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Abstract

The translocator protein 18 kDa (TSPO) is today a validated target for a number of therapeutic applications, but also a well-
recognized diagnostic / imaging biomarker for the evaluation of inflammatory related-disease state and progression, prompting the
development of specific and dedicated TSPO ligands worldwide. For this purpose, pyrazolo[1,5-a]pyrimidine acetamides constitute a
unique class of high affinity and selectivity TSPO ligands; it includes DPA-714, a fluorine-containing derivative that has also been
labelled with the positron-emitter fluorine-18, and is nowadays widely used as a Positron Emission Tomography imaging probe.
Recently, to prevent defluorination issues encountered in vivo with this tracer, a first series of analogues was reported where the
oxygen atom bridging the phenyl ring of the core structure and the fluorinated moiety was replaced with a more robust linkage.
Among this new series, CfO-DPA-714 was discovered as a highly promising TSPO ligand. Herein, a novel series of fluorinated
analogues of the latter molecule were synthesized and in vitro characterized, where the pharmacomodulation at the amide position of
the molecule was explored. Thirteen compounds were thus prepared from a common key-ester intermediate (synthesized in 7 steps
from 4-iodobenzoate — 11 % overall yield) and a set of commercially available amines and obtained with moderate to good yields (23
to 81 %) and high purities (> 95 %). With one exception, all derivatives displayed nanomolar to subnanomolar affinity for the TSPO
and also high selectivity versus the CBR (K; (CBR) / K; (TSPO) > 10%). Within this series, three compounds showed better K; values
(0.25, 0.26 and 0.30 nM) than that of DPA-714 (0.91 nM) and CfO-DPA-714 (0.37 nM), and favorable lipophilicity for brain
penetration (3.6 < logD74 < 4.4). Among these three compounds, the N-methyl-N-propyl amide analogue (9) exhibited similar
metabolic stability when compared to CfO-DPA-714 in mouse, rat and human microsomes. Therefore, the latter compound stands out
as a promising candidate for drug development or for use as a PET probe, once fluorine-18-labelled, for in vivo neuroinflammation

imaging.
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1. Introduction

The Translocator protein (TSPO) 18 kDa, formerly known as the peripheral benzodiazepine receptor (PBR), is a highly lipophilic
tryptophan-rich protein (169 amino acids) with five transmembrane o-helices domain and whose sequence is highly conserved among
organisms [1]. Combined with a 32 kDa voltage dependent anion channel (VDAC) and a 30 kDa adenine nucleoside carrier (ANC),
TSPO forms the mitochondrial permeability transition pore (MPTP), a complex primary located on the outer mitochondrial membrane
[2]. TSPO is expressed predominantly in steroid-synthesizing tissues, including the brain, and the most characterized function of this
protein is the translocation of cholesterol from the outer to the inner mitochondrial membrane, which is the rate-limiting step in the
synthesis of steroids and neurosteroids [3]. TSPO is also implicated in other biochemical processes including cell proliferation and
apoptosis. In the healthy brain, baseline TSPO expression levels remain low, but increased TSPO expression has been associated with
activated states of microglia and especially in areas damaged by neurodegenerative diseases (Alzheimer’s disease and other
dementias, Parkinson’s disease, multiple sclerosis, stroke) [4]. TSPO is also overexpressed in certain cancers, such as glioma, where
the protein levels directly correlate with aggressive metastatic behaviours [5,6], and in activated macrophages, involved for example

in peripheral inflammatory diseases (inflammatory bowel disease and rheumatoid arthritis) [1].

As such, the TSPO is today a validated target for a number of therapeutic applications for neurological but also psychiatric disorders
(neuronal viability, regenerative processes and neuroinflammatory responses) [4,7]. It is also becoming an attractive target for cancer
chemotherapy, where the altered regulation of numerous cellular processes and especially those associated with mitochondria and
cholesterol transport, are partially responsible for the unrestrained growth of tumourigenic tissues [5,6]. Moreover, TSPO is a well-
recognized imaging biomarker for the evaluation of inflammatory related-disease state and progression [8,9], further prompting the
development of specific and dedicated ligands worldwide, for dual therapeutic / diagnostic issues, but with today a strong emphasis

towards imaging probes [10-14].

Several classes of TSPO ligands have been reported to date, leading to an impressive list of compounds that starts with the
isoquinoline carboxamide PK11195 (Figure 1) [11]. This compound is not only the first non-benzodiazepine reported and developed
(Pharmuka laboratories) TSPO ligand, showing a high affinity and selectivity in all species, but evermore the radioligand of reference
for binding and autoradiographic studies worldwide once labelled with tritium ([*H]PK11195). Additionally, labelled with the
positron-emitter carbon-11, [''C]PK 11195 has been and is still widely used in (non-invasive) Positron Emission Tomography (PET)
imaging studies, both at preclinical and clinical stages, despite the short-half-life of the radioisotope used (T, 20.38 min) [15]. TSPO
ligands also include pyridazino[4,5-b]indole acetamides, and notably SSR180575 (Sanofi-Synthélabo) as neuroprotective drug with
particular mitochondria-rescuing properties [16,17]. Labelled with carbon-11 [18], [''C]SSR180575 has recently demonstrated its
potential to image neuroinflammatory processes with PET in both rodent [19] and non-human-primate [20] models of
neurodegenerative diseases. Furthermore, derivatives of this class, featuring a fluorine atom in their structure that could be easily

labelled by the longer half-life positron-emitter fluorine-18 (T, 109.8 min), have recently been reported [21,22].

Another class of particularly interesting TSPO ligands gathers imidazo[1,2-a]pyridine acetamides, a series that includes two well-
known drugs: Zolpidem (Stilnox®- Sanofi, for the treatment of insomnia) and Alpidem (Ananxyl® - Synthélabo, as anxiolytic). This
series also contains, as PET-imaging probes, [''CJCLINME [23,24] and ['"*F]PBR111 [25-29], and as Single Photon Emission
Tomography (SPET) probe, the iodine-123-labelled derivative ['*IJCLINDE [30-33]. ['*I]JCLINDE and ["*F]PBR111 are today both
engaged in humans studies [34,35], respectively with indications for multiform glioblastoma [36] and microglial activation imaging in

patients with multiple sclerosis [37].



Pyrazolo[1,5-a]pyrimidine acetamides are azaisosters of the previous series, originally reported by the universities of Firenze and Pisa
[38] with, as first developed lead compound, the para-tolyl derivative Me-DPA (Figure 1). Today, numerous alkoxy derivatives
showing subnanomolar to picomolar affinities for the TSPO have been reported [39,40], with several compounds also demonstrating
potent steroidogenic activities [41]. Of particular interest for diagnostic purposes, is the para-methoxy phenyl derivative DPA-713
and especially its fluorinated analogue, DPA-714. Labelled respectively with carbon-11 [42,43] and fluorine-18 [44—46], both
radioligands showed improved PET imaging properties in rodent models of acute neuroinflammation, compared to [''C]PK 11195
[47-49]. [''C]DPA-713 has also been recently engaged in clinical trials [50,51], and especially one with patients suffering from
temporal lobe epilepsy [52]. On the other hand, ['"*F]DPA-714 is slowly but surely becoming “the” probe for microglia / macrophage
activation imaging, thus dethroning the ligand of reference [''C]PK11195. It has been validated in numerous rodent models of
diseases such as acute focal or diffuse neuroinflammation [53,54], amyotrophic lateral sclerosis [55], subarachnoid hemorrhage [56],
cerebral ischemia [57,58], peripheral and central cancers [59] including glioma [60], rheumatoid arthritis [61,62], and inflammatory
bowel disease [63]. [*F]DPA-714 has also recently been characterized in a primate model of neuroinflammation [64] and engaged in
a few first-in-man clinical trials [65-67]. It is also currently used in patients suffering from Alzheimer’s disease [68,69] and cerebral

stroke [70].
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Figure 1. Representative examples of TSPO ligands: the isoquinoline carboxamide PK11195, the pyridazino[4,5-b]indole acetamide

SSR 180575, and selected imidazo[1,2-a]pyridine acetamides and pyrazolo[1,5-a]pyrimidine acetamides.

However, issues related to metabolism limit today the full potential of these series. Indeed, as first reported for imidazo[1,2-a]pyridine
acetamide analogues, biotransformations that are mainly linked to cytochromes P450 3A4 and 2D6 expression and activity, lead to
rapid in vivo elimination of the drug candidate or radiotracer. Metabolism includes hydroxylation at the methylaryl positions (e.g. for
Zolpidem, the tolyl and methyl at position 2 and 4 respectively of the imidazo[1,2-a]pyridine moiety) and hydroxylation at the
heterocycle itself, ortho to the methyl substituent (position 7 for Zolpidem), with products that may then be further oxidized and/or
conjugated [71]. It also includes hydroxylation of the N-alkyl substituents at the amide function (e.g. for Zolpidem and Alpidem, the
N-methyl and N-propyl substituents), ultimately leading to the cleavage of the N-alkyl linkage [72]. Metabolites resulting from these
biotransformations are more hydrophilic than the parent compound, resulting thus in poor brain penetration of these molecules if any.
However, when the phenyl moiety is substituted at the para position by an alkoxy group (propoxy or ethoxy in the PET-radiotracers
PBR111 and PBR102) [25], additional metabolites resulting from the cleavage of the ether bound have been reported. Besides to the

liberation of the corresponding phenolic imidazo[1,2-a]pyridine acetamide, small molecules - e.g. fluoropropionate and fluoroacetate
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- are produced. The latter are known for penetrating the blood brain barrier (BBB) at various levels, and although lacking any affinity
for the target TSPO, accumulate within the brain. When the parent compound is labelled with fluorine-18 (e.g. ['*F]PBRI111,
["*F]PBR102), these radiometabolites confound the radioligand concentration measurement and its absolute quantification [73].
Analogous biotransformation pathways have been reported for the pyrazolo[1,5-a]pyrimidine acetamide ['*F]DPA-714 [74], where
hydroxylations of both methylaryl positions (5 and 7) as well as hydroxylation directly on the pyrazolopyrimidine moiety (position 6,
ortho to the two previously cited methyl groups) have notably been demonstrated. Cleavage of the fluoroethoxy chain has also been

proven, leading to formation and rapid accumulation within the brain of ["*F]fluoroacetate [74].

