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Table 4
In vitro glucose uptake activity of compounds 14a-b and 16a-g.

O
Fe—( )N N
: N J(R

Compound R Glucose uptake
Fold change + SEM Active (Y) with p-value or inactive (N)
14a SN 1.28 + 0.1 Y (%)
14b W 135+ 0.11 Y (**)
b N
NH
16a Me-- 1.43 + 0.09 Y (%%)
16b T NN 1.38 + 0.05 Y (*#*)
16¢ \/\/@ 1.95 + 0.09 Y ()
"?7{/
16d 7 A 1.11 £ 0.04 N
w%/\/‘\o
16e T co0H 1.38 + 0.06 Y (#+%)
16f V%;‘/\/\/\/\COOMe 1.08 + 0.08 N
16g e S S N CONHI(CH,),0Me 2354025 Y (+%)

All data are expressed as means + standard error of the means (SEM) of a number of experiments (n) performed for that compound. Statistical analysis was performed using
one-way analysis of variance (ANOVA) using GraphPad Prism 5.0 with a threshold of significance defined as a p-value <0.05 (95% confidence in result) or a one star significance
(*), p-value < 0.01 or two stars significance (**), and p-value < 0.0001 or three stars significance (***). Only compounds which received stars significance in the glucose uptake
assay were considered “active” compounds. Full experimental details can be found in the experimental section and supporting information.

adding an ortho-Cl substituent (3i). From the type A results, it can
be suggested that the presence of a CF3 substituent on the aromatic
ring is important for biological activity, and that a single CF3 sub-
stituent at the para position is preferable over two CF3 substituents.
CF; substituents are well known for the hydrophobic and lipophilic
nature, and can aid transport across cell membranes, as well as
contribute to binding in hydrophobic enzyme pockets [15,16].

2.3.2. In vitro glucose uptake for site B modifications

For site B modifications changes were made to the aryl ring itself
(Fig. 1, Table 1). The employment of a pyridine ring in place of the
phenyl ring resulted in compound 5a, which was inactive in the
glucose uptake assay. Compound 5¢, containing a 3-chloro-5-(tri-
fluoromethyl)pyridine in place of the phenyl ring, gave statistically
significant activity but at a low level and considerably lower than
3a (RTC1). Replacing the aromatic ring with an aliphatic cyclohexyl
ring (5d) did generate an active compound but again with activity
levels lower than 3a (RTC1). Replacement of the aryl ring with a
simple aliphatic acyclic group (methyl, 5e) resulted in complete loss
of activity. The results for compounds 5a-5e suggest that the
presence of an aryl ring is important for activity and replacement
with a pyridine or aliphatic ring has a detrimental effect on activity
levels.

2.3.3. In vitro glucose uptake for site C modifications

Three compounds were evaluated with site C modifications
(Fig. 1, Table 2). Here, replacement of the piperazine ring with a
piperidine ring (7a) resulted in an active compound with a 2-fold
increase in activity compared to the vehicle control. Although a
strong result, the piperidine containing 7a was still less active that
3a (RTC1), which itself generated a 2.5-fold increase in activity.
Surprisingly, replacement of the piperazine ring with a hydrazine
motif (7b) resulted in an active compound, albeit with a consider-
ably lower level of activity than 3a (RTC1). The third site C

compound evaluated was 7c, where the piperazine ring was
replaced by an NH group, creating an amide linkage between the
aryl ring and the rest of the molecule. As one might have expected,
this generated a compound that was inactive in the glucose uptake
assay. The set of results generated under site C modifications would
suggest that the presence of a piperazine ring is optimal for activity,
but that replacement with a piperidine ring does not dramatically
reduce activity.

