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ABSTRACT

The strong therapeutic potential of CB2 receptamégjs for use as anti-inflammatory agents
that lack psychiatric side effects has attracteostntial interest. We herein describe the
rational design and synthesis of novel thiazole #&medhzothiazole derivatives and the
evaluation of their binding affinity and functionattivity on CB1 and CB2 receptors. The
series with the general formulll-(3-pentylbenzdf]thiazol-2(3H)-ylidene) carboxamide
(compoundsa-6d) exhibited the highest affinity and selectivity s CB2 receptors with
Kis in the picomolar or low nanomolar range, andctiigy indices Ki hCB1K; hCB2)
reaching up to 429 fold. Notably, these compounsis demonstrated an agonistic functional
activity in cellular assays with Eg in the low nanomolar range. More interestingly,
compoundéd, the 3-(trifluoromethyl)benzamide derivative, exhibiteemarkable protection

against DSS-induced acute colitis in mice model.

KEYWORDS: thiazole; benzothiazole; CB2 ligands; CB2 agonigucture-activity

relationship; DSS-induced colitis.

ABBREVIATIONS

cAMP, cyclic adenosine monophosphate; CB1, camaadbireceptor 1; CB2, cannabinoid
receptor 2; CDGJ deuterated chloroform; Cpd, compound; DCM, diobioethane; DMF,
dimethylforamide; DMSO, dimethyl sulfoxide; DSS xtlan sulfate sodium; EtOAc, ethyl
acetate; EtOH, ethanol; h, hour; HEK-293, human rgorbc kidney 293; L.p,
intraperitoneal; 16, 50% inhibitory concentration; ILfl interleukin 1betakK;, inhibition

constant; min, minutes; MW, microwave; RLU, relatiuminescence units; SAR, structure-



activity relationship; SEM, standard error of thean; TFA, trifluoroacetic acid; TNE;
tumor necrosis factor alpha; W, watt.

INTRODUCTION

Interest in the medicinal uses of phytocannabinosgarked-off ongoing research in
pursuance of a better understanding of the endedampid system, the endogenous
responder of such interesting molectle€haracterised by a number of endogenous
cannabinoids (endocannabinoids) that bind to twpr@ein coupled receptors; CBand
CB232 in addition to biosynthetic and inactivation enagnand transport proteifis,the
endocannabinoid system is capable of maintainingdustasis and balance in the body
through controlling key regulatory functions incing inflammation> immune functiorf,
cancer, appetite regulation, metabolighand nociceptiofi,in a rather complex neuroactive
signalling fashion. Despite how all the componeftthis complex system present excellent
therapeutic targets for a range of pathologicaddamns, targeting cannabinoid receptor CB2
for an anti-inflammatory psychotropic-free effectavie recently gained significant
momentum. By virtue of being predominantly expresig the immune cells in addition to
its inducible nature; being dramatically upregudatéuring inflammatory conditions in
peripheral and central tissue$;*> CB2 receptor is thought to re-achieve a homeastati
balance following tissue injury. The latter haseeported to take place through induction
of apoptosis in immune cells, inhibition of T celloliferation, inhibition of cytokine and
chemokine production by T cells and impairment @cnephage proliferation, function and
release of chemokinéd™® This anti-inflammatory role is complemented by esaV recent
experimental findings suggesting CB2 involvemenArtetrahydrocannabinol (Chart 1) and
cannabidiol anti-inflammatory properti&s’’ This is in addition to the distinguishable
number of synthetic selective CB2 agonists thatehalso shown promising central and

peripheral anti-inflammatory activities in animabdels of multiple scleros§, Parkinson's



diseasé? Alzehimers?® uveitis?* autoimmune encephalitfsand ulcerative coliti® In the
gastrointestinal tract, the components of the eadoabinoid system have been detected
under norm&f and inflamed conditions, during which an upregakaif CB2 receptors, an
elevation in endocannabinoids levels and a redudtiadhe corresponding metabolic enzymes
have been witnessed, perfectly fitting a protectimechanism theors??® These events
facilitate an on-target mission for selective CBpmists to depress the inflammation process
in ulcerative colitis, thereupon, their use as &ehdherapeutic tool for treating various Gl
inflammatory conditions has emerged. In proof a$ toncept, CB2 agonist JWH133 (Chart
1) was found to attenuate TNBS-induced colitis mnel models, an effect that was
completely abolished by co-injecting CB2 antago#bt630 while extensively aggravated
by single administration of the latter.More recently, CB2 agonist HU308 (Chart 1)
mediated protective effect in colitis animal modehs accredited to suppression of the
NLRP3 inflammasome responsible for inflammatory gaess initiation, activation and

amplification?’

Chart 1: Chemical structure of some cannabinoid recepjonists.
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Despite the favourable preclinical outcomes of g humber of highly affine ligands
specifically developed for targeting CB2 receptardy few compounds were considered for
clinical trials and none of them has currently bepproved for human use, principally due to

poor efficacy’”®? Provoked by the preclinical/clinical mismatchingitaomes that are



standing in the way of harnessing the promisingagpeutic utilities of CB2 selective
agonists, there is an increasing interest in ekptpinovel chemical scaffolds for potent and
selective CB2 agonists that are clinically effeetifor the treatment of Gl inflammatory
disorders. A diverse number of chemical scaffolagehbeen reported to act as selective CB2
ligands. A trend of mono- or bicyclic core bearmmge or more heteroatoms such as oxygen
or nitrogen, a carbonyl containing linker boundbualky aliphatic or aromatic groups is
generally seen with reported selective CB2 chenestypin this context, an interactive SAR
study, composed of three phases, was carried lmuipughly describing structural and core
enhancement strategies needed to construct a poweising series of potent CB2 agonists

(Chart 2).

Chart 2: Phases of structural modifications and core ecégents employed in the interactive SAR study.

Aliphatic, aromat.ic and Amide/rever sed amide Bulky aliphatic/ arpmatic/
halogenated substituents halogenated substituents

. 7 / A
R N < _
\ N
\<N I H "N | HN=R @[ >~
1 N
Simple/ branched aliphatic l ,
and aromatic substituents Coreenlargement Lipophilic extension

PHASE | PHASE I PHASE llI

We started off by the synthesis of monocycllemethyl-2-substituted thiazole-5-
carboxamides (Phase I, Chart 2) in alignment with previously aepd isoxazole¥
imidazoles® pyrazoles* Next, we explored the effect of core enlargemembugh
condensing a benzene ring to formenzothiazole-2-carboxamides (Phase 1l, Chart 2)
bearing different bulky alicyclic, aromatic and dgénated amide substituents. In order to

achieve chemical diversity, the 2-carboxamide Ig&kawas reversed to form thM-



(benzothiazol-2-yl) carboxamide counterparts (Phase lll, Chart 2). Driven by thetaable
biological data, the latter chemotype was modibgdh-pentyl substitution on basis of other
cannabinoid pharmacophorés® The newly synthesised compounds were tested in a
competitive radio-ligand binding assay towards bdiCBl and hCB2 receptors
overexpressed on membranes of HEK-293 cells. Affiolata K; values) were used to
calculate the selectivity indices of these compaufthese ligands were also examined in the
cAMP Hunter™ assay and the GP@Rarrestin recruitment Tango assayith the aim of
evaluation of their functional activity. To asséissin vivo efficacy of the newly developed
chemotypes, a representative from the most potgigsswas selected to be tested for its anti-

inflammatory action in mice model of acute DSS-icel colitis.

RESULTSAND DISCUSSION

Chemistry. A general route to the synthesis of the targete tihe-2-carboxamides is shown
in Scheme 1. The synthesis is mainly comprised steps unless the starting thioamide was
commercially availablg2b, 3b). In the first step, 2,2-dimethylpropyl thioamid#b) was
prepared in good yields from the corresponding @eainide through thionation of the
carbonyl using Lawesson’s reagent in THfe prepared1p) or commercially available
thioamides (2b, 3b) underwent Hantzsch thiazole synthesis by reactinidy wthyl 2-
chloroacetoacetate in refluxing ethanol for 24 hgiee the corresponding 2-substituted-4-
methyl 5-thiazole ethyl estétc, 2c, 3c). The resulting estefdc, 2c¢, 3c) were then subjected
to base-catalyzed ester hydrolysis using 10% Na@titien in refluxing ethanol. Subsequent
direct coupling of the obtained acifld, 2d, 3d) to different amines was done using HBTU
in the presence of tributylamine as a base givisg to the final amide productsm, 2e-2q,

31-3n).



Scheme 1. Synthesis o#4-methyl-2-substituted thiazole-5-carboxamides; 1m, 2e-2q, 3l-

N o . N\ OH
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NH, NH>
R, SO — R °S
la 1b, 2b, 3b

1: R= t-butyl
2: R= phenyl
3: R= methyl

1m, 2m, 3m, R? = adamantan-1-yl
2e, R? = buty!

2f, R? = hexyl

29, R? = cyclopropyl

2h, R, = cyclopentyl

2i, R? = cyclohexyl

2j, R? = morpholin-4-yl

2k, R? = cyclohexylmethy!

21, 31, R?=tetralin-1-yl

2n, 3n, R? = benzyl

20, R? = 2-fluorophenylmethyl
2p, R? = 4-fluorophenylmethyl
2q, R? = 2-chlorophenylmethyl

—

1c, 2c, 3c

1d, 2d, 3d

lw

Ry S O

1m, 2e-2q, 3I-3n

®Reagents and conditions: (i) 1 equiv of the appad@ramide, 1 equiv 2,4-bis(4-methoxyphenyl)-1,Bdi-2,4-
diphosphetane-2,4-disulfide (Lawesson's reagemt};, Teflux, 4 h. (ii) 1 equiv of the thioamide, gjév ethyl
2-chloroacetoacetate, EtOH, room temperature, ayletn(iii) 10 equiv 10% aqueous NaOH, ethanol|wef4
h. (iv) 1 equiv of the appropriate carboxylic adérivative, anhydrous DMF, 6 equiv tributylamine2 Bquiv
HBTU, room temperature 30 min, 1.2 equiv of therappate amine, room temperature, 4-5 h.