With the objective of proposing alternative ligands based on the DPA scaffold that would suffer less metabolism particularly
regarding the fluoroacetate liberation, we recently synthesized a first series of fluorinated derivatives, in which the oxygen atom
bridging the phenyl group and the fluoroalkyl side chain was replaced by, at least, one carbon atom leading to more stable compounds
in vivo [75]. Among them, the fluoropropyl analogue (CfO-DPA-714) was selected, and labelled with fluorine-18 as a challenger to
["*FIDPA-714 [76]. Herein, we describe the synthesis of a second series of analogues, where the N,N-diethylamide part of the
structure was pharmaco-modulated, keeping the rest of the scaffold of CfO-DPA-714 unchanged, to investigate the impact of such
modifications toward the TSPO affinity and selectivity, lipophilicity for adequate brain entry, and metabolic stability of the
molecules. Thus, the replacement of the N,N-diethyl substitution at the acetamide part of CfO-DPA-714 was explored with alternative
alkyl chains, rigidified motifs, hydrophilic groups or aromatic and more hindered N-substituents. For all newly synthesized
compounds, TSPO binding affinity and selectivity versus central benzodiazepine receptor (CBR) were evaluated in vitro, as well as
selected physicochemical parameters such as lipophilicity, topological polar surface area and hydrogen bound donor number. In vitro
metabolic studies were also conducted using mouse, rat and human microsomes. All data were compared to that of the parent

molecules CfO-DPA-714 and DPA-714.
2. Chemistry

Ligands were all developed by modifying the N,N-substituents of the acetamide part of CfO-DPA-714. In the pyrazolo[l,2-
alpyrimidines series of TSPO ligands, this part of the molecule binds a lipophilic pocket of the protein [13]. Introduction of various
alkyl groups to generate asymmetric amides was investigated. Rigidification of the amide substituents was also explored by
introducing more or less lipophilic cyclic motifs. Finally, the introduction of more hindered aromatic substituents to the amide
nitrogen was also planned as it appears beneficial for the TSPO binding efficiency of other class of ligands featuring acetamides or

glyoxylamides moieties [11,13].

This novel series of pyrazolo[1,5-a]pyrimidine acetamides were synthesized in eight chemical steps as depicted in Scheme 1. Note
that the synthetic pathway followed for the preparation of this series is quite different from those originally reported for the synthesis
of CfO-DPA-714 [75,76], since it is based on the synthesis of a common key ester intermediate (7) from which all desired amides

could be obtained in one single step.
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Scheme 1. Synthesis of new CfO-DPA-714 amide derivatives (8-21). Reagents and conditions: (a) prop-2-yn-1-ol, Cul,
Pd(PPh;),Cl,, E;N, r.t., overnight; (b) Hp, Pd/C 10 %, MeOH, r.t., overnight; (c) Deoxo-Fluor® 50 % in THF, DCM, 0 °C to r.t.,
overnight; (d) i) 2.5 M n-BuLi in hexanes, CH;CN, THF anh., -60 °C, 1 h, then ii) 3, THF anh., -50 °C to -30 °C, 2 h; (e¢) NaOH, Nal,
BrCH,CO,Et, EtOH, r.t., 24 h; (f) NH,NH,.H,0, AcOH, EtOH, reflux, 2 h; (g) acetylacetone, EtOH, reflux, 5 h; (h) i) appropriate
amine, AlMe;s, toluene anh., r.t., 1 h, then ii) 7, toluene anh., heating (70 to 110 °C), 30 min to 5 h.

A Sonogashira coupling reaction of commercially available prop-2-yn-1-ol and methyl 4-iodobenzoate, was first carried out in the
presence of Pd(PPh;),Cl, and Cul in triethylamine to yield to the propargylic alcohol 1 in 86 % yield. 1 was then treated with
hydrogen gas in methanol in the presence of Pd/C for reduction of the triple bond to afford the propanol derivative 2 in 65 % yield.
Then, 2 was subjected to a fluorodeoxygenation reaction using Deoxo-Fluor”™ in dichloromethane at room temperature, affording 3 in
70 % yield. The ester function was then converted to the corresponding o-ketonitrile via nucleophilic addition of acetonitrile
carbanion, generated with n-BuLi as base, at low temperature. These conditions afforded 4 in 84 % yield. Alternatively, the use of
sodium methoxide as a base in refluxing acetonitrile was also attempted but proved to be less reproducible with yields ranging from
29 to 76 %. C-alkylation using ethyl 2-bromoacetate in the presence of sodium iodide and sodium hydroxide in ethanol at room
temperature afforded the ethyl ester 5 in 81 % yield. The latter was then subjected to a first condensation step with hydrazine
monohydrate in refluxing acetic acid/ethanol to give the aminopyrazole 6 in 50 % yield. 6 was then subsequently converted into the
pyrazolopyrimidine 7 via a second condensation step with acetylacetone in refluxing ethanol (86 % yield). Compound 7, as a key
ester intermediate, was then reacted with various amines, all commercially available with the exception of the N-methyl-N-
cyclopropylamine (24) that was prepared as decribed below (Scheme 2). Reaction was performed in presence of trimethylaluminium
in toluene at 110 °C, except for compounds 10 and 16 (100 °C) and compound 13 (70 °C) [77-79]. With the exception of 12, all the
corresponding amides 8-11, 13-21 were obtained in moderate to good yields (23 to 81 %) and high purities (> 95 %), as summarized

in Table 1.



Table 1. CfO-DPA-714 amide analogues (8-21) obtained from the common key ester 7.

c d — Reaction Purity
#
ompoun 1 T(C) t(min)  Yield (HLPC?)
/
8 N 110 30 66 % 97.1 %
\
/
9 N 110 240 53 % 97.0 %
10 N 100 60 61 % 95.4 %
FNH
11 ]> 110 45 81 % 100.0 %
/
12 E_Ni> 110 60 <5%*  70.0%
13 > 70 60 49%  100.0 %
14 ] 110 60 67%  100.0 %

15 N 110 120 61 % 100.0 %

16 N o 100 60 80 % 95.6 %
/N
17 N NH 110 60 46 % 98.5 %
/
18 §_NL© 110 60 62 % 100.0 %
/
=
19 «® 110 60 78 % 97.5 %
N
/
=
20 ® 110 300 30 % 96.0 %
N

21 110 240 23 % 96.4 %

* Conversion rate of 7 to 12 was < 5%, whatever the temperature and reaction time, with notable formation of by-products that did not allow

isolation of the desired product with an acceptable purity. * Purity was determined using analytical HPLC (HPLC A, see experimental section).

The preparation of the hydrochloride amine salt of N-methyl-N-cyclopropylamine (24) was conducted in three chemical steps
according to the procedure described by Yoshida et al. [80] (Scheme 2). Briefly, commercially available N-cyclopropylamine was
protected with a benzyl group using benzyl bromide and triethylamine in THF at room temperature to afford the N-benzyl-N-

cyclopropylamine 22 with 49 % yield. Compound 22 was subsequently N-methylated by reductive amination in presence of



paraformaldehyde and sodium borohydride at 0 °C to give 23 in 74 % yield. Cleavage of the benzyl group (performed using hydrogen
gas in methanol in presence of 10 % Pd/C) followed by treatment with an excess of a 10 M methanolic solution of hydrochloric acid

afforded the desired hydrochloride salt 24 with 63 % yield.

(a) /_Q (b) /_Q ©
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> > > D>

22 (49 %) 23 (74 %) 24 (63 %)

Scheme 2. Synthesis of N-methyl-N-cyclopropylamine hydrochloride 24. Reagents and conditions: (a) BnBr, Et;N, THF, r.t.,
overnight; (b), 37 % wt. CH,O, NaBH,, 0 °C, 30 min; (c) i) Hp, Pd/C 10 %, MeOH, r.t., overnight, ii) 10 M HC] in MeOH.

Finally, the preparation of the N-methyl-N-cyclopropylamide derivative 12, which is a disubstituted amide with expected steric and
lipophilic properties in between the cycloalkyl-substituted amides 13 (azetidine) or 14 (pyrrolidine) and the dialkyl compounds 8
(N,N-dimethyl), 9 (N-methyl-N-propyl) or CfO-DPA-714 (N,N-diethyl), was also attempted following two alternative pathways. The
first one was a direct N-methylation of its analogue 11, using sodium hydride and iodomethane in DMF at room temperature.
However, due to the poor selectivity of these reaction conditions, the formation of several by-products was observed, preventing
isolation of 12 in acceptable amount and purity. The second one was a peptide-like coupling reaction involving the previously

described amine 24, and the carboxylic acid 25 resulting from hydrolysis of ester 7 as depicted in scheme 3.

= N’N\

< 7 o 25 (64 %) @ 12 (15%)

Scheme 3. Synthesis of the N-methyl-N-cyclopropylamide derivative 12. Reagents and conditions: (a) KOH, MeOH, 40 °C, 3 h; (b)
24, Et;N, TBTU, DCM, r.t., 12 h.

Thus, 7 was hydrolysed using potassium hydroxide in methanol at 40 °C to give 25 in 64 % yield, that was subsequently coupled with
amine 24 in presence of TBTU as catalyst agent and triethylamine as base, in dichloromethane at room temperature. Using these
conditions, the N-methyl-N-cyclopropylamide 12 could be synthesized in up to 15 % yield, but with a maximum purity of 70 %
(based on HPLC analyses). None of the alternative synthetic pathways led to satisfactory production of 12 and determination of its

binding affinity for the TSPO was not considered then.

3. Results and discussion

The binding affinity for the TSPO of all newly synthesized derivatives were measured by competition experiments against
[*H]PK11195 in membrane homogenates of rat heart. Binding affinities were also evaluated for the CBR by competitive assays
against [3H]ﬂunitrazepam using membrane homogenates of rat cerebral cortex. The inhibition constant (TSPO K;) and percentage of

inhibition at 1 uM (CBR), determined for each compound, are reported in Table 2. The lipophilicity parameter logD;4 was also
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evaluated for each new compound of this series, based on their HPLC retention time. Additionally, cLogP, topological polar surface
area (TPSA), number of hydrogen bond donors (HBD) and molecular size (as molecular weight (MW)) were also calculated for all
derivatives. Data, including those belonging to the lead compound DPA-714 and its analogue (CfO-DPA-714) for comparison, are

summarized in Table 2.

Table 2. In vitro competitive binding assays, lipophilicity, topological polar surface area, HBD and MW of DPA-714, CfO-DPA-714
and the fluorinated analogues 8-11, 13-21.

Ligand IES(I;?/I) CBE?;ﬁlb'b LogD;4° clogP* Tf;;? d HBD MW
DPA-714 0.91+0.08 0% 2.89 3.33 57.5 0 398
CfO-DPA-714 0.37 % 0.02 0% 3.51 3.99 483 0 396
8 1541 2% 2.68 2.93 483 0 368

9 0.25 % 0.01 0% 3.65 3.99 483 0 396

10 0.26 % 0.01 0% 439 4.99 483 0 424

11 1742 0% 2.69 3.23 57.1 1 380

13 3242 0% 2.73 3.10 483 0 380

14 26+3 0% 3.04 3.65 483 0 394

15 22403 0% 3.56 421 483 0 408

16 2741 0% 2.56 3.21 57.5 0 410

17 260+ 11 0% 0.87 3.20 60.3 1 409

18 0.30 % 0.02 0% 3.98 4.62 483 0 444

19 28+0.1 0% 261 3.12 60.6 0 445

20 12+0.1 0% 3.16 3.12 60.6 0 445
21 1.1£02 0% 4.08 5.03 483 0 458

*TSPO K; values (mean + SD, duplicate) were determined using membrane homogenates of rat heart and screened against ['HJPK11195 (Kd = 1.8 nM, ¢ = 0.2 nM).

