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ABSTRACT Monoacylglycerol lipase (MAGL) inhibition provides a potential treatment
approach to neuroinflammation through modulation of both the endocannabinoid pathway, and
arachidonoyl signaling in the central nervous system (CNS). Herein we report the discovery of
compound 15 (PF-06795071), a potent and selective covalent MAGL inhibitor, featuring a novel
trifluoromethyl glycol leaving group which confers significant physicochemical property
improvements as compared with earlier inhibitor series with more lipophilic leaving groups. The

design strategy focused on identifying an optimized leaving group that delivers MAGL potency,
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serine hydrolase selectivity, and CNS exposure; while simultaneously, reducing LogD,
improving solubility, and minimizing chemical lability. Compound 15 achieves excellent CNS
exposure, extended 2-AG elevation effect in vivo, and decreased brain inflammatory markers in

response to an inflammatory challenge.

Introduction

Monoacylglycerol lipase (MAGL) is a serine hydrolase which regulates the endocannabinoid
pathway and arachidonoyl signaling in the central nervous system (CNS) (Figure la)."
Emerging biological data suggests that inhibiting MAGL may be a promising therapeutic
approach to multiple diseases, particularly those in which neuroinflammation plays a central
role.”" Neuroinflammation occurs as a consequence of disease or injury resulting in activation of
resident immune cells (microglia and astrocytes), production of pro-inflammatory cytokines and
chemokines, and deterioration of the blood brain barrier.!" Persistent neuroinflammation can
result in neuronal death and ultimately contribute to neurodegeneration.”” Inhibition of MAGL
has therefore been proposed as a potential therapeutic approach for Alzheimer’s disease (AD),"
Parkinson’s disease (PD)," multiple Sclerosis (MS)," pain and acute brain injury.'*"

MAGTL is highly expressed throughout the body, including the brain, liver and lungs. In the
brain, MAGL has a central role in controlling levels of the endocannabinoid 2-
arachidonylglycerol (2-AG), and the pro-inflammatory eicosanoid precursor arachidonic acid
(AA).” MAGL catalyzes the transformation of 2-AG to AA (Figure 1b), which can be further
converted to pro-inflammatory eicosanoids. MAGL serves as the primary regulator of AA in the

brain, controlling >85% of 2-AG metabolism, in contrast to the periphery, where AA is primarily

derived from phospholipids via cytosolic phospholipase A2 (cPLA2). Arachidonic acid (AA) is
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also utilized by COX enzymes for the synthesis of inflammatory prostaglandins and
thromboxanes, thus lowering AA levels results in further anti-inflammatory effects. Moreover,
MAGL is located presynaptically at axon terminals, and co-localized with the cannabinoid
receptor 1 (CB1). As a potent CB1/2 agonist, 2-AG activates the endocannabinoid system,
which has been reported to have beneficial impact on inflammation.”’ Therefore, this dual role in
controlling neuroinflammation through central 2-AG and AA regulation supports wide ranging

therapeutic potential for MAGL inhibitors.

A B
Endocannabinoid
Signalin
DAG gnaling o IOH MAGL 0
Lipase /Z\WV,U\O, ~_OH = _MOH
DA —> 2-AG N~ on ) e
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Thromboxanes
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Figure 1. (a) 2-AG plays a central role in endocannabinoid pathway signaling and arachidonyl
inflammatory cascade in the brain. (b) MAGL catalyzes the hydrolytic conversion of 2-

arachidonyl glycerol (2-AG) to arachidonic acid (AA).

MAGL is a membrane bound serine hydrolase, tethered intracellularly by an anchoring a-
helical region.” The substrate binding site comprises a large hydrophobic tunnel which forms the

acyl-chain binding region (ACB pocket), accommodating the long aliphatic chain of the natural
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substrate 2-AG. At the head of the ACB pocket is a catalytic triad of amino acids (Ser122,
His269 and Asp239). The triad activates Ser122, which nucleophilically attacks the carbonyl of
2-AG. An oxyanion hole, comprised of two backbone amide residues in this region, stabilizes
the developing negative charge on the carbonyl in the transition state en route to the tetrahedral
intermediate during catalysis. Beyond the catalytic triad is the cytoplasmic access channel (CA
channel), that consists of more polar residues, ultimately leading to the cytoplasm. The polar
residues of this channel complement the hydrophilic glyceryl moiety of 2-AG, and upon
hydrolysis, the expelled glycerol molecule presumably exits the enzyme via this channel.

A covalent inhibition approach is one strategy to deliver sustained inhibition of MAGL at a
feasible human dose.” This approach was deemed to be the most viable for achieving good
MAGL potency, and the high levels of sustained inhibition that were targeted for efficacy in
neuroinflammatory conditions. Reversible inhibitors of MAGL with sub-micromolar potency
have been recently reported.*** However, a reversible profile is desirable when the objective is
to achieve more transient MAGL blockade. In addition, achieving the desired MAGL potency in
a desirable property space has proved challenging with reversible inhibitors. Several series of
covalent MAGL inhibitors have emerged in the last decade, and some representative examples
are shown in Figure 2a.*° A typical feature of these inhibitors is an amine core linking to a
lipophilic tail region, needed to complement the lipophilic ACB pocket. The amine core is
capped with a carbamate or urea head group featuring a leaving group, which is generally an
alcohol or heterocycle. ** This moiety presumably binds in the CA channel of the active site, or
“leaving group pocket” prior to covalent modification. Upon binding of the inhibitor to the

MAGL active site, Ser122 attacks the carbonyl carbon, triggering leaving group departure. This
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results in a stable adduct with the core and tail region of the inhibitor molecule, rendering the
enzyme incapable of further degradation of 2-AG (Figure 2b).

The hydrophobic nature of a large section of the MAGL binding pocket demands significant
lipophilicity for binding and inhibition. To complement the highly lipophilic nature of the ACB
pocket, many potent inhibitors reside in a highly lipophilic space (cLogP > 4). As a result, these
compounds often have poor solubility, making evaluation of in vivo efficacy and further
development challenging. Moreover, metabolic clearance also increases with lipophilicity,
which leads to higher requisite doses to achieve efficacy. Molecules in these higher cLogP
ranges are also considered non-ideal because of their higher propensity for associated off-target
promiscuity and safety risks.”’

A common motif employed in reported covalent MAGL inhibitors is the
hexafluoroisopropanol (HFIP) leaving group (Figure 2a, compounds 1-3). This group confers a
favorable potency and selectivity profile, providing a balance between the levels of reactivity
required for reaction with Ser122 at the MAGL active site, with low enough inherent chemical
lability to avoid promiscuous serine hydrolase inhibition. However, a major disadvantage of this
moiety is its high lipophilicity, which exacerbates the already requisite lipophilic regions of the
ACB pocket. This has the potential to result in compounds with high clogP, which often
correlates with high clearance and poor solubility.

The development of MAGL inhibitors that could treat neuroinflammation resulting from acute
traumatic or non-traumatic brain injury would potentially require delivery via intravenous (IV)
route of administration. To that end, our goal was to develop highly soluble MAGL inhibitors for
the treatment of these acute neurological conditions. Incorporation of the HFIP moiety would

increase the challenge of achieving such a profile, with the resulting compounds having
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unfavorably high clogP, poor solubility, high clearance, and poor lipophilic efficiency (LipE).*
We sought to identify a new series of brain penetrant MAGL inhibitors with improved solubility,
and thus more amenable to IV formulation. The requirement to reduce LogD to improve
solubility needed to be balanced with the requirement to avoid transporter liabilities (PgP and
BCRP) to maintain good CNS penetration.” Since the MAGL pocket contains more polar
residues in the region corresponding to the leaving group binding pocket (the CA channel), the
design strategy focused on modifying the leaving group to effectively balance these properties. A
further objective in the design of the leaving group was to engender potency from a balance of
target-specific binding efficacy and reactivity, rather than simple non-specific chemical
reactivity.” Minimizing inherent chemical reactivity of the carbamate is one approach to avoid
indiscriminate reactivity with other off-target proteins, and to optimize selectivity for MAGL
versus other related serine hydrolases (e.g. fatty acid amide hydrolase (FAAH)). A further
consideration associated with covalent approaches, which is simultaneously addressed by
minimizing chemical reactivity, is the desire to mitigate the risk of idiosyncratic adverse drug
reactions (IADRs). It has been reported that minimizing total daily covalent body burden (via
low dose), and reducing the intrinsic electrophilic activity may contribute to reducing IADR
safety risks in covalent drugs.*"*

Herein we report the identification of compound 15 (PF-06795071), a covalent MAGL
inhibitor featuring a novel, stereodefined, trifluoromethyl glycol leaving group. This compound
shows a comparable potency and selectivity profile to compounds containing the more lipophilic
and chemically labile HFIP leaving group. This compound shows significantly improved
solubility compared with earlier leads, improving the feasibility of our objective of a MAGL

inhibitor suitable for IV dosing. Compound 15 shows excellent selectivity against FAAH and
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other serine hydrolases, demonstrates good brain penetration, and a clean in vitro safety profile.
Furthermore, compound 15 is efficacious in sustaining elevation of 2-AG levels in vivo, and in

reducing markers of neuroinflammation in animal models.

A

Examples of Covalent MAGL Inhibitors with hexafluoroisopropanol (HFIP) leaving

groups
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Figure 2. (a) Representative examples of covalent MAGL Inhibitors with the
heaxfluoroisopropanol (HFIP) and other leaving groups. (b) MAGL inactivation by covalent

inhibitors.
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Results and Discussion

We previously reported a series of pyrazole azetidine analogs such as compound 7 (Figure 3),
displaying excellent MAGL potency (MAGL ICso = 0.3 nM) and a good selectivity profile.** An
expectation of irreversible MAGL inhibitors is that one should observe an extended in vivo
pharmacodynamic (PD) effect of MAGL inhibition (raised 2-AG levels). Upon testing analogs
from this azetidine series in mouse in vivo PK/PD studies, we observed only a transient elevation
in 2-AG. Cellular activity based protein profiling (ABPP) studies confirmed that this class of
compounds covalently inhibited MAGL transiently and led us to speculate that the azetidine
adducts formed at the MAGL site are rapidly hydrolyzed from the enzyme. We observed that
analogs containing larger ring cores, such as piperidines, resulted in improved MAGL adduct
stability and thus prolonged PD effects.

Recent efforts to optimize the core system of these inhibitors resulted in the discovery of
compounds based on a [3.1.0] bicyclic core system, such as compound 8 (Figure 3). Compound
8 retains MAGL potency (MAGL ICsp= 1.4 nM) and has excellent FAAH selectivity (FAAH
ICsp = 4.3 uM, Table 1). Despite a promising pharmacology profile, compound 8 resides in a
high LogD space, and has poor kinetic solubility (< 1uM). To address these challenges, we
systematically explored leaving groups with the goal of improving drug-like properties. To this
end, a series of analogs that varied the alcohol leaving group in lower LogD space was prepared

(Table 1).

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

improve MAGL .. __. X 0|_otimize
0 GcF, adductstability o CF, leaving group
/ N”ﬂ\o CF; : o)\ca

74 | : R :>

N-N
§ /> 7 8
F

MAGL IC5q 0.3nM F MAGL ICsp 1.4nM

FAAH IC5o 0.66uM (2200x) FAAH ICs0 4.3uM (3000x)

LogD 5.1/LipE 4.4 LogD 5.6/ LipE 3.4

Kinetic Sol. < 1uM

Figure 3. Design of MAGL Inhibitors with improved adduct stability and lower LogD

Synthesis of MAGL Inhibitor Leaving Group Analogs. Synthesis of analogs based upon
the [3.1.0] system core with various leaving groups was achieved using the general strategy
outlined in Scheme 1. Beginning with Boc-protected 3-azabicyclo[3.1.0]hexane-6-carboxylic
acid 20, the carboxylic acid group was converted to the corresponding methyl ketone 21 via
Weinreb amide formation and Grignard addition. Subsequent conversion to pyrazole 22,
followed by copper-catalyzed N-arylation with 4-fluorophenyl boronic acid afforded Boc-
protected N-aryl pyrazole compound 23. Removal of the Boc protecting group provided the key
amine intermediate 24. The reaction of 24 with an activated carbonate or chloroformate derived
from an appropriate alcohol (corresponding to the desired leaving group) afforded the analogs in

Table 1 and 2.
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Scheme 1. Synthesis of carbamate analogs in Table 1 and 2
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(a) i. NHMeOMe.HCl, EDCI, HOBT, DIPEA, CH,Cl,, 0 °C; ii. MeMgBr, THF, 0 °C, 99%
over 2 steps; (b) i. DMF-DMA, DMF, 110 °C; ii. NH,NH,, EtOH, 80 °C, 16 h, 94%; (c) 4-F

phenylboronic acid, Cu(OAc),, pyridine, 4A MS, CH,Cl,, 30 °C, 18h, 60%; (d) CF3CO,H, rt.;
(e) chloroformates or activated carbonates .