Synthesis of benzothiazole-2-carboxamides was eetiisn three steps (Scheme 2). The first

step comprises refluxing 2-aminothiophenol togetivith diethyl oxalate at 178C for 2

hours then dropping the temperature td®Gor another 2 hours to obtain benzothiazole-2-

carboxylic acid ethyl esteta in average yields. Treating the resulting bezraatblie esteda



with refluxing 10% NaOH and a mixture ob®, THF and methanol led to the formation of
the acid derivativelb that was then coupled with different amines tovigte the expected
final amides of this seriegl¢-4f). In an attempt to enhance the greenness of théetynt
scheme, an alternative route was adopted to direotivert the esteta to different amides
in excellent yields through a direct fusion reagtist 108C with aliphatic amines in the
presence of catalytic amounts of MM under neat conditions, giving rise to final amid

products requiring no chromatographic purificat{dg-4i).

Scheme 2. Synthesis oBenzothiazole-2-car boxamides; 4c-4i®

SH ) ' s OJ . S OH
CL, « —~Ayor = Q< = Q0
NH, o) N @] @]

4a 4b
4c, R = cyclohexylmethyl liii
4d, R = adamantan-1-yl
4e, R = naphth-1-yl i S NHR
4f, R = naphth-2-yl NHO
49, R = benzyl
4h, R = 2-chlorophenylmethyl iia-iii 4c-4f
4i, R = tetralin-1-yl i 4g-4i

®Reagents and conditions: (i) 1 equiv 2-aminothimahe2 equiv diethyl oxalate, reflux, 4 h. (iia) #Quiv 10%
aqueous NaOH methanol/THF, reflux 4 h. (iib) 1 egethyl benzothiazole-2-carboxylate, 4 equiv appieip
aliphatic amine, catalytic amount of NEI, 120 °C, 2-3 h. (iii) 1 equiv of the carboxylarid derivative,
anhydrous DMF, 6 equiv tributylamine, 1.2 equiv HBTroom temperature 30 min, 1.2 equiv of the
appropriate amine, room temperature, 4-5 h.

As reported in Scheme Bl-(benzothiazol-2-yl) carboxamides were synthesitedugh the
reaction between the commercially available benaeathe-2-amine and different acyl
chlorides in the presence of triethylamine underticonditions. Allowing the mixture to stir
overnight gave the amidd€5a-5d) in average yields. These, in turn, were subjetbel-
alkylation with 1-bromopentane in the presence aHNprovidingN-(3-pentylbenzothiazol-

2(3H)-ylidene) carboxamideg$a-6d).



Scheme 3. Synthesis oN-(benzothiazol-2-yl) and N-(3-pentylbenzothiazol-2(3H) - ylidene) carboxamides;
5a-5d, 6a-6d*
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5a, 6a, R = adamantan-1-yl 5a-5d 6a-5d

5b, 6b, R = naphth-1-yl
5¢, 6¢, R = 4-trifluorobenzyl
5d, 6d, R = 3-trifluorobenzyl

®Reagents and conditions: (i) 1 equiv 2-aminobenantite in dry DCM, 1.5 equiv triethylamine, 1.5 @qof

the appropriate acyl chloride added at 0 °C to raemperature, 18 h. (i) 1.3 equiv of the appraeris-
(benzofl]thiazol-2-yl) carboxamide in DMF, 1.9 equiv NaH4Xquiv 1-bromopentane, room temperature (1 h)
to 80°C overnight.

Structure-Affinity/Activity Relationships

The newly synthesized thiazoles and benzothiazaldoxamides were evaluated in a
competitive radio-ligand binding assay for theiiliabto displace fH]-CP-55,940 (a high
affinity radio-ligand) from HEK-293 cells over-exgasing human recombinant CB2 and CB1
receptors. Compounds showing greater than 50%adispient at 1@M screening doses
were tested in a dose-response curve to determeaie IG5, values and calculate the latter
into K; values. The obtained data are shown in Tabl@ Yitro binding data for the initial
thiazole-5-carboxamide chemotype revealed how aliphatic/alicyclic amidgbstituents
seem to possess a size dependant effect on thmdpiaflinity on CB2 receptors as it was
generally noticed that increasing the size of theda substituent positively influenced the
binding affinity of the compounds. This is exemigkf by the proportional increase in CB2

binding affinity through replacing the cyclohexyinale substituent in the inactiva (K;



>10,000 nM) with the bulkier tetraline i (K= 2300 nM) or adamantyl i@m (K= 450

nM), the latter, representing the most active commglan this series.

Table 1: Affinities (K; values) on CB1 and CB2 of synthesized compoundgarids hCB2 and hCB1
cannabinoid receptors, selectivity indé (CB1K; hCB2), and functional activities (Egvalues) on CB1 and
CB2 receptors. Data represent mean values foraat three separate experiments performed in diglead

are expressed & + SD (nM).
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The introduction of heteroatoms to the cyclohexylige 2i (K; >10,000 nM) to afford the
corresponding morpholine ami@ (K= 2860 nM) was found to enhance the CB2 binding
affinity. The size of the 2-substituent on the ol ring also appeared to deeply influence
the CB2 binding affinity. A significant decreaseaffinity was observed upon replacing the
phenyl ring in2m (Kj= 450 nM) with a small methyl group Bm (K; = 1530 nM). On the
other hand, an aliphatic branchtst-butyl slightly enhanced the binding affinityn (K=
394 nM). Compounds of this initial chemotype showedbinding affinity to CB1 receptors
granting them superior CB2 selectivity despite loéit modest affinity. Thus, a general
preference for bulky lipophilic substituents eittegrposition 2 or at the amide moiety was
noticed for the initial set of the synthesised commls. Subsequently, the adopted strategy
during the second round of structural modificatiavas to increase the size of the core
thiazole ring by synthesizing a set lménzothiazole 2-carboxamides. At this point of the
SAR study, the influence of different amide sulb&tiits and of reversing the amide
functionality on CB2 binding affinity were envisajeAs successfully anticipated, increasing
the size of the core in thé®2chemotypebenzothiazole 2-carboxamides, was generally

accompanied with a marked enhancement in the CB@irlg affinity while retaining the



relatively higher CB2 over CB1 selectivity. This svdemonstrated in the benzothiazole
adamantly amidedd (K= 82 nM) which displayed a 5-fold increase in CBZinafy
compared to its thiazole counterp2m (Ki= 450 nM). In a similar fashion, the benzothiazole
tetralin amide derivativeli (Ki= 288.5 nM) exhibited an 8-fold rise in affinity rgeis its
thiazole analoguel (Ki= 2300 nM). As seen with the initial chemotype, rgpessive
enhancement in the CB2 binding affinity was obsémpon increasing the bulkiness of the
amide moiety from cyclohexyl methyl to tetralin theo 1-adamantyl, compounds (K; =
1324 nM),4i (K; = 288.5 nM) andild (Ki= 82 nM), respectively. It was also clear that bulky
aliphatic amide substituents were superior ovemat@ ones where naphthyl amido
derivatives4f and 4e appeared to be disfavoured in terms of CB2 bindaffgnity. In
addition, the attachment position of the naphthygiety to the carboxamide seemed to have
no influence on the activity as both regioisometsand 2-naphthyl amidet and 4f,
respectively) were found to be inactiv&; (>10,000 nM). It has been noted that the
chlorinated benzyl amide analodf, displayed a slightly higher, yet a relatively mades
binding behaviour as that seen with its cyclohexgthyl analogdc (K; = 1084 nM, 1324
nM, respectively). As previously noticed, optim@B2 affinity within this series of

compounds was obtained with the aliphatic adamantie derivativeld (K= 82 nM).

In attempts to achieve chemical diversity othenferof the amide functionality were also
assessed through reversing the amide linkage tordafthe N-(benzothiazol-2-yl)
carboxamides. Pharmacomodulation of the acyl substituent, througgge of different bulky
lipophilic groups, was also carried o@omparing the adamantly amide derivativelsand
5a, we can find thakK; values have raised from 82.3 nM to 217.8 nM whendérboxamide
functionality in 4d was reversed to give the respective retroantide However, in a
contradicting manner, applying the same modificatmthe naphthylamide derivativie (K;

>10,000 nM) afforded compourth (K;= 1288 nM) with a greatly enhanced CB2 affinity. To



complete the SAR, we investigated the impact ofmaalkyl substituent by introducing a
pentyl chain at theN-3 position to yield the corresponding vylidene$N-(3-
pentylbenzothiazol-2(3H)-ylidene) carboxamides. As obvious from the binding results, this
modification induced a dramatic increase in CBalbig affinity. This pattern was consistent
with all derivatives synthesizel-pentyl substitution of thp- andm- trifluoromethyl phenyl
amide derivatives5¢ and5d, respectively) granted these inactive derivati@&2 binding
affinities in the low nanomolar rangéc Ki= 25 nM, 6d Ki= 1 nM, respectively), indicating
that substitution at this position is a crucial miador of affinity at the CB2 receptor.
Analogously K; values of the adamantyl and 1-naphthyl ami&esagd5b) were powerfully
lowered from the nanomolar to the picomolar range K= 0.10 nM, 6b K;= 0.11 nM,
respectively). This substantial enhancement inniyfiimplies a potential hydrophobic
interaction with the binding site of the receptdrthis part of the molecule. Through
exploring amide substituents of different naturetgements controlling potency and
CB2/CB1 subtype selectivity were deduced. The hsgh€B2 binding affinities were
achieved by the aliphatic adamant§h and aromatic naphthybb amide derivatives,
however, with a concomitant enhancement in bindifiopity to the CB1 receptor (SBa=
120,6b= 22). In an attempt to resolve the poor selegtigsue, halogenated aromatic amide
substituents were tested. Interestingly, both 8 &trifluoromethylphenyl amide derivatives
(6d and 6c, respectively) displayed a favourable selectiytgfile and a regio-dependent
affinity outcome. The 4-trifluoromethyl regio-isom@c, successfully eliminated the activity
on CB1 receptorK > 10,000 nM) at the expense of a relatively lo@&2 binding affinity
(Ki = 25 nM). However, more conveniently, shifting tnéuoromethyl group to the meta
position in6d contributed to a 25-fold enhancement in CB2 bigdaffinity (Ki = 1 nM)

while retaining an appreciable selectivity indek @l = 429).