® CBR binding affinity was evaluated using homogenates of rat cerebral cortex and expressed as % of inhibition at 1 uM against [*H]flunitrazepam (Kq = 2.1 nM, ¢ =
?fogi, were determined by converting the retention time recorded for the tested compounds using a validated, standardized HPLC method.

4 cLogP and TPSA were both determined using ChemDraw 15.0 software.

As shown in Table 2, and with the exception of the piperazinamide 17 (260 nM), all synthesized compounds displayed nanomolar to
subnanomolar binding affinity for the TSPO, with K; values ranging from 0.25 nM to 32 nM. Within this series, the N-methyl-N-
phenethylamide 21 and both N-methyl-N-pyridinylmethylamides 19 and 20 showed values (1.1, 2.8 and 1.2 nM respectively)
comparable to that of DPA-714 (0.91 nM). Three compounds - i.e. the N-methyl-N-propylamide 9, the N,N-dipropylamide 10 and the
N-methyl-N-benzylamide 18 - displayed subnanomolar affinities with K; values even slightly lower to that of CfO-DPA-714 (0.37
nM): 0.25, 0.26 and 0.30 nM respectively. It can be seen that shortening of the N,N-alkyl substituents (compound 8) or rigidification
of the groups at the amide nitrogen are not beneficial to TSPO binding (compounds 11, 13, 14, 16 and 17) especially when the
substituent features an heteroatom (compounds 16 and 17). Interestingly, the introduction of a bulky aromatic substituent (compounds
18-21) does not dramatically affect the TSPO binding efficiency and seems to be rather favourable in the case of compound 18. As a
general trend, the more lipophilic the N-substituents are, the best the TSPO binding affinity of the corresponding molecule is: 1)
compounds with logD; 4 values above 3.1 exhibited the lowest TSPO K; constants (see compounds 9, 10, 15, 18, 20 and 21); ii) the
introduction of a heteroatom on the benzyl moiety - leading to an increase of the hydrophilic character of the structure - led to a
decrease of the TSPO binding affinity: compare 19 and 20 to 18. Interestingly, the replacement of an N-benzyl with an N-phenethyl

substituent (compare compounds 18 and 21) led to a one log decrease of affinity, probably due to an unfavourable steric interaction
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with a lipophilic binding pocket of the protein [81]. All compounds showed no (or negligible, i.e. 2% for the N,N-dimethylamide 8)
inhibition of [*H]flunitrazepam binding to the CBR at 1 uM, attesting the excellent selectivity toward the TSPO.

These findings are also in accordance with previous quantitative structure-activity relationship (QSAR) studies performed on
imidazo[1,2-a]pyridine acetamides [82-84], for which in terms of both the affinity to the TSPO (previously named PBR for peripheral
benzodiazepine receptor) and the selectivity toward the CBR, i) a di-substituted amide pattern was preferred to a single substitution of
the nitrogen; ii) an optimal combination and the length of the linear or conformationally restricted alkyl substituents is of fundamental
importance; iii) the presence of an aromatic moiety may be advantageous due to a potential hydrophobic m-it interaction with a

tryptophan residue in the binding pocket and iv) a substitution at the para position of the phenyl moiety carried by the heterocycle is

well tolerated and even beneficial.

Lipophilicity, TPSA, number of HBD and molecular size (MW) are the admitted four key-parameters influencing passive BBB
diffusion. As such, compounds targeting the CNS are usually associated with lipophilicity values (cLogP, LogD) in the range of 2 to
5, small TPSAs (< 90 A%, even preferably < 70 A?), absence (or not more than one) HBD and a MW below 500 Da [85]. As shown in
Table 2, all synthesized compounds showed calculated LogP and measured LogD; 4 values below 5. Good correlation between these
values was found, with LogD7 4 generally 15 to 25 % lower than the corresponding cLogP with one exception, the piperazinamide 17.
Among the compounds displaying good binding affinity for the TSPO (K; < 3.0 nM), 9 and 15 exhibited very similar logD- 4 values to
CfO-DPA-714 (3.64 and 3.56 versus 3.51). Compounds 19 and 20 are less lipophilic molecules, due to the presence of an heteroatom
at the N-substituted position of the amide, with logD;4 values in the range of that of DPA-714 (2.61 and 3.16 versus 2.89), while
compounds 10, 18 and 21 are more lipophilic structures with logD;4 greater than that of CfO-DPA-714 (4.39, 3.98 and 4.08
respectively). TPSA values are also all well below the given cut-off values for optimal brain penetration (48.3 A? to 60.6 A).
Moreover, MW of all synthesized compounds range between 369 and 459 g/mol. Absence of HBD is also demonstrated for almost all

compounds, only the N-cyclopropylamine 11 and the piperazinamide 17 showing a HBD number of 1.

Table 3. In vitro microsomal stability of DPA-714, CfO-DPA-714 and compounds 9, 10, 15, 18-21.

Intrinsic clearance

Compound (InC, pL/min/mg protein)®
Human Rat Mouse
DPA-714 63 > 1000 408
CfO-DPA-714 241 >1000 865
9 321 > 1000 781
10 >1000 >1000 > 1000
15 424 > 1000 931
18 >1000 >1000 > 1000
19 862 >1000 > 1000
20 270 610 947
21 >1000 >1000 > 1000

“intrinsic clearance, expressed as pL/min/mg protein, reflects the rate of biotransformation of a compound. Its calculation is detailed in the experimental section.

The synthesized analogues with TSPO K; values below 3.0 nM (e.g. 9, 10, 15, 18-21) were evaluated for their in vitro microsomal
metabolic stability using three different species: human, rat and mouse, as presented in Table 3. The results, expressed as the intrinsic

clearance (InC, pL/min/mg protein, see experimental section for calculation), reflect the in vivo metabolic biotransformation of the

10



compounds: the more the value is elevated, the more the compound is metabolized. DPA-714 and CfO-DPA-714 were also tested as
references. As shown in Table 3, all compounds (including DPA-714 and CfO-DPA-714) were rapidly metabolized in presence of rat
microsomes, with InC values above 1000, excepted for compound 20 that seemed slightly more stable (610 uL/min/mg protein). All
newly synthesized compounds, as well as CfO-DPA-714, were also rapidly biotransformed in the presence of mouse microsomes
(InC values above 750 pL/min/mg protein). However, in the presence of human microsomes, biotransformation rates were more
variable, with InC values ranging from 270 (compound 20) to more than 1000 pL/min/mg protein (compounds, 10, 18 and 21).
Compounds 9 and 20 stand out as the less metabolized ones with InC values of 321 and 270 pL/min/mg protein, respectively. This
rate of metabolization is in the range of what has been observed with CfO-DPA-714 (241 pL/min/mg protein). Interestingly, DPA-

714 remained the most stable compound in both mouse and human microsomal incubations.
4. Conclusion

A novel series of analogues of CfO-DPA-714, modified at the amide part, were synthesized and in vitro evaluated for their potential
to bind the TSPO. Their TSPO/CBR binding selectivity, their lipophilicity (LogD-4) and a few selected physicochemical parameters
(cLogP, TPSA and HBD number), as well as their stability in the presence of mouse, rat and human microsomes were also assessed.
Among these new analogues, compounds 9, 10 and 18 (TSPO K;: 0.25, 0.26 and 0.30 nM respectively) stand out as promising
candidates for drug development, with a preference for compound 9 based on its in vitro metabolic stability. The present work,
without claiming to solve all metabolic issues related to the pyrazolo[1,5-a]pyrimidine scaffold, confirms the interest of the carbon-
for-oxygen substitution in the fluorine-bearing moiety already demonstrated for CfO-DPA-714, and provides novel opportunities for

fluorine-18-labelling as well as for the development of in vivo PET-probes for neuroinflammation imaging.
5. Experimental section
5.1. Chemistry

General. Chemicals were purchased from Aldrich France and were used without further purification. Flash chromatographies were
conducted on silica gel (0.63-0.200 mm, VWR France) columns. TLCs were run on aluminium pre-coated plates of silica gel 60Fs4
(VWR France). The compounds were localized at 254 nm using a UV-lamp and by dipping the TLC-plates in a basic potassium
permanganate aqueous solution and heating on a hot plate. 'H and *C NMR spectra were recorded on a Bruker (Wissembourg,
France) Avance 400 MHz apparatus and chemical shifts were referenced to the hydrogenated residue of the deuterated solvent
(3[CHCI;] = 7.23 ppm and 8[CD,HOD] = 3.31 ppm) for 'H NMR and to the deuterated solvent (S{CDCl;] = 77.0 ppm and 8[CD;0D]
= 49.2 ppm) for ’C NMR experiments. The typical standard concentration of the analysed samples was 20 mg/mL. The chemical
shifts are reported in ppm, downfield from TMS (s, d, t, q, q5, sex, m and b for singlet, doublet, triplet, quadruplet, quintuplet,
sextuplet, multiplet and broad, respectively). High resolution mass spectrometry (HRMS) determination has benefited from the

facilities and expertise of scientific service, HPLC-Mass spectrometry of ICSN, CNRS, Gif sur Yvette, France (www.icsn.cnrs-gif.fr);

analyses were performedby electrospray with positive (ESI+) or negative (ESI-) ionization mode. Purity of the synthesized
compounds was determined using analytical HPLC (HPLC A): UPLC/SQD Acquity Waters, Acquity BEH C18 (2.1 x 50 mm, 1.7
pm)column, mobile phase: H,O (A), CH;CN + 0.1 % formic acid (B), gradient: 2 to 100 % (B) in 3 min, 1.0 mL/min, and was found
to be greater than 95% in all cases.LogD7 4 values were determined based on a validated and standardized HPLC method (HPLC B):
Alliance 2695 - PDA Waters, X-Terra MS C18 (4.6 x 20 mm, 3.5 um) column, mobile phase: 5 mM MOPS/(CH;),NOH pH 7.4 (A),
5 % MOPS/(CH;),NOH (100 mM, pH 7.4) / 95 % CH;CN (B), gradient (A/B): 98:2 (0.5 min), 0:100 (4.8 min), 98:2 (1.6 min), 1.2

mL/min, 25 °C, detection at 254 nm.
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Methyl 4-(3-hydroxyprop-1-yn-1-yle)benzoate (1). To a solution of methyl 4-iodobenzoate (25 g, 95.4 mmol) in triethylamine (500
mL) was added prop-2-yn-1-ol (6.7 mL, 115 mmol, 1.2 eq.). The reaction mixture was degassed under vacuum and filled with argon
(2 cycles). Then, palladium bis(triphenylphosphine)dichloride (670 mg, 0.95 mmol, 1 mol %) and copper iodide (182 mg, 0.95 mmol,
1 mol %) were added to the suspension and the reaction mixture was stirred at room temperature overnight. Then, it was concentrated
to dryness and the residue was dissolved in ethyl acetate (400 mL). The resulting solution was washed successively with a 1.0 M
aqueous hydrochloric acid solution (100 mL), water (2 x 200 mL), brine (200 mL), then dried over sodium sulfate, filtered and
concentrated to dryness. The residue was purified by flash chromatography on silica gel (heptane/ethyl acetate 60/40) to afford 1
(15.6 g, 86 %) as a yellow crystalline powder. Ry (heptane/ethyl acetate 60/40): 0.24. Mp: 85-86 °C. 'H NMR (CDCl;)  7.98 (d, J =
8.0 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 4.52 (d, J = 4.4 Hz, 2H), 3.90 (s, 3H), 1.93 (bt, w,,, = 13 Hz, 1H, OH). >C NMR (CDCl;) &
166.5 [C], 131.5 [2xCH], 129.7 [C], 129.4 [2xCH], 127.2 [C], 90.1 [C], 84.8 [C], 52.2 [CH3], 51.5 [CH2].

