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* We synthesized 18 biphenylic carboxamides as newsgctive ligands.
» The functional activity is influenced by the suhstnt at position 4and 5.

» The methoxyl group at positiori ¥ responsible for neutral antagonist behaviour.
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Abstract

Targeting type-2 cannabinoid receptor LB considered a feasible strategy to develop new
drugs for the treatment of diseases like neuropathain, chronic inflammation,
neurodegenerative disorders and cancer. Such dregdevoid of the undesired central side
effects that are typically mediated by the ;Oceptor. In this work we synthesized 18
biphenylic carboxamides as new £&:lective ligands and evaluated their pharmaco#bgi
profiles.The functional activity of these compoumglstrongly influenced by the nature of the
substituent at position’ 4nd 5 of the biphenyl scaffold. Position 5 seembé responsible
for the agonist or inverse agonist behaviour indépatly of the substituent in positiory 4
with the exception of the methoxyl group which smmms both full agonists and inverse
agonists into neutral antagonists. This study @kesia novel complete toolbox of €B
functional modulators that derive from the samenubal scaffold. Such probes may be

useful to investigate the biological role of £®Bceptors in cellular assays.

Keywords: CB,, cannabinoid receptor, biphenyl-carboxamides, CB, agonist, CB, antagonist,

CB; inver se agonist, methylhonokiol, endocannabinoid system



1. Introduction

The endocannabinoid system (ECS) comprises thertain cannabinoid receptors (¢8nd
CB,), their endogenous ligands (endocannabinoids) taedenzymes responsible for the
biosynthesis and metabolism of endocannabinoida][1,

Over the past two decades, great efforts have bemte in order to fully understand the
biological role and regulatory functions of CB rptms in pathophysiological conditions.

CB; receptors are mainly expressed in the centralomsnsystem, but also in peripheral
districts including spleen, heart, reproductive amg lungs and adipose tissue [1]..,CB
receptors are widely localized in cells and tissaéshe immune system, cardiovascular
system, bone, liver, kidney and the gut [3-5]. kalthy brain, CB receptors are almost
absent, although their presence in some restriedonal populations has been reported [6].
However, CB receptors become significantly expressed in ad/anicroglial cells and
astrocytes upon specific conditions such as neflaommation [3-5]. In the perpiphery, GB
receptors are expressed in different immune celierev they show dynamic trafficking
between cytoplasm and cell membrane where they eway form heterodimers with GB
receptors [7].

CB; and CB receptors have been proposed as potential therapargets for the treatment
of several diseases including actute and chroriiannmation, neurodegenerative and eating
disorders, neuropathic pain, cancer and osteomondsi 8, 9]. Non-selective GECB,
receptor agonists are the active principles of s@pproved medicines (i. e. Marifiol
Cesamét, SativeX). However, non-selective agonists produce adverfiects (i. e.
psyichotropic) almost exclusively due to the adiva of central CB receptors. The
occurrence of these side effects represents ther ii@jtation in the therapeutic use of these

compounds, especially for chronic treatment. Onehef proposed strategies to avoid the



unwanted consequences of the centralh @eptor activation is to selective target.CB
receptors.

In some therapeutic field such as pain, inflamnmatend osteoporosis, the potential
usefulness of both GBagonists and CBinverse agonists has been reported [10-16], while
very few compounds acting as neutral(aBtagonists have been described [17, 18].

These considerations strongly support the impoearfcthe synthesis and pharmacological
characterization of new GBelective ligands bearing such functional profi{agonists or
inverse agonists or neutral antagonists) in ordeddlineate a precise structure-activity
relationship for this kind of molecules and to deephe role of the CBreceptors in
pathophysiological conditions.

We recently described the synthesis, binding ptegserfunctional activity and molecular
modelling of a series of biphenylic carboxamidesn@al structurd, Figure 1) as selective
CB, receptor ligands [19]. Some of these compoundsvetidCB-affinity levels in the nM
range. The most potent and selective derivativethat series showed an interesting
pharmacological profile as a selective neutral gmtést for CB receptors, thus being a silent
ligand when tested alone and dose-dependentlytiege¢he response of a GBgonist (HU-

210) and a CBinverse agonist (SR144528) [19].

Figure 1. General structure of biphenylic carboxamides [19].

In an effort to identify additional and more poteat functionally distinct biphenyl
derivatives as selective GBeceptor ligands, and to develop structure-agtirelationships

(SAR) for these type of compounds, we engaged ersynthesis and characterization of the



pharmacological properties of a number of bipheterivatives (compoundsa-r, Table 1).
To that aim, other combinations of substituentsnfrthe ones already mentioned in the
previous report were explored and new substitueatg also introduced.

In particular, position 5 (B was functionalized witm-butyl, benzyl orp-fluorobenzyl; in
position 4 (Rs) there was a hydrogen, a fluorine or a methoxygrdinally the substituent
on carboxamide moiety @Rwas a cycloheptyl or a 4-methylcyclohexgils(or trans isomer).
The new compounds were tested on cannabinoid kset order to evaluate the binding
affinity and selectivity. The displacement assaysrav performed using 0.5 nM of
[*H]CP55,940 and 15 pg of clean membrane preparatioraned from CHO-K1 cells stably
transfected witthCB; and hCB; receptors, respectively. The most affine ligandsewaso

assessed in functional tests using th8]GTR/S assay as previously described [20].

2. Results and discussion

2.1 Chemistry

The synthesis of compounds-f is shown in Scheme 1. The atom numbering of carbon
skeleton (and of substituents) of compourids and 1b (as examples for all the final
products) is also included in Scheme 1. Compotiad were synthesized starting from
methyl 5-bromo-3-butyl-2-methoxybenzoatg, (which was prepared as previously reported
by our research group [19] (Scheme 1). Compdunes submitted to a Suzuki reaction with
the proper arylboronic acid (phenyl, or 4-fluoropyile boronic acid), aqueous sodium
carbonate, palladium acetate and triphenylphospinimeethanol/toluene [21], affording the
intermediate2 and 3 which were then hydrolysed in presence of potasdwydroxide in
methanol [22] leading to the corresponding acidvdéves4 and5. Intermediategt and 5

were treatedwith thionyl chloride and subsequently with cyclphgamine in anhydrous



dichloromethane [23], obtaining the desired finadductsla and 1d. Treatment o4 and5
with thionyl chloride and subsequently with 4-mdtbyclohexylamine ¢ s/trans mixture) in
anhydrous dichloromethane [23] followed by chrormgeaphic separation of thes- and
trans-isomers, allowed to obtain the desired final paiddb-c and le-f. The two isomers
were identified on the basis of the chemical gifiihe proton bound to the Clposition (see
the atom numbering of compoudt in Scheme 1). In theisisomer this proton resonates at
higher ppm ¢ from 4.20 to 4.39 ppm) compared to the same protdhetrans isomer §

from 3.87 to 4.11 ppm), as previously reported [19]
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Scheme 1. Reagents and conditiong) Suitable arylboronic acid, Pd(P§h ag. NaCOs;,
toluene/MeOH, microwave (150 °C, 5 bar, 200 W)ii@.; b) KOH, MeOH, reflux, 19 h¢)

1) SOCH, reflux, 30 min.; 2) Suitable cycloalkylamine, €F,, RT, overnight.

Compoundsl2a-d, direct precursors of final productg-r, were synthesized as shown in
Scheme 2, starting from methyl 3-bromo-2-methoxyoate 6), which was prepared as
previously reported by our research gro[f®]. Compound6 was converted in the

corresponding arylboronic acidthrough a two steps procedufewas first submitted to a



Miyaura borylation in presence of potassium acetate and
bis(diphenylphosphinoferrocene)palladium dichloridéppf)PdC}) in anhydrous 1,4-
dioxane [24]. After that, the obtained pinacol estas hydrolyzed in presence of ammonium
acetate and sodium periodate in a mixed solutioacetone and water (1:1) to afford the
desired arylboronic acid, which was subjected to a cross-coupling reactuith benzyl
bromide or 4-fluorobenzyl bromide in the presence f o
tetrakis(triphenylphosphine)palladium(0) as catalgad sodium carbonate as base, in a
mixture of anhydrous 1,2-dimethoxyethane and wé2et) [25] to give derivative$a-b.
Subsequently, these compounds were brominated usiogiine in chloroform [26],
affording the desired compound®-b and a significant amount of the corresponding
demethylated product$0a-b, which were converted again in the derivati@asb upon
treatment with dimethyl sulphate and sodium hydiexiin the presence of
tetrabutylammonium bromide in water/dichloromethaj®]. The subsequent Suzuki
reaction with the suitable arylboronic acid (phemdfluorophenyl and 4-methoxyphenyl
boronic acid), aqueous sodium carbonate, palladagetate and triphenylphosphine in
methanol/toluene [21], afforded the intermediaids-d which were hydrolysed in the
presence of potassium hydroxide in methanol [23ding to the corresponding acid

derivativesl?a-d.
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Scheme 2. Reagents and conditiong) 1) Bis(pinacolate)diboron, KOAc, Pd(dppf}Cl
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overnight;d) TBAB, (CH3),SOy, aq. NaOH, ChkCl,, RT, overnight;e) Suitable arylboronic
acid, Pd(PP4$)4, ag. NaCO;, toluene/MeOH, microwave (150 °C, 5 bar, 200 W),nin.;f)

KOH, MeOH, reflux, 19 h.



Final productslg-r were obtained from intermediat&é®a-d as shown in Scheme B2a-d
were treatedwith thionyl chloride and subsequently with cyclphgamine in anhydrous
dichloromethane [23], affording the desired finabguctslg, 1j, 1m andlp. Treatment of
12a with thionyl chloride and subsequently with 4-mdtbyclohexylamine ¢is/trans
mixture) in anhydrous dichloromethane [23] allowedobtain the desired final produdhk
(trans-isomer) andli (cis-isomer) after chromatographic separatidnans-isomer 1h was
also obtained by treatment dRa with thionyl chloride and subsequently withans-4-
methyl-cyclohexylamine in anhydrous dichlorometh§2@]. Treatment ofl2d with thionyl
chloride and subsequently with 4-methyl-cycloheRryl@e (is/trans mixture) in anhydrous
dichloromethane [23] allowed to obtain the desified! productslq (trans-isomer) andlr
(cis-isomer) after chromatographic separatidmans-isomer 1g was also obtained by
treatment of 12d with thionyl chloride and subsequently withrans-4-methyl-
cyclohexylamine in anhydrous dichloromethane [Espally, treatment ofl2b and12c with
thionyl chloride and subsequently with 4-methylHoyexylamine ¢is/trans mixture) in
anhydrous dichloromethane [23], followed by chroogaaphic separation of thes- and

trans-isomers, allowed to obtain the desired final paidak, 11, 1n andlo.
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2.2 Binding to CB; and CB; receptors
We synthesized 18 biphenyl carboxamides to invatithe impact of different substituents
on the binding and activation of GBeceptors. First, we assessed the impact of the

carboxamide moiety keeping constant the substisuer® and R (Fig. 1, Table I).