I n vitro functional characterization.

The most potent compound$a, 6b and 6d, were selected for additionah vitro
pharmacological evaluation to assess their abildayfunctionally activate CB2. Two
orthogonal assays were employed, one evaluatedabiity to inhibit cCAMP accumulation,
one of the primary second messengers in the Giproteipled effector system, and the other
one tested their ability to recruf-arrestin, an important response regulating signal
transduction beyond G protein activation. To measintracellular cAMP levels, we
performed the enzyme fragment complementation (EE€Hnology-based cAMP Hunter™
assay in CHO cells optimized to overexpress CBangminds were tested in presence of
25uM NKH-477 solution (a water-soluble analogueFafrskolin) to stimulate adenylate
cyclase and enhance basal cAMP levels. As showigire 1 (left side), compounds, 6b,

6d were able to inhibit NKH-477-stimulated cAMP acaulation in cells, with EGs 57nM,
68nM, 306 nM, respectively, suggesting their actignagonists at CB2. To further confirm
the efficacy of compound6a, 6b, 6d as CB2 agonists, the GP(Rarrestin recruitment
Tango assay was performed Figure 1 (right sidekliés on the finding thg3-arrestins are
essential to stimulate agonist-induced recepterialization’’ Again, they showed agonistic
pattern with EGes of 26.3, 12.88 and 128.82 nM, respectively. Materestingly, in both
assays their observed efficacy as agonists denavedta similar trend to their binding data,
confirming a strong correlation between both. Tarelsterize the functionality of all other
synthesised compounds, the GPBrrestin recruitment Tango assay was perforfiéthr
measurement of agonistic activity, the synthesizedhpounds were subjected to full
concentration-response studies against differenhcetrations of the non-selective

cannabinoid receptor reference agonist CP-55,9408,anmaximum concentration of 30 uM.
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While for measurement of the antagonistic activily3 uM (ECgp concentration) of the
reference agonist (CP55,940) was initially addeelitt the activation of the receptors above
the basal level. Subsequently, synthesized compowmile subjected to full concentration-
response studies against a series of dilutiongfefence antagonist SR144528; (a selective
CB, antagonist) and/or Rimonabant ((SR141716); a ®eéecCB; antagonist) with the
maximum concentration used was 80 in order to determine the Bgvalues of our

compounds. All functional results were analyzedgsbraph Pad Prism v7.0 using its built-

in functions.
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Figure 1: Left side; concentration-response curves of campe6a, 6b and 6d (red) in cAMP Hunter™ assay,
Effect of EGyo JWH-133 as reference agonist is also shown (YioRight side; concentration-response curves



of compounds$a, 6b and 6d (red) in GPCRB3-arrestin recruitment functional ass#&ffect of CP-55,940 as a
reference agonist is also shown (violet).

In Vivo Efficacy: Mouse Model of DSS-Induced Colitis

Driven by a favourable selectivity and affinity fite (hCB2 K;= 1 nM, hCB1Ki /hCB2Ki Sl

> 429 and its efficacy, the CB2 agon&d has been chosen for assessingithéavo anti-
inflammatory potential, of this novel class of camapds, in mice model of acute DSS-
induced colitis. Swiss male albino mice (20-35 @revprovided with 3% DSS in distilled
drinking water ad libitum for 7 days during whicheated mice (n=7) recieved daily
intraperitoneal injections of 10 mg/kg of compousdiin 4% DMSO, 2% tween in saline.
Positive controls recieved vehicle and DSS watellemhegative controls recieved vehicle
only. At day 7, the clinical severity of the cdditivas assesed in the form of a disease activity
index (DAI) based on weight loss, stool consisterayd the presence of blood in stool.
Significantly, treatment with 10 mg/kg of compoud lowered the DAI (3.286 + 0.8081, P
< 0.05) compared to the untreated control groupd@ + 1.29, P < 0.05), Figure 2A. After
sacrificing the test subjects, colon length -beangarameter for assessing severity of colitis-
was evaluated and a significant shortening of thlerc was observed with the untreated
control mice (6.729 + 0.1911, P= 0.0220) relativetteated ones (7.314 + 0.1143, P=
0.0220), Figure 2B. Histological data obtained frdime distal part of the colon showed
ulceration and desquamation of the lining of thecaosal epithelium and displayed oedema,
haemorrhage and lymphoid hyperplasia in the subsrausf untreated control mice, being
absent irbd treated mice. However, treated mice showed corbfmdegree of inflammatory

cells infiltration in the submucosa to untreatedtoals (Figure 3).
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Figure 2: Effect of daily 10 mg/kg i.p treatment with compaolsd on disease activity index DAI score (A) and
colon length (B) in DSS-induced colitis mice mod@Lantitative determination of inflammatory cytodalL-
13 and TNFe using ELISA in the colons ddd-treated mice, positive and negative controls (C(\alues are
the mean + SEM of 8 mice per group; *p < 0.05; **% 0.0001 vs positive control).

To further confirm an anti-inflammatory role 6fl, protein levels of major inflammatory
cytokines such as TNé&-and IL-13 were quantified in colon tissues using ELISA. Tneant
with 6d brought about a powerful anti-inflammatory actepparent with remarkably lower
levels of both TNFx (58.71 + 4.434, P<0.0001) and I[3-165.81 + 3.694, P<0.0001)
compared to untreated controls; TNK102.4 + 5.043, P<0.0001) and 113-{140.9 + 8.551,
P<0.0001), Figure 2C, 2D. Taken together, thesa dimbngly indicate that compoured,

being a representative of our most potent seriegSB# agonistdN-(3-pentylbenzothiazol-



2(3H)-ylidene) carboxamides, exhibits a protective effect against DSS-induceute colitis

in mice model.

Figure 3. Representative micrographs of H&E (hematoxylin ési@)-stained sections of distal colon from
experimental groups of DSS-induced colitis modelpbsitive controls; massive inflammatory infilicat and
aggregation in lamina propria with mucosal destoumctand ulceration, as well as diffuse haemorrhagh
lymphoid follicles hyperplasia was recorded (A)ddB), which is largely ameliorated in compouBditreated
mice that showed no histopathological alteratioxsept for inflammatory cells infiltration in laminaropria.
(C) and (D). (Magnification: A, B, C: x16, D: x40).

Molecular Docking

To explain the impact of different substituentstbe CB2 receptors binding, compouéd
was docked to the CB2 receptor homology modelddrirom the CB1 co-crystal structure
PDB 5XRA. The binding site is identified from thé8C template and from the site finder of

MOE software and both identified the same bindirngket. The protein is prepared by



adding hydrogens and partial charges. Compdithés subjected to conformational search
and docked to the site using default condition® bést scoring pose and close poses showed
mainly hydrophobic interactions between the benaatile and lipophilic pocket lined with
lipophilic residues like Phel06, lle110, Vall13eRh7, the other aryl part is also embedded
in a lipophilic pocket outlined with Trp194, Trp258al261, Met285. Moreover, the pentyl
substituent is involved in hydrophobic interactionith Phe91, Phe281, this may explain the
extra-potency of the disubstituted benzothiazoGes6(l) relative to their monosubstituted
congeners 5a-5d). In addition, there is always a hydrogen bondbejween the amide

oxygen and Ser285, Figure 4.
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Figure 4: 2D (4A) and 3D (4B) predicted interaction of compd 6d with the homology model of human CB2
receptor. The interactions are mainly hydropholnid with on H-bonding with Ser 285. Figure 4C, shdies
distances between key residues and correspondiogpgrof 6d; Hydrogen bonds shown as red lines,
hydrophobic interaction andx shown as blue lines

EXPERIMENTAL SECTION



Chemistry. Solvents and reagents were obtained from comalesuppliers and were used
without further purification. Anhydrous reactionsem® carried out under argon. Reaction
progress was monitored by TLC using fluorescentcoeged silica gel plates and detection
of the components was made by short UV liglt 254 nm). Column chromatography was
carried out using silica-gel 40-60 pm me¥-NMR, *C-NMR spectra were recorded at
Varian 400 MHz spectrometer or at Varian 300 MHecspmeter’H shifts are referenced
to the residual protonated solvent sigria2 (50 for DMSO€s ands 7.26 for CDCY) and**C
shifts are referenced to the deuterated solvemiaki@g 39.5 for DMSOds and 6 77.0 for
CDCl3). Chemical shifts are given in parts per milligrpin), and all coupling constanty) (
are given in Hz. The purities of the tested compisuwere determined by HPLC coupled
with mass spectrometry and were higher than 95%typdor all compounds. Mass
spectrometric analysis (UPLC-ESI-MS) was perforrasthg Waters ACQUITY Xevo TQD
system, which consisted of an ACQUITY UPLC H-Claystem and XeV§'TQD triple-
guadrupole tandem mass spectrometer with an edpetrg ionization (ESI) interface (Waters
Corp., Milford, MA, USA). Acquity BEH G100 mm X% 2.1 mm column (particle size, 1.7
pnm) was used to separate analytes (Waters, Ireldhe) solvent system consisted of water
containing 0.1% TFA (A) and 0.1% TFA in acetonéri{B). HPLC-method: flow rate 200
uL/min. The percentage of B started at an initial566 and maintained for 1 minute, then
increased up to 100% during 10 min, kept at 10082fain, and flushed back to 5% in 3
min. The MS scan was carried out at the followingditions: capillary voltage 3.5 kV, cone
voltage 20V, radio frequency (RF) lens voltage 2.%3éurce temperature 15C, and
desolvation gas temperature 5@ Nitrogen was used as the desolvation and cosaiga
flow rate of 1000 and 20 L/h, respectively. Systeperation and data acquisition were
controlled using Mass Lynx 4.1 software (Waters)eltMg points were determined on

BuchiB-540 Melting Point apparatus and are uncoeckc



General synthetic methods and experimental detailsfor some key compounds.
Procedurefor the synthesis of 2,2-dimethyl propanthioamide (1b).

