MgSOy, filtered and evaporated to dryness to leave a yellow solid.
(Yield: 2.95 g, 66%).

Step 6: tert-butyl 3-tert-butyl 2-methyl 5-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-2,3-

dicarboxylate

o /
OH -0
O 0 o)
F N_/<o + _O/U\o_ + Mel ——» F N_qo
i K DMF :
F F

To a stirred solution of 3-(tert-butoxycarbonyl)-5-(3,5-difluorophenyl)-3-
azabicyclo[3.1.0]hexane-2-carboxylic acid (1.8 g, 5.30 mmol) in N,N-dimethylforamide (18 mL)
was added potassium carbonate (2.133 g, 15.44 mmol) followed by addition of methyl iodide
(1.658 mL, 26.5 mmol). The reaction was stirred at room temperature for 6 h, water was then
added and the mixture was extracted with ethyl acetate. The organic phase was dried over
MgSOs, filtered and evaporated to dryness. The thus obtained yellow oil was purified by
chromatography (petroleum ether - ethyl acetate). The product was isolated as a pale yellow oil.
(Yield: 1.36 g, 69%).

Step 7: tert-butyl  1-(3,5-difluorophenyl)-4-(hydroxymethyl)-3-azabicyclo[3.1.0]hexane-3-

carboxylate

/
d OH
0
o)
THF N
F N_/<0 + L* or +BH Na@ ——— F —40
: MeOH 4%
F
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To a stirred solution of 3-tert-butyl 2-methyl 5-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-
2,3-dicarboxylate (1.35 g, 3.82 mmol) in a mixture of methanol (10 mL) and dry tetrahydrofuran
(10 mL), was added lithium chloride (0.274 mL, 13.37 mmol) at 0 °C followed by addition of
sodium borohydride (0.506 g, 13.37 mmol). The resulting white suspension was allowed to
warm up to room temperature and stirred overnight. Water was then added and the mixture was
extracted with dichloromethane. The organic phase was dried over MgSOs, filtered and
evaporated to dryness to leave the product as a pale yellow oil. (Yield: 1.23 g, 94%).

Step 8: tert-butyl 1-(3,5-difluorophenyl)-4-formyl-3-azabicyclo[3.1.0]hexane-3-carboxylate

OH

0 ? =0

0

F N 0=< Q N~
0 + o-I — » F o
—% >, /) CH,CI 4%

00 2V12
o A
o F

To a stired solution of  tert-butyl  1-(3,5-difluorophenyl)-4-(hydroxymethyl)-3-
azabicyclo[3.1.0]hexane-3-carboxylate (1.23 g, 3.78 mmol) in dichloromethane (45 mL) was
added , Dess-Martin periodinane (3—0x0—17»5—benzo[d][l,2]i0da0xole—1,1,1(3H)—triyl triacetate)
(1.603 g, 3.78 mmol) at room temperature and the reaction was stirred for 24 h. The mixture
was then evaporated to small volume and separated by chromatography (petroleum ether — ethyl
acetate). The product was isolated as a pale yellow oil. (Yield: 0.96 g, 79%).

Step 9: 5-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-2-carbaldehyde hydrochloride

_0 _0
0
N—< NH
F o +  HCl — F
‘% ,-Cl
F F

2 M HCI in diethyl ether (10.64 mL, 21.28 mmol) was added to tert-butyl 1-(3,5-
difluorophenyl)-4-formyl-3-azabicyclo[3.1.0]hexane-3-carboxylate (0.86g, 2.66 mmol) to give a
colourless solution. The solution was stirred at room temperature for 3 h, whereupon the solvent
was evaporated off and the residues was azeotroped with toluene to leave the product as a yellow
oil. (Yield: 0.690 g, 90%).

Step 10: 5a-(3,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4 ]pyrrolo[ 1,2-cJimidazole-
3(2H)-thione
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To a stirred solution of 5-(3,5-difluorophenyl)-3-azabicyclo[3.1.0]hexane-2-carbaldehyde
hydrochloride (690 mg, 2.66 mmol) in N,N-dimethylformamide (13 mL) was added potassium
thiocyanate (516 mg, 5.31 mmol), at room temperature, The solution was then heated at 100 °C
for 90 min. Thereupon, the mixture was cooled to room temperature, water was added and then
extracted with diethyl ether. The organic phase was washed with water, dried over MgSQOa,
filtered and evaporated to dryness to leave a brown oil. Chromatography (dichloromethane —
methanol) followed by recrystallization from 2-propanol afforded the product as a beige solid.
(Yield: 0.068 g, 8%).

"H NMR (DMSO-d6): 11.75 (1 H, br s), 7.12 (3 H, m), 6.67 (1 H, s), 4.22 (1 H, d, ] = 12.2 Hz),
4.05(1 H,d,J=12.2Hz),3.00 (1 H,dd,J=8.3,4.3 Hz), 1.67 (1 H, dd, ] = 8.4, 5.3 Hz), 1.19 (1
H,t,J =4.8 Hz).