2.3.4. In vitro glucose uptake for site D modifications

Site D modifications involved the study of the length and na-
ture of the chain connecting the piperazine ring to the thiophene
heterocycle. Here, most of the compounds generated could
effectively stimulate glucose uptake to some degree, although all
were less active than 3a (RTC1) (Fig. 1, Table 3). Compounds 9a-9e
explored the length of the methylene chain, with 9a having no
methylene chain and 9e having a five carbon chain in place. The
results for 9a-9e suggest that the alkyl chain in 3a (RTC1) is
important for biological function, as activity was lost when the
chain was completely removed in compound 9a. Activity was also
reduced when the alkyl chain was shortened but not fully
removed, as was the case for compound 9c (not active). Length-
ening the alkyl chain (9d and 9e) also resulted in a decrease in
activity, but not a complete loss in activity. One possible expla-
nation is that a certain alkyl chain length is required for the
molecule to bind strongly in an active/binding site. Too short or
too long a chain may result in a poor fit and weak binding. Also, an
entropy effect could also be considered for the longer chain
compounds. The longer chain compounds are able to adopt a
larger number of conformations when unbound. As such, upon
binding there will be a larger increase in order, entropy cost, and
hence the binding of such molecules may be less thermodynam-
ically favourable when compare to the shorter chained 3a (RTC1)
[17,18].
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Table 5
In vitro glucose uptake activity of compounds 18—22, 23, 2a, 24, and 17.

Compound Structure Glucose uptake
Fold change + SEM Active (Y) with p-value or inactive (N)
18 o] 1.31 +£0.05 Y (%)
4
s
19 / /—\ 1.22 + 0.06 N
F3C 4<_>—(
20 1.26 + 0.06 Y ()
21 1.31 £ 0.02 Y (***)
F;ﬁQ
22 e} 1.25 +0.12 Y (%)
O n
]
s
23 > 1.16 £ 0.04 Y (%)
M
2a /\ 1.16 + 0.06 Y (%)
Fac@N NH
/
24 “ \> 1.09 + 0.04 N
MeO
0.92 + 0.07 N

17 Cm

All data are expressed as means =+ standard error of the means (SEM) of a number of experiments (n) performed for that compound. Statistical analysis was performed using
one-way analysis of variance (ANOVA) using GraphPad Prism 5.0 with a threshold of significance defined as a p-value <0.05 (95% confidence in result) or a one star significance
(*), p-value < 0.01 or two stars significance (**), and p-value < 0.0001 or three stars significance (***). Only compounds which received stars significance in the glucose uptake
assay were considered “active” compounds. Full experimental details can be found in the experimental section and supporting information.

The importance of the carbonyl group in 3a (RTC1) was explored
by generating a derivative (12) where this functional group was
absent. Compound 12 was considerably less active that 3a (RTC1),
although activity was not completely eliminated suggesting that
the presence of the carbonyl group was important for activity but
not absolutely essential (Table 3). Compounds 9f and 9g all con-
tained modifications to the methylene chain but kept the carbonyl
group. These included replacing a methylene unit with a sulfur
atom (9f) or a carbonyl group (9g). All were less active than 3a
(RTC1), although compound 9f containing the S atom, showed a 2-
fold increase in activity compared to vehicle control. This result
compared favourably with the 2.57-fold increase observed for 3a
(RTC1).

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

Two compounds were evaluated with site E modifications (14a
and 14b) (Fig. 1, Table 4). Both compounds were active with sta-
tistical significance but were considerably less active than 3a
(RTC1), suggesting that a thiophene ring at site E is not essential for
activity but that its replacement results in reduced activity.

The effect of modifying both sites D & E simultaneously was
explored with compounds 16a-g (Fig. 1, Table 4). Here, all com-
pounds except 16d and 16f were active with statistical significance.

However, all compounds were less active that 3a (RTC1), with 16¢
and 16g proving most active with a 1.95- and 2.35-fold increase,
respectively, compared to the vehicle control. This compares
favourably to the 2.57-fold increase of 3a (RTC1). The results in
Table 4 suggest that structural modification at the D-E sites of the
molecule is better tolerated than those at the A-B sites.