Tablel. Radioligand binding data of biphenylic derivatiyes

R
T8
/RZ
O NH
OMe

Ry
Ki (nM)
Compound R; R, Rs CB: CB, S.I?
la n-butyl cycloheptyl H 1859 352 5.3
1b n-butyl trans-4-methylcyclohexyl H 3608 2390 0.7
1c n-butyl cis-4-methylcyclohexyl H 549 1262 2.3
1d n-butyl cycloheptyl F 6111 166 36.8
le n-butyl trans-4-methylcylclohexyl F >10000 1763 >5.8
1f n-butyl cis-4-methylcyclohexyl F 2523 1413 1.8
19 4-fluorobenzyl cycloheptyl H 904.5 84.1 10.7
1h 4-fluorobenzyl trans-4-methylcyclohexyl H 3086 2617 1.2
Li 4-fluorobenzyl cis-4-methylcyclohexyl H 826 1106 1.3
1k 4-fluorobenzyl cycloheptyl OMe 1173 811 1.4
1 4-fluorobenzyl trans-4-methylcyclohexyl OMe >10000 >10000 n.d.

1 4-fluorobenzyl cis-4-methylcyclohexyl OMe 380 196 2.0



1m 4-fluorobenzyl cycloheptyl F 2831 265 107

1n 4-fluorobenzyl trans-4-methylcyclohexyl F 1852 1086 1.7
1o 4-fluorobenzyl cis-4-methylcyclohexyl F 1070 337 3.2
1p benzyl cycloheptyl H 1557 594 2.6
1qg benzyl trans-4-methylcyclohexyl H 2502 4809 1.9
1r benzyl cis-4-methylcyclohexyl H n.d. 2667 n.d.
1<° methyl cycloheptyl H 656 148 4.5
1t° methyl cycloheptyl OMe 16542 2742 6.1
1u® n-butyl cycloheptyl OMe n.d. 249 n.d.

®Binding experiments were carried out using purifredmbranes generated in-house from
CHO-hCB; and CHORCB; stably transfected cell lineSHJCP55940 concentration was 0.5
nM and itsKy value for CB and CB receptor is 0.5 nM and 0.69 nM, respectively. ¥alu
represent means and 95% confidence intervals. mod.determinedS.l.: selectivity index

for CB, receptor calculated &(CBy)/Ki(CB) ratio. See Ref. [19].
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Figure 2. Binding curves to CB; receptors. The full concentration-dependent binding

curves to CBreceptor are reported for different series of agal In each panel, the impact

of the type of substituent on the carboxamide myo{g%) is reported for the cycloheptyl

(red), cis-4-methylcyclohexyl (green) artdans-4-methylcyclohexyl (blue) group. The role of

the substituent in Rand R was evaluated by using groups with different siad polarity, as

reported in the graphs.



The results show that cycloheptyl carboxamides hlangmer affinity to CB receptors
compared to 4-methylcyclohexyl-bearing moleculethaut major differences between the
cis andtrans isomer (Fig. 2). This is in agreement with thevpyas molecular modelling
study performed on similar biphenyl compounds [X®hly compoundll bearing acis-4-
methylcyclohexyl carboxamide showed a simKarvalue to the cycloheptyl derivativéjj
and significantly higher potency compared to trens isomer (k) (Table | and Fig. 2F).
Compoundlj-I differ from the other set of compounds (Fig. 2Af&) the substituent in R
which is neither a hydrogen (compountis-c) nor a fluorine (compounddd-f) but a
methoxyl group (Fig. 2F). This might suggest thdiigger substituent in positiod 4ould
abolish the privileged interaction with the £Beceptor binding pocket provided by the
cycloheptyl carboxamide compared to the 4-methytdyexyl moiety. Then, we investigated
the impact of different substituents in Bnd R on CB and CB receptors binding. In
agreement with the previous docking study, the ltesuere reported confirmed that the
presence of a-butyl chain in position 5 accounts for a highelestvity to CB; over CB
receptors. Indeed, compoutid showed the highest selectivity for €Rceptors (36-folds).
Furthermore, our data also indicate that by reptathe linear alkyl chain with an aromatic
group the selectivity towards GBeceptors is not only retained (elgl vs 1m) but rather

increased (e.g. by a factor 2 floy vs 1a).

3.3 Assessment of functional activity at CB, receptors

We assessed the functional activity of the biphaitgfivatives at CBreceptors using the
[**S]GTR/S binding assay (Table I1). Based on the binding,dae decided to investigate
only the compounds bearing a cycloheptyl carboxamidiety in combination with different
substituents in position 5 and, 4vith the exception oll, which showed a higher affinity

compared to corresponding cycloheptyl derivatitg),(as described above. Initially, we



investigated the impact of three different groupsRy (methyl, n-butyl, 4-fluorobenzyl)
keeping the position’4nsubstituted. The results show that the preseheemethyl group
leads to full agonism at GBreceptors, while bigger substituents dramaticalyft the

functional activity towards inverse agonisha@ndlg, Fig. 3A).

Tablell. Effects of different substituents in Bnd R to the biphenylic scaffold on the
functional activation of CBreceptors.

L 2 O
O NH
OMe

Ry

Compound R R3 CB; effects
la n-butyl H Inverse agonist
1d n-butyl F Inverse agonist
1u n-butyl Methoxyl Antagonist
1g 4-Fluorobenzyl H Inverse agonist
Im 4-Fluorobenzyl F Inverse agonist
1 4-Fluorobenzyl  Methoxyl Antagonist
1p Benzyl H Inverse Agonist
1s Methyl H Agonist
i Methyl F Agonist
it Methyl Methoxyl Antagonist

“See Ref. [19].
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Figure 3. Functional activity at CB, receptors. Concentration-dependent curves of ,.CB
receptor-mediated G-protein activatiom " §]|GTR/S binding). A) The effect of methyl
(triangles solid),n-butyl (open triangels) and benzyl group (solidndoed) in R was
evaluated in molecules bearing a hydrogen #n IR panels B-D the impact of different
substituents in Ris reported. Hydrogen (solid circles), fluoringpén circles) and methoxyl
(solid square) groups were tested in moleculesifgpaa methyl (B),n-butyl (C) and 4-

fluorobenzyl (D) group in R

Then, we carried out further experiments to as#essmpact of different substituents in R
keeping fixed R In Fig. 3B-D the ISJGTR/S binding curves obtained with molecules
bearing a methyl (Fig. 3Bp-butyl (Fig. 3C) and 4-fluorobenzyl (Fig. 3D) group R; are
showed. The combination of a methyl group mnaRd a hydrogen, (compouind [19]) or a
fluorine (compoundlv [19]) in R; generates full agonism at @Beceptors, while the
presence of a methoxyl group (compound19]) turns the molecule into a neutral antagonist
which does not shift the receptor population neitogvards the active (i.e. agonist) nor the
inactive (i.e. inverse agonist) conformation (F8B). When the methyl group in;Rs
replaced by a bigger group such aslautyl or 4-fluorobenzyl group, the molecules begra

small substituent in Rbehave as inverse agonists at,@8ceptors, but again turning into



neutral antagonists when a methoxyl group is pte@ég. 3C-D). As summarized in Table
II, our results indicate that the presence of ahametl group in R generates neutral
antagonists at CBreceptors independently of the type of substituprésent in R
Nonetheless, when a hydrogen or fluorine is presemg, it is the type of the substituent
present in Rto dictate the functional activity of the molecaleCB receptors. In particular,
the presence of a methyl group generates full agonwhile a linear alkyl chain or an
aromatic ring is responsible for inverse agonisimese results indicate that by introducing
little modifications of the size and position oketBubstituents on the biphenyl scaffold, we
could generate molecules that behave as full atgnisverse agonists and neutral
antagonists at CBreceptor. As hypothesized in the previous doclghgly, the methoxyl
group in R could perfectly fill the TM3-TM5 cleft establislgna T-shape interaction with
W3>*3[19]. Our current results also suggest that mokscblaring the methoxyl group do not
perturb the endogenous balance among the diffearformational states of GBeceptors,
thus behaving as neutral antagonists. On the dtiter, when a smaller substituent (i.e.
hydrogen and fluorine) is present ig, he molecule preferentially stabilizes the ac{ied.
1s) or the inactive (e.gla, 1g) conformation, thus behaving as an agonist orraerse
agonist, respectively. In line with these resulis, recently reported that the 1,2-dihydro-2-
oxopiridine-3-carboxamides bearing a phenyl op-methoxyphenyl group in position 5
behave as inverse agonists or a neutral antagomestpectively, while the unsubstituted
compound behaves as a full agonist [28]. In oust finvestigation of the biphenyl
carboxamide scaffold, we showed that the-tautyl-4,4-dimethoxyN-cycloheptylbiphenyl-
3-carboxamidgcompoundlu [19]) possesses a strong affinity to Ofeceptors; = 11.5
nM) and a high selectivity over GBL30 fold) behaving as a neutral antagonist in tional
assays [19]. In competition experiments, the amesgjo effects of H-butyl-4,4-dimethoxy-

N-cycloheptylbiphenyl-3-carboxamideompoundlu [19]) against 1 nM of HU-210 became



evident at concentrations that are 1000 to 1000@gihigher than the full agonist (i.e. 1-10
MM). Increasing concentrations of the antagonistuaed a right-shift of the agonist curve
without apparently changing the maximal responsendtheless, the derived Schild plot
indicates a non-competitive antagonism (slope 5)0which might likely derive from a
slightly different accommodation of the agonist amdagonist on the binding pocket rather
than an irreversible interaction of the antagomisth CB, receptors. In addition, the
antagonistic effect oflu started to occur at 1-10M which is 100-1000 higher than the
measured binding affinity. In our current study weludedlu as a reference compound and
we could confirm its neutral antagonist behavioprta 10 uM. On the other hand, we
obtained a lower binding affinity to GBeceptors K; = 249 nM, Table I) compared to the
previously reported; value K; = 11.5 nM) [19]. Our current binding data are mordine
with the antagonistic effects previously showedlbyn [*°*S]GTR/S assays.

In our study, we further evaluated the effect a¢ titew neutral antagonidt against the
structurally-related full agonists. As shown in Fig. 4A, increasing concentrationstioe#
antagonist determined a right shift of tH&S]JGTR/S binding curve ofls without affecting
the maximal response. The slope obtained fromittead regression analysis reported in the
Schild plot (Fig. 4B, slope = 1.0300.025) do not differ from the unity, thus confingia
competitive antagonism. Altogether, our currentdgtyprovides new insights into the
functional SAR of the biphenyl carboxamides as,@Bands, indicating that the type of
substituent in position 5 and dre crucially involved in the functional effect thle molecule
at CB receptors. Our data also suggest the presenceswb@dinate relationship between
these two positions, with ;Rbeing responsible for the agonist or inverse ajdmehaviour
independently of the substituent iy Rith the exception of the methoxyl group which
transforms both full agonists and inverse agonidts neutral antagonists. Overall, our data

provide further information about the SAR of bipklecarboxamides as GBeceptor ligands



and indicate important features which are respdmditr the functional switch between

agonist, inverse agonist and neutral antagoniSBatreceptor (see Table Il for summary).
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Figure 4. Compound 1l comepetitively antagonized the l1siinduced CB, receptor
activation. A) Compoundll dose-dependently antagonizes tteeinduced CB receptor
activation without attenuating the maximal agomegponse. B) The slope calculated from
the Schild-plot (1.039 + 0.025) is not statistigadlifferent from the unity (unpairetitest)
indicating that thell and1s competitively interact with CBreceptors. The results represent
the average and S.D. calculated from least threependent experiments performed in
duplicates

We recently reported another class of natural asmtdral-derived biphenyl compounds as
CB:; ligands which showed different functional behav#oji2, 29]. Interestingly, some of the
compounds bear one or two alkyl ethers on the tivenpl rings similarly to the biphenyl
carboxamides here described. In order to furthaiuate the role of the methoxyl group in
determining the antagonist behaviour we evaluatyd finore compounds of this class of

molecules (Table 1l1).



