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Abstract:

Recent findings suggest that treatment witl3-HSD1 inhibitors provides a novel
approach to deal with age-related cognitive dydfons, including Alzheimer's
disease. In this work we report potentdSD1 inhibitors featuring unexplored
pyrrolidine-based polycyclic substituents. A setelctcandidate administered to 12-
month-old SAMP8 mice for four weeks prevented memaeficits and displayed a
neuroprotective action. This is the first time th&8-HSD1 inhibitors have been studied
in this broadly-used mouse model of acceleratedssmmce and late-onset Alzheimer’s

disease.
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Highlights:

a)

Several pyrrolidine-based polycyclic amides arepared as 13-HSD1
inhibitors.

Amides are synthesized by coupling of pyrrolidimeth carboxylic acids.

The more potent compounds present low nanomolar IC

A candidate is administered to old SAMP8 mice tarrfweeks.

The treatment prevents memory deficits and dispdaysuroprotective action.
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1. Introduction

Elevated glucocorticoids (GCs) exposure is widelgepted as a key factor in age-
related cognitive decline in rodents and human8][IHigh levels of GCs have been
found in elderly individuals who exhibit learningcdamemory impairments. GC levels
correlate with greater hippocampal atrophy, a megib the brain that is crucial for
memory formation [3]. In contrast, low GC levelshewved through neonatal
programming or adrenalectomy with exogenous steepthcement in rats results in the

prevention of memory impairments with aging [4].

Growing evidence also suggests that excessive ghuttocoid activity may contribute to
Alzheimer’s disease (AD), since elevated levelgiofulating cortisol in AD patients
are associated with more rapid disease progregSi@j. In a rodent model of AD,
systemic administration of GCs led to increasg$-amyloid and tau pathology, the two
major histopathologic hallmarks of AD, suggestingektionship between elevated GC
levels and AD pathology [7]. Overall, these datggast that reducing GC levels in the

brain may relieve cognitive dysfunction in bothraggand AD.

As in other tissues, the presence of GCs in thim lisanot only dependent on adrenal
secretion and diffusion from the circulation busalon intracellular metabolism [8].
11B-hydroxysteroid dehydrogenase type 1BHSD1) catalyzes the regeneration of
active GCs (cortisol in humans, corticosterone adents) from their inactive forms
(cortisone and 11-dehydrocorticosterone, respdgjivproviding a local amplification
of GC action [9-10]. 13-HSD1 is highly expressed in fundamental brain srfea
cognition, such as the hippocampus, cortex and dalgg[11-13]. By contrast, the
isoenzyme 1f-hydroxysteroid dehydrogenase type 2pHSD?2), which catalyzes the
opposite reaction, plays an important role durirgelopment, as expression offil
HSD?2 is relevant in fetal brain and placenta, butas very limited expression in the
adult brain [14-16].

Recent studies have demonstrated that aged mibecagiitive deficits show increased
113-HSD1 expression in the hippocampus and forebram, that overexpression of
118-HSD1 leads to a similar premature memory declihid.[Conversely, 13-HSD1
knock-out mice and even heterozygous null mice qoeréd better in different
behavioral tests, which suggests resistance toitbegaecline due to a neuroprotective
effect of 1B-HSD1 inhibition [18]. Accordingly, this protectiotorrelates with loss of

the age-associated rise in intrahippocampal catigrone, insinuating a role for -1
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HSD1 in maintaining plasma corticosterone concéiotngd17]. Furthermore, acute and
short-term treatments with fAHSD1 inhibitors have shown memory consolidatiod an
improvements in cognitive function in aged mice &2 models [19-23]Altogether,
these findings suggest thatBiHSD1 inhibitors provide a novel approach through a

non-cholinergic mechanism to deal with these cogmidisorders.

In the present work, we report the results derivedh a synthetic strategy, supported by
molecular modeling studies, designed towards a Infareily of potent 1B-HSD1
inhibitors, featuring unexplored pyrrolidine-baspdlycyclic substituents. The more
potent compounds were characterized in terms ofulael potency, isoenzyme
selectivity, human metabolic stability and predictbrain penetration to select a
candidate for aim vivo study. For the first time in the context ofp1iSD1 inhibitors,
the Senescence Accelerated Mouse-Prone 8 (SAMR&) were used, as a naturally
occurring mouse strain that displays a phenotypacctlerated aging as observed in
AD and widely used as a robust rodent model of tgndysfunction [24-25].

2. Design, synthesisand in vitro evaluation of new inhibitors

Given that the 13-HSD1 active site includes a hydrophobic pockett tban
accommodate bulky lipophilic substituents, theadtrction of a lipophilic group, such
as adamantyl, has proven a successful strateghdaspace filling of the cavity. Thus,
several adamantyl-containing ftHSD1 inhibitors exhibit high affinity and potency
and some of them (e.g. AZD8329 and ABT-384) haaeed clinical trials (Figure 1)
[26-34]. Although the evaluation of alternative ymjclic hydrocarbons may offer
further opportunities for optimizing the spaceirfij of the hydrophobic cavity, the use
of other polycyclic substituents featuring differesize or shape has only been briefly
scrutinized (e.g. AMG-221 and MK-0736) [35-36].
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Figure 1. Selected 118-HSD1 inhibitors.

In the last few years, our research group has tigated new polycyclic substituents as
surrogates of the adamantyl group, leading to it with promising results on
multiple targets [37-45]. However, this strategy mot been successful yet in the case
of human 18-HSD1 inhibitors [46]. Very recently, we have fourlat the N-(2-
adamantyl)amide derivativels and 2 (Figure 2), which are achiral analogues of PF-
877423 (1Go = 4 nM) [47], are potent inhibitors of fAHSD1 (IG, = 86 and 74 nM,
respectively) [48]. Interestingly, the corresporgdurea analog3, was significantly less
potent (IGo = 873 nM) [48]. Taking into account the simplicaf/these three right-hand
side (RHS) units, here we initially selected thésgments for finding alternative
polycyclic substituents able to successfully repléte adamantyl group in fzHSD1

inhibitors.
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Figure 2. PF-877423 and related inhibitors.

The design of new inhibitors was initially based arstructure-activity relationship
(SAR) investigation we previously adopted [46]. Biructure of the putative inhibitor
was partitioned into two parts: the polycyclic sithent, a surrogate of adamantyl, and
the carbocyclic or heterocyclic ring, linked byamido or urea unit, respectively. Since
inspection of the available X-ray structures aneliprinary docking studies (see below)
indicated that the enzyme active site is large ghda accommodate a polycycle bigger
than adamantane, we started our endeavour withgusly synthesized aminds5 and
10, three compounds that were successfully usedplaae 1-adamantylamine in other
targets (Scheme 1) [38]. These amines were themioech with a common RHS moiety
to shed light on the effect of key structural featuon the inhibitory action: i) primary
vs secondary amine (e.d. vs 10), ii) distance between the polycyclic ring and the
nitrogen atom (e.g4 vs 5), iii) restraint of the conformational freedomdge5 vs 10),
and iv) by incorporating two double bonds in thelypgcle, which might form
additional interactions in the binding site (e.geridatives of 10 vs its reduced
analogues). Amide6 and7 were prepared in high yields by reaction of cyeldme
acyl chloride with aminesA and 5, respectively. From amindO, using either
cyclohexanecarboxylic acid or 4-amino-3,5-dichl@oboic acid in combination with
1-hydroxybenzotriazole (HOBt) and-(3-dimethylaminopropylN’-ethylcarbodiimide
(EDC) amidesll and15 were synthesized in moderate yields. Ur@a8 and13 were
prepared from the required amine ahdchloroformylpiperidine in moderate to
excellent yields. Finally, catalytic hydrogenatiohll, 13 and15 furnished12, 14 and
16, respectively (Scheme 1).
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Scheme 1. Amines 4, 5 and 10, and amides and ureas derived ther eof. 2

®Reagents and conditions: (i) cyclohexanecarbormybritle, anh. acetone, reflux, 3 h,
95% vyield for6; 78% vyield for7; (ii) 1-piperidinecarbonyl chloride, g, DCM, rt,
overnight, 54% yield foB; quant yield for9; 71% for13; (iii) cyclohexanecarboxylic
acid for11 or 4-amino-3,5-dichlorobenzoic acid f%, HOBt, EDC, E{N, EtOAc, rt,
overnight, 42% vyield fodl; 47% yield forl5; (iv) Hp, Pd/C, abs. EtOH, rt, 5 h fa2
and16, 3 h forl4, 78% vyield forl2; 72% yield forl4; 89% yield forl6.

A preliminary in vitro microsomal assay at 10 uM compound concentratias w
performed to assess if the synthesized compounds alde to inhibit human Bi
HSD1, and the I§ values were determined for those compounds priegemin
inhibition higher than 50% (Table 1).
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Compound hHSD1 % inh at 10 uM hHSD1sdQuM)

6 41 ND
7 28 ND
8 50 ND
9 50 ND
11 95 1.08
12 100 0.29
14 100 0.32
15 98 2.77
16 98 0.41

Table 1. 118-HSD1 inhibition by compounds 6-9, 11, 12 and 14-16. *°

411B-HSD1 inhibition was determined in mixed sex, hurtiger microsomes (Celsis
In-vitro Technologies) by measuring the conversiériH-cortisone to®H-cortisol in a
cortisol-scintillation proximity assa;?Percentage inhibition was determined relative to
a control system in the absence of inhibitor (se@emental section for further
details). ND, not determined.

The analysis of the inhibitory potencies disclosethe SAR. First, while amid&sand

7 displayed poor inhibitory activity, derivativdd and12, featuring a pyrrolidine ring,
showed low micromolar and submicromolar potencgpeetively, reflecting a better fit
within the hydrophobic pocket of the binding sit8econd, replacement of the
cyclohexyl ring of12 by either a 1-piperidinyl substituent, asl# or a 4-amino-3,5-
dichlorophenyl group, as 46, retained the activity, further demonstrating thiae
adamantyl substituent may be replaced by othercgolie groups. Third, no significant
difference was found between the inhibitory acyivitf 12 and 14, and hence the
replacement of the amide bridge by a urea withia garticular polycycle does not
seem to affect the potency. Finally, saturated typolec pyrrolidines were more potent
than their diene analogues (comp&Pevs 11 and16 vs 15). Overall, aliphatic amidekl
and 12 were slightly more potent than aromatic amidésand 16 (comparell vs 15
andl12 vs 16).
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Figure 3. Representative snapshot of the binding mode wipoandsl2 (A), 14 (B), 8

(C), and23 (D) to the human BtHSD1 enzyme as determined from the analysis of the
MD simulations. The protein backbone is shown ae ldarton, the NADP cofactor,
residues Tyrl83 and Serl70, and the ligands arerslag atom-coloured sticks. The
hydrogen bond between the ligand and the hydroxgug of Serl70 is shown as a

dashed line.

Docking studies were combined with molecular dyr@m(iMD) simulations to shed
light into the inhibitory potencies of selected qmunds. The structural integrity of the
simulated systems was supported by the stabilityhef positional root-mean square
deviation of the residues that define the bindiitg and the ligand, especially for the

most potent compounds (see Figures S1-S3 in Supgomformation). A similar
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binding mode was found for compoun8s12 and14 (see Figure 3). In all cases the
carbonyl group of the ligand formed a stable hydrogpond with Serl170 (distances
ranging from 2.6 to 3.0 A). However, the hydrogemd of the ligand’s carbonyl group
with the hydroxyl group of Tyrl83, which was retaih during the setup of the
simulated systems, exhibited larger fluctuationd was eventually disrupted during the
trajectories. Docking calculations showed compoutfiand14 to have slightly better
scores (-9.3 and -9.7 kcal/mol, respectively) than6 (-8.4 kcal/mol) andB (-9.0
kcal/mol). The higher inhibitory potency df2 and 14 may also be explained by the
fused pyrrolidine ring, which should reduce the tdbation of the conformational
penalty to the binding affinity of these compourndsmpared to the more flexible
compounds6 and 8. Although the results appear to support the gboit the size-
expanded hydrophobic cage presentlZhand 14 to occupy the binding pocket, the
lower inhibitory potency compared o(ICso = 86 nM; Figure 2) suggests that the size
of the polycyclic substituent iti2 and14 may be close to the upper limit allowed for
ligand binding without triggering significant sttucal distortions in the pocket