2.3.6. In vitro glucose uptake for modifications at a combination of
sites

A further five compounds (18—22) with modifications at more
than one site were also evaluated for their ability to stimulate
glucose uptake in vitro (Table 5). As expected, given the effects of
the single modifications, these compounds generated lower levels
of glucose uptake compared to 3a (RTC1). Four of the five com-
pounds gave low, but statistically significant levels of activity.
Compound 22 perhaps generated the most surprising result, as
earlier results for compound 3b, where the CF; substituent was
removed, generated an inactive compound. However, the activity of
compound 22 was quite low with a 1.25 + 0.12 fold change
compared to vehicle control. Compound 3a (RTC1) containing both
the CF3 and a piperazine ring, and compound 7a containing both
the CF; and the piperidine ring, generated substantially higher
levels of activity than compound 22 (2.57 fold change and 2.14 fold
change respectively). This would again suggest that the presence of
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the CF3 is important for activity.

The starting materials used in the synthesis of 3a (RTC1), namely
compounds 23 and 2a, along with their methylated forms (24 and
17), were also evaluated (Table 5). Both starting materials showed
very low levels of activity, with their methylated forms proving to
be inactive. This set of results would suggest that neither the thi-
ophone alkyl chain (23, 24), nor the aryl piperazine (2a, 17) alone is
sufficient to stimulate glucose uptake, and that a more complex
molecule is required. It also suggests that 3a (RTC1) is not acting as
a prodrug, with cleavage/hydrolysis in vitro generating the starting
materials as the active compounds.

2.4. Molecular modelling

The key features that are responsible for biological function
were identified using pharmacophore model generation (Biovia,
Discovery Studio). These features consisted of 4 hydrophobics
(covering sites A, B, C and E) and a hydrogen bond acceptor (HBA)
feature covering site D and 4 exclusion volumes defining the shape
of the pocket (Fig. 2). One mis-matched feature was permitted for
compound alignment to the pharmacophore. For example, the
importance of the carbonyl group in 3a (RTC1) was explored by
analogue 12 which was missing this functional group. While
compound 12 was considerably less active that 3a (RTC1), the ac-
tivity was not completely eliminated suggesting that the presence
of the carbonyl group was important for activity but not absolutely
essential. Hence, additional flexibility was incorporated into the
pharmacophore model. A distinction is observed between the fit to
the pharmacophore of a very active compound such as 3a (RTC1)
(Fig. 2), with a 2.57-fold change in the glucose uptake assay
(Table 4), and many inactive compounds. Hence, the pharmaco-
phore model could be beneficial in future SAR optimisation of the
compounds for the glucose uptake assay.

2.5. In vitro evaluation of NADH:ubiquinone oxidoreductase
inhibition by 3a (RTC1) and its derivatives

Both 3a (RTC1) and 21 (RTB70) have been reported by this group
to act through the inhibition of NADH:ubiquinone oxidoreductase
(complex I of the mitochondrial respiratory chain), stimulating

Fig. 2. Pharmacophore model with four hydrophobic features (in cyan), a hydrogen
bond acceptor feature (in green), and 4 exclusion volumes (in grey) based on the
inactive compounds. Compound 3a (RTC1), with a 2.57 fold change and a p value of
<0.0001 in the glucose uptake assay, is shown matching the pharmacophore with a fit
value of 1.89. (For interpretation of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)