In vitro Assays. MAGL potency was evaluated in vitro by measuring inhibition of turnover of
a fluorogenic substrate (7-HCA, 7-hydroxycoumarinyl arachidonate) by recombinant MAGL,
following 30 minute incubation with inhibitors.* While this method allows for rank ordering of
potency, results are dependent on pre-incubation time. k;,,./K; ratios were measured for more
accurate characterization of irreversible inhibition; a greater k;,,./K; value indicates a more
effective inhibitor.”” k;,../K; ratio accounts for binding efficiency of the entire inhibitor
molecule in the pre-covalent state (within the K; parameter), as well as the rate of the covalent
attachment step (within kiucr). kinae/ K1 values for MAGL inhibitors shown in Table 1 correlate

well with respective ICsp measurements. FAAH inhibition potency was assessed using

10
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recombinant FAAH and a fluorescent substrate (arachidonoyl-AMC), following a 30 minute pre-
incubation with compounds.

Structure Activity Relationships. Table 1 shows the impact of combining various leaving
groups with compounds based on a [3.1.0] bicyclic core system on MAGL inhibition profile and
properties. As a reference, several analogs containing the literature alcohol leaving groups were
evaluated (compounds 8-10). The calculated pK, of the leaving group alcohol was used as an
indicator of relative chemical reactivity of the groups. Compound 8 with hexafluoroisopropanol
(HFIP) as the leaving group showed excellent MAGL potency (ICsop = 1 nM) and selectivity
versus FAAH (ICso = 4.3 uM). In contrast, while the p-nitrophenol-derived analog 9 is potent at
MAGL (ICsp = 24 nM), it lacks selectivity over FAAH (ICsp = 18 nM). The N-
hydroxysuccinimidyl carbamate 10 is significantly less potent despite greater reactivity to HFIP.
A potential explanation may be less favorable binding of this group in the CA pocket.

Using the HFIP alcohol as a starting point, small modifications to reduce LogD were designed
and prepared. Replacement of one trifluoromethyl group with a simple methyl in compound 11
resulted in a significant potency reduction (MAGL ICsy = 242 nM), likely attributable to reduced
reactivity of this group as suggested by the pK,. Interestingly, acceptable FAAH selectivity
levels were largely maintained (4300 fold for 8 vs > 95 fold for 11). Removal of the branched
alkyl group altogether resulted in a simple trifluoroethyl leaving group in compound 12 that
exhibited significantly reduced MAGL potency, and interestingly resulted in significant erosion
of FAAH selectivity. Comparison of compound 11 and 12 would suggest that branching in the
leaving group pocket is an important structural feature for maintaining selectivity over FAAH.
This is consistent with an earlier report on the affinity of anandamide analogs for rat anandamide

amino hydrolase, where branched analogs disfavored binding.* Encouragingly, compound 13

11
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which contains a tetra-fluorinated leaving group, corresponding to one LogD unit reduction in

lipophilicity relative to 11, regained potency at MAGL (ICsp = 26 nM) and maintained FAAH

oNOYTULT D WN =

selectivity (73 fold).

10 With these results in hand, and inspired by the structure of the natural substrate for MAGL (2-
AG), we designed compound 14, in which one highly lipophilic trifluoromethyl group is
15 replaced with a more polar hydroxyl group, resulting in a LogD reduction of almost two units
17 (Figure 4). It was postulated the polar “OH” group should be tolerated in this region of the CA
pocket, since the glycerol moiety in 2-AG can bind in this region. Gratifyingly, we observed that
22 racemic glycol analog 14 retained excellent potency at MAGL (ICso = 6 nM), excellent
24 selectivity against FAAH (>2000-fold), and improved lipophilic efficiency * (LipE = 4.3) as

26 compared with the HFIP analog 8 (LipE 3.4).

58 12
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Table 1. Leaving Group SAR

Leaving
MAGL  Kine/Ky FAAH 4 conf
Compound -OR; ICsp (NM)* (M'ls'l)b ICsp (UM’ LogD LipE (I});g:g)
4 - 5.6 16173 >11 5.1 3.1 7.2
7 - 0.33 650964 0.66 5.1 4.4 9.8
CF3
8 1 41708 4.3 5.6 3.4 9.8
fo)\CF3
NO,
9 3%0@ 24 2879 0.018 42° 3.4 7.2
0]
10 ¢
?{Op 46 156 3.6 2.6 4.7 7.8
(0]
CF3
11 . 242 ND >23 4.8 1.8 12.5
Yo
12 Yo ™ cr, 445 103 0.97 4.2 2.2 12.5
CF
13 . ’ F 26 1578 1.9 4.3 33 11.2
¥0
CF3
14 6 12966 14 3.9 4.3 11.7
:ﬁo)\/OH

’ICso values measured from MAGL inhibition assay. Activity measured after 30 min pre-
incubation with compound. Values represent the geometric mean of at least three experiments.
95% confidence intervals are provided in the supporting information. b Kinae/ K1 ratio. °ICsq
values measured from FAAH inhibition assay. Values represent the geometric mean of at least
three experiments. YMeasured eLogD values. eLogD is an HPLC based method for measuring
LogD*®. °SFLogD measured at pH 7.4 "Lipophilic efficiency (LipE) defined as MAGL pICso-
LogD. #Calculated pK, of alcohol leaving group (ACD labs).

13
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Figure 4. Design of glycol moiety in compound 14 inspired by 2-AG, the natural substrate of

25 MAGL.

28 Encouraged by the promising profile of compound 14, closely related analogs of 14 were
synthesized and profiled, as shown in Table 2. Separating enantiomers afforded the more active
33 compound 15, which had the expected improvement in potency (MAGL ICsy 3 = nM, Ko/ K1 =
35 29,724 M''s™) consistent with a positive binding interaction with the pocket. Enantiomer 16 was
37 less potent (MAGL ICso = 890 nM), which reinforced the suggestion that the MAGL inhibition
did not predominantly result from leaving group reactivity alone (wherein the enantiomers would
42 exhibit the same potency), but rather by making a positive binding interaction in the pocket.
44 Capping the hydroxyl group with a methyl group (compound 17), or homologating the glycol to
position the hydroxyl further from the carbamate (compound 18) results in a significant potency
49 drop. Modifying the position of trifluoromethyl substituent on the glycol (compound 19) also
51 diminishes MAGL activity. The glycol leaving group in compound 15 was an intriguing
advance, because it attained similar levels of MAGL inhibition to compound 8, despite the glycol

56 leaving group (pK, = 11.7) being significantly less reactive than the hexafluoroisopropanol in 8

58 14
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(pKa = 9.8). We postulated that the hydroxyl group therefore made a favorable binding
interaction in the leaving group pocket in the pre-covalent binding step, relative to the HFIP.

It was postulated that the pK, of the alcohol could be used as a leading indicator of potency, as
it is a reflection of inherent reactivity. To understand the relationship between MAGL plCsy
versus the pK, of the leaving groups, a number of analogs in the series were plotted (Figure 5).
For most analogs, MAGL potency (pICsg) correlates with pK, of the leaving group, with more
acidic leaving groups having greater potency. This trend indicates that electrophilicity of the
carbamate carbonyl (correlating with pK,) is the major driving force for potency, and suggests no
specific interaction (beneficial or detrimental) of the molecule with the leaving group pocket. In
the case of active glycol enantiomer 15, MAGL inhibition potency is greater than would be
expected for this pK, range.

In addition to desirable MAGL potency, compound 15 retains good selectivity over FAAH
(>1000-fold), good lipophilic efficiency (LipE = 4.7), and is in a more desirable property space
(LogD = 3.8) than its HFIP analog (8, LogD = 5.6). Encouragingly, 15 had an apparent kinetic
solubility of 115 uM at pH 7.4, which was a considerable enhancement compared with
compound 8 with apparent kinetic solubility of <1 uM at the same pH. A crystalline form of
compound 15 had a thermodynamic solubility of 25 uM at pH 6.5 (after 24 h). Furthermore, we
were encouraged that compound 15 could potentially have low in vivo clearance as oxidative

turnover in human liver microsomes is low (HLM Cl j;; < 8 ml/min/kg).

15
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Table 2. SAR of Trifluoromethyl Glycol Related Analogs

MAGL kinact/ KI FAAH
ICsp (M) (M's™)° ICs0 (uM)°

HLM CLiy

d . ©
LogD™ LipE™ 1 /min/ke) *

Compound -OR;

CF;

15 %5 OH 3 29724 3.1 3.8 4.7 <8

16 890 79 26 39 2.2 <8
?O/\/OH
17 ?O)\/OMe 354 110 1.94 4.2 2.3 nd®

18 ?OJ\/\OH 582 4573 >12 4.2 2.0 <12

OH
19 ?{O/\C(F 132 244 ~30 40 29 9.4
3

’ICso values measured from MAGL inhibition assay. Activity measured after 30 min pre-
incubation with compound. Values represent the geometric mean of at least three experiments.
95% confidence intervals are provided in the supporting information. b Kinae/ K1 ratio.  ICsg
values measured from FAAH inhibition assay. Values represent the geometric mean of at least
three experiments. YMeasured eLogD values. eLogD is an HPLC based method for measuring
LogD. “Lipophilic efficiency (LipE) defined as MAGL pICso-LogD. 'Scaled intrinsic clearance
in human liver microsomes. ®nd = not determined

16
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MAGL pIC50 vs Leaving Group pK,
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Figure 5. MAGL pICs of inhibitors from the [3.1.0] series vs pKa of alcohol leaving group.

Asymmetric Synthesis of Compound 15. In order to further profile compound 15, an efficient
asymmetric synthetic route to the glycol leaving group was developed. This synthetic route is
outlined in Schemes 2 and 3. The initial synthesis of PMB-protected chiral glycol 27 was
achieved by nucleophilic addition of p-methyoxylbenzyl alkoxide to commercially available
racemic epoxide 25 followed by chiral chromatography (Scheme 2). Alternatively, racemic

epoxide 25 can be resolved using a Jacobsen hydrolytic kinetic resolution reaction, to give the

Increasing Reactivity
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desired enantioenriched (R) epoxide (26) in >98% ee.”' Ring opening of chiral epoxide 26 with
p-methyoxylbenzyl alcohol affords the desired enantiomer of 27 without the need for chiral

chromatography.

Scheme 2. Synthetic route to protected chiral glycol intermediate

OMe
0 a 0 b CF, ﬁ
“CF; CFs Ho™ O

25 26 27

| epoxide ring opening followed by chiral chromatography T

b

(a) (S,S)-(Salen)Co(Ill)acetate complex, 0.45 equiv. H,O, then distillation (>98% ee (R)); (b)
p-methoxybenzyl alcohol, NaHMDS, THF, 41% (25 to 27).

With chiral glycol intermediate in hand, compound 15 can be synthesized as outlined in
Scheme 3. PMB protected alcohol 27 can be converted to the NHS activated carbonate 28 as
shown in Scheme 3, by activation with N,N'-disuccinimyl carbonate. Coupling the NHS
activated carbonate intermediate 28 to the pyrazole amine 24 and subsequent PMB deprotection

provided desired compound 15 in excellent yield.
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Scheme 3. Synthesis of compound 15

O M
oF OMe 0 CF OMe
3 N, L 0
HO (0] —— O O
(0]
27 28
O CFs
b
74 c
/ 7 | 74
NN  H o H ’
E N-N N-
F 24 ; 29 :
F F

(a) N,N'-disuccinimyl carbonate, NEt;, CH,Cl,, 18h, 25 °C (in situ); (b) 28, CH,Cl,, rt, 18h,

61% over 2 steps; (c) CF;CO,H, rt., 4h, 65%.

X-Ray Co-crystal structures and MAGL Docking Models. Irreversible modification of
MAGL by this series of inhibitors was confirmed through x-ray co-crystal structures. Figure 6
illustrates a MAGL co-crystal structure obtained following treatment with NHS carbamate 10.
The structure confirmed covalent modification of Ser122 in the active site by the inhibitor and
demonstrates that the [3.1.0] core with aryl pyrazole tail of the inhibitor complements the shape
of the lipophilic MAGL acyl chain binding (ACB) pocket. Although we did not attempt to co-
crystalize compound 15 itself with MAGL, we inferred covalent modification of MAGL by

compound 15 from its time-dependent inhibition profile in vitro assay systems, and assume an

identical adduct is formed to that with compound 10.
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32 Figure 6. X-ray co-crystal structure of compound 10 bound to MAGL. Crystal structure shows a
post-covalent modification snapshot of binding in the MAGL pocket, with leaving group no

37 longer attached (PDB Accession code: 6BQO).

40 Unfortunately, co-crystal structures were not helpful in prospectively guiding structure-based
42 design of the leaving group, as the leaving group has already departed in the snapshot of the
protein in a post-covalent modification state. Therefore, in order to understand binding and drive
47 leaving group design, molecular modeling efforts focusing on the construction of a “pre-
49 covalent” MAGL-ligand complex were pursued. This was accomplished via modeling of
compound 15 into the x-ray structure with the catalytic Ser122 repositioned to that of the

54 published non-covalent MAGL-ligand complex (PDB: 3PE6). The approximate positioning of
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the leaving group was then found via docking™ and subsequent minimization in this MAGL
active site.