A solution of 2,2-dimethylpropanamidi (1 g, 9.8 mmol) and 2,4-bis(4-methoxyphenyl)-
1,3-dithia-2,4-diphosphetane-2,4-disulfide (Lawessaoeagent) (1.98 g, 4.9 mmol) in THF
(15 mL) was heated to reflux for 4 h. The reactmoixture was then cooled to room
temperature and poured into a saturated aqueousosobf NaHCO3 (50 mL). The mixture
was extracted with ether (35 mL) and the organyerdavas dried over anhydrous Mg&SO
then evaporated under reduced pressure giving éeeged white powdetb that was used

without further purification in a yield of 78.9%:an117-119C.*

General procedure for the synthesis of ethyl 2-substituted-4-methyl 5-thiazole
carboxylates (1c, 2c, 3c).

To a suspension of different thioamidis 2b, 3b (7.28 mmol) in ethyl alcohol (15 mL) was
added at room temperature ethyl 2-chloroacetoaéiaequiv.). The solution was refluxed
for 24 h, and then the solvent was removed und&roed pressure. The solid material was
washed with cooled hexane (2 x 10 mL) to give tbeesponding pure ethyl carboxylate

derivatives 1c, 2c, 3c in different yields.

Ethyl 2-(tert-butyl)-4-methylthiazole-5-carboxylate (1c). Prepared from 2,2-dimethyl

propanthioamide (1b). Yellow solid 75.3%; mp: 43°€7*°

Ethyl 4-methyl-2-phenylthiazole-5-carboxylate (2c). Prepared from commercially
available thiobenzamid@b. White solid 78%; mp: 42-45C; 'H-NMR (8): (300 MHz,

DMSO) § 8.01 — 7.92 (m, 2H), 7.59 — 7.45 (m, 3H), 4.28Xg, 7.1 Hz, 2H), 2.67 (s, 3H),



1.29 (t,J = 7.1 Hz, 3H)*C-NMR (3): (75 MHz, DMSO)$ 169.28, 161.68, 160.57, 132.39,

131.74, 129.66, 126.84, 121.58, 61.51, 17.54, 14.44

Ethyl 2,4-dimethylthiazole-5-carboxylate (3c). Prepared from commercially available

methylthioamide2c. Red solid 91.3%; mp: 48-8C; MS (ESI):m/z 186.08 [M + H[.*?
Procedurefor the synthesis of 4-methyl 2-substituted thiazole-5-carboxylic acid (1d, 3d).

The appropriate ethyl estétc, 3c) (5.8 mmol) was refluxed for 4 h in a mixture ofued

volumes of aqueous 10% NaOH (20 mL) and Ethanol (. After completion of the

reaction, ethanol was evaporated under reducedyreand the remaining solution was then
extracted with ethyl acetate. The organic layer digsarded while the aqueous layer was
acidified to pH 3 with aqueous 10% hydrochloricdacThe mixture was then evaporated
under reduced pressure and the solid obtained ks dissolved in methanol while the
remaining insoluble NaCl was discarded. Evaporativegmethanol afforded the desired pure

acidsld and3d.

2-(tert-butyl)-4-methylthiazole-5-car boxylic acid (1d). Prepared from ethyl Zdrt-butyl)-

4-methylthiazole-5-carboxylatie. White solid 95%; mp: 154-15C .+

2,4-Dimethylthiazole-5-carboxylic acid (3d). Prepared from ethyl 2,4-dimethylthiazole-5-

carboxylate3c. Yellow solid 90%; mp: 233-23% *
Procedurefor the synthesis of 4-methyl-2-phenylthiazole-5-carboxylic acid (2d).

Ethyl 4-methyl-2-phenylthiazole-5-carboxylage (5.8 mmol) was refluxed for 4 h in a
mixture of equal volumes of aqueous 10% NaOH (20 mhd ethanol (20 mL). After
cooling in ice, the solution was acidified to pHVEh 10% aqueous hydrochloric acid. The
resulting precipitat®d was collected by filtration, washed with,® dried under vacuum

and used without further purification. White sofid%; mp: 210-212C; *H-NMR (5): (300



MHz, DMS0)$ 7.96 (dd,J = 5.7, 1.7 Hz, 2H), 7.51 (d,= 5.6 Hz, 3H), 2.66 (s, 3H}*C-
NMR (8): (75 MHz, DMSO)5 168.72, 163.21, 159.89, 132.59, 131.51, 129.66,7E

123.14, 17.4¢?

Procedure for the synthesis of 4-methyl 2-substituted thiazole-5-carboxamides (1m, 3l-
3n):

To a magnetically stirred suspension of the carbo@agid derivativeld or 3d (1.6 mmol) in
anhydrous DMF were successively added tributylamiHenig’'s base) (6 equiv.) and
N,N,N’,N’-Tetramethyl-O-(1H-benzotriazol-1-yl) uronium helxafrophosphate (HBTU) (1.2
equiv.). The mixture was allowed to stir at roomnperature for 30 minutes. The appropriate
amine (1.2 equiv.) was then added, and the solwamstirred at room temperature for 4-5 h.
The mixture was diluted with EtOAc, washed with egus NaHCO3 solution, 1N HCI and
brine, dried over anhydrous MgSO4 and concentrabedive a crude resin. The crude

product was further purified using column chromaapdpy.

N-(adamantan-1-yl)-2-(tert-butyl)-4-methylthiazole-5-car boxamide (1m). Prepared from
1l-adamantyl-amine. Column chromatography on sijeb (Hexane:Acetone, 9:1) afforded
1m as a white solid (58.2%); mp: 138-139 %6:NMR (8): (400 MHz, CDC}) & 5.40 (s,
1H), 2.61 (s, 3H), 2.10 (s, 3H), 2.08 (s, 6H), 1(N6H), 1.40 (s, 9H)**C-NMR (): (101
MHz, CDCk) 6 180.26, 161.45, 154.11, 125.83, 53.01, 41.92,33738.45, 30.80, 29.60,

17.35; MS (ESI)m/z 333.24 [M + H].

N-benzyl-2,4-dimethylthiazole-5-carboxamide (3n). Prepared from benzylamine. Column
chromatography on silica gel (DCM:Methanol, 98.5)1afforded3n as a yellow solid
(75.6%); mp: 90-91 °CGH-NMR (5): (300 MHz, CDC}) § 7.40 — 7.26 (m, 5H), 6.03 (s, 1H),
4.57 (d,J = 5.7 Hz, 2H), 2.64 (s, 6H}’*C-NMR ©): (75 MHz, CDC}) & 166.01, 161.87,
155.36, 137.95, 128.96, 127.93, 127.85, 125.32544.9.44, 17.34; MS (ESliwz 247.073

[M + H]".



2,4-Dimethyl-N-(1,2,3,4-tetr anhydr onaphthalen-1-yl)thiazole-5-car boxamide (31).
Prepared from 1,2,3,4-tetrahydronaphth-1-yl ami@elumn chromatography on silica gel
(Hexane:Acetone, 7.5:2.5) afford@Has a yellow solid (71.4%); mp: 123-125 %6-NMR
(8): (400 MHz, CDCJ) § 7.35 — 7.29 (m, 1H), 7.23 — 7.15 (m, 2H), 7.15:07m, 1H), 5.92
(d, J = 7.8 Hz, 1H), 5.37 — 5.28 (m, 1H), 2.90 — 2.74 BH), 2.65 (s, 6H), 2.19 — 2.08 (m,
1H), 1.94 — 1.83 (m, 3H)**C-NMR (5): (101 MHz, CDC}) § 165.95, 161.28, 155.03,
137.83, 136.38, 129.44, 128.72, 127.63, 126.55,782%18.32, 30.37, 29.35, 20.19, 19.44,

17.37; MS (ES)m/z 287.22 [M + H.

N-(adamantan-1-yl)-2,4-dimethylthiazole-5-carboxamide (3m). Prepared from 1-
adamantyl-amine. Column chromatography on silidglgeptane:Acetone, 7.5:2.5) afforded
3m as a white solid (75.2%); mp: 76-79 %EI-NMR (5): (400 MHz, CDC}) § 5.38 (s, 1H),
2.63 (s, 3H), 2.60 (s, 3H), 2.10 (s, 3H), 2.086¢4), 1.70 (s, 6H)>*C-NMR (): (101 MHz,
CDCl3) 6 165.38, 161.07, 153.86, 127.21, 53.11, 41.90,33629.59, 19.37, 17.20; MS

(ESI):m/z291.06 [M + HI.