Of note, theN-acylpyrrolidine motif contained idl, 12, 15 and 16 has scarcely been
explored in the context of the design offadHSD1 inhibitors [49]. However, the
pyrrolidine 10 is not an ideal starting compound for a mediccte@mistry program, as
its synthesis is tedious and very low-yielding [3Bpr this reason, we explored the
synthesis of alternative, easily synthesized, piglree derivatives. To this end, we
followed a polycyclic substituent optimization pess in which the cyclohexyl was
selected as the RHS of the molecule, due to itplgiity (i.e. achiral, easy access) and
good performance with both adamantiyl iCso = 0.09uM) and hexacyclic substituents
(12, ICs0 = 0.29uM). An array of 13 pyrrolidine-based polycyclic ates was prepared
from cyclohexanecarboxylic acid, HOBt, EDC, andeaies of previously synthesized
amines (Figure 4). Our aim was to obtain differgtrolidine-based polycyclic
compounds, some of them simplified analogs of #eahyclic unit contained ih0 but
with higher conformational freedom, in order todithe optimal size and shape to
deliver more potent BEHSD1 inhibitors.
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Following the aforementioned preliminany vitro microsomal assay, the Jgvalues
were determined for compounds with an inhibitoryivaty higher than 50% at 1QM
(Table 2). In general, compounds containing smadtdycyclic rings (i.e.17-23) were
one order of magnitude more potent than our ihytiaést inhibitorsl2, 14 and16, and
some of them were also more potent than the adghaerivativel (ICso = 0.09uM).
The most potent inhibitors weld, 20, 21, 22 and23 (ICs, values ranging from 0.02 to
0.03 uM). MD simulations of the enzyme complex with comapd 23 confirmed the
stability of the binding mode (see Figure 3D angl, 8/hich resembled the arrangement
of compound12, and the formation of the hydrogen-bond interactieith Serl70
(average distance of 2.8 + 0.3 A). However, thess wot a clear trend in terms of
activity between the alkene/alkane pairs contairtimg same polycyclic ring system
(compare20 vs 21, and 22 vs 23). Thus, in the pairl8/19 the alkene derivative
presented a slightly higher potency, but the biggkene derivative24 and 26 were
significantly more potent than their alkane anaksftb and27 (ICso = 1.49uM vs27%
inhibition at 10 uM, and 0.04M vs 1.22uM, respectively). Finally, the introduction of

four methyl groups, either in an extend@8)(or compactZ9) arrangement, was highly
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deleterious to the inhibitory activity (compd2@ vs 28 and29). Overall, these findings
reinforce the assumption that the hexacyclic stumsit reaches the upper-limit size to
fill the hydrophobic pocket of the binding site.

Compound hHSD1 % inh at 10 uM hHSD1dQuM)
17 85 0.05
18 89 0.02
19 92 0.09
20 96 0.03
21 95 0.02
22 100 0.02
23 100 0.03
24 83 1.49
25 27 ND
26 82 0.04
27 67 1.22
28 30 ND
29 42 ND

Table 2. 118-HSD1 inhibition by compounds 17-29.2°

8118-HSD1 inhibition was determined in mixed sex, Humiamer Microsomes
(Celsis In-vitro Technologies) by measuring the v@gion of *H-cortisone to*H-
cortisol in a cortisol-Scintillation Proximity Asga "Percentage inhibition was
determined relative to a no inhibitor control (SEeperimental section for further
details). ND, not determined.

3. Biological profiling of the more potent 113-HSD1 inhibitors

The more potent inhibitors obtained by this polyysubstituent optimization process
have clogP values between 2.68 and 3.99, moreatisithan that of the adamantyl-
containing analogué (clogP = 4.65). These new compounds were chaizetein

terms of cellular potency, selectivity over BIHSD2, human metabolic stability,

cytochromes P450 (CYP) inhibition and predictedrbpermeability, in order to select
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the best candidate to perform am vivo study in a rodent model of cognitive

dysfunction.

The cellular potency was assessed in Human Emhryiciney 293 (HEK293) cells
stably transfected with the f-HSD1 gene. With the only exception of alkerd&s 20
and 26, which showed a moderate inhibitory activity (55%4% and 64%,
respectively), all compounds completely inhibited enzyme at 10 uM (Table 3).

Selectivity over 1f-HSD?2 is required for 13HSD1 inhibitors progressing into clinical
trials since 1f-HSD2 inhibition in the kidney can lead to sodiumtention and
increased blood pressurga cortisol stimulation of mineralocorticoid recepor
However, for the purposes of aarvivo studiy of cognitive dysfunction in rodents, high
selectivityvs 113-HSD2 was not required. Notwithstanding B4SD2 inhibition was
assessed in a cellular assay with HEK293 celldystaénsfected with the BtHSD2
gene at 10, 1 and 0.1 uM in order to establistséhectivity of our compounds. Ideally,
the 1B-HSD2 inhibition at 10 uM should be lower than 5@4consider a compound
sufficiently selective toward PBHSD1. None of our compounds achieved this
threshold but some slightly improved the poor delgg of the adamantyl-containing
analoguel, such as amid22 (88%vs 69% inhibition at 10 uM, respectively, data not
shown). Although22 had an 1G, between 1 and 10 uM, so we cannot rigorously
consider this compound to be selective againtH3D1, its selectivity index was at
least 50-fold compared to compouriflsand21, which displayed selectivities less than

5-fold. Poor selectivity was observed for compoui®isl9 and23.

Microsomal stability was performed in human liveicrasomes (HLM), which are
widely used to determine the likely degree of pmynaetabolic clearance in the liver.
Compoundsl8, 19 and20 presented moderate microsomal stabilities betvageand
60% of remaining parent compound after 30 min iatiam, while amide®1 and 22
showed stabilities lower than 28%. Compo@3ddisplayed a high microsomal stability

with 94% of remaining parent compound after ther80 incubation period.

The active compounds in the ffHSD1 cellular assayl® and 21-23) were further
tested for predicted brain permeation using theelyidusedin vitro PAMPA-BBB
model [50]. Unfortunately, the vitro permeabilities (F for compound21 and 22
could not be determined due to their lack of UVapgon. Wheread9 showed an
uncertain BBB permeation [CNS + with 5.179 (P0° cm §%) > 2.106], compounéd3
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had R clearly above the threshold established for a Hifglod-brain barrier (BBB)
permeation (P> 30 x 1¢° cm &Y.

Compound hHSD1 HEK HEK hHSD2 HLM % PAMPA-
ICs0 hHSD1 % inhibition at 10  parent BBB
M inh at 10 M or 1Cso (LM)©
(LM) o M o(LM) P, (10° cm
H -1ye,f
s
1 0.09 100 88% 79 -
18 0.02 55 <0.1uM 60 -
19 0.099 <0.1uM 37 5.20+0.1
100 (CNS)
20 0.03 64 0.1-1 uM 44 -
21 0.02 100 0.1-1 uM 17 ND
22 0.02 100 1-10 uM 27 ND
23 0.03 <0.1puM 94 >30
100 (CNS+)
26 0.04 64 100% - -

Table 3. Biological profiling of the most potent compounds.®®

3See Experimental section for further detdiRercentage inhibition was determined
relative to a no inhibitor controfHEK293 cells stably transfected with the full-leimgt
gene coding for human either ftHSD1 or 1B-HSD2 were used'The microsomal
stability of each compound was determined using dmumliver microsomes.
*Permeability values from PAMPA-BBB assay. Values expressed as the mean + SD
of three independent experiments. CNS+, predicteditige brain penetration.
'Calibration line between 0 and 30 x%6m s'. °ND, not detected.

4. In vivo study

Recent studies in rodents and humans with braietp@mt 1B-HSD1 inhibitors have
shown that they provide beneficial effects on thgmnitive impairment associated with
aging [13, 18-23]. SAMPS8 has been studied as atramsgenic murine mouse model of
accelerated senescence and late-onset AD [51-3®sel mice exhibit cognitive and
emotional disturbances, probably due to early dagrakent of brain pathological
hallmarks, such as oxidative stress (OS), inflanonagnd activation of neuronal death

pathways, which mainly affect cerebral cortex ampbcampus [24,53]. To date, this
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rodent model has not been used to tef-HS$D1 inhibitors, being this work the first
investigation of the effects of BIHSD1 pharmacological inhibition in SAMPS8.

Thein vivo study was performed with ami@3, as this compound had low nanomolar
potency against the murine}HSD1 enzyme (mHSD1, Kg= 0.08 uM), high cellular
potency, high microsomal stability (both in humand anouse liver microsomes, 94 and
93%, respectively) and positive predicted braingbextion. A pharmacokinetic study of
compound23 was performed in order to assess its oral admatish. Although its
clearance seems to be rapid, the concentratioslete30 min post-administration are
five fold the 1Go (Table S1, Figure S5 and Table S2). In additior, auld also
measure compound concentration in brain tissue laws post-administration (1.45
ng/mL), hint ofin vivo BBB permeability. Then, compour8 was administered to 12-
month-old SAMP8 mice in drinking water during foueeks at a concentration of 105
mg/L (average body weight for 48-week-old mice %@ fluid consumption is 5 mL,
therefore the dose was 0.105 mg/mL x 5 mL/0.025 & mg/kg). Compoungd3 was
dissolved in polyethylene glycol 400 (PEG400) ahéent diluted with water to a
PEG400 final concentration of 2% (v/v) in drinkifigid. 2% PEG400 in water was
given to the remaining mice in drinking fluid asehicle control.

Neuroprotective effects were investigated througbehavioural test, the novel object
recognition test (NORT), as a common measure ohitiog (short-term and long-term
memory) [54], and biochemical analysis, which warade through Western blotting
and quantitative real-time polymerase chain readfif?CR). Brain tissue was analysed
upon termination of the study to determine compolevels andex vivoinhibition of
113-HSD1. Consistent with previous reports, we foulndttaged SAMP8 mice
presented memory impairments in the NORT when coetpto young animals [53].
Satisfactorily, treatment witB3 certainly prevented short-term and long-term mgmor
deficits in SAMP8 mice (Figure 5A).

Postsynaptic density 95 (PSD95) protein levels wesduated as a measure of neuronal
synapses, whereas gene expression for interleukih-6), which acts as a pro-
inflammatory cytokine, and for inducible nitric obd synthase (INOS), an oxidative
stress sensor that catalyzes the production oic nitxide (NO), were also studied.
Treatment witi23 prevented the reduction of PSD95 protein levels|erthe oxidative
stress and pro-inflammatory gene expression markseich as iINOS and IL-6, were
significantly decreased compared to untreated rfi@gure 5A-B). These observations
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indicate a neuroprotective action 28, whereby reduced cognitive impairment2a
treated mice is mediated by a reduction of neulammmmation and oxidative stress as
confirmed by in the measurements of pro-inflammatwomarkers (IL-6 and INOS).

AD is characterized by the production and depasitid -amyloid and it has been
postulated that its reduction produces beneficidces [55]. For these reasons, the
effect of23 in modifying amyloid processing pathways was @samined. No changes
in amyloid beta A4 precursorP(eAPP), pB-secretase 1B@ce), disintegrin and
metalloproteinase 10Adam 10 gene expression levels were found (data not shown
Nevertheless, after treatment wie3, we found a decrease of AHPsecretase C-
terminal fragment f{CTF) protein levels without modification of thosé BreAPP,
together with an increase of the protein levelsingulin-degrading enzyme (IDE)
(Figure 1C), a zinc metalloprotease that degrgdamyloid species. Several vitro
andin vivo studies have shown correlations between IP&myloid levels and AD
[56].

In an attempt to elucidate the mechanisms undeyltfie beneficial effects &3 and
the relationship with cognitive amelioration in dcBAMPS8, we focused our study on
amyloid processing anfiCTF because of its implication in neurodegeneratoul
cognitive decline process in this strain [57]. Amid®3 did not alter the
proamiloidogenic pathway in SAMP8, as demonstrdtgdhe lack of effect orPre-
APP, Adam10or Bacelgene expression (see Figure S6 in the Supplenyematerial
file). However, the capacity of the brain to remopeamiloidogenic species by
activation of specific proteases, such as IDE qrihsine, appeared greatly increased
in treated SAMP8 with higher protein levels of IOBan in control animals and
consequently with substantially decreag¥@TF protein levels. The results of the
behavioural and biochemical studies in SAMP8 migggest that compoun23 acts
centrally on 18-HSD1.