Docking of compound 15 into the MAGL site with Ser122 placed in the pre-covalent state is
shown in Figure 7a and 7b (rotated view). The docked “pre-covalent” compound 15 is shown in
green sticks, and can be compared to the X-ray of the post-covalent state shown in purple lines.
Here the carbonyl (facing away in Figure 7a, visible in Figure 7b) is oriented toward the two
backbone NH donors of Ala51 and Met123, which forms the oxyanion hole. In these docking
poses, the carbonyl-NH distance is closer (2.1 A) for the AlaS1 interaction compared to the
Met123 (3.1 A) due to the steric blocking of Ser122. Presumably, as the reaction proceeds to the
transition state, the distance from the Ser122 oxygen to the ligand carbon will decrease, and the
second oxyanion interaction distance will also shorten. In the structure of the covalent ligand,
these distances are shortened to about 2.0 A for both of these interactions.

An additional prediction is that the terminal glycerol -OH can form a polar interaction with
His269, which forms, along with Arg57 and Tyr194 the polar residues of the CA channel via
which glycerol molecules (or other leaving groups) exit the protein. The CF; moiety does not
appear to contribute to any favorable binding interactions. Rather, we believe its primary
contribution to MAGL activity is manifest in the reactivity component, via the inductive effect of
electronegative fluorines on the C=0 bond.

The other half of the “pre-covalent” ligand occupies a space in the ACB pocket which is
similar in orientation, but twisted about 60 degrees relative to the covalent ligand. Due to the
change in position of Serl122, it is not possible to fit the carbonyl effectively in the oxyanion
hole, while simultaneously preserving the exact position of the ‘core’ piece of the molecule to

that of the covalent x-ray. It is our hypothesis that active MAGL ligands must be able to
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effectively fit into multiple conformations in the ACB area in order to not hinder this rotation as
the reaction proceeds. That the ACB pocket is lined with predominately hydrophobic residues (6
Leucine residues, 1 each Met, Phe and Ile) likely reflects the need for this pocket to favor non-
specific binding, thus keeping energy wells for twisting shallow. This is further supported by the

assortment of X-ray structures which show that a variety of binding poses can be accommodated.

| Membrane Interface

y 07

Met123
Ser122

Ala57

catalytlc trlad ? Arg57 f

CA channel K

Figure 7. Docking model of compound 15 binding to MAGL in the pre-covalent state (green
sticks). A superimposed X-ray structure of the post-covalent modification state is shown (purple
lines- PDB Accession code: 6BQ0) (a) Shows predicted interaction of the leaving group “OH”
with His239 of the catalytic triad. (b) Rotated view shows the predicted interaction of carbonyl

group with backbone “NH” groups from Ala57 and Met123.
In vitro selectivity and in vitro safety profile. Serine hydrolase selectivity of compound 15
was tested in an in vitro panel of selected serine hydrolases (Figure 8).” Compound 15 exhibits
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a comparably clean selectivity profile compared to analogs containing previously described
leaving groups, such as HFIP (compound 8) and NHS (compound 10) analogs. Compound 15
shows complete inhibition of MAGL without significant inhibition of other serine hydrolases,
with the exception of carboxyesterase 1(CES1), which is inhibited at 80% when tested at 10 uM.
In contrast, HFIP analog 8 shows complete inhibition of MAGL, but also ABHD6 (95%) and
CES1 (58%) at the same dose. NHS carbamate analog 10 had weaker off-target activity at a
number of serine hydrolases, including the carboxyesterase enzymes (CES1 and CES2),

ABHD6, FAAH and FAAH2.

Compound 8
% Inhibition
0
Compound 10 t
50 @
100 [ J

Compound 15

FASN
IAH1
LYPLA1
OVCA2
PLB1
PNLIPRP2
PPT2
PREP
PREPL
RBBP9
SCPEP1
SIAE

PAFAH1B2
PAFAH2

PLA2G15
PLA2G7

LYPLA2
LYPLAL1

Figure 8. Heat map showing serine hydrolase inhibition profile for MAGL inhibitors dosed at

[MAGL |

FAM108A1
FAM108B1
PAFAH1B3

10uM against a panel of 42 human serine hydrolase enzymes (% Inhibition). A full list of serine

hydrolase enzymes tested and method is provided in SI, table S2.
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Compound 15 was also profiled for general off-target pharmacology in a
binding/functional panel comprising a number of enzymes, transporters, receptors, and ion
channel targets (CEREP). At a concentration of 10 pM, compound 15 hit only a single target,
showing functional activity at the cannabinoid 1 receptor (ECsp = 1.5 uM). Follow up
radioligand binding studies demonstrated a lack of activity at CB1, suggesting that the compound
does not engage CBI1 directly. An indirect functional CB1 agonism effect would be expected for
a MAGL inhibitor due to the expected increase in 2-AG (a CB1 agonist). In addition, absence of
binding at the hERG channel (ICso >30 pM), also suggests a low risk of cardiovascular QT

prolongation, further increasing the confidence in the safety profile of compound 15.

In vitro metabolism and pharmacokinetic properties of compound 15. With the desired in
vitro pharmacology and safety profile for compound 15, the in vitro ADME properties were
evaluated to assess suitability for in vivo studies (Table 3). In vitro screening data indicated high
passive permeability, as measured by apparent passive permeability (P,pp) in the Madin-Darby
canine kidney low efflux cell line (MDCKII-LE; RRCK cell permeability assay = 21 x 10°
cm/s). In addition, compound 15 was assessed for efflux via human P-glycoprotein (MDCKII-
LE transfected with human MDR1) and mouse breast cancer-resistant protein (MDCKII-LE
tranfected with mBCRP) using well-established transwell assay procedures.” The transporter
efflux ratios were in the low range indicating minimal interaction with either transporter;

increasing the probability of achieving sufficient brain penetration.

Compound 15 was evaluated in human in vitro clearance screening assays, including human
liver microsomes and cryopreserved human hepatocytes (HHEPs) monitoring for substrate

depletion.” In human liver microsomes (HLM), turnover of the compound was not observed
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(HLM scaled Cl;y; < 8 mL/min/kg); however, in HHEPs the turnover observed was significantly
higher (HHEPs scaled Cliy = 52 mL/min/kg). Taken together, the data suggested that
cytochrome P450 (CYP)-mediated oxidative clearance was minimal with substantial
involvement of a non-CYP-mediated clearance pathway. The hydroxyl group in compound 15 is
a potential site for direct conjugation by enzymes such as uridine 5’-diphospho-
glucuronosyltransferase (UGT) and/or sulfotransferase (SULT). To further explore the clearance
pathways, compound 15 was incubated in HHEPs in the presence of aminobenzotriazole (ABT)
and tienilic acid which result in pan-CYP inhibition. In the presence of the CYP inhibitors the
turnover of compound 15 was only partially inhibited as compared with the control incubation
without CYP inhibitors, indicating that the predominant clearance metabolism was non-CYP
mediated with a minor oxidative component. The biotransformation of compound 15 was
performed using HHEPs and the major metabolite identified was a direct glucuronide conjugate,
supporting the hypothesis that compound 15 is cleared predominantly through direct
glucuronidation on the hydroxyl of the leaving group. Compound 15 was also evaluated for
competitive inhibition of five CYP enzymes (CYP3A4, 2D6, 2C9, 2C8, and 1A2) in screening
assays using relevant probe substrates. The observed CYP inhibition was < 10% at 3 uM for
each of the isoforms, indicating a low risk for drug-drug interactions mediated through

competitive inhibition.
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Table 3. Summary of chemical properties and in vitro ADME characteristics of compound 15

oNOYTULT D WN =

Chemical Properties In vitro ADME

' RRCK P, (x 10° cm/s)® 21
MW 399

PSA MDR1 efflux ratio” 1.2

68

BCRP efflux ratio® 1.3
LoeD m
eLoe 3.8

clogP ! HLM CLingscated (mL/min/kg)® <8
2.7

Thermodynamic HHEP Clint scated (ML/min/kg)® 52

solubility pH 6.5 (uM) 25

HHEP Clintscated (ML/min/kg)(+ABT)" 37

“Permeability in the MDCKII-LE cell line. "Ratio of permeability, measured as a rate in 1 x10°
% cm/sec in and out (BA/AB) in the MDCKII-LE cell line transfected with MDR1 (human P-
glycoprotein). °Ratio of permeability, measured as a rate in 1 x 10 cm/sec in and out (BA/AB)
in the MDCKII-LE cell line transfected with mouse BCRP. “Scaled intrinsic clearance in human
liver microsomes. “Scaled intrinsic clearance in human hepatocytes. 'Scaled intrinsic clearance
in human hepatocytes in the presence of CYP inhibitors. PSA = polar surface area

With an intriguing in vitro profile, in vivo pharmacokinetic (PK) properties were assessed. As
we were targeting an intravenous therapy, IV PK studies in rat, dog, and non-human primate
(nhp) were conducted (Table 4). Following IV administration, compound 15 exhibited a
moderate to high plasma clearance (CL,) and a moderate volume of distribution (V4) cross-
species. The resulting half-life was short, ranging from ~1-2 h, although sufficient for in vivo
evaluation. Compound 15 was dosed subcutaneously to mice followed by collection of plasma
and brain samples in a time course manner (Table 4). No impairment to brain penetration was
observed, as evidenced by the AUC(.1ist)-derived unbound brain to unbound plasma ratio
(Coo/Cp ) of ~1.4. We therefore concluded that compound 15 had an adequate PK profile to test

central MAGL inhibition efficacy in vivo.
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Table 4. In vivo pharmacokinetics of compound 15

Administration CL

Species® Route” (mL /mi;; /kg)® Va(L/kg) Tin(h) Cp/C,° Ch/Cpu
rat v 61 3.1 1.3 nd nd
dog v 21 1.6 1.7 nd nd
nhp v 16 1.5 1.7 nd nd
mouse SC nd nd nd 2.4 1.4

“Rat, dog, and nhp studies conducted at 1 mg/kg (n = 2 per species), mouse study conducted at
1.0 mg/kg. v = intravenous, SC = subcutaneous. ‘Plasma clearance. dAUC(O_Tlast)-derived ratio
of the drug concentration in mouse brain to the drug concentration in plasma. *AUCq.Tiast)
derived ratio of the unbound drug concentration in mouse brain to the unbound drug
concentration in plasma (mouse fraction unbound in plasma, f,, = 0.0135; mouse fraction
unbound in brain, f, ,=0.00775). nd = not determined.

In vivo PK/PD and Efficacy of compound 15. Compound 15 was tested in a wild type mouse
PK/PD model to understand the relationship between 2-AG and AA changes with compound
exposure in the brain. Mice (male C57Bl16) were administered a 1 mg/kg subcutaneous dose of
compound 15, and then brain levels of 2-AG and arachidonic acid were monitored over a 24 h
time course. We observed the expected increase in brain 2-AG levels, which persisted for 8§ h
post dose, compared to vehicle treated mice (Figure 9a). In addition, a concomitant decrease in
brain arachidonic acid level was observed compared to vehicle treated mice over a similar time
period (Figure 9b). Excellent total brain exposure of compound 15 was achieved, with greater
than one micromolar concentration at Cp,x (Figure 9c). Unbound brain concentrations of
compound 15 above the ICsy (3 nM) were achieved (Figure 9d) until approximately 2 hours post-
dose. Gratifyingly, as is expected from a covalent inhibitor, the desired PD response was

observed for several hours beyond the PK time course.
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40 Figure 9 Effect of compound 15 following subcutaneous administration of a 1 mg/kg dose in
42 mice. (a) brain 2-AG levels (b) brain AA levels (c¢) Total plasma and brain concentrations of

compound 15 (d) Free plasma and brain concentrations of compound 15.

