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Highlights

» Forty one aryl piperazines derivatives have be@eigged and tested vitro for their
ability to stimulate glucose uptake.

» Six of the compounds were reported to effectivéityslate glucose uptaka vitro
and inhibit NADH:ubiquinone oxidoreductase.

* The hit compoun@a (RTC1) remained the most efficacious with a 2&d fncrease
in glucose uptake compared to vehicle control armtamolar inhibition of
NADH:ubiquinone oxidoreductase @6= 27 uM).

* Preliminary n vitro DMPK andin vivo PK studies suggested ttgat (RTC1) would
not provoke adverse drug-drug interactions, yaebeily metabolised, avoid rapid
excretion, with a short half-life, and have goastie distribution.

Abstract

The management of blood glucose levels and thedaxoe of diabetic hyperglycemia are
common objectives of many therapies in the treatnténdiabetes. An aryl piperazine
compound3a (RTC1) has been described as a promoter of glugpske, in part through a
cellular mechanism that involves inhibition of NARWiquinone oxidoreductase. We report
herein the synthesis of 41 derivatives 3af (RTC1) and a systematic structure-activity-
relationship study where a number of compounds verewn to effectively stimulate
glucose uptakén vitro and inhibit NADH:ubiquinone oxidoreductase. Thedampound3a
(RTC1) remained the most efficacious with a 2.9d facrease in glucose uptake compared



to vehicle control and micromolar inhibition of NADubiquinone oxidoreductase @§&= 27
KM). In vitro DMPK andin vivo PK studies are also described, where results stigiygt3a
(RTC1) would not be expected to provoke adversey-drug interactions, yet be readily
metabolised, avoid rapid excretion, with a shotf-lf@, and have good tissue distribution.
The overall results indicate that aryl piperazireeg]3a (RTC1) in particular, have potential
as effective agents for the treatment of diabetes.

1. Introduction

Type 2 diabetes mellitus (T2DM) has become oné@@fgreat modern public health threats in
terms of human, social, and economic costs [1]. MIZB a chronic condition where blood
glucose levels are raised due to the body’s irntgkidi produce enough of the hormone insulin
or to use insulin effectively. Insulin is an ess@nhormone produced in the pancreas and
plays a critical role in the transport of glucoseni the bloodstream into the body’s cells. A
lack of insulin or a cells insensitivity to insulleads to elevated blood glucose levels and
hyperglycaemia, which if left unchecked can regulbrgan damage and the development of
disabling and life-threatening health complicatifhg].

The numbers suffering from diabetes are immenseaa@dncreasing at an alarming rate. In
2017, there were ~ 425 million diabetic sufferevgrothe age of 20, and this number is
conservatively projected to increase to ~629 mmllio 2045 [1,2]. There are a number of
therapeutic options available, some of which caradministered in the early stages of the
development of T2DM or as a combination therapywijectables. There are several classes
of hypoglycemic agents found in the clinic, inchgli metformin, sulfonylureas,
thiazolidinediones, DPP-4 inhibitors, SGLT2 inhds&, GLP-1 receptor agonists and insulin,
but the control of diabetes remains variable angatisfactory [2-4]. The therapeutic
regimens, side effects, and possible off-targeioast of some of these options are
undesirable and can lead to reduced compliancé. [AsBa consequence, taking into account
the projected and rapid growth in the number oi¢heuffering with diabetes, there is an
ever-increasing demand for novel anti-diabeticapess with defined mechanisms of action.

A common objective for many therapies is the mansage of blood glucose levels and the
avoidance of diabetic hyperglycemia. Different tgies can be employed to achieve this
including the stimulation of glucose uptake frore lloodstream, reducingluconeogenesis,
and increasing glucose excretion [3,4]. Therapsutitat increase insulin secretion or
increase insulin sensitivity will typically resuih an increase in glucose uptake and a
reduction in diabetic hyperglycemia. Diabetic hygcemia has also been reported to
aberrantly upregulate complex | activity in the gaas, which suggest that complex | could
be a promising therapeutic target for diabetes][8/@e recently reported the piperazine
containing compounds RTC1 and RTB70, which act upho the inhibition of
NADH:ubiquinone oxidoreductase (complex | of thetouhondrial respiratory chain) to
stimulate glucose uptake and restore the glucosdling abilities of diabetic mice [10,11].
The reduction in NADH:ubiquinone oxidoreductaseatyt provoked by these compounds
leads to a change in cellular ADP:ATP and AMP:AE#as resulting in the activation of
AMP-activated protein kinase (AMPK). Once activatédMPK rapidly restores cellular
energy balance by switching off ATP consuming atiabpathways and by switching on
ATP generating catabolic pathways involving inceshglucose uptake [12]. Further studies
showed that RTC1 augmented the signalling capesildf insulin in C2C12 cells stimulated
with tumour necrosis factor-alpha (TN#}; thus preventing TNl-induced insulin resistance
through action as an insulin sensitizer [13]. Aseault, a systematic analysis of these



compounds was conducted to further explore thelityato stimulate glucose uptake and use
as a potential therapeutic strategy for T2DM.

Herein, we report the synthesis and evaluationeoivdtives of compoun8a (RTC1). The
study involved the systematic modification 34 (RTC1) at five sites, A-E (Figure 1), in
order to explore the relationship between chemstaicture and biological activity. This
approach allowed us to investigate the importarideearyl substituent (site A), the nature
of the aryl group (site B), the piperazine (site ¢ length and nature of the alkyl chain (site
D), as well as the terminal group (site E) on thmlitg to stimulate glucose uptake.
Compounds were evaluated for thairvitro ability to stimulate glucose uptake and, in a
number of cases, for the inhibitory activity agaidADH:ubiquinone oxidoreductase in
permeabilised mitochondria. A pharmacophore wa®ldped based on the effectiveness of
the compound library at stimulating glucose uptakih preliminary drug metabolism and
pharmacokinetic (DMPK) studies also conducted whthhit compoun@®a (RTC1).

A B C D

Fig. 1. Chemical structure 8a (RTC1) and sites A-E for pharmacomodulation.

2. Results and Discussion

2.1 Synthesis of hit compouga (RTC1)

A total of 41 derivatives of the hit compoudd (RTC1) were synthesised as shown in
Scheme 1. The hit compounga (RTC1l) was generated in a two-step process. The
intermediate aryl piperazirga was synthesised in 50% yield from 4-chlorobenfatride

1a and piperazine by heating to 280 under microwave conditions. Subsequent coupling o
2a with the commercially available 4-(2-thienyl)butyracid generated the desired product,
3a (RTC1), in 86% vyield (Scheme 1) [10].
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Scheme 1. Synthesis of3a (RTC1) derivatives. Reagents and conditioAs:(a) HOB,
TBTU, NEt;, DMF, overnight, rt; (b) N&COs, MeCN, N, atmosphere, 24 h, reflux; (c) EtOH,
formic acid, formaldehyde, 3 h, reflux; (d) fromnspound16e, 2-methoxyethanamine,
HOBt, TBTU, NEg DMF, 20 h, rt; (e) from compourige, PtQ, H, atmosphere, 16.5 h, rt.
B. (f) Piperazine, NMP, 30 mins, 20C, MW (2a, R = 4-(trifluoromethyl)phenyl, 50%
yield; 2i, R = 2-chloro-4-(trifluoromethyl)phenyl), 63% wkl 2j, R = 2-bromo-4-
(trifluoromethyl)phenyl), 23% vyield); (g) (i) bis{@hloroethyl)amine.HCI, bis(2-
methoxyethyl) ether, 16 h, reflux, (i) 5% NaOH (ad h, rt gc, R =p-tolyl, 13% yield).
*Other amine/piperazine intermediates were comm#ycavailable.

C. (h) HOBt, TBTU, NEt, DMF, overnight, rt.

D. (i) 4-(2-Thienyl)butyric acid, HOBt, TBTU, NEtDMF, overnight, rt.

2.2 Synthesis of derivatives with variations at $itE.



The first structural modifications made were thesacerned with variations at site A, the
substitution pattern of the aryl ring, and were ent@ken in order to study the effect and
importance of the Gfsubstituent on activity. This involved (i) variati of the para
substituent on the aryl rin@4-3f); (ii) changing the position of the @Bubstituent3g), and
(i) bis substitution of the aryl ring3f(-j) (Table 1). The key intermediate, the aryl
piperazine, was commercially available in some rmttall cases. The bis-substituted 1-(2-
chloro-4-(trifluoromethyl)phenyl)piperazine 2 and 1-(2-bromo-4-
(trifluoromethyl)phenyl)piperazin®j were both synthesised from the corresponding aryl
chloride and piperazine via an/A reaction in NMP under microwave conditions (Sciee

1, (a)). The alkyl substituted 1-(p-tolyl)piperagi?c could not be generated by this method,
and instead was synthesised from the correspomdhiitige and bis(2-chloroethyl)amine via a
substitution/cyclisation sequence (Scheme 1, (B))e final step in the synthesis of
compounds 3a-j was the coupling reaction between the aryl pipeeazand 4-(2-
thienyl)butyric acid, using HOBt and TBTU as couglireagents (Scheme 1, (c)). This
method gave the desired products in yields randiom 24 to 86% for the final step.
Compound3f was generated from thpara-nitro substitute®e via the reduction of the nitro
group using Hover PtQ in a 57% vyield.

We next explored variations of the aryl ring, $teTo do this, the aryl ring was changed to a
substituted pyridine5@-c) as well as cyclic and acyclic alkyl groufgl{e) (Scheme 1, Table
1). In all casespa-e, the corresponding piperazines were commercialigilable, which
allowed the target compounds to be synthesized single coupling reaction with yields
ranging from 68-91%.

Changes at site C allowed us to explore the impoeaf the piperazine ring. This required
the synthesis of compounds-c, where the piperazine ring was replaced with @ndine
ring (7a), a hydrazine group7f), and an NH 7c) (Schemel, Table 2). The appropriate
starting amine or hydrazine for each target comdowere commercially available, with
subsequent coupling using 4-(2-thienyl)butyric ag&herating/a-c in a single step (Scheme
1, 67-90% vyield).

Exploration of site D required the synthesis ofiwiives with variations in the alkyl chain
linking the piperazine motif and the thiophene hatgcle. This included the generation of
compounds9a-e, where the changes in the alkyl chain length wagestigated through
sequential addition of single methylene units ($ohd, Table 3, 44-82% yield). Compounds
9f-g were also synthesised, using the same couplinghadelogy, where additional
functional groups were added to the chain includangulfur atom and a carbonyl group
(Scheme 1, Table 3, 63-84% vyield). The hit compo@ad(RTC1) contains an amide
carbonyl group adjacent to the piperazine ring. thportance of this amide carbonyl for
biological activity was explored though the synthemd evaluation of compoud@, which
lacks the amide carbonyl (Scheme 1, TableC®mpoundl2 was synthesised via a three step
process culminating in ay3 type reaction between 1-(4-(trifluoromethyl)phigpiyperazine
and the mesylate est&t, 70% yield. Mesylate estéd was generated by the reduction of the
starting carboxylic acid, followed by mesylation thfe resulting primary alcohdlO (see
experimental section).

The importance of a terminal thiophene heterocyole biological activity, as found in
compound3a (RTC1), also required investigation. To explons the removed the thiophene,
replacing it with a methyl groufpda and a pyrazole heterocycldb (Scheme 1, Table 4).



Both 14a and 14b were synthesised in a single step from the cooredipg carboxylic acid
and 1-(4-(trifluoromethyl)phenyl)piperazine in & and 10% vyield respectively.

Finally, we undertook an investigation where vaoias were made at more than one site.
This allowed us to explore additional chemical gpand the effect that multiple structural
variations would have on biological activity. Angles 16a-f were synthesised with
variations at both sites D and E (Scheme 1, Taplélére variations included methyl, furyl,
and ester terminal groups as replacements forhiophene heterocycle iBa (RTC1), as
well as variations in chain length. All compoundgceptl6g, were synthesised in a single
coupling step (Scheme 1, 31-98% vyield). Compol®gl required an additional step where
compoundl6e was coupled with 2-methoxyethanamine to give campdl6g (Table 5).
Compound17 was also generated, where the entire alkyl chHaophene ring motif is
removed, using formic acid and formaldehyde (Sché&me&able 5, 70% vyield). Compound
18, with variations at site C and D, was synthesised single step from the commercially
available 4-(4-trifluoromethyl)phenyl)piperidine dn 4-oxo-4-(2-thienyl)butanoic acid
(Scheme 1, Table 5, 87% yield). Compoud€éi21 had variations at both B and D sites and
were generated using the same one step process doonmercially available starting
(Scheme 1, Table 5, 63-71% yield). Compo@2dwas synthesised, with variations at both
the A and C sites, where the £$tbstituent oBa (RTC1) is removed from the aryl ring and
the piperazine saturated heterocycle is replaced pyperidine (Scheme 1, Table 5, 98%
yield). Finally, compoun@3 was purchased from a commercial supplier, with moumd24
generated by the straight forward esterificatio@2f

2.8 In vitro evaluation of glucose uptake3day(RTC1) and its derivatives.

With the desired compounds in hand, we next undkrtbe evaluation of their ability to
stimulate glucose uptake in C2C12 mouse muscle osihg a tritiated version of deoxy-2-
glucose, a derivative of glucose that cannot beabwdized [10, 14]. Results from this assay
are presented as fold change, induced with aMQreatment, compared with the vehicle
control, DMSO (Tables 1-5). Th&n vitro glucose uptake data revealed that chemical
structure had a significant impact on activity. IFeperimental details can be found in the
experimental section and supporting information.

2.8.1 In vitro glucose uptake for site A modifioas.

For site A modifications, which entail changeshe substitution of the aryl ring, all results
showed a reduction or loss of glucose uptake agtmompared td3a (RTC1) (Figure 1,
Table 1). Removal of the-CF; substituent 3b), or its replacement with the smaller
hydrophobic methyl3c) substituent, resulted in a complete loss of @gti\Replacing the
CFs substituent with a single fluorine ato®dj, or another electron withdrawing substituent
such as a nitro substituer8ef, resulted in complete loss of activity, as dsl iéplacement
with the electron donating amino substituedf).(Moving the Ck substituent from thpara

to the ortho position @g) also resulted in complete loss of activity. ThelyoA type
modifications that resulted in active compoundge#l with reduced activity, was the
replacement of thp- CF; substituent with twanetaCF; substituents3h) or keeping thep-
CFs substituent and adding amtho-Cl substituent &i). From the type A results, it can be
suggested that the presence of & Gkbstituent on the aromatic ring is important for
biological activity, and that a single €Bubstituent at thpara position is preferable over
two CF; substituents. GFsubstituents are well known for the hydrophobid &pophilic



nature, and can aid transport across cell membrasesvell as contribute to binding in
hydrophobic enzyme pockets [15,16].

2.8.2 In vitro glucose uptake for site B modifioas.

For site B modifications changes were made to thermg itself (Figure 1, Table 1). The
employment of a pyridine ring in place of the pHhemyg resulted in compounfia, which
was inactive in the glucose uptake assay. Compobnd containing a 3-chloro-5-
(trifluoromethyl)pyridine in place of the phenyhg, gave statistically significant activity but
at a low level and considerably lower th3an (RTC1). Replacing the aromatic ring with an
aliphatic cyclohexyl ringgd) did generate an active compound but again witiviclevels
lower than3a (RTC1). Replacement of the aryl ring with a simplghatic acyclic group
(methyl, 5e) resulted in complete loss of activity. The resdtir compound®a-5e suggest
that the presence of an aryl ring is importantdotivity and replacement with a pyridine or
aliphatic ring has a detrimental effect on activéyels.

Tablel
In vitro glucose uptake activity of compounuath variations at sites A3a-j, and site Bba-
e

/ \ O

R-N N
_/
<,
S

Compound Glucose uptake

Active (Y) with
Fold change + SEM . :
p-value or inactive (N)

R

3a F c@——é 2.57 +0.08 Y ()
(RTC1) 3 e
3b @; 0.96 + 0.07 N

3c MeO—-é 1.00 +0.42 N
3d s 1.16 £ 0.09 N

3e OZNQ--é 1.06 +0.10 N

3f HoN - 1.32+0.12 N

39 Q§ 0.85 % 0.02 N
c



FsC

3h -4 1.42 +0.09 Y (%)
FsC
FsC --
3i 3 Q : 1.58 £ 0.15 Y (%)
Cl
3] FaCQ"é 1.02 +0.04 N
Br
N
5a ac@—é 1.00 + 0.09 N
Cl
5b N 1.22 +0.10 N
F3C / \ "§
N
7/ N\
5¢ FC—<__ ) 1.13+0.02 Y (%)
Cl
5d <:>§ 1.29 + 0.04 Y (%)
5e Me---} 0.84  0.03 N

All data are expressed as means * standard ertbe gheans (SEM) of a number of experiments (nppesied

for that compound. Statistical analysis was perfnusing one-way analysis of variance (ANOVA) using
GraphPad Prism 5.0 with a threshold of significadeBned as a p-value <0.05 (95% confidence inltesua

one star significance (*), p-value < 0.01 or twarstsignificance (**), and p-value < 0.0001 or thr&tars
significance (***). Only compounds which receivedars significance in the glucose uptake assay were
considered “active” compounds. Full experimentatade can be found in the experimental section and
supporting information.