Overall, behavioural tests and biochemical analgsedirmed a neuroprotective action
of compound?23, probably by reduction of inflammation and oxigatistress, as
measured by reduction of IL-6 and iINOS.
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Figure 5. Results of in vivo study. 2A. -Cognition and synaptic density: -L eft panel:
Results. Discrimination index of Novel Object rentign test (NORT) obtained in
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young SAMPS8, old SAMP8 and treated SAMPS8, at 2 @&dd h. Right Panel:
Representative Western blot (wb) for PSD95 and tifiation. 2B. -Oxidative stress
and inflammation: -L eft Panel: Oxidative stress gene expression iINGSEght pandl:
pro-inflammatory gene expression for IL-6. Generexjpn levels were determined by
real-time PCR.2C. -Amyloid processing and B-CTF clearance: -Left panel:
Representative Western blot (wb) for IDE and qdiation. -Right pane:
Representative Western blot (wb) for Pre-APP @@TF and B-CTF/APP ratio
guantification. For Western blot, bars represename standard error of the mean
(SEM), and values are adjusted to 100% for levé@ls1B8 young. For real-time PCR,
mean + SEM from five independent experiments peréat in triplicate are represented.
The One-Way ANOVA analysis and Tukey post hoc asialywere conducted.
Statistical outliers (Grubbs' test) were removexrfithe analyses. *p<0.05; **p<0.01;
***n<0.001.
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5. Conclusions

We have found that adamantyl, widely used as ghpiz substituent in 13-HSD1
inhibitors, may successfully be replaced by othetygyclic hydrocarbons. The
previously scarcely explored pyrrolidine-based pgtjic substituents presented here
led to potent 13-HSD1 inhibitors, and potentially these aliphatingrsystems can
serve as alternatives to adamantyl. Of note, thvelnmanomolar inhibitors reported are
achiral and easily synthesized in maximum four lsgti¢ steps (compounds®, 21 and
23) from commercially available starting materialsolBgical profiling allowed us to
select amide23 for the firstin vivo study in SAMP8 aiming to investigate the
pharmacological effects of fAHSD1 inhibition in this model of cognitive dysfuian.

In this study, prevention of cognitive impairmemt aged SAMP8 after four-week
treatment with23 was demonstrated in comparison with control arsm@he results
provide further support for the neuroprotectiveeeffof 1B-HSD1 inhibition, through
reduction of neuroinflammation and oxidative stresscognitive decline related to the
aging process. Due to the promising biologicalvatgtiof 23, further optimization is
currently being carried out, with focus on modifyithe RHS of the molecule to

improve the selectivity and DMPK properties.

6. Experimental section
6.1.Chemistry

6.1.1.General

Melting points were determined in open capillarypds with a MFB 595010M
Gallenkamp. 400 MHZH/100.6 MHz **C NMR spectra, and 500 MHH NMR
spectra were recorded on Varian Mercury 400, andawanova 500 spectrometers,
respectively. The chemical shifts are reported pmp(o scale) relative to internal
tetramethylsilane, and coupling constants are tedon Hertz (Hz). Assignments given
for the NMR spectra of the new compounds have bmeried out on the basis of
DEPT, COSY'H/*H (standard procedures), and CO&¥**C (gHSQC and gHMBC
sequences) experiments. IR spectra were run oninFieliker Spectrum RX |
spectrophotometer. Absorption values are expressedvave-numbers (cry); only
significant absorption bands are given. Column gfatmgraphy was performed either
on silica gel 60 A (3570 mesh) or on aluminium oxide, neutral, 60 A (80-2um,

Brockmann 1). Thin-layer chromatography was perfedmwith aluminum-backed
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sheets with silica gel 60,5 (Merck, ref 1.05554), and spots were visualizethwdV
light and 1% aqueous solution of KMpOThe analytical samples of all of the new
compounds which were subjected to pharmacologicduation possessed puri#p5%

as evidenced by their elemental analyses.

6.1.2. General procedures for the synthesis of the conmusu
6.1.2.1.General procedure A.

A solution of cyclohexane acyl chloride (1.2 mmiol)Janhydrous acetone was added
to a solution of the amine hydrochloride (1 mmotdatriethylamine (2 mmol) in
anhydrous acetone. The reaction mixture was stiatefl0° C for 3 h. The resulting
residue was dissolved with DCM (20 mL) and washéith & M aqueous solution of
HCI (4 x 25 mL), dried over anh. N&O, and filtered. The evaporation vacuoof the
organics gave the desired product.

6.1.2.2.General procedure B.

To a solution of the amine hydrochloride (1 mmaol)DCM (10 mL) were added 1-
piperidinecarbonyl chloride (1.5 mmol) and trietlayline (4 mmol). The reaction
mixture was stirred at rt overnight. To the resgtimixture was added saturated
aqueous solution of NaHG®10 mL) and the phases were separated. The agleg@us
was extracted with further DCM (2 x 10 mL). The amgcs were washed with 10%
NaCO;s solution (30 mL), dried over anh. p&0O;, filtered and concentrated vacuoto
give the desired product.

6.1.2.3.General procedure C.

To a solution of amine hydrochloride (1.1 mmol)EtOAc (15 mL) were added the
carboxylic acid (1 mmol), HOBt (1.5 mmol), EDC (1mdmol) and triethylamine (4
mmol) and the reaction mixture was stirred at raight. To the resulting suspension
was then added water (15 mL) and the phases wpegaged. The organic phase was
washed with saturated aqueous NaH@Olution (15 mL) and brine (15 mL), dried
over anh. Ng5O, and filtered. The organic layer was concentraedacuoto give the

desired product.

6.1.2.4.General procedure D.
A solution or suspension of the amide or urea (lothmand 5 wt. % palladium on
carbon (50% in water, 10% of the weight) in absokthanol (ca 30 mL) was stirred at

rt and atmospheric pressure under hydrogen for 3.72he suspension was then
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filtered and the solids were washed with EtOH (110.nThe solvents were removéal

vacuoto give the desired reduced product.

6.1.3.N-[Pentacyclo[6.4.0.6*°.0*".0* % dodec-8-yl]

cyclohexanecarboxamideg).

From cyclohexane acyl chloride (128 mg, 0.88 mnmolanhydrous acetone (0.6 mL)
and amined [38] (152 mg, 0.72 mmol) and triethylamine (0.2%,m..74 mmol) in
anhydrous acetone (0.9 mL) and following the gdngmacedure A, amidé (215 mg,
95% vyield) was obtained as a yellow solid. The il sample was obtained by
crystallization from EtOAc / pentane (164 mg), mp 228-229 °C; IR (ATR) v: 580, 591,
604, 638, 663, 695, 722, 761, 824, 894, 933, 11434, 1221, 1277, 1304, 1336, 1386,
1448, 1547, 1639, 2851, 2923, 3271 tiH-NMR (400 MHz, CDCJ) &: 1.08 (t,J =
2.8 Hz, 1 H, 9-H), 1.18-1.34 [complex signal, 3 B(5)-Hy and 4-H,], 1.39-1.55
[complex signal, 10 H, 5'(11’)-H 6’(12’)-H, and 2(6)-Hy, 1.66 (m, 1 H, 4-&), 1.79
[m, 2 H, 3(5)-Hq, 1.85 [m, 2 H, 2(6)-kY, 2.08 (tt,d = 11.6 Hz,J’ = 3.4 Hz, 1 H, 1-H),
2.13[b. s., 2 H, 4(10")-H], 2.21 [m, 2 H, 2'(3}4, 2.81 [b. s., 2 H, 1'(7))-H], 5.47 (s, 1
H, NH); “*C-NMR (100.5 MHz, CDG) & 21.5 [CH, C5'(C11’)], 24.4 [CH,
C6’(C12Y)], 25.7 (CH, C4), 25.8 [CH, C3(5)], 30.1 [CH, C2(C6)], 45.8 (CH, C1),
46.9 [CH, C2'(3")], 52.8 [CH, C4'(10)], 53.4 [CHC1'(7")], 54.8 (CH, C9), 65.4 (C,
C8), 176.7 (C, CO). Anal. Calcd for;@4,7/NO: C 79.95, H 9.54, N 4.91. Found: C
79.73,H9.75, N 4.82.

6.1.4.N-[[Pentacyclo[6.4.0.6'°0>".0*Ydodec-8-yl|methyl]cyclohexanecarboxamide,
(7).

From cyclohexane acyl chloride (119 mg, 0.81 mnmolanhydrous acetone (0.6 mL)
and amine5 [38] (150 mg, 0.67 mmol) and triethylamine (0.23,m..62 mmol) in
anhydrous acetone (0.8 mL) and following the gdnemacedure A, amid& (155 mg,
78% vyield) was obtained as a dark solid. The aitalytsample was obtained by
crystallization from EtOAc / pentane (77 mg), mp 148—149 °C; IR (ATR) v: 576, 589,
604, 621, 660, 672, 711, 800, 894, 956, 979, 10806, 1123, 1180, 1213, 1252, 1298,
1314, 1380, 1435, 1443, 1550, 1633, 1659, 28553,28299 crit; 'H-NMR (400 MHz,
CDClg) &: 1.05 (b. s., 1 H, 9'-H), 1.17-1.33 [complex siraH, 3(5)-Hx and 4-H,],
1.35-1.55 [complex signal, 8 H, 5(11")zkd or endo 6'(12’)-H> and 2(6)-H,], 1.56-1.70
[complex signal, 3 H, 5'(11’)-Ehdo or exo@Nd 4-Hg, 1.74-1.87 [complex signal, 4 H,
2(6)-Heq and 3(5)-Hq, 1.98 [b. s., 2 H, 4’(10)-H], 2.05 (tf) = 11.6 Hz,J’= 3.2 Hz, 1
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H, 1-H), 2.13 [b. s., 2 H, 1'(7)-H], 2.22 [m, 2 k/(3)-H], 3.38 [d,J = 5.6 Hz, 2 H,
NCH;], 5.20 [b. s., 1H, NH]; **C-NMR (100.5 MHz, CDGJ) &: 22.3 [CH, C5'(C11)],
24.2 [CH, C6'(12)], 25.7 (3 CH, C3, C4 and C5), 29.8 [GHC2(6)], 36.9 (CHh,
NCH;,), 42.7 (C, C8), 45.7 (CH, C1), 47.9 [CH, C2'(3)$1.2 (CH, C9), 53.1 [CH,
C1(7)], 53.5 [CH, C4(10’)], 175.6 (C, CO). AnaCalcd for GoHoNO-0.15 EtOAC:
C 79.13, H 9.74, N 4.48. Found: C 79.03, H 9.88,.52.

6.1.5.N-[Pentacyclo[6.4.0.9".0*".0* dodec-8-yl] piperidine-1-carboxamided)

From amine4 [38] (100 mg, 0.47 mmol), 1-piperidinecarbonylafidie (0.09 mL, 0.71
mmol) and triethylamine (0.23 mL, 1.88 mmol) in DC@ mL) and following the
general procedure B, ami@e(72 mg, 54% yield) was obtained as a white sdlige
analytical sample was obtained by crystallizatimmt hot EtOAc (22 mg), mp 22226
°C; IR (ATR) v: 700, 721, 734, 764, 794, 851, 866, 907, 954, 24003, 1019, 1050,
1128, 1141, 1187, 1232, 1254, 1261, 1276, 13065,18257, 1395, 1440, 1479, 1520,
1615, 2024, 2158, 2855, 2930, 3362'ciH-NMR (400 MHz, CDC}) &: 0.99 (broad s,
1 H, 9-H), 1.43-1.65 complex signal, 14 H, 5'(3-Hp, 6'(12')-H,, 3(5)-H and 4-H],
2.13 [broad s, 2 H, 4'(10’)-H], 2.21 [broad s, 2(3)-H], 2.78 [broad s, 2 H, 1'(7’)-
H], 3.31 [m, 4 H, 2(6)-ki, 4.53 (broad s, 1 H, NH); **C-NMR (100.5 MHz, CDG)) &:
21.5 [CH, C5'(11")], 24.5 (CH, C4), 24.6 [CH, C6'(12)], 25.6 [CH, C3(5)], 45.2
[CH,, C2(6)], 46.8 [CH, C2'(3")], 52.8 [CH, C4'(10")]53.6 [CH, C1'(7")], 55.4 (CH,
C9’), 658 (C, C®), 1574 (C, CO); HRMS-ESI+ m/z M+H]" calcd for
[C1eH26N-O+H]": 287.2118, found: 287.2118.

6.1.6.N-[[Pentacyclo[6.4.0.6°.0*".0* dodec-8-y[|methyl]piperidine-1-carboxamide,
(9).