Tablelll. Cannabinoid receptor pharmacology of additionalirstand natural-derived
biphenyl compounds.

Compound R R, Rs Ki CB; Ki CB; CB; effects
(nM) (nM)
; ) Antagonist/
. 6.46 + 561+
Honokiol H H H 354 502 inverse
agonist
4-0r- 2400 £ . Agonist
Methylhonokiol 1 Methyl H so0 188116
2a Methyl H H '790+96 ‘114+96  Agonist
% Methyl  Methyl H n.d. 1375+ Agonist
319
2c H n-butyl H 615+ 186 103 +71 Antagonist
1120+ . Protean
2d rbutyl H H 106 325+ 115 agonist
2e n-butyl  n-butyl H n.d. 1783+ Antagonist
401
2f H Methyl CH,CONH n.d. >10000 -
29 H Methyl Ci1H>3CONH n.d. >10000 -
2h H Methyl C7H3sCONH n.d. >10000 -

*See Ref. [25].
See Ref. [24].



The natural compound’-O-methylhonokiol (MH) and its structural isom@a bear a
methoxyl and a hydroxyl group on the two phenygsrand both behave as selective and
moderately potent agonists at £Beceptors (Table Ill). Compoungb, which has two
methoxyl groups, retains the agonist activity diespignificantly losing the binding affinity
(by a factor 10). A longer alkyl chaim-putyl) does not affect the binding affinity but
meaningfully modifies the functional activity at gBeceptors. Compoun2t and2d which
bear an-butyl group instead of a methoxyl group compareH and2a, behave as protean
agonist and neutral antagonist, respectively. Toubkkn-butyl ether e) showed a 6-10 fold
lower affinity to CB receptors compared to the mono-ether derivatsies)arly to 2b, but
unlike the latter compoun@ge behaves as a neutral antagonist (Table 1ll). Haowhich
bears two hydroxyl groups is a weak ligand at @&eptors K value = 2-5 uM) [12, 30].
The presence of a carboxamide ip ¢®mpletely abolishes the binding to £Rceptors
(compound2f-h, Table IlI). Although the small number of composnthe combination of
binding and functional data suggest that the prsed one alkyl ether is necessary for
generating moderately potent and selective [Bfands, while the presence of two ethers has
detrimental effects leading to a significant losesbinding affinity to CB receptors. The
length of the alkyl chain, rather than its position the biphenyl scaffold appears to be
responsible for the functional effects indicatinfjedent tridimensional interactions for these
molecules within the binding pocket of gBreceptors compared to the biphenyl
carboxamides. Assuming a certain similarity in thieraction with CB receptors between
the two classes of biphenyl compounds and basedhendocking study on biphenyl
carboxamides, we might speculate that the methgryip of MH cannot reach the cleft
between the TM3-TM5 as reported fbu thus leading the molecule to behave as a CB
agonist. On the other hand, the longer alkyl chai?b could protrude into the cleft and

acting as a neutral antagonist, similarly to th@ppsed docking fotu.



Recently, Smounet al., [31] reported two enantiomer agonists of the, @Bnnabinoid
receptor, HU-308 and HU-433, with paradoxical phecological properties. HU-308
exhibited stronger receptor binding but weaker poyewhile HU-433 showed opposite
features (i.e. lower binding affinity and highertgacy) in severain vitro assays for
osteoblast proliferation and osteoclast differg¢iraand in mouse models for rescuing the
ovariectomy-induced bone loss and ear inflammatidnmolecular-modelling analysis
suggested some small differences in possible bgndamformations of the two enantiomers
within the CB receptor binding pocket which seem to be resptmditr the striking
differences in binding affinity and potency [31]hiF indicates that very similar chemical
structures may have significant different oriemas relative to the same binding site, leading

to different biological properties, as we describede for some biphenyl carboxamides.

3. Conclusion

In conclusion, our study provides new insights itibe functional SAR of the biphenyl
carboxamides as GBigands indicating that the type of substituenposition 5 and 4are
crucially involved in the functional activity of éise molecules at GBeceptors. Our data
also suggest the presence of a subordinate rethiprbetween these two positions, with
position 5 being responsible for the agonist oemse agonist behaviour, independently of the
substituent in position’ 4vith the exception of the methoxyl group whicmstorms both full
agonists and inverse agonists into neutral antagonOur new compounds provide a
complete toolbox of CB functional modulators (i.e. full agonists, inveragonists and
neutral antagonists) derived from the same chensicaffold and apparently acting on the
same or an overlapping binding site. One of theomepnfounding factors in studying ¢B
pharmacology is related to the constitutive agtivaf these receptors. This includes the

widespread use of antagonists at concentrationshwéxhibit inverse agonist activity (i.e.



AMG630 and SR144528), thus biasing the experimeetad-outsThe biphenyl carboxamides
shown here would enable researchers with a vadusdil of tool compounds which could be
applied to unambiguously investigate the biologro#éts of CB receptors in cellular systems

and potentially in pathophysiological conditiaasvivo andin vivo.

4. Experimental

4.1 Chemistry

Commercially available reagents were purchased f&gma Aldrich or Alfa Aesar, and
used without purification'H NMR spectra were recorded on a Varian Gemini 200
spectrometer (operating at 200 MHz) or on a BrukBtANCE I1lII™ 400 spectrometer
(operating at 400 MHz):*C NMR spectra were recorded on a Bruker AVANCE 11480
spectrometer. Chemical shif)(are reported in parts per million related to tlesidual
solvent signal, while coupling constan® ére expressed in Hertz (Hz). Microwave-assisted
reactions were run in a Biotdgenicrowave synthesizer. All of the final productsdergoing
biological testing were >96% pure as demonstratecimlysis carried out with a Varian
Prostar HPLC system equipped with an PDA Detedt@68 nm (column Luna C18 (2u5
(150 mm x 4.6 mm)), gradient A/B 70/30 to 90/102h min, A consisting of methanol, B
consisting of buffer ammonium acetate (pH = 4, I@)mflow rate of 0.6 mL/min, room
temperature). High-resolution mass spectra (HRM&)ewecorded on a LTQ Orbitrap XL
(Thermo Fisher Scientific) with nanoESI in the piogl ion mode (700 - 800 V on the
emitter). Evaporation was carried out under vacwsaimg a rotating evaporator. Silica gel
flash chromatography was performed using silica @@lIA (0.040-0.063 mm; MERK).
Reactions was monitored by TLC on Merck aluminiuhea gel (60 F254) plates that were

visualized under a UV lamp. € 254 nm).



4.1.1. General procedure for the synthesis of derivatives 2-3 and 11a-d.

A microwave sealed-tube was charged, under nitroffex, with a solution of the
corresponding aryl-halidel or 9a-b (0.57 mmol) in anhydrous toluene (1.3 mL),
tetrakis(triphenylphosphine)palladium(0) (0.02 mjnadodium carbonate (1.14 mmol) in
water (1.2 mL) and the proper boronic acid (0.86at)rm methanol (1.2 mL). The system
was sealed and heated at 150 °C in a microwaveorefor 10 min (5 bar, 200 W). After
cooling, the reaction mixture was diluted with waded extracted with ethyl acetate. The
organic phases were combined, dried over anhydiaSO,, filtered, concentrated and

purified.

4.1.1.1 Methyl 5-butyl-4-methoxy-[ 1,1"-bi phenyl] -3-carboxylate (2)

A microwave sealed-tube was charged, under nitrdgen with a solution of methyl 5-
bromo-3-butyl-2-methoxybenzoale(171.7 mg, 0.57 mmol) in anhydrous toluene (1.3,mL
tetrakis(triphenylphosphine)palladium(0) (23.1 m@02 mmol), a solution of sodium
carbonate (120.8 mg, 1.14 mmol) in water (1.2 mhgl @ solution of phenylboronic acid
(104.9 mg, 0.86 mmol) in methanol (1.2 mL). Thetsyswas sealed and heated at 150 °C in
a microwave reactor for 10 min (5 bar, 200 W). Aft®oling, the reaction mixture was
diluted with water and extracted with ethyl acetdiiee organic phases were combined, dried
over anhydrous N&O, filtered, concentrated in vacuo. The crude thsioed was purified
by flash column chromatography-fiexane/EtOAc 9:1), affording of pure intermediate
(146.2 mg, 0.49 mmol). Yield: 8694 NMR (200 MHz, CDCJ) & (ppm): 7.88 (d, 1HJ =

2.4 Hz, H2), 7.60-7.54 (m, 3H, H6, HH6E), 7.48-7.30 (M, 3H, H3H4, H5), 3.95 (s, 3H,
OCHs), 3.87 (s, 3H, COORy), 2.72 (t, 2HJ = 7.8 Hz, G1,CH,CH,CHs), 1.72-1.56 (m, 2H,
CH,CH,CH,CHz), 1.51-1.32 (m, 2H, CHCH,CH,CHs), 0.95 (t, 3H,J = 7.1 Hz,

CH,CH,CH,CHy).



4.1.1.2 Methyl 5-butyl-4'-fluor o-4-methoxy-[ 1,1"-bi phenyl] -3-carboxyl ate (3)

Prepared from aryl-halidd (171.7 mg, 0.57 mmol) using 4-fluorophenylboronicida
Purification by flash column chromatography-Hexane/EtOAc 9:1)3 (152.9 mg, 0.48
mmol). Yield: 85%H NMR (200 MHz, CDC}) & (ppm): 7.82 (d, 1HJ = 2.6 Hz, H2), 7.57-
7.47 (m, 3H, H6, H2 H6), 7.18-7.05 (m, 2H, H3H5), 3.94 (s, 3H, O85), 3.86 (s, 3H,
COOHs), 2.71 (t, 2H,J = 7.7 Hz, G,CH,CH,CHs), 1.71-1.55 (m, 2H, CHCH,CH,CHb),

1.50-1.31 (m, 2H, CHCH,CH,CHs), 0.95 (t, 3H,) = 7.2 Hz, CHCH,CH,CHy).

4.1.1.3 Methyl 5-(4-fluor obenzyl)-4-methoxy-[ 1,1"-biphenyl] -3-carboxylate (11a)

Prepared from aryl-halid@a (201.3 mg, 0.57 mmol) using phenylboronic acid.ifiiation
by flash column chromatographg-fexane/EtOAc 9:1)11a (169.7 mg, 0.48 mmol). Yield:
85%.*H NMR (200 MHz, CDCY) 5 (ppm): 7.92 (d, 1HJ = 2.4 Hz, H2), 7.56-7.33 (m, 6H,
H6, H2, H3, H4, H5, H6), 7.23-7.15 (m, 2H, H2 H6"), 7.02-6.90 (m, 2H, H3 H5"),

4.07 (s, 2H, benzylic B), 3.95 (s, 3H, 0O83), 3.77 (s, 3H, COOR,).

4.1.1.4 Methyl 5-(4-fluorobenzyl)-4,4'-dimethoxy-[ 1,1"-bi phenyl] -3-carboxyl ate (11b)
Prepared from aryl-halidéa (201.3 mg, 0.57 mmol) using 4-methoxyphenylborosged.
Purification by flash column chromatographyhexane/EtOAc 9:1)11b (125.5 mg, 0.33
mmol). Yield: 58%!H NMR (200 MHz, CDC}) & (ppm): 7.88 (d, 1HJ = 2.5 Hz, H2), 7.49-
7.41 (m, 3H, H6, H2 HE), 7.21-7.14 (m, 2H, H2 HE"), 7.01-6.91 (m, 4H, H3HY, H3",
H5"), 4.05 (s, 2H, benzylic I8;), 3.94 (s, 3H, OHj3), 3.84 (s, 3H, OHj3), 3.75 (s, 3H,

COOCH5).