glucose uptake and restoring the glucose handling abilities of dia-
betic mice [10]. As such, a number of the most active compounds in
this glucose uptake study were evaluated for their inhibitory ac-
tivity against NADH:ubiquinone oxidoreductase in permeabilised
mitochondria (Table 6). For comparison, a number of the inactive
compounds were also evaluated in the NADH:ubiquinone oxido-
reductase assay (Table 6). All of the active compounds evaluated
were also found to be active in the NADH:ubiquinone oxidore-
ductase assay. The compounds that were most active in the glucose
uptake assay were not necessarily the most active in the NAD-
H:ubiquinone oxidoreductase assay (Table 6). This may be due to
the difference between a whole cell assay system and an inhibition
assay, where for the latter the cell membrane and other cellular
machinery have been removed. Furthermore, and to our surprise,
all of the inactive compounds evaluated showed some activity in
the NADH:ubiquinone oxidoreductase assay (Table 6). One possible
explanation is that in the whole cell glucose uptake assay, the
compounds could not pass the cell membrane, avoid efflux mech-
anisms, or survive the cells internal machinery (e.g. hydrolysis,
enzyme catalysed degradation) and hence were inactive [19]. In an
inhibition assay, such as the NADH:ubiquinone oxidoreductase
assay, these barriers and challenges are removed, and this could
allow the compounds to access the complex I active site and inhibit
its activity. As such, whole cell assay systems can be useful in-
dicators of in vivo biological potency. Hollenback et al. have re-
ported a similar trend in their research where they tested substrate
specificity in membrane and whole cell assays [20]. Research by
Hernandez et al. also compared enzyme assays with a whole cell
based assay. They concluded that whole cell based assays have the
advantage of only selecting compounds that are able to penetrate
cells and reach the intracellular targets [21].

2.6. Predicted physiochemical properties

In general, the compounds are predicted to have low-to-good
solubility, good absorption properties, and high-to-medium pre-
dicted blood brain barrier (BBB) penetration (Biovia Discovery
Studio). These ADMET screening results are summarized in
Tables 1—7 of the supplementary information. For example, com-
pound 3a (RTC1) is predicted to have a low solubility; good ab-
sorption and to readily pass the BBB. It is also likely to bind well to
plasma proteins and not to be hepatotoxic.

2.7. Physiochemical properties, in vitro DMPK, and in vivo PK of 3a
(RTC1)

A preliminary study was undertaken in order to offer some
insight into the physiochemical properties, in vitro DMPK, and

Table 6
NADH:ubiquinone oxidoreductase assay results for some of the aryl piperazine
compounds.

Compound ICs50 (UM) Glucose uptake fold change + SEM
3a (RTC1) 27 2.57 + 0.08
3i 46 1.58 + 0.15
7a 15 2.14 £ 0.30
9d 60 1.78 + 0.13
of 14 214+ 023
16¢ 6 1.95 + 0.09
3b? 133 0.96 + 0.07
3e® 17 1.06 + 0.10
5e* 161 0.84 + 0.03
7c? 92 1.11 = 0.08
17¢ 67 0.92 + 0.07

¢ Inactive in glucose uptake assay.
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Table 7
In vitro assessment of 3a (RTC1) metabolic stability.

Compound Species Microsome Cryopreserved Hepatocytes
T1/2" (min) CLinc ” (uL/min/mg) Tij2" (min) CLint € (uL/min/10° cells) Ex¢
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
¢ Half-life.
b Intrinsic clearance (pL/min/mg).
¢ Intrinsic clearance (puL/min/10° cells).
d

Hepatic extraction ratio. n = 2, see supporting information.

in vivo PK of 3a (RTC1). The results from this preliminary study are
encouraging, however only tentative conclusions are made due to
the limitations of the study. See supporting information for addi-
tional experimental detail and supporting data.

Thermodynamic solubility studies revealed the aqueous solu-
bility of 3a (RTC1) to be 0.004 mg/mL (+0.001 SEM). The low sol-
ubility of 3a (RTC1) is believed to be due to the lipophilic properties
of the compound (logP value of 4.79). However, as removal of the
CF3 moiety decreased the logP value and consequentially the ac-
tivity of derivatives, this property is believed to be central to the
activity of 3a (RTC1), as it may facilitate lipid membrane perme-
ability and promote target engagement. In vitro analysis of P-
glycoprotein (P-gp) -mediated efflux, in hMDR1-MDCK seeded fil-
ters, demonstrated 3a (RTC1) to be a highly permeable compound
with a passive permeability (Papp) value of 27.1 x 10-% cm/s (+1.9
SD), similar to that of the positive control, propranolol
(21.8 x 107% cm/s, + 1.0 SD). Under these conditions 3a (RTC1)
produced an efflux ratio of 0.9, suggesting the compound does not
act as a P-gp substrate. The administration of 3a (RTC1) should
therefore not provoke adverse drug-drug interactions [22] as many
observed drug-drug interactions are caused by the inhibition of
both P-gp and the cytochrome P-450 enzymes (CYP450s).