Additionally, the effect of compound 15 in reducing brain levels of inflammatory mediators
50 was tested in a mouse model of inflammation (Figure 10). A high dose of systemic
52 lipopolysaccharide (LPS) was used to induce a sepsis or encephalitis-like state. As expected, 2-

AG and AA levels were not impacted by LPS challenge, however, increases in brain PGE2, IL-
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IB and TNF-a levels were observed, consistent with a central inflammatory response.
Compound 15 was administered 30 minutes following the LPS dose, and then brain levels of 2-
AG, AA, PGE2, IL-1B and TNF-a were measured at 4 hours post-challenge. Compound 15 was

effective in significantly reducing levels of brain inflammatory markers relative to treatment with

vehicle.
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Figure 10. Effect of Img/kg of compound 15 dosed subcutaneously in mice 30 minutes
following LPS challenge (20mg/kg dose, ip administration). (a-e) Brain levels of 2-AG, AA,
and inflammatory markers measured 4 hours following LPS challenge
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Conclusion

MAGL inhibition offers a compelling approach to the treatment of neuroinflammation and
related diseases; this dictates the need for a potent, selective, brain penetrant MAGL inhibitor in
favorable property space. A promising series of MAGL inhibitors based on a [3.1.0] pyrazole
core system was identified, however, early leads from this series based on the HFIP leaving
group resulted in highly lipophilic, low solubility compounds. Focused SAR efforts to identify a
new leaving group with a desirable MAGL inhibition profile in improved physicochemical
property space led to the identification of a unique trifluoromethylglycol leaving group.
Combination with the optimized core system resulted in compound 15, which has an excellent
MAGL pharmacology profile, along with significantly improved physicochemical properties and
LipE. The higher pKa of the trifluoromethyl glycol leaving group as compared with literature
covalent MAGL inhibitor leaving groups confers a lower inherent chemical reactivity, and a
lower propensity for non-specific reactivity is expected. Importantly, compound 15 shows
significant solubility improvements as compared with analogs with a similar profile, furthering
our objective in identifying MAGL inhibitors with a property profile amenable to IV dosing.
Compound 15 also exhibits excellent serine hydrolase selectivity, and a clean in vitro safety
profile. In addition, compound 15 showed good CNS exposure in mouse, and a suitable PK
profile for use as a tool to explore in vivo efficacy. The expected elevation of mouse brain 2-AG
was observed upon treatment with compound 15, demonstrating target engagement in vivo. In
addition, reductions in inflammatory mediators in the CNS were also observed following LPS
challenge. Covalent MAGL inhibitors from this glycol leaving group series represent a
significant advancement in the search for inhibitors that could be used as treatment for acute
neuro inflammatory conditions with IV delivery.
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EXPERIMENTAL

Chemistry

General Methods Solvents and reagents were of reagent grade and were used as supplied by the
manufacturer. All reactions were run under a N, atmosphere. Organic extracts were routinely
dried over anhydrous sodium sulfate. Concentration refers to rotary evaporation under reduced
pressure. Chromatography refers to flash chromatography using disposable RediSepRf 4 to 120
g silica columns or Biotage disposable columns on a CombiFlash Companion or Biotage
Horizon automatic purification system. Microwave reactions were carried out in a SmithCreator
microwave reactor from Personal Chemistry. Purification by mass-triggered HPLC was carried
out using Waters XTerra PrepMS C18 columns, Sum, 30 x 100 mm. Compounds were pre-
salted as TFA salts and diluted with 1 mL dimethylsulfoxide. Samples were purified by mass
triggered collection using a mobile phase of 0.1% trifluoroacetic acid in water and acetonitrile
with a starting gradient of 100% aqueous to 100% acetonitrile over 10 minutes at a flow rate of
20 mL/minute.  Elemental analyses were performed by QTI, Whitehouse, NJ. All target
compounds were analyzed using ultra high performance liquid chromatography /ultra violet/
evaporative light scattering detection coupled to time of flight mass spectrometry

(UHPLC/UV/ELSD/TOFMS). All test compounds were found to be > 95% pure by this method.

UHPLC/MS Analysis. The UHPLC was performed on a Waters ACQUITY UHPLC system
(Waters, Milford, MA), which was equipped with a binary solvent delivery manager, column
manager, and sample manager coupled to ELSD and UV detectors (Waters, Milford, MA).

Detection was performed on a Waters LCT premier XE mass spectrometry (Waters, Milford,
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MA). The instrument was fitted with an Acquity BEH (Bridged Ethane Hybrid) C18 column (30

mm x 2.1 mm, 1.7 um particle size, Waters, Milford, MA) operated at 60 ° C.

1,1,1,3,3,3-Hexafluoropropan-2-yl 3-(1-(4-fluorophenyl)-1 H-pyrazol-3-yl)azetidine-1-
carboxylate (7)

A mixture of tert-butyl 3-(/H-pyrazol-3-yl)azetidine-1-carboxylate (20 g, 90 mmol), 4-
fluorophenyl boronic acid ** (13.8 g, 98.5 mmol), Cu(OAc); (24.4 g, 13 mmol), pyridine (14.2 g,
18 mmol), and 4 A molecular sieves (2.5 g) in CH,Cl, (800 mL) was stirred at room temperature
for 48 h. The reaction mixture was then filtered and the filtrate was diluted with water (20 mL)
and extracted with CH,Cl; (500 mL x 3). The combined organic layer was washed with water
(500 mL) and saturated sodium chloride (500 mL), dried over sodium sulfate, concentrated in
vacuo and purified by silica gel chromatography (ethyl acetate/petroleum ether) to give 20 g
(71%) of solid tert-butyl 3-[1-(4-fluorophenyl)-1H-pyrazol-3-ylJazetidine-1-carboxylate. 'H
NMR (400 MHz, CDCls) & ppm 7.81 (d, J=2.3 Hz, 1 H), 7.68 - 7.55 (m, 2 H), 7.18 - 7.06 (m, 2
H), 6.42 (d, J=2.7 Hz, 1 H), 4.32 (dd, J=8.9, 8.4 Hz, 2 H), 4.10 (dd, J=8.4, 6.0 Hz, 2 H), 3.87 (tt,
J=8.9, 6.0 Hz, 1 H), 1.46 (s, 9H). °C NMR (101 MHz, CDCl5) & 161.0 (d, J=245.8 Hz), 156.4,
155.0, 136.4 (d, J=2.9 Hz), 128.0, 120.7 (d, J=8.1 Hz), 116.1 (d, J=23.5 Hz), 105.3, 79.4, 55.3
(brs, 2C), 28.4, 27.5.

To a solution of tert-butyl 3-[1-(4-fluorophenyl)-/H-pyrazol-3-yl]azetidine-1-carboxylate (80
mg, 0.25 mmol) in CH,Cl, (4 mL) was added TFA (1 mL). The resulting mixture was stirred at
25 °C for 2 h. The reaction was concentrated in vacuo to afford 120 mg of crude 3-(azetidin-3-
yl)-1-(4-fluorophenyl)-/ H-pyrazole trifluoroacetate salt. LCMS m/z 217.7 [M + H]+.

Bis(pentafluorophenyl)carbonate (235 mg, 1.4 mmol) and trimethylamine (708 mg, 6.99

mmol) were added to a solution of 2,2,2-trifluoroethanol (235 mg, 1.4 mmol) in 8 mL of
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acetonitrile at 0 °C. The solution was warmed to room temperature over 1 h. An aliquot of the
above solution (3.5 mL) was added to a solution of crude 3-(azetidin-3-yl)-1-(4-fluorophenyl)-
1H-pyrazole trifluoroacetate salt (55 mg, 0.25 mmol) in 2 mL of acetonitrile. The resulting
solution was stirred at room temperature for 16 h. The mixture was concentrated and purified by
preparative reverse phase HPLC to afford 51 mg of 7 (1,1,1,3,3,3-hexafluoropropan-2-yl 3-(1-(4-
fluorophenyl)-/ H-pyrazol-3-yl)azetidine-1-carboxylate). '"H NMR (400 MHz, CDCl;) & ppm
7.85 (d, J=2.4 Hz, 1 H), 7.70 - 7.58 (m, 2 H), 7.21 - 7.11 (m, 2 H), 6.42 (d, J=2.4 Hz, 1 H), 5.73
—5.67 (m, 1 H), 4.55 — 4.47 (m, 2 H), 4.39 - 4.25 (m, 2 H), 4.10 - 3.97 (m, 1 H). LCMS m/z

412.0 [M + H]+

1,1,1,3,3,3-Hexafluoropropan-2-yl  (IR,5S,6r)-6-[1-(4-fluorophenyl)-1H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate (8). To a solution of 1,1,1,3,3,3-hexafluoropropan-2-ol
(257 mg, 1.53 mmol) and trimethylamine (774 mg, 7.65 mmol) in anhydrous acetonitrile (6 mL)
at 0 °C was added dipentafluorophenyl carbonate (603 mg, 1.53 mmol). The solution was stirred
at 0 °C for 30 minutes, warmed to 10 °C, and stirred at 10 °C for 2 h. A solution of (/R, 35S, 6r)-6-
[ 1-(4-fluorophenyl)-1 H-pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane, trifluoroacetate salt (24) (364
mg, 1.02 mmol) and trimethylamine (515 mg, 5.09 mmol) in 5 mL of acetonitrile was added and
the resulting mixture was stirred at 10 °C for 16 h. The reaction was concentrated in vacuo and
purified by preparative reverse phase HPLC to afford 253 mg (57%) of 8 as a white solid. 'H
NMR (400 MHz, CDCls) & ppm 7.75 (d, J/=2.4 Hz, 1 H), 7.64-7.56 (m, 2 H), 7.17-7.09 (m, 2 H),
6.20 (d, J/=2.4 Hz, 1 H), 5.74 (sep, J/=6.3 Hz, 1 H), 3.88 (dd, J=11.1, 2.7 Hz, 2 H), 3.67 (dd,
J=11.1, 3.9 Hz, 2 H), 2.08 - 2.06 (m, 2 H), 1.87 (t, J=3.4 Hz, 1 H). >C NMR (101 MHz, CDCl5)

5 160.0 (d, J=245.0 Hz), 153.1, 151.2, 136.4 (d, J=2.9 Hz), 127.5, 120.6 (d, /=8.1 Hz), 116.2 (d,
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J=22.7 Hz), 105.2, 67.8 (sep, J=34.5 Hz), 49.7, 48.8, 25.8, 25.1, 21.2, CF; carbons not observed.

HRMS (ESI) m/z calculated for C1sH4F7N30, [M + H+]: 438.1047. Found 438.1058.

4-Nitrophenyl (IR,5S,6r)-6-[1-(4-fluorophenyl)-1 H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate (9). To a solution of (/R,5S,6r)-6-[1-(4-fluorophenyl)-
1H-pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane, trifluoroacetate salt (24) (82 mg, 0.17 mmol) and
trimethylamine (88 mg, 0.87 mmol) in dichloromethane was added 4-nitrophenyl chloroformate
(110 mg, 0.56 mmol). The mixture was stirred at 30 °C for 27 h and concentrated under reduced
pressure. The resulting residue was purified by reverse phase preparative HPLC to afford 3.8 mg
(5%) of 9 as a white solid. 'H NMR (400 MHz, CDCl3) & ppm 8.27 (d, J=9.0 Hz, 2 H), 7.76 (d,
J=2.5 Hz, 1 H), 7.64-7.57 (m, 2 H), 7.34 (d, /=9.0 Hz, 2 H), 7.18 - 7.11 (m, 2 H), 6.22 (d, J=2.5
Hz, 1 H), 4.01 (d, /=11.0 Hz, 1 H), 3.93 (d, J/=11.0 Hz, 1 H), 3.78 (dd, J=11.0, 3.0 Hz, 1 H), 3.69

(dd, J=11.0, 3.5 Hz, 1 H), 2.13-2.07 (m, 2 H), 1.96 (t, J=3.5 Hz, 1 H). LCMS m/z 408.9 [M+H]".

1-[({(1R,5S,6r)-6-[1-(4-Fluorophenyl)-1 H-pyrazol-3-yl]-3-azabicyclo[3.1.0] hex-3-
yl}carbonyl)oxy|pyrrolidine-2,5-dione (10). A solution of N-hydroxysuccinimide (19 mg, 0.17
mmol), 4-dimethylaminopyridine (2 mg, 0.017 mmol), and N, N-diisopropylethylamine (26 mg,
0.20 mmol) in 5 mL of methylene chloride was added dropwise at 0 °C to a solution of
triphosgene (16 mg, 0.56 mmol) in 3 mL of methylene chloride. The resulting mixture was
stirred at room temperature for 16 h and subsequently added dropwise to a solution of
(IR,5S,6r)-6-[ 1-(4-fluorophenyl)-/ H-pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane, trifluoroacetate
salt (24) (60 mg, 0.17 mmol) and N,N-diisopropylethylamine (87 mg, 0.67 mmol) in 2 mL of

dichloromethane. The mixture was stirred at room temperature for an additional 16 h, diluted
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with water (30 mL), and extracted with methylene chloride (3 x 30 mL). The combined organic
extracts were washed with water and brine, dried (Na,SQO,), filtered, and concentrated at reduced
pressure. The crude residue obtained was purified by reverse phase preparative HPLC to afford
51 mg (79%) of 10. 'H NMR (400 MHz, CDCl3) & ppm 7.74 (d, J=2.3 Hz, 1 H), 7.64-7.55 (m, 2
H), 7.13 (dd, J=8.6, 8.6 Hz, 2 H), 6.23 (d, /=2.3 Hz, 1 H), 3.99 (d, /=10.9 Hz, 1 H), 3.87 (d,
J=10.9 Hz, 1 H), 3.78 (dd, J=10.9, 3.9 Hz, 1 H), 3.69 (dd, J=10.9, 3.9 Hz, 1 H), 2.83 (s, 4 H),
2.16-2.05 (m, 2 H), 1.95 (t, J=3.9 Hz, 1 H). >C NMR (101 MHz, CDCl;) & 169.7 (2C), 160.9 (d,
J=245.0 Hz), 153.1, 150.1, 136.4 (d, J=2.9 Hz), 127.4, 120.5 (d, J=8.1 Hz), 116.1 (d, J=23.5
Hz), 105.5, 50.2, 48.8, 26.2, 25.5 (2C), 24.9, 21.1. LCMS m/z 385.1 [M+H]".
1,1,1-Trifluoropropan-2-yl (IR,5S,6r)-6-|1-(4-fluorophenyl)-1 H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate (11). Bis(pentafluorophenyl)carbonate (59 mg, 0.15
mmol) and trimethylamine (75 mg, 0.75 mmol) were added to a solution of 1,1,1-trifluoro-2-
propanol (17 mg, 0.15 mmol) in 1 mL of acetonitrile at 0 °C. The solution was warmed to 20 °C
and stirred at that temperature for 1 h. A solution of (/R 5S,6r)-6-[1-(4-fluorophenyl)-/H-
pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane, trifluoroacetate salt (24) (50 mg, 0.11 mmol) and
triethylamine (54 mg, 0.53 mmol) in 3 mL of acetonitrile was added and the mixture was stirred
at 20 °C for 16 h. The solution was concentrated and purified by preparative TLC (20% EtOAc
in petroleum ether) to afford 35 mg of impure product. The product was further purified by
reverse phase preparative HPLC to afford 17 mg (41%) of 11 as a white solid. By 'H NMR
analysis, this was judged to be a mixture of rotamers. 'H NMR (400 MHz, CDCl;) & ppm 7.74
(brs, 1 H), 7.63-7.56 (m, 2 H), 7.15-7.11 (m, 2 H), 6.20 (d, J=2.5 Hz, 0.5 H), 6.17 (d, J= 2.5 Hz,
0.5 H), 5.30-5.21 (m, 2 H), 3.84-3.78 (m, 2 H), 3.63-3.54 (m, 2 H), 2.05-1.99 (m, 2 H), 1.88-1.83