4.1.1.5 Methyl 4'-fluor o-5-(4-fluorobenzyl)-4-methoxy-[ 1,1'-bi phenyl] -3-carboxylate (11c)



Prepared from aryl-halid®a (201.3 mg, 0.57 mmol) using 4-fluorophenylboronitda
Purification by flash column chromatographyhexane/EtOAc 9:1)11c (180.5 mg, 0.49
mmol). Yield: 86%:H NMR (200 MHz, CDC}) & (ppm): 7.87 (d, 1HJ = 2.6 Hz, H2), 7.51-
7.43 (m, 3H, H6, H2 HE), 7.22-7.04 (m, 4H, H3H5, H2", HE"), 7.03-6.93 (m, 2H, H3

H5"), 4.06 (s, 2H, benzylicid), 3.95 (s, 3H, O83), 3.76 (s, 3H, COORs).

4.1.1.6 Methyl 5-benzyl-4-methoxy-[ 1,1"-biphenyl] -3-carboxylate (11d)

Prepared from aryl-halid@b (191.0 mg, 0.57 mmoljsing phenylboronic acid. Purification
by flash column chromatography-iexane/EtOAc 9:1)11d (111.7 mg, 0.336 mmol). Yield:
59%.*H NMR (400 MHz, CDCY) 5 (ppm): 7.92 (d, 1HJ = 2.4 Hz, H2), 7.53-7.50 (m, 3H,
H6, H2, HE), 7.45-7.38 (m, 2H, H3HY), 7.36-7.17 (m, 6H, H4H2", H3", H4", HY",

H6"), 4.11 (s, 2H, benzylicid), 3.95 (s, 3H, O83), 3.77 (s, 3H, COORy).

4.1.2. General procedure for the synthesis of derivatives 4-5 and 12a-d.

The suitable esteé?-3 or 11a-d (1.96 mmol) was dissolved in methanol (90 mL)daled by
addition of solid potassium hydroxide (19.6 mmdhe resulting suspension was stirred until
completed dissolution of the solids. Then, the ometwas heated at reflux for 19 h. The
reaction was allowed to cool to room temperatune, methanol was removed under vacuum
to afford a yellow oil that was partitioned betwegater and ethyl acetate. After separation
of the two phases, the aqueous layer was acidifiggH = 2 with 0.6 N hydrochloric acid
solution, to obtain a white precipitate. The préeate was repeatedly extracted with ethyl
acetate, and the combined organic fractions waesl diver anhydrous N8GO, filtered and
evaporated under vacuum to afford the desired daivative, that was used in the next step

without further purification.



4.1.2.1 5-butyl-4-methoxy-[ 1,1'-biphenyl] -3-carboxylic acid (4)

Methyl 5-butyl-4-methoxy-[1,tbiphenyl]-3-carboxylate2 (584.8 mg, 1.96 mmol) was
dissolved in methanol (90.0 mL) followed by additiof solid potassium hydroxide (1.10 g,
19.6 mmol). The resulting suspension was stirretil aampleted dissolution of the solids.
Then, the mixture was heated at reflux for 19 he Téaction was allowed to cool to room
temperature, and methanol was removed under vadouafford a yellow oil that was
partitioned between water and ethyl acetate. Afggraration of the two phases, the aqueous
layer was acidified to pH = 2 with 0.6 N hydrochéorcid solution, to obtain a white
precipitate. The precipitate was repeatedly ex¢chatith ethyl acetate, and the combined
organic fractions were dried over anhydrousda, filtered and evaporated under vacuum
to afford the acid derivativé (386.7 mg, 1.36 mmol) that was used in the neq stithout
further purification.Yield: 69%.*H NMR (400 MHz, CDCY) & (ppm): 8.20 (d, 1H,J = 2.4
Hz, H2), 7.67 (d, 1H,J = 2.4 Hz, H6), 7.61-7.56 (m, 2H, HHE), 7.50-7.36 (m, 3H, H3
H4', HY), 3.96 (s, 1H, O83), 2.75 (t, 2HJ = 7.8 Hz, ®H,CH,CH,CHj3), 1.77-1.61 (m, 2H,
CH,CH,CH,CH3), 1.53-1.34 (m, 2H, CKCH,CH,CHz), 0.97 (t, 3H,J = 7.2 Hz,

CH,CH,CH,CHy).

4.1.2.2 5-butyl-4'-fluor o-4-methoxy-[ 1,1'-bi phenyl] -3-carboxylic acid (5)

Prepared from est&d (620.1 mg, 1.96 mmol)% (580.5 mg, 1.92 mmol). Yield: 98%H
NMR (200 MHz, CDC}) & (ppm): 8.11 (d, 1HJ = 2.6 Hz, H2), 7.60 (d, 1H),= 2.4 Hz, H6),
7.58-7.48 (m, 2H, H2H®6), 7.21-7.07 (m, 2H, H3H5), 3.95 (s, 3H, O83), 2.74 (t, 2HJ =
7.8 Hz, H,CH,CH.CHs), 1.76-1.58 (m, 2H, CHCH,CH,CHs), 1.53-1.32 (m, 2H,

CH,CH,CH,CHs), 0.97 (t, 3H,J = 7.2 Hz, CHCH,CH,CHj).

4.1.2.3 5-(4-fluor obenzyl)-4-methoxy-[ 1,1"-biphenyl] -3-carboxylic acid (12a)



Prepared from estdila (686.7 mg, 1.96 mmol)L2a (514.6 mg, 1.53 mmol). Yield: 78%H
NMR (400 MHz, CDCY) § (ppm): 8.22 (d, 1H,J = 2.4 Hz, H2), 7.56 (d, 1H, = 2.5 Hz,
H6), 7.54-7.50 (m, 2H, H3HS), 7.46-7.40 (m, 2H, H2H6), 7.39-7.32 (m 1H, HY, 7.22-
7.15 (m, 2H, H2, HE"), 7.04-6.96 (m, 2H, H3 H5"), 4.11 (s, 2H, benzylic I8,), 3.89 (s,

3H, OCH3).

4.1.2.4 5-(4-fluorobenzyl)-4,4'-dimethoxy-[ 1,1"-biphenyl] -3-carboxylic acid (12b)

Prepared from estdtb (745.6 mg, 1.96 mmol}L2b (630.2 mg, 1.72 mmol). Yield: 88%H
NMR (200 MHz, CDC}) & (ppm): 8.15 (d, 1HJ = 2.6 Hz, H2), 7.50 (d, 1H),= 2.6 Hz, H6),
7.46 (AAXX', 2H,Jax = 9.0 Hz,Jpaaxx' = 2.5 Hz, H2 HE), 7.22-7.14 (m, 2H, H2 HE"),
6.95 (AAXX', 2H, Jax = 9.0 Hz,Jaaxx' = 2.1 Hz, H3 HY), 7.04-6.94 (m, 2H, H3 H5"),

4.08 (s, 2H, benzyilic B,), 3.86 (s, 3H, Ofl), 3.84 (s, 3H, OF5).

4.1.25. 4'-fluor 0-5-(4-fluor obenzyl)-4-methoxy-[ 1,1"-biphenyl] -3-carboxylic acid
(12¢)

Prepared from estdrc (722.0 mg, 1.96 mmol}L2c (499.6 mg, 1.41 mmol). Yield: 72%H
NMR (200 MHz, CDC}) & (ppm): 8.15 (d, 1HJ = 2.4 Hz, H2), 7.51-7.42 (m, 3H, H6, H2
H6"), 7.22-6.95 (m, 6H, H3HY, H2", HE", H3", H5"), 4.10 (s, 2H, benzylic id,), 3.88 (s,

3H, OCH;).

4.1.2.6. 5-benzyl-4-methoxy-[ 1,1"-biphenyl] -3-carboxylic acid (12d)

Prepared from estdid (651.5 mg, 1.96 mmol)L2d (553.9 mg, 1.74 mmol). Yield: 89%H
NMR (400 MHz, CDCY) § (ppm): 8.16 (dJ = 2.4 Hz, H2), 7.58 (d, 1H] = 2.4 Hz, H6),
7.54-7.50 (m, 2H, H2H®), 7.44-7.38 (m, 2H, H3HY), 7.37-7.27 (m, 3H, H4H3", HY"),

7.25-7.19 (m, 3H, H2 H4", HE"), 4.13 (s, 2H, benzylicid,), 3.85 (s, 3H, O5).



4.1.3. General procedure for the synthesis of carboxamides (1a-r)

The suitable acidl-5 or 12a-d (0.15 mmol) was suspended in thionyl chloride (huol)
and heated at reflux for 30 minutes. Excess ofnflichloride was removed by evaporation
under nitrogen atmosphere and the obtained acatidblwas treated with the proper amine
(0.34 mmol) dissolved in the minimum amount of dhcbmethane. The resulting mixture
was stirred at room temperature overnight, dilwtgtl dichloromethane and washed with 0.6
N hydrochloric acid solution and then with a satedaaqueous sodium bicarbonate solution.

The organic layer was dried over anhydrousS@, filtered, concentrated and purified.

4.1.3.1 5-butyl-N-cycloheptyl-4-methoxy-[ 1,1"-bi phenyl] -3-carboxamide (1a)
5-Butyl-4-methoxy-[1,biphenyl]-3-carboxylic acidt (42.6 mg, 0.15 mmol) was suspended
in thionyl chloride (0.11 mL, 1.5 mmol) and heatadreflux for 30 minutes. Excess of
thionyl chloride was removed by evaporation undémogen atmosphere and the obtained
acid chloride was treated with cycloheptylamineD40mL, 0.34 mmol) dissolved in the
minimum amount of dichloromethane. The resultingtore was stirred at room temperature
overnight, diluted with dichloromethane and wasketh 0.6 N hydrochloric acid solution
and then with a saturated aqueous sodium bicarb@mdtition. The organic layer was dried
over anhydrous N&O, filtered and concentrated in vacuo. Purification flash column
chromatographyrthexane/EtOAc 8:2) afforded puta (36.0 mg, 0.095 mmol). Yield: 63%.
'H NMR (200 MHz, CDC)) & (ppm): 8.10 (d, 1H, J = 2.4 Hz, H2), 7.67 (bd, 1H,
exchangeable, N), 7.62-7.57 (m, 2H, H2H®'), 7.52 (d, 1H,J = 2.6 Hz, H6), 7.47-7.31 (m,
3H, H3, H4, H5), 4.34-4.17 (m, 1H, NH-B), 3.79 (s, 3H, 083), 2.71 (t, 2HJ = 7.8 Hz,
CH,CH,CH,CHs), 2.12-2.02 (m, 2H, CCH,CH,CHs3), 1.73-1.50 (m, 12H, cycloheptyl),
1.49-1.34 (m, 2H, CHCH,CH,CHs), 0.97 (t, 3H,J = 7.2 Hz, CHCH,CH,CHs). *C NMR

(100 MHz, CDC4) & (ppm): 14.00 (C4), 22.83 (C3), 24.23 (C3', C6"), 28.20 (C&', C5"),