The effect of 3a (RTC1) on recombinant human CYP450 iso-
zymes was also investigated and demonstrated weak-moderate
inhibition of the major human CYP450s and hence a reduced risk
of unwanted drug-drug interactions. CYP1A2 (53.7% inhibition, +
0.3 SEM), CYP2C9 (74.2% inhibition, + 3.2 SEM), CYP2C19 (75.5%
inhibition, + 0.5 SEM), CYP2D6 (—2.7% inhibition, + 4.9 SEMM),
CYP3a4 (80.2% inhibition, + 1.5 SEM), see supporting information.

Hepatocytes and microsomes were then used to gain an un-
derstanding of the way in which 3a (RTC1) would be metabolised.
In both species tested, human and mouse, 3a (RTC1) (1 pM)
demonstrated a shorter half-life and faster intrinsic clearance than
the control drug, verapamil, indicating that 3a (RTC1) would be
readily metabolised by the liver in vivo (Table 7). In addition to this,
3a (RTC1) demonstrated no adverse effects on primary rat hepa-
tocytes, nor did it inhibit the hERG channel [10].

Compound 3a (RTC1) exhibited high mouse and human serum
protein binding (Table 8), which would prevent the rapid excretion
of the compound. Compound 3a (RTC1) was also observed to be
relatively stable in plasma (80% stable at 2 h), indicative of a
compound that would demonstrate good in vivo efficacy.

As with the recent pharmacodynamic study [10], 3a (RTC1)

Table 8
Serum protein binding and plasma stability of 3a (RTC1).

(10 mg/kg) administered intravenously (IV) or orally to male C57BL/
6 mice produced no observable toxic effects. Following IV admin-
istration, 3a (RTC1) had a short half-life of 0.45 h and high plasma
clearance. The compound distributed at high levels into all of the
tissues analysed apart from muscle, following a similar profile to
plasma, with moderate to high clearance. Compound 3a (RTC1) was
also rapidly absorbed following oral dosing, with a similar half-life
to post IV administration at 0.76 h. The tissue levels also show a
similar distribution profile to the plasma profile, as was seen post IV
dosing. Plasma clearance of 3a (RTC1) was in line with that of
mouse liver blood flow (5400 mL/h/kg), indicating metabolism to
be the main route of clearance (Table 9). While 3a (RTC1) exhibited
high mouse and human serum protein binding, it had moderate
bioavailability (21.4%) suggesting the bound portion of 3a (RTC1)
may act as a reservoir or depot from which 3a (RTC1) is slowly
released as the unbound free form.

2.8. Statistical analysis

Data presented herein are expressed as means + standard error
of the means (SEM) of a number of experiments (n) performed for
that compound. Where possible, statistical analysis was performed
using one-way analysis of variance (ANOVA) using GraphPad Prism
5.0 with a threshold of significance defined as a p-value <0.05 (95%
confidence in result) or a one star significance (*), p-value < 0.01 or
two stars significance (**), and p-value < 0.0001 or three stars
significance (***). Only compounds which received stars signifi-
cance in the glucose uptake assay were considered “active”
compounds.

3. Conclusions

To summarise, the synthesis of 41 derivatives of hit compound
3a (RTC1) and a systematic structure-activity-relationship study
are reported where a number of compounds were shown to
effectively stimulate glucose uptake in vitro and inhibit NADH:u-
biquinone oxidoreductase. The key structural features responsible
for biological function were also identified via the generation of a
pharmacophore model. The hit compound 3a (RTC1) remained the
most effective compound of those evaluated, with a 2.57 fold in-
crease in glucose uptake compared to vehicle control and micro-
molar inhibition of NADH:ubiquinone oxidoreductase
(ICsp = 27 uM). The presence of a p-CF3 aryl piperazine motif is