From amine5 [38] (96 mg, 0.42 mmol), 1-piperidinecarbonyl aidie (0.08 mL, 0.63
mmol) and triethylamine (0.21 mL, 1.68 mmol) in DC@ mL) and following the
general procedure B, ami@g125 mg, quantitative yield) was obtained as aevbolid.
The analytical sample was obtained by crystallaratrom hot EtOAc (25 mg), mp 144
145 °C; IR (ATR) v: 554, 572, 623, 637, 678, 734, 763, 851, 869, 908, 945, 969,
992, 1023, 1107, 1155, 1232, 1253, 1261, 1340, 18938, 1451, 1475, 1524, 1614,
2018, 2158, 2842, 2860, 2930, 3378cAH-NMR (400 MHz, CDC}) &: 1.06 (broad s,
1 H, 9'-H), 1.40-1.70 [complex signal, 14 H, 5'(}:H,, 6'(12)-H,, 3(5)-H: and 4-H],
2.00 [broad s, 2 H, 4°(10"], 2.13 [broad s, 2 H7)-H], 2.22 [broad s, 2 H, 2’(3’)-H],
3.28 [m, 4 H, 2(6)-Hl, 3.37 (d,J = 5.2 Hz, 2 H, NCh), 4.18 (broad s, 1H, NH); **C-
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NMR (100.5 MHz, CDGJ) 5: 22.4 [CH, C5'(11’)], 24.3 [CH, C6'(12")], 24.4 (CH,
C4), 25.6 [CH, C3(5)], 38.6 (Ch, NCH;), 44.5 (C, C8'), 45.0 [CK C2(6)], 47.9 [CH,
C2°(3")], 51.2 (CH, C9), 53.1 [CH, C1I’(7")], 53.6 [CH, C4°(10°)], 157.8 (C, CO):
HRMS-ESI+ m/z M+H]" calcd for [GeH2oN,O+H]": 301.2274, found: 301.2276.
6.1.7.(3-Azahexacyclo[7.6.0'6.0°*20°*° 0" 1y pentadeca-7,13-dien-3-yl)(cyclohexyl)

methanone,1(l).

From aminel0 [38] (400 mg, 2.03 mmol), cyclohexanecarboxylicdda@37 mg, 1.85
mmol), HOBt (375 mg, 2.78 mmol), EDC (430 mg, 2./f8nol) and triethylamine
(0.570 mL, 4.07 mmol) in ethyl acetate (30 mL) &oitbwing the general procedure C,
an orange oil (627 mg) was obtained. Column chrography (A}Os, DCM/methanol)
gave amidell (260 mg, 42% vyield) as a white solid. The anahitisample was
obtained by crystallization frorert-butand, mp 111-113 °C; IR (ATR) v: 2961, 2930,
2853, 1630, 1443, 1425, 1347, 1305, 1223, 11943,11367, 998, 897, 878, 830, 780,
749, 734, 696, 659, 646 Em'H-NMR (500 MHz, CDC)) &: 1.17-1.24 [complex
signal, 3 H, 4-H,, 3'(5)-Ha, 1.43 [complex signal, 2 H, 2'(6")-§], 1.60-1.66
[complex signal, 3 H, 2'(6")-l, 4'-Hegd, 1.75-1.78 [complex signal, 2 H, 3'(5")<H,
2.13 (tt,J = 12.0 Hz,J’ = 3.5 Hz, 1 H, 1’-H), 2.67 [m, 2 H, 10(11)-H], 2.98mplex
signal, 4 H, 6(12)-H, 9(15)-H], 3.18 (s, 2 H, 2-6f 4-H,), 3.19 (s, 2 H, 4-Kor 2-H,),
6.00 [ddd,J =6 Hz,J’ = 3 Hz,J" = 1.5 Hz, 2 H, 7(13)-H or 8(14)-H], 6.04 [dd#l= 6
Hz,J' = 3 Hz,J" = 1 Hz, 2 H, 8(14)-H or 7(13); *C-NMR (125.7 MHz, CDG)) &:
25.8 (CH, C4’), 25.9 [CH, C3'(5")], 28.7 [CH, C2'(6")], 42.5 (CH, C1’), 45.5 (CH
C2 or C4), 46.7 (CH C4 or C2), 62.0 [CH, C6(12) and C9(15)], 62.8 [GFL0(11)],
69.1 (C, C1 or C5), 70.8 (C, C5 or C1), 132.8 [CE¥,(13) or 8(14)], 134.1 [CH,
C8(14) or C7(13)], 174.4 (C, CO); MS (EI), (rt = 25.4 min),m/z(%); significant ions:
308 (20), 307 (M, 83), 252 (16), 242 (25), 198 (17), 197 (100), 1@a.H14N)*, 39],
182 (19), 181 (15), 180 (41), 179 (16), 168 (24) 125), 166 (15), 165 (38), 156 (21),
153 (23), 152 (27), 132 (64), 131 (100), 130 (828 (17), 118 (19), 117 (19), 115 (23),
91 (18), 83 [(GH)", 85], 77 (15), 55 (72); HRMS-ESI+ m/z M+H]* calcd for
[C21H2sNO+H]": 308.2009, found: 308.2003.

6.1.8.(3-Azahexacyclo[7.6.0'0.0°*2 0°*° 0" Y pentadecane-3-yl)(cyclohexyl)

methanone,1Q).

From amidell (118 mg, 0.40 mmol) and Pd/C (13 mg) and followthg general
procedure D (5 h), amid& (94 mg, 78% yield) was obtained as a white solide T
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analytical sample was obtained by crystallizatiemmf DCM/diethyl ether, mp 134.35
°C; IR (ATR) v: 2932, 2851, 1621, 1463, 1426, 1357, 1286, 12020,11104, 1036,
1013, 969, 925, 886, 860, 825, 768, 732, 702, 687, cni’; 'H-NMR (500 MHz,
CDCl) 6: 1.25 [complex signal, 3 H, 4-K 3'(5")-Hay, 1.48-1.57 [complex signal, 10
H, 7(13)-H, 8(14)-H, 17(21)-Hy, 1.68 (m, 1 H, 4’-H), 1.75-1.82 [complex signal, 4
H, 2'(6’)-Heq 3'(57)-Hed, 2.08 (broad signal, 4 H, 6(12)-H, 9(15)-H], 2.6 J = 12
Hz,J = 3.5 Hz, 1 H, 1-H), 2.41 [m, 2 H, 10(11)-H8.29 [s, 4 H, 2(4)-H; *C-NMR
(125.7 MHz, CDGJ) é: 21.5 [CH, C7(13) or C8(14)], 21.8 [CK C8(14) or C7(13)],
25.8 (CH, C4’), 25.9 [CH, C3'(5")], 29.0 [CH, C2'(6")], 40.7 (CH, C2 or C4), 42.0
(CHy, C4 or C2), 42.9 (CH, C1’), 49.6 [CH, C10(11)],.69CH, C6(12) or C9(15)],
55.1 [CH, C9(15) or C6(12)], 57.5 (C, C1 or C5], 59.3 (C, C5 or C1], 175.1 (C, CO);
MS (EI), (rt = 26.7 min)m/z(%); significant ions: 312 (23), 311 (M'*, 100), 270 (14),
257 (19), 256 (99), 243 (12), 228 :1sNO)" 13], 202 (12), 201 (30), 184 (29), 129
(15), 128 (15), 91 (16), 83 [¢B11)", 24], 55 (25). Anal. Calcd for gHoNO: C 80.98,
H 9.39, N 4.50. Found: 80.76, H 9.61, N 4.33.

6.1.9.(3-Azahexacyclo[7.6.06.0°20>*.0"* *ypentadeca-7,13-diene-3-yl)(piperidin-
1-yl)methanone 1Q3).

From aminelO [38] (400 mg, 2.03 mmol), 1-piperidinecarbonyl amide (0.26 mL,
2.13 mmol) and triethylamine (0.56 mL, 4.06 mmaldCM and following the general
procedure B amidé&3 (443 mg, 71% yield) was obtained as a clear @l.e®al attempts
to crystallize this product met with failure. Theoguct was used in the next step
without further purification or characterization; MS (EI), (rt = 24.2 min),m/z (%),
significant ions: 308 (M, 46), 196 [(GH1N)*, 17], 165 (14), 130 (15), 112
[(CeH10NO)", 100], 84 [(GH1dN)", 17], 69 (41).
6.1.10.(3-Azahexacyclo[7.6.0'0.0°*2.0°° 0" 9 pentadeca-3-yl) (piperidin-1-yl)

methanone,1d).

From ureal3 (235 mg, 0.76 mmol) and Pd/C (24 mg) and followthg general
procedure D (3 h), uregt (171 mg, 72% yield) was obtained as a white sohid,124
126 °C; IR (ATR) v: 3457, 3291, 2936, 2867, 2839, 1615, 1538, 1481511370,
1332, 1304, 1252, 1226, 1202, 1159, 1124, 11107,1921, 915, 882, 851, 767, 722,
632 cm'; 'H-NMR (500 MHz, CDC}) §: 1.47-1.58 [complex signal, 14 H, 7(8,13,14)-
H,, 3'(5)-H2, 4-H], 2.05 [m, 4 H, 6(9,12,15)-H], 2.38 [m, 2 H, 10f4#], 3.19 [m, 8
H, 2(4)-H, 2'(6)-H2]; *C-NMR (125.7 MHz, CDGJ) &: 21.7 [CH, C7(8, 13, 14)],
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24.8 (CH, C4’), 25.9 [CH, C3'(5")], 43.3 [CH, C2(4)], 47.8 [CH, C16(20)], 49.6
[CH, C10(11)], 54.8 [CH, C6(9, 12, 15)], 58.8 [C, C1(5)], 163.3 (C, CO); MS (EI), (it =
25.1 min),m/z (%); significant ions: 312 (M'*, 100), 201 (15), 200 [(GH1sN)", 82],
184 (33), 129 (36), 112 [(El;o0NO)", 54], 91 (16), 84 [(€H1oN)", 59], 69 (28). Anal.
Calcd for GoH2gN,0O: C 76.88, H 9.03, N 8.97. Found: 76.60, H 9.2B.TR4.
6.1.11.(4-Amino-3,5-dichlorophenyl)(3-
azahexacyclo[7.6.0%0.0°*20>*°. 0" Jpentadeca-7,13-dien-3-yl)methanon5)

From aminelO [38] (400 mg, 2.03 mmol), 4-amino-3,5-dichlorobeitzacid (380 mg,
1.85 mmol), 1-hydroxybenzotriazole (HOBt) (375 nm@,/8 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC) (430 mg, . ™mol) and triethylamine
(0.560 mL, 4.07 mmol) in EtOAc (30 mL) and DMF (2 )rand following the general
procedure C, a yellow solid (677 mg) was obtair@dlumn chromatography (4D,
DCM/methanol) furnished5 (332 mg, 47% vyield) as a white sqlidp 236-238 °C; IR
(ATR) v: 3449, 3306, 3250, 3204, 2954, 2867, 2150, 1583811501, 1456, 1410,
1384, 1342, 1316, 1295, 1244, 1225, 1192, 10542,19403, 896, 875, 791, 745, 733,
686, 667, 643 ciy *H-NMR (500 MHz, CDC}) &: 2.61 [m, 2 H, 10(11)-H], 2.85
[broad s, 2 H, 6(12)-H or 9(15)-H], 2.94 [broad® 41, 9(15)-H or 6(12)-H], 3.13 (broad
s, 2 H, 2-H or 4-H), 3.33 (broad s, 2 H, 4-H or 2-6191 [m, 2 H, 7(13)-H or 8(14)-H],
6.03 [m, 2 H, 8(14)-H or 7(13)-H], 7.19 (s, 2 H,-Hj; *C-NMR (125.7 MHz, CDG))

3: 45.5 (CH, C2 or C4), 49.9 (Ch C4 or C2), 61.8 [CH, C6(12), C9(15)], 62.7 [CH,
C10(11)], 68.8 (C, C1 or C5), 71.0 (C, C5 or C1B.Y (C, Ar-Gnety, 126.7 (C, Gso),
127.1 (CH, Ar-Grno), 132.9 [CH, C7(13) or 8(14)], 133.9 [CH, C8(14) ©7(13)],
141.3 (C, Ar-Gara), 166.8 (C, CO); GC/MS (EI), (rt = 30.7 min), m/z(%); significant
ions: 388 [(GiH18'CLN,O)*, 2], 386 [(GiHis'CP°CIN,O)*, 12], 384
[(C21H16°CLN,0) *, 18], 192 [(GH4>'CILNO)*, 10],, 190 [(GH.>'CI**CINO)*, 63], 188
[(C/HA*CI,NO)*, 100], 180 (12), 160 (12), 124 (16); HRMS-ESI+ m/z M+H]" calcd
for [C1H18CILN,O+H]™: 385.0869, found: 385.0875.
6.1.12.(4-Amino-3,5-dichlorophenyl) (3-azahexacyclo[7.6'0.0>20°1°.0"1]
pentadecan-3-yl)methanonégy.