29.46 (CT), 33.03 (C2), 35.17 (C2', C7"), 50.44 (C1'), 62.21 (GCH3), 127.04 (C2 C6),
127.33 (C3), 127.70 (C5), 127.88 (C2), 128.76'(C3), 131.55 (C4, 136.68 (C6), 137.55
(C1), 140.16 (C), 155.52 (C4), 164.48C£0). ESI-HRMS miz 380.2574; calc. for

CosH340,N: 380.2584 (M + |i|)

4.1.3.2. 5-butyl-4-methoxy-N- (trans-4-methyl cycl ohexyl)-[ 1,1'"-bi phenyl] -3-

carboxamide (1b) and 5-butyl-4-methoxy-N-(cis-4-methylcyclohexyl)-[ 1,1"-biphenyl] -3-
carboxamide (1c)

Prepared from carboxylic derivativie(42.6 mg, 0.15 mmol)sing 4-methylcyclohexylamine
(cisltrans mixture). Purification by flash column chromatoging (h-hexane/EtOAc 8:2)
allowed the separation ¢fans (1b) andcis (1c). 1b (1.7 mg, 0.0045 mmol). Yield: 3%H
NMR (200 MHz, CDC}) & (ppm): 8.08 (d, 1HJ = 2.4 Hz, H2), 7.62-7.31 (m, 6H, H6, H2
H3', H4, H5, H6), 4.05-3.89 (m, 1H, NH-B), 3.78 (s, 3H, Of), 2.70 (t, 2H,J = 7.3 Hz,
CH,CH,CH,CH3), 2.13-2.05 (m, 2H, CHCH,CH,CHz), 1.79-1.09 (m, 11H,
CH,CH,CH,CHs + cyclohexyl), 0.97 (t, 3H) = 7.1 Hz, CHCH,CH,CHs), 0.92 (d, 3H,J =
6.2 Hz, CH-G53). **C NMR (100 MHz, CDGJ) 5 (ppm): 14.10 (C4), 22.35 (C7’), 22.93
(C3"), 29.60 (C1), 32.21 (C4'), 33.15 (C3', C5"), 33.36 (C2), 34.05 (C2', C6"), 48.63
(C1"), 62.28 (Q@CH5), 127.18 (C2 CB), 127.45 (C3), 127.88 (C5), 128.00 (C2), 128.88(C
C5), 131.70 (C4, 136.80 (C6), 137.69 (C1), 140.29 (5155.60 (C4), 165.0000). ESI-
HRMS nvz 380.2574; calc. for £H340,N: 380.2584 (M + H). 1c (2.85 mg, 0.0075 mmol).
Yield: 5%.H NMR (200 MHz, CDC}) & (ppm): 8.12 (d, 1HJ = 2.4 Hz, H2), 7.96 (bd, 1H,
exchangeable, N), 7.62-7.56 (m, 2H, H2H€), 7.53 (d, 1HJ = 2.4 Hz, H6), 7.46-7.33 (m,
3H, H3, H4, H5), 4.36-4.26 (m, 1H, NH-B), 3.82 (s, 3H, O83), 2.72 (t, 2HJ = 7.3 Hz,
CH,CH,CH,CHs), 1.86-1.38 (m, 13H, C}H,CH,CHs + cyclohexyl), 0.98 (t, 3HJ = 7.1

Hz, CHCH,CH,CHs), 0.96 (d, 3H,J = 6.6 Hz, CH-Gl3). **C NMR (100 MHz, CDGJ) &



(ppm): 14.12 (C4), 21.72 (CT"), 22.98 (C3), 29.50 (C1), 29.85 (C4’), 30.42 (C3', C5"),
31.03 (C2), 33.11 (C2', C8"), 45.47 (C1"), 62.50 (@CHSs), 127.19 (C2 C6), 127.46 (C3),
127.64 (C5), 128.04 (C2), 128.88 (CB5), 131.76 (C4, 136.80 (C6), 137.73 (C1), 140.29
(C1), 155.71 (C4), 164.900£0). ESI-HRMSm/z: 380.2579; calc. for §Hs4O-N: 380.2584

(M + H).

4.1.33. 5-butyl-N-cycloheptyl-4'-fluor o-4-methoxy-[ 1,1"-biphenyl] -3-carboxamide (1d)
Prepared from carboxylic derivativé (43.4 mg, 0.15 mmol) using cycloheptylamine.
Purification by flash column chromatographyhexane/EtOAc 8:2)1d (26.8 mg, 0.0675
mmol). Yield: 45%*H NMR (200 MHz, CDCY) § (ppm): 8.04 (d, 1HJ = 2.4 Hz, H2), 7.68
(bd, 1H, exchangeable HY, 7.58-7.49 (m, 2H, H2H®6), 7.46 (d, 1H,J = 2.4 Hz, H6), 7.17-
7.04 (m, 2H, H3 H5), 4.25-4.17 (m, 1H, NH-8), 3.78 (s, 3H, Of83), 2.70 (t, 2HJ = 7.3
Hz, OH,CH,CH,CHs), 2.08-2.01 (m, 2H, CKH,CH.CHs), 1.73-1.34 (m, 14H,
CH,CH,CH,CHjs + cycloheptyl), 0.97 (t, 3H] = 7.2 Hz, CHCH,CH,CH3). *C NMR (100
MHz, CDCE) & (ppm): 14.03 (C4), 22.88 (C3), 24.25 (C3, C6"), 28.24 (C4', C5"),
29.50 (CT), 33.08 (C2), 35.19 (C2’, C7"), 50.50 (CY'), 62.27 (GCH5), 115.65 (d,J = 21.4
Hz, C3, C5), 127.76 (C2), 127.81(C5),, 128.65 (= 8.0 Hz, C2 C6), 131.43 (C6),
136.33 (dJ = 3.1 Hz, C1), 136.62 (C3), 136.87 (C1), 155.54 (C4), 162.54)(d 246.4 Hz,

C4), 164.41 C=0). ESI-HRMSm/z 398.2478; calc. for £H330,NF: 398.2490 (M + H).

4.1.3.4. 5-butyl-4'-fluor o-4-methoxy-N-(trans-4-methyl cycl ohexyl )-[ 1,1"-biphenyl] -3-
carboxamide (1le) and 5-butyl-4'-fluoro-4-methoxy-N-(cis-4-methylcyclohexyl)-[1,1-

bi phenyl] -3-carboxamide (1f)

Prepared from carboxylic derivatige(43.4 mg, 0.15 mmol) using 4-methylcyclohexylamine

(cisltrans mixture). Purification by flash column chromatoging (h-hexane/EtOAc 8:2)



allowed the separation tfans (1€) andcis (1f). 1e (7.75 mg, 0.0195 mmol). Yield: 13%H
NMR (200 MHz, CDC}) 5 (ppm): 8.02 (d, 1H,J = 2.4 Hz, H2), 7.58-7.44 (m, 3H, HHE,
NH), 7.45 (d, 1H,J = 2.4 Hz, H6), 7.16-7.05 (m, 2H, H#5), 4.05-3.87 (m, 1H, CH-N),
3.78 (s, 3H, O@s), 2.69 (t, 2H,J = 7.5 Hz, G,CH,CH,CHs), 2.13-2.04 (m, 2H,
CH,CH,CH,CHs), 1.79-1.15 (m, 11H, CH¥H,CH,CHs + cyclohexyl), 0.96 (t, 3H) = 7.3
Hz, CH,CH,CH,CHs), 0.92 (d, 3HJ = 6.2 Hz, CH-El3). **C NMR (100 MHz, CDG)) &
(ppm): 14.10 (C4), 22.35 (C7'), 22.94 (C3), 29.60 (C1), 32.21 (C4'), 33.16 (C2), 33.34
(C3", C5"), 34.05 (C2', C6"), 48.68 (C1'), 62.29 (QCHs3), 115.75 (dJ = 21.3 Hz, C3
C5), 127.88 (C2), 127.90 (C5), 128.75 (d= 8.0 Hz C2 C8), 131.53 (C6), 136.43 (d,=
3.5 Hz, C1) 136.74 (C3), 136.94 (C1), 155.59 (C4), 162.65)(d, 246.4 Hz, C3, 164.90
(C=0). ESI-HRMSm/z: 398.2477; calc. for £H330,NF: 398.2490 (M + F). 1f (14.3 mg,
0.036 mmol). Yield: 24%'H NMR (200 MHz, CDCJ) & (ppm): 8.07 (d, 1H,J = 2.4 Hz,
H2), 7.96 (bd, 1H, exchangeableH) 7.58-7.51 (m, 2H, H2H®), 7.47 (d, 1H,J = 2.4 Hz,
H6), 7.16-7.06 (m, 2H, H3H5), 4.38-4.27 (m, 1H, B-NH), 3.81 (s, 3H, 08), 2.71 (t,
2H, J = 7.5 Hz, ®1,CH,CH,CH3), 1.85-1.72 (m, 13H, C#H,CH,CHjs + cyclohexyl), 0.98
(t, 3H,J = 7.5 Hz, CHCH,CH,CH3), 0.96 (d, 3H,) = 6.6 Hz, CH-G13).”*C NMR (100 MHz,
CDCly) & (ppm): 14.11 (C4), 22.35 (C7’), 22.98 (C3), 29.60 (C1), 32.20 (C4'), 33.17
(C2"), 33.33 (C3', C5"), 34.03 (C2', C6"), 48.66 (C1’), 62.51 (QCH3), 115.75 (dJ = 21.9
Hz C3, C5), 127.67 (C2), 127.93 (C5), 128.75 {d= 8.0 Hz C2 C8), 131.58 (C6), 136.41
(d, J = 3.5 Hz CJ), 136.76 (C3), 136.94 (C1), 155.69 (C4), 162.64)(¢ 246.4 Hz, C4,

164.77 C=0). ESI-HRMSm/z 398.2478; calc. for §H330,NF: 398.2490 (M + ).

4.1.35. N-cycloheptyl-5-(4-fluor obenzyl)-4-methoxy-[ 1,1"-bi phenyl] -3-carboxamide

(19)



Prepared from carboxylic derivativi?a (50.4 mg, 0.15 mmolusing cycloheptylamine.
Purification by flash column chromatography-Hexane/EtOAc 8:2)1g (40.1 mg, 0.093
mmol). Yield: 62%H NMR (400 MHz, CDC}) & (ppm): 8.12 (d, 1HJ = 2.5 Hz, H2), 7.56-
7.51 (m, 2H, H2 H6), 7.51 (bs, 1H, M), 7.43-7.37 (m, 3H, H3H4, H5), 7.34-7.30 (m,
1H, H6), 7.20-7.15 (m, 2H, H2 HE"), 7.02-6.95 (m, 2H, H3 H5"), 4.25-4.18 (m, 1H,
NHCH), 4.06 (s, 2H, benzylic &), 3.70 (s, 3H, OHj3), 2.09-2.01 (m, 2H, cycloheptyl),
1.75-1.50 (m, 10H, cyclohepty*C NMR (100 MHz, CDCI3) (ppm): 24.23 (C3, C8"),
28.19 (C4', C5"), 35.04 (benzylic), 35.16 (C2 C7"), 50.58 (C1’), 62.28 (GCH3), 115.41
(d,J=21.3 Hz, C3, C5"), 127.03 (C2 C8), 127.51 (C2), 128.13 (C5), 128.70 (;428.84
(C3, C5), 130.28 (dJ = 8.1 Hz, C2, C6"), 132.23 (C6), 134.84 (C1), 135.99 Jc 3.7 Hz,
C1"), 137.79 (C3), 139.81 (01 155.49 (C4), 161.56 (d,= 244.8 Hz, C4), 164.34 C=0).