Procedure for the synthesis of 4-methyl 2-substituted thiazole-5-carboxamides (2e-2q):

To a magnetically stirred suspension of the carboxacid derivative2d (1.6 mmol) in
anhydrous DCM were successively added tributylamiHenig’s base) (6 equiv.) and
N,N,N’,N-Tetramethyl-O-(H-benzotriazol-1-yl) uronium hexafluorophosphate {HB (1.2
equiv.) and the mixture was allowed to stir at rooemperature for 30 minutes. The
appropriate amine (1.2 equiv.) was then added, thwed solution was stirred at room
temperature for 4-5 h. The solvent was then evapdrander reduced pressure and the
resulting crude product was dissolved in EtOAc, vealswith aqueous NaHGQolution, 1N
HCI and brine, dried over anhydrous MgSé&nd concentrated to give a crude resin. The

crude product was further purified using columnochatography.



N-butyl-4-methyl-2-phenylthiazole-5-carboxamide (2€). Prepared from butylamine.
Column chromatography on silica gel (Hexane:Acetdh&:1.5) afforded?e as a yellow
solid (79.9%); mp: 95-96 °CH-NMR (5): (300 MHz, CDC}) & 7.93 — 7.85 (m, 2H), 7.46 —
7.37 (m, 3H), 5.87 (s, 1H), 3.47 — 3.37 (m, 2H}2X(s, 3H), 1.65 — 1.54 (m, 2H), 1.48 — 1.34
(m, 2H), 0.96 (tJ = 7.3 Hz, 3H)*C-NMR (3): (75 MHz, CDC}) & 167.10, 161.98, 155.88,
133.04, 130.83, 129.13, 126.80, 126.06, 40.07,13128.27, 17.53, 13.88; MS (EShvyz

275.09 [M + HJ.

N-hexyl-4-methyl-2-phenylthiazole-5-carboxamide (2f). Prepared from hexylamine.
Column chromatography on silica gel (Hexane:Acetdh8:1.2) afforded2f as a yellow
solid (87.2%); mp: 97-98 °GH-NMR (5): (300 MHz, CDC}) & 7.91 (dd,J = 6.7, 2.9 Hz,
2H), 7.47 — 7.39 (m, 3H), 5.88 (s, 1H), 3.40 — A1B4 2H), 2.72 (s, 3H), 1.65 — 1.54 (m, 2H),
1.44 — 1.26 (m, 6H), 0.89 (8 = 6.6 Hz, 3H);"*C-NMR (3): (75 MHz, CDC}) & 167.10,
161.96, 155.86, 133.04, 130.83, 129.13, 126.80,082610.38, 31.58, 29.71, 26.76, 22.67,

17.52, 14.13; MS (ESIn/z 303.113 [M + H].

N-cyclopr opyl-4-methyl-2-phenylthiazole-5-car boxamide (29). Prepared from
cyclopropylamine. Column chromatography on silieh (@@lexane:Acetone, 8.8:1.2) afforded
2g as a white solid (91.5%); mp: 143-145 %8:NMR (3): (300 MHz, CDC}) & 7.95 — 7.87
(m, 2H), 7.49 — 7.38 (m, 3H), 5.96 (s, 1H), 2.92.82 (m, 1H), 2.73 (s, 3H), 0.92 — 0.83 (m,
2H), 0.67 — 0.61 (m, 2H)*C-NMR (5): (75 MHz, CDC}) § 167.16, 163.39, 156.74, 132.99,

130.93, 129.18, 126.86, 126.43, 23.42, 17.58, MR {ESI):nVz 259.08 [M + HJ.

N-cyclopentyl-4-methyl-2-phenylthiazole-5-car boxamide (2h). Prepared from
cyclopentylamine. Column chromatography on siliea(¢lexane:Acetone, 8.8:1.2) afforded
2h as a white solid (93%); mp: 170-171 %6:NMR (8): (300 MHz, CDC}) & 7.91 (ddJ =

6.4, 2.5 Hz, 2H), 7.48 — 7.39 (m, 3H), 5.79J¢ 6.0 Hz, 1H), 4.43 — 4.28 (m, 1H), 2.72 (s,



3H), 2.16 — 2.01 (m, 2H), 1.81 — 1.59 (m, 4H), 1-57.43 (m, 2H)*C-NMR (3): (75 MHz,
CDCl;) & 167.48, 162.02, 156.14, 133.46, 131.24, 129.56,22 126.62, 52.53, 33.80,

24.32,17.93; MS (ESI)Vz 287.129 [M + H].

N-cyclohexyl-4-methyl-2-phenylthiazole-5-carboxamide (2). Prepared from
cyclohexylamine. Column chromatography on silich(gkexane:EtOAc, 8:2) afforded as
a white solid (78.7%); mp: 111-112 °&4-NMR (8): (400 MHz, CDC}) § 7.94 — 7.90 (m,
2H), 7.46 — 7.42 (m, 3H), 5.64 (d= 7.5 Hz, 1H), 4.00 — 3.89 (m, 1H), 2.73 (s, 3PN7 —
1.99 (m, 2H), 1.80 — 1.70 (m, 2H), 1.70 — 1.56 4id), 1.50 — 1.36 (m, 2H)-*C-NMR (3):
(101 MHz, CDC}) 6 167.08, 161.09, 155.74, 133.09, 130.84, 129.18,8&2 126.35, 49.12,

33.32, 25.66, 24.95, 17.56.; MS (ESf)z 301.08 [M + H[.

(4-Methyl-2-phenylthiazol-5-yl)(mor pholin-4-yl)methanone  (2)). Prepared  from
morpholine. Column chromatography on silica gel x&tee:EtOAc, 6:4) afforde®] as
yellowish oil (91.4%);*H-NMR (3): (300 MHz, CDC}) § 7.94 — 7.86 (m, 2H), 7.47 — 7.40
(m, 3H), 3.77 — 3.70 (m, 4H), 3.70 — 3.60 (m, 4R{KO (s, 3H);**C-NMR (©): (75 MHz,
CDCl) 6 168.18, 162.90, 152.99, 132.90, 130.81, 129.26,78R 123.97, 67.00, 16.70; MS

(ESI): Mz 289.05 [M + HJ.

N-(cyclohexylmethyl)-4-methyl-2-phenylthiazole-5-carboxamide (2k). Prepared from
cyclohexylmethylamine. Column chromatography onicailgel (Hexane:Acetone, 9:1)
afforded2k as a white powder (74.4%); mp: 147-148 86:NMR (3): (400 MHz, CDC}) &
7.94 — 7.87 (m, 2H), 7.46 — 7.38 (m, 3H), 5.881(), 3.28 (tJ = 5.4 Hz, 2H), 2.74 (s, 3H),
1.81 — 1.64 (m, 5H), 1.64 — 1.52 (m, 1H), 1.33 £11(m, 3H), 1.05 — 0.91 (m, 2H)*C-
NMR (3): (101 MHz, CDC}) & 167.12, 162.02, 155.85, 133.08, 130.85, 129.16,8R?

126.16, 46.50, 38.11, 31.05, 26.50, 25.94, 17.59;(KSI):m/z 315.05 [M + HJ.



4-Methyl-2-phenyl-N-(1,2,3,4-tetr ahydr onaphthalen-1-yl)thiazole-5-carboxamide  (2l).
Prepared from 1,2,3,4-tetrahydronaphth-1-yl ami@elumn chromatography on silica gel
(DCM:Methanol, 9.9:0.1) affordedl as a white powder (84 %); mp: 139-140 ®B:NMR
(8): (400 MHz, CDCY) § 7.97 — 7.87 (m, 2H), 7.47 — 7.41 (m, 3H), 7.383371m, 1H), 7.24
— 7.19 (m, 2H), 7.17 — 7.12 (m, 1H), 6.01 Jd5 8.2 Hz, 1H), 5.43 — 5.31 (m, 1H), 2.92 —
2.78 (m, 2H), 2.76 (s, 3H), 2.22 — 2.11 (m, 1HY9- 1.85 (m, 3H); MS (ESI)z 349.17

[M + H]".

N-(adamantan-1-yl)-4-methyl-2-phenylthiazole-5-carboxamide (2m). Prepared from 1-
adamantylamine. Column chromatography on silica (Belxane:EtOAc, 8.6:1.4) afforded
2m as a white powder (95.2%); mp: 142-143 %8:NMR (3): (400 MHz, CDC}) § 7.93 —
7.89 (m, 2H), 7.46 — 7.41 (m, 3H), 5.49 (s, 1HYQ2(s, 3H), 2.12 (s, 9H), 1.72 (s, 6HiC-
NMR (3): (101 MHz, CDC}) & 166.68, 161.06, 155.25, 133.14, 130.74, 129.13,3R?

126.80, 53.21, 41.92, 36.45, 29.62, 17.51: MS (88 353.55 [M + HJ.

N-benzyl-4-methyl-2-phenylthiazole-5-carboxamide (2n). Prepared from benzylamine.
Column chromatography on silica gel (Hexane:EtO&®) afforded2n as a white powder
(86.3%); mp: 133-134 °CH-NMR (3): (300 MHz, CDC}) § 7.96 — 7.86 (m, 2H), 7.48 —
7.39 (m, 3H), 7.39 — 7.26 (m, 5H), 6.15 (s, 1HB24(d,J = 5.7 Hz, 2H), 2.75 (s, 3H}’C-
NMR (3): (75 MHz, CDC}) & 167.37, 161.90, 156.59, 137.92, 132.97, 130.948.112

128.99, 127.98, 127.89, 126.85, 125.50, 44.3551 WM& (ESI):m/z 309.04 [M + HJ.