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

See supporting information.
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Table 9

Pharmacokinetic properties of 3a (RTC1) in vivo.
Parameter Plasma Brain Kidney Spleen Liver Muscle

Oral” I\ Oral" I\ Oral I\ Oral VP Oral” VP Oral” I\

Tip2 (h) 0.76 0.45 0.46 0.5 0.57 0.76 1.1 1.1 1 13 cn.c 0.52
Tmax (h) 0.25 0.03 0.25 0.03 0.25 0.03 0.25 0.03 0.25 0.03 cn.c 0.03
Crmax (ng/mL) 787 996 1430 1029 1637 552 1103 587 4875 1833 cn.c 165
AUCj,s¢ (h*ng/mL) 520 240 763 246 1224 320 1262 463 4048 487 cn.c 773
AUC,j (h*ng/mL) 520 240 763 246 1224 320 1262 463 4048 487 cn.c 773
AUCjy (h*ng/mL) 523 244 774 253 1275 348 1274 475 4089 531 cn.c 107
Cl (mL/h/kg) 4102 3958 2871 2105 1884 9312
Vd (mL/kg) 1686 1826 3057 3188 3059 7134

Concentrations of 3a (RTC1) (mean + SEM) in mouse (C57 Black, &) were determined following PO or IV administration at 10 mg/kg (n = 3). See supporting information.

c.n.c = could not calculate.
@ Oral and.
b IV solutions were formulated in 10% DMSO, 10% cremaphor, 80% saline.

important for biological activity, with greater tolerance observed
for changes to the alkyl chain and thiophene heterocycle. Pre-
liminary in vitro DMPK and in vivo PK studies are also described,
where encouraging results suggest that 3a (RTC1) does not act as a
P-gp substrate and should not provoke adverse drug-drug in-
teractions. An initial in vitro metabolic stability study, using hepa-
tocytes and microsomes, suggested that 3a (RTC1) would be readily
metabolised by the liver. Intravenous (IV) or oral administration of
3a (RTC1) to male C57BL/6 mice produced no observable toxic ef-
fects in our preliminary study. Following IV administration, 3a
(RTC1) had a short half-life of 0.45 h, showed high plasma clear-
ance, and was distributed at high levels into all of the tissues
analysed apart from muscle. While 3a (RTC1) exhibited high mouse
and human serum protein binding, it had moderate bioavailability
(21.4%) suggesting the bound portion of 3a (RTC1) may act as a
reservoir or depot from which 3a (RTC1) is slowly released as the
unbound free form. The overall results suggest that aryl pipera-
zines, and 3a (RTC1) in particular, have potential as efficacious
agents for the treatment of diabetes.

4. Experimental section
4.1. Chemistry

4.1.1. General information

NMR spectra were recorded using Bruker Ascend 500 spec-
trometer at 293 K operating at 500 MHz for the 'H nucleus and
126 MHz for the 3C nucleus or a Bruker Advance 300 spectrometer
operating at 300 MHz for 'H nucleus and 75 MHz for 3C nucleus.
All chemical shifts were referenced relative to the relevant
deuterated solvent residual peaks or TMS. Chemical shifts were
given in ppm downfield from the internal standard and coupling
constants were given in Hz. '>C NMR spectra were recorded with
complete proton decoupling. Microwave reactions were carried out
using a CEM Discover Microwave Synthesizer with a vertically
focused floor mounted infrared temperature sensor, external to the
microwave tube. The 10 mL reaction vessels used were supplied
from CEM and were made of borosilicate glass. Melting point an-
alyses were carried out using a Stewart Scientific SMP11 melting
point apparatus and are uncorrected. High-resolution mass spec-
trometry (HRMS) was performed in Maynooth University (MU) and
the University of Bath (UoB). HRMS in MU was conducted on an
Agilent-LC 1200 Series coupled to a 6210 or 6530 Agilent Time-Of-
Flight (TOF) mass spectrometer equipped with an electrospray
source in both positive and negative (ESI+/—) modes. In UoB, HPLC-
ESI-TOF analysis was conducted using an electrospray time-of-
flight (MicrOTOF) mass spectrometer (Bruker Daltonik GmbH,
Bremen, Germany), which was coupled to an Agilent HPLC stack