From amidel5 (200 mg, 0.78 mmol) and Pd/C (24 mg) and followthg general
procedure D (5 h) a yellow solid (207 mg) was ai@di Column chromatography
(Al,03, DCM/methanol) gave the desired amitie (180 mg, 89% vyield) as a white
solid, mp 243-244 °C; IR (ATR) v: 3455, 3283, 3238, 3186, 2931, 2865, 1631, 1597,
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1545, 1498, 1456, 1425, 1332, 1307, 1269, 12326,12118, 1070, 1035, 944, 895,
789, 768, 745, 693, 647, 629 ¢mH-NMR (500 MHz, CDCJ) §: 1.43-1.60 [complex
signal, 8 H, 7(13)-kl 8(14)-H], 2.04 [broad s, 2 H, 6(12)-H or 9(15)-H], 2.12dhd s,
2 H, 9(15)-H or 6(12)-H], 2.41 [m, 2 H, 10(11)-H8,29 (s, 2 H, 2-blor 4-H,), 3.53 (s,
2 H, 4-H or 2-H,), 7.40 (s, 2 H, AH); **C-NMR (125.7 MHz, CDGQ) &: 21.5 [CH;,
C7(13) or C8(14)], 21.8 [CK C8(14) or C7(13)], 40.8 (GHIC2 or C4), 45.5 (CHl C4
or C2), 49.6 [CH, C10(11)], 54.8 [broad CH, C6(&2d C9(15)], 57.9 (C, C1 or C5),
59.6 (C, C5 or C1), 118.8 (C, Arslgrd, 126.9 (C, Gso), 127.2 (CH, Ar-Gino), 141.4
(C, Ar-Cpara), 167.0 (C, CO); MS (ED), (rt = 32.3 min), m/z(%); significant ions: 392
[(C21H22"'CI.N20) 7, 8], 390 [(GiH22 'CI**CIN,0) ¥, 42], 388 [(GiH22>°CloN;0) ", 63],
200 (18), 192 [(@H4'CILNO)", 11], 190 [(GH/CIP°CINO)*, 64], 188
[(C/H4*°CI,NO)*, 100], 184 (33), 169 (13), 160 (12), 124 (13). An@alcd for
Co1H2:CloN20-0.50H0O: C 63.32, H 5.82, Cl 17.80, N 7.03. Found: C 83125.71, Cl
17.82, N 6.77.

6.1.13.(Cyclohexyl)(octahydro-2H-isoindol-2-yl)methano(i,).

From  octahydro-#-isoindole  hydrochloride (300 mg, 2.40 mmol),
cyclohexanecarboxylic acid (279 mg, 2.18 mmol), H@82 mg, 3.27 mmol), EDC
(506 mg, 3.27 mmol) and triethylamine (0.7 mL, 4r@éol) in EtOAc (10 mL) and
following the general procedure @7 (458 mg, 89% yield) was obtained as a white
solid. The analytical sample was obtained by ctiystdion from hot EtOAc (82 mg),
mp 67 —68 °C; IR (ATR) v: 734, 890, 973, 1073, 1113, 1136, 1173, 1184, 13871,
1358, 1443, 1481, 1622, 2851, 2873, 2917 cth-NMR (400 MHz, CDC}) &: 1.16-
1.30 (complex signal, 3 H, 3zk 4-H,x and 5-H,), 1.31-1.63 (complex signal, 10 H, 2-
Hax, 6-Hax, 4'-Ha, 7'-Hy, 5'-H,, 6'-H,), 1.64-1.84 (complex signal, 5 H, 2gH6-Heq, 3-
Heq 4-Heq and 5-Hg), 2.16 (m, 1 H, 3a’-H or 7a’-H), 2.24 (m, 1 H, #d’or 3a’-H),
2.30 [tt,J=11.6 HzJ = 3.6 Hz, 1 H, 1-H], 3.31 (dd,= 10.0 HzJ =6.0 Hz, 1 H, 1'-
Ha or 3"-H,), 3.36 (ddJ = 12.0 HzJ' = 6.6 Hz, 1 H, 3-Hor 1"-H,), 3.40 (ddJ = 12.0
Hz,J =7.8 Hz, 1 H, 3-Hor 1"-H,), 3.45 (ddJ = 10.0 HzJ = 7.0 Hz, 1 H, 1’-H or
3"-Hy); *C-NMR (100.5 MHz, CDGJ) 5: 22.5 (CH, C5’ or C6'), 22.8 (CH, C6' or
C5’), 25.73 (CH), 25.78 (CH), 25.80 (CH), 25.84 (CH) and 25.91 (CH [C4’, C7’,
C3, C4 and C5], 28.8 (GHC2 or C6), 29.0 (CKH C6 or C2), 35.8 (CH, C3a’ or C7a’),
37.6 (CH, C7a’ or C3a’), 42.7 (CH, C1), 49.3 (£K1 or C3'), 50.4 (CH, C3' or
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C1), 175.4 (C, CO). Anal. Calcd for84,sNO: C 76.55, H 10.71, N 5.95. Found:
76.56, H 10.67, N 5.96.

6.1.14(4-Azatricyclo[5.2.1.6%dec-8-en-4-yl)(cyclohexyl)methanor{&s).

From 4-azatricyclo[5.2.1°0]dec-8-ene hydrochloride [58] (240 mg, 1.40 mmol),
cyclohexanecarboxylic acid (163 mg, 1.27 mmol), H@Z8 mg, 1.91 mmol), EDC
(296 mg, 1.91 mmol) and triethylamine (0.8 mL, 5f&¢nol) in EtOAc (8 mL) and
following the general procedure C, amitie (304 mg, 97% vyield) was obtained as a
yellowish solid. Column chromatography (hexane/EtPdavel8 as a white solid (209
mg), mp 77-78 °C; IR (ATR) v: 702, 731, 761, 793, 897, 987, 1216, 1256, 133271
1428, 1621, 2850, 2920 ¢m*H-NMR (400 MHz, CDC}) &: 1.12-1.29 (complex
signal, 3 H, 3-H, 4-H.x and 5-H,), 1.36-1.51 (complex signal, 3 H, 2:H6-H.x and
10’-Hy], 1.54 (dt,J=8.4 Hz,J’ = 1.6 Hz, 1 H, 10’-l), 1.60-1.70 [complex signal, 3 H,
2-Heq, 6-Heq and 4-Hy), 1.71-1.84 (complex signal, 2 H, 3g-and 5-H), 2.16 (tt,J =
11.6 Hz,J’ = 3.6 Hz, 1 H, 1-H), 2.82-3.00 (complex signaK41-H, 7’-H, 2’-H and
6'-H), 3.10 (ddJ = 10.8 Hz,J' = 3.6 Hz, 1 H, 3-Hor 5- H,), 3.21 (dd,J = 13.5 Hz,J’
=3.6 Hz, 1 H, 5-Hor 3'- Hy), 3.29 (ddJ=13.5 Hz,J’ = 9.2 Hz, 1 H, 5’-K or 3’- Hy),
3.43 (ddJ=10.8 Hz,J’ =9.2 Hz, 1 H, 3-H or 5- Hy), 6.14 (ddJ = 6.0 Hz,J' = 3.2
Hz, 1 H, 8'-H or 9'-H), 6.19 (ddJ = 6.0 Hz,J’ = 3.2 Hz, 1 H, 9'-H or 8H); "*C-NMR
(100.5 MHz, CDQJ) é: 25.8 [CH, C3(5)], 25.9 (CH, C4), 28.69 (CH C2 or C6),
28.71 (CH, C6 or C2), 42.7 (CH, C1), 43.8 (CH, C2’' or C&1R.9 (CH, C6’ or C2)),
46.66 (CH, C1’or C7’), 46.70 (CH, C7’ or C1"), 48(CH,, C3’ or C5’), 48.8 (CH, C5’
or C3), 51.9 (CH, C10’), 134.7 (CH, C8 or C9’), 136.1 (CH, C9’ @8), 173.9 (C,
CO). Anal. Calcd for @H23NO: C 78.32, H 9.45, N 5.71. Found: 78.03, H 9.MI1,
5.58.

6.1.15(4-Azatricyclo[5.2.1.6%dec-4-yl)(cyclohexyl)methanon@).

From amidel8 (177 mg) and Pd/C (36 mg) and following the gehpracedure D (18
h), amidel9 (156 mg, 88% yield) was obtained as a white saohig, 8384 °C; IR
(ATR) v: 611, 625, 642, 886, 1002, 1133, 1170, 1187, 12048, 1290, 1327, 1344,
1357, 1425, 1446, 1623, 2871, 2936, 2945'cti-NMR (400 MHz, CDC}) &: 1.26-
1.94 (complex signal, 16 H, 3;H4-H,, 5-H,, 2-H,, 6-H,, 8-H,, 9-H, and 10’-H),
2.18-2.27 (complex signal, 2 H, 1'-H and 7’-H), 2.@t,J = 11.6 Hz,J’ = 3.2 Hz, 1 H,
1-H), 2.52 (m, 1 H, 2’-H or 6’-H), 2.60 (m, 1 H,-61 or 2’-H), 3.03 (ddJ = 13.2 Hz J’
=8.4Hz,1H,3-Hor5-H,), 3.26 (ddJ=11.6 HzJ' = 7.6 Hz, 1 H, 5’-Hor 3’- Hy),
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3.57 (ddJ=11.6 Hz,J’ = 1.6 Hz, 1 H, 5-i or 3"- Hy), 3.84 (ddJ = 13.2 HzJ' = 1.6
Hz, 1 H, 3-H, or 5'- Hy); **C-NMR (100.5 MHz, CDGJ) &: 22.1 (CH, C8’ or C9),
22.8 (CH, C9 or C8'), 25.79 (Ch), 25.86 (CH) and 25.88 (Ch) (C3, C4 and C5),
28.87 (CH, C2 or C8), 28.89 (CK C6 or C2), 41.2 (CH, C1’or C7’), 41.4 (CH, CT'0
C1’), 42.0 (CH, C2'or C6'), 42.1 (CH, C10’), 42.9 (CH, C1), 44.0 (GHC6’ or C2'),
45.7 (CH, C3 or C5’), 46.9 (CH, C5 or C3’), 174.4 (C, CO). Anal. Calcd for
Ci6H2sNO: 77.68, H 10.19, N 5.66. Found: C 77.55, H 10M05.54.

6.1.16.(4-Azatricyclo[5.2.2.69undec-8-en-4-yl)(cyclohexyl)methano(i2g).

From 4-azatricyclo[5.2.2°8Jundec-8-ene hydrochloride [59] (300 mg, 1.62 mmol)
cyclohexanecarboxylic acid (188 mg, 1.47 mmol), H@EO0 mg, 2.21 mmol), EDC
(342 mg, 2.21 mmol) and triethylamine (0.9 mL, 6mimol) in EtOAc (10 mL) and
following the general procedure C, amige (323 mg, 85% vyield) was obtained as a
yellowish solid. Column chromatography (hexane/EtPdave20 as a white solid (205
mg), mp 86—87 °C; IR (ATR) v: 703, 715, 849, 887, 986, 1044, 1132, 1165, 12289,
1307, 1347, 1357, 1375, 1431, 1625, 2850, 29217 308, 'H-NMR (400 MHz,
CDCl3) 6: 1.15-1.34 (complex signal, 5 H, 10’sH11’-H,, 3-Hax, 4-Hax and 5-H,),
1.37-1.54 (complex signal, 4 H, 2zt 6-Ha, 10’-Hp, 11’-Hp), 1.58-1.86 (complex
signal, 5 H, 2-k, 6-Heq 3-Heq, 4-Heqand 5-Hy), 2.23 (it,J = 11.6 Hz,J’ = 3.6 Hz, 1
H, 1-H), 2.42 (m, 1 H, 2’-H or 6’-H), 2.51-2.61 (@mplex signal, 3 H, 1'-H, 7’-H, 6'-H
or 2’-H), 3.09 (dJ=12.8 Hz, 1 H, 3'-Hor 5'-H,), 3.11 (dJ = 12.4 Hz, 1 H, 5-Hand
3-Hy), 3.62 (ddJ =12.4 HzJ' = 9.2 Hz, 1 H, 5’-H or 3'-Hy), 3.65 (ddJ = 12.8 Hz J’

= 9.6 Hz, 1 H, 3'-H and 5'-H,), 6.15-6.26 (complex signal, 2 H, 8'-H and19): **C-
NMR (100.5 MHz, CD(dJ) &: 24.2 (CH, C10’' or C11’), 24.3 (CH C11' or C10),
25.81 (CH), 25.84 (CH) and 25.9 (CH) [C3, C4 and C5], 28.7 (GHC2 or C6), 28.8
(CH, C6 or C2), 34.1 (CH, C1’and C7’), 41.9 (CH, @2'C6"), 42.6 (CH, C1), 44.0
(CH, C6’ or C2"), 50.8 (Chl C3’ or C5"), 51.6 (CH, C5’ or C3’), 132.9 (CH, C8’ or
C9), 134.3 (CH, C9’ or C8’), 173.9 (C, CO). Andlalcd for G/H2sNO: C 78.72, 9.71,
N 5.40. Found: C 78.82, H 9.71, N 5.30.

6.1.17.(4-Azatricyclo[5.2.2.6%undec-4-yl)(cyclohexyl)methanon@y].