N-(2-fluor obenzyl)-4-methyl-2-phenylthiazole-5-carboxamide (20). Prepared from 2-
fluorobenzylamine. Column chromatography on siieh (Heptane:EtOAc, 8.1:1.9) afforded
20 as a white powder (93.8%); mp: 128-129 ®8:NMR (3): (400 MHz, CDC}) 5 7.93 —
7.88 (m, 2H), 7.46 — 7.39 (m, 4H), 7.33 — 7.26 {H), 7.17 — 7.04 (m, 2H), 6.24 (s, 1H),

4.67 (d,J = 5.9 Hz, 2H), 2.74 (s, 3HJ’C-NMR (3): (101 MHz, CDC}) § 167.52, 161.27 (d,



g = 245.9 Hz), 161.88, 156.45, 132.94, 130.98, B0 Jcr = 4.2 Hz), 129.74 (Fcr =
8.2 Hz), 129.18, 126.88, 125.59, 124.94°0d; = 14.6 Hz), 124.61 (dJcr = 3.6 Hz), 115.64

(d, 2Jcr = 21.2 Hz), 38.47 (fJcr = 3.6 Hz), 19.92; MS (ESIjVz 327.47 [M + HI.

N-(4-fluor obenzyl)-4-methyl-2-phenylthiazole-5-carboxamide (2p). Prepared from 4-
fluorobenzylamine. Column chromatography on sifjieh (Heptane:EtOAc, 8.1:1.9) afforded
2p as a white powder (72.4%); mp: 149-150 ¥8:NMR (5): (400 MHz, CDC}) & 7.94 —
7.86 (m, 2H), 7.48 — 7.39 (m, 3H), 7.35 — 7.28 @H), 7.08 — 6.98 (m, 2H), 6.17 (s, 1H),
4.57 (d,J = 5.8 Hz, 2H), 2.74 (s, 3H}*C-NMR (5): (101 MHz, CDC}) & 167.44, 162.44 (d,
Yer = 246.2 Hz), 161.93, 156.75, 133.79AQH;F= 3.3 Hz), 132.94, 130.99, 129.68 fdl;F:
8.2 Hz), 129.18, 126.86, 125.32, 115.84 (W = 21.5 Hz), 43.60, 17.66; MS (ESHVz

326.87 [M + HT.

N-(2-chlorobenzyl)-4-methyl-2-phenylthiazole-5-carboxamide (2q). Prepared from
2chlorobenzylamine. Column chromatography on silgel (Heptane:Acetone, 8.5:1.5)
afforded2q as a white powder (94.2%); mp: 137-138 48:NMR (3): (400 MHz, CDC}) &
7.94 — 7.86 (m, 2H), 7.51 — 7.37 (m, 5H), 7.31:77@m, 2H), 6.38 (s, 1H), 4.70 (d= 6.0
Hz, 2H), 2.74 (s, 3H)**C-NMR (5): (101 MHz, CDC}) § 167.54, 161.84, 156.40, 135.38,
133.84, 132.99, 130.93, 130.71, 129.77, 129.37,1829127.38, 126.86, 125.71, 42.34,

17.65; MS (ESI)mVz 343.47 [M + HJ, m/z 345.07 [M + 3H]J.
Procedurefor the synthesis of ethyl benzo[d]thiazole-2-carboxylate (4a).

A mixture of 2-aminothiophenol (7.98 mmol) and dtoxalate (2 equiv.) was heated at
mild reflux for 4 h, during the first two hours etemperature was decreased from 147 fo 93
C. After cooling, the mixture was poured into ausimn consisting of (25 mL) of conc.
hydrochloric acid, (75 mL) of water and (35 mL) efthanol with vigorous stirring. A

precipitate was formed, filtered and dried undeswen to give the titled compound. Yellow



solid (55%); mp: 68-72 °C*H-NMR (3): (400 MHz, CDCI3)s 8.26 (dd,J = 7.5, 1.4 Hz,
1H), 7.98 (dd,) = 7.3, 1.5 Hz, 1H), 7.61 — 7.51 (m, 2H), 4.56J¢; 7.1 Hz, 2H), 1.49 (1 =

7.1 Hz, 3H)?
Procedurefor the synthesis of benzo[d]thiazole-2-car boxylic acid (4b).

Ethyl benzothiazole-2-carboxylatia (4.8 mmol) was refluxed for 4 h along with 1 g NdO
in a mixture of methanol (22 mL), water (9 mL) ahdF (11 mL). After completion of the
ester hydrolysis, the organic solvents were evdpdrainder reduced pressure and the
agueous solution was extracted with DCM. The omatase was discarded while the
agueous phase was acidified to pH 3 using 1 N ldgtkacted with EtOAc twice and the
combined organic phases were passed over anhydig®D,. Evaporating the organic
solvent under reduced pressure afforded the pusieedeaciddb. Yellow solid (81.4%); mp:
103-104;'H-NMR (3): (400 MHz, CDCI3)% 9.09 (s, 1H), 8.20 (dl = 8.0 Hz, 1H), 7.99 (d]

= 8.5 Hz, 1H), 7.60 — 7.46 (m, 2Fp.
Procedurefor the synthesis of benzo[d]thiazole-2-car boxamides (4c-4h)

To a magnetically stirred suspension of the carboxacid 4b (1.6 mmol) in anhydrous
DCM were successively added tributylamine (Huni@ase) (6 equiv.) andN,N,N’,N"-
Tetramethyl-O-(H-benzotriazol-1-yl)uroniumhexafluorophosphate (HBTW.2 equiv.) and
the mixture was allowed to stir at room temperafore30 minutes. The appropriate amine
(1.2 equiv.) was then added, and the solution waed at room temperature for 4-5 hrs. The
solvent was then evaporated under reduced pressurehe resulting crude product was
dissolved in EtOAc, washed with agueous NaHGGlution, 1N HCI and brine, dried over
anhydrous MgS@and concentrated to give a crude resin. The cprdduct was further

purified using column chromatography.



N-(cyclohexylmethyl)benzo[d]thiazole-2-car boxamide (4c). Prepared from
cyclohexylmethyl amine. Column chromatography olicaigel (DCM:Hexane, 6.5:3.5)
afforded4c as a white solid (91.5%); mp: 106—107 %8:NMR (8): (400 MHz, CDC}) §
8.06 (dd,J = 7.6, 0.7 Hz, 1H), 7.99 — 7.94 (m, 1H), 7.57 457(m, 3H), 3.35 (t) = 6.6 Hz,
2H), 1.89 — 1.71 (m, 4H), 1.72 — 1.58 (m, 2H), 1-3%.18 (m, 3H), 1.09 — 0.97 (m, 2HjC-
NMR (8): (101 MHz, CDCJ) § 164.43, 160.03, 153.04, 137.28, 126.88, 126.73,3R

122.55, 46.17, 38.20, 31.00, 26.48, 25.94; MS (H8Y 275.07 [M + HJ

N-(adamantan-1-yl)benzo[d]thiazole-2-carboxamide  (4d).  Prepared from  1-
adamantylamine. Column chromatography on silicg[Q€IM:Heptane, 1:1) affordedd as a
white solid (92.6%); mp: 156-157 °&H-NMR (8): (400 MHz, CDC4) 6 8.06 — 8.01 (m,
1H), 7.97 — 7.92 (m, 1H), 7.57 — 7.49 (m, 1H), 7-49.41 (m, 1H), 7.20 (s, 1H), 2.20 — 2.12
(m, 9H), 1.79 — 1.69 (m, 6H}’C-NMR (3): (101 MHz, CDC}) & 165.90, 158.82, 153.02,
137.36, 126.78, 126.59, 124.19, 122.52, 52.85,1486.42, 29.58; MS (ESlvz 313.09 [M

+H]

N-(naphthalen-1-yl)benzo[d]thiazole-2-car boxamide (4€). Prepared from 1-naphthylamine.
Column chromatography on silica gel (Heptane:DCM,;&5) affordedie as yellow crystals
(55.3%); mp: 198-201 °GH-NMR (8): (400 MHz, CDC}) 5 9.85 (s, 1H), 8.31 (d] = 7.5
Hz, 1H), 8.19 (dJ = 8.2 Hz, 1H), 8.08 (d] = 8.2 Hz, 1H), 8.01 (d] = 7.9 Hz, 1H), 7.90 (d,
J=8.0 Hz, 1H), 7.74 (d] = 8.3 Hz, 1H), 7.65 — 7.57 (m, 2H), 7.57 — 7.48 8id); °C-NMR
(8): (101 MHz, CDCY) 6 164.31, 158.17, 152.91, 137.66, 134.26, 131.69,08 127.18,
127.13, 126.73, 126.48, 126.35, 126.04, 126.02,6824.22.68, 120.43, 119.55; MS (ESI):

Mz 305.13 [M + Hf

N-(naphthalen-2-yl)benzo[d]thiazole-2-car boxamide (4f). Prepared from 2-naphthylamine.

Column chromatography on silica gel (Heptane:DCMN; 35) affordeddf as a yellow solid



(65.78%); mp: 192-193 °CH-NMR (5): (400 MHz, CDC4) & 9.43 (s, 1H), 8.46 (d] = 2.2
Hz, 1H), 8.17 — 8.12 (m, 1H), 8.03 — 7.99 (m, 1HR0 — 7.80 (m, 3H), 7.72 (dd= 8.8, 2.2
Hz, 1H), 7.63 — 7.57 (m, 1H), 7.56 — 7.41 (m, 3L-NMR (6): (101 MHz, CDCY) §
164.22, 157.85, 152.84, 137.61, 134.56, 133.95,0831129.21, 127.95, 127.77, 127.18,

127.12, 126.85, 125.52, 124.53, 122.65, 119.67,0B1 MS (ESI)m/z 305.23 [M + HJ
Procedurefor the synthesis of benzothiazole-2-carboxamides (4g-4i)

Ethyl benzothiazole-2-carboxylatia (1 mmol) was taken in a round bottom flask (10 mL).
To it the aliphatic amine (4 equiv.) was added»xuess along with (50 mg) of NBI. The
reaction mixture was heated at 1%Dfor 2-3 h under magnetic stirring. After compbetiof
reaction (TLC), the mixture was diluted using EtQA@ashed withIN HCI and brine, dried
over anhydrous MgS{and concentrated under reduced pressure to futimésfinal product

that was then washed with cooled hexane.