2.8.3 In vitro glucose uptake for site C modifioas.

Three compounds were evaluated with site C modifica (Figure 1, Table 2). Here,
replacement of the piperazine ring with a pipemrdimg (7a) resulted in an active compound
with a 2-fold increase in activity compared to thehicle control. Although a strong result,
the piperidine containinga was still less active th&a (RTC1), which itself generated a 2.5-
fold increase in activity. Surprisingly, replacermef the piperazine ring with a hydrazine
motif (7b) resulted in an active compound, albeit with a aerably lower level of activity
than3a (RTC1). The third site C compound evaluated W@svhere the piperazine ring was
replaced by an NH group, creating an amide linkagfeveen the aryl ring and the rest of the
molecule. As one might have expected, this gengrateompound that was inactive in the
glucose uptake assay. The set of results geneuatel site C modifications would suggest
that the presence of a piperazine ring is optinoalatctivity, but that replacement with a
piperidine ring does not dramatically reduce attivi

Table?2
In vitro glucose uptake activity of compoundsc.



o)
F3COY
a
S

Compound Y Glucose uptake
Active (Y) with
Fold change + SEM p-value or inactive

(N)
7a - N 2.14 £0.30 Y (**%)
7b $- “NHNH--$ 1.24 +0.05 Y (*%)
7c NH 1.11 +0.08 N

All data are expressed as means * standard ertbe gheans (SEM) of a number of experiments (nppesied

for that compound. Statistical analysis was perfmnusing one-way analysis of variance (ANOVA) using
GraphPad Prism 5.0 with a threshold of significadeBned as a p-value <0.05 (95% confidence inltesua

one star significance (*), p-value < 0.01 or twarstsignificance (**), and p-value < 0.0001 or thrstars
significance (***). Only compounds which receivedais significance in the glucose uptake assay were
considered “active” compounds. Full experimentatade can be found in the experimental section and
supporting information.

2.8.4 In vitro glucose uptake for site D modificats.

Site D modifications involved the study of the léngnd nature of the chain connecting the
piperazine ring to the thiophene heterocycle. Harest of the compounds generated could
effectively stimulate glucose uptake to some degadtbough all were less active thda
(RTC1) (Figure 1, Table 3). Compoungés-9e explored the length of the methylene chain,
with 9a having no methylene chain a@dhaving a five carbon chain in place. The resuits f
9a-9e suggest that the alkyl chain Ba (RTC1) is important for biological function, as
activity was lost when the chain was completelyaeed in compoun®a. Activity was also
reduced when the alkyl chain was shortened butfulbt removed, as was the case for
compoundc (not active). Lengthening the alkyl chaBd(and9e) also resulted in a decrease
in activity, but not a complete loss in activityn®©possible explanation is that a certain alkyl
chain length is required for the molecule to bitrdrsgly in an active/binding site. Too short
or too long a chain may result in a poor fit andalwéinding. Also, an entropy effect could
also be considered for the longer chain compouhkis.longer chain compounds are able to
adopt a larger number of conformations when unboAsduch, upon binding there will be a
larger increase in order, entropy cost, and heheeinding of such molecules may be less
thermodynamically favourable when compare to theteh chained®a (RTC1) [17,18].

The importance of the carbonyl group3a (RTC1) was explored by generating a derivative
(12) where this functional group was absent. Compdlihaias considerably less active that
3a (RTC1), although activity was not completely elma@ied suggesting that the presence of
the carbonyl group was important for activity budt nabsolutely essential (Table 3).
Compounds9f and 9g all contained modifications to the methylene chhirt kept the
carbonyl group. These included replacing a mettgylanit with a sulfur atom9f) or a
carbonyl group9g). All were less active thaBa (RTC1), although compour@f containing
the S atom, showed a 2-fold increase in activityngared to vehicle control. This result
compared favourably with the 2.57-fold increaseepbsd for3a (RTC1).



Table3
In vitro glucose uptake activity of compourgls 9a-g, and12.

N N-Z
NEAR N
2

F5C

Compound Z Glucose uptake
Active (Y) with
p-value or inactive (N)

Fold change + SEM

0

92 -4 0.93 £ 0.07 N

s
0
9b §"< § 1.33+£0.04 Y (***)
0
> §/<ﬁ 1.09 +0.08 N
i
0]
(R-?%l) é-_<—\ 2.57 £0.08 Y (**%)
0
g--
o 1.78£0.13 Y (79
N
0

% 1.33+0.05 Y (%)



of §/<j 2.14 +0.23 Y (2%

9 1.19 + 0.03 Y (%)

=
12 1.36 + 0.09 Y ()
\_\“§

All data are expressed as means +* standard ertbe gheans (SEM) of a number of experiments (nppsied

for that compound. Statistical analysis was perfminusing one-way analysis of variance (ANOVA) using
GraphPad Prism 5.0 with a threshold of significadeBned as a p-value <0.05 (95% confidence inltesua

one star significance (*), p-value < 0.01 or twarstsignificance (**), and p-value < 0.0001 or thr&tars
significance (***). Only compounds which receivedars significance in the glucose uptake assay were
considered “active” compounds. Full experimentatade can be found in the experimental section and
supporting information.

2.8.5 In vitro glucose uptake for (i) site E mazhfions and (ii) a combination of both site D
& site E modifications.

Two compounds were evaluated with site E modiforati(4a and14b) (Figure 1, Table 4).
Both compounds were active with statistical sigmifice but were considerably less active
than3a (RTC1), suggesting that a thiophene ring at site ot essential for activity but that
its replacement results in reduced activity.

The effect of modifying both sites D & E simultansty was explored with compouni6a-

g (Figure 1, Table 4). Here, all compounds excHjat and 16f were active with statistical
significance. However, all compounds were lessvacthat3a (RTC1), with 16¢c and 169
proving most active with a 1.95- and 2.35-fold gase, respectively, compared to the vehicle
control. This compares favourably to the 2.57-foldrease of3a (RTC1). The results in
Table 4 suggest that structural modification at@DkE sites of the molecule is better tolerated
than those at the A-B sites.

Table4
In vitro glucose uptake activity of compourntia-b and16a-g.

O
e~ YN N
’ _/ _/<R

Compound R Glucose uptake
Fold change + Active (Y) with
SEM p-value or inactive (N)
14a T TN 1.28 +0.11 Y (*%)
14b %\/\Q: 1.35+0.11 Y ()

16a Me---$ 1.43 +0.09 Y (*+¥)



16b T NN 1.38 +0.05 Y (**¥)

16¢ \/\/@ 1.95 + 0.09 Y (***)
Ny
| N\
16d ) 1.11+0.04 N
ny o)

16e 2% " CO0H 1.38 + 0.06 Y (*+¥)
16f " " cooMe 1.08 +0.08 N
169 " NN CONH(CH,),0Me 2.35+0.25 Y (%)

All data are expressed as means * standard ertbe gheans (SEM) of a number of experiments (nppeied

for that compound. Statistical analysis was perfminusing one-way analysis of variance (ANOVA) using
GraphPad Prism 5.0 with a threshold of significadeBned as a p-value <0.05 (95% confidence inltesua

one star significance (*), p-value < 0.01 or twarstsignificance (**), and p-value < 0.0001 or thrstars
significance (***). Only compounds which receivedais significance in the glucose uptake assay were
considered “active” compounds. Full experimentatade can be found in the experimental section and
supporting information.

2.8.6 In vitro glucose uptake for modificationsaatombination of sites.

A further five compounds18-22) with modifications at more than one site wereoals
evaluated for their ability to stimulate glucosdakgin vitro (Table 5). As expected, given
the effects of the single modifications, these coumuls generated lower levels of glucose
uptake compared t8a (RTC1). Four of the five compounds gave low, btatistically
significant levels of activity. Compour2R perhaps generated the most surprising result, as
earlier results for compoung@b, where the Cf substituent was removed, generated an
inactive compound. However, the activity of compd @2 was quite low with a 1.25 + 0.12
fold change compared to vehicle control. Compo8a@RTC1) containing both the GRnd

a piperazine ring, and compount containing both the GFand the piperidine ring,
generated substantially higher levels of activitgrt compoun@2 (2.57 fold change and 2.14
fold change respectively). This would again suggjest the presence of the £B important

for activity.

The starting materials used in the synthesi8aofRTC1), namely compound23 and 2a,
along with their methylated form@4 and17), were also evaluated (Table 5). Both starting
materials showed very low levels of activity, witheir methylated forms proving to be
inactive. This set of results would suggest thathee the thiophone alkyl chai2g, 24), nor
the aryl piperazine2g, 17) alone is sufficient to stimulate glucose uptaded that a more
complex molecule is required. It also suggests3agRTC1) is not acting as a prodrug, with
cleavage/hydrolysis vitro generating the starting materials as the activeponnds.

Table5
In vitro glucose uptake activity of compounti22, 23, 2a, 24, and17.

Compound Structure Glucose uptake




Fold change + SEM Active (Y) with p-
value or inactive (N)

18 0
1.31 +0.05 Y (%)

7]
o s
19 N /\ (@)
F3C@N N
— N/ J 1.22 + 0.06 N
|
o) S
20 N /\ (@)
FsC 7 NN N
U 1.26 + 0.06 Y (%)
Cl &
o) S
21 N /\ @)
FsCQNuN{ﬂ (o0
— 1.31 £0.02 Y (***
74
Cl S |
~J
22 0]
OO
1.25+0.12 Y (%)
a
S

o S 1.16 + 0.04 Y (%)
2a S\
FsC MM NH 1.16 + 0.06 Y (%)

24 0] l\

MeO S 1.09 £0.04 N

17 / N\
F5C N N— 0.92 +0.07 N
_/

All data are expressed as means * standard ertbe gheans (SEM) of a number of experiments (nppsied

for that compound. Statistical analysis was perfmnusing one-way analysis of variance (ANOVA) using
GraphPad Prism 5.0 with a threshold of significadeBned as a p-value <0.05 (95% confidence inltesua

one star significance (*), p-value < 0.01 or twarstsignificance (**), and p-value < 0.0001 or thr&tars
significance (***). Only compounds which receivedars significance in the glucose uptake assay were
considered “active” compounds. Full experimentatade can be found in the experimental section and
supporting information.

2.9 Molecular modelling.

The key features that are responsible for bioldgitenction were identified using

pharmacophore model generation (Biovia, Discovendi®). These features consisted of 4
hydrophobics (covering sites A, B, C and E) andydrdigen bond acceptor (HBA) feature
covering site D and 4 exclusion volumes defining sihape of the pocket (Figure 2). One



mis-matched feature was permitted for compoundnaignt to the pharmacophore. For
example, the importance of the carbonyl grou@anRTC1) was explored by analogd2
which was missing this functional group. While caupd 12 was considerably less active
that 3a (RTCL1), the activity was not completely eliminateaggesting that the presence of
the carbonyl group was important for activity bot mbsolutely essential. Hence, additional
flexibility was incorporated into the pharmacophameodel. A distinction is observed
between the fit to the pharmacophore of a verwaatompound such &a (RTC1) (Figure
2), with a 2.57-fold change in the glucose uptakeag (Table 4), and many inactive
compounds. Hence, the pharmacophore model coubéteficial in future SAR optimisation
of the compounds for the glucose uptake assay.

Fig. 2. Pharmacophore model with four hydrophobic featyrescyan), a hydrogen bond
acceptor feature (in green), and 4 exclusion vobiria grey) based on the inactive
compounds. Compourgh (RTC1), with a 2.57 fold change and a p value 6fG001 in the
glucose uptake assay, is shown matching the phaghace with a fit value of 1.89.

2.10 In vitro evaluation of NADH:ubiquinone oxiddrestase inhibition bya (RTC1) and its
derivatives.

Both 3a (RTC1) and21 (RTB70) have been reported by this group to aocbudh the
inhibition of NADH:ubiquinone oxidoreductase (corapll of the mitochondrial respiratory
chain), stimulating glucose uptake and restoring ghucose handling abilities of diabetic
mice [10]. As such, a number of the most active poumds in this glucose uptake study
were evaluated for their inhibitory activity againdADH:ubiquinone oxidoreductase in
permeabilised mitochondria (Table 6). For comparisonumber of the inactive compounds
were also evaluated in the NADH:ubiquinone oxidotdse assay (Table 6). All of the
active compounds evaluated were also found to keveadcn the NADH:ubiquinone
oxidoreductase assay. The compounds that wereantgt in the glucose uptake assay were
not necessarily the most active in the NADH:ubigui@ oxidoreductase assay (Table 6).
This may be due to the difference between a whelleassay system and an inhibition assay,
where for the latter the cell membrane and othdulee machinery have been removed.
Furthermore, and to our surprise, all of the inecttompounds evaluated showed some
activity in the NADH:ubiquinone oxidoreductase asg¢éable 6). One possible explanation
is that in the whole cell glucose uptake assay, dbpounds could not pass the cell
membrane, avoid efflux mechanisms, or survive #iks internal machinery (e.g. hydrolysis,
enzyme catalysed degradation) and hence wereveddi®]. In an inhibition assay, such as



the NADH:ubiquinone oxidoreductase assay, thesedoarand challenges are removed, and
this could allow the compounds to access the coxipdetive site and inhibit its activity. As
such, whole cell assay systems can be useful indicatbrg ovivo biological potency.
Hollenbacket al. have reported a similar trend in their researcleretihey tested substrate
specificity in membrane and whole cell assays [Rgsearch by Hernandet al. also
compared enzyme assays with a whole cell based.ashay concluded that whole cell
based assays have the advantage of only selectmpgaounds that are able to penetrate cells
and reach the intracellular targets [21].

Table6

NADH:ubigquinone oxidoreductase assay results faresof the aryl piperazine compounds.

Glucose
Compound  ICso (uM) uptake fold
change + SEM

3a(RTC1) 27 2.57 +0.08
3 46 1.58 £0.15
7a 15 2.14 +0.30
9d 60 1.78+0.13
of 14 2.14+0.23
16¢ 6 1.95 +0.09
3" 133 0.96 + 0.07
36 17 1.06 +£0.10
o 161 0.84 +0.03
7c 92 1.11+0.08
17 67 0.92 +0.07

" Inactive in glucose uptake assay.
2.11 Predicted physiochemical properties.

In general, the compounds are predicted to havetdegood solubility, good absorption
properties, and high-to-medium predicted blood rbriaarrier (BBB) penetration (Biovia
Discovery Studio). These ADMET screening results summarized in Tables 1-7 of the
supplementary information. For example, compoBadRTC1) is predicted to have a low
solubility; good absorption and to readily pass B#B. It is also likely to bind well to
plasma proteins and not to be hepatotoxic.

2.12 Physiochemical properties, in vitro DMPK, andiivo PK of3a (RTC1)

A preliminary study was undertaken in order to n8eme insight into the physiochemical
properties;n vitro DMPK, andin vivo PK of 3a (RTC1). The results from this preliminary



study are encouraging, however only tentative amichs are made due to the limitations of
the study. See supporting information for additiaaerimental detail and supporting data.

Thermodynamic solubility studies revealed the agseslubility of3a (RTC1) to be 0.004
mg/mL (x 0.001 SEM). The low solubility o8a (RTC1) is believed to be due to the
lipophilic properties of the compound (logP valde4d/9). However, as removal of the £F
moiety decreased the logP value and consequentialgactivity of derivatives, this property
is believed to be central to the activity 8 (RTC1), as it may facilitate lipid membrane
permeability and promote target engagemémtvitro analysis of P-glycoprotein (P-gp) -
mediated efflux, in hMDR1-MDCK seeded filters, damtrated3a (RTC1) to be a highly
permeable compound with a passive permeabiliy(Ralue of 27.1x18cm/sec (+ 1.9 SD),
similar to that of the positive control, proprana®1.8 x10° cm/sec, + 1.0 SD). Under these
conditions3a (RTC1) produced an efflux ratio of 0.9, suggestimg compound does not act
as a P-gp substrate. The administratio3a@{RTC1) should therefore not provoke adverse
drug-drug interactions [22] as many observed dnugrdnteractions are caused by the
inhibition of both P-gp and the cytochrome P-458yames (CYP450s).

The effect of3a (RTC1) on recombinant human CYP450 isozymes wsts iavestigated and
demonstrated weak-moderate inhibition of the mhjman CYP450s and hence a reduced
risk of unwanteddrug-drug interactions. CYP1A2 (53.7% inhibitionp88 SEM), CYP2C9
(74.2% inhibition, £ 3.2 SEM), CYP2C19 (75.5% initikn, + 0.5 SEM), CYP2D6 (-2.7%
inhibition, £ 4.9 SEM), CYBa4 (80.2% inhibition, £+ 1.5 SEM), see supportingomhation.

Hepatocytes and microsomes were then used to gainderstanding of the way in whigh
(RTC1) would be metabolised. In both species tedtathan and mous8a (RTC1) (1 uM)
demonstrated a shorter half-life and faster initinslearance than the control drug,
verapamil, indicating tha&8a (RTC1) would be readily metabolised by the liwewivo (Table
7). In addition to this3a (RTC1) demonstrated no adverse effects on primaryepatocytes,
nor did it inhibit the hERG channel [10].

Table7
In vitro assessment @& (RTC1) metabolic stability.
Compound Species Microsome Cryopreserved Hepascyt
Ti2’ CLint” LET CLint© En’
(min) (LL/min/mg) (min) (LL/min/1@ cells)
Verapamil Human 23 60 633 2 0.16
Mouse 24 57 288 3 0.29
3a (RTC1) Human 12 116 3 346 0.98
Mouse 6 226 125 8 0.48

2 Half-life. ° Intrinsic clearance (pL/min/mgy. Intrinsic clearance (uL/min/2ocells).
Hepatic extraction ratio. n = 2, see supportingiimfation.

Compound3a (RTC1) exhibited high mouse and human serum prdd@ding (Table 8),
which would prevent the rapid excretion of the coompd. Compoun®a (RTC1) was also
observed to be relatively stable in plasma (80 &blstat 2 h), indicative of a compound that
would demonstrate goad vivo efficacy.

Table8
Serum protein binding and plasma stabilitydaf(RTC1).



Compound Species Serum Protein Binding Plasma Stability T,
(% £ SEM) (min)
3a (RTC1) Human 99.48 + 0.04 808
Mouse 99.48 + 0.01 327

See supporting information.