(m, 1 H), 1.42 (d, J=6.5 Hz, 3 H). *C NMR (101 MHz, CDCl;) & 160.9 (d, J=245.8 Hz), 153.6,
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153.5, 153.3, 136.4 (d, J=2.9 Hz), 127.5, 127.4, 124.2 (q, J=280.2Hz), 120.6 (d, J=8.1 Hz),
116.2 (d, J=22.7 Hz), 105.2, 105.0, 67.7 (q, J=33.0 Hz), 67.6 (q, J=33.0 Hz), 49.1, 49.0, 48.5,
48.4,26.0,25.21,25.18,21.1, 21.0, 14.0. LCMS m/z 383.9 [M+H]"

2,2,2-Trifluoroethyl (IR,5S,6r)-6-[1-(4-fluorophenyl)-1 H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate (12). Bis(pentafluorophenyl)carbonate (99 mg, 0.25
mmol) and trimethylamine (126 mg, 1.25 mmol) were added to a solution of 2,2,2-
trifluoroethanol (25 mg, 0.25 mmol) in 2 mL of acetonitrile at 0 °C. The solution was stirred at 0
°C for 1 h A solution of (IR,5S,6r)-6-[1-(4-fluorophenyl)-1/H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane, trifluoroacetate salt (24) (82 mg, 0.17 mmol) and triethylamine (88 mg,
0.87 mmol) in 2 mL of acetonitrile was added, and the mixture was stirred at 15 °C for 2 h. The
solution was concentrated and purified by preparative TLC (20% EtOAc in petroleum ether) to
afford 40 mg of impure product. The product was further purified by reverse phase preparative
HPLC to afford 19 mg (30%) of 12 as a white solid. 'H NMR (400 MHz, CDCls) & ppm 7.74 (br
s, 1 H), 7. 61-7.57 (m, 2 H), 7.15-7.10 (m, 2 H), 6.18 (brs, 1 H), 4.49 (q, J/=8.5 Hz, 2 H), 3.84 (t,
J=11.8 Hz, 2 H), 3.59 (br d, J=11.8 Hz, 2 H), 2.03 (br s, 2 H), 1.85 (brs, 1 H). *C NMR (101
MHz, CDCl3) & 160.9 (d, J=245.0 Hz), 153.5, 153.2, 136.4 (d, J=2.9 Hz), 127.5, 123.2 (q,
J=278.0 Hz), 120.6 (d, J=8.1 Hz), 116.2 (d, J/=22.7 Hz), 105.1, 61.2 (q, J=36.7 Hz), 49.2, 48.6,
26.0,25.2,21.1. LCMS m/z 369.8 [M+H]",

(2R)-1,1,1,3-Tetrafluoropropan-2-yl  (/R,5S,6r))-6-[1-(4-fluorophenyl)-1 H-pyrazol-3-yl]-
3-azabicyclo[3.1.0]hexane-3-carboxylate (13). To a solution of (2R)-1,1,1-trifluoro-3-
hydroxypropan-2-yl (IR,5S,6r)-6-[1-(4-fluorophenyl)-/ H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate (118 mg, 0.30 mmol) in 4 mL of methylene chloride at 0

°C was added N, N-diethylaminosulfur trifluoride (71 mg, 0.44 mmol). The mixture was stirred
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at 10 °C for 2 h, quenched by the additional of saturated NH4Cl, and extracted with methylene
chloride (2 x 20 mL). The combined organic extracts were concentrated at reduced pressure and
purified by reverse phase preparative HPLC to afford 40 mg (34%) of 13. By 'H and '°C NMR
analysis, the product was judged to be a mixture of rotamers. 'H NMR (400 MHz, CDCl3) &
ppm 7.74 (d, /=2.5 Hz, 1 H), 7.64-7.56 (m, 2 H), 7.13 (m, 2 H), 6.19 (br s, 1 H), 5.55-5.40 (m, 1
H), 4.80-4.58 (m, 2 H), 3.91 - 3.82 (m, 2 H), 3.68 - 3.58 (m, 2 H), 2.05 (br. s., 2 H), 1.89 - 1.85
(m, 1 H). “C NMR (101 MHz, CDCl3)8 160.9 (d, J=245.0 Hz), 153.4, 152.7, 136.4 (d, J=2.9
Hz), 127.5, 120.6 (d, J=8.1 Hz), 116.2 (d, J=23.5 Hz), 105.15, 105.12, 79.0 (br d, J=177.5 Hz),
69.4 (m), 49.4, 49.3, 48.7, 48.6, 21.97, 21.95, 25.16, 25.14, 21.16, 21.13, all carbons not

observed. LCMS m/z 401.9 [M+H]"

1,1,1-Trifluoro-3-hydroxypropan-2-yl (IR,5S,6r)-6-[1-(4-fluorophenyl)-/H-pyrazol-3-yl]-
3-azabicyclo[3.1.0]hexane-3-carboxylate (14).

To a solution of triphosgene (129 mg, 0.436 mmol) in DCM (10 mL) was added a solution of
racemic 1,1,1-trifluoro-3-(4-methoxybenzyloxy)propan-2-ol (327 mg, 1.31 mmol), DMAP (10.6
mg, 0.09 mmol) and DIPEA (203 mg, 1.57 mmol) in DCM (15 mL) dropwise at -10 °C under N,
over 3 h. The mixture was stirred overnight at room temperature. The solution of reaction
mixture was added to a solution of (/R,J5S,6r)-6-[1-(4-fluorophenyl)-/H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane, trifluoroacetate salt (24) (212 mg, 0.87 mmol) in DCM (10 mL) at
room temperature. The mixture was stirred for 5 h at room temperature. The mixture was
washed with water (20 mL). The aqueous layer was extracted with EtOAc (20 mL x 3). The
combined organic layers were concentrated in vacuo and the crude residue obtained was purified

by flash chromatography (0-50% EtOAc in petroleum ether) to give
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1,1,1-trifluoro-3-[(4-methoxybenzyl)oxy|propan-2-yl (IR,5S,6r)-6-[ 1-(4-fluorophenyl)-1H-
pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane-3-carboxylate (340 mg, around 45% purity (W/W)
from NMR). The product from the reaction was used in the next step without additional
purification.

To a solution of crude 1,1,1-trifluoro-3-[(4-methoxybenzyl)oxy]propan-2-yl (/R,5S,6r)-6-[1-
(4-fluorophenyl)-/ H-pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane-3-carboxylate (340 mg) in EtOH
(100 mL) was added dry Pd/C (1500 mg, 10% w/w) under Ar. The mixture was charged with H,,
and the mixture was stirred for 3h under H, (40 psi) at room temperature. The mixture was
filtered. The filtrate was concentrated in vacuo, and the crude residue obtained was purified by
preparative TLC (petroleum ether: EtOAc = 2:1) to give 30 mg (9% over 2 steps) of (1,1,1-
Trifluoro-3-hydroxypropan-2-yl (IR,5S,6r)-6-[1-(4-fluorophenyl)-/ H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate (14) as a white solid. 'H NMR (400 MHz, CDCl3) & ppm
7.75 (d, J/=2.0 Hz, 1 H), 7.59 (dd, J=9.0, 4.5 Hz, 2 H), 7.13 (dd, J=9.0, 8.5 Hz, 2 H), 6.19 (br. s.,
1 H), 5.33-5.19 (m, 1 H), 4.05-3.97 (m, 1 H), 3.94 - 3.80 (m, 3 H), 3.69 - 3.57 (m, 2 H), 2.35 —

2.28 (m, 1 H), 2.05 (br. s., 2 H), 1.93 - 1.83 (m, 1 H). LCMS m/z 399.8 [M + H]+

(2R)-1,1,1-Trifluoro-3-hydroxypropan-2-yl (IR,5S,6r)-6-[1-(4-fluorophenyl)-/H-pyrazol-
3-yl]-3-azabicyclo[3.1.0]hexane-3-carboxylate (15). To a solution of (R)-1,1,1-trifluoro-3-(4-
methoxybenzyloxy)propan-2-ol (701 mg, 2.80 mmol) in dichloromethane (20 mL) were added
triethylamine (850 mg, 8.40 mmol) and 1,1'-[carbonylbis(oxy)]dipyrrolidine-2,5-dione (717 mg,
2.80 mmol). The reaction mixture was stirred for 18 h at 25 °C and was then treated with a
solution  of  (/R,5S,6r)-6-[1-(4-fluorophenyl)-/ H-pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane,

trifluoroacetate salt (24) (2.9 mmol) and triethylamine (566 mg, 5.59 mmol) in dichloromethane
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(10 mL). The reaction mixture was stirred overnight at 18 °C, whereupon it was concentrated in
vacuo. Purification using silica gel chromatography (Gradient: 0% to 25% ethyl acetate in
petroleum ether) provided 900 mg (61%) of  (2R)-1,1,1-trifluoro-3-[(4-
methoxybenzyl)oxy]propan-2-yl (IR,5S,6r)-6-[1-(4-fluorophenyl)-/ H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate as a gum. By 'H NMR analysis, this was judged to be a
mixture of rotamers. 'H NMR (400 MHz, CDCl5) 6 7.74 (d, J=2.4 Hz, 1H), 7.62-7.57 (m, 2H),
7.29-7.24 (m, 2H), 7.13 (br dd, J=8.9, 8.3 Hz, 2H), 6.93-6.88 (m, 2H), 6.19 (d, J/=2.4 Hz, 0.5H),
6.16 (d, J=2.4 Hz, 0.5H), 5.53-5.43 (m, 1H), 4.60-4.54 (m, 1H), 4.48 (d, half of AB quartet,
J=11.7 Hz, 1H), 3.90-3.84 (m, 1H), 3.84-3.73 (m, 2H), 3.82 (s, 0.5 x 3H) and 3.79 (s, 0.5 x 3H),
3.73-3.65 (m, 1H), 3.65-3.54 (m, 2H), 2.04-2.00 (m, 2H), 1.87-1.82 (m, 1H). LCMS m/z 520.1
[M+H]".