Methyl 4-(3-hydroxypropyl)benzoate (2). To a solution of 1 (10.0 g, 52.6 mmol) in methanol (250 mL) was cautiously added 10 %
palladium on charcoal in one portion to each reaction mixture (400 mg, 3.7 mmol, 40 mg/g). Then, each reaction flask was degassed
and filled with hydrogen at 1 atm. The reaction mixture was stirred at ambient temperature overnight and the balloon was refilled
when necessary. Once completed (NMR monitoring), the reaction mixture was cautiously filtered on a pad of Celite” and the catalyst
was washed with dichloromethane/methanol 80/20 (500 mL). The filtrate was concentrated to dryness and the residue was purified by
flash chromatography on silica gel (heptane/ethyl acetate 50/50) to afford 2 (6.7 g, 65 %) as an orange oil. R, (heptane/ethyl acetate
50/50): 0.18. "H NMR (CDCls) 5 7.93 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 3.88 (s, 3H), 3.65 (t, ] = 6.4 Hz, 2H), 2.74 (t, ] =
7.6 Hz, 2H), 2.36 (s, 1H), 1.88 (tt, J = 7.6 & 6.4 Hz, 2H). °C NMR (CDCl;) & 167.2 [C], 147.5 [C], 129.6 [2xCH], 128.4 [2xCH],
127.6 [C], 61.7 [CH,], 51.9 [CH3], 33.7 [CH3], 32.0 [CH2].

Methyl 4-(3-fluoropropyl)benzoate (3). To a solution of 2 (5.00 g, 25.7 mmol) in dichloromethane (200 mL) cooled at 0 °C was
added dropwise a 50 % Deoxo-Fluor” solution in THF (20 mL, excess) over 15 min. The reaction mixture was warmed up to ambient
temperature and stirred overnight. Then, it was cooled at 0 °C and water (100 mL) was slowly and cautiously added. The organic
layer was separated, washed with water (2 x 100 mL) and brine (100 mL), dried over sodium sulfate, filtered and concentrated to
dryness. The residue was purified by flash chromatography on silica gel (heptane/ethyl acetate 90/10 to 50/50) to afford 3 (3.55 g,
70%) as a yellow oil. Ry (heptane/ethyl acetate 50/50): 0.52. '"H NMR (CDCl3) 6 7.96 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H),
4.44 (dt, JPyp = 47.2 Hz, Py = 6.0 Hz, 2H), 3.89 (s, 3H), 2.80 (t, ] = 7.6 Hz, 2H), 2.01 (dtt, Pyr = 27.2 Hz, Py = 7.6 & 6.0 Hz, 2H).
PC NMR (CDCls) 8 166.9 [C], 146.5 [C], 129.7 [2xCH], 128.4 [2xCH], 128.0 [C], 82.8 [d, J'c¢ = 164 Hz, CH,], 51.9 [CH3], 31.6 [d,
Jcr =19 Hz, CH,], 31.3 [d, J’cg = 5 Hz, CH,].

3-(4-(3-Fluoropropyl)phenyl)-3-oxopropanenitrile (4). To anhydrous tetrahydrofuran (50 mL) cooled at -60 °C, was carefully
added a 2.5 M n-butyllithium solution in hexanes (23 mL, 57.5 mmol). A solution of acetonitrile (3.0 mL, 57.8 mmol) in anhydrous
tetrahydrofuran (10 mL) was cautiously added dropwise while maintaining the temperature below -50 °C. The reaction mixture was
stirred for 1 h at -60 °C. Then, a solution of 3 (3.78 g, 19.3 mmol) in anhydrous tetrahydrofuran (50 mL) was gently added to the
mixture over 15 min while maintaining the temperature below -50 °C. After the addition, the content was stirred for an additional 2 h
at -50 °C and the reaction was then quenched with methanol (10 mL) at -40 °C, poured into water (400 mL) and acidified with a 37 %
aqueous hydrochloric acid solution to pH 3. The mixture was extracted with ethyl acetate (2 x 200 mL) and the combined organic
layers were then washed with water (2 x 100 mL) and brine (100 mL), dried over sodium sulfate, filtered and concentrated to dryness.
The residue was purified by flash chromatography on silica gel (heptane/ethyl acetate 70/30 to 60/40) to afford 4 (3.33 g, 16.2 mmol)
as white crystals (84 %). Ry (heptane/ethyl acetate 50/50): 0.37. Mp: 63-64 °C. 'H NMR (CDCl5) 6 7.86 (d, J = 8.0 Hz, 2H), 7.35 (d, J
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= 8.0 Hz, 2H), 4.46 (dt, J*yp = 47.2 Hz, Pyy = 6.0 Hz, 2H), 4.07 (s, 2H), 2.84 (t, J = 7.6 Hz, 2H), 2.04 (dtt, I’yr = 25.6 Hz, Py = 7.6
& 6.0 Hz, 2H). *C NMR (CDCl5) 5 186.6 [C], 148.9 [C], 132.3 [C], 129.2 [2xCH], 128.7 [2xCH], 113.8 [C], 82.7 [d, J'cr = 164 Hz,
CH,], 31.5 [d, PPcg = 5 Hz, CH,], 31.4 [d, J*cr = 20 Hz, CH,], 29.3 [CH,].

Ethyl 3-cyano-4-(4-(3-fluoropropyl)phenyl)-4-oxobutanoate (5). To a solution of 4 (5.34 g, 26.0 mmol) in ethanol (150 mL) was
added in one portion, under vigorous stirring, sodium hydroxide (1.14 g, 28.6 mmol). The reaction mixture was stirred at ambient
temperature for 15 min. Then, sodium iodide (3.90 g, 26.0 mmol) and ethyl bromoacetate (3.18 mL, 28.6 mmol) were added to the
reaction mixture which was stirred at ambient temperature for 24 h. The reaction mixture was concentrated to dryness and the residue
was partitioned between acidified water (100 mL, pH 1) and ethyl acetate (200 mL). The organic layer was separated, washed with
water (200 mL) and brine (100 mL), dried over sodium sulfate, filtered and concentrated to dryness. The residue was purified by flash
chromatography on silica gel (heptane/ethyl acetate 80/20 to 50/50) to afford 5 (6.15 g, 81%) as a yellow oil. Ry (heptane/ethyl acetate
50/50): 0.5. "H NMR (CDCls) & 7.98 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 4.74 (dd, J = 8.4 & 5.6 Hz, 1H), 4.46 (dt, J'yr =
47.2 Hz, Py = 5.6 Hz, 2H), 4.18 (q, J = 7.6 Hz, 2H), 3.26 (dd, J = 17.2 & 8.4 Hz, 1H), 2.92 (dd, J = 17.2 & 5.6 Hz, 1H), 2.84 (t, ] =
7.6 Hz, 2H), 2.04 (dtt, iy = 19.6 Hz, I’y = 7.6 & 5.6 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H). >C NMR (CDCl5) § 188.0 [C], 169.5 [C],
148.9 [C], 131.8 [C], 129.3 [2xCH], 129.2 [2xCH], 116.4 [C], 82.6 [d, J'c¢ = 165 Hz, CH,], 61.6 [CH,], 34.1 [CH], 32.8 [CH,], 31.5
[d, J’cr = 5 Hz, CH,], 31.4 [d, J*c¢ = 20 Hz, CH,], 14.0 [CH4].

Ethyl 2-(5-amino-3-(4-(3-fluoropropyl)phenyl)-1H-pyrazol-4-yl)acetate (6). To a solution of 5 (6.15 g, 21.1 mmol) in ethanol (120
mL) were added dropwise, at ambient temperature, monohydrated hydrazine (3 mL, 63.3 mmol) and acetic acid (2 mL, 35.8 mmol).
The reaction mixture was refluxed for 2 h. Then, it was concentrated to dryness and the residue was partitioned between ethyl acetate
(50 mL) and a 10 % potassium carbonate aqueous solution (20 mL). The organic layer was separated, washed with water (2 x 20 mL)
and brine (20 mL), dried over sodium sulfate, filtered and concentrated to dryness. The residue was purified by flash chromatography
on silica gel (dichloromethane/methanol 97/3) to afford 6 (3.25g, 50 %) as an orange oil. Ry (dichloromethane/methanol 95/5): 0.38.
'H NMR (CDCl3) § 7.45 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 6.24 (b, w\,, = 88 Hz, 3H), 4.46 (dt, Jyr = 47.2 Hz, Py = 6.0
Hz, 2H), 4.17 (q, ] = 7.2 Hz, 2H), 3.41 (s, 2H), 2.77 (t, ] = 7.6 Hz, 2H), 2.08-1.95 (m, 2H), 1.27 (t, J = 7.2 Hz, 3H). °C NMR (CDCl;)
8 171.9 [C], 153.8 [C], 143.0 [C], 141.7 [C], 129.0 [2xCH], 127.8 [2xCH], 127.7 [C], 96.8 [C], 82.9 [d, J'c¢ = 164 Hz, CH,], 61.1
[CH.], 31.8 [d, P’cp = 19 Hz, CH,], 31.0 [d, e = 5 Hz, CH,], 29.4 [CH,], 14.1 [CH3].

Ethyl 2-(2-(4-(3-fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)acetate (7). To a solution of 6 (748 mg, 2.44
mmol) in ethanol (50 mL) was added acetylacetone (0.50 mL, 4.87 mmol). The reaction mixture was refluxed for 5 h. Once the
reaction completed, the mixture was concentrated to dryness and the residue was dissolved in ethyl acetate (100 mL). The solution
was then washed with water (2 x 50 mL) and brine (50 mL), dried over sodium sulfate, filtered and concentrated to dryness. The
residue was purified by flash chromatography on silica gel (dichloromethane/methanol 99/1 to 98/2) to afford 7 (773 mg, 86 %) as
light yellow crystals. Ry (dichloromethane/methanol 96/4): 0.60. 'H NMR (CDCl3) & 7.70 (d, T = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H),
6.54 (s, 1H), 4.47 (dt, Iyr = 47.2 Hz, Py = 6.0 Hz, 2H), 4.13 (q, J = 7.2 Hz, 2H), 3.97 (s, 2H), 2.80 (t, ] = 7.6 Hz, 2H), 2.75 (s, 3H),
2.57 (s, 3H), 2.04 (dtt, Py = 26.8 Hz, Py = 7.6 & 6.0 Hz, 2H), 1.19 (t, J = 7.2 Hz, 3H).*C NMR (CDCl;) & 171.8 [C], 157.9 [C],
154.7 [C], 147.6 [C], 144.8 [C], 141.4 [C], 131.3 [C], 128.7 [2xCH], 128.4 [2xCH], 108.5 [CH], 99.4 [C], 83.0 [d, J'cr = 164 Hz,
CH,], 60.7 [CH,], 31.9 [d, J*c¢ = 20 Hz, CH,], 31.0 [d, ¢ = 5 Hz, CH,], 29.2 [CH,], 24.6 [CH3], 16.8 [CH;], 14.1 [CH;].