As with the recent pharmacodynamic study [184§, (RTC1) (10 mg/kg) administered
intravenously (IV) or orally to male C57BL/6 miceoguced no observable toxic effects.
Following IV administration,3a (RTC1) had a short half-life of 0.45 h and higlagsha
clearance. The compound distributed at high levgtsall of the tissues analysed apart from
muscle, following a similar profile to plasma, wittoderate to high clearance. CompoGad
(RTC1) was also rapidly absorbed following oral idgs with a similar half-life to post IV
administration at 0.76 h. The tissue levels alsowsla similar distribution profile to the
plasma profile, as was seen post IV dosing. Pladeaance oBa (RTC1) was in line with
that of mouse liver blood flow (5400 mL/h/kg), icdting metabolism to be the main route of
clearance (Table 9). Whil8a (RTC1) exhibited high mouse and human serum protei
binding, it had moderate bioavailability (21.4%)pgesting the bound portion 8& (RTC1)
may act as a reservoir or depot from whseh(RTC1) is slowly released as the unbound free
form.

Table9
Pharmacokinetic properties 8# (RTC1)in vivo.

Parameter Plasma Brain Kidney Spleen Liver Muscle
Oraf IV° oOraf IV° Oraf IV° Oraf IV® Oraf IV° Oraf IV°

T 076 045 046 05 0.57 0.76 1.1 1.1 1 1.3 c.n.c 52 0.

(h)

Trmax 025 003 025 003 025 003 025 0.03 0.25 0.03ncc 0.03

(h)

Crax 787 996 1430 1029 1637 552 1103 587 4875 18338n.c 165

(ng/mL)

AUC st 520 240 763 246 1224 320 1262 463 4048 487 cnc .3 7T

(h*ng/mL)

AUCy, 520 240 763 246 1224 320 1262 463 4048 487 cnc .3 7T

(h*ng/mL)

AUC¢ 523 244 774 253 1275 348 1274 475 4089 531 cnc7 1

(h*ng/mL)

Cl 4102 3958 2871 2105 1884 9312

(mL/h/kg)

vd 1686 1826 3057 3188 3059 7134

(mL/kg)

20ral and’ IV solutions were formulated in 10% DMSO, 10% cremap80% saline.

c.n.c = could not calculate.

Concentrations oBa (RTC1) (mean + SEM) in mouse (C57 Black) were determined
following PO or IV administration at 10 mg/kg (n¥ $ee supporting information.

2.13 Statistical analysis



Data presented herein are expressed as means darstagrror of the means (SEM) of a
number of experiments (n) performed for that conmagbWhere possible, statistical analysis
was performed using one-way analysis of variand¢@¥A) using GraphPad Prism 5.0 with

a threshold of significance defined as a p-valu®5(95% confidence in result) or a one star
significance (*), p-value < 0.01 or two stars sfg@nce (**), and p-value < 0.0001 or three
stars significance (***). Only compounds which re@a stars significance in the glucose
uptake assay were considered “active” compounds.

3. Conclusions

To summarise, the synthesis of 41 derivatives btdimpound3a (RTC1) and a systematic
structure-activity-relationship study are repontdiere a number of compounds were shown
to effectively stimulate glucose uptakéen vitro and inhibit NADH:ubiquinone
oxidoreductase. The key structural features resplensor biological function were also
identified via the generation of a pharmacophoredehoThe hit compoun®a (RTC1)
remained the most effective compound of those ewetl) with a 2.57 fold increase in
glucose uptake compared to vehicle control andamotar inhibition of NADH:ubiquinone
oxidoreductase (1§ = 27 uM). The presence ofpaCF; aryl piperazine motif is important
for biological activity, with greater tolerance @pged for changes to the alkyl chain and
thiophene heterocycle. Preliminaryvitro DMPK andin vivo PK studies are also described,
where encouraging results suggest 88aRTC1) does not act as a P-gp substrate and should
not provoke adverse drug-drug interactions. Anahih vitro metabolic stability study, using
hepatocytes and microsomes, suggested3th@RTC1) would be readily metabolised by the
liver. Intravenous (IV) or oral administration 8 (RTC1) to male C57BL/6 mice produced
no observable toxic effects in our preliminary stugollowing IV administration3a (RTC1)
had a short half-life of 0.45 h, showed high plasttearance, and was distributed at high
levels into all of the tissues analysed apart frownscle. While3a (RTC1) exhibited high
mouse and human serum protein binding, it had nabeldrioavailability (21.4 %) suggesting
the bound portion o8a (RTC1) may act as a reservoir or depot from wiganRTC1) is
slowly released as the unbound free form. The divexsults suggest that aryl piperazines,
and 3a (RTC1) in particular, have potential as efficadoagents for the treatment of
diabetes.

4. Experimental section
4.1 Chemistry
4.1.1. General information

NMR spectra were recorded using Bruker Ascend F@etsometer at 293 K operating at
500 MHz for the’H nucleus and 126 MHz for tHéC nucleus or a Bruker Advance 300
spectrometer operating at 300 MHz fsr nucleus and 75 MHz fdfC nucleus. All chemical
shifts were referenced relative to the relevanttefated solvent residual peaks or TMS.
Chemical shifts were given in ppm downfield frometinternal standard and coupling
constants were given in HZ3C NMR spectra were recorded with complete proton
decoupling. Microwave reactions were carried ouingisa CEM Discover Microwave



Synthesizer with a vertically focused floor mounteffared temperature sensor, external to
the microwave tube. The 10 mL reaction vessels uga@ supplied from CEM and were
made of borosilicate glass. Melting point analysese carried out using a Stewart Scientific
SMP11 melting point apparatus and are uncorredtigh-resolution mass spectrometry
(HRMS) was performed in Maynooth University (MU)dathe University of Bath (UoB).
HRMS in MU was conducted on an Agilent-LC 1200 8ercoupled to a 6210 or 6530
Agilent Time-Of-Flight (TOF) mass spectrometer ggpaid with an electrospray source in
both positive and negative (ESI+/-) modes. In UABLC-ESI-TOF analysis was conducted
using an electrospray time-of-flight (MicrOTOF) msaspectrometer (Bruker Daltonik
GmbH, Bremen, Germany), which was coupled to arlegiHPLC stack (Agilent, Santa
Clara, CA, United States) consisting of Agilent G2B binary pump with G1329A
autosampler and G1316A column oven. Analyses weropned in ESI positive and
negative mode. Data processing was performed ubm@gompass Data Analysis software
scripts (Bruker Daltonik GmbH, Bremen, Germany)rdred spectra were recorded on a
Perkin EImer Spectrum 100 FT-IR spectrophotometergia smart endurance single bounce
diamond, attenuated total reflection (ATR) cellpmtassium bromide (KBr) disks. Spectra
were recorded in the region of 4000-600 tmnd were obtained by the co-addition of 4
scans with a resolution of 4 ¢m Scintillation counts were obtained using a Wallac
MicroBeta scintillation counter (Perkin Elmer). R&ans were monitored with thin layer
chromatography (TLC) on Merck Silica Gel F254 patBeveloped sheets were visualised
using a portable UVitec CV-006 lamp € 254, 365 nm). Flash column chromatography was
performed using Merck Silica gel 60.

4.1.2 1-(4-(Trifluoromethyl)phenyl)piperazin@g).

1-Chloro-4-(trifluoromethyl)benzene (1.59 mL, 11.81mol) and piperazine (2.00 g, 23.82
mmol) were dissolved in NMP (5 mL) and heated & 20C for 30 mins in a microwave
reactor. The reaction mixture was purified usingeo chromatography (1:9, MeOH:DCM)
to give a white solid, 1.42 g (50%). Rf: 0.2 (90CM:MeOH); IR (ATR):v (cmi') 3257,
2836, 1668, 1613, 1323, 1101, 106M:NMR (500 MHz, CDCY): & (ppm) 7.48 (d,) = 8.8
Hz, 2H), 6.92 (dJ = 8.8 Hz, 2H), 3.28 — 3.21 (m, 4H), 3.07 — 3.00 4id), 2.01 (bs, 1H)*H
NMR data matches literature data [3''c NMR (126 MHz, CDGJ): & (ppm) 153.7, 126.4
(q,J = 3.8 Hz), 124.7 (¢J = 270.9 Hz), 120.6 (q] = 32.6 Hz), 114.6, 49.1, 45.5C NMR
data matches literature data [32]; HRMS calcd feH@FsN, [M + H]™ 231.1104 found
231.1106.

4.1.3 1-(p-Tolyl)piperazine4c).

p-Toluidine (1.00 g, 9.34 mmol) and bis(2-chlorodtagnine.HCI (1.66 g, 9.34 mmol) were
dissolved in bis(2-methoxyethyl)ether (20 mL) amdted at reflux for 16 hrs after which the
reaction mixture was allowed to cool to rt;@twas added until the precipitation of a brown
solid was complete. The precipitate was colleatedvacuum filtration and washed with
Et,O (3 x 20 mL) to give the HCI salt of compouBd which was then dissolved in a 5%
agueous NaOH solution (10 mL) and stirred at rt4fdns. The aqueous layer was extracted
with DCM (10 mL, followed be 3 x 10 mL) and and tt@mbined organic layers were dried
over MgSQ. The solvent was removed under reduced pressuaréharnresidue was purified
using flash chromatography to give a brown soli®&l2mg (13%). R 0.2 (1:9,
MeOH:DCM); *H NMR (300 MHz, CDCJ): & (ppm) 7.07 (d,J = 8.4 Hz, 2H), 6.83 (dJ =



8.4 Hz, 2H), 3.14-3.13 (m, 4H), 3.08-3.05 (m, 4B)26 (s, 3H);'H NMR data matches
literature data [33]; HRMS calcd for; 17N, [M + H]* 177.1385 found 177.1394.

4.1.4 1-(2-Chloro-4-(trifluoromethyl)phenyl)piperazingi).

3-Chloro-4-fluorobenzotrifluoride (100 pL, 0.75 minand piperazine (129 mg, 1.5 mmol)
were dissolved in NMP (3 mL) and heated at 2006rG30 mins in a microwave reactor. The
reaction mixture was purified using column chrongaaphy (1:4, MeOH:DCM) to give an
orange oil, 124 mg (63%).;R0.2 (1:9, MeOH:DCM)*H NMR (500 MHz, CDCJ): 5 (ppm)
7.61 (d,J=1.4 Hz, 1H), 7.47 (dd} = 8.4, 1.4 Hz, 1H), 7.08 (d,= 8.4 Hz, 1H), 3.10 (s, 8H),
2.78 (bs, 1H)H NMR data matches literature data [3%C NMR (126 MHz, CDGJ): &
(ppm) 152.5, 128.6, 127.9 (¢~ 3.8 Hz), 125.3 (qJ = 33.3 Hz), 124.7 (4] = 3.9 Hz), 123.6
(9, J = 272.2 Hz), 120.2, 51.9, 51.4, 50.9, 45.9; HRM®&d for G;H1:CIFsN, [M + H]*
264.06; found 265.0711.

4.1.5 1-(2-Bromo-4-(trifluoromethyl)phenyl)piperazing )

3-Bromo-4-chlorobenzotrifluoride (200 pL, 1.33 minahd piperazine (229 mg, 2.66 mmol)
were dissolved in NMP (2 mL) and heated at 200f®rC30 mins in a microwave reactor.
Compound4 was used without further purification. Clear &5 mg (23%, crude yield).tR
0.2 (1:9, MeOH:DCM);"H NMR (300 MHz, CDCJ): & (ppm) 7.46 (dJ = 7.8 Hz, 1H), 7.25
—7.20 (m, 2H), 3.10 (m, 8H), 2.95 (bs, 1H); NMR data matches literature data [35].

4.1.6 Method 1: General procedure for amide bond formatio

Carboxylic acid, HOBt, TBTU, anhydrous NEtnd anhydrous DMF were placed in an oven-
dried Schlenk tube under a, NMitmosphere. The resulting solution was stirredoaim
temperature for 15 mins. A second Schlenk tube pa@pared containing amine and
anhydrous DMF under a jJNatmosphere. The resulting solution was transfervea a
cannula, to the first Schlenk tube containing theboxylic acid. The solution was stirred
under N overnight. DMF was removed under reduced presantethe resulting oil was
acidified (pH = 3) using a 0.1 M aqueous HCI santiThe agueous mixture was extracted
with DCM (20 mL, followed by 4 x 10 mL). The organcombined layers were washed with
a saturated aqueous solution of,8@; (3 x 20 mL) and brine (3 x 20 mL) and dried over
MgSO, and the residue was purified using column chrograjahy.

4.1.7 Method 2: General procedure for amide bond formatio

Carboxylic acid, HOBt, TBTU, NEtand DMF were placed in a round-bottom flask and
stirred at room temperature for 15 mins. A secoadnd-bottom flask was prepared

containing amine and DMF. The resulting solutiorswansferred to the first round-bottom

flask containing the carboxylic acid. The solutwas stirred overnight. DMF was removed

under reduced pressure and the residue was punsied column chromatography.



4.1.8 4-(Thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyiperazin-1-yl)butan-1-one3f).
Prepared from 1-(4-(trifluoromethyl)phenyl)pipemi2a (100 mg, 0.43 mmol) and 4-(2-
thienyl)butyric acid (50 pL, 0.34 mmol), using HO@8 mg, 0.43 mmol), TBTU (140 mg,
0.43 mmol), NEf (100 pL, 0.69 mmol) and DMF (3 mL) and followingethgeneral
procedure described in method 2 section 4.1.7 [i. reaction mixture was stirred at room
temperature for 21 h. DMF was removed under redpecesisure and the residue was purified
using column chromatography (3:2 EtOAtiexane) to give a white solid, 112 mg (86%).
R:: 0.5 (3:2, EtOA@-hexane); IR (ATR)v (cm?) 2925, 2853, 1652, 1611, 1328, 1068:;
NMR (500 MHz, CDCJ): & (ppm) 7.50 (d,) = 8.5 Hz, 2H), 7.13 (d] = 4.9 Hz, 1H), 6.94 —
6.89 (m, 3H), 6.81 (bs, 1H), 3.77 (m 2H), 3.56 (H),23.31 — 3.17 (m, 4H), 2.93 ,=7.2
Hz, 2H), 2.40 (tJ) = 7.4 Hz, 2H), 2.13 — 2.0 (m, 2HYC NMR (126 MHz, CDGJ): & (ppm)
171.1, 152.9, 144.4, 126.9, 126.6 {¢; 3.7 Hz), 125.6 (qJ = 271.3 Hz), 124.6, 123.3, 121.2
(g, J = 32.8 Hz), 115.0, 48.3, 48.1, 45.0, 41.1, 32.0,32 27.0; HRMS calcd for
CioH21F3N,OSNa [M + HJ 405.1219 found 405.1228. Matches literature da.35]

4.1.9 1-(4-Phenylpiperazin-1-yl)-4-(thiophen-2-yl)butarefie @3b).

Prepared from 1-phenylpiperazine (100 pL, 0.64 maod 4-(2-thienyl)butyric acid (84 uL,
0.58 mmol) using HOBt (86 mg, 0.64 mmol), TBTU (20fg, 0.64 mmol), NEt(129 pL,
0.93 mmol) and DMF (5 mL) and following the genepabcedure described in method 2
section 4.1.7. The reaction mixture was stirredoaim temperature for 16.5 h. DMF was
removed under reduced pressure and the residupwified using column chromatography
(3:2, EtOAcn-hexane) to give a dark red oil, 142 mg (78%).0565 (3:2, EtOAm-hexane);
IR (ATR): v (cm?) 2915, 1639, 1597, 1227 (C-N}4 NMR (500 MHz, CDCJ): & (ppm)
7.30 = 7.23 (m, 2H), 7.11 (d,= 5.1 Hz, 1H), 6.95 — 6.85 (m, 4H), 6.83 — 6./ {H), 3.81
—3.70 (m, 2H), 3.59 — 3.48 (m, 2H), 3.16 — 3.084M), 2.92 (tJ=7.3 Hz, 2H), 2.43 (U =
7.3 Hz, 2H), 2.05 (pJ = 7.3 Hz, 2H):**C NMR (126 MHz, CDG)): & (ppm) 171.0, 151.0,
144.4, 129.2, 126.8, 124.5, 123.2, 120.5, 116.67,499.4, 45.4, 41.5, 32.0, 29.3, 27.0;
HRMS calcd for GgH23N,0S [M + HJ 315.1526 found 315.1531.

4.1.10 4-(Thiophen-2-yl)-1-(4-(p-tolyl)piperazin-1-yl)but&l -one 8c).

Prepared from 1pftolyl)piperazine2c (221 mg, 1.25 mmol) and 4-(2-thienyl)butyric acid
(166 pL, 1.13 mmol) using HOBt (168 mg, 1.25 mmdpTuU (401 mg, 1.25 mmol),
anhydrous NEt(253 pL, 1.82 mmol), and anhydrous DMF (5mL) aolibfving the general
procedure described in method 1 section 4.1.6 €hetion mixture was stirred overnight at
room temperature under a;Natmosphere. Purified using flash chromatography (1
EtOAcn-hexane) to give an orange oil, 102 mg (24%).@3 (1:1, EtOAm-hexane); IR
(neat):v (cm®) 2917, 1642, 1439, 1233 NMR (500 MHz, CDCY): & (ppm) 7.12 (ddJ =
5.2, 1.2 Hz, 1H), 7.09 (d, 2H,= 8.6 Hz), 6.92 (dd) = 5.2, 3.4 Hz, 1H), 6.83 (d,= 8.6 Hz,
2H), 6.81-6.80 (m, 1H), 3.78-3.76 (m, 2H), 3.5643(m, 2H), 3.09-3.07 (m, 4H), 2.92 {,

= 7.3 Hz, 2H), 2.40 (t) = 7.3 Hz, 2H), 2.28 (s, 3H), 2.08-2.02 (m, 2HLC NMR (126 MHz,
CDCl): 6 (ppm) 171.0, 148.8, 144.4, 130.2, 129.7, 126.8.3,2123.2, 117.0, 50.3, 50.0,
455, 41.5, 32.0, 29.3, 27.0, 20.4. HRMS calcdGyH2sN,0S [M + HJ 329.1682 found
329.1687.