ESI-HRMSm/z: 432.2319; calc. for §H310,NF: 432.2333 (M + ).

4.1.3.6. 5-(4-fluor obenzyl)-4-methoxy-N-(trans-4-methyl cyclohexyl)-[ 1,1"-bi phenyl] -3-
carboxamide (1h)

Prepared from carboxylic acidl2za (50.4 mg, 0.15 mmol) using trans-4-
methylcyclohexylamine. Purification by flash colunamromatography nthexane/EtOAc
8:2).1h (20.7 mg, 0.048 mmol). Yield: 32944 NMR (400 MHz, CDC}) § (ppm): 8.11 (d,
1H,J = 2.5 Hz, H2), 7.55-7.52 (m, 2H, HHE), 7.43-7.38 (m, 3H, H3H4, HY), 7.35-7.30
(m, 2H, H6 + M), 7.20-7.14 (m, 2H, H2 H6"), 7.01-6.95 (m, 2H, H3 H5"), 4.05 (s,
2H, benzylic @), 4.00-3.93 (m, 1H, NHB), 3.70 (s, 3H, O83), 2.15-2.05 (m, 2H,
cyclohexyl), 1.80-1.65 (m, 2H, cyclohexyl), 1.4@8.(m, 5H, cyclohexyl), 0.92 (d, 3H,=
6.4 Hz, CH-G13). °C NMR (100 MHz, CDGJ) & (ppm): 22.33 (CT), 32.17 (C3', C5") ,
33.29 (C4"), 34.01 (C2', C6"), 35.16 (benzylic), 48.70 (C9, 62.29 (QCH3), 115.50 (dJ =

21.3 Hz, C3, C5"), 127.13 (C2 C6), 127.59 (C2), 128.23 (C5), 128.79 ($428.91 (C3



C5), 130.32 (d,J = 7.9 Hz, C2, C6’), 132.33 (C6), 134.88 (C1), 136.07 M= 3.7 Hz,
C1"), 137.90 (C3), 139.90 (0)1 155.53 (C4), 161.64 (d,= 244.5 Hz, C4), 164.80 C=0).

ESI-HRMSnz 432.2320; calc. for £§Hz:0,NF: 432.2333 (M + H).

4.1.3.7. 5-(4-fluor obenzyl)-4-methoxy-N-(cis-4-methyl cycl ohexyl)-[ 1,1"-biphenyl] -3-
carboxamide (1i)

Prepared from carboxylic derivativel2za (50.4 mg, 0.15 mmol) using 4-
methylcyclohexylamined{s/trans mixture). Purification by flash column chromatoging (-
hexane/EtOAc 8:2) allowed the separation of the isemners affording theis (1i) pure (4.5
mg, 0.0105 mmol, yield: 7%) aridans (1h) pure (7.1 mg, 0.0165 mmol, yield: 11%): *H
NMR (400 MHz, CDC}) & (ppm): 8.17 (d, 1H,J = 2.5 Hz, H2), 7.82 (bs, 1H,HY, 7.56-
7.52 (m, 2H, H2 H6), 7.44-7.38 (m, 3H, H3H4, H5), 7.35-7.29 (m, 1H, H6), 7.22-7.16
(m, 2H, H2', H6"), 7.03-6.96 (M, 2H, H3 H5"), 4.35-4.28 (m, 1H, NHE), 4.09 (s, 2H,
benzylic H,), 3.73 (s, 3H, OHj), 1.88-1.75 (m, 2H, cyclohexyl), 1.75-1.61 (&M,
cyclohexyl), 1.31-1.17 (m, 2H, cyclohexyl), 0.96 @H, J = 6.4 Hz, CH-Gi5). *C NMR
(100 MHz, CDC}) 6 (ppm): 21.63 (CT), 29.78 (C3', C5"), 30.41 (C4’), 30.93 (CZ,
C6"), 35.03 (benzylic), 45.60 (C1, 62.54 (@CHs), 115.54 (d,J = 21.3 Hz C3, C5),
127.15 (C2 C86), 127.61 (C2), 128.10 (C5), 128.84 (;428.92 (C3 C5), 130.42 (d,) =
8.1 Hz C2, C@"), 132.41 (C6), 134.92 (C1), 136.03 Jc= 2.9 Hz C1), 137.94 (C3), 139.93
(C1), 155.65 (C4), 161.69 (d,= 244.4 Hz, C4), 164.71 C=0). ESI-HRMSm/z. 432.2322;

calc. for GgHz10,NF: 432.2333 (M + H).

4.1.3.8. N-cycloheptyl-5-(4-fluor obenzyl )-4,4'-dimethoxy-[ 1,1"-biphenyl] -3-

carboxamide (1j)



Prepared from carboxylic derivativi2b (54.9 mg, 0.15 mmol) using cycloheptylamine.
Purification by flash column chromatographyhexane/EtOAc 9:1)1j (15.9 mg, 0.0345
mmol). Yield: 23%.H NMR (200 MHz, CDC}) & (ppm): 8.09 (d, 1H) = 2.4 Hz, H2), 7.54
(bd, 1H, NH), 7.47 (AAXX’, 2H, Jax = 9.0 Hz,daaxx' = 2.6 Hz, H2 H6), 7.38 (d, 1H,]) =
2.6 Hz, H6), 7.21-7.12 (m, 2H, HM2H6"), 7.04-6.94 (m, 2H, H3 H5"), 6.94 (AAXX’, 2H,
Jax = 9.0 Hz,daaxx' = 2.6 Hz, H3 H5), 4.31-4.16 (m, 1H, NHB), 4.05 (s, 2H, benzylic
CH,), 3.83 (s, 3H, OHj), 3.69 (s, 3H, 0€3), 2.11-2.01 (m, 2H, cycloheptyl), 1.69-1.54 (m,
10H, cycloheptyl)**C NMR (100 MHz, CDGJ) 5 (ppm): 24.33 (C3, C6"), 28.29 (CZ,
C5"), 35.13 (benzylic), 35.26 (C2 C7"), 50.63 (C1’), 55.48 (GCHg), 62.35 (QCHy),
114.38 (C3 C5), 115.49 (d,J = 21.3 Hz, C3, C5'), 128.13 (C2), 128.16 (GX6), 128.30
(C5), 130.35 (dJ = 8.0 Hz C2, C6"), 131.86 (C6), 132.44 (C1), 134.78 (5136.13 (d,)

= 2.8 Hz CY), 137.52 (C3), 155.09 (C4), 159.45 (;461.64 (d,J = 244.3 Hz, C4), 164.48

(C=0). ESI-HRMSmz : 462.2424; calc. for £H3303NF: 462.2439 (M + ).

4.1.3.9. 5-(4-fluor obenzyl)-4,4'-dimethoxy-N-(trans-4-methyl cyclohexyl)-[ 1,1

biphenyl] -3-carboxamide (2k) and 5-(4-fluorobenzyl)-4,4'-dimethoxy-N-(cis-4-
methylcyclohexyl)-[ 1,1"-bi phenyl] -3-carboxamide (11)

Prepared from carboxylic derivativel2b (54.9 mg, 0.15 mmol) using 4-
methylcyclohexylamineds/trans mixture). Purification by flash column chromatoging (-
hexane/EtOAc 8:2) allowed the separationtrains (1k) andcis (1l). 1k (2.8 mg, 0.006
mmol). Yield: 4%.'H NMR (200 MHz, CDCJ) 5 (ppm): 8.07 (d, 1HJ = 2.4 Hz, H2), 7.47
(AA'XX', 2H, Jax = 8.6 Hz,Jaaxx’ = 2.6 Hz, H2 H6'), 7.38 (d, 1HJ = 2.6 Hz, H6), 7.22-
7.13 (m, 2H, H2, H6"), 7.03-6.90 (M, 4H, H3HY, H3", H5"), 4.11-3.94 (m, 1H, NHB),
4.04 (s, 2H, benzylic B,), 3.83 (s, 3H, Of3), 3.68 (s, 3H, 083), 2.16-2.04 (m, 2H,

cyclohexyl), 1.81-1.03 (m, 7H, cyclohexyl), 0.92 @H, J = 6.2 Hz, CH-G3). °C NMR



(100 MHz, CDC}) 6 (ppm): 21.85 (C7), 31.19 (C3', C5"), 32.31 (C4&’), 33.03 (CZ,
C6'"), 34.18 (benzylic), 47.71 (C1, 54.50 (GCHs), 61.29 (@CH5), 113.39 (C3 C5), 114.50
(d,J = 21.3 Hz, C3, C5'), 127.13 (C1), 127.18 (GX6), 129.36 (d,] = 8.0 Hz, C2, C6'),
130.90 (C2), 131.45 (C5), 133.79 (C6), 133.97'(C135.15 (dJ = 3.6 Hz, CI), 136.55
(C3), 154.07 (C4), 158.45 (§4160.64 (dJ = 242.3 Hz, C4), 163.90 C=0). ESI-HRMS
m/z. 462.2428; calc. for £H330sNF: 462.2439 (M + H). 1l (2.8 mg, 0.006 mmol). Yield:
4%. *H NMR (200 MHz, CDCY) & (ppm): 8.11 (d, 1HJ = 2.4 Hz, H2), 7.83 (bd, 1H,
exchangeable, N), 7.47 (AAXX', 2H, Jax =8.8 Hz,Jaaxx' = 2.4 Hz, H2 HE), 7.37 (d,
1H, J = 2.4 Hz, H6), 7.22-7.15 (m, 2H, HK2H6"), 7.02-6.91 (m, 4H, H3HY, H3", HY"),
4.39-4.22 (m, 1H, NHB), 4.07 (s, 2H, benzylic I8,), 3.83 (s, 3H, 083), 3.71 (s, 3H,
OCH3), 1.85-1.62 (m, 7H, cyclohexyl), 1.34-1.12 (m, ayclohexyl), 0.95 (d, 3H) = 6.4
Hz, CH-CH3). *C NMR (100 MHz, CDGJ) & (ppm): 22.50 (C7), 29.93 (C3', C5"), 32.33
(C4™), 33.45 (CZ', C8"), 35.32 (benzylic), 48.85 (C), 55.64 (QCH3), 62.43 (CCHs3),
114.53 (C3 C5), 115.66 (dJ = 21.3 Hz C3, C5"), 128.27 (C2 C6), 128.32 (C2), 128.45
(C1), 130.47 (dJ = 8.0 Hz C2, C@"), 132.04 (C5), 132.59 (C6), 134.93 (1,136.29 (dJ =
3.6 Hz CT)), 137.68 (C3), 155.21 (C4), 159.59 (5461.78 (d,) = 242.3 Hz, C4), 165.04

(C=0). ESI-HRMSmM/z: 462.2427; calc. for £H330sNF: 462.2439 (M + H).