N-benzylbenzo[d]thiazole-2-car boxamide (4g). Prepared from benzylamine. Beige solid
(91%); mp: 109-110 °CH-NMR (8): (400 MHz, CDC}) & 8.05 — 8.01 (m, 1H), 7.99 — 7.95

(m, 1H), 7.78 (s, 1H), 7.57 — 7.45 (m, 2H), 7.42.34 (m, 4H), 7.33 — 7.28 (m, 1H), 4.70 (d,
J=6.1 Hz, 2H)*C-NMR (3): (101 MHz, CDC}) & 163.87, 159.92, 152.97, 137.49, 137.25,
128.95, 128.14, 127.92, 126.93, 126.85, 124.38,582214.01; MS (ESI)m/z 269.16 [M +

HI*

N-(2-chlorobenzyl)  benzo[d]thiazole-2-carboxamide (4h). Prepared from 2-
chlorobenzylamine. White solid (94.2%); mp: 134-P85'H-NMR (3): (400 MHz, CDC})

$ 8.06 (ddJ = 8.1, 0.5 Hz, 1H), 7.96 (dd,= 7.9, 0.6 Hz, 1H), 7.88 (s, 1H), 7.60 — 7.44 (m,
3H), 7.43 — 7.34 (m, 1H), 7.30 — 7.17 (m, 2H), 4@8J = 8.6 Hz, 2H)*C-NMR (3): (101

MHz, CDCk) ¢ 163.66, 160.02, 152.99, 135.00, 133.93, 130.45,782 129.38, 127.33,



126.95, 126.89, 124.47, 122.52, 41.87; MS (ESI 303.23 [M + H], m/z 305.09 [M +

3H]*

N-(1,2,3,4-tetrahydronaphthalen-1-yl)benzo[d]thiazole-2-carboxamide (4i). Prepared
from 1,2,3,4-tetrahydronaphth-1-yl amine. Whitei¢93%); mp: 152-153 °CH-NMR (3):
(400 MHz, CDC}) & 8.03 — 8.00 (m, 1H), 8.00 — 7.96 (m, 1H), 7.70)(d,8.9 Hz, 1H), 7.57
— 7.45 (m, 2H), 7.40 — 7.35 (m, 1H), 7.25 — 7.13 &ir), 5.41-5.36 (m, 1H), 2.97 — 2.72 (m,
2H), 2.32 — 2.14 (m, 1H), 2.07 — 1.86 (m, 3tAC-NMR (3): (101 MHz, CDC}) & 164.22,
159.34, 153.02, 137.81, 137.29, 135.99, 129.43,0829127.72, 126.91, 126.80, 126.55,

124.39, 122.53, 48.24, 30.25, 29.35, 20.12; MSXESE£ 331.55 [M + Na]
Procedurefor the synthesis of N-(benzo[d]thiazol-2-yl) carboxamides (5a-5d)

The appropriate acyl chloride (1.5 mmol) was slowhjded under inert atmosphere to a
cooled (0 °C) solution of 2-aminobenzothiazole (thaoh) and TEA (1.5 mmol) in dry DCM
(10 mL). After being stirred at room temperature I8 h, the solution was washed with 1 N
HCI, saturated solution of NaHCO3 and brine, thered over anhydrous MgSO4 and

evaporated to dryness. The crude product was thefied using column chromatography.

N-(benzo[d]thiazol-2-yl)adamantane-1-carboxamide  (5a) Prepared  from 1-
adamantanecarbonyl chloride. Column chromatographysilica gel (Hexane:Acetone,
9.5:0.5) affordedba as a white solid (48%); mp: 167—-169 ®E{-NMR (5): (400 MHz,
CDCl) § 7.81 (d,J = 7.9 Hz, 1H), 7.74 (d] = 8.1 Hz, 1H), 7.43 () = 7.5 Hz, 1H), 7.30 ({]
= 7.5 Hz, 1H), 2.00 (s, 9H), 1.76 (s, 6HIC-NMR (§): (101 MHz, CDCY) § 176.63, 159.38,
147.85, 131.96, 126.36, 123.99, 121.54, 120.54%138.73, 36.39, 28.05; MS (ESijvz

313.07 [M + HJ



N-(benzo[d]thiazol-2-yl)-1-naphthamide (5b) Prepared from 1-naphthoyl chloride. Column
chromatography on silica gel (DCM:Hexane, 8:2) aféal5b as a white solid (40.5%); mp:
203-206 °CH-NMR (5): (400 MHz, DMSO)5 12.99 (s, 1H), 8.30 — 8.24 (m, 2H), 8.14 (d,
J = 8.3 Hz, 2H), 8.06 — 8.01 (m, 4H), 7.92 (dds 7.1, 1.1 Hz, 2H), 7.81 — 7.77 (m, 2H),
7.66 — 7.58 (m, 6H), 7.49 — 7.43 (m, 2H), 7.37 327(m, 2H);*C-NMR (8): (101 MHz,
DMSO) 6 168.21, 158.75, 148.87, 133.58, 132.03, 131.9%,503 130.15, 128.93, 127.90,
127.61, 126.97, 126.63, 125.33, 125.30, 124.18,202221.00; MS (ESI)/z 305.23 [M +

HI*

N-(benzo[d]thiazol-2-yl)-4-(trifluoromethyl)benzamide  (5¢)  Prepared from  4-
(trifluoromethyl)benzoyl chloride. Column chromataghy on silica gel (DCM:Hexane,
9.5:0.5) affordedsc as a white solid (42.8%); mp: 235-237 %E:-NMR (3): (400 MHz,
DMSO0) & 13.15 (s, 1H), 8.31 (d, = 8.1 Hz, 2H), 8.02 (dd = 7.9, 0.6 Hz, 1H), 7.93 (d =

8.2 Hz, 2H), 7.78 (dJ = 8.0 Hz, 1H), 7.47 (ddd,= 8.2, 6.0, 1.3 Hz, 1H), 7.35 (ddii= 8.3,
6.0, 1.1 Hz, 1H)}*C-NMR (3): (101 MHz, DMSO) 165.37, 152.56, 135.70, 133.64, 131.90
(q, 2Jcr = 32.2 Hz), 130.36, 129.43, 126.73, 126.53, 126088cr = 3.5 Hz), 124.05 (dJcr

= 272.2 Hz), 123.64, 122.12, 111.43; MS (E8i)z 322.99 [M + H]

N-(benzo[d]thiazol-2-yl)-3-(trifluoromethyl)benzamide  (5d) Prepared from  3-
(trifluoromethyl)benzoyl chloride. Column chromataghy on silica gel (DCM:Hexane,
9.5:0.5) affordedbd as a white solid (43.5%); mp: 213-214 %B6:NMR (8): (400 MHz,
DMSO0) 5 13.18 (s, 1H), 8.52 (s, 1H), 8.41 (= 7.9 Hz, 1H), 8.02 (dd} = 7.9, 0.6 Hz, 2H),
7.81 (d,J = 7.8 Hz, 1H), 7.78 (dJ = 7.6 Hz, 1H), 7.47 (ddd} = 8.2, 6.1, 1.3 Hz, 1H), 7.34
(ddd,J = 8.3, 6.2, 1.1 Hz, 1H}?C-NMR (5): (101 MHz, DMSO) 165.48, 152.96, 135.70,
133.64, 130.36, 129.52 (Hcr = 3.2 Hz), 129.32 (fJcr= 32.3 Hz), 128.37, 126.73, 125.47
(0, 3Jcr = 3.8 Hz), 124.30 (qtJce = 272.5 Hz), 124.25, 122.28, 120.49, 113.15; MSI\E

Mz 323.03 [M + Hf



Procedure for the synthesis of N-(3-pentylbenzo[d]thiazol-2(3H)-ylidene)car boxamide
(6a-6d)

To a solution of the appropriaié(benzof]thiazol-2-yl) carboxamide (1.28 mmol) in DMF
(4.0 mL) was added sodium hydride (1.92 mmol) adardmopentane (1.41 mmol). The
reaction mixture was stirred at room temperaturelfd and then heated at 8D overnight.
Afterwards, the mixture was cooled to room tempemt quenched with iced water and
extracted with ethyl acetate. The organic layer wiasd over anhydrous MgSQfiltered,
and then evaporated. The resulting residue waswiashed with cooled hexane to give the

pure final product.