General procedure for the preparation of compounds 8-21: To a solution of the appropriate amine (4 eq) in anhydrous toluene (3

mL) was added dropwise, under argon and at room temperature, a 2.0 M trimethylaluminium solution in toluene (3 to 4 eq). The
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resulting solution was stirred at room temperature for 1 h. Then, a solution of the ester 7 (50-300 mg, 1 eq) in toluene (1 mL) was
added in one portion and the mixture was heated at 110 °C (except otherwise stated) until completion (TLC) of the reaction. The
mixture was then quenched with water (20 mL) and further diluted with a 0.1 M hydrochloric acid aqueous solution (10 mL), unless
otherwise stated. The mixture was finally extracted twice with ethyl acetate (2 x 20 mL) and the combined organic layers were
washed with water (20 mL) and brine (10 mL), dried over sodium sulfate, filtered and concentrated to dryness. The residue was either
triturated in diethyl ether (2 mL) or purified by flash chromatography on silica gel (using dichloromethane/methanol 99/1 to 94/6 or
dichloromethane/acetone 95/5 to 85/15) to afford the desired products 8 to 21.

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)-V,N-dimethylacetamide (8). This amide was
prepared following the general procedure described above using 50 mg of the ester 7 (0.135 mmol), 44 mg of N,N-dimethylamine
hydrochloride (4 eq, 0.540 mmol), 271 pL of 2.0 M trimethylaluminium solution in toluene (4 eq, 0.542 mmol), and heating for 30
min. 8 (30 mg, 60 %) was obtained as beige crystals after trituration in diethyl ether. R, (dichloromethane/methanol 97/3): 0.20. #
(HPLC A) = 1.18 min (purity: 97.1 %). Mp: 162-164 °C. '"H NMR (CDCl;) & 7.75 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 6.52
(s, 1H), 4.48 (dt, I’y = 47.2 Hz, Py = 6.0 Hz, 2H), 3.94 (s, 2H), 3.16 (s, 3H), 2.98 (s, 3H), 2.79 (t, ] = 7.6 Hz, 2H), 2.75 (s, 3H), 2.55
(s, 3H), 2.04 (dq°, Pyr = 25.2 Hz, Pyy = 7.6 Hz, 2H). >C NMR (CDCl3) & 170.8 [C], 157.5 [C], 155.1 [C], 147.4 [C], 144.9 [C],
141.2 [C], 131.5 [C], 128.7 [2xCH], 128.7 [2xCH], 108.3 [CH], 100.6 [C], 83.0 [d, J'c¢ = 163 Hz, CH,], 37.6 [CH;], 35.8 [CH;], 31.9
[d, Fcr = 20 Hz, CH,], 31.1 [d, Pc¢ = 5 Hz, CH,], 28.2 [CH,], 24.6 [CH;], 16.9 [CH;]. HR-ESI(+)-MS m/z calcd for C,,H,sFN,O:
369.2085 [M+H]", found 369.2087.

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)- V-methyl-NV-propylacetamide (9). This amide was
prepared following to the general procedure described above using 300 mg of the ester 7 (0.81 mmol), 118 mg of N-methyl-N-
propylamine (2 eq, 1.62 mmol), 163 uL of 2 M trimethylaluminium solution in toluene (4 eq, 3.24 mmol), and heating for 4 h. 9 was
obtained as light yellow solid after flash chromatography on silica gel (dichloromethane/acetone 95/5 to 85/15) (170 mg, 53 %). R,
(dichloromethane/acetone 90/10): 0.22. tz (HPLC A) = 1.39 min (purity: 97.0 %). Mp: 122-124 °C. '"H NMR (CDCl;, 400 MHz) &
7.75 (d, 2H, J = 8.0 Hz), 7.28 (d, 2H, J = 8.0 Hz), 6.51 (s, 1H), 4.52 (dt, 2H, I’y = 47.2 Hz, Puy = 6.0 Hz), 3.94 (s, 1H, rot A), 3.92
(s, 1H, rot B), 3.42 (t, 1H, J = 7.2 Hz, rot A), 3.36 (t, 1H, ] = 7.2 Hz, rot B), 3.12 (s, 1.5H, rot 4), 2.95 (s, 1.5H, rot B), 2.79 (t, 2H, J =
7.2 Hz), 2.74 (s, 3H), 2.54 (s, 3H), 2.03 (dq’, 2H, FPyr = 25.2 Hz, Pyy = 7.2 Hz), 1.65 (q°, 1H, J= 7.2 Hz, rot A), 1.54 (¢°, 1H, J =7.2
Hz, rot B), 0.91 (t, 1.5H, J = 7.2 Hz, rot A), 0.87 (t, 1.5H, J = 7.2 Hz, rot B). °C NMR (CDCls;, 100 MHz) & 170.6 [C, rot A], 170.5
[C, rot B], 157.4 [C], 155.0 [C], 174.5 [C], 144.4 [C], 141.1 [C], 131.5 [C], 128.7 [2xCH], 128.6 [2xCH], 108.2 [CH], 100.8 [C], 82.9
[d, J'ce = 164 Hz, CH,], 51.6 [CH,, rot A], 49.6 [CH,, rot B, 35.6 [CHs, rot A], 33.7 [CHa, rot B], 31.9 [d, J’c¢ = 19 Hz, CH,], 31.0
[d, P’cr = 5 Hz, CH,], 28.4 [CH,, rot A], 27.9 [CH,, rot B], 24.5 [CH;], 21.5 [CH,, rot A], 20.3 [CH,, rot B], 16.8 [CH3], 11.1 [CH,
rot A], 11.0 [CHj3, rot B]. HR-ESI(+)-MS m/z calcd for Cy3HyoFN4O: 397.2398 [M+H]+, found 397.2389.

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)-V,N-dipropylacetamide (10). This amide was
prepared following the general procedure described above document using 150 mf of the ester 7 (0.41 mmol), 225 pL of N,N-
dipropylamine (4 eq, 1.64 mmol), 810 uL of 2.0 M trimethylaluminium solution in toluene (4 eq, 1.64 mmol), and heating at 100 °C
for 1 h. 10 (105 mg, 61 %) was obtained as a beige solid after flash chromatography on silica gel (dichloromethane/methanol 99/1). R,
(dichloromethane/methanol 97/3): 0.25. tx (HPLC A) = 1.55 min (purity: 95.4 %). Mp: 82-84 °C. '"H NMR (CDCl;) & 7.76 (d, J = 8.0
Hz, 2H), 7.28 (d, ] = 8.0 Hz, 2H), 6.52 (s, 1H), 4.48 (dt, I’y = 47.2 Hz, PPy = 6.0 Hz, 2H), 3.95 (s, 2H), 3.38 (t, ] = 7.6 Hz, 2H), 3.31
(t, J=7.6 Hz, 2H), 2.80 (t, ] = 7.6 Hz, 2H), 2.75 (s, 3H), 2.55 (s, 3H), 2.04 (dtt, Pur = 25.2 Hz, PPy = 7.6 & 6.0 Hz, 2H), 1.65 (sex, J
= 7.6 Hz, 2H), 1.55 (sex, ] = 7.6 Hz, 2H), 0.91 (t, ] = 7.6 Hz, 3H), 0.86 (t, ] = 7.6 Hz, 3H). °C NMR (CDCl;) & 170.4 [C], 157.4 [C],
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155.0 [C], 147.5 [C], 144.8 [C], 141.2 [C], 131.5 [C], 128.7 [2xCH], 128.6 [2xCH], 108.2 [CH], 101.1 [C], 83.0 [d, J'cr = 164 Hz,
CH.,], 49.9 [CH.], 48.0 [CH,], 31.9 [d, J’cr = 19 Hz, CH,], 31.0 [d, cr = 5 Hz, CH,], 28.1 [CH,], 24.5 [CH;], 22.2 [CH.,], 20.8 [CH.],
16.8 [CH;], 11.3 [CHs], 11.2 [CH;]. HR-ESI(+)-MS m/z caled for CosH33FN,O: 425.2711 [M+H]", found 425.2720.

N-Cyclopropyl-2-(2-(4-(3-fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)acetamide (11). This amide was
prepared following the general procedure described above using 50 mg of the ester 7 (0.135 mmol), 38 puL of N-cyclopropylamine (4
eq, 0.548 mmol), 274 pL of 2.0 M trimethylaluminium solution in toluene (4 eq, 0.548 mmol), and heating for 45 min. 11 (42 mg, 81
%) was obtained as a white solid after trituration in cold diethyl ether. R (dichloromethane/methanol 95/5): 0.28. tzx (HPLC A) = 1.18
min (purity: 100.0 %). Mp: 174-176 °C. '"H NMR (CDCl;) & 7.81 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 6.88 (b, wy, = 21 Hz,
1H), 6.60 (s, 1H), 4.48 (dt, J’yr = 47.2 Hz, PPy = 6.0 Hz, 2H), 3.80 (s, 2H), 2.81 (t, ] = 7.6 Hz, 2H), 2.79 (s, 3H), 2.65 (m, 1H), 2.60
(s, 3H), 2.05 (dtt, Py = 25.2 Hz, Py = 7.6 & 6.0 Hz, 2H), 0.68 (q, J = 6.8 Hz, 2H), 0.33 (bt, wy,, = 21 Hz, 2H). °C NMR (CDCl;) &
172.6 [C], 158.1 [C], 155.0 [C], 147.2 [C], 145.5 [C], 141.8 [C], 130.4 [C], 128.9 [2xCH], 128.8 [2xCH], 108.5 [CH], 100.1 [C], 83.0
[d, J'cp = 164 Hz, CH,], 31.9 [d, J*cr = 20 Hz, CH,], 31.7 [CH,], 31.1 [d, Pc¢ = 5 Hz, CH,], 24.4 [CH], 22.5 [CH;], 16.9 [CH3], 6.3
[2xCH,]. HR-ESI(+)-MS m/z calcd for C2,H,sFN,4O: 381.2085 [M+H]", found 381.2089.