4.1.3.10. N-cycloheptyl-4'-fluor o-5-(4-fluor obenzyl)-4-methoxy-[ 1,1"-bi phenyl] -3-
carboxamide (1m)

Prepared from carboxylic derivativi2c (53.1 mg, 0.15 mmol) using cycloheptylamine.
Purification by flash column chromatographyhexane/EtOAc 8:2)1m (35.7 mg, 0.0795
mmol). Yield: 53%."H NMR (200 MHz, CDGJ) & (ppm): 8.07 (d, 1H,J = 2.4 Hz, H2),
7.58-7.43 (m, 3H, H2H6 + NH), 7.36 (d, 1H, = 2.4 Hz, H6), 7.21-6.93 (m, 6H, H3H5,

H2", H3", H5", HE"), 4.31-4.14 (m, 1H, NHB), 4.05 (s, 2H, benzylic 18,), 3.69 (s, 3H,



OCHs), 1.78-1.47 (m, 12H, cycloheptyf’C NMR (100 MHz, CDGJ) & (ppm): 24.27 (C3,
C6"), 28.23 (C&', C5"), 35.06 (benzylic), 35.20 (C2 C7"), 50.63 (C1'), 62.33 (GCHa),
115.49 (d,J = 21.3 Hz, C3, C5’), 115.75 (dJ = 21.3 Hz, C3 CB5), 128.23 (C2), 128.65
(C5), 128.67 (dJ = 8.0 Hz, C2 C6), 130.31 (d,J = 8.0 Hz, C2, C6"), 132.08 (C6), 135.01
(C1), 135.96 (dJ = 4.0 Hz, C1), 136.00 (dJ = 4.0 Hz, CJ), 136.88 (C3), 155.52 (C4),
161.62 (d,J = 245.0 Hz, C4), 162.63 (d,) = 247.0 Hz, C3, 164.24 C=0). ESI-HRMSm/z

450.2223; calc. for §H300,NF,: 450.2239 (M + Hi).

4.1.3.11. 4'-fluor o-5-(4-fluor obenzyl)-4-methoxy-N-(trans-4-methyl cyclohexyl)-[ 1,1"-
biphenyl] -3-carboxamide  (1n) and  4'-fluoro-5-(4-fluorobenzyl)-4-methoxy-N-(cis-4-
methylcyclohexyl)-[ 1,1"-bi phenyl] -3-carboxamide (10)

Prepared from carboxylic derivativel2c (53.1 mg, 0.15 mmol) using 4-
methylcyclohexylamineds/trans mixture). Purification by flash column chromatoging (-
hexane/EtOAc 8:2) allowed the separatiortrahs (1n) andcis (10). 1n (15.5 mg, 0.0345
mmol). Yield: 23%H NMR (200 MHz, CDC}) & (ppm): 8.05 (d, 1HJ = 2.4 Hz, H2), 7.52-
7.41 (m, 2H, H2 H6), 7.36 (d, 1H, J = 2.4 Hz, H6), 7.35 (bd, 1HiN7.21-6.92 (m, 6H,
H3', HY, H2", H3", H5", H6"), 4.11-3.85 (m, 1H, NHB), 4.04 (s, 1H, benzylic I8,), 3.69
(s, 3H, O®3), 2.12-2.00 (m, 2H, cyclohexyl), 1.80-1.65 (m, 2iiclohexyl), 1.40-1.05 (m,
5H, cyclohexyl), 0.92 (d, 1H] = 6.2 Hz, CH-Gl3). **C NMR (100 MHz, CDGJ) 3 (ppm):
22.31 (CT’), 32.15 (C4'), 33.26 (C3/, C5"), 33.99 (C2, C6"), 35.13 (benzylic), 48.72
(C1"), 62.28 (QCH5), 115.51 (dJ = 21.3 Hz, C3, C5’), 115.78 (dJ = 21.5 Hz C3 C5),
128.28 (C2), 128.66 (C5), 128.70 (d= 8.1 Hz, C2 C6), 130.30 (dJ = 8.1 Hz C2Z, C6"),
132.12 (C6), 135.02 (C1), 135.98 = 2.9 Hz, C¥), 136.04 (dJ = 2.9 Hz, CJ), 136.91
(C3), 155.51 (C4), 162.13 (d, = 246.8 Hz, C4), 162.67 (d,J = 246.5 Hz, C3, 164.68

(C=0). ESI-HRMSnVz 450.2227; calc. for £§H300.NF,: 450.2239 (M + H)). 10 (21.6 mg,



0.048 mmol). Yield: 32%'H NMR (200 MHz, CDCJ) & (ppm): 8.10 (d, 1H,) = 2.4 Hz,
H2), 7.81 (bd, 1H exchangeableHN 7.52-7.44 (m, 2H, H2HE), 7.36 (d, 1HJ = 2.4 Hz,
H6), 7.24-6.94 (m, 6H, H3H5, H2", H3", H5", H6"), 4.39-4.20 (m, 1H, NHB), 4.07 (s,
2H, benzylic ®&,), 3.72 (s, 3H, O83), 1.90-1.51 (m, 7H, cyclohexyl), 1.35-1.10 (m, 2H,
cyclohexyl), 0.96 (d, 3H) = 6.4 Hz, CH-El3). *C NMR (100 MHz, CDGJ) & (ppm): 21.62
(C7"), 29.76 (C3', C5"), 30.40 (C2’, C6"), 30.90 (C&'), 34.99 (benzylic), 45.62 (C),
62.55 (GCH3), 115.56 (dJ = 21.3 Hz C3, C5%’), 115.80 (dJ = 21.8 Hz C3 C5), 128.12
(C2), 128.71 (C5), 128.72 (d,= 8.1 Hz C2 C6), 130.40 (dJ = 7.3 Hz C2, C6"), 132.20
(C6), 135.05 (C1), 135.94 (d,= 2.9 Hz CY), 136.04 (d,J = 2.9 Hz CJ), 136.96 (C3),
155.63 (C4), 161.69 (d = 244.8 Hz, C4), 162.70 (dJ = 247.2 Hz, C3, 164.58 C=0).

ESI-HRMSm/z: 450.2231; calc. for §H300.NF,: 450.2239 (M + H).

4.1.3.12. 5-benzyl-N-cycloheptyl-4-methoxy-[ 1,1'-bi phenyl] -3-car boxamide (1p)
Prepared from carboxylic derivativi2d (47.7 mg, 0.15 mmolusing cycloheptylamine.
Purification by flash column chromatographyhexane/EtOAc 8:2)1p (38.5 mg, 0.093
mmol). Yield: 62%H NMR (400 MHz, CDC}) & (ppm): 8.12 (d, 1HJ = 2.5 Hz, H2), 7.58-
7.51 (m, 3H, H2 H6 + NH), 7.46 (d, 1H,J = 2.5 Hz, H6), 7.44-7.37 (m, 2H, H3H5),
7.34-7.27 (m, 3H, H4 H3", H5"), 7.25-7.19 (m, 3H, H2 H4", HE"), 4.30-4.15 (m, 1H,
NHCH), 4.10 (s, 2H, benzylic Ig,), 3.70 (s, 3H, O#j3), 2.08-1.97 (m, 2H, cycloheptyl),
1.75-1.52 (m, 10H, cyclohepty}>C NMR (100 MHz, CDGCJ) & (ppm): 24.34 (C3, C6"),
28.30 (C4', C5"), 35.29 (CZ, C7"), 35.90 (benzylic), 50.64 (C3, 62.39 (CCHs), 127.16
(C2, C6), 127.54 (C2), 128.14 (C5), 128.71 (¢428.73 (C3, C5’), 128.90 (C2, C8"),
128.94 (C4, 128.99 (C3 C5), 132.55 (C6), 135.04 (C1), 137.82 (C3), 140.02"§C140.43
(CY), 155.68 (C4), 164.49C0). ESI-HRMSmz 414.2423; calc. for §H3,0.N: 414.2428

(M + H).



4.1.3.13. 5-benzyl-4-methoxy-N-(trans-4-methyl cyclohexyl)-[ 1,1"-biphenyl] -3-
carboxamide (19)

Prepared from carboxylic acidl2d (47.7 mg, 0.15 mmol) usingtrans-4-
methylcyclohexylamine. Purification by flash colunamromatography nthexane/EtOAc
8:2).1q (19.8 mg, 0.048 mmol). Yield: 3294 NMR (400 MHz, CDC)) & (ppm): 8.12 (d,
1H,J = 2.4 Hz, H2), 7.57-7.52 (m, 2H, HH6), 7.46 (d, 1H,) = 2.8 Hz, H6), 7.42-7.36 (m,
2H, H3, H5), 7.34-7.28 (m, 3H, H4H2", HE"), 7.25-7.19 (m, 3H, H3 H4", H5"), 4.10 (s,
2H, benzylic ®&,), 4.03-3.94 (m, 1H, NHB), 3.69 (s, 3H, O83), 2.11-2.07 (m, 2H,
cyclohexyl), 1.78-1.74 (m, 2H, cyclohexl), 1.42-8.({m, 5H, cyclohexyl), 0.92 (d, 3H, =
6.8 Hz, CH-G1s). *C NMR (100 MHz, CDGJ) & (ppm): 22.30 (CT), 32.14 (C4'), 33.26
(C3", C5"), 34.00 (C2', C8"), 35.90 (benzylic), 48.66 (C}, 62.25 (CCHz), 127.11 (C2
C6), 127.48 (C2), 128.11 (C5), 128.64 (C€4'), 128.67 (C3, C5'), 128.84 (C3 C5),
128.91 (C2, C6’), 132.49 (C6), 134.99 (C1), 137.75 (C3), 139.92"JC140.39 (CJ,
155.61 (C4), 164.840=0). ESI-HRMSM/z: 414.2416; calc. for £gH3,0-N: 414.2428 (M +

H"Y.

4.1.3.14. 5-benzyl-4-methoxy-N-(cis-4-methyl cyclohexyl)-[ 1,1"-biphenyl] -3-

carboxamide (1r)

Prepared from carboxylic derivativel2d (47.7 mg, 0.15 mmol) using 4-
methylcyclohexylamineds/trans mixture). Purification by flash column chromatoging (-
hexane/EtOAc 8:2) allowed the separation of the isemers affording theis (1r) pure (3.7
mg, 0.009 mmol, yield: 6%) and theans (1q) pure (1.23 mg, 0.003 mmol, yield: 2%H
NMR (400 MHz, CDC}) & (ppm): 8.16 (d, 1HJ = 2.5 Hz, H2), 7.85 (bd, 1H,HY, 7.56-7.53

(m, 2H, H2, H6), 7.46 (d, 1HJ = 2.5 Hz, H6), 7.43-7.36 (M, 2H, HH5), 7.34-7.27 (m,



3H, H4, H2", H6"), 7.25-7.19 (m, 3H, H3 H4", H5"), 4.35-4.27 (m, 1H, NHB), 4.12 (s,
2H, benzylic ®&,), 3.73 (s, 3H, O83), 1.84-1.79 (m, 2H, cyclohexyl), 1.74-1.63 (m, 5H,
cyclohexyl), 1.35-1.25 (m, 2H, cyclohexyl), 0.96 @H, J = 6.4 Hz, CH-Gi5). *C NMR
(100 MHz, CDC}) & (ppm): 21.63 (C7), 29.78 (C3, C5”), 30.40 (C2', C8"), 31.00
(C4™), 35.77 (benzylic), 45.56 (C3, 62.55 (QCH3), 126.47 (C3 C5), 127.16 (C2 C6),
127.53 (C2), 127.97 (C5), 128.70 (§;428.73 (C3, C5'), 128.88 (C4), 129.03 (C2, C6'),
132.62 (C6), 135.04 (C1), 137.82 (C3), 140.01"§C140.38 (C9, 155.75 (C4), 164.77

(C=0). ESI-HRMSWz 414.2421; calc. for £Hz,0,N: 414.2428 (M + H).