Trifluoroacetic acid (10 mL) was added to a solution of (2R)-1,1,1-trifluoro-3-[(4-
methoxybenzyl)oxy]propan-2-yl (IR,5S,6r)-6-[ 1-(4-fluorophenyl)- 1 H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate (890 mg, 1.7 mmol) in dichloromethane (30 mL), and the
reaction mixture was stirred for 4 h at 15 °C. It was then slowly poured into saturated aqueous
sodium bicarbonate solution, and the resulting mixture was extracted with dichloromethane (3 x
50 mL). The combined organic layers were dried over sodium sulfate, filtered, and concentrated
in vacuo. The crude residue obtained was purified by chromatography on silica gel (Gradient:
0% to 50% ethyl acetate in petroleum ether) to afford 440 mg (65%) of 15 as a white solid. By
"H NMR analysis, this was judged to be a mixture of rotamers. 'H NMR (400 MHz, CDCl3) &
7.74 (d, J=2.4 Hz, 1H), 7.63-7.56 (m, 2H), 7.13 (dd, J=8.7, 8.5 Hz, 2H), 6.21-6.17 (m, 1H),
5.31-5.21 (m, 1H), 4.06-3.96 (m, 1H), 3.93-3.80 (m, 3H), 3.67-3.58 (m, 2H), 2.38-2.27 (br m,

1H), 2.08-2.01 (m, 2H), 1.90-1.84 (m, 1H). *C NMR (101 MHz, CDCly) & 160.9 (d, J/=245.8
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Hz), 153.72, 153.67, 153.39, 153.35, 136.42 (d, J/=2.9 Hz), 136.39 (d, J=2.9 Hz), 127.53, 127.50,
120.6 (d, J=8.1 Hz), 116.2 (d, J=22.0 Hz), 105.2, 105.1, 72.6 (q, J/=30.8 Hz), 72.5 (q, J=31.5
Hz), 60.3 (overlapping quartets, CH,OH), 49.33, 49.28, 48.74, 48.65, 25.9, 25.17, 25.15, 24.14,
21.13, CF; carbon not observed. LCMS m/z 400.2 [M + H]+. HRMS (ESI) m/z calculated for
Ci3H17F4N305 [M + H+]: 400.1279. Found 400.1274.
(25)-1,1,1-Trifluoro-3-hydroxypropan-2-yl (IR,5S,6S5)-6-[1-(4-fluorophenyl)-1H-pyrazol-
3-yl]-3-azabicyclo[3.1.0]hexane-3-carboxylate (16). Bis(pentafluorophenyl)carbonate (258
mg, 0.66 mmol) and trimethylamine (332 mg, 3.28 mmol) were added to a solution of (S)-1,1,1-
trifluoro-3-(4-methoxybenzyloxy)propan-2-ol (164 mg, 0.66 mmol) in 2 mL of acetonitrile at 0
°C. The solution was warmed to 10 °C and stirred at that temperature for 2 h. A solution of
(IR,5S,6r)-6-[1-(4-fluorophenyl)-1H-pyrazol-3-yl]-3-azabicyclo[3.1.0]Thexane, trifluoroacetate
salt (24) (156 mg, 0.44 mmol) and triethylamine (221 mg, 2.18 mmol) in 3 mL of acetonitrile
was added and the mixture was stirred at 15 °C for 16 h. The solution was concentrated and
purified by flash chromatography on silica gel (Gradient: 0% to 18% ethyl acetate in petroleum
ether) to afford 200 mg (88%) of (2S)-1,1,1-trifluoro-3-hydroxypropan-2-yl (/R,5S,6S)-6-[1-(4-
fluorophenyl)-/ H-pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane-3-carboxylate as a colorless gum. By
'H NMR analysis, this was judged to be a mixture of rotamers. 'H NMR (400 MHz, CDCl3) &
ppm 7.74 (d, J=2.5 Hz, 1 H), 7.63-7.56 (m, 2 H), 7.30-7.24 (m, 2 H), 7.17-7.09 (m, 2 H), 6.94-
6.87 (m, 2 H), 6.19 (d, J/=2.5 Hz, 0.5 H), 6.17 (d, J=2.5 Hz, 0.5 H), 5.52-5.44 (m, 1 H), 4.57 (d,
J=11.5 Hz, 0.5 H), 4.56 (d, J=11.5 Hz, 0.5 H) 4.48 (d, J=11.5 Hz, 1 H), 3.89-3.55 (m, 6 H), 3.82
(s, 0.5 x 3 H), 3.80 (s, 0.5 x 3 H), 2.04-2.00 (m, 2 H), 1.88-1.82 (m, 1 H). LCMS m/z 520.1

[M+H]".
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Trifluoroacetic acid (1 mL) was added to a solution of (of (2S)-1,1,1-trifluoro-3-
hydroxypropan-2-yl (IR,5S,6S5)-6-[1-(4-fluorophenyl)-/ H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate (200 mg, 0.39 mmol) in dichloromethane (4 mL), and the
reaction mixture was stirred for 1 h at 10 °C. The reaction mixture was concentrated, diluted
with 30 mL of EtOAc, and washed with saturated NaHCO; (20 mL). The aqueous was further
extracted with EtOAc (3 X 30 mL), and the combined organic extracts were dried (Na,SOy),
filtered, and concentrated. The crude residue obtained was purified by reverse phase preparative
HPLC to afford 97 mg (63%) of 16 as a white solid. By 'H and “C NMR analysis, the product
was judged to be a mixture of rotamers. 'H NMR (400 MHz, CDCls) & ppm 7.75 (d, J=2.4 Hz, 1
H), 7.63-7.56 (m, 2 H), 7.18-7.08 (m, 2 H), 6.23-6.16 (m, 1 H), 5.32-5.21 (m, 1 H), 4.01 (dd, J=
12.2, 2.9 Hz, 1 H), 3.94-3.81 (m, 3 H), 3.67-3.59 (m, 2 H), 2.08-2.01 (m, 2 H), 1.87 (m, 1 H).
C NMR (101 MHz, CDCl3) & 160.88 (d, J/=245.8 Hz), 160.87 (d, J/=245.0 Hz), 153.70, 153.69,
153.43, 153.36, 136.37 (d, J=2.9 Hz), 136.34 (d, J=2.9 Hz), 127.6, 127.5, 123.19 (q, J=281.0
Hz), 123.17 (q, J/=281.0 Hz), 120.59 (d, J=8.8 Hz), 120.55 (d, J=8.1 Hz), 116.14 (d, J=22.7 Hz),
116.12 (d, J=23.5 Hz), 105.1, 105.0, 72.43 (q, J=30.8 Hz), 72.38 (q, J/=31.5 Hz), 60.1, 49.3,
49.2,48.7,48.6,25.9, 25.14, 25.12, 21.10, 21.05. LCMS m/z 400.2 [M + H]+. HRMS (ESI) m/z
calculated for CigH7F4N30;5 [M + H+]: 400.1279. Found 400.1260.

(2R)-1,1,1-Trifluoro-3-methoxypropan-2-yl (IR,5S,6r)-6-[1-(4-fluorophenyl)-/H-pyrazol-
3-yl]-3-azabicyclo[3.1.0]hexane-3-carboxylate (17). (R)-2-(Trifluoromethyl)oxirane (100 mg,
0.892 mmol) was treated with 1 mL of methanol containing 0.75% H,SO; in a sealed vial, and
the mixture was heated at 80 °C for 20 h. The solution was carefully concentrated under reduced
pressure at ~5 °C to afford 120 mg (93%) of (R)-1,1,1-trifluoro-3-methoxypropan-2-ol as a

colorless liquid. The crude product contained residual methanol, but was used without further
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purification. '"H NMR (400 MHz, METHANOL-d4) 6 ppm 4.10 (ddq, J=7.3, 3.5, 7.3 Hz, 1 H),
3.61 (dd, J=10.5, 3.5 Hz, 1 H), 3.50 (dd, J=10.5, 7.3 Hz, 1 H), 3.39 (s, 3 H).

Bis(pentafluorophenyl)carbonate (164 mg, 0.42 mmol) and trimethylamine (176 mg, 1.74
mmol) were added to a solution of (R)-1,1,1-trifluoro-3-methoxypropan-2-ol (50 mg, 0.35
mmol) in 2 mL of acetonitrile at room temperature. After stirring for an additional 40 minutes at
room temperature, a solution of (/R,5S,6r)-6-[1-(4-fluorophenyl)-/H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane, trifluoroacetate salt (24) (140 mg, 0.2 mmol) and triethylamine (102
mg, 1.01 mmol) in 2 mL of acetonitrile was added, and the mixture was stirred at 30 °C for 3 h.
The reaction was concentrated at reduced pressure to give a crude residue that was purified by
reverse phase preparative HPLC to afford 26 mg (32%) of 17 as a yellow gum. By 'H NMR
analysis, the product was judged to be a mixture of rotamers. 'H NMR (400 MHz, CDCl3) &
ppm 7.76-7.72 (m, 1 H), 7.63-7.56 (m, 2 H), 7.17-7.09 (m, 2 H), 6.19 (d, /=4.5 Hz, 1 H), 5.49-
5.40 (m, 1 H), 3.94-3.80 (m, 2 H), 3.73-3.67 (m, 2 H), 3.65-3.57 (m, 2 H), 3.42 (s, 3H), 2.03 (br
s, 2 H), 1.93-1.82 (m, 1 H). “C NMR (101 MHz, CDCl) & 160.9 (d, J=245.0 Hz), 153.56,
153.50, 153.19, 153.16, 136.4 (d, J/=2.9 Hz), 127.6, 127.48, 127.45, 123.3 (q, J/=281.0 Hz), 120.6
(d, J/=8.1 Hz), 116.1 (d, J/=22.7 Hz), 105.2, 105.0, 69.5 (q, /=30.8 Hz), 69.4 (q, /=31.5 Hz), 69.1
(m, CH,OMe), 59.35, 59.30, 49.24, 49.2, 48.58, 48.52, 25.98, 25.21, 21.09, 21.07. LCMS m/z
413.9 [M+H]".

1,1,1-Trifluoro-4-hydroxybutan-2-yl (/R,5S,6r)-6-[1-(4-fluorophenyl)-1/H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate (18). A solution of tetrabutylammonium fluoride (0.37
mL, 0.37 mmol, 1.0 M in THF) was added dropwise at 0 °C to a solution of 3-
(benzyloxy)propanal (191 mg, 1.16 mmol) and trimethyl(trifluoromethyl)silane (281 mg, 1.98

mmol) in 5 mL of THF. The mixture was stirred at 10 °C for 30 min and subsequently treated
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with bis(pentafluorophenyl)carbonate (459 mg, 1.16 mmol) and trimethylamine (589 mg, 5.82
mmol). The resulting solution was stirred for an additional 30 min at 10 °C and then treated with
a solution of (/R 5S,06r)-6-[1-(4-fluorophenyl)-/H-pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane,
trifluoroacetate salt (24) (208 mg, 0.582 mmol) and triethylamine (294 mg, 2.91 mmol) in 2 mL
of methylene chloride. The mixture was stirred at 10 °C for 15 h and then concentrated at
reduced pressure. The crude residue obtained was purified by flash chromatography on silica
(0% to 10% EtOAc in petroleum ether) to afford 157 mg (54%) of

4-(benzyloxy)-1,1,1-trifluorobutan-2-yl (IR, 5S, 67)-6-[ 1-(4-fluorophenyl)-/ H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate as a yellow gum. By 'H NMR analysis, the product was
judged to be a mixture of rotamers. 'H NMR (400 MHz, CDCls) & ppm 7.76-7.73 (m, 1 H),
7.62-7.57 (m, 2 H), 7.41-7.25 (m, 5 H), 7.16-7.10 (m, 2 H), 6.19 (d, J/=2.4 Hz, 0.5 H), 6.15 (d,
J=2.4 Hz, 0.5 H), 5.50-5.43 (m, 1 H), 4.53 (s, 0.5 x 2 H), 4.51 (s, 0.5 x 2 H), 3.89-3.72 (m, 2 H),
3.66-3.42 (m, 4 H), 2.19-2.07 (m, 1 H), 2.06-1.94 (m, 3 H), 1.83 (t, /=3.4 Hz, 0.5 H), 1.75 (t,
J=3.4Hz, 0.5 H). LCMS m/z 504.2 [M+H]".

A mixture of 4-(benzyloxy)-1,1,1-trifluorobutan-2-yl (/R,5S,6r)-6-[1-(4-fluorophenyl)-/H-
pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane-3-carboxylate (157 mg, 0.31 mmol) an 10 % Pd/C (40
mg) in 20 mL of methanol was stirred under a hydrogen atmosphere (30 psi) for 30 h. The
mixture was filtered, concentrated, and purified by reverse phase preparative HPLC to afford 21
mg (17%) of 18 as a colorless gum. By 'H and *C NMR analysis, the product was judged to be
a mixture of rotamers. 'H NMR (400 MHz, CDCl3) & ppm 7.76-7.73 (m, 1 H), 7.64-7.55 (m, 2
H), 7.18-7.09 (m, 2 H), 6.20 (d, J/=2.5 Hz, 0.5 H), 6.18 (d, J=2.5 Hz, 0.5 H), 5.39-5.27 (m, 1 H),
3.91-3.80 (m, 2 H), 3.80-3.72 (m, 1 H), 3.67-3.55 (m, 3 H), 2.15-2.00 (m, 3 H), 1.89-1.77 (m, 3

H). “C NMR (101 MHz, CDCls) & 160.93 (d, J=245.8 Hz), 160.91 (d, J=245.8 Hz), 154.5,
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154.4, 153.4, 153.3, 136.43 (d, J=2.9 Hz), 136.39 (d, J/=2.9 Hz), 127.6, 127.5, 124.2 (q, J=278.8
Hz), 120.60 (d, /=9 Hz), 120.59 (d, J=8.1 Hz), 116.18 (d, J=23.5 Hz), 116.16 (d, J/=22.7 Hz),
105.2, 104.9, 68.74 (q, J=32.3 Hz), 68.65 (q, J=32.3 Hz), 56.8, 49.32, 49.3, 48.8, 48.6, 31.3,
31.2,25.91, 25.85, 25.2,21.2, 21.1. LCMS m/z 414.2 [M+H]". HRMS (ESI) m/z calculated for
C19H19F4N305 [M + H+]: 414.1435. Found 414.1428.