From amide20 (165 mg) and Pd/C (33 mg) and following the gehpracedure D (18
h) amide21 (151 mg, 91% vyield) was obtained as a white salig 78-79 °C; IR
(ATR) v: 622, 725, 868, 976, 1138, 1173, 1204, 1346, 14283, 1622, 2861, 2901,
2923 cm’; *H-NMR (400 MHz, CDC}) &: 1.18-1.42 (complex signal, 5 H, 3gH4-
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Hax 5-Hax, 8'-Haand 9'-Hy), 1.44-1.90 (complex signal, 15 H, 3¢H#4-Heq 5-Heg 2-Ho,
6-H,, 1’-H, 7’-H, 8-Hy, 9’-Hy, 10’-H,; and 11'-H), 2.33 (m, 1 H, 2’-H or 6’-H), 2.37
(tt, J = 11.2 Hz,J’ = 3.4 Hz, 1 H, 1-H), 2.43 (m, 1 H, 6-H and 2’-H3,44-3.65
(complex signal, 4 H, 3-KHand 5-H); *C-NMR (100.5 MHz, CDG)) §: 19.8 (CH,
C9 or C8), 20.1 (CH, C8' or C9"), 25.7 (CH, C1'and C7’), 25.81 (G}125.86 (CH)
and 25.91 (Ch) (C3, C4 and C5), 27.8 (GHC11' or C10’), 28.0 (ChH C10’ or C11’),
28.86 (CH, C2 or C6), 28.92 (CkI C6 or C2), 37.8 (CKH C2’ or C6’), 40.0 (CH, C6’
or C2'), 42.8 (CH, C1), 49.1 (GHIC3’ or C5’), 49.9 (CH, C5’ or C3’), 174.3 (C, CO).
Anal. Calcd for G/H7NO: C 78.11, H 10.41, N 5.36. Found: C 78.14, FBR0ON 5.14.

6.1.18.(4-Azatetracyclo[5.3.23.0°*'9dodec-11-en-4-yl)(cyclohexyl)methanor2g)(

From 4-azatetracyclo[5.3.Z:00°'%dodec-11-ene hydrochloride [40] (2.06 g, 10.6
mmol), cyclohexanecarboxylic acid (1.24 g, 9.67 MHMAOBt (1.96 g, 14.5 mmol),
EDC (2.25 g, 14.5 mmol) and triethylamine (5.9 mR,5 mmol) in EtOAc (150 mL)
and following the general procedure C, an2292.43 g, 94% yield) was obtained as a
yellowish solid. The analytical sample was obtaibgccrystallization from hot EtOAc
(2.04 g) mp 96-97 °C; IR (ATR) v: 560, 570, 587, 696, 718, 741, 767, 812, 829, 847,
894, 915, 942, 963, 991, 1036, 1089, 1134, 1160912217, 1242, 1272, 1299, 1361,
1380, 1432, 1624, 2849, 2925, 3002, 3040'cti-NMR (400 MHz, CDC)) &: 0.12-
0.16 (complex signal, 2 H, 9’4 0.86-0.96 (complex signal, 2 H, 8'-H and 10’-H),
1.14-1.29 (complex signal, 3 H, 3gsH4-Hy,x and 5-H,), 1.36-1.53 (complex signal, 2
H, 2-H.x and 6-H,), 1.60-1.70 (complex signal, 3 H, 2414-H,q and 6-H,), 1.72-1.80
(complex signal, 2 H, 3-i and 5-H¢), 2.21 (tt,J = 11.6 Hz,J’ = 3.4 Hz, 1 H, 1-H),
2.55 (dmJ=12.8 Hz, 1 H, 2’-H or 6’-H), 2.67 (dnd,= 12.8 Hz, 1 H, 6’-H or 2’-H),
2.81-2.87 (complex signal, 2 H, 1’-H and 7’-H), 3.(dd,J = 11.0 HzJ =5.0 Hz, 1 H,
3'-Haor 5-Hy), 3.15 (ddJ=13.2 HzJ' = 5.6 Hz, 1 H, 5’-Hor 3'-Hy), 3.55 (t,J =10.0
Hz, 1 H, 5'-H, or 3'-Hp), 3.58 (t,J = 8.8 Hz, 1 H, 3'-H or 5’-Hy), 5.73 (dddJ = 14.4
Hz,J =8.4HzJ =20Hz, 1H, 11-H or 12’-H], 5.77 (ddd,= 14.4 HzJ = 8.4 Hz,

J” = 2.0 Hz, 1 H, 12"-H or 11H]; *C-NMR (100.5 MHz, CDGJ) &: 4.1 (CH, C9),
10.0 (CH, C8’ or C10’), 10.2 (CH, C10’ or C8’), 30. (CH), 25.83 (CH) and 25.9
(CHy) [C3, C4 and C5], 28.7 (G41C2 or C6), 28.8 (Ck C6 or C2), 35.6 (CH, C1’ or
C7’), 35.7 (CH, 7" or C1"), 42.6, (CH, C1), 42.7HCC2’ or C6’), 44.8 (CH, C6’ or
C2’), 49.6 (CH, C3’ or C5’), 50.6 (CH, C5’ or C3’), 128.1 (CH, C11’' or C12’), 129.6
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(CH, C12' or C11’), 174.1 (C, CO). Anal. Calcd f@igH2sNO: C 79.66, H 9.29, N
5.16. Found: C 79.64, H 9.24, N 5.21.

6.1.19.(4-Azatetracyclo[5.3.23F.0°*'9dodec-4-yl)(cyclohexyl)methanon&3y.

From 22 (500 mg) and Pd/C (100 mg) and following the geherocedure D (72 h)
amide23 (426 mg, 83% yield) was obtained as a white satipl 74—75 °C; IR (ATR)

v: 651, 679, 707, 729, 748, 789, 805, 826, 839, 885, 950, 961, 988, 1016, 1030,
1082, 1113, 1133, 1171, 1205, 1213, 1234, 12645,1P325, 1346, 1358, 1427, 1471,
1486, 1623, 2846, 2897, 2928, 3009, crtH-NMR (400 MHz, CDCY) &: 0.45 (dt,J =
6.0 Hz,J’ =8.0 Hz, 1 H, 9'-H), 0.78 (mJ = 6.0 Hz,J’ = 3.6 Hz, 1 H, 9’-4), 0.90-0.96
(complex signal, 2 H, 8'-H and 10’-H), 1.00-1.1%(eplex signal, 2 H, 11'-K and
12'-Hay), 1.17-1.34 [complex signal, 5 H, 11'skl 12'-Heq, 3-Hax, 4-Hax and 5-Hy,
1.42-1.61 (complex signal, 2 H, 2gHand 6-H,), 1.67 (m, 1 H, 4-H,, 1.69-1.83
(complex signal, 4 H, 3-& 4-Heg, 5-Heq, 6-Heg), 1.84-1.91 (complex signal, 2 H, 1'-H
and 7'-H), 2.38 [tt) = 11.6 Hz,J’ = 3.6 Hz, 1 H, 1-H], 2.50 (dnd,= 12.8 Hz, 1 H, 2'-
H or 6'-H), 2.55 (dmJ = 12.8 Hz, 1 H, 6’-H or 2’-H), 3.32 (dd,= 12.8 Hz,J' = 8.8
Hz, 1 H, 3'-H, or 5’-Hy), 3.52 (m, 2 H, 5-H or 3’-H), 3.76 (ddJ = 12.8 Hz,J’ = 3.0
Hz, 1 H, 3'-H, or 5'-Hy); *C-NMR (100.5 MHz, CDGQ)) &: 4.7 (CH, C9’), 14.9 (CH,
C8 or C10’), 15.1 (CH, C10’ or C8’), 17.3 (GHC11' or C12’), 17.9 (CH C12' or
C11’), 25.8 (CH, C4), 25.9 [CH, C3(5)], 28.87 (ChHl C2 or C6), 28.92 (Ck C6 or
C2), 29.0 (CH, C1’or C7’), 29.4 (CH, C7’ or C138.4 (CH, C2’ or C6’), 40.5, (CH,
C6’ or C2'), 42.7 (CH, C1), 48.1 (CH, C3 or C539.3 (CH, C5' or C3’), 174.4 (C,
CO). Anal. Calcd for ggH,7NO: C 79.07, H 9.95, N 5.12. Found: 79.15, H 9.R8,
5.29.

6.1.20. (4-Azatetracyclo[5.4.23.0°> Hjtrideca-9,12-dien-4-yl)(cyclohexyl) methanone,
(24).

From 4-azatetracyclo[5.4.Z:00°Ytrideca-9,12-diene hydrochloride [40] (139 mg,
0.66 mmol), cyclohexanecarboxylic acid (77 mg, Oréthol), HOBt (122 mg, 0.90
mmol), EDC (139 mg, 0.90 mmol) and triethylamined(fL, 2.64 mmol) in EtOAc (6
mL) and following the general procedure C, amiie (151 mg, 80% yield) was
obtained as a yellowish solid. The analytical s&mphs obtained by crystallization
from hot EtOAc (97 mg)mp 120-121 °C; IR (ATR) v: 730, 760 788, 808, 967, 994,
1173, 1187, 1214, 1235, 1294, 1361, 1442, 14637,18860, 2901, 2922 chn ‘H-
NMR (400 MHz, CDC}) 6: 1.15-1.30 [complex signal, 3 H, 3g14-Hax and 5-Hy],
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1.38-1.54 [complex signal, 2 H, 2sHand 6-H,], 1.60-1.72 (complex signal, 3 H, 2-
Heq 4-Heq and 6-Hg), 1.73-1.82 (complex signal, 2 H, 3z-and 5-Hy), 2.24 [tt,J =
11.6 Hz,J’ =3.6 Hz, 1 H, 1-H], 2.37 (tdd,= 9.6 Hz,J =5.8 HzJ" =2.8 Hz, 1 H, 2'-
H or 6’-H), 2.50 (tddJ = 8.8 Hz,J’ = 5.6 Hz,J” = 2.8 Hz, 1 H, 6’-H or 2'-H), 2.60-
2.66 (complex signal, 2 H, 1'-H and 7’-H), 2.67-Q.fomplex signal, 2 H, 8-H and
11’-H), 3.17-3.24 (complex signal, 2 H, 3’;ldnd 5’-H,)), 3.63-3.73 (complex signal, 2
H, 3'-Hy, and 5-H,), 5.84-5.87 (complex signal, 2 H, 9-H and 10’-HH,89-5.99
(complex signal, 2 H, 12’-H and 131); *C-NMR (100.5 MHz, CDGJ) &: 25.81
(CHy), 25.84 (CH) and 25.9 (CH) (C3, C4 and C5), 28.7 (GHC2 or C6), 28.8 (CH
C6 or C2), 39.36 (CH, C1'or C7’), 39.37 (CH, CT'@1"), 41.1 (CH, C2’' or C6’), 42.6
(CH, C1), 43.2 (CH, C6’ or C2"), 44.9 (CH, C8' odC), 45.1 (CH, C11’ or C8’), 50.7
(CH, C3'or C5’), 51.5 (CH, C5’ or C3’), 129.0 (CH, C12' or C13’), 130.3 (CB13’
or C12), 137.7 (CH, C9 or C10’), 138.0 (CH, Cl& C9’), 174.0 (C, CO). Anal.
Calcd for GgH2sNO: C 80.52, H 8.89, N 4.94. Found: 80.31, H 81814.97.

6.1.21.(4-Azatetracyclo[5.4.23F.0°* Ytridec-4-yl)(cyclohexyl)methanone2s).

From 4-azatetracyclo[5.4.Z:00°Ytridecane hydrochloride [40] (235 mg, 1.10 mmol),
cyclohexanecarboxylic acid (128 mg, 1.0 mmol), HGB®3 mg, 1.50 mmol), EDC
(232 mg, 1.50 mmol) and triethylamine (0.6 mL, 4méol) in EtOAc (10 mL) and
following the general procedure C, amige (253 mg, 80% vyield) was obtained as a
yellowish solid. The analytical sample was obtaibgccrystallization from hot EtOAc
(110 mg) mp 115-116 °C; IR (ATR) v: 658, 731, 887, 988, 1133, 1172, 1204, 1236,
1357, 1434, 1440, 1621, 2908, 2925 ctH-NMR (400 MHz, CDC}) &: 1.18-1.34
(complex signal, 3 H, 3-§ 4-H.x and 5-H,), 1.42-1.62 (complex signal, 6 H, 1’-H, 7’-
H, 2-Hu, 6-Hax 12’-Hy and 13'-H), 1.64-1.92 (complex signal, 7 H, 2g16-Heq 3-
Heg 4-Heq 5-Heq, 12'-H, and 13'-H), 2.02-2.20 (complex signal, 5 H, 2’-H or 6’-H-9’
Ha 9-Hp, 10’-Hy and 10°-H), 2.27 (m, 1 H, 6’-H or 2'-H), 2.34-2.44 (compleignal,

3 H, 1-H, 8-H and 11'-H), 3.48-3.70 (complex si§naH, 3'-H, and 5'-H,); *C-NMR
(100.5 MHz, CDGJ) 3: 15.0 (CH, C12’or C13’), 15.3 (Ch C13’or C12’), 20.8 [CH
C9'(10"], 25.82 (CH), 25.88 (CH) and 25.92 (Ch) (C3, C4 and C5), 28.88 (GHC2

or C6), 28.95 (CH C6 or C2), 31.2 (CH, C1' or C7’), 31.5 (CH, C* 61", 36.37
(CH, C8 or C11’), 36.44 (CH, C11' or C8’), 37.4KCC2 or C6’), 39.5 (CH, C6’ or
C2), 42.8 (CH, C1), 48.8 (CKIC3 or C5’), 49.7 (CH, C5' or C3), 174.4 (C, CO).
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Anal. Calcd for GgHgNO: C 79.39, H 10.17, N 4.87. Found: C 79.20, H3QON
4.72.