4.1.11 1-(4-(4-Fluorophenyl)piperazin-1-yl)-4-(thiophenyBbutan-1-one Xd).

Prepared from 1-(4-fluorophenyl)piperazine (100 g5 mmol) and 4-(2-thienyl)butyric
acid (73 pL, 0.50 mmol) using HOBt (74 mg, 0.55 niy®BTU (177 mg, 0.55 mmol),
anhydrous NEt(123 pL, 0.80 mmol) and anhydrous DMF (5 mL) aolibfving the general
procedure described in method 1 section 4.1.6. rEéaetion mixture was stirred at room
temperature for 17 h under a Btmosphere. DMF was removed under reduced preasdre
the residue was purified using column chromatogydpt2, EtOAcn-hexane) to give an off-
white solid , 119 mg (71%). Mp: 84-86 °C;: R.6 (3:2, EtOAc:n-hexane); IR (KBn):(cnmi?)
2824, 1651, 1511, 1437, 1334, 1269;NMR (300 MHz, CDCJ): & (ppm) 7.12 — 7.10 (m,
1H), 7.03 - 6.76 (m, 6H), 3.78 — 3.74 (m, 2H), 3-58.50 (m, 2H), 3.05 — 3.02 (m, 4H), 2.92
(t, J = 7.2 Hz, 2H), 2.40 (tJ = 7.2 Hz, 2H), 2.09 — 1.99 (m, 2HYC NMR (75 MHz,
CDCl): 6 (ppm) 171.0, 157.6 (dl = 238.3 Hz), 147.6 (d] = 2.3 Hz), 144.4, 126.8, 124.5,
123.2, 118.5 (dJ = 7.6 Hz), 115.7 (d) = 22.0 Hz), 50.8, 50.4, 45.5, 41.5, 32.0, 29.3027
Anal. calcd for GgH21FN,OS C, 54.74; H, 4.84; N, 6.72; found C, 54.73; 04 N, 6.58;
HRMS calcd for GgH2,FN,OS [M + HT 333.1431 found 333.1431.

4.1.12 1-(4-(4-Nitrophenyl)piperazin-1-yl)-4-(thiophen-Blutan-1-one 3e).

Prepared from 1-(4-nitrophenyl)piperazine (150 rAg;2 mmol) and 4-(2-thienyl)butyric
acid (95 pL, 0.66 mmol) using HOBt (97 mg, 0.72 niyndBTU (232 mg, 0.72 mmol), NEt
(146 pL, 1.05 mmol), and DMF (6 mL) and followiniget general procedure described in
method 2 section 4.1.7. The reaction mixture wasedt at room temperature for 22.5 h.
DMF was removed under reduced pressure and thdueesivas purified using column
chromatography (7:3, EtOAc:DCM) to give an orangkds 199 mg (84%). Mp: 120-121 °C;
Rr: 0.65 (7:3, EtOAC:DCM): IR (ATR)» (cm?) 2857, 1648, 1599, 1321, 1163 NMR
(500 MHz, CDC}): 6 (ppm) 8.14 (ddJ = 9.1, 1.4 Hz, 2H), 7.13 (dd,= 5.1, 1.1 Hz, 1H),
6.95 — 6.90 (m, 1H), 6.86 — 6.78 (m, 3H), 3.84 #63m, 2H), 3.65 — 3.56 (m, 2H), 3.47 —
3.39 (m, 4H), 2.93 (t) = 7.2 Hz, 2H), 2.40 (t) = 7.2 Hz, 2H), 2.10 — 2.03 (m, 2HYC
NMR (126 MHz, CDC}) 6 (ppm) 171.2, 154.4, 144.3, 139.1, 126.9, 126.0..6,2123.3,
112.9, 47.0, 46.9, 44.7, 40.8, 31.9, 29.2, 26.8M3Rcalcd for GgH,:N:OsSNa [M + Naj
382.1196 found 382.1212.

4.1.13 1-(4-(4-Aminophenyl)piperazin-1-yl)-4-(thiophen{ytan-1-one 3f).

Prepared from 1-(4-(4-nitrophenyl)piperazin-1-yHthiophen-2-yl)butan-1-on8e (143 mg,
0.39 mmol) dissolved in MeOH (10 mL) in a roundtbat flask with PtQ (20 mg, 0.08
mmol). The resulting mixture was degassed and puvgéh H, (x3), stirred vigorously at
room temperature for 16.5 h under an atmosphetd,ajas and monitored by TLC (7:1,
EtOAc:DCM). The reaction mixture was passed throadhed of Celite and the filtrate was
concentrated under reduced pressure. The residaipuwvdied using column chromatography
(7:1, EtOAc:DCM) to give a brown oil, 75 mg (579%: 0.4 (7:1, EtOAc:DCM); IR (ATR):

v (cm®) 3337, 2815, 1638, 1510, 1228 NMR (500 MHz, CDG)): & (ppm) 7.12 (dd,) =
5.1, 1.2 Hz, 1H), 6.92 (ddl = 5.1, 3.4 Hz, 1H), 6.82 — 6.77 (m, 3H, H2), 6-66.63 (M,
2H), 3.77 — 3.74 (m, 2H), 3.56 — 3.52 (m, 2H), 2-98.90 (m, 6H), 2.42 — 2.38 (m, 2H), 2.08



— 2.01 (m, 2H);¥C NMR (126 MHz, CDGJ): & (ppm) 171.0, 144.5, 144.0, 140.9, 126.8,
124.5, 123.2, 119.3, 116.2, 51.6, 51.2, 45.7, 4371, 29.3, 27.1; HRMS calcd for
C1aH24N30S [M + HJ 331.1664 found: 331.1669.

4.1.14 4-(Thiophen-2-yl)-1-(4-(2-(trifluoromethyl)phenyiperazin-1-yl)butan-1-one3().
Prepared from 1-(2-(trifluoromethyl)phenyl)piperaei (83 uL, 0.43 mmol) and 4-(2-
thienyl)butyric acid (57 pL, 0.39 mmol) using HO@8 mg, 0.43 mmol), TBTU (139 mg,
0.43 mmol), NE§ (60 pL, 0.62 mmol) and DMF (4 mL) and followingetiyeneral procedure
described in method 2 section 4.1.7. The reactiotune was stirred at room temperature for
22 h. DMF was removed under reduced pressure anceiidue was purified using column
chromatography (3:2, EtOAzhexane) to give a colourless oil, 122 mg (82%).0:74 (3:2,
EtOAcn-hexane); IR (ATR)v (cmi?) 2916, 1642, 1312, 1107 &n'H NMR (500 MHz,
CDCl): 6 (ppm) 7.64 (dJ = 7.9 Hz, 1H), 7.56 — 7.48 (m, 1H), 7.33 — 7.21 §id), 7.12 (dd,
J=5.1,1.1 Hz, 1H), 6.92 (dd,= 5.1, 3.4 Hz, 1H), 6.82 (dd,= 3.3, 0.9 Hz, 1H), 3.76 (bs,
2H), 3.59 — 3.48 (m, 2H), 2.97 — 2.82 (m, 6H), 281 = 7.5 Hz, 2H), 2.06 (p] = 7.4 Hz,
2H); *C NMR (126 MHz, CDG)): § (ppm) 171.0, 151.7 (d, = 1.1 Hz), 144.4, 132.8, 127.4
(q,J = 28.7 Hz), 127.2 (q) = 5.4 Hz), 126.7, 125.3, 124.4, 124.0, 123.9)(g,273.7 Hz),
123.1, 53.7, 53.0, 46.0, 42.0, 32.1, 29.3, 27.0M3Rcalcd for GgH2FsN,OS [M + HJ,
383.1399 found 383.1406.

4.1.15 1-(4-(3,5-bis(Trifluoromethyl)phenyl)piperazin-1-d-(thiophen-2-yl)butan-1-one
(3h).
Prepared from 1-(3,5-bis(trifluoromethyl)phenyl)prpzine (194 mg, 0.65 mmol) and 4-(2-
thienyl)butyric acid (85 pL, 0.58 mmol) using HO@7 mg, 0.65 mmol), TBTU (207 mg,
0.65 mmol), NE (129 pL, 0.92 mmol) and DMF (5 mL) and followinget general
procedure described in method 2 section 4.1.7. rEéletion mixture was stirred at room
temperature for 14.5 h. DMF was removed under redyaressure and the residue was
purified using column chromatography (3:2, EtOfbexane) to give a clear oil, 223 mg
(86%). Mp: 46-49 °C; R0.78 (3:2, EtOAm-hexane); IR (ATR)v (cmi?) 2835, 1655, 1273,
1120;*H NMR (500 MHz, CDCJ): & (ppm) 7.33 (s, 1H), 7.24 (s, 2H), 7.12 (dd; 5.0 Hz),
6.96 — 6.89 (m, 1H), 6.81 (s, 1H), 3.86 — 3.76 2M), 3.65 — 3.55 (m, 2H), 3.34 — 3.21 (m,
4H), 2.93 (tJ = 7.2 Hz, 2H), 2.41 (1) = 7.2 Hz, 2H), 2.11 — 2.02 (m, 2H)'C NMR (126
MHz, CDCk): 6 (ppm) 171.1, 151.3, 144.3, 132.5 Jor 32.8 Hz), 126.8, 124.6, 123.5 (1,
=273.3 Hz), 123.2, 115.1 (m), 112.7 (m), 48.43484.9, 41.0, 31.9, 29.2, 26.9; Anal. calcd
for CyoH20FsN20S C, 53.33; H, 4.48; N, 6.22; found C, 53.41; 254N, 6.27; HRMS calcd
for CooH20FsN2OSNa [M + NaJ 473.1093 found 473.1107.

4.1.16 1-(4-(2-Chloro-4-(trifluoromethyl)phenyl)piperazityl)-4-(thiophen-2-yl)butan-1-
one @i).[35]

Prepared from 1-(2-chloro-4-(trifluoromethyl)phe)pyperazine2i (90 mg, 0.34 mmol) and

4-(2-thienyl)butyric acid (46 pL, 0.32 mmol) usiktBt (47 mg, 0.34 mmol), TBTU (111

mg, 0.34 mmol), NEt(47 pL, 0.51 mmol) and DMF (3 mL) and following tlgeneral

procedure described in method 2 section 4.1.7. rEéaetion mixture was stirred at room



temperature for 19 h. DMF was removed under redpecessure and the residue was purified
using column chromatography (3:2, EtOAc:Pet. efd@-60 °C)) to give an oil, 111 mg
(83%). Mp: 84-86 °C; R 0.7 (3:2, EtOAC:Pet. ether (40-60)); IR (ATR): v (cm) 2823,
1624, 1325, 1111, 694 NMR (500 MHz, CDCJ): & (ppm) 7.65 — 7.62 (m, 1H), 7.48 (dd,
J=8.4,1.7 Hz, 1H), 7.13 (dd,= 5.1, 1.0 Hz, 1H), 7.05 (d,= 8.4 Hz, 1H), 6.95 — 6.91 (m,
1H), 6.84 — 6.79 (m, 1H), 3.86 — 3.76 (m, 2H), 3-63.56 (m, 2H), 3.09 — 3.02 (m, 4H), 2.93
(t, J = 7.3 Hz, 2H), 2.42 (&) = 7.5 Hz, 2H), 2.06 (p] = 7.4 Hz, 2H)**C NMR (126 MHz,
CDCl3): 6 (ppm) 171.2, 151.6, 144.4, 128.8, 128.0)¢, 3.8 Hz), 126.8, 126.0 (4,= 33.4
Hz), 124.9 (qJ = 3.7 Hz), 124.6, 123.5 (d,= 272.2 Hz), 123.3, 120.4, 51.2, 50.7, 45.6,
41.6, 32.1, 29.3, 27.0; Anal. calcd fordB,0FsN.OSCI C, 54.74; H, 4.84; N, 6.72; found C,
54.73; H, 4.60; N, 6.58; HRMS calcd fornd8,0FsN,OSCINa [M + Na] 439.0829 found
439.085.

4.1.17 1-(4-(2-Bromo-4-(trifluoromethyl)phenyl)piperazinyl)-4-(thiophen-2-yl)butan-1-

one @j).[35]
Prepared from 1-(2-bromo-4-(trifluoromethyl)phemyberazine2j (95 mg, 0.30 mmol) and
4-(2-thienyl)butyric acid (41 pL, 0.28 mmol) usikPBt (41 mg, 0.30 mmol), TBTU (98
mg, 0.30 mmol), anhydrous NEi62 pL, 0.44 mmol) and anhydrous DMF (2 mL) and
following the general procedure described in methoskction 4.1.6. The reaction mixture
was stirred at room temperature for 21 h undgratihosphere. DMF was removed under
reduced pressure and the residue was purified uswigmn chromatography (1:1,
EtOAc:Pet. ether (40-6%C)) to give a clear oil, 60 mg (50%);:R.8 (1:1 EtOAc:Pet. ether
(40-60°C)); IR (neat):v (cm®) 2914, 1645, 1605, 1432, 1324, 1122, 689;NMR (500
MHz, CDCk): & (ppm) 7.49 (ddJ = 8.3, 0.6 Hz, 1H), 7.28 — 7.24 (m, 1H), 7.22 207(m,
1H), 7.14 (ddJ = 5.1, 1.2 Hz, 1H), 6.93 (dd,= 5.1, 3.4 Hz, 1H), 6.84 — 6.80 (m, 1H), 3.86
—3.79 (m, 2H), 3.63 — 3.58 (m, 2H), 3.07 — 3.02 4iH), 2.94 (tdJ = 7.3, 0.5 Hz, 2H), 2.45
— 2.38 (m, 2H), 2.11 — 2.03 (m, 2HYC NMR (126 MHz, CDGJ): 5 (ppm) 171.3, 149.2,
144.4, 132.6 (g) = 1.26 Hz), 131.2, 130.2 (4,= 32.8 Hz), 126.8, 124.6, 123.7 (0= 272.9
Hz), 123.2, 120.8 (q) = 3.77 Hz), 117.4 (9] = 3.7 Hz), 51.3, 51.0, 45.6, 41.7, 32.1, 29.3,
27.0; HRMS calcd for GH20BrFsN,OSK [M + K]* 499.0063 found 499.0079.

4.1.18 4-(Thiophen-3-yl)-1-(4-(5-(trifluoromethyl) pyridig-yl)piperazin-1-yl)butan-1-one
(5a).[35]
Prepared from 1-(5-(trifluoromethyl)pyridin-2-ylyprazine (99 mg, 0.43 mmol) and 4-(2-
thienyl)butyric acid (50 pL, 0.34 mmol) using HO@8 mg, 0.43 mmol), TBTU (140 mg,
0.43 mmol), NEf (100 pL, 0.69 mmol) and DMF (3 mL) and followingethgeneral
procedure described in method 2 section 4.1.7. rEaetion mixture was stirred at room
temperature for 20 h. DMF was removed under redpcesisure and the residue was purified
using column chromatography (3:2 EtOAtiexane) to give a white solid, 119 mg (91%).
Mp: 107-109 °C; R 0.5 (3:2, EtOAm-hexane); IR (ATR)v (cm’) 2912, 1645, 1609, 1415,
1318, 1106*H NMR (500 MHz, CDCJ): & (ppm) 8.41 (s, 1H), 7.66 (dd,= 9.0 Hz,J = 2.2
Hz, 1H), 7.14 — 7.10 (m, 1H), 6.94 — 6.91 (m, 16182 — 6.80 (m, 1H), 6.64 (d,= 9.0 Hz,
1H), 3.79 — 3.68 (m, 4H), 3.66 — 3.56 (m, 2H), 3-58.49 (m, 2H), 2.93 (1 = 7.4 Hz, 2H),



2.41 (t,J = 7.4, 2H), 2.06 (p) = 7.4 Hz, 2H)*C NMR (126 MHz, CDGJ): 5 (ppm) 171.3,
160.1, 145.8 (qJ = 4.3 Hz), 144.3, 134.7 (d,= 3.2 Hz), 126.8, 124.6, 124.5 @j= 270.9
Hz), 123.2, 115.9 (q] = 33.1 Hz), 105.7, 45.0, 44.7, 44.4, 41.0, 32903226.9; Anal. calcd
for C18H20F3N3OS C, 56.38; H, 5.26; N, 10.96; found C, 56.64;.864 N, 10.89;: HRMS
calcd for GgH21FaN30S [M + HJ 384.1352 found 384.1355.

4.1.19 1-(4-(6-Chloro-5-(trifluoromethyl)pyridin-2-yl)pipazin-1-yl)-4-(thiophen-2-
yl)butan-1-one%b).[35]
Prepared from 1-(6-chloro-5-(trifluoromethyl)pymdR-yl)piperazine (218 mg, 0.816 mmol)
and 4-(2-thienyl)butyric acid (100 pL, 0.68 mmosing HOBt (110 mg, 0.82 mmol), TBTU
(262 mg, 0.82 mmol), anhydrous NEt52 pL, 1.08 mmol) and anhydrous DMF (5 mL) and
following the general procedure described in methoskction 4.1.6. The reaction mixture
was stirred at room temperature for 20 h under, atlhosphere. DMF was removed under
reduced pressure and the residue was purified uswigmn chromatography (3:2,
EtOAc:Pet. ether (40-6€C)) to give a beige solid, 192 mg (68%). Mp: 62°&% R: 0.48
(3:2, EtOAc:Pet. ether (40-6T)); IR (KBr): v (cm’) 2904, 1678, 1641, 1416, 1321, 1120,
698;'H NMR (500 MHz, CDC}): 6 (ppm) 7.70 (dJ) = 8.8 Hz, 1H), 7.13 (ddl = 5.1, 1.2 Hz,
1H), 6.92 (ddJ = 5.1, 3.4 Hz, 1H), 6.84 — 6.77 (m, 1H), 6.48Jd, 8.7 Hz, 1H), 3.79 — 3.66
(m, 4H), 3.64 — 3.45 (m, 4H), 2.93 &= 7.5 Hz, 2H), 2.45 - 2.35 (m, 2H), 2.10 — 2.02 (m
2H); 13C NMR (126 MHz, CDGJ): § (ppm) 171.3, 159.0, 147.7, 144.3, 137.8)(g,4.5 Hz),
126.9, 124.6, 123.3, 123.2 @7 271.0 Hz), 113.0 (g] = 33.6 Hz), 103.3, 44.8, 44.6, 44.2,
40.8, 32.0, 29.2, 26.9; HRMS calcd forgB,CIFsN;OSCI [M + HJ, 418.0962 found
418.0953.