(Agilent, Santa Clara, CA, United States) consisting of Agilent
G1312A binary pump with G1329A autosampler and G1316A col-
umn oven. Analyses were performed in ESI positive and negative
mode. Data processing was performed using the Compass Data
Analysis software scripts (Bruker Daltonik GmbH, Bremen, Ger-
many). Infrared spectra were recorded on a Perkin Elmer Spectrum
100 FT-IR spectrophotometer using a smart endurance single
bounce diamond, attenuated total reflection (ATR) cell or potas-
sium bromide (KBr) disks. Spectra were recorded in the region of
4000—600 cm ™! and were obtained by the co-addition of 4 scans
with a resolution of 4 cm~. Scintillation counts were obtained
using a Wallac MicroBeta scintillation counter (Perkin Elmer). Re-
actions were monitored with thin layer chromatography (TLC) on
Merck Silica Gel F254 plates. Developed sheets were visualised
using a portable UVItec CV-006 lamp (A = 254, 365 nm). Flash
column chromatography was performed using Merck Silica gel 60.

4.1.2. 1-(4-(Trifluoromethyl)phenyl)piperazine (2a)

1-Chloro-4-(trifluoromethyl)benzene (1.59 mL, 11.91 mmol) and
piperazine (2.00 g, 23.82 mmol) were dissolved in NMP (5 mL) and
heated at 200 °C for 30 min in a microwave reactor. The reaction
mixture was purified using column chromatography (1:9,
MeOH:DCM) to give a white solid, 142 g (50%). Rf: 0.2 (9:1,
DCM:MeOH); IR (ATR): u (cm~1) 3257, 2836, 1668, 1613, 1323, 1101,
1067; 'H NMR (500 MHz, CDCls): 6 (ppm) 7.48 (d, J = 8.8 Hz, 2H),
6.92 (d, ] = 8.8 Hz, 2H), 3.28—3.21 (m, 4H), 3.07—3.00 (m, 4H), 2.01
(bs, 1H); '"H NMR data matches literature data [32]; *C NMR
(126 MHz, CDCl3): ¢ (ppm) 153.7, 126.4 (q, ] = 3.8 Hz), 124.7 (q,
J =2709 Hz), 120.6 (q, ] = 32.6 Hz), 114.6, 49.1, 45.9; >C NMR data
matches literature data [32]; HRMS calcd for C;1H14F3N; [M + H|*
231.1104 found 231.1106.

4.1.3. 1-(p-Tolyl)piperazine (2c)

p-Toluidine (1.00 g, 9.34 mmol) and bis(2-chloroethyl)ami-
ne.HClI (1.66 g, 9.34 mmol) were dissolved in bis(2-methoxyethyl)
ether (20 mL) and heated at reflux for 16 h after which the reaction
mixture was allowed to cool to rt. Et;0 was added until the pre-
cipitation of a brown solid was complete. The precipitate was
collected via vacuum filtration and washed with Et;0 (3 x 20 mL) to
give the HCl salt of compound 2¢, which was then dissolved in a 5%
aqueous NaOH solution (10 mL) and stirred at rt for 4 h. The
aqueous layer was extracted with DCM (10 mlL, followed be
3 x 10 mL) and the combined organic layers were dried over
MgSOg4. The solvent was removed under reduced pressure and the
residue was purified using flash chromatography to give a brown
solid, 221 mg (13%). Rz 0.2 (1:9, MeOH:DCM); 'H NMR (300 MHz,
CDCl3): 6 (ppm) 7.07 (d, J = 8.4 Hz, 2H), 6.83 (d, ] = 8.4 Hz, 2H),
3.14—3.13 (m, 4H), 3.08—3.05 (m, 4H), 2.26 (s, 3H); '"H NMR data