4.1.4. 2-methoxy-3-(methoxycarbonyl)phenylboronic acid (7)

To a solution of methyl-3-bromo-2-methoxylbenzoét€l.5 g, 6.12 mmol) in 13 mL of
anhydrous 1,4-dioxane were subsequently addedités@ate)diboron (2.3 g, 9.18 mmol),
potassium acetate (1.5 g, 15.3 mmol), followed isydiphenylphospinoferrocene)palladium
dichloride (134.6 mg, 0.184 mmol). The resultingimie was heated to 110 °C in an oil bath
for 2 hours or to 130 °C in a microwave reactor30rmin (5 bar, 200 W). Afterwards, the
solvent was removed under reduced pressure todattier crude pinacol ester that was used
in the following step without further purificatiol.hen, ammonium acetate (1.4 g, 18.36
mmol) and sodium periodate (3.9 g, 18.36 mmol) wemded to a solution of the crude
pinacol ester in a mixed solution of acetone (IhlQ and water (11.0 mL). The resulting
mixture was stirred at r. t. until complete convamsof the starting material was observed by
TLC. The precipitate was then filtered off, and filate was concentrated under reduce
pressure. The residue was extracted with ethylat&eand the combined organic extracts
were dried over anhydrous p&O,, filtered and evaporated. The crude product waallfi
purified by silica gel column chromatographg-Hexane/ethyl acetate 6:4) to give 2-

methoxy-3-(methoxycarbonyl)phenylboronic a@ig938.6 mg, 4.47 mmol). Yield: 73%H



NMR (400 MHz, CDCY) § (ppm): 8.04 (dd, 1H] = 7.4 Hz,J = 1.9 Hz, H4), 7.96 (dd, 1H,
= 7.8 Hz,J = 1.9 Hz, H6), 7.24 (t, 1H] = 7.5 Hz, H5), 6.15 (bs, 2H, B{),), 3.94 (s, 3H,

OCHpy), 3.92 (s, 3H, COORy).

4.1.5. General procedure for the synthesis of derivatives 8a-b.

A dried sealed-tube was charged, under nitrogen flith the proper benzyl bromide (0.95
mmol), sodium carbonate (6.45 mmol), the boronicidac/ (0.95 mmol),
tetrakis(triphenylphosphine)palladium (0.06 mmaiphydrous 1,2-dimethoxyethane (12.3
mL) and water (6.1 mL). The tube was sealed antetezt 100 °C in an oil bath for 4 h or at
140 °C in a microwave reactor for 15 min (5 baiQ 0). After cooling, the resulting mixture
was diluted in water, and the aqueous layer wasebetd with ethyl acetate. Then the organic

layer was washed with brine, dried over anhydroasSR), filtered, evaporated and purified.

4.15.1. Methyl 3-(4-fluorobenzyl)-2-methoxybenzoate (8a)

A dried sealed-tube was charged, under nitrogex, fkith 4-fluorobenzyl bromide (179.6
mg, 0.95 mmol), sodium carbonate (683.7 mg, 6.45%l)nthe boronic acid (199.5 mg,
0.95 mmol), tetrakis(triphenylphosphine)palladiu69.3 mg, 0.06 mmol), anhydrous 1,2-
dimethoxyethane (12.3 mL) and water (6.1 mL). Tiieetwas sealed and heated at 100 °C in
an oil bath for 4 h. After cooling, the resultingxaire was diluted in water, and the aqueous
layer was extracted with ethyl acetate. Then tlgamic layer was washed with brine, dried
over anhydrous N&Q,, filtered and evaporated in vacuo. Purification flgsh column
chromatographynthexane/EtOAc 9:1) afforded puga (164.1 mg, 0.6 mmol). Yield: 63%.
'H NMR (200 MHz, CDC)) & (ppm): 7.70 (dd, 1H) = 7.7 Hz,J = 1.8 Hz, H6), 7.27 (dd,

1H,J =7.5 Hz,J = 1.8 Hz, H4), 7.19-7.08 (m, 2H, HAHE'), 7.08 (t, 1HJ = 7.5 Hz, H5),



7.03-6.88 (M, 2H, H3 H5), 4.01 (s, 2H, benzylic 18,), 3.92 (s, 3H, OB%), 3.73 (s, 3H,

COOCHs3).

4.15.2. Methyl 3-benzyl-2-methoxybenzoate (8b)

Prepared from boronic acid(199.5 mg, 0.95 mmol) using benzyl bromide. Puatiicn by
flash column chromatography-fexane/EtOAc 9:1)8b (160.7 mg, 0.627 mmol). Yield:
66%.'H NMR (200 MHz, CDCJ) & (ppm): 7.71 (dd, 1H) = 7.7 Hz,J = 1.8 Hz, H6), 7.36-
7.16 (m, 6H, H4, H2 H3, H4, H5, H6), 7.09 (t, 1HJ = 7.6 Hz, H5), 4.07 (s, 2H, benzylic

CHy), 3.94 (s, 3H, O83), 3.75 (s, 3H, COOR5).

4.1.6. General procedure for the synthesis of derivatives 9a-b and 10a-b.

CompoundBa or 8b (0.46 mmol) was dissolved in 0.8 mL of chloroforitnen a solution of
bromine (0.46 mmol) in chloroform (0.5 mL) was addat room temperature, and the
resulting mixture was left under stirring overnigltfter washing once with a saturated
sodium thiosulphate aqueous solution, the orgaayerlwas dried over anhydrous JS@),

filtered, evaporated under vacuum and purified.

4.16.1. Methyl 5-bromo-3-(4-fluorobenzyl)-2-methoxybenzoate (9a) and methyl 5-
bromo-3-(4-fluor obenzyl)-2-hydr oxybenzoate (10a)

Compound8a (126.2 mg, 0.46 mmol) was dissolved in 0.8 mL bfocoform. Then a
solution of bromine (0.02 mL, 0.46 mmol) in chlavoh (0.5 mL) was added at room
temperature, and the resulting mixture was lefteurgdirring overnight. After washing once
with a saturated sodium thiosulphate aqueous soluthe organic layer was dried over
anhydrous Ng&50O,, filtered and evaporated under vacuum. Purificatihy flash column

chromatographyrthexane/EtOAc 9:1) allowed the separatiorfafand of its demethylated



derivativel0a. 9a (68.2 mg, 0.193 mmol). Yield: 4294 NMR (200 MHz, CDC}) & (ppm):
7.82 (d, 1HJ = 2.2 Hz, H6), 7.36 (d, 1H,= 2.6 Hz, H4), 7.18-7.10 (m, 2H, HH6), 7.02-
6.94 (m, 2H, H3 HY), 3.96 (s, 2H, benzylic I&,), 3.92 (s, 3H, OHj3), 3.72 (s, 3H,
COOQH5). 10a (37.3 mg, 0.110 mmol). Yield: 24%H NMR (200 MHz, CDC)) & (ppm):
11.05 (s, 1H, ®), 7.85 (d, 1H,J = 2.6 Hz, H6), 7.32 (d, 1H},= 2.6 Hz, H4), 7.22-7.16 (m,

2H, H2, HB), 7.02-6.92 (m, 2H, H3H5), 3.95 (s, 2H, benzylici8,), 3.95 (s, 3H, O85).

4.1.6.2. Methyl 3-benzyl-5-bromo-2-methoxybenzoate (9b) and methyl 3-benzyl-5-
bromo-2-hydroxybenzoate (10b)

Prepared from derivative8b (117.9 mg, 0.46 mmol). Purification by flash colum
chromatographyrthexane/EtOAc 9:1) allowed the separatior®lofand of its demethylated
derivative 10b. 9b (49.3 mg, 0.147 mmol). Yield: 329%6H NMR (400 MHz, CDCJ) &
(ppm): 7.81 (d, 1H) = 2.6 Hz, H6), 7.38 (d, 1H) = 2.6 Hz, H4), 7.33-7.27 (m, 2H, H3
H4', H5), 7.24-7.16 (m, 3H, H4H2, H6), 4.00 (s, 2H, benzylic 16,), 3.91 (s, 3H, OH5),
3.72 (s, 3H, COOHs). 10b (51.7 mg, 0.161 mmol). Yield: 35%H NMR (400 MHz,
CDCl) & (ppm): 11.04 (s, 1H, B), 7.84 (d, 1H,J = 2.5 Hz, H6), 7.34 (d, 1H] = 2.5 Hz,
H4), 7.32-7.27 (m, 2H, H3H5), 7.25-7.18 (m, 3H, H4H2, H6), 3.98 (s, 2H, benzylic

CHy), 3.94 (s, 3H, 05).

4.1.7. General procedure for the conversion of derivatives 10a-b into 9a-b.

To a solution of compoundOa (274.7 mg, 0.81 mmol) atOb (260.1 mg, 0.81 mmol) in
dichloromethane (2.8 mL) was added tetrabutylamomaribromide (26.1 mg, 0.081 mmol),
followed by a solution of sodium hydroxide (96.0 ,n&4 mmol) in water (1.4 mL) and
dimethyl sulphate (201.8 mg, 1.60 mmol). The r@sglmixture was left under stirring at

room temperature, overnight. Then the reaction quanched by adding solid ammonium



chloride, and the pH was adjusted to 5-6 by addin@0% hydrochloric acid agueous
solution. Then the two phases were separated, len@dqueous phase repeatedly extracted
with dichloromethane. The combined organic layeeyendried over anhydrous MO,
filtered and evaporated under vacuum. The cruddymtowas then purified by silica gel
column chromatographynthexan/EtOAc 9:1) affording pur@a (251.8 mg, 0.713 mmol,

yield: 88%) from10a and puredb (114.0 mg, 0.34 mmol, yield: 42%) foriob.

4.2 CB; and CB; receptor binding assays

Receptor binding experiments were performed witmimr@ane preparations as previously
reported [32]. Briefly, clean membranes expressi@®; or hCB, were re-suspended in
binding buffer (50 mM Tris-HCI, 2.5 mM EDTA, 5 mM §Ck, 0.5 % fatty acid-free bovine
serum albumin (BSA), pH 7.4) and incubated with iglehor compounds and 0.5 nM of
[*H]CP55,940 for 2 h at 30 °C. Non-specific bindingsadetermined in the presence of 10
uM of WINS5,512. After incubation, membranes weleefied through a pre-soaked 96-well
microplate bonded with GF/B filters under vacuund arashed twelve times with 1@ of
ice-cold binding buffer. The radioactivity was meisl and the results expressed as

[*H]CP55,940 binding.

4.3 Functional activity at CB, receptor

Assays were performed as previously described B3fly, hCB,-expressing membranes (5
ug) were diluted in binding buffer (50 mM Tris-HG&,mM MgCh, 0.2 mM EDTA, and 100
mM NaCl at pH 7.4 plus 0.5% fatty acid-free BSA}e presence of 1M of GDP and 0.1
nM of [**S]GTP/S. The mixture was kept on ice until the bindingatéon was started by
adding the vehicle or compounds. Non-specific mgdivas measured in the presence of 10

uM of GTPyS. The tubes were incubated at 30 °C for 90 mire fEaction was stopped by



rapid filtration through a 96-well microplate bondeith GF/B filters previously pre-soaked
with washing buffer (50 mM of Tris-HCI pH 7.4 pl@s1% fatty acid-free BSA). The filters
were washed six times with 18Q of washing buffer under vacuum. The radioactivitsis

measured, and the results were expressed3S[IP/S binding.
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Highlights

* We synthesized 18 biphenylic carboxamides as newsgctive ligands.
» The functional activity is influenced by the suhstnt at position 4and 5.

» The methoxyl group at positiori ¥ responsible for neutral antagonist behaviour.