4.1.20 1-(4-(3-Chloro-5-(trifluoromethyl)pyridin-2-yl)pipazin-1-yl)-4-(thiophen-2-
yl)butan-1-one %c).[35]
Prepared from 1-(3-chloro-5-(trifluoromethyl)pymd2-yl)piperazine (114 mg, 0.43 mol) and
4-(2-thienyl)butyric acid (50 pL, 0.34 mmol) usikPBt (58 mg, 0.43 mmol), TBTU (140
mg, 0.43 mmol), NEt(100 pL, 0.69 mmol) and DMF (3 mL) and followingetlgeneral
procedure described in method 2 section 4.1.7. rEaetion mixture was stirred at room
temperature for 19 h. DMF was removed under redpcesisure and the residue was purified
using column chromatography (3:2, EtOAttexane) to give a solid, 123 mg (87%). Mp: 52-
54 °C; Rf: 0.78 (3:2, EtOAc:n-hexane); IR (ATR):(cm™) 3036, 2852, 1646, 1600, 1438,
1317, 1117, 847H NMR (500 MHz, CDC}): & (ppm) 8.40 (s, 1H), 7.79 (s, 1H), 7.14 — 7.10
(m, 1H), 6.95 — 6.89 (m, 1H), 6.83 — 6.78 (m, 1Bi81 — 3.74 (m, 2H), 3.60 — 3.53 (m, 2H),
3.51 - 3.44 (m, 4H), 2.93 @,= 7.2 Hz, 2H), 2.41 (1) = 7.4 Hz, 2H), 2.06 (p] = 7.3 Hz,
2H); *C NMR (126 MHz, CDG)): & (ppm) 171.2, 159.6, 144.4, 143.0 J5 4.2 Hz), 136.1
(q,J = 3.3 Hz), 126.8, 124.5, 123.2 &= 272.3 Hz), 123.2, 121.1, 120.6 (I 33.5 Hz),
48.6, 45.2, 41.3, 32.0, 29.3, 27.0; Anal. calcd @GgH1oF3N3OSCI C, 51.73; H, 4.58; N,
10.06; found C, 52.17; H, 4.66; N, 9.89; HRMS cafod C;gH20FsN3sOSCI [M + HT
418.0971 found 418.0963.



4.1.21 1-(4-Cyclohexylpiperazin-1-yl)-4-(thiophen-2-yl)ant1-one %d).

Prepared from 1-cyclohexylpiperazine (150 mg, 0n@®ol) and 4-(2-thienyl)butyric acid
(2118 puL, 0.81 mmol) using HOBt (120 mg, 0.89 mmol), TBT2B5 mg, 0.89 mmol), NEt
(180 puL, 1.29 mmol) and DCM (6 mL) and following the gealeprocedure described in
methoid 2 section 4.1.7. The reaction mixture wiarsesl at room temperature for 17.5 h.
DCM was removed under reduced pressure and thdueesvas purified using column
chromatography (9:1, DCM:MeOH) to give a red sod3 mg (82%). Mp: 33-35 °C; Rf:
0.56 (9:1, DCM:MeOH); IR (ATR)p (cm*) 2928, 2851, 1632, 14444 NMR (500 MHz,
CDCl): & (ppm) 7.11 (ddJ = 5.1, 1.0 Hz, 1H), 6.91 (dd,= 5.1, 3.4 Hz, 1H), 6.79 (dd,=
3.4, 1.0 Hz, 1H), 3.70 — 3.55 (m, 2H), 3.45 — 3@ 2H), 2.90 (tJ = 7.3 Hz, 2H), 2.67 —
2.40 (m, 4H), 2.40 — 2.32 (m, 2H), 2.32 — 2.25 (i), 2.07 — 1.96 (m, 2H), 1.90 — 1.73 (m,
4H), 1.69 — 1.56 (m, 1H), 1.31 — 1.14 (m, 4H), 1-14.04 (m, 1H)*C NMR (126 MHz,
CDCl): 6 (ppm) 170.8, 144.5, 126.8, 124.6, 123.1, 63.63,488.7, 45.9, 41.9, 32.0, 29.3,
28.8, 27.1, 26.2, 25.8; HRMS calcd forg8,0N-0S [M + H] 321.1995 found 321.2005.

4.1.22 1-(4-Methylpiperazin-1-yl)-4-(thiophen-2-yl)butarehe &e).

Prepared from 1-methylpiperazine (71 pL, 0.65 mraok) 4-(2-thienyl)butyric acid (85 uL,
0.59 mmol) using HOBt (87 mg, 0.65 mmol), TBTU (209, 0.65 mmol), NE&t(90 uL, 0.94
mmol), and DCM (4 mL), and following the generabpedure described in method 2 section
4.1.7. The reaction mixture was stirred at roomperature for 18 h. DCM was removed
under reduced pressure and the residue was pudBedy column chromatography (3:2,
EtOAcn-hexane) to give a yellow oil, 104 mg (70 %): B56 (100% DCM); IR (ATR)v
(cm?) 2936, 2792, 1635, 1435, 1288 NMR (500 MHz, CDCY): & (ppm) 7.11 (ddJ = 5.1,
1.2 Hz, 1H), 6.91 (dd] = 5.1, 3.4 Hz, 1H), 6.80 (ddd,= 3.4, 2.1, 1.2 Hz, 1H), 3.65 — 3.61
(m, 2H), 3.43 — 3.39 (m, 2H), 2.90 JtF 7.3 Hz, 2H), 2.38 — 2.33 (m, 6H), 2.29 (s, 3HD22
(p,J = 7.4 Hz, 2H)C NMR (126 MHz, CDG): & (ppm) 170.9, 144.5, 126.8, 124.5, 123.1,
55.2, 54.7, 46.0, 45.4, 41.5, 32.0, 29.3, 27THRMS calcd for GH2:N,OS [M + HJ'
253.1369 found 253.1367.

4.1.23 4-(Thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyiperidin-1-yl)butan-1-one

(7a).[35]
Prepared from 4-(4-(trifluoromethyl)phenyl)pipendiHCI (100 mg, 0.38 mmol) and 4-(2-
thienyl)butyric acid (5QuL, 0.34 mmol) using HOBt (51 mg, 0.38 mmol), TBTLR2Z mg,
0.38 mmol), NE§ (55 pL, 0.54 mmol) and DMF (2 mL) and followingetiyeneral procedure
described in method 2 section 4.1.7. The reactioxture was stirred for 22 h at room
temperature. DMF was removed under reduced pressutehe residue was purified using
column chromatography (3:2, EtOAc:n-hexane) to gineff-white solid, 87 mg (67%). Mp:
48-49 °C; R 0.7 (3:2, EtOAm-hexane); IR (ATR)n (cm') 2850, 1644, 1323, 1112H
NMR (500 MHz, CDC}): 6 (ppm) 7.56 (dJ = 8.0 Hz, 2H), 7.30 (d]l = 8.0 Hz, 2H), 7.12 (d,
J=5.1Hz, 1H), 6.97 — 6.87 (m, 1H), 6.83 — 6.79 i), 4.82 (dJ = 13.2 Hz, 1H), 3.92 (d,
J=13.5Hz, 1H), 3.10 (1 = 12.9 Hz, 1H), 2.93 (11 = 7.3 Hz, 2H), 2.85 — 2.74 (m, 1H), 2.63
(t, J=12.7 Hz, 1H), 2.41 () = 7.4 Hz, 2H), 2.06 (p] = 7.4 Hz, 2H), 1.93 — 1.84 (m, 2H),
1.68 — 1.52 (m, 2H)*C NMR (126 MHz, CDGJ): 5 (ppm) 170.9, 149.2, 144.5, 128.9 o=



32.5 Hz), 127.1, 126.8, 125.6 (@= 3.8 Hz), 124.5, 124.2 (4, = 272.3 Hz), 123.1, 46.0,
42.7, 42.2, 33.7, 32.6, 32.2, 29.4, 27.1; HRMS ctdler CooHoFsNOSNa [M + Naj
404.1266 found 404.1279.

4.1.24 4-(Thiophen-2-yl)-N'-(4-(trifluoromethyl)phenyl)aume hydrazide7b).

Prepared from (4-(trifluoromethyl)phenyl)hydrazin@d95 mg, 1.11 mmol) and 4-(2-
thienyl)butyric acid (149 uL, 1.03 mmol) using HOB#9 mg, 1.11 mmol), TBTU (356 mg,
1.11 mmol), anhydrous NEt(231 pL, 1.66 mmol) and anhydrous DMF (8 mL) and
following the general procedure described in methoskction 4.1.6. The reaction mixture
was stirred at room temperature for 20 h under, athhosphere. DMF was removed under
reduced pressure and the residue was purified usotlgmn chromatography (elution
gradient 1.1 EtOAcr-hexane to 3:2 EtOAn:hexane) to give an off-white solid , 235 mg
(69%). Mp: 110-112 °C; R0.3 (1:1, EtOAm-hexane); IR (KBr)» (cni?) 3309, 2963, 1639,
1614, 1333, 1104H NMR (500 MHz, DMSO-d6)5 (pm) 9.82 (dJ = 1.4 Hz, 1H), 8.39 (s,
1H), 7.47 (dJ = 8.6 Hz, 2H), 7.34 (dd] = 5.1, 1.0 Hz, 1H), 6.97 (dd,= 5.1, 3.4 Hz, 1H),
6.88 (m, 1H), 6.79 (d] = 8.5 Hz, 2H), 2.83 (1} = 7.6 Hz, 2H), 2.26 ({J = 7.4 Hz, 2H), 1.95

— 1.85 (m, 2H)**C NMR (126 MHz, DMSO-d6)5 (ppm) 172.2, 153.0, 144.5, 127.5, 126.6
(q,J = 3.8 Hz), 126.1 (¢ = 294.2 Hz), 125.1, 124.1, 118.5 (= 31.9 Hz), 111.8, 32.9,
29.1, 27.7Anal. calcd for GsH1sF3N20S C, 54.87; H, 4.60; N, 8.53; found C, 54.44; 1394

N, 8.09; HRMS calcd for gH16FsN,OS [M + HJ" 330.0975 found 330.096.

4.1.25 4-(Thiophen-2-yl)-N-(4-(trifluoromethyl)phenyl)buimide 7c)

Prepared from 4-(trifluoromethyl)aniling9 mg, 0.43 mmol) and 4-(thiophen-2-yl)butanoic
acid (50uL, 0.34 mmol) using HOBt (58 mg, 0.43 mmol), TBTWAQ mg, 0.43 mmol), NEt
(200 pL, 0.51 mmol) and DCM (6 mL) and followingetlyeneral procedure described in
method 2 section 4.1.7. The reaction mixture wiagestat room temperature for 20 h. DCM
was removed under reduced pressure and the residge purified using column
chromatography (3:2, EtOAc:n-hexane) to give a &tsivlid, 96 mg (90%). /R0.6 (3:2,
EtOAcn-hexane); IR (ATR)w (cmi?) 3304, 2926, 1670, 1514, 1319, 1128; NMR (500
MHz, CDCk): § (ppm) 7.62 (d,) = 8.6 Hz, 2H), 7.56 (dJ = 8.6 Hz, 2H), 7.29 (bs, 1H), 7.14
(ddd,J =5.1, 1.2, 0.5 Hz, 1H), 6.93 (dd= 5.1, 3.4 Hz, 1H), 6.81 (dd,= 2.2, 1.1 Hz, 1H),
2.94 (t,J = 7.2 Hz, 2H), 2.42 (t) = 7.4 Hz, 2H), 2.12 (pJ = 7.2 Hz, 2H);**C NMR (126
MHz, CDCk): 8 (ppm) 171.0, 143.8, 140.8, 126.9, 126.3J¢, 3.8 Hz), 126.1 (gJ) = 33.0
Hz), 124.8, 124.1 (g = 272.1 Hz), 123.4, 119.3, 36.4, 29.0, 27.0; HRMSccdlor
C1sH14NOSNa [M + HT 336.1393 found 336.1393.

4.1.26 3-(Thiophen-2-ylthio)propanoic aci@f).

Thienyl-2-thiol (48 pl, 0.52 mmol), 3-bromopropacoacid (80 mg, 0.52 mmol) and
NaHCG; (130 mg, 1.56 mmol) were heated at reflux in Et@HnL). After 5 h the reaction
mixture was allowed to cool to room temperature gnredEtOH was removed under reduced
pressure. The residue was dissolved K2 mL) and washed with £ (4 x 10 mL). The
aqueous layer was acidified to pH = 6 with 0.1 Mieaus HCI and extracted with,EX (4 x

10 mL). The combined organic layers were concesdrainder reduced pressure and the



residue was purified using column chromatographg, (MeOH:DCM) to give a clear oil, 83
mg (85%). R 0.3 (1:9, MeOH:DCM):*H NMR (300 MHz, CDC}): 5 (ppm) 10.86 (br s,
1H), 7.37 (ddJ = 5.1, 1.2 Hz, 1H), 7.16 (dd,= 2.4, 1.2 Hz, 1H), 6.97 — 6.99 (m, 1H), 2.97
(t, J = 7.2 Hz, 2H), 2.64 (t) = 7.2 Hz, 2H):'"H NMR data matches literature data [31];
HRMS calcd for GHgO,S; [M + H]": 189.0038 found 189.0040.

4.1.27 Thiophen-2-yl (4-(4-(trifluoromethyl)phenyl)pipenaz-yl) methanonedg).

Prepared from 1-(4-(trifluoromethyl)phenyl)pipenmsi 2a (76 mg, 0.33 mmol) and
thiophene-2-carboxylic acid (38 mg, 0.30 mmol) gsHOBt (45 mg, 0.33 mol), TBTU (107
mg, 0.33 mmol), NEt (75 pL, 0.48 mmol) and DMF (4 mL) and followingetlgeneral
procedure described in method 2 section 4.1.7.r&hetion mixture was stirred for 21 h at
room temperature. DMF was removed under reducesspre and the residue was purified
using column chromatography (1:1, EtOAc:Pet. ei{#@-60 °C)) to give a solid, 70 mg
(69%). Mp: 126-130 °C; R0.6 (1:1, EtOAc:Pet.ether (40-60)); IR (ATR): v (cm™) 2838,
1606, 1334, 1096H NMR (500 MHz, CDCY): 6 (ppm) 7.55 — 7.45 (m, 3H), 7.35 @z 3.2
Hz, 1H), 7.13 — 7.02 (m, 1H), 6.93 @@= 8.6 Hz, 2H), 3.98 — 3.86 (m, 4H), 3.42 — 3.27 (m
4H): *C NMR (126 MHz, CDG) & (ppm) 163.7, 152.8, 136.6, 129.1, 129.0, 126.8,3.1,

J = 3.8 Hz), 124.5 (qJ) = 271.3 Hz), 121.3 (qJ = 32.8 Hz), 114.9, 48.2; Anal. calcd for
Ci16H1sF3N2OS C, 56.46; H, 4.44; N, 8.23; found C, 56.72; 624 N, 8.42; HRMS calcd for
C16H15FsN,OSNa [M + NaJ 363.0749 found 363.0762.

4.1.28 2-(Thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyiperazin-1-yl)ethanonedp).[35]
Prepared from 1-(4-(trifluoromethyl)phenyl)pipermi2a (100 mg, 0.43 mmol) and 2-
(thiophen-2-yl)acetic acid (48 mg, 0.34 mmol) usk@Bt (58 mg, 0.43 mmol), TBTU (138
mg, 0.43 mmol), NEt(87 pL, 0.63 mmol), DMF (4 mL) and following thergeal procedure
described in method 2 section 4.1.7. The reactiotune was stirred at room temperature for
21 h. Purified using column chromatography (3:2)&t:n-hexane) to give an orange solid,
98 mg (82%). ]. R 0.9 (3:2, EtOAm-hexane); IR (ATR)v (cm?) 2826, 1614, 1409, 1336,
1229, 1101'H NMR (500 MHz, CDCJ): & (ppm) 7.49 (d,J = 8.7 Hz, 2H), 7.21 (ddl = 5.1
Hz,J = 1.2 Hz, 1H), 6.97 — 6.88 (m, 4H), 3.96 (s, 2Bi§4 — 3.78 (m, 2H), 3.72 — 3.64 (m,
2H), 3.29 — 3.23 (m, 2H), 3.21 — 3.12 (m, 2HE NMR (126 MHz, CDGJ): & (ppm) 168.5,
152.8, 136.2, 127.0, 126.5 (= 3.3 Hz), 126.1, 124.9, 124.6 (b= 271.3 Hz), 121.4 (g} =
32.8 Hz), 115.0, 48.2, 47.9, 45.8, 41.5, 35.2; HRdaRd for G;H17/FsN,O.SNa [M + Na]
377.0906 found 377.0915.