N-Cyclopropyl-2-(2-(4-(3-fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)- V-methylacetamide (12). Note: The
general procedure described above failed to generate the desired amide in acceptable amount and purity. The following alternative
pathway was thus used. To a solution of 25 (277 mg, 0.81 mmol) in dichloromethane (5 mL), were added successively 24 (66 mg,
0.62 mmol), TBTU (260 mg, 0.81 mmol) and DIPEA (1.08 mL, 6.2 mmol). The reaction mixture was stirred at room temperature for
4 h. Then, it was partitioned between water and dichloromethane. The aqueous layer was extracted with dichloromethane (3 x 15 mL).
The combined organic layers were washed with a 1 M hydrochloric acid aqueous solution (20 mL), brine (20 mL), dried over sodium
sulfate and concentrated to dryness. The crude was purified on silica gel chromatography (toluene/acetone 80/20 to 70/30) to afford
12 as a pale yellow oil (40 mg, 15 %). Ry (toluene/acetone 50/50): 0.53. tx (HPLC A) = 1.35 min (purity: 70.0 %). 'H NMR (CDCl,
400 MHz) § 7.73 (d, 2H, J = 8.8 Hz), 7.28 (d, 2H, J = 8.8 Hz), 6.51 (s, 1H), 4.47 (dt, 2H, I’z = 45.2 Hz, P’y = 6.0 Hz), 4.13 (s, 2H),
2.95 (s, 3H), 2.88-2.86 (m, 1H), 2.79 (t, 2H, J = 7.6 Hz), 2.74 (s, 3H), 2.54 (s, 3H), 2.03 (m, 2H, Pyr = 18.3 Hz), 0.91-0.85 (m, 4H).
PC NMR (CDCl;, 100 MHz) & 173.8 [C], 157.4 [C], 155.0 [C], 147.6 [C], 144.6 [C], 141.1 [C], 131.6 [C], 128.6 [4 x CH], 108.2
[CH], 101.1 [C], 83.0 [d, J'c¢ = 163 Hz, CH,], 34.2 [CH], 31.9 [d, J°c¢ = 19 Hz, CH,], 31.3 [CH;], 31.0 [d, J’cr = 5 Hz, CH,], 28.8
[CH,], 24.6 [CH;3], 16.8 [CH3], 9.26 [2xCH,].

1-(Azetidin-1-yl)-2-(2-(4-(3-fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)ethanone (13). This amide was
prepared following the general procedure described above using 150 mg of the ester 7 (0.406 mmol), 110 uL of azetidine (4 eq, 1.63
mmol), 609 pL of 2.0 M trimethylaluminium solution in toluene (3 eq, 1.22 mmol), and heating at 70 °C for 1 h. No acidic treatment
was made for the work up of this reaction. 13 (75 mg, 49 %) was obtained as a beige powder after trituration in cold diethyl ether. R,
(dichloromethane/methanol 96/4): 0.18. tx (HPLC A) = 1.19 min (purity: 100.0 %). Mp: 163-164 °C. '"H NMR (CDCl;) & 7.77 (d, J =
8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 6.46 (s, 1H), 4.41 (dt, FPyr = 47.2 Hz, Py = 6.0 Hz, 2H), 4.20 (t, ] = 7.6 Hz, 2H), 3.97 (t, ] =
7.6 Hz, 2H), 3.63 (s, 2H), 2.73 (t, J = 7.6 Hz, 2H), 2.67 (s, 3H), 2.49 (s, 3H), 2.17 (¢, ] = 7.6 Hz, 2H), 2.04 (dtt, Pyr = 25.2 Hz, Py =
7.6 & 6.0 Hz, 2H). >C NMR (CDCls) & 171.0 [C], 157.6 [C], 155.2 [C], 147.4 [C], 144.8 [C], 141.3 [C], 131.3 [C], 128.8 [2xCH],
128.7 [2xCH], 108.3 [CH], 100.0 [C], 83.0 [d, J'c¢ = 164 Hz, CH,], 50.7 [CH,], 48.1 [CH,], 31.9 [d, J*cr = 20 Hz, CH,], 31.1 [d, Pcr
= 5 Hz, CH,], 26.4 [CH,], 24.6 [CH3], 16.8 [CH3], 15.1 [CH,]. HR-ESI(+)-MS m/z calcd for Co,H,sFN,O: 381.2085 [M+H]", found
381.2093.
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2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)-1-(pyrrolidin-1-yl)ethanone (14). This amide was
prepared following the general procedure described above using 150 mg of the ester 7 (0.406 mmol), 136 pL of pyrrolidine (4 eq,
1.63 mmol), 710 pL of 2.0 M trimethylaluminium solution in toluene (3.5 eq, 1.42 mmol), and heating for 1 h. 14 (107 mg, 67 %) was
obtained as white shiny foam after flash chromatography on silica gel (dichloromethane/methanol 99/1 to 97/3). Rf
(dichloromethane/methanol 95/5): 0.29. tx (HPLC A) = 1.27 min (purity: 100.0 %). Mp: 156-159 °C. '"H NMR (CDCl;) & 7.79 (d, J =
8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 6.52 (s, 1H), 4.47 (dt, J’yr = 47.2 Hz, Py = 6.0 Hz, 2H), 3.88 (s, 2H), 3.65 (t, J = 6.8 Hz, 2H),
3.50 (t, J = 6.8 Hz, 2H), 2.79 (t, ] = 7.6 Hz, 2H), 2.74 (s, 3H), 2.54 (s, 3H), 2.03 (dtt, F’yr = 26.8 Hz, Py = 7.6 & 6.0 Hz, 2H), 1.99
(q°, J = 6.8 Hz, 2H), 1.86 (q°, ] = 6.8 Hz, 2H). °C NMR (CDCl;) & 169.4 [C], 157.5 [C], 155.2 [C], 147.5 [C], 144.8 [C], 141.2 [C],
131.5 [C], 128.8 [2xCH], 128.6 [2xCH], 108.2 [CH], 100.6 [C], 83.0 [d, J'c¢ = 164 Hz, CH,], 46.8 [CH,], 45.9 [CH,], 31.9 [d, J’c¢ =
19 Hz, CH,], 31.0 [d, ¢ = 5 Hz, CH,], 29.5 [CH,], 26.2 [CH,], 24.6 [CH;], 24.4 [CH,], 16.8 [CH;3]. HR-ESI(+)-MS m/z calcd for
Ca3H,7FN,O: 395.2242 [M+H]", found 395.2252.

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)-1-(piperidin-1-yl)ethanone (15). This amide was
prepared following the general procedure described above using 150 mg of the ester 7 (0.406 mmol), 160 pL of piperidine (4 eq, 1.62
mmol), 710 pL of 2.0 M trimethylaluminium solution in toluene (3.5 eq, 1.42 mmol), and heating for 2 h. 15 (101 mg, 61 %) was
obtained as beige crystals after trituration in cold diethyl ether. R, (dichloromethane/methanol 96/4): 0.34. ¢z (HPLC A) = 1.38 min
(purity: 100.0 %). Mp: 145-146 °C. "H NMR (CDCls) & 7.76 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 6.52 (s, 1H), 4.47 (dt, Jur
=47.2 Hz, Py = 6.0 Hz, 2H), 3.95 (s, 2H), 3.57 (bs, w1, = 18 Hz, 4H), 2.79 (t, ] = 7.6 Hz, 2H), 2.75 (s, 3H), 2.55 (s, 3H), 2.03 (dtt,
Pur =252 Hz, Py = 7.6 & 6.0 Hz, 2H), 1.64-1.63 (m, w,, = 18 Hz, 2H), 1.53-1.52 (m, w,, = 18 Hz, 4H). °C NMR (CDCl;) &
169.1 [C], 157.5 [C], 155.0 [C], 147.5 [C], 144.8 [C], 141.2 [C], 131.5 [C], 128.7 [2xCH], 128.6 [2xCH], 108.3 [CH], 100.8 [C], 83.0
[d, J'cp = 164 Hz, CH,], 46.9 [CH,], 43.1 [CH,], 31.9 [d, J°c¢ = 20 Hz, CH,], 31.0 [d, Pcr = 6.0 Hz, CH,], 28.1 [CH,], 26.4 [CH,],
25.6 [CH,], 24.6 [CH;], 24.5 [CH,], 16.9 [CH3]. HR-ESI(+)-MS m/z calcd for Co;H2FN,4O: 409.2398[M+H]", found 409.2393.

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)-1-morpholinoethanone (16). This amide was
prepared following the general procedure described above using 100 mg of the ester 7 (0.271 mmol), 94 mg of morpholine (4 eq, 1.08
mmol), 540 pL of 2.0 M trimethylaluminium solution in toluene (4 eq, 1.08 mmol), and heating at 100 °C for 1 h. 16 (89 mg, 80 %)
was obtained as an ocher solid after flash chromatography on silica gel (dichloromethane/methanol 99/1 to 97/3). Ry
(dichloromethane/methanol 95/5): 0.33. £z (HPLC A) = 1.15 min (purity: 95.6 %). Mp: 118-120 °C. 'H NMR (CDCl;) & 7.80 (d, J =
8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.54 (s, 1H), 4.48 (dt, I’y = 47.2 Hz, Py = 5.6 Hz, 2H), 3.95 (s, 2H), 3.75-3.60 (m, 8H), 2.80
(t, J=17.2 Hz, 2H), 2.76 (s, 3H), 2.56 (s, 3H), 2.04 (dtt, P’yr = 25.2 Hz, Py = 7.2 & 5.6 Hz, 2H)."*C NMR (CDCl;) & 169.7 [C], 157.6
[C], 155.0 [C], 147.3 [C], 144.9 [C], 141.4 [C], 131.3 [C], 128.8 [2xCH], 128.7 [2xCH], 108.4 [CH], 100.2 [C], 83.0 [d, J'cr = 164
Hz, CH,], 66.9 [CH,], 66.7 [CH,], 46.4 [CH,], 42.3 [CH,], 31.9 [d, J’c¢ = 19 Hz, CH,], 31.1 [d, Pcr = 5 Hz, CH,], 27.9 [CH,], 24.6
[CH3], 16.9 [CH3].HR-ESI(+)-MS m/z calcd for C53H,7FN,4O,: 411.2191[M+H]", found 411.2187.