(2R)-3,3,3-trifluoro-2-hydroxypropyl (I/R,5S,6r)-6-[1-(4-fluorophenyl)-1H-pyrazol-3-yl]-
3-azabicyclo[3.1.0]hexane-3-carboxylate (19). A mixture consisting of (2R)-1,1,1-trifluoro-3-
hydroxypropan-2-yl (IR,5S,6r)-6-[1-(4-fluorophenyl)-/ H-pyrazol-3-yl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate (15) (30 mg, 0.075 mmol), saturated NaHCO; (1 mL),
and acetonitrile (2 mL) was stirred at 30 °C for 4 days. The mixture was diluted with methylene
chloride, filtered, concentrated, and purified by reverse phase preparative HPLC to afford 20 mg
(65%) of 19 as a white solid. By 'H and *C NMR analysis, the product was judged to be a
mixture of rotamers. 'H NMR (400 MHz, CDCLy) & ppm 7.74 (br s, 1 H), 7.62-7.56 (m, 2 H),
7.16-7.10 (m, 2 H), 6.19 (br s, 1 H), 4.50-4.13 (m, 4 H), 3.94-3.74 (m, 2 H), 3.64-3.54 (m, 2 H),
2.04 (br's, 2 H), 1.87-1.81 (m, 1 H). “C NMR (101 MHz, CDCls) & 160.9 (d, J=245.0 Hz),
156.13, 156.06, 153.40, 153.39, 136.4 (d, J=2.9 Hz), 127.5, 124.0 (q, J=283.2 Hz), 120.6 (d,
J=8.1 Hz), 116.2 (d, J=22.7 Hz), 105.18, 105.13, 70.2 (q, J=30.8 Hz), 70.1 (q, J/=31.5 Hz), 64.1
(m, -OCH,-), 49.22, 49.20, 48.7, 25.98, 25.95, 25.21, 21.15, 21.11. LCMS m/z 399.8 [M+H]".

tert-Butyl (IR,5S,6r)-6-acetyl-3-azabicyclo[3.1.0]hexane-3-carboxylate (21). 1-[3-
(Dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (10.1 g, 52.7 mmol) and 1H-
benzotriazol-1-ol (7.13 g, 52.8 mmol) were added to a 0 °C solution of (/R,5S,6r)-3-(tert-
butoxycarbonyl)-3-azabicyclo[3.1.0]hexane-6-carboxylic acid (20) (8.00 g, 35 mmol) in

dichloromethane (80 mL), and the reaction mixture was stirred at 0 °C for 30 minutes. A solution
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of N-methoxymethanamine hydrochloride (6.87 g, 70.4 mmol) and N,N-isopropylethylamine
(13.6 g, 105 mmol) in dichloromethane (50 mL) was then added drop-wise over a period of 10
minutes, and the reaction mixture was stirred at room temperature (25 °C) for 2 h. After addition
of water (100 mL), the mixture was extracted with dichloromethane (3 x 100 mL), and the
combined organic layers were washed with water (50 mL) and saturated aqueous sodium
chloride solution (50 mL), dried over sodium sulfate, filtered, and concentrated in vacuo to
provide 946 g (100%) of tert-butyl (IR 5S,6r)-6-[methoxy(methyl)carbamoyl]-3-
azabicyclo[3.1.0]hexane-3-carboxylate as a light yellow oil. 'H NMR (400 MHz, CDCl;) & 3.72
(s, 3H), 3.64 (d, half of AB quartet, J=11.2 Hz, 1H), 3.55 (d, half of AB quartet, /=11.0 Hz, 1H),
3.49-3.39 (m, 2H), 3.18 (s, 3H), 2.11-1.99 (m, 2H), 1.99-1.91 (br s, 1H), 1.43 (s, 9H).
Methylmagnesium bromide (3.0 M solution in tetrahydrofuran; 23.3 mL, 69.9 mmol) was
added in a drop-wise manner to a (0 °C solution of fert-butyl (IR 5S,6r)-6-
[methoxy(methyl)carbamoyl]-3-azabicyclo[3.1.0]hexane-3-carboxylate (9.46 g, 35.0 mmol) in
tetrahydrofuran (100 mL). The reaction mixture was stirred at room temperature (25 °C) for 1 h,
whereupon it was quenched with saturated aqueous ammonium chloride solution (200 mL) and
extracted with ethyl acetate (3 x 100 mL). The combined organic layers were washed
sequentially with water (100 mL) and saturated aqueous sodium chloride solution (100 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo to provide 7.82 g (99%) of 21 as a
red solid. 'H NMR (400 MHz, CDCls) & 3.62 (d, half of AB quartet, J=11.3 Hz, 1H), 3.53 (d,
half of AB quartet, J=11.3 Hz, 1H), 3.41-3.32 (m, 2H), 2.21 (s, 3H), 2.05-2.01 (m, 2H), 1.77
(dd, J=3.0, 2.9 Hz, 1H), 1.39 (s, 9H). >C NMR (101 MHz, CDCl;) & 206.2, 154.6, 79.6, 48.0,

47.8,32.8,30.9, 28.8, 28.4 (3C), 28.3.
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tert-Butyl (IR,5S,6r)-6-(1H-pyrazol-3-yl)-3-azabicyclo[3.1.0]hexane-3-carboxylate (22).
To a solution of fert-butyl (I/R,5S,6r)-6-acetyl-3-azabicyclo[3.1.0]hexane-3-carboxylate (21)
(7.82 g, 34.7 mmol) in N,N-dimethylformamide (50 mL) was added N,N-dimethylformamide
dimethyl acetal (12.4 g, 104 mmol), and the reaction mixture was stirred at 110 °C for 16 h. It
was then cooled, treated with water (100 mL), and extracted with ethyl acetate (3 x 100 mL). The
combined organic layers were washed sequentially with water (3 x 100 mL) and saturated
aqueous sodium chloride solution (90 mL), dried over sodium sulfate, filtered, and concentrated
under reduced pressure to afford 9.20 g (94%) of fert-butyl (IR,5S,6r)-6-[(2E)-3-
(dimethylamino)prop-2-enoyl]-3-azabicyclo[3.1.0]hexane-3-carboxylate as a red solid. "H NMR
(400 MHz, CDCl3) 6 7.51 (d, J=12.7 Hz, 1H), 5.13 (d, J=12.7 Hz, 1H), 3.63 (d, half of AB
quartet, J=11.2 Hz, 1H), 3.54 (d, half of AB quartet, /=11.0 Hz, 1H), 3.44-3.36 (m, 2H), 3.15-
2.93 (br s, 3H), 2.93-2.70 (br s, 3H), 2.10-1.97 (m, 2H), 1.60 (dd, J=2.9, 2.9 Hz, 1H), 1.42 (s,
9H).

Hydrazine hydrate (1.97 g, 39.4 mmol) was added to a solution of tert-butyl (/R,5S,6r)-6-
[(2E)-3-(dimethylamino)prop-2-enoyl]-3-azabicyclo[3.1.0]hexane-3-carboxylate (9.20 g, 32.8
mmol) in ethanol (100 mL), and the reaction mixture was stirred at 80 °C for 16 h. After
concentration in vacuo, the residue was purified by chromatography on silica gel (Eluents: 9%,
then 17%, then 50% ethyl acetate in diethyl ether) to afford 7.00 g (86%) of 22 as a white solid.
'H NMR (400 MHz, CDCl3) & 7.47 (d, J=2.0 Hz, 1H), 6.01 (br d, J=1.8 Hz, 1H), 3.78 (d,
J=10.9 Hz, 1H), 3.69 (d, J=11.0 Hz, 1H), 3.51-3.41 (m, 2H), 1.90-1.83 (m, 2H), 1.80 (dd, J=3.4,
3.4 Hz, 1H), 1.46 (s, 9H). *C NMR (101 MHz, CDCl;) § 155.0, 149.1, 132.6, 101.8, 79.5, 48.4,

48.2,28.4 (3C), 25.9, 25.1, 19.9. LCMS m/z 193.8 [(M — 2-methylprop-1-ene)+H]".
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tert-Butyl (IR,5S,6r)-6-[1-(4-fluorophenyl)-1H-pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane-3-
carboxylate (23). To a 15 °C solution of fert-butyl (IR,5S,6r)-6-(1H-pyrazol-3-yl)-3-
azabicyclo[3.1.0]hexane-3-carboxylate (22) (4.0 g, 16 mmol) in dichloromethane (300 mL) were
added (4-fluorophenyl)boronic acid (2.92 g, 20.9 mmol), copper(Il) acetate (4.37 g, 24.1 mmol),
pyridine (3.81 g, 48.2 mmol), and 4A molecular sieves (0.5 g). The reaction mixture was stirred
for 18 h at 30 °C, whereupon it was washed with aqueous ammonium hydroxide solution (100
mL). This aqueous layer was extracted with dichloromethane (2 x 100 mL), and the combined
organic layers were washed with saturated aqueous sodium chloride solution (150 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. Silica gel chromatography (Gradient:
0% to 25% ethyl acetate in petroleum ether) provided 3.3 g (60%) of 23 as a white solid. 'H
NMR (400 MHz, CDCl3) & 7.73 (d, J=2.5 Hz, 1H), 7.62-7.56 (m, 2H), 7.12 (br dd, J=8.9, 8.4
Hz, 2H), 6.16 (d, J=2.4 Hz, 1H), 3.80 (d, half of AB quartet, /=11.0 Hz, 1H), 3.71 (d, half of AB
quartet, J=10.9 Hz, 1H), 3.52-3.42 (m, 2H), 1.99-1.90 (m, 2H), 1.85 (dd, J=3.4, 3.4 Hz, 1H),
1.47 (s, 9H). >C NMR (101 MHz, CDCl3) & 160.8 (d, J=245.8 Hz), 155.0, 154.1, 136.5 (d,
J=2.9 Hz), 127.4, 120.5 (d, J=8.1 Hz), 116.1 (d, J=22.7 Hz), 105.0, 79.4, 48.5, 48.2, 28.5 (3C),
26.2,25.4,20.9. LCMS m/z 287.8 [(M — 2-methylprop-1-ene)+H]".

(IR,5S,6r)-6-[1-(4-Fluorophenyl)-1 H-pyrazol-3-yl]-3-azabicyclo[3.1.0]hexane,
trifluoroacetate salt (24). A mixture of fert-butyl (/R,5S, 6r)-6-[1-(4-fluorophenyl)-/ H-pyrazol-
3-yl]-3-azabicyclo[3.1.0]hexane-3-carboxylate (23) (1.0 g, 2.9 mmol) in trifluoroacetic acid (10
mL) was stirred for 30 minutes at 15 °C, whereupon it was concentrated in vacuo. The residue
was triturated with fert-butyl methyl ether (10 mL) to provide crude 24 as a white solid in
quantitative yield. The crude product was used without additional purification. 'H NMR (400

MHz, DMSO-ds) & 9.23 (br. s., 1 H), 8.65 (br. s., 1 H), 8.38 (d, /=2.7 Hz, 1 H), 7.77 - 7.84 (m, 2
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H), 7.69 - 7.88 (m, 2 H), 7.29 - 7.37 (m, 2 H), 6.33 (d, J=2.7 Hz, 1 H), 3.49 (dd, J=11.7, 6.2 Hz,

2 H), 3.35 - 3.46 (m, 2 H), 2.09 - 2.18 (m, 3 H). LCMS m/z 243.9 [M+H]"

Synthesis of (2R)-1,1,1-Trifluoro-3-(4-methoxybenzyloxy)propan-2-ol (27). To a solution
of 4-methoxybenzyl alcohol (37.0 g, 268 mmol) in THF (500 mL) at 0 °C was added NaH (21.4
g, 535 mmol, 60%) portionwise. The solution was stirred at 0 °C for 1 h and treated with 2-
(trifluoromethyl)oxirane (20.0 g, 178.5 mmol). The resulting mixture was stirred at rt overnight.
This reaction was run three times on identical scale. The three reactions were combined, cooled
to 0 °C, quenched with water, and extracted with EtOAc (3 x 1000 mL). The combined organic
extracts were dried (Na,SO,), filtered, and concentrated. The crude residue obtained was
purified by silica gel chromatography (Gradient: 5% to 25% EtOAc in petroleum ether) to
afford 114.4 g of racemic 1,1,1-trifluoro-3-(4-methoxybenzyloxy)propan-2-ol as a yellow oil.
Further purification by chiral supercritical fluid chromatography (Isocratic: 92.5% CO./7.5 %
MeOH; Chiral Tech AS-H 250mm x 4.6 mm) gave 31.6 g (41%) of (R)- 1,1,1-trifluoro-3-(4-
methoxybenzyloxy)propan-2-ol as the first eluting isomer and 32.7 g (43%) of (S)- 1,1,1-
trifluoro-3-(4-methoxybenzyloxy)propan-2-ol as the second eluting isomer.