4.1.29 3-(Thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyiperazin-1-yl)propan-1-one
(9¢).[35]
Prepared from 1-(4-(trifluoromethyl)phenyl)piperse 2a (81 mg, 0.35 mmol) and 3-
(thiophen-2-yl)propanoic acid (50 mg, 0.32 mmolingsHOBt (47 mg, 0.35 mmol), TBTU
(113 mg, 0.35 mmol), anhydrous NEZ1 uL, 0.51 mmol) and anhydrous DMF (5 mL) and
following the general procedure described in methoskction 4.1.6. The reaction mixture
was stirred at room temperature for 16 h under, athhosphere. DMF was removed under
reduced pressure and the residue was purified wsilugnn chromatography (3:2, EtOAe:



hexane) to give an orange solid, 52 mg (44%). Mp55 °C; R: 0.5 (3:2, EtOAm-hexane);
IR (KBr): v (cm*) 2826, 1632, 1615, 1441, 1338, 1228; NMR (300 MHz, CDCJ): &
(ppm) 7.49 (dJ = 8.5 Hz, 2H), 7.12 (dd} = 5.1 Hz,J = 1.2 Hz), 6.95 — 6.87 (m, 3H), 6.87 —
6.82 (m, 1H), 3.80 — 3.77 (m, 2H), 3.59 — 3.56 &), 3.25 — 3.17 (m, 6H, 4H), 2.79 — 2.65
(m, 2H); *C NMR (75 MHz, CDGCJ): & (ppm) 170.2, 152.8, 143.6, 126.9, 126.5)¢, 3.3
Hz), 124.8, 124.5 (q) = 269.7 Hz), 123.5, 121.3 (4,= 32.4 Hz), 115.0, 48.2, 48.0, 45.0,
41.2, 35.1, 25.5; HRMS calcd forgEl,0FsN.OS [M + HJ 369.1243 found: 369.1238.

4.1.30 5-(Thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyifperazin-1-yl)pentan-1-one

(9d).[35]
Prepared from 5-(thiophen-2-yl)pentanoic acid (£ 539 mmol) using HOBt (58 mg, 0.43
mmol), TBTU (138 mg, 0.43 mmol), anhydrous KER6 pL, 0.62 mmol), and anhydrous
DMF (4 mL) in an oven-dried Schlenk tube under aainosphere. The resulting solution
was stirred at room temperature for 15 mins. A sdc®chlenk tube was prepared containing
1-(4-(trifluoromethyl)phenyl)piperazinga (100 mg, 0.43 mmol) and DMF (4 mL) under a
N, atmosphere. The resulting solution was transfexi@da cannula, to the first Schlenk tube
containing the carboxylic acid. The reaction migtwas stirred at room temperature for 18 h
under a N atmosphere. The DMF was removed under reducedyesThe resulting oil
was acidified (pH = 3) using a 0.1 M aqueous HQuson and purified using column
chromatography (3:2, EtOAc:n-hexane) to give adsdlil3 mg (73%). Mp: 46-48 °C;tR
0.66 (3:2, EtOAc:n-hexane); IR (KBrj (cm?) 2862, 1634, 1612, 1438, 1326, 110m;
NMR (500 MHz, CDCJ): & (ppm) 7.50 (d, J = 8.8 Hz, 2H), 7.09 (dd, J = 8.2, Hz, 1H),
6.94 — 6.86 (m, 3H), 6.81 — 6.74 (m, 1H), 3.82 Z03m, 2H), 3.66 — 3.53 (m, 2H), 3.27 —
3.20 (m, 4H), 2.87 (t, J = 6.7 Hz, 2H), 2.39 (£ 3.0 Hz, 2H), 1.81 — 1.68 (m, 4HJC NMR
(126 MHz, CDC}): 6 (ppm) 171.4, 152.9, 145.0, 126.7, 126.5 (q, J&H&), 124.6 (q, J =
271.3 Hz),124.2,123.0, 121.3 (q, J = 32.9 Hz5.0]148.4, 48.1, 45.1, 41.1, 33.0, 31.4, 29.7,
24.6; HRMS calcd for gH-4F3N,0OS [M + HJ 397.1556 found 397.1572.

4.1.31 5-(Thiophen-2-yl)-1-(4-(4-(trifluoromethyl)phenyiperazin-1-yl) pentan-1-one
(9e).[35]

Prepared from 1-(4-(trifluoromethyl)phenyl)pipermi2a (100 mg, 0.43 mmol) and 5-
(thiophen-2-yl)pentanoic acid (77 mg, 0.34 mmolngsHOBt (58 mg, 0.43 mmol), TBTU
(138 mg, 0.43 mmol), anhydrous N7 uL, 0.63 mmol) and anhydrous DMF (4 mL) and
following the general procedure described in methoskction 4.1.6. The reaction mixture
was stirred at room temperature for 23 h under, athhosphere. DMF was removed under
reduced pressure and the residue was purified usilugnn chromatography (4:1, EtOAe:
hexane) to give a brown solid, 120 mg (75%). Mp520°C; R: 0.5 (3:2, EtOAm-hexane);

IR (KBr): v (cmi') 2926, 1641, 1613, 1438, 1332, 124B; NMR (300 MHz, CDC)): §
(ppm) 7.49 (dJ = 9.1 Hz, 2H), 7.08 (dd] = 5.1 Hz,J = 1.2 Hz, 1H), 6.92-6.88 (m, 3H),
6.77-6.76 (m, 1H), 3.78-3.75 (m, 2H), 3.62-3.59 PH), 3.27-3.22 (m, 4H), 2.83 4,= 7.2
Hz, 2H), 2.36 (tJ = 7.2 Hz, 2H), 1.76-1.64 (m, 4H), 1.48-1.44 (m))2HC NMR (75 MHz,
CDCl): 6 (ppm) 171.5, 152.9, 145.3, 126.7, 126.5)(¢,3.3 Hz), 124.1, 122.8, 124.6 (&7



270.0 Hz), 121.7 (qJ = 32.0 Hz), 114.9, 48.3, 48.0, 45.1, 41.1, 33105329.7, 28.8, 24.9.
HRMS calcd for GHsoFsN4O,S,Na [2M + NaJ 843.3172 found 843.3152.

4.1.32 3-(Thiophen-2-ylthio)-1-(4-(4-(trifluoromethyl)phdipiperazin-1-yl)propan-1-one
(9).[35]
Prepared from 1-(4-(trifluoromethyl)phenyl)pipemr@i2a (50 mg, 0.22 mmol) and 3-
(thiophen-2-ylthio)propanoic aci@&f (37 mg, 0.19 mmol) using HOBt (30 mg, 0.22 mmol),
TBTU (70 mg, 0.22 mmol), Ng{44 uL, 0.32 mmol) and DMF (2 mL) and following the
general procedure described in method 2 sectio?.4The reaction mixture was stirred at
room temperature for 18 h. DMF was removed unde@uced pressure and the residue was
purified using column chromatography (3:2, EtOAc¢:Pether (40-60°C)) to give a
colourless oil, 45 mg (60%). Mp: 86-90 °Ci: R.75 (3:2, EtOAc:Pet. ether (40-80)); IR
(ATR): v (cm?) 2837, 1640, 1614, 1331, 1108 NMR (500 MHz, CDCJ): 5 (ppm) 7.50
(d,J=8.7 Hz, 2H), 7.36 (ddl = 5.4, 1.2 Hz, 1H), 7.15 (dd,= 3.6, 1.2 Hz, 1H), 6.99 (dd,
=5.4, 3.6 Hz, 1H), 6.91 (d,= 8.7 Hz, 2H), 3.81 — 3.74 (m, 2H), 3.61 — 3.54 i), 3.30 —
3.23 (m, 4H), 3.12 () = 7.3 Hz, 2H), 2.68 (1] = 7.3 Hz, 2H);”C NMR (126 MHz, CDGJ):
d (ppm) 169.4, 152.9, 134.0, 134.0, 129.6, 127.%,3.2q,J = 3.8 Hz), 124.6 (¢J = 271.3
Hz), 121.4 (q,J = 32.8 Hz), 115.0, 48.3, 48.1, 45.0, 41.3, 343.23HRMS calcd for
C1gH10F3N2OSNa [M + NaT 423.0783 found 423.0797.

4.1.33 1-(Thiophen-2-yl)-4-(4-(4-(trifluoromethyl)phenyiperazin-1-yl)butane-1,4-dione
(99).[35]
Prepared from 1-(4-(trifluoromethyl)phenyl)pipem@eka (100 mg, 0.43 mmol) and 4-oxo-4-
(thiophen-2-yl)butanoic acid (63 mg, 0.34 mmol)ingsHOBt (58 mg, 0.43 mmol), TBTU
(240 mg, 0.43 mmol), NE{100 pL, 0.69 mmol) and DMF (3 mL) and followingetgeneral
procedure described in method 2 section 4.1.7. réletion mixture was stirred at room
temperature for 17 h. DMF was removed under redpecesisure and the residue was purified
using column chromatography (3:2 EtOAdiexane) to give an off-white solid, 114 mg
(84%). Mp: 172-176 °C; R0.5 (3:2, EtOAm-hexane); IR (ATR)v (cm') 2948, 1647,
1612, 1325, 1223H NMR (500 MHz, CDCJ): & (ppm) 7.81 (dJ) = 3.6 Hz, 1H), 7.63 (dJ
= 4.9 Hz, 1H), 7.50 (d) = 8.6 Hz, 2H), 7.13 (tJ = 4.3 Hz, 1H), 6.92 (d] = 8.6 Hz, 2H),
3.83 — 3.70 (m, 4H), 3.34 — 3.32 (m, 4H), 3.27 253m, 2H), 2.82 (t) = 6.5 Hz, 2H);**C
NMR (126 MHz, CDCJ): & (ppm) 191.9, 170.1, 152.9, 143.9, 133.6, 132.8,2,2126.5 (q,
J = 3.8 Hz), 124.6 (¢ = 271.3 Hz), 121.2 (q] = 32.6 Hz), 115.0, 48.2, 48.0, 45.0, 41.4,
34.2, 27.0; Anal. calcd for /gH1oF3sN2O,S C, 57.56; H, 4.83; N, 7.07; found C, 57.34; H,
4.62; N, 6.89; HRMS calcd forigH2oF3N20,S [M + H]" 397.1192 found 397.1179.

4.1.34 4-(Thiophen-2-yl)butan-1-oL0).

To a suspension of LIAIH(130 mg, 3.43 mmol) in THF (2.5 mL) was added latsmn of 4-
(2-thienyl)butyric acid (50@L, 3.43 mmol) in THF (2.5 mL). The suspension wisexd for

6 h at room temperature. The reaction mixture wanghed with MeOH (2 mL) and 10%
agueous NaOH (2 mL). The solution was neutralisgld %0% aqueous HCI (2 mL) and the
aqueous layer extracted with EtOAc (4 x 10 mL). Eoenbined organic layers were dried



over MgSQ and the residue purified using column chromatdgyafDCM) to give a
colourless oil, 481 mg (90%).cF0.2 (DCM); IR (ATR):v (cm?) 3329, 2934*H NMR (500
MHz, CDCk): 6 (ppm) 7.11 — 7.05 (m, 1H), 6.92 — 6.87 (m, 1H},9%- 6.74 (m, 1H), 3.60
(t, J = 6.6 Hz, 2H), 2.83 () = 7.6 Hz, 2H), 2.35 (bs, 1H), 1.77 — 1.68 (m, 2HK4 — 1.55
(m, 2H);*H NMR matches literature data [33fC NMR (126 MHz, CDGJ): 5 (ppm) 145.3,
126.8, 124.2, 123.0, 62.4, 32.1, 29.7, 28.0; HRMISc:for GH;,O0SNa [M + Na] 179.0501
found 179.0509.

4.1.35 4-(Thiophen-2-yl)butyl methanesulfonaté)(

Methanesulfonyl chloride (7L, 0.91 mmol) was added to a solution of 4-(thiapze
yl)butan-1-0l10 (135 mg, 0.86 mmol) and NE(142uL, 1.01 mmol) in anhydrous DCM (3
mL) kept at O °C. The reaction mixture was mairgdiat O °C for 1 hr, followed by warming
to room temperature, where it was kept under vigemstirring and a Natmosphere for 3 h.
The solvent was removed under reduced pressurpuifted using column chromatography
(3:2, EtOAc:Pet. ether (40-6%C)) to give a colourless oil, 152 mg (75%): R.7 (3:2,
EtOAc:Pet.ether (40-6fC)); IR (ATR): v (cm?) 2938, 1348, 1169, 9341 NMR (500 MHz,
CDCl): & (ppm) 7.18 — 7.07 (m, 1H), 6.95 — 6.88 (m, 1HB16- 6.76 (m, 1H), 4.27 — 4.20
(m, 2H), 2.98 (s, 3H), 2.92 — 2.83 (m, 2H), 1.87L.%5 (m, 4H);"*C NMR (126 MHz,
CDCl): 8 (ppm) 144.3, 126.8, 124.5, 123.2, 69.6, 37.4,,2984, 27.6; HRMS calcd for
CoH14035Na [M + NaT 257.0277 found 257.0271.

4.1.36 1-(4-(Thiophen-2-yl)butyl)-4-(4-(trifluoromethyl)phyl)piperazine 12).

To a suspension of 4-(thiophen-2-yl)butyl methaitfesate 11 (29 mg, 0.12 mmol) and
NaCOs; (26 mg, 0.24 mmol) in acetonitrile (5 mL), was eadd 1-(4-
(trifluoromethyl)phenyl)piperazina (110 mg, 0.48 mmol). The mixture was heated at
reflux for 24 h under vigorous agitation and a &mosphere. The solvent was removed
under reduced pressure and the residue was pudBedy column chromatography (3:2,
EtOAcn-hexane) to give a white solid, 40 mg (91%). Mp:818°C; R: 0.8 (3:2, EtOAQ-
hexane); IR (ATR)v (cm?) 2839, 1613, 1325, 10984 NMR (500 MHz, CDCY): § (ppm)
7.48 (d,J = 8.7 Hz, 2H), 7.12 — 7.10 (m, 1H), 6.94 — 6.90Q &H), 6.81 — 6.78 (m, 1H), 3.32
— 3.24 (m, 4H), 2.87 (t] = 7.5 Hz, 2H), 2.62 — 2.54 (m, 4H), 2.42J& 7.5 Hz, 2H), 1.74
(dt,J = 15.2, 7.5 Hz, 2H), 1.66 — 1.57 (m, 2fC NMR (126 MHz, CDGJ): & (ppm) 153.3,
145.3, 126.7, 126.3 (d,= 3.3 Hz), 124.7 (g) = 269.4 Hz), 124.1, 122.9, 120.4 (o= 32.4
Hz), 114.4, 58.3, 53.0, 48.0, 29.8, 29.7, 26.3; HRoAlcd GoH24F3NLS [M + H]" 369.1067
found 369.1608.

4.1.37 1-(4-(4-(Trifluoromethyl)phenyl)piperazin-1-yl)pant1-one {4a).[35]

Prepared from 1-(4-(trifluoromethyl)phenyl)pipersi2a (246 mg, 1.07 mmol) and
pentanoic acid (106 pL, 0.98 mmol) using HOBt (14d, 0.98 mmol), TBTU (343 mg, 0.98
mmol), anhydrous NE{216 pL, 1.56 mmol) and anhydrous DMF (6 mL) aniibfeing the
general procedure described in method 1 sectio®.4The reaction mixture was stirred at
room temperature for 23 h under a Btmosphere. DMF was removed under reduced
pressure and the residue was purified using coldmamatography (3:2, EtOAzhexane)



to give an off-white solid , 178 mg (57%). Mp: 48-4C; R: 0.6 (3:2, EtOAm-hexane); IR
(KBr): v (cm™) 2935, 1650, 1631, 1450, 1337, 1238;NMR (300 MHz, CDCJ): & (ppm)
7.49 (d,J = 8.7 Hz, 2H), 6.92 (dJ = 8.7 Hz, 2H), 3.79-3.76 (m, 2H), 3.66-3.62 (m,)2H
3.30-3.23 (m, 4H), 2.37 (§,= 7.2 Hz, 2H), 1.69-1.59 (m, 2H), 1.45-1.32 (m,) 26194 (t,J =
7.5 Hz, 3H):"*C NMR (75 MHz, CDCJ): & (ppm) 171.8, 152.9, 126.4 (§= 3.3 Hz), 124.6
(g,J =268.8 Hz), 121.0 (q] = 32.7 Hz), 114.9, 48.3, 48.0, 45.1, 41.0, 3304222.6, 13.9;
HRMS calcd for GgH22F3N,0 [M + H]* 315.1679 found 315.1688.

4.1.38 4-(1H-Pyrazol-4-yl)-1-(4-(4-(trifluoromethyl)phenpiperazin-1-yl)butan-1-one
(14b).[35]
Prepared from 1-(4-(trifluoromethyl)phenyl)pipemr@ea (100 mg, 0.43 mmol) and 4t
pyrazol-4-yl)butanoic acid (52 mg, 0.34 mmol), gsiHOBt (58 mg, 0.43 mmol), TBTU
(240 mg, 0.43 mmol), Ng{100uL, 0.69 mmol) and DCM (3 mL) and following the geale
procedure described in method 2 section 4.1.7. rEéletion mixture was stirred at room
temperature for 24 h. DCM was removed under redpceslsure and the residue was purified
using column chromatography (3:2, EtOA&iexane) to give a brown solid, 116 mg (93%).
R 0.1 (3:2, EtOAc:n-hexane); IR (ATR): (cmi) 3055, 2947, 1649, 1614, 1226) NMR
(500 MHz, CDC}): & (ppm) 7.50 (dJ = 8.5 Hz, 2H), 7.43 (s, 2H), 6.91 (dl= 8.6 Hz, 2H),
5.57 (bs, 1H), 3.85 - 3.72 (m, 2H), 3.64 — 3.542h), 3.26 (s, 4H), 2.59 (§,= 7.4 Hz, 2H),
2.44 — 2.35 (m, 2H), 2.00 — 1.90 (m, 2H5C NMR (126 MHz, CDGJ): & (ppm) 171.4,
152.9, 132.9, 126.5 (@,= 3.9 Hz), 124.6 (g = 271.3 Hz), 121.4 (g] = 32.6 Hz), 120.3,
115.0, 48.4, 48.1, 45.1, 41.2, 32.3, 26.2, 23.6M3Rcalcd for GgH21FN4,ONa [M + NaJ
389.156 found 389.1563.