6.1.22.(12-Azatricyclo[4.4.3.btrideca-3,8-dien-12-yl)(cyclohexyl)methanon@6)(

From 12-azatricyclo[4.4.3'G]trideca-3,8-diene hydrochloride [41] (150 mg, 0.71
mmol), cyclohexanecarboxylic acid (82 mg, 0.64 mmbIOBt (131 mg, 0.97 mmol),
EDC (150 mg, 0.97 mmol) and triethylamine (0.4 ral82 mmol) in EtOAc (6 mL)
and following general procedure C, amigke (185 mg, 92% yield) was obtained as a
yellowish solid. The analytical sample was obtaibgccrystallization from hot EtOAc
(106 mg) mp 116—117 °C; IR (ATR) v: 605, 676, 739, 813, 865, 1004, 1187, 1207,
1224, 1332, 1347, 1427, 1629, 2858, 2918"cth-NMR (400 MHz, CDC}) &: 1.16-
1.31 (complex signal, 3 H, 3(5)akand 4-H,), 1.51 [m, 2 H, 2(6)-H], 1.62-1.84
[complex signal, 5 H, 2(6)-&, 3(5)-Hq and 4-H, 1.92-2.10 [complex signal, 8 H,
2'(10)-H; and 5'(7)-H], 2.29 [tt,J = 11.6 Hz,J’ = 3.6 Hz, 1 H, 1-H], 3.35-3.37
(complex signal, 4 H, 3-§ 3’-Hy,, 5-H, and 5’-H,), 5.48-5.57 [complex signal, 4 H,
3'(9')-H and 4'(8")-H]; *C-NMR (100.5 MHz, CDGJ) &: 25.8 (CH, C4), 25.9 [CH,
C3(5)], 28.9 [CH, C2(6)], 32.1 [CH, C2'(10) or C5'(7)], 32.2 [CH, C5'(7’) or
C2'(109], 37.3 (C, Clor C6’), 39.2 (C, C6’ or Q142.6 (CH, C1), 55.3 (CEI C11’ or
C13’), 56.1 (CH, C13' or C11"), 123.3 (CH, C3’ and C9’), 123.9 (€84’ and C8’),
176.3 (C, CO); HRMS-ESI+ m/z M+H]" calcd for [GoH,/NO+H]": 286.2165, found:
286.2176.

6.1.23.(12-Azatricyclo[4.4.3.09tridec-12-yl)(cyclohexyl)methanone&7).

From 26 (362 mg) and Pd/C (72 mg) and following the gehpracedure D (24 h),
amide27 (330 mg, 90% yield) was obtained as a white sdliee analytical sample was
obtained by crystallization from hot EtOAc (178 mg)yp 160—161 °C; IR (ATR) v:
670, 764, 874, 891, 976, 1157, 1290, 1343, 1368514623, 1635, 2850, 2907, 2921
cm™; 'H-NMR (400 MHz, CDC}) &: 1.18-1.29 [complex signal, 3 H, 3(5)sHand 4-
Hal, 1.31-1.62 [complex signal, 18 H, 2°(6)sH 3'(9)-H2, 4'(8")-H,, 5'(7")-Ha,
10°(13)-Hz], 1.64-1.84 [complex signal, 5 H, 2(6)13(5)-Hq and 4-H, 2.30 [tt,J =
11.6 Hz,J' = 3.6 Hz, 1 H, 1-H], 2.70-3.90 (complex signaH43'-H, and 5'-H); *C-
NMR (100.5 MHz, CDGJ) &: 21.6 [CH, C3'(9) or C4'(8)], 21.8 [CH, C4'(8’) or
C3'(9)], 25.8 (CH, C4), 25.9 [CH, C3(5)], 28.9 [CH, C2(6)], 39.8 (C, C1’ and C6),
41.7 [CH, C2'(10’) and C5'(7")], 42.6 (CH, C1), 55.1 (GHC11' or C13’), 55.8 (CH|
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C13 or C11’), 176.0 (C, CO). Anal. Calcd fordEi3:NO: C 78.84, H 10.80, N 4.84.
Found: 78.83, H 10.74, N 4.75.

6.1.24. (3,4,8,9-Tetramethyl-12-azatricyclo[4.4.3Ptrideca-3,8-dien-12-yl)
(cyclohexyl)methanone2q).

From 3,4,8,9-tetramethyl-12-azatricyclo[4.4%]@rideca-3,8-diene hydrochloride [41]
(136 mg, 0.51 mmol), cyclohexanecarboxylic acid 1&g, 0.48 mmol), HOBt (111 mg,
0.82 mmol), EDC (127 mg, 0.82 mmol) and triethylaeni(0.3 mL, 2.38 mmol) in
EtOAc (6 mL) and following the general procedureatide28 (138 mg, 79% yield)
was obtained as a yellowish solid. Column chromaiplgy (hexane/EtOAC) gaas8 as
a white solid (74 mg@)mp 162—-163 °C; IR (ATR) v: 748, 785, 848, 973, 1118, 1358,
1434, 1441, 1603, 1613, 2861, 2931 triH-NMR (400 MHz, CDC}) §: 1.40-1.1.54
[complex signal, 3 H, 3(5)-K and 4-H,], 1.56 (s, 12 H, Ck), 1.62-1.98 [complex
signal, 15 H, 3(5)-&, 4-Heq, 2-Ho, 6-Hy, 2'(10°)-Hy, 5'(7°)-H2], 2.28 (it, 1 HJ = 11.6
Hz, J’ = 3.2 Hz, 1 H, 1-H), 3.28-3.34 (complex signalH411'-H, and 13"-H); *C-
NMR (100.5 MHz, CDGJ) 6: 18.68 [CH, H3C-C3'(9’) or H;C-C4'(8")], 18.71 [CH,
H3C-C4'(8") or H;C-C3'(9")], 25.8 (CH, C4), 25.9 [CH, C3(5)], 28.9 [CH, C2(6)],
38.6 (CH, C1' or C6"), 38.7 [CH, C2'(10’) or C5'(7)], 38.8 [CH, C5'(7’) or
C2'(10%], 40.4 (CH, C6’or C1"), 42.6 (CH, C1), 55.5 (GHC11’ or C13’), 56.4 (CHl
C13 or C11"), 121.6 [C, C3'(9) or C4'(8)], 122.2C, C4'(8’) or C3'(9)], 176.4 (C,
CO); HRMS-ESI+ m/z M+H]" calcd for [GaH3zeNO+H]": 342.2791, found: 342.2793.

6.1.25. (7,8,9,10-Tetramethyl-3-azapentacyclo[712:40"°.0" Ytridec-3-yI)
(cyclohexyl) methanon€9).

From 7,8,9,10-tetramethyl-3-azapentacyclo[7.2:40°.0""tridecane hydrochloride
[40] (145 mg, 0.54 mmol), cyclohexanecarboxylicda@7 mg, 0.52 mmol), HOBt (105
mg, 0.78 mmol), EDC (121 mg, 0.78 mmol) and triéhyine (0.3 mL, 2.29 mmol) in
EtOAc (6 mL) and following the general procedurea@ide29 (143 mg, 78% yield)
was obtained as a yellowish solid. Column chromaipolgy (hexane/EtOAc) gaa9 as
a white solid (101 mg)mp 100—-101 °C; IR (ATR) v: 636, 747, 791, 829, 866, 891,
977, 1026, 1083, 1124, 1207, 1243, 1266, 1346, 13822, 1625, 2857, 2925 &m
'H-NMR (400 MHz, CDC}) &: 0.84 [dd,J = 10.8 Hz,J' = 4.8 Hz, 4 H, 6'(13")-H or
11'(12')-Hy], 0.93 (d,J = 3.6 Hz, 12 H, 7'(8’)-CH and 9'(10’)-CHj], 1.18-1.34
[complex signal, 3 H, 3(5)-KH and 4-H,], 1.52 (m, 2 H, 2(6)-H,), 1.64-1.84 [complex
signal, 9 H, 3(5)-k, 4-Heq 2(6)-Hix and 11°(12’)-h or 6'(13")-Hy], 2.35 (it, 1 H,J =
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11.6 Hz,J’ = 3.2 Hz, 1 H, 1-H), 3.59 (d,= 15.6 Hz, 4 H, 2-Hand 4"-h); *C-NMR
(100.5 MHz, CDGJ) &: 15.5 [CH, HaC-C7'(8") or HC-C9'(10’)], 15.6 [CH, HsC-
C9'(10’) or HC-C7'(8")], 25.8 (CH, C4), 25.9 [CH, C3(5)], 29.0 [CH, C2(6)], 42.4
(CH, C1), 42,9 [CH, C6'(13") or C11'(12")], 43.0 [CH, C11'(12") or C6'(13")], 45.3
[C, C7'(8") or C9'(10)], 45.4 [C, C9'(10’) or C7¥)], 47.0 (C, C1’ or C5), 48.9 (C,
C5 or C1), 51.6 [CH, C2’ or C4, 53.1 [CH, C4’ or C2], 174.6 (C, CO). Anal.
Calcd for GaHssNO: C 80.88, H 10.33, N 4.10. Found: 80.97, H 10K274.00.

6.2. Molecular modeling

Docking calculations were carried out using Gli@®][ with the X-ray structure of
human enzyme 4BB6 [61]. The geometry of each ligaad energy minimized and the
centroid of the inhibitor cocrystalised in 4BB6 wased to generate the docking cavity
by selecting all the residues located within 20rdnf the ligand. Between 70 and 100
poses were generated for each ligand, and thesbestd poses (and the expected
arrangement within the binding pocket) were choaenstarting structures for MD

simulations.

For each ligand-protein complex two independents5PHD simulations were run to
check the consistency of the binding mode. Toehis, the ligand-protein complex was
immersed in an octahedral box of TIP3P [62] wateletules and sodium ions were
added to neutralize the system. The force fiel®@3Bildn [63-64] was used for the
protein parameters, and RESP charges at the HIZ6(@)Ltogether with the gaff [65]
force field were used to for the ligand and NADPapaeters. All systems were refined
using a three-step energy minimization procedureo{ving first hydrogen atoms, then
water molecules, and finally the whole system) arsilx-step equilibration (heating the
system from 0 K to 300 K in 6 steps of 20 ps, ih&,f50 ps the next four, and 5 ns the

last one).

6.3.Human 13-HSDL1 in vitro enzyme inhibition assay

113-HSD1 activity was determined in mixed sex, humiaarlmicrosomes (Celsis In-
vitro Technologies) by measuring the conversion *dfcortisone to *H-cortisol.
Percentage inhibition was determined relative tmanhibitor control. Sug of human
liver microsomes were pre-incubated at 37°C fornmdi® with inhibitor and 1 mM
NADPH in a final volume of 9QL Krebs buffer. 10uL of 200 nM *H-cortisone was

then added followed by incubation at 37°C for atHer 30 min. The assay was
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terminated by rapid freezing on dry ice aftd-cortisone to*H-cortisol conversion
determined in 5QL of the defrosted reaction by capturing liberateecortisol on anti-
cortisol (HyTest Ltd)-coated scintillation proximiassay beads (protein A-coated YSi,
GE Healthcare). A nanomolar fHSD1 inhibitor, UE2316, was added as a positive
control within in each set of assays.sd@alues for UE2316 were within the normal

range across each test occasion [66].