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)-1-(piperazin-1-yl)ethanone (17). This amide was
prepared following the general procedure described above using 150 mg of the ester 7 (0.406 mmol), 140 mg of piperazine (4 eq, 1.63
mmol), 710 pL of 2.0 M trimethylaluminium solution in toluene (3.5 eq, 1.42 mmol), and heating for 1 h. A basic treatment was used
as work up. The reaction mixture was quenched with a 1.0 M sodium bicarbonate aqueous solution (10 mL) and the resulting
inorganic precipitate was filtered off on a Biichner funnel. The filtrate was extracted as described in the general procedure. The
residue was purified by flash chromatography on silica gel (dichloromethane/methanol 97/3 to 94/6) to afford 17 (141 mg, 85 %) as a
pale yellow solid. R, (dichloromethane/methanol 80/20): 0.36. tz (HPLC A) = 0.69 min (purity: 98.5 %). Mp: 69-70 °C. 'H NMR
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(CDCls) & 7.78 (d, T = 8.4 Hz, 2H), 7.30 (d, ] = 8.4 Hz, 2H), 6.53 (s, 1H), 4.48 (dt, Jur = 47.2 Hz, Py = 6.0 Hz, 2H), 3.94 (s, 2H),
3.66 (t, ] = 4.8 Hz, 2H), 3.62 (t, ] = 4.8 Hz, 2H), 2.85-2.82 (m, 4H), 2.80 (bt, 2H, J = 7.6 Hz), 2.75 (s, 3H), 2.55 (s, 3H), 2.04 (dtt, Fur
=27.2 Hz, Puy = 7.6 & 6.0 Hz, 2H), 1.96 (s, 1H). °C NMR (CDCls) & 169.5 [C], 157.7 [C], 155.0 [C], 147.3 [C], 144.9 [C], 141.4
[C], 131.2 [C], 128.8 [2xCH], 128.7 [2xCH], 108.4 [CH], 100.2 [C], 83.0 [d, J'c; = 164 Hz, CH,], 46.3 [CH,], 45.7 [CH,], 45.3
[CH,], 42.2 [CH,], 31.9 [d, F’cs = 20 Hz, CH,], 31.0 [d, P’c¢ = 5 Hz, CH,], 28.0 [CH,], 24.6 [CH5], 16.8 [CH;]. HR-ESI(+)-MS m/z
caled for Cy3H,7FN4O5: 410.2351[M+H]+, found 410.2358.

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)-1-(piperazin-1-yl)ethanone hydrochloride
(17.HCI). To a solution of 17 (28 mg, 0.068 mmol) in dichloromethane (0.50 mL) were added a few drops of a 1.25 M hydrochloric
acid solution in methanol. The resulting precipitate was filtered on a Biichner funnel, washed with cold diethyl ether (4 x 2 mL) and
suck-dried to afford 17.HCI (14 mg, 46 %) as bright yellow crystals. Mp: 120-122 °C. '"H NMR (MeOD-d,) & 7.65 (d, J = 8.0 Hz,
2H), 7.40 (d, J = 8.0 Hz, 2H), 7.15 (s, 1H), 4.47 (dt, Jur = 47.6 Hz, Py = 6.0 Hz, 2H), 4.20 (s, 2H), 3.99 (bt, wi,, = 16 Hz, 2H), 3.89
(bt, Wi, = 16 Hz, 2H), 3.41 (bt, wy;, = 16 Hz, 2H), 3.31 (m, 2H), 2.96 (s, 3H), 2.85-2.80 (m, 5H), 2.04 (dtt, F’yr = 24.8 Hz, Py = 7.2
& 6.0 Hz, 2H).

N-Benzyl-2-(2-(4-(3-fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)-V-methylacetamide (18). This amide was
prepared following the general procedure described above using 150 mg of the ester 7 (0.406 mmol), 210 pL of N-benzylmethylamine
(4 eq, 1.63 mmol), 710 pL of 2.0 M trimethylaluminium solution in toluene (3.5 eq, 1.42 mmol), and heating for 1 h. 18 (112 mg, 62
%) was obtained as an orange gum after flash chromatography on silica gel (dichloromethane/methanol 99/1) and a trituration in cold
diethyl ether. Ry (dichloromethane/methanol 98/2): 0.25. ¢z (HPLC A) = 1.47 min (purity: 100.0 %). 'H NMR (CDCls) & 7.78-7.74 (d,
J=7.6 Hz, 2H), 7.32-7.10 (m, 7H), 6.54 (s, 0.55H, rot A), 6.48 (s, 0.45H, rot B), 4.73 (s, 0.90H, rot B), 4.63 (s, 1.10 H, rot 4), 4.48
(dt, PPy = 47.2 Hz, Pyy = 6.0 Hz, 2H), 4.03 (s, 0.90H, rot B), 4.01 (s, 1.10H, rot A), 3.06 (s, 1.65H, rot 4), 2.96 (s, 1.35H, rot B), 2.81
(t, ] = 7.2 Hz, 2H), 2.76 (s, 1.65H, rot A), 2.70 (s, 1.35H, rot B), 2.56 (s, 1.65H, rot A), 2.54 (s, 1.35H, rot B), 2.04 (dtt, Py = 25.6
Hz, Py = 7.2 & 6.0 Hz, 2H). °C NMR (CDCly) 8 171.3 [C, rot B], 171.0 [C, rot A], 157.6 [C, rot B], 157.4 [C, rot 4], 155.1 [C],
147.3 [C, rot A], 147.5 [C, rot B], 144.9 [C], 141.2 [C], 137.4 [C, rot A], 136.7 [C, rot B], 131.3 [C], 128.7 [2xCH], 128.6 [2xCH],
128.5 [CH, rot B], 124.8 [CH, rot A], 128.0 [CH, rot A], 127.1 [CH, rot B],127.1 [CH, rot A], 126.1 [CH, rot B], 108.2 [CH], 100.5
[C, 83.0 [d, J'cr = 164 Hz, CH,], 53.5 [CH,, rot B], 51.2 [CH,, rot A], 35.1 [CHs, rot A], 34.2 [CHs, rot B], 31.9 [d, J°c¢ = 20 Hz,
CH,], 31.1 [CH,], 28.4 [CH,], 24.5 [CH3], 16.8 [CH3]. HR-ESI(+)-MS m/z calcd for Co;H2FN,4O: 445.2398[M+H]", found 445.2414.

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)-N-methyl-V-(pyridin-3-yl)methyl)acetamide (19).
This amide was prepared following the general procedure described above using 198 uL of N-methyl-1-(pyridin-3-yl)methanamine (4
eq, 1.62 mmol), 710 uL of 2 M trimethylaluminium solution in toluene (3.5 eq 1.42 mmol), 150 mg of the ester 7 (0.406 mmol) and
heating for 1 h. No acidic treatment was made for the work up of this reaction. 19 was obtained as a pale yellow solid after flash
chromatography on silica gel (dichloromethane/methanol 98/2 to 97/3) and trituration in cold diethyl ether (141 mg, 78 %). R
(dichloromethane/methanol 94/4): 0.20. tx (HPLC A) = 0.88 min (purity: 97.5 %). Mp: 149-151 °C. 'H NMR (CDCls;, 400 MHz) &
8.52-8.48 (m, 2H), 7.80 (d, 0.6 H, J = 8.0 Hz, rot B), 7.72 (d, 1.4H, J = 8.0 Hz, rot 4), 7.57 (d, 0.7 H, ] = 8.0 Hz, rot A), 7.41 (d, 0.3H,
J=28.0 Hz, rot B),7.31-7.20 (m, 3H), 6.54 (s, 0.7H, rot A), 6.48 (s, 0.3H, rot B), 4.74 (s, 0.6H, rot B), 4.62 (s, 1.4H, rot A), 4.48 (dt,
2H, PPy = 47.2 Hz, Puy = 6.0 Hz), 4.05 (s, 0.6H, rot B), 4.01 (s, 1.4H, rot 4), 3.09 (s, 2.1H, rot 4), 2.93 (s, 0.9H, rot B), 2.80 (t, 2H, J
= 7.2 Hz), 2.75 (s, 2.1H, rot A), 2.68 (s, 0.9H, rot B), 2.55 (s, 2.1H, rot A), 2.54 (s, 0.9H, rot B), 2.04 (dtt, 2H, Pyr = 25.6 Hz, Py =
7.2 & 6.0 Hz). "C NMR (CDCl;, 100 MHz) & 171.4 [C, rot B], 171.3 [C, rot A], 157.7 [C], 155.0 [C], 149.2 [CH, rot A], 148.7 [CH,
rot A], 148.6 [CH, rot B], 147.9 [CH, rot B], 147.5 [C, rot A], 147.0 [C, rot B], 144.8 [C, rot A], 144.7 [C, rot B], 141.3 [C], 135.9
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[CH, rot A], 133.6 [CH, rot B], 133.1 [C, rot A], 132.2 [C, rot B], 131.4 [C, rot A], 131.1 [C, rot B], 128.6 [4xCH], 123.5 [CH, rot 4],
123.2 [CH, rot B], 108.3 [CH], 100.2 [C], 83.0 [d, J'cs = 164 Hz, CH,], 51.2 [CH,, rot A], 48.9 [CH,, rot B], 35.4 [CHs, rot A], 34.2
[CHa, rot B], 31.8 [d, J*cp = 20 Hz, CH,], 31.1 [CH,], 28.7 [CH,, rot B], 28.4 [CH,, rot A], 24.63 [CH;], 16.8 [CH;]. HR-ESI(+)-MS
m/z calced for C,cHosFN5O5: 446.2351[M+H]+, found 446.2346.

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)-N-methyl-NV-(2-(pyridin-2-ylmethyl)acetamide
(20). This amide was prepared following the general procedure described above using 300 mg of the ester 7 (0.81 mmol), 198 mg of
N-methyl-1-(pyridin-2-yl)methanamine (2 eq, 1.63 mmol), 163 uL of 2 M trimethylaluminium solution in toluene (4 eq, 3.25 mmol),
and heating for 5 h. 20 (110 mg, 30 %) was obtained as a light yellow foam after flash chromatography on silica gel
(dichloromethane/methanol 95/5). Ry (dichloromethane/acetone 90/10): 0.19. t (HPLC A) = 1.07 min (purity: 96.0 %). 'H NMR
(CDCl;, 400 MHz): § 8.56 (m, 1H), 7.78 (d, 0.8H, J = 8.0 Hz, rot B), 7.74 (d, 1.2H, J = 8.0 Hz, rot 4), 7.63-7.57 (m, 1H), 7.29-7.14
(m, 4H), 6.53 (s, 0.6H, rot A), 6.48 (s, 0.4H, rot B), 4.83 (s, 0.8H, rot B), 4.75 (s, 1.2H, rot A), 4.48 (dt, 2H, I’y = 47.2 Hz, Py = 5.6
Hz), 4.05 (s, 1.2H, rot B), 4.03 (s, 1.8H, rot 4), 3.20 (s, 1.8H, rot A), 3.00 (s, 1.2H, rot B), 2.80 (t, 2H, J = 7.2 Hz), 2.77 (s, 1.8H, rot
A), 2.69 (s, 1.2H, rot B), 2.55 (s, 1.8H, rot A), 2.53 (s, 1.2H, rot B), 2.04 (m, 2H, J*r = 25.6 Hz). °C NMR (CDCls, 100 MHz): &
171.6 [C, rot B], 171.1 [C, rot A], 157.6 [C], 156.9 [C], 155.0 [C, rot 4], 154.9 [C, rot B], 149.4 [CH, rot B], 148.9 [CH, rot 4], 147.5
[C, rot 4], 147.3 [C, rot B], 144.8 [C, rot 4], 144.6 [C, rot B], 141.2 [C], 136.6 [CH], 131.4 [C, rot A], 131.3 [C, rot B], 128.7
[2xCH], 128.6 [2xCH], 122.1 [CH], 120.1 [CH], 108.3 [CH, rot A], 108.2 [CH, rot B], 100.5 [C, rot A], 100.3 [C, rot B], 82.9 [d, J'c¢
= 163 Hz, CH,], 55.5 [CH,, rot B], 53.5 [CH,, rot A], 36.1 [CHs, rot A], 34.6 [CH3, rot B], 31.9 [d, F°cg = 19 Hz, CH,], 31.0 [d, Fcr =
5 Hz, CH,], 28.5 [CH,, rot B], 28.3 [CH,, rot A], 24.5 [CHj], 16.8 [CH;]. HR-ESI(+)-MS m/z calcd for C,sHysFNsO,: 446.2351
[M+H]', found 446.2367