4.1.39 1-(4-(4-(Trifluoromethyl)phenyl)piperazin-1-yl)ethane (6a).[35]

Prepared from 1-(4-(trifluoromethyl)phenyl)pipem@ei2a (150 mg, 0.65 mmol) and acetic
acid (33 pL, 0.59 mmol) using HOBt (87 mg, 0.65 niyndBTU (208 mg, 0.65 mmol), NEt
(131 pL, 0.94 mmol), and DMF (3 mL) and followiniget general procedure described in
method 2 section 4.1.7. The reaction mixture waredtat room temperature for 23 h. DMF
was removed under reduced pressure and the resihage purified using column
chromatography (4:1, EtOAThexane) to give an off-white solid, 117 mg (73%p: 76-80
°C; R: 0.5 (4:1, EtOAm-hexane); IR (ATR)n (cmt) 3222, 1614, 1428, 1324, 110%4
NMR (500 MHz, CDCY): 6 (ppm) 7.50 (dJ = 8.6 Hz, 2H), 6.92 (d] = 8.7 Hz, 2H), 3.84 —
3.71 (m, 2H), 3.70 — 3.57 (m, 2H), 3.35 — 3.19 4H), 2.14 (s, 3H)*C NMR (126 MHz,
CDCl): 6 (ppm) 169.1, 152.9, 126.5 (4= 3.3 Hz), 124.6 (q) = 277.2 Hz), 121.2 (4] =
32.8 Hz), 115.0, 48.3, 48.0, 45.8, 41.0, 21.3; Analcd for G3HisF3NO C, 57.34; H, 5.55;
N, 10.29; found C, 57.16; H, 5.40; N, 9.87; HRMScdafor C;sHisFsN,ONa [M + NaJ
295.1029 found 295.1037.

4.1.40 1-(4-(4-(Trifluoromethyl)phenyl)piperazin-1-yl)octd -one 16b).[35]
Prepared from 1-(4-(trifluoromethyl)phenyl)piperala (100 mg, 0.43 mmol) and octanoic

acid (62 pL, 0.39 mmol) using HOBt (58 mg, 0.43 nim®BTU (138 mg, 0.43 mmol),
anhydrous NEt(87 pL, 0.63 mmol), and anhydrous DMF (4 mL) anllofeing the general



procedure described in method 1 section 4.1.6. rEaetion mixture was stirred at room
temperature for 22 h under a Btmosphere. DMF was removed under reduced preasdre
the residue was purified using column chromatogya($2, EtOAcn-hexane) to give a
cloudy white oil, 88 mg (63%). (R0.7 (3:2, EtOAm-hexane); IR (neat)y (cm?) 2927,
1641, 1616, 1436, 1331, 11164 NMR (300 MHz, CDCJ): & (ppm) 7.49 (dJ = 8.7 Hz,
2H), 6.91 (dJ = 8.7 Hz, 2H), 3.80 — 3.72 (m, 2H), 3.67 — 3.56 &), 3.30 — 3.20 (m, 4H),
2.39 — 2.31 (m, 2H), 1.70 — 1.59 (m, 2H), 1.38241(m, 8H), 0.92 — 0.82 (m, 3H)’C NMR
(75 MHz, CDC}): 6 (ppm) 171.8, 152.9, 126.4 @7 3.3 Hz), 124.6 (g) = 269.5 Hz), 121.2
(g,J=32.7 Hz), 115.0, 48.4, 48.1, 45.2, 41.1, 33137329.4, 29.1, 25.3, 22.6, 14.1; HRMS
calcd for GoH2gF3N2O [M + H]" 357.2148 found 357.2136.

4.1.41 5-Phenyl-1-(4-(4-(trifluoromethyl)phenyl)piperazinyl)pentan-1-onelc).[35]
Prepared from 1-(4-(trifluoromethyl)phenyl)pipermsi2a (150 mg, 0.65 mmol) and 5-
phenylpentanoic acid (105 mg, 0.59 mmol) using HQ&®t mg, 0.65 mmol), TBTU (208
mg, 0.65 mmol), NEt(131 pL, 0.94 mmol), and DMF (5mL) and followingetlgeneral
procedure described in method 2 section 4.1.7. rEaetion mixture was stirred at room
temperature for 21 h. DMF was removed under redpcesisure and the residue was purified
using column chromatography (4:1, EtOA¢iexane) to give an orange oil, 150 mg (65%).
Mp: 72-76 °C; R 0.7 (4:1, EtOA@-hexane); IR (ATR)v (cm') 2857, 1636, 1610, 1436,
1331, 1068}H NMR (500 MHz, CDGJ): & (ppm) 7.48 (dJ) = 8.7 Hz, 2H), 7.26 — 7.23 (m,
2H), 7.19 - 7.13 (m, 3H), 6.88 (d= 8.7 Hz, 2H), 3.81 — 3.68 (m, 2H), 3.62 — 3.49 PH),
3.24 — 3.17 (m, 4H), 2.68 — 2.61 (m, 2H), 2.40322m, 2H), 1.75 — 1.65 (m, 4HYC NMR
(126 MHz, CDCY): 6 (ppm) 171.5, 153.0, 142.2, 128.5, 128.4, 126.9 ,3.8 Hz), 125.8,
124.7 (qJ = 271.3 Hz), 121.2 (g} = 32.8 Hz), 115.0, 48.3, 48.1, 45.1, 41.1, 35371 331.1,
24.9; Anal. calcd for &H2sF3N,O C, 67.67; H, 6.45; N, 7.18; found C, 67.61; Hh16.N,
7.18; HRMS calcd for &Ho6F3N,0 [M + H]™ 391.1992 found 391.1996.

4.1.42 3-(Furan-2-yl)-1-(4-(4-(trifluoromethyl)phenyl)pip&zin-1-yl)propan-1-one

(16d).[35]
Prepared from 1-(4-(trifluoromethyl)phenyl)pipemea (100 mg, 0.43 mmol) and 3-(furan-
2-yl)propanoic acid (54mg, 0.39 mmol) using HOBS8 (&g, 0.43 mmol), TBTU (138 mg,
0.43 mmol), anhydrous NE87 pL, 0.63 mmol), and anhydrous DMF (4 mL) anitbfeing
the general procedure described in method 1 seétiof. The reaction mixture was stirred at
room temperature for 22 h under a Btmosphere. DMF was removed under reduced
pressure and the residue was purified using coldmomatography (3:2, EtOAzhexane)
to give an orange solid, 43 mg (31%). Mp: 77-81 Rg; 0.6 (3:2, EtOAm-hexane); IR
(KBr): v (cm®) 2921, 1625, 1616, 1443, 1334, 1224;NMR (300 MHz, CDCJ): & (ppm)
7.50 (d,J = 8.6 Hz, 2H), 7.31 — 7.30 (m, 1H), 6.91 Jds 8.6 Hz, 2H), 6.29 — 6.27 (m, 1H),
6.05 — 6.04 (m, 1H), 3.80 — 3.79 (m, 2H), 3.61583(m, 2H), 3.26 — 3.21 (m, 4H), 3.08 —
2.97 (m, 2H), 2.76 — 2.67 (m, 2HJC NMR (75 MHz, CDC}): § (ppm) 170.4, 154.6, 152.9,
141.1, 126.5 (qJ = 3.7 Hz), 124.5 (q) = 269.2 Hz), 121.3 (g} = 32.5 Hz), 115.0, 110.4,
105.6, 48.3, 48.1, 45.0, 41.2, 31.6, 23.8; HRMSa&br GgHo0FN,O, [M + H]" 353.1471
found 353.1461.



4.1.43 9-Ox0-9-(4-(4-(trifluoromethyl)phenyl)piperazin-Ixyonanoic acid 16e).[35]

Prepared from methyl 9-oxo-9-(4-(4-(trifluorometiphenyl)piperazin-1-yl)nonanoat#6f
(131 mg, 0.31 mmol) and KOH (88 mg, 1.55 mmol) t®H (5 mL) heated at reflux for 3 h.
The solution was allowed to cool to room tempemand EtOH was removed under reduced
pressure. The residue was dissolved @H1 mL), the pH adjusted to pH = 6 with 2 M
agueous HCI and the aqueous layer extracted witM 2D mL, followed by 4 x 10 mL).
The organic layers were washed with brine (3 x 20, rdried over MgSQ@ and evaporated
under reduced pressure to give a white solid, 99(80§0). Mp: 90-92 °C; R 0.5 (1:19,
MeOH:DCM); IR (KBr): v (cm?) 2935, 1706, 1617, 1333, 12044 NMR (500 MHz,
CDCl): 6 (ppm) 7.50 (dJ = 8.6 Hz, 2H), 6.93 (d] = 8.7 Hz, 2H), 3.82 — 3.75 (m, 2H), 3.67
—3.61 (m, 2H), 3.32 — 3.23 (m, 4H), 2.40 — 2.29 4i), 1.70 — 1.58 (m, 4H), 1.39 — 1.31
(m, 6H); **C NMR (126 MHz, CDGJ): & (ppm) 178.3, 172.0, 153.1, 126.7 (o= 3.8 Hz),
123.5 (qJ = 269.1 Hz), 120.3 (gl = 32.7 Hz), 115.2, 48.6, 48.3, 45.4, 41.3, 34304 329.3,
29.1, 29.0, 25.3, 24.8; Anal. calcd fopoR,7F3N2Os C, 59.99; H, 6.80; N, 7.00; found C,
60.40; H, 6.83; N, 6.85; HRMS calcd fopd8,gF3N,03 [M + H]" 401.2407 found 401.2047.

4.1.44 Methyl 9-0x0-9-(4-(4-(trifluoromethyl)phenyl)pipetia-1-yl)nonanoatelEf).[35]

Methyl hydrogen azelate (479 mg, 2.30 mmol), BORA(Lmg, 2.60 mmol), anhydrous NEt
(512 pL, 3.60 mmol), and anhydrous DCM (20 mL) weleced in an oven-dried three neck
flask under a Bl atmosphere. The resulting solution was stirretbatn temperature for 15
mins. 1-(4-(trifluoromethyl)phenyl)piperazirga (600 mg, 2.60 mmol) was added and the
reaction mixture stirred under g Btmosphere and monitored by TLC. After 16 h, DClsw
removed under reduced pressure and the resultinvgasi acidified to pH = 3 using a 0.1 M
agueous HCI. The aqueous mixture was extracted B@M (20 mL, followed by 4 x 10
mL) and the organic layer washed with a saturateet@us solution of NaHG{3 x 20 mL)
and brine (3 x 20 mL). The organic layer was doedr MgSQ and the solvent removed
vacuoand the residue was purified using column chrograjghy (3:2, EtOAc:Pet. ether (40-
60 °C)) to give an off-white solid, 952 mg (98%). MpL-85 °C; R: 0.65 (3:2 EtOAc:Pet.
ether (40-60°C)); IR (KBr): v (cm®) 2954, 1739, 1647, 1613, 1447, 1334, 1160NMR
(500 MHz, CDC}): 6 (ppm) 7.49 (d, J = 8.6 Hz, 2H), 6.92 (d, J = 8%, BH), 3.85 — 3.71
(m, 2H), 3.72 — 3.52 (m, 5H), 3.39 — 3.14 (m, 4MHR2 (dt, J = 29.1, 7.5 Hz, 4H), 1.69 — 1.58
(m, 4H), 1.34 (bs, 6H)**C NMR (126 MHz, CDGJ): § (ppm) 174.3, 171.7, 149.2, 126.5 (q,
J = 3.3 Hz), 124.5 (g, J = 269.7 Hz), 121.2 (g, 328 Hz), 115.0, 51.5, 48.5, 48.2, 45.2,
41.1, 34.1, 33.2, 29.3, 29.1, 29.0, 25.2, 24.9; HRbAlcd for GiHzoFsN.O3 [M + H]*
415.2203 found 415.2217.

4.1.45 N-(2-Methoxyethyl)-9-0x0-9-(4-(4-(trifluoromethytgnyl)piperazin-1-

yl)nonanamide 16g).[35]
Prepared from 9-ox0-9-(4-(4-(trifluoromethyl)phemyperazin-1-yl)nonanoic acidée (137
mg, 0.34 mmol) and 2-methoxyethanamine (29 uL, @mBol) using HOBt (58 mg, 0.43
mmol), TBTU (140 mg, 0.43 mmol), anhydrous MEOO0 uL, 0.69 mmol) and anhydrous
DMF (2 mL) and following the general procedure ddxd in method 1 section 4.1.6. The



reaction mixture was stirred at room temperaturdena N atmosphere for 20 h. DMF was
removed under reduced pressure and the residupwified using column chromatography
(elution gradient 1:1 EtOAn:hexane to EtOAcr-hexane 4:1) to give a white solid, 52 mg
(34%). Mp: 88-92 °C; R0.2 (4:1, EtOAm-hexane); IR (KBr)v (cm™) 2932, 1676, 1636,
1618, 1442, 1344, 12081 NMR (500 MHz, CDCJ): & (ppm) 7.50 (dJ) = 8.5 Hz, 2H), 6.92
(d,J = 8.6 Hz, 2H), 5.81 (bs, 1H), 3.81 — 3.73 (m, 2BiK6 — 3.58 (M, 2H), 3.48 — 3.40 (M,
4H), 3.35 (s, 3H), 3.31 — 3.23 (m, 4H), 2.39 — 2AB2 2H), 2.19 — 2.14 (m, 2H), 1.68 — 1.59
(m, 4H), 1.39 — 1.30 (m, 6H}?*C NMR (126 MHz, CDGJ): 5 (ppm) 173.1, 171.7, 152.9,
126.5 (qJ = 3.8 Hz), 124.6 (q) = 271.3 Hz), 121.3 (g1 = 32.8 Hz), 115.0, 71.3, 58.7, 48.4,
48.1, 45.2, 41.1, 39.1, 36.7, 33.2, 29.2, 29.10,2%6.6, 25.2; HRMS calcd for,gH3sF3N303

[M + H]" 458.2625 found 458.2631.

4.1.46 1-Methyl-4-(4-(trifluoromethyl)phenyl)piperazin&r).

Prepared from 1-(4-(trifluoromethyl)phenyl)pipem@ea (70 mg, 0.30 mmol) dissolved in
absolute EtOH (3 mL) before formic acid (200 ul2&%mmol) and formaldehyde (147 uL,
1.54 mmol) were consecutively added. The solutias Wweated at reflux for 3 h after which
the EtOH was removed under reduced pressure amgsftkie dissolved in minimal,B (2
mL). The aqueous solution was neutralised to pH8uding saturated agueous NaHJ®
mL) and extracted with DCM (4 x 10 mL). The orgatagers were dried over MgQ@nd
concentratedn vacuo The residue was purified using column chromatplgya(1:1, EtOAC:
Pet. ether (40-66C)) to give a white solid, 51 mg (70%);:R.1 (1:1, EtOAc:Pet. ether (40-
60°C)); IR (ATR):v (cmi?) 2851, 1614, 1104H NMR (500 MHz, CDCJ): & (ppm) 7.47 (d,
J=8.7 Hz, 2H), 6.92 (d] = 8.7 Hz, 2H), 3.33 — 3.26 (m, 4H), 2.59 — 2.52 4H), 2.35 (s,
3H); *H NMR data matches literature data [38 NMR (126 MHz, CDGJ): § (ppm) 153.3,
126.4 (q,J = 3.8 Hz), 124.8 (q) = 271.1 Hz), 120.5 (q] = 32.7 Hz), 114.5, 54.8, 48.0, 46.1;
3C NMR data matches literature data [36]; HRMS cdtrdCi-H1¢FsNo [M + H]* 245.1260
found 245.1257.

4.1.47 1-(Thiophen-2-yl)-4-(4-(4-(trifluoromethyl)phenyiperidin-1-yl)butane-1,4-dione
(18).[35]
Prepared from 4-(4-trifluoromethyl)phenyl)piperidiff99 mg, 0.43 mmol) and 4-oxo-4- (2-
thienyl)butanoic acid (63 mg, 0.34 mmol) using H@B83 mg, 0.43 mmol), TBTU (140 mg,
0.43 mmol), NEt3 (10QuL, 0.51 mmol), and DCM (6 mL) and following the geal
procedure described in method 2 section 4.1.7. rEéetion mixture was stirred at room
temperature for 19 h. DCM was removed under redpcesksure and the residue was purified
using column chromatography (4:1, EtOAc:n-hexanegive a white solid, 117 mg (87%).
Rf: 0.3 (4:1, EtOAm-hexane); IR (ATR)v (cm*) 2935, 1657, 1633, 1330, 111 NMR
(500 MHz, CDCY): 6 (ppm) 7.82 (dJ = 3.2 Hz, 1H), 7.63 (d) = 4.9 Hz, 1H), 7.57 (d] =
8.1 Hz, 2H), 7.32 (d) = 8.1 Hz, 2H), 7.17 — 7.08 (m, 1H), 4.79 Jc& 11.6 Hz, 1H), 4.13 (d,
J=14.3 Hz, 1H), 3.37 — 3.28 (m, 2H), 3.23 — 3.14 (M), 2.90 — 2.77 (m, 3H), 2.71 — 2.60
(m, 1H), 1.91 (ddJ = 31.5, 13.1 Hz, 2H), 1.75 — 1.57 (m, 2E3C NMR (126 MHz, CDGJ):
d (ppm) 192.2, 169.9, 149.2, 144.1, 133.6, 132.8,92q,J = 32.4 Hz), 128.2, 127.2, 125.6



(q,J = 3.8 Hz), 124.3 (q) = 272.4 Hz), 46.0, 42.8, 42.5, 34.4, 33.6, 32.732ARMS calcd
for CooH21FsNO,S [M + H]* 396.124 found 396.1251.