6.4.Mouse 1-HSDL1 in vitro enzyme inhibition assay

113-HSD1 activity was determined in pooled mouse (QDnder microsomes (Celsis
In-vitro Technologies) by measuring the conversibrcortisone to cortisol by LC/MS.
Percentage inhibition was determined relative twanhibitor control. 5ug of mouse
liver microsomes were pre-incubated at 37°C fornmdi® with inhibitor and 1 mM
NADPH in a final volume of 9QuL Krebs buffer. 10uL of 2 uM cortisone was then
added followed by incubation at 37°C for a furtB8rmin. The assay was terminated
by rapid freezing on dry ice and subsequent extmacwith acetonitrile on thawing.
Samples dried down under nitrogen at 65°C and gisiedh in 100 pl 70:30 HO:ACN
and removed to a 96-well V-bottomed plate for LC/Bt&lysis. Separation was carried
out on a sunfire 150 x 2.1 mm, 3.5 pM column usingbO:ACN gradient profile.
Typical retention times were 2.71 min for cortisold 2.80 min for cortisone. The peak
area was calculated and the concentration of eadhmpeound determined from the

calibration curve.

6.5. Microsomal stability assay

The microsomal stability of each compound was detezd using either human or
mouse liver microsomes (Celsis In-vitro TechnolggieMicrosomes were thawed and
diluted to a concentration of 2 mg/mL in 50 mM NaR@ffer pH 7.4. Each compound
was diluted in 4 mM NADPH (made in the phosphatfdnwabove) to a concentration
of 10 uM. Two identical incubation plates werepganed to act as a 0 minute and a 30
minute time point assay. 30 pL of each compouhatidn was added in duplicate to
the wells of a U-bottom 96-well plate and warmed3afC for approximately 5
min. Verapamil, lidocaine and propranolol at 10 (cehcentration were utilised as
reference compounds in this experiment. Microsomese also pre-warmed at 37°C
before the addition of 30 pL to each well of thatplresulting in a final concentration
of 1 mg/mL. The reaction was terminated at the@mate time point (O or 30 min) by
addition of 60 uL of ice-cold 0.3 M trichloroacetazid (TCA) per well. The plates
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were centrifuged for 10 min at 112 x g and the sugiant fraction transferred to a fresh
U-bottom 96-well plate. Plates were sealed andefioat -20 °C prior to MS
analysis. LC-MS/MS was used to quantify the peaaaesponse of each compound
before and after incubation with liver microsomesng MS tune settings established
and validated for each compound. These peak ityemeasurements were used to
calculate the % remaining after incubation with rmsomes for each hit compound.

6.6. Cellular 1-HSD1 enzyme inhibition assay

The cellular 1-HSD1 enzyme inhibition assay was performed usifgKEB3 cells
stably transfected with the humanpiliSD1 gene. Cells were incubated with substrate
(cortisone) and product (cortisol) was determingd_6/MS. Cells were plated at 2 x
10* cells/well in a 96-well poly-D-lysine coated tigsaulture microplate (Greiner Bio-
one) and incubated overnight at 37 °C in 5% @& . Compounds to be tested were
solubilized in 100% DMSO at 10 mM and serially t#d in water and 10% DMSO to
final concentration of 10 uM in 10% DMSO. 10 pLe#Hch test dilution and 10 pL of
10% DMSO (for low and high control) were dispensao the well of a new 96-well
microplate (Greiner Bio-one). Medium was removaeitrfrthe cell assay plate and 100
pL of DMEM solution (containing 1% penicillin, 1%treptomycin and 300 nM
cortisone) added to each well. Cells were incubfde@ h at 37 °C in 5% C5% Q.
Following incubation, medium was removed from eaghll into an eppendorf
containing 500 pL of ethyl acetate, mixed by voréad incubated at rt for 5 min. A
calibration curve of known concentrations of carti;n assay medium was also set up
and added to 500 L of ethyl acetate, vortexedimtubated as above. The supernatant
of each eppendorf was removed to a 96-deep-weté @ad dried down under liquid
nitrogen at 65C. Each well was solubilised in 100 pL 70:3¢04ACN and removed to

a 96-well V-bottomed plate for LC/MS analysis. Segian was carried out on a sunfire
150 x 2.1 mm, 3.5 pM column using a@HACN gradient profile. Typical retention
times were 2.71 min for cortisol and 2.8 min fortmmne. The peak area was calculated

and the concentration of each compound determioea the calibration curve.

6.7.Cellular 113-HSD2 Enzyme Inhibition Assay

For measurement of inhibition of BzHSD2, HEK293 cells stably transfected with the
full-length gene coding for human i-HSD2 were used. The protocol was the same as
for the cellular 1p-HSD1 enzyme inhibition assay, only changing thbstate, this

time cortisol, and the concentrations of the testsdpounds, 10, 1 and 0.1 uM.
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6.8. Parallel Artificial Membrane Permeation Assays- &ieBrain Barrier (PAMPA-
BBB)

To evaluate the brain penetration of the differenmpounds, a parallel artificial
membrane permeation assay for blood-brain barres wsed, following the method
described by Di [50]. The in vitro permeability JPof fourteen commercial drugs
through lipid extract of porcine brain membraneetibgr with the test compounds were
determined. Commercial drugs and assayed compomedstested using a mixture of
PBS:EtOH (70:30). Assay validation was made by mammg the experimental
permeability with the reported values of the conuiardrugs by bibliography and
lineal correlation between experimental and remgbmpermeability of the fourteen
commercial drugs using the parallel artificial meart®e permeation assay was
evaluated (y = 1.5366x -0.9672;#.9382). From this equation and taking into actoun
the limits established by Di et al. for BBB permeat[50], we established the ranges
of permeability as compounds of high BBB permeati(CNS +): R (10° cm §') >
5.179; compounds of low BBB permeation (CNB P, (10° cm s') < 2.106 and
compounds of uncertain BBB permeation (CNS #): 8.2, (10° cm s%) > 2.106.

6.9.Pharmacokinetic study

All the animal experiments were performed accordmghe protocols approved by the
Animal Experimentation Ethical Committee of Univieas Autonoma de Barcelona and
by the Animal Experimentation Commission of the Gmaitat de Catalunya (Catalan
Government). Male CD-1 mice (20-25 g) purchasednfiienvigo Laboratories were
used. Compoun@3 was dissolved in cyclodextrin 10% at 3 mg/mL teega clear
solution. After oral administration (21 mg/kg, 1Q#dg), blood (0.6 mL) was collected
from cava vein using a syringe (23G needle) ringitd 5% EDTA(K2) at 0, 0.5, 1, 3,5
and 24 (3 animals/point). Each blood sample was adhately transferred to a tube
containing 4QuL of water with 5% EDTA. Blood samples were cenigiéd at 10000 g
for 5 minutes and plasma samples were stored at’€20ntil analysis of compound
concentration by UPLC-MS/MS. Brains were transahgiperfused with 10 mL of
saline, removed, frozen in liquid,Mdnd stored at —80 °C until analysis of the comploun
concentration by UPLC-MS/MS.

6.10. In vivo study
6.10.1. Animals
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SAMP8 mice 12 months old (n=12) were randomize® @xperimental groups (control,
n=4; treated, n=8), and additional group 2 months old (n=4) were planned as a young
population. Mice were used with free access to fe@odl water, under standard
temperature conditions (22 = 2°C) and 12-h:12-ththdark cycles (300 Ix/0 Ix).
Compound 23 was administered dissolved in tap water and PEG@Y final
concentration) yielding a dose of 21 mpk for 4 weélkhe dose was selected based on
the 1G5 value of23 and our previous expertise im vivo studies with other JEHSD1
inhibitors [20-21]. To maintain the correct doserg the treatment period, once a week
the weight of the animals and the quantity of wdkat they drank were measured.
Therefore, we adjusted the concentration (mg/mL}hef compound3 in the drink
bottle to achieve the correct dose of compound jntpkbe administered to mice.
Studies were performed in accordance with thetutginal guidelines for the care and
use of laboratory animals established by the EthiCammittee for Animal

Experimentation at the University of Barcelona.
6.10.2. Novel Object Recognition Test (NQRT)

The test was conducted in a 90-degree, two-arngn?$eng, 20-cm-high maze. Light
intensity in the middle of the field was 30 lux. éllobjects to be discriminated were
plastic figures (object A, 5.25-cm-high, and objB¢t4.75-cm-high). First, mice were
individually habituated to the apparatus for 10 rper day during 3 days. On day 4,
they were submitted to a 10-min acquisition triads{ trial), during which they were
placed in the maze in the presence of two identiogakl objects (A+A or B+B) placed
at the end of each arm. A 10-min retention triakc(d trial) occurred 2 h (short term
memory) or 24 h (long term memory) later. Duringsteecond trial, objects A and B
were placed in the maze, and the times that thmalrtook to explore the new object
(tn) and the old object (to) were recorded. A Disanation index (DI) was defined as
(tn-to)/(tn+to). In order to avoid object preferenbiases, objects A and B were
counterbalanced so that one half of the animalksaich experimental group were first
exposed to object A and then to object B, wherbasother one half first saw object B
and then object A was presented. The maze, thacgyrbind the objects were cleaned

with 96° ethanol between the animals’ trials stoaaiminate olfactory cues.
6.10.3. Brain isolation and Western blot analysis

Mice were euthanized 1 day after the last NORT wi@s conducted, and brain quickly
removed from the skull. Hippocampus were disseetad frozen in powdered dry ice
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and maintained at —80 °C for further use. Tissuamas were homogenized in lysis
buffer containing phosphatase and protease inngh{@ocktail 1, Sigma), and cytosol
and nuclear fractions were obtained as describseivblere. Protein concentration was
determined by the Bradford method. A§ of protein were separated by Sodium
dodecyl sulfate-Polyacrylamide gel electrophore¢SDS-PAGE) (8-15%) and
transferred onto Polyvinylidene diflouride (PVDF)embranes (Millipore). The
membranes were blocked in 5% non-fat milk in Tustred saline containing 0.1%
Tween 20 (TBS-T) for 1 h at rt, followed by overnigncubation at 4°C with primary
antibodies against PSD95 (1:1,000, ab18258/Abc#bi], (1:1,000, ab32216/Abcam)
and APP C-Terminal Fragment (1:1,000, C1/6.1/Cogamtiluted in TBS-T and 5%
bovine serum albumin (BSA). GAPDH (1:2,000, Millig) was used as a control
protein charge. Membranes were then washed anthatet with secondary antibodies
for 1 h at rt. Immunoreactive proteins were viszedi utilizing an Enhanced
chemiluminescencbased detection kit (ECL kit; Millipore) and digital images were
acquired employing a ChemiDoc XRS+System (BioRd8and intensities were
quantified by densitometric analysis using Imagé lsaftware (BioRad) and values

were normalized to GAPDH.
6.10.4. RNA extraction and gene expression detatiom

Total RNA isolation was carried out by means ofzdti reagent following the
manufacturer’s instructions. RNA content in the pblss was measured at 260 nm, and
sample purity was determined by the A260/280 ratioa NanoDrop™ ND-1000
(Thermo Scientific). Samples were also tested inAgilent 2100B Bioanalyzer
(Agilent Technologies) to determine the RNA integmumber. Reverse transcription-
Polymerase chain reaction (RT-PCR) was performefbld®wvs: 2 ng of messenger
RNA (mMRNA) was reverse-transcribed using the Higip&rity complementary DNA
(cDNA) Reverse Transcription kit (Applied BiosysteinReal-time quantitative PCR
(gPCR) was utilized to quantify the mRNA expressioh inflammatory genes
Interleukin 6 [L-6) and inducible nitric oxide synthas@NQS. Normalization of
expression levels was performed walatin for SYBER Green. The primers were as
follows: for IL-6, forward 5-ATCCAGTTGCCTTCTTGGGACTGA-3' and revers'-
TAAGCCTCCGACTTGTGAAGTGGT-3/, for INOS forward 5'-
GGCAGCCTGTGAGACCTTTG-3' and reverse 5'- GAAGCGTTTGGATCTGAA-
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3, for Actin, forward 5'-CAACGAGCGGTTCCGAT-3' and reverse 5'-
GCCACAGGTTCCATACCCA-3'.

Real-time PCR was performed on the Step One Pluecben System (Applied
Biosystems) employing the SYBR Green PCR Master (Applied Biosystems). Each
reaction mixture contained 7% of cDNA, whose concentration wasu8/uL, 0.75uL
of each primer (whose concentration was 100 nMYl, 25 uL of SYBR Green PCR
Master Mix (2X).

Data were analysed utilizing the comparative Cytlieeshold (Ct) methodAACt),
where the actin transcript level was utilized tomalize differences in sample loading
and preparation. Each sample (n = 4-8) was analysedplicate, and the results
represented the n-fold difference of transcripelsxamong different samples.

6.10.5. Data analysis

Data are expressed as the mean + Standard Ertioe dlean (SEM). Data analysis was
conducted using GraphPad Prfswer. 6 statistical software. Means were compared
with one-way Analysis of Variance (ANOVA) and Tukpgst hoc analysis.
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