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)- V-methyl-V-phenethylacetamide (21). This amide
was prepared following the general procedure described above using 300 mg of the ester 7 (0.81 mmol), 220 mg of N-
methylphenethylamine (2 eq, 1.63 mmol), 163 uL of 2 M trimethylaluminium solution in toluene (4 eq, 3.25 mmol), and heating at
110 °C for 4 h. 21 (84 mg, 23 %) was obtained as pale orange solid after flash chromatography on silica gel (dichloromethane/acetone
95/5 to 80/20). Ry (dichloromethane/acetone 90/10): 0.19. ¢z (HPLC A) = 1.39 min (purity: 96.4 %). Mp: 99-101 °C. 'H NMR (CDCls,
400 MHz) 6 7.70-7.72 (m, 2H), 7.30-7.25 (m, 4H), 7.22-7.19 (m, 2H), 7.18-7.14 (m, 1H), 6.53 (s, 0.5H, rot 4), 6.51 (s, 0.5H, rot B),
4.48 (dt, 2H, Iy = 48 Hz, FPuy = 6.0 Hz), 3.92 (s, 1H, rot A), 3.88 (s, 1 H, rot B), 3.71 (t, 0.98H, J = 7.2 Hz, rot B), 3.61 (t, 1.02H, J =
7.2 Hz, rot A), 3.02 (s, 1.5H, rot A), 2.93 (s, 1.5H, rot B), 2.85-2.77 (m, 4H), 2.76 (s, 1.5H, rot 4), 2.74 (s, 1.5H, rot B), 2.57 (s, 1.5H,
rot A), 2.52 (s, 1.5H, rot B), 2.09-1.96 (dq’, 2H, Fyr = 26.8 Hz, I’y = 6.0 Hz). >C NMR (CDCl;, 100 MHz) 6 170.8 [C, rot B], 170.5
[C, rot 4], 157.4 [C], 155.0 [C], 174.3 [C], 144.7 [C], 141.2 [C], 139.3 [C, rot A], 138.3 [C, rot B], 131.4 [C, rot A], 131.3 [C, rot B],
128.8 [2xCH], 128.7 [2xCH], 128.6 [4xCH], 126.5 [CH, rot B], 126.1 [CH, rot A], 108.2 [CH], 100.6 [C], 82.9 [d, J'c; = 163.8 Hz,
CH,), 51.9 [CH,, rot B], 50.6 [CH,, rot A], 36.5 [CH3, rot A, 34.9 [CH,, rot B], 34.1 [CHs, rot B], 33.6 [CH,, rot A, 31.9 [d, FPcr =
19.6 Hz, CH,], 31.0 [d, P’c¢ = 5.4 Hz, CH,], 28.5 [CH,, rot A, 27.9 [CH,, rot B], 24.5 [CH;], 16.8 [CH;3]. HR-ESI(+)-MS m/z calcd
for CosH3FN,O: 459.2555 [M+H]", found 459.2556.

N-Benzylcyclopropanamine (22). To a solution of cyclopropylamine (5.0 g, 87 mmol) in tetrahydrofuran (120 mL) was added
triethylamine (19 mL, 131 mmol) at ambient temperature. Benzyl bromide (12 mL, 105 mmol) was then carefully added dropwise to
the reaction mixture which was stirred overnight at ambient temperature. The reaction mixture was partitioned between water and
ethyl acetate. The aqueous layer was extracted twice with ethyl acetate (2 x 100 mL). The combined organic layers were washed with
water (2 x 100 mL) and brine (100 mL), dried over sodium sulfate, filtered and concentrated to dryness. The residue was purified by
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chromatography on silica gel (dichloromethane/methanol 100/0 to 98/2) to afford 22 (3.25 g, 49 %) as a light yellow oil. Ry
(dichloromethane/methanol 96/4): 0.36. '"H NMR (CDCls, 400 MHz) & 7.33 (m, 4H), 7.29-7.24 (m, 1H), 3.86 (s, 2H), 2.17 (m, 1H),
1.91 (s, 1H), 0.48-0.44 (m, 2H), 0.43-0.39 (m, 2H). >C NMR (CDCls;, 100 MHz) & 140.5 [C], 128.4 [2xCH], 128.2 [2xCH], 126.8
[CH], 53.7 [CH3], 30.0 [CH], 6.4 [2xCH,].

N-Benzyl-N-methylcyclopropanamine (23). To a cooled solution (0 °C) of 22 (3.0 g, 20.3 mmol) in methanol (40 mL) was added a
37 % wt. aqueous formaldehyde solution (2.5 mL, 30.5 mmol). Sodium borohydride (1.15 g, 30.5 mmol) was cautiously added to the
mixture (exothermic reaction) which was then stirred for 30 min at 0 °C. Once completed, the reaction was quenched with a saturated
potassium carbonate aqueous solution (100 mL). The mixture was then extracted twice with ethyl acetate (2 x 50 mL). The organic
layers were combined, washed twice with water (2 x 25 mL) and brine (25 mL), dried over sodium sulfate, filtered and concentrated
to dryness. The residue was purified by chromatography on silica gel (dichloromethane/methanol 100/0 to 99/1) to afford 23 (2.45 g,
74 %) as a colorless oil. Ry (dichloromethane/methanol 95/5): 0.41. 'H NMR (CDCl;, 400 MHz) & 7.32-7.24 (m, 5H), 3.68 (s, 2H),
2.27 (s, 3H), 1.73-1.70 (m, 1H), 0.49-0.45 (m, 4H). °C NMR (CDCl;, 100 MHz) & 138.4 [C], 129.3 [2xCH], 128.0 [2xCH], 126.8
[CH], 62.2 [CH;], 41.9 [CH], 38.4 [CH3], 7.1 [2xCH,].

N-Methylcyclopropanamine hydrochloride (24). To a solution of 23 (417 mg, 2.59 mmol) in methanol (10 mL) was cautiously
added 10 % palladium on charcoal (26 mg, 1 mol %). The reaction vessel was degassed under reduced pressure and filled with
hydrogen at 1 atm (two cycles). The reaction mixture was stirred at ambient temperature overnight. Then, the catalyst was filtered off
using a Celite” pad and washed with dichloromethane/methanol 80/20 (100 mL). Amethanolic10 M hydrochloric acid solution (3mL)
was added. The filtrate was further concentrated to dryness to afford 24 (177 mg, 63 %) as a pale yellow oil stored under argon. Ry
(dichloromethane/methanol 90/10): 0.1. 'H NMR (MeOH-d,, 400 MHz) 6 2.77 (m, 4H), 0.91-0.89 (m, 4H). 5C NMR (MeOH-d,, 100
MHz) 6 32.5 [CH3], 31.2 [CH], 2.6 [2xCH,].

2-(2-(4-(3-Fluoropropyl)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)acetic acid (25). To a solution of the ester 7 (460 mg,
1.26 mmol) in methanol (10 mL), was added potassium hydroxide (212 mg, 3.78 mmol). The reaction mixture was heated at 40 °C for
5 h. Water (5 mL) was added to quench the reaction. The reaction mixture was then acidified to pH 2 with a 1 M hydrochloric acid
aqueous solution. The formed precipitate was filtered off, washed with diethyl ether, and dried under vacuum to afford 25 as a beige

solid (277 mg, 64 %), that was engaged without further purification in the coupling step (see preparation of 12 above).

5.2. Binding studies

Binding affinities for the TSPO (K;) were determined using membrane homogenates from rat heart and screened against ["H]PK 11195
(Kq= 1.8 nM, ¢ = 0.2 nM). Affinities for the CBR were determined at a unique concentration (1 uM), using membrane homogenates
from rat cerebral cortex and screened against [*H]flunitrazepam (K4 = 2.1 nM, ¢ = 0.4 nM). This work was done by CEREP

(http://www.cerep.fr).
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5.3. LogD74 / clogP determination, and TPSA calculation

LogD7 4 (n-octanol/buffer pH 7.4 partition coefficient) values were determined based on a validated and standardized HPLC method
(HPLC B), by conversion of the recorded retention time for each compound (correlation between retention times and known logD
values of similar compounds). Calculated LogP (cLogP) as well as topological polar surface area (TPSA, expressed in A?%) were

determined using ChemDraw Professional 15.0 (Cambridge Soft., PerkinElmer, Waltham, MA, USA).

5.4. Microsomal metabolic stability evaluation

Compounds were incubated with hepatic microsomal fractions (male CD1 mouse, male Sprague-Dawley rat or humans (BD pool))
using the following experimental conditions throughout the study: microsomal proteins concentration = 0.25 mg/mL; substrate
concentration = 0.5 pM; cofactor = 1 mM NADPH. For each compound to be tested, 5 samples were prepared, and incubated
respectively for 0, 5, 10, 20 and 30 min. Enzyme activity was stopped with 1 volume of CH3;CN, and proteins removed by
centrifugation. The supernatant fluids were then analysed by UPLC/HRMS (UPLC: Polaris C18 (50 x 2.0 mm, 3 pm) column
(Agilent, Santa Clara, CA, USA); mobile phase: (A) H,O + 0.1% formic acid, (B) CH;CN + 0.1% formic acid; gradient (A/B): 90:10
to 10:90 (2.1 min), then 10:90 for 0.3 min and back to 90:10 (0.1 min) ; 0.5 mL/min; injection volume: 5 pL. HRMS: Thermo
Scientific Hybride Q Exactive™ quadrip6le-Orbitrap (Thermo Fisher Scientific, Inc., NYSE:TMO, Waltham, MA, USA)). The data
were collected and processed using GMSU software (GUBBS, Alpharetta, GA, USA), leading to quantification of the unchanged
tested compound. Intrinsic clearances were expressed as pL / min / mg protein, and calculated, for each compound, as below.

First, the percentage of unchanged compound (% stability) at T =5, 10, 20 and 30 min was calculated by normalizing the data at these
time points to the data recorded at T = 0 min for the analyte / internal standard peak area ratio. % stability = [peak area ratio at T /
peak area ratio at TO] x100. Then, the elimination slope (-k) (k is expressed in min™') was determined using a linear regression of the
neperian logarithm (In) of the % stability versus the incubation time (T). Finally, intrinsic clearance (InC) was determined as follows:

InC = [k / protein concentration] x 1000 (protein concentration is expressed in mg / mL).
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