3C NMR (DMSO-d6): 163.4, 163.3, 161.8, 161.7, 156.8, 144.8, 144.8, 144.7, 134.5, 110.1,
110.1, 110.0, 109.9, 105.9, 102.3, 102.1, 101.9, 50.6, 36.4, 25.3, 23.0.

Example 54: (5a5,6aR)-5a-(3,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal3,4]pyrrolo[ 1,2-
c]imidazole-3(2H)-thione.

3,5-Difluorophenylacetonitrile and (R)-2-(chloromethyl)oxirane was converted to (5aS,6aR)-5a-
(3,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropa[3,4]pyrrolo[ 1,2-c]imidazole-3(2H)-thione

by a similar procedure as described for Example 53 and the product was isolated as a beige solid.
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"H NMR (DMSO-d6): 11.75 (1 H, br s), 7.12 (3 H, m), 6.67 (1 H, s), 4.22 (1 H, d, ] = 12.2 Hz),
405(1H,d,J=12.2Hz),3.00 (1 H, dd,J =8.3,4.3 Hz), 1.67 (1 H, dd, J = 8.4, 5.3 Hz), 1.19 (1
H,t,J=4.8 Hz).

3C NMR (DMSO-d6): 163.4, 163.3, 161.8, 161.7, 156.8, 144.9, 144.8, 144.7, 134.5, 110.1,
110.1, 110, 109.9, 105.9, 102.3, 102.1, 101.9, 50.6, 36.4, 25.3, 23.0.

Example S5: Sa-(2,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-

c]imidazole-3(2H)-thione
/ NH
N/K

S

F
2,5-Difluorophenylacetonitrile and 2-(chloromethyl)oxirane was converted to 5a-(2,5-
difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal3,4]pyrrolo[ 1,2-c]imidazole-3(2H)-thione by a
similar procedure as described for Example 53 and the product was isolated as a beige solid.

"H NMR (DMSO-d6): 11.77 (1 H, br s), 7.30 (2 H, m), 7.21 (1 H, m), 6.69 (1 H, s), 4.11 (1 H, d,
J=12.4Hz),3.83(1 H,d,J=12.2Hz),2.89 (1 H,dd, J=8.3,42 Hz), 1.66 (1 H, dd,J =8.4,5.3
Hz), 1.18 (1 H, m).

3C NMR (DMSO-d6): 158.8, 158.7, 157.2, 157.1, 156.6, 134.5, 128.6, 128.6, 128.5, 128.4,
117.2, 117.1, 117.0, 117.0, 117.0, 116.8, 116.8, 115.9, 115.9, 115.8, 115.7, 106.2, 51.4, 51.4,
32.7,22.3,21.0.

Example 56: (5a5,6aR)-5a-(2,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal3,4]pyrrolo[ 1,2-
c]imidazole-3(2H)-thione
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2,5-Difluorophenylacetonitrile and (R)-2-(chloromethyl)oxirane was converted to (5a§,6aR)-5a-
(2,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropal 3,4]pyrrolo[ 1,2-c]imidazole-3(2H)-thione
by a similar procedure as described for Example 53 and the product was isolated as a beige solid.
"H NMR (DMSO-d6): 11.77 (1 H, br s), 7.30 (2 H, m), 7.21 (1 H, m), 6.69 (1 H, d, ] = 2 Hz),
411 (1H,d,J=124 Hz),3.83 (1 H,d,J =122 Hz), 2.89 (1 H, dd, J = 8.3, 4.2 Hz), 1.66 (1 H,
dd,J=8.4,5.3Hz), 1.18 (1 H, m).

3C NMR (DMSO-d6): 158.8, 158.7, 157.2, 157.2, 157.1, 157.1, 156.7, 134.5, 128.6, 128.5,
128.5,128.4,117.2,117.1, 117.0, 117.0, 116.9, 116.8, 116.8, 115.9, 115.9, 115.8, 115.7, 106.1.

Example 57: (5aR,6aS)-5a-(2,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropa( 3,4]pyrrolo[1,2-
c]imidazole-3(2H)-thione

2,5-Difluorophenylacetonitrile and (S)-2-(chloromethyl)oxirane was converted to (5aR,6aS)-5a-
(2,5-difluorophenyl)-5,5a,6,6a-tetrahydrocyclopropa[3,4]pyrrolo[ 1,2-c]imidazole-3(2H)-thione
by a similar procedure as described for Example 53 and the product was isolated as a beige solid.
"H NMR (DMSO-d6): 11.77 (1 H, br s), 7.30 (2 H, m), 7.21 (1 H, m), 6.69 (1 H, s), 4.11 (1 H, d,
J=12.4Hz),3.83(1 H,d,J=12.2Hz),2.89 (1 H,dd, ] =8.3,42 Hz), 1.66 (1 H,dd, ] =8.4,5.3
Hz), 1.18 (1 H, m).

3C NMR (DMSO-d6): 158.8, 158.7, 158.7, 157.2, 157.1, 156.6, 134.5, 128.6, 128.6, 128.5,
128.4, 117.2, 117.1, 117.0, 117.0, 117.0, 116.8, 116.8, 115.9, 115.9, 115.8, 115.7, 106.2, 51.4,
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