4.1.48 1-(Thiophen-2-yl)-4-(4-(5-(trifluoromethyl)pyridig-yl)piperazin-1-yl)butane-1,4-
dione (19).[35]
Prepared from 1-(5-(trifluoromethyl)pyridin-2-ylyprazine (99 mg, 0.43 mmol) and 4-oxo-
4-(thiophen-2-yl)butanoic acid (63 mg, 0.34 mmaBing HOBLt (58 mg, 0.43 mmol), TBTU
(2140 mg, 0.43 mmol), anhydrous NELOO pL, 0.69 mmol), and anhydrous DMF (3 mL) and
following the general procedure described in methoskction 4.1.6. The reaction mixture
was stirred at room temperature for 17 h under, athhosphere. DMF was removed under
reduced pressure and the residue was purified wsihgnn chromatography (3:2 EtOAe:
hexane) to give an off-white solid, 85 mg, (63%).M204-206 °C; R 0.36 (3:2, EtOAc:Pet.
ether (40-66C)); IR (KBr): v (cm?) 1655, 1638, 1329, 11044 NMR (500 MHz, CDCY): 5
(ppm) 8.42 (s, 1H), 7.81 (dd,= 3.8, 1.1 Hz, 1H), 7.67 (dd,= 9.0, 2.4 Hz, 1H), 7.63 (dd,
=4.9, 1.1 Hz, 1H), 7.14 (dd,= 4.9, 3.8 Hz, 1H), 6.66 (d,= 9.0 Hz, 1H), 3.83 — 3.69 (m,
6H), 3.67 — 3.60 (m, 2H), 3.34 (,= 6.5 Hz, 2H), 2.82 () = 6.5 Hz, 2H);*C NMR (126
MHz, CDCk): 6 (ppm) 191.9, 170.4, 160.0, 145.5 (o= 4.3 Hz), 143.9, 134.8 (d,= 3.2
Hz), 133.6, 132.1, 128.2, 124.4 (g= 270.9 Hz), 115.8 (q] = 33.2 Hz), 105.9, 44.9, 44.7,
44.4, 41.2, 34.2, 27.1; Anal. calcd foggB1sF3sN30.SC, 54.40; H, 4.57; N, 10.58; found C,
54.39; H, 4.27; N, 10.59. HRMSalcd for GegHz7/FeNeOsS; [2M + H]" 795.2216 found
795.2223.

4.1.49 1-(4-(3-Chloro-5-(trifluoromethyl)pyridin-2-yl)pipazin-1-yl)-4-(thiophen-2-
yl)butane-1,4-dione2Q).[35]
Prepared from 1-(3-chloro-5-(trifluoromethyl)pymdR-yl)piperazine (114 mg, 0.43 mmol)
and 4-oxo-4-(thiophen-2-yl)butanoic acid (63 mg340mmol), using HOBt (58 mg, 0.43
mmol), TBTU (140 mg, 0.43 mmol), anhydrous REIOO uL, 0.69 mmol), and anhydrous
DMF (3 mL) and following the general procedure dixsd in method 1 section 4.1.6. The
reaction mixture was stirred at room temperaturel®h under a Natmosphere. DMF was
removed under reduced pressure and the residupwified using column chromatography
(3:2 EtOAcn-hexane) to give an off-white solid, 102 mg (70%dp: 102-104 °C; R 0.5
(3:2, EtOAcn-hexane); IR (KBr):v (cm) 2915, 1647, 1604, 1416, 1319, 1231, 844;
NMR (300 MHz, CDCY): & (ppm) 8.41 — 8.40 (m, 1H), 7.82 — 7.79 (m, 2H$47(dd,J = 4.0
Hz,J = 1.0 Hz, 1H), 7.15 - 7.12 (m, 1H), 3.80 — 3.72 4H), 3.57 — 3.54 (m, 2H), 3.50 —
3.47 (m, 2H), 3.33 (t) = 9.0 Hz, 2H), 2.84 (1] = 9.0 Hz, 2H);"*C NMR (75 MHz, CDC}):
d (ppm) 191.9, 170.2, 159.5, 143.9, 143.1Jq; 3.7 Hz), 136.1 (9 J = 3.3 Hz), 133.5,
132.1, 128.6 (qJ = 270.1 Hz), 128.1, 121.1 (d,= 33.2 Hz), 121.0, 48.5, 45.1, 41.5, 34.2,
27.1; Anal. calcd for gH17/F3sN3O,SCI C, 50.06; H, 3.97; N, 9.73; found C, 50.14;37,
N, 9.47; HRMS calcd for GH1gF3N20>SCI [M + H]" 432.0755 found 432.0765.



4.1.50 1-(4-(3-Chloro-5-(trifluoromethyl)pyridin-2-yl)pipazin-1-yl)-3-(thiophen-2-
ylthio)propan-1-oneZl) (RTB70) [10, 35].
Literature procedure [10]. Prepared from 1-(3-atbr(trifluoromethyl)pyridin-2-
yl)piperazine (698 mg, 2.63 mmol) and 3-(thiopheyitBio)propanoic acidf (450 mg, 2.39
mmol) using HOBt (698 mg, 2.63 mmol), TBTU (767 i2g63 mmol), anhydrous NE32
pL, 3.82 mmol) and anhydrous DMF (10 mL) and foliogvthe general procedure described
in method 1 section 4.1.6. The reaction mixture wtsed at room temperature for 21 h
under a N atmosphere. DMF was removed under reduced pressutethe residue was
purified using column chromatography (3:2 EtOA&bexane). The obtained product was
dissolved in a minimal amount of DCM and Pet. etl4d-60 °C) was added until
precipitation began. The solution and the predepit@ere stored at -20 °C for 21 h, and the
resultant crystals collected by vacuum filtratiordavashed with cold Pet. ether (40-€D)
(~ 20 mL) to give white needles, 2.1 g (719).NMR: (300 MHz, CDC}) § 8.41 — 8.40 (m,
1H, H2), 7.79 — 7.78 (m, 1H, H4), 7.35 (dd+ 5.3 Hz,J = 1.2 Hz, 1H, H10), 7.15 (m, 1H,
H8), 7.00 — 6.97 (m, 1H, H9), 3.78 — 3.75 (m, 2H¥)58 — 3.55 (m, 2H*), 3.50 — 3.46 (m,
4H%), 3.11 (t,J = 7.1 Hz, 2H, H6), 2.68 (] = 7.1 Hz, 2H, H5) [10}*C NMR: (75 MHz,
CDCl) 6 170.1 (C=0), 160.1 (C3), 143.6 (§,= 4.1 Hz, C2), 136.7 (q] = 3.3 Hz, C4),
134.6 (C7, C10), 130.2 (C8), 128.3 (C9), 123.8)(¢,270.0 Hz, CF), 121.7 (C-CI), 121.2
(q,J= 33.0 Hz, C1), 49.1 (C*), 45.7 (C*), 42.0 (C84.8 (C6), 33.9 (C5) [10].

4.1.51 1-(4-Phenylpiperidin-1-yl)-4-(thiophen-2-yl)butarehe @2).

Prepared from 4-phenylpiperidiné9 mg, 0.43 mmol) and 4-(thiophen-2-yl)butanoicdac
(50 L, 0.34 mmol) using HOBt (58 mg, 0.43 mmol), TBTWQ mg, 0.43 mmol), NE{100
puL, 0.51 mmol), and DCM (6 mL) and following thengeal procedure described in method
2 section 4.1.7. The reaction mixture was stirredoam temperature for 18 h. DCM was
removed under reduced pressure and the residupwified using column chromatography
(3:2, EtOAc:n-hexane) to give a clear oil, 105 r§%). R: 0.6 (3:2, EtOAm-hexane); IR
(ATR): v (cmi*) 3026, 2933, 1636, 14351 NMR (500 MHz, CDGJ): & (ppm) 7.32 (m,J =
7.6 Hz, 2H), 7.25 — 7.16 (m, 3H), 7.13 (dds 5.1, 1.2 Hz, 1H), 6.93 (dd,= 5.1, 3.4 Hz,
1H), 6.89 — 6.78 (m, 1H), 4.82 (d= 13.2 Hz, 1H), 3.91 (dJ = 13.5 Hz, 1H), 3.09 (m] =
13.2, 2.1 Hz, 1H), 2.94 (§,= 7.4 Hz, 2H), 2.73 (m) = 12.2, 3.6 Hz, 1H), 2.63 (nd,= 13.0,
2.1 Hz, 1H), 2.46 — 2.38 (m, 2H), 2.07 (&% 7.4 Hz, 2H), 1.93 — 1.84 (m, 2H), 1.67 — 1.54
(m, 2H); *3C NMR (126 MHz, CDG): & (ppm) 170.8, 145.3, 144.6, 128.6, 126.8, 126.8,
126.5, 124.5, 123.2, 46.2, 42.8, 42.4, 34.0, 3333, 29.4, 27.2; HRMS calcd for
C1gH23NOSNa [M + HT 336.1393 found 336.1393.

4.1.52 Methyl 4-(thiophen-2-yl)butanoat24).

4-(2-Thienyl)butyric acid (1 mL, 6.86 mmol) was stdved in MeOH (10 mL) and
concentrated p80O; (1.15 mL, 21.95 mmol) was added was added dropwike reaction
mixture was stirred at room temperature for 22 reQW was removed under reduced
pressure and the residue dissolved in minim&.H he pH was adjusted to pH = 7.0 using 2
M HCI and the aqueous layer was extracted with D@ mL x 3). The combined organic
layers were dried over MgS@nd the solvent removed under reduced pressueeredidue



was purified using column chromatography to givaear oil, 1.03 g (81%).R0.7 (9:1, Pet.
ether (40-6°C):EtOAc); *H NMR (300 MHz, CDCY): § (ppm) 7.09 (ddJ = 5.1 Hz,J = 1.2
Hz, 1H), 6.90-6.78 (m, 1H), 6.78-6.77 (m, 1H), 2(8% = 7.0 Hz, 2H), 3.65 (s, 3H), 2.35 (t,
J = 7.0 Hz, 2H), 2.04-1.94 (m, 2H% NMR data matches literature data [37]; HRMS calcd
for CoH130,S [M + HJ" 207.0450 found 207.0456.

4.2 NADH:ubiquinione oxidoreductase inhibition

Enzyme activity was examined in permeabilised rhibodlria, isolated from rat liver, as
previously described [10]. Basal activity of periiésed mitochondria, incubated with 50 mM
Ko,HPQO, pH 7.5, 3 mg/mL fatty acid free bovine serum albyn300 uM KCN and 100 pM
NADH, was measured at 340 nm for 1 min. The oxihatf NADH was initiated with the
addition of 60uM ubiquinone and the resulting decrease in absogbavas followed for 3
minutes. Varying concentrations of test compound@sewthen added and absorbance was
measured for a further 3 minutes. To determineptreentage activity of NADH:ubiquinone
oxidoreductase, the slope of the line obtained thighaddition of ubiquinone was divided by the
slope of the line produced with the addition of td&t compound. This value was then expressed
as a percentage, relative to the value calculatethé vehicle control, DMSO, and the protein
concentration of the mitochondrial sample. Spatyfiof the assay was confirmed with the
addition of rotenone, a known inhibitor of NADH:ghinone oxidoreductase. Compounds were
tested at 5 different concentrations, in triplicédegenerate 165 values.

4.3 Cell culture and glucose uptake

C2C12 mouse muscle cells (Sigma-Aldrich, 9103110&Jje maintained in high glucose (4500
mg/ml) Dulbecco’s Modified Eagle’s Medium (DMEM) wmi@ining 100 pg/mi
penicillin/streptomycin, 2 mM L-glutamine (completeedium) and 10 % (v/v) foetal bovine
serum FBS. When 80 % confluent, differentiatiorointyotubes was induced with complete
medium supplemented with 2 % (v/v) horse serumfei@htiated C2C12 were incubated
with the compound of interest for 16 h in completedium supplemented with 0.1 % (v/v)
horse serum. Following stimulation, cells were veaslwith Krebs Ringer Bier (KRB); 136
mM NacCl, 20 mM HEPES, 4.7 mM KCI, 1 mM MgeQd mM CaCl}, 4.05 mM NaHPQ,, 0.95
mM NaH,PQ,, pH 7.4, warmed to 37 °C. Cells were then incubatith 1 puCi/mL PH]-2-
deoxyglucose for 10 min at 37 °C. To terminateabsay, cells were washed three times with
ice-cold KRB and lysed in 0.1 % (w/v) SDS for 30nnait 37 °C. Radioactivity of the lysates,
diluted 1:4 in scintillation fluid, was determinedth a 1450 Microbeta Liquid Scintillation
Counter (PerkinElmer), expressing results as coymds minute (CPM). Results were
normalised to the protein content of the samplagughe bicinchoninic acid method [10, 21].

4.4 Molecular modelling

Of the 27 active compounds in the glucose updatayasl8 compounds had a p value <
0.001 significance; 3 had a P value < 0.01 ail & P value of < 0.05. The remaining 19
compounds were not significant in the assay. USiayia Discovery Studio [24] Pareto



clustering was performed to generate a training/q28f compounds) and test (80% of
compounds) data set for subsequent pharmacophatel generation and validation.

4.5 Pharmacophore model

For the pharmacophore model development the folgwiompounds were assigned as most
active with a principal number of 2 in Biovia Disery Studio 4.0 3a (RTC1),9d, 16b,
16e); as active with a principal number of 8c(3i), and inactive with a principal number of
0 (51, 3f, 9a).

3D conformations of the molecules were generatell the CAESAR algorithm and active
molecules within vitro activity were used to build a common features pi@@mophore using
uses the HipHop module of the Catalyst programcbe®rs such as hydrogen bond donor
(HBD), hydrogen bond acceptor (HBA), hydrophobicY{Hring aromatic (RA), positive
ionizing (P1), and negative ionizing (NI) were igéd. The fitting method was set to rigid and
the maximum omitted features to 1; a maximum oe&€lusion volumes was allowed. With
the result of the common feature pharmacophore hgstesration, desired chemical groups
were identified using the feature mapping protoda. make a prediction about the future
performance of the developed pharmacophore mod@D&s curve was generated with a
score of 0.712. The remaining compounds were useltast set to validate the developed
pharmacophore model. This test set was screeneddihrthe developed pharmacophore
model to access its ability to distinguish actika inactive compounds.

4.6 In Silico pharmacokinetics

In silico absorption, distribution, metabolism, excretionl aoxicity (ADMET) studies were
performed using Biovia Discovery Studio 4.0. Thedumle uses six mathematical models, to
guantitatively predict properties by a set of rikegs that specify threshold ADMET
characteristics for the chemical structure of th@etules. These include predictive models
for human intestinal absorption (HIA) [25, 27], agus solubility [26], blood brain barrier
penetration, cytochrome P450 2D6 enzyme inhibif8j, plasma protein binding [29], and
hepatotoxicity [30].

4.7 In vitro pharmacokinetics

Pharmacokinetic analysis was carried out as a ey Pharmidex, London, UK. See
supporting information.

4.8 Thermodynamic solubility

Thermodynamic solubility was measured at concantratof 1 mg/mL (2.61 mM, n =3) and
0.1 mg/mL (261 uM, n = 3). Compounds were equitiddain 5 % (v/v) DMSO in PBS.
Thermodynamic solubility was measured at 21 °CZérh. Samples were centrifuged at
15,000 g for 10 min and the supernatant was assayed by SIM&. See supporting
information.

4.9 P-glycoprotein (P-gp) mediated efflux



All compounds were dissolved in 100% DMSO to previtD mM stock solutions from
which donor (dose) solutions were prepared in DM@©Mjive a final drug concentration of
10 uM. All dose solutions contained 10 uM proptahas an internal standard.

hMDR1-MDCK seeded filters were exposed to a fixemlume of the donor solution
containing the compound of interest and its abiiitytraverse the monolayer and appear in
the receiver compartment measured over a 30 mipeted. Bidirectional permeability
measurements were derived by examining the tramgf@ompound in both the apical to
basolateral compartment, and vice versa. Samplgsamavas conducted using LC-MS/MS
with the detection settings optimised for each tstnpound, (n = 3). See supporting
information.

4.10 Hepatocyte and microsomal stability

Buffer containing3a (RTC1) (1 pM) was added to a microtitre plate doléd by
hepatocytes. The reaction was incubated tC37or up to 120 min. Acetonitrile, with an
internal standard, was added to stop the incubatBamples were centrifuged and the
supernatant was then analysed by HPLC-MS/MS for gaeent compound, n = 2. See
supporting information.

4.11 Liver microsomal cytochrome analysis

CYP baculosomes containing cDNA for a single hurRa%0 isozyme were added to a
microtitre plate containing 10 uNa (RTC-1), followed by the fluorogenic substrate and
NADPH. The reaction was incubated at°€7 for at least 60 min, before fluorescence was
measured, n = 3. See supporting information.

4.12 Plasma stability

Buffer containing 1 uM3a (RTC-1) was added to a microtitre plate followey ilood
plasma. The reaction was incubated at@7or 60 — 120 min. Acetonitrile, with an internal
standard, was added to stop the reaction. Sampm@es eentrifuged, and the supernatant was
analysed by HPLC-MS/MS for the parent compound.ssggorting information.
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Forty one aryl piperazines derivatives have beereigged and tested vitro for their
ability to stimulate glucose uptake.

Six of the compounds were reported to effectivéiiyglate glucose uptake vitro
and inhibit NADH:ubiquinone oxidoreductase.

The hit compoun@®a (RTC1) remained the most efficacious with a 2&d fncrease
in glucose uptake compared to vehicle control armtamolar inhibition of
NADH:ubiquinone oxidoreductase @6= 27 uM).

Preliminary nvitro DMPK andin vivo PK studies suggested ttgat (RTC1) would
not provoke adverse drug-drug interactions, yaeleily metabolised, avoid rapid
excretion, with a short half-life, and have goastie distribution.
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