Spectral data for (2R)- 1,1,1-trifluoro-3-(4-methoxybenzyloxy)propan-2-ol (27):

'H NMR (400 MHz, CDCl3) & ppm 7.27 (d, J=8.6 Hz, 2 H), 6.91 (d, J=8.6 Hz, 2 H), 4.53 (s, 2
H), 4.18 - 4.07 (m, 1 H), 3.82 (s, 3 H), 3.71 (dd, J=10.1, 3.7, 1 H), 3.63 (dd, J=10.1, 6.2 Hz, 1
H). C NMR (101 MHz, CDCl3) & 159.5, 129.5, 129.0, 124.2 (q, J=281.7 Hz), 114.0, 73.4, 69.4
(q, J=31.5 Hz), 67.1 (q, J=2.2 Hz), 55.2. [a]p™ +6.2° (¢ 1.58, MecOH).

Spectral data for (2S)- 1,1,1-trifluoro-3-(4-methoxybenzyloxy)propan-2-ol:
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'H NMR (400 MHz, CDCls) & ppm 7.27 (d, J=8.6 Hz, 2 H), 6.91 (d, J=8.6 Hz, 2 H), 4.55 (d,
J=11.4 Hz, 1 H), 4.52 (d, /=11.4 Hz, 1 H), 4.18 - 4.07 (m, 1 H), 3.82 (s, 3 H), 3.71 (dd, J=10.1,
3.7, 1 H), 3.63 (dd, J=10.1, 6.2 Hz, 1 H). [o]p> -5.8° (¢ 1.55, MeOH).
Modeling Studies

The binding site model used for MAGL docking was based on the published X-ray coordinates
of MAGL (PDB: 3PE6). Protein side chains within a 5 A radius of the bound ligand were
allowed to relax to reorient in order to optimize binding interactions using the Induced Fit
protocol in the Schrodinger package.” The solution with the best docking score was chosen and
used for analysis.

X-ray structure of MAGL Bound to compound 10

Crystals of the complex of Compound 10 and human MAGL were obtained by soaking apo
crystals into a ImM solution of the compound following protocols described earlier.*

X-ray diffraction data to 2.0 A resolution were collected at 100K with radiation of wavelength
1 A at beamline 08-ID of the Canadian Light Source in Saskatchewan, Canada, on Mar300 CCD
detector. Data processing, merging and scaling were done with the program HKL2000.* The
structure was solved by molecular replacement using PDB entry 3HJU* as the search model, and
refined with autoBUSTER®. Model building and fitting was done using Coot™. Data collection
and refinement statistics are given in Table S1.

Atomic coordinates and structure factors have been deposited in the Protein Data Bank with

the accession code 6BQO.
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In Vitro Pharmacology

Assessment of MAGL inhibition (MAGL ICsj): Assessment of MAGL inhibition utilizes human
recombinant Monoacylglycerol Lipase and the fluorogenic substrate 7-hydroxycoumarinyl
arachidonate (7-HCA, Biomol ST-502). 400 nL of a test compound at decreasing concentration
(ranging from 150 uM down to 1.5 nM) was spotted into a 384-well back plate (PerkinElmer,
6007279) using a Labcyte Echo, followed by addition of 10 uL of MAGL enzyme in assay
buffer (50mM HEPES, pH 7.4, 100 mM NaCl, 5 mM MgCl,, 0.1% Triton X-100 and 25%
glycerin). An equal volume of 7-HCA in assay buffer with 10% DMSO was added either
immediately (T = 0 min) or after a 30 min incubation (T = 30 min) to initiate the reaction. The
final concentration of MAGL enzyme was 88 pM and 7-HCA substrate was 5 uM. After these
dilutions, the final concentration of the test compound ranged from 3 puM to 0.03 nM. The
reaction was allowed to progress for 60 minutes, after which the plate was read at an Ex/Em of
340/465. Percent inhibitions were calculated based on control wells containing no compound
(0% inhibition) and a control compound (e.g., a MAGL inhibitor whose activity is known or was
previously reported in the literature, such as one with about 100% inhibition). 1Csy values were
generated based on a four parameter fit model using ABASE software from IDBS. See e.g.,
Wang, Y. et al., “A Fluorescence-Based Assay for Monoacylglycerol Lipase Compatible with
Inhibitor Screening,” Assay and Drug Development Technologies, 2008, Vol. 6 (3) pp 387-393

(reporting an assay for measuring MAGL activity).*

Assessment of rate of MAGL inactivation (MAGL kin../K;): To measure MAGL inactivation, the
same protocol for the (T = 0 min) MAGL inhibition ICsy assay was performed with data

collected every minute to acquire enzyme progress curves at decreasing concentrations of
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compound. Kg,s values were calculated from this data and ki,a./K; ratios were determined from a

plot of Kps values vs. compound concentrations.

Assessment of FAAH inhibition: Assessment of FAAH inhibition utilizes human recombinant
Fatty Acid Amide Hydrolase Lipase and the fluorogenic substrate, Arachidonoyl-AMC (Sigma
A6855). 400 nL of a test compound at decreasing concentration was spotted into a 384-well
back plate (PerkinElmer, 6007279) using a Labcyte Echo, followed by addition of 10ul of FAAH
enzyme(Cayman 10010183) in assay buffer (50mM Tris, pH 9.0, ImM EDTA). After a 30
minute incubation at room temperature, 10ul. of Arachidonyl-AMC was added in assay buffer
with 16% DMSO. Final concentration of FAAH enzyme was 0.0125 Units and the AAMC
substrate was used at a concentration of SuM. The final concentration of the test compound
ranged from 30 uM to 0.3 nM. The reaction was allowed to progress for 60 minutes, after which
the plate was read at an Ex/Em of 355/460. Percent inhibitions were calculated based on control
wells containing no compound (0% inhibition) and a control compound at a concentration known
to inhibit FAAH to 100%. IC50 values were generated based on a four parameter fit model

using ABASE software from IDBS.

In Vivo Pharmacokinetic studies

The pharmacokinetic studies in rat, dog, and non-human primate (nhp) were conducted at Pfizer
Global Research and Development (Groton, CT). All in vivo studies were conducted in
accordance with regulations and established guidelines using protocols reviewed and approved
by the Pfizer Worldwide Research and Development (WRD) Institutional Animal Care and Use
Committee. For all species, blood samples were collected into tubes containing EDTA fortified

with PMSF at a final concentration of 10 mM and placed on wet ice (phenylmethylsulfonyl
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fluoride; stock solution prepared in DMSO at 1 M and aliquoted into blood collection tubes prior
to blood collection a ratio of 1:100). Following centrifugation to afford plasma, the samples

were transferred to polypropylene tubes and stored frozen at —20°C to —80°C until analysis.

Rat intravenous pharmacokinetic study: Dual cannulated (jugular vein and carotid artery) male
Wistar Hannover rats (250-300 g; Charles River Laboratories, Wilmington, MA) were
maintained on a 12-h light/dark cycle for a minimum of three days in a temperature- and
humidity-controlled environment with food and water provided ad libitium. The rats (n = 2)
were administered an intravenous (IV) bolus of Compound 15 at 1 mg/kg via a jugular vein
cannula. The IV dose was a solution formulated in 3% DMA/10% Solutol HS15/10%
Miglyol/77% 20% SBECD in water and delivered at a 1 mL/kg dose volume. Serial blood
samples were collected from each rat via a carotid artery cannula prior to dose administration

and at the following time points post-dose: 0.083, 0.25, 0.5, 1, 2, 4, 7, and 24 h.

Dog intravenous pharmacokinetic study: Male beagle dogs were fasted overnight with water
provided ad libitium. The dogs were fed at approximately 4 h post-dose. The dogs (n = 2) were
administered an IV bolus of Compound 15 at 1 mg/kg via the cephalic vein. The IV dose was a
solution formulated in 3% DMA/10% Solutol HS15/10% Miglyol/77% 20% SBECD in water
and delivered at a 0.5 mL/kg dose volume. Serial blood samples were collected from each dog
via the jugular vein prior to dose administration and at the following time points post-dose:

0.083,0.25,0.5,1,2,4,7,and 24 h.

Nhp intravenous pharmacokinetic study: Male nhps were fasted overnight with water provided
ad libitium. The nhps were fed at approximately 1 h post-dose. The nhps (n = 2) were

administered an IV bolus of Compound 15 at 1 mg/kg via either the saphenous vein or the

52

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry

cephalic vein. The IV dose was a solution formulated in 3% DMA/10% Solutol HS15/10%
Miglyol/77% 20% SBECD in water and delivered at a 0.5 mL/kg dose volume. Serial blood
samples were collected from each nhp via the femoral vein prior to dose administration and at

the following time points post-dose: 0.083, 0.25, 0.5, 1, 2, 4, 7, and 24 h.

Analysis of compound in plasma and pharmacokinetic parameters: All plasma samples were
quantified via HPLC-MS/MS using non-validated methods. The plasma standard curves were
prepared separately for each species and were generated with species specific plasma that was
prepared in the same manner as the samples to obtain control plasma fortified with PMSF from
whole blood. Pharmacokinetic parameters were determined by non-compartmental analysis

using Watson LIMS software version 7.4 (Thermo Fisher Scientific, Waltham, MA).

In Vivo Pharmacokinetic and Pharmacodynamics Studies

All procedures performed on animals in this study were in accordance with established
guidelines and regulations, and were reviewed and approved by the Pfizer (or other) Institutional

Animal Care and Use Committee or through an ethical review process.

Pharmacokinetic and Pharmacodynamic Assessment: Compound 15 was dissolved in vehicle
(5:5:90 DMSO:Cremophor:Saline) and a 1 mg/kg dose was administered subcutaneously at a
dose volume of 10 mL/kg to male C57BL6J mice. Plasma and brain samples were collected at
given time points (0.5, 1, 2, 4, 8, 12 and 24 h). Drug concentrations were measured in plasma

and cerebellum while 2-AG and AA was assessed in brain hemisphere as previously described.®

LPS Induced Inflammation: A 4 mg/mL solution of LPS (0127:B8 from Escherichia coli; Sigma
Aldrich Cat. No. L3129 St. Louis, MO) was made by dissolving into sterile saline. Solution was

vortexed and gently heated until LPS was fully dissolved. Mice were intraperitoneally
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administered 5 mL/kg of LPS (20 mg/kg final) or saline. At 30 min post LPS injection mice
were subcutaneously administered vehicle (5:5:90 DMSO:Cremophor:Saline) or 1 mg/kg
compound 9. Brain samples were collected at 4 hours post LPS dosing. Mice were anesthetized
with isoflurane followed by euthanasia via cervical dislocation. Brains were rapidly removed
(less than 30 seconds) and dissected into two hemi-brains (1 used for pharmacodynamic
measurement and 1 used for cytokine measurement). Brains were immediately frozen in liquid

nitrogen and stored at -80°C until analysis.

PGE?2 Measurement: Brain samples were prepared on wet ice. Briefly, brain homogenates were
prepared by homogenizing brain with 3 volumes (w:v) of homogenization buffer (1% 100 mM
PMSF and 5% 100 mM NH4OAc in water pH 2.0, adjusted with formic acid). The brain
homogenates were then further diluted 3:1 (v:v) in homogenizing buffer. Samples were then
spiked with IS solution [300 pg/mL ds-PGE2 (Cayman Chemical, Ann Arbor, Michigan) in
acetonitrile (ACN)] followed by precipitation and organic extraction in ACN. Samples were
then centrifuged at 15,700 rcf for 15 min at 4°C. Supernatant was removed from each sample
and directly injected for LC-MS/MS analysis. The PGE2 calibration curve consisted of 0.391-
200 ng/mL. Samples were directly injected onto a Waters BEH300 C-18 HPLC column. Mass
spectrometry was run in negative ESI mode with SRM detection. The PGE2 m/z was

351.2/271.3. The d4-PGE2 m/z was 355.2/275.2.

Brain Cytokine Measurement: Brain samples were prepared on wet ice. Hemi-brains were
homogenized in phosphate buffered saline (PBS) with protease inhibitors (cOmplete EDTA-free,
Roche, Indianapolis, IN) using a TissueLyser II (Qiagen, Germantown, MD) and 5 mm stainless
steel beads. Brain tissue was homogenized at 25 hertz for 4 min at 4°C followed by incubation

on ice for 15 min. Samples were then centrifuged at 100,000 rcf for 45 min at 4°C. Supernatant
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was then removed and split into two aliquots. One aliquot was frozen at -80°C for cytokine
measurement and the other was used to determine the total protein concentration of the sample.
Protein concentration was determined using the BCA protein assay kit (Thermo Fisher,

Waltham, MA) according to the manufacturer’s directions.

Brain cytokines were measured using the mouse Proinflammatory Panel 1 custom analysis for
IL1B, IL6 and TNFa (Meso Scale Discovery No K152A0H-2, Rockville, MD). The frozen
aliquot of brain supernatant was thawed on ice prior to being diluted into Diluent 41. Saline
treated samples were diluted 1:2 and LPS treated samples were diluted 1:4. Cytokines were then

measured according to the manufacturer’s directions.
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