N-(3-pentylbenzo[d]thiazol-2(3H)-ylidene)adamantane-1-carboxamide (6a). Prepared
from 5a and 1-bromopentane. white solid (96%); mp: 167-ABIH-NMR (3): (400 MHz,
CDCl) § 7.64 (d,J = 7.8 Hz, 1H), 7.45 — 7.37 (m, 1H), 7.32 — 7.21 BH), 4.38 (tJ = 7.3
Hz, 2H), 2.06 (s, 3H), 2.01 (s, 6H), 1.91 — 1.81, @H), 1.76 (s, 6H), 1.45 — 1.35 (m, 4H),
0.92 (t,J = 7.0 Hz, 3H);"*C-NMR (3): (101 MHz, CDC}) § 188.83, 166.94, 136.85, 127.17,
126.71, 123.38, 123.01, 111.23, 45.71, 43.08, 3858386, 29.18, 28.56, 27.26, 22.48, 14.11,

MS (ESI):m/z 383.15 [M + HJ

N-(3-pentylbenzo[d]thiazol-2(3H)-ylidene)-1-naphthamide (6b). Prepared fronmbb and 1-
bromopentane. White solid (95.2%); mp: 191-193 #GNMR (8): (400 MHz, DMSO0)5
9.15 (dd,J = 8.4, 0.9 Hz, 1H), 8.47 (dd,= 7.2, 1.3 Hz, 1H), 8.11 (d,= 8.1 Hz, 1H), 8.01
(dd,J = 8.3, 1.2 Hz, 1H), 7.95 (dd,= 7.9, 1.0 Hz, 1H), 7.74 (d,= 8.2 Hz, 1H), 7.65 — 7.52
(m, 4H), 7.42 — 7.34 (m, 1H), 4.54 {t= 7.3 Hz, 2H), 1.83 (p, J = 7.0 Hz, 2H), 1.40 311.
(m, 4H), 0.82 (t,J = 7.1 Hz, 3H);"*C-NMR (5): (101 MHz, DMSO)5 176.24, 166.54,

136.81, 134.03, 133.93, 132.51, 131.35, 130.12,9128127.70, 127.44, 126.57, 126.35,



126.17, 125.37, 124.37, 123.56, 112.88, 45.85,72&87.32, 22.19, 14.20; MS (EShHvz

375.19 [M + Hf

N-(3-pentylbenzo[d]thiazol-2(3H)-ylidene)-4-(trifluoromethyl)benzamide (6¢). Prepared
from 5c and 1-bromopentane. White solid (91.2%); mp: 102-90; *H-NMR (3): (400
MHz, DMSO0)$ 8.34 (d,J = 8.2 Hz, 2H), 8.12 (dd] = 7.7, 0.6 Hz, 1H), 7.97 (d = 8.3 Hz,
2H), 7.78 (dJ = 8.0 Hz, 1H), 7.57 — 7.35 (m, 1H), 7.3 — 7.32 (), 4.51 (tJ = 7.3 Hz,
2H), 1.81 (pJ = 7.1 Hz, 2H), 1.41 — 1.34 (m, 4H), 0.83Jt= 7.1 Hz, 3H)"*C-NMR ():
(101 MHz, DMSO)s 173.56, 167.69, 139.88, 136.60, 133.042(]qp = 32.1 Hz), 129.67,
127.03, 126.86, 125.04 (QJcr = 3.6 Hz), 124.05 (q'Jcr = 272.5 Hz), 123.94, 122.98,

111.62, 45.93, 29.02, 27.29, 22.31, 13.90: MS (889 393.07 [M + H[

N-(3-pentylbenzo[d]thiazol-2(3H)-ylidene)-3-(trifluor omethyl)benzamide (6d). Prepared
from 5d and 1-bromopentane. White crystals (92.3%); mp=103 °C:*H-NMR (3): (400
MHz, DMS0)35 8.53 (s, 1H), 8.49 (d} = 7.8 Hz, 1H), 7.97 — 7.91 (m, 2H), 7.77 (d& 7.9,
6.1 Hz, 2H), 7.56 (ddd] = 8.4, 7.4, 1.2 Hz, 1H), 7.41 — 7.36 (m, 1H), 466 = 7.3 Hz,
2H), 1.83 (pJ = 7.0 Hz, 2H), 1.44 — 1.36 (m, 4H), 0.85Jt= 7.1 Hz, 3H)"*C-NMR ():

(101 MHz, DMSO)5 172.43, 167.47, 137.67, 136.75, 133.15, 130.39,8m(q,2JCF =323
Hz), 129.64 (q3Jce = 3.4 Hz), 127.94, 126.86, 125.49 {dcr = 3.9 Hz), 124.30 (qtJce =

272.5 Hz), 123.67, 122.51, 113.15. 45.86, 28.721%722.06, 14.17; MS (ESliwz 393.18

[M+H]"

Biological assays

Competitive radioligand binding assay. Membranes of HEK-293 cells transfected with the
human recombinant CB1 receptor{B= 2.5 pmol/mg protein) and human recombinant CB2

receptor (Ra= 4.7 pmol/mg protein) were incubated wittH[-CP-55,940 (0.14 nMic



0.18 nM and 0.084 nM{k 0.31 nM, for CB1 and CB2 receptors, respectivaly)the high
affinity ligand and displaced with 0.1, 1, 10, & 2M of the newly synthesized compounds.
ICso values were determined for compounds showing >5fI%placement at 10 pM.
Nonspecific binding was defined by 10 mM of WIN5E222 as the heterologous competitor
(Ki values 9.2 nM and 2.1 nM respectively for CB1 am8RCeceptors). All compounds were
tested following the procedure described by the ufeturer (Perkin-Elmer, Italy).
Displacement curves were generated by incubatingsdwith fH]-CP-55,940 for 90 minutes
at 30°C.K; values were calculated by applying the Cheng-Rresmation to the Ig values
(obtained by GraphPad) for the displacement of Iloend radioligand by increasing

concentrations of the test compoufils.

Functional Activity at CB2 in vitro. The cAMP Hunter™ assay enzyme fragment
complementation chemiluminescent detection kit waed to characterize the functional
activity in CB2 receptor-expressing cell lines. @dupled cAMP modulation was measured
following the manufacturer's protocol (DiscoveRxefont, CA). Briefly, CHO-K1 cells
overexpressing the human CB2R were plated into avél6 plate (30,000 cells/well), and
incubated overnight at 37 °C, 5% €@ells were incubated 30 min at 37 °C with 3x dose
response solutions of samples prepared in presdromd assay buffer containing a 3x of 25
UM NKH-477 solution (a water soluble analogue ofdkolin) to stimulate adenylate cyclase
and enhance basal cAMP levels. Luminescence measute were measured using a
GloMax Multi Detection System (Promega, Italy). Baire reported as mean + SEM of three
independent experiments conducted in triplicate \mace normalized considering the NKH-
477 stimulus alone as 100% of the response. Tleepge of response was calculated using
the following formula: % RESPONSE = 100% x (1- (RbUtest sample — RLU of NKH-
477 positive control) / (RLU of vehicle — RLU of Nl477 positive control). The data were

analyzed using PRISM software (GraphPad SoftwareSan Diego, CA§°



GPCR B-arrestin recruitment assay®’. To measure GPCR mediated R-arrestin translocation
activity, the Tango assay system originally devetbpy Richard Axel was adopt2dGPCR
tango constructs were codon-optimized for bettepression in mammalian cell lines,
synthesized by Blue Heron Biotech (Bothell, WA)ddmally confirmed by sequencing. The
HTLA cells (an HEK293 cell line stably expressingT&-dependent luciferase reporter and
a RB-arrestin2-TEV fusion gene) were gifted fromHaid Axel’s lab, and are maintained in
DMEM supplemented with 10% FBS and 2 pg/ml Puromyeid 100 pg/ml Hygromycin B.
An N-terminal Flag epitope tag was designed inte t8PCR tango constructs for
confirmation of surface expression and comparisbexpression levels. HTLA cells were
transfected with GPCR tango constructs overniglit were plated in Poly-L-Lys (PLL)
coated 384-well white clear-bottom cell culturetptaat a density of 15,000 cells in 40 ul per
well of DMEM with 1% dFBS. The cells are incubatéat at least 6 hours (usually
overnight) for them to recover before receivinggdatimulation. Drug stimulation solutions
are prepared in filtered Tango assay buffer (20 REPES, 1x HBSS, pH 7.40) at 5x and
added to cells (10 ul per well) for overnight. Teasure antagonist activity, drug solutions
are made at 6x of the final concentration and aeenpubated with cells for 30 min before
addition of 10 pl of Egy concentration of CP-55,940, a reference agonibe EGo
concentration is determined in separate prelimirdoge-response assays. On the day of
measurement, medium and drug solutions are remaned20 pl per well of BrightGlo
reagent from Promega (diluted by 20-fold with Taragsay buffer) is added. The plate is
incubated for 20 minutes at room temperature in daek before being counted on a

luminescence counter. All functional results wemalgzed using GraphPad Prism v5.0.

Colitis Mouse Model. All experiments were approved and conducted in mzowe with the
guidelines of the German University in Cairo andeTNational Research Centre ethics

committee's guidelines following the recommendatioh The National Institutes of Health



Guide for the Care and Use of Laboratory Animall.ndice were maintained in pathogen-
free conditions with standard laboratory chow aradewad libitum. Swiss male albino mice
(20-35 g) of body weight were purchased from thamah house colony of The National
Research Centre (Cairo, Egypt). Acute colitis waduced using 3%w/v DSS (40 kD
molecular weight, Alfa Aesar) in distilled drinkingater made fresh every 2 days provided
ad libitum for 7 days. Body weight was determinexdlyd At day 7, disease activity index
(DAl) was assessed according to body weight vamaindicated as percentage loss of
baseline body weight (0= none, 1= 0-10%, 2=11-15%416-20%, 4= >20%), stool
consistency (0= normal, 2=loose stool, 4= diarrlea) bleeding (0= normal, 1=hemoccult
positive, 2= hemoccult positive and visual pelliteoling, 4= gross bleeding, blood around
anus). The presence of fecal occult blood was sedesising ABONTM Biopharm
(Hangzhou) FOB kit. The statistical significance tbie colitis clinical scores between
treatments was analyzed with an unpaired t testguGraphPad Prism 7.04 software. A p

value of <0.05 was considered statistically sigaufit.

Histopathological analysis. For histopathological analysis, mice were euthahlzgcervical
dislocation and the colons were flushed with salietopsy samples were taken from the
distal part of the colon of mice in different greJmashed with saline and fixed in 10%
formol saline for 24 h. Washing was done in tapewghen serial dilutions of methyl, ethyl
and absolute ethyl alcohols were used for dehyalragpecimens were cleared in xylene and
embedded in paraffin at 56 °C in hot air oven féri2 Paraffin bees wax tissue blocks were
prepared for sectioning at 4 microns thickness lmgs microtrome. The obtained tissue
sections were collected on glass slides, deparzdfip stained by hematoxylin & eosin
(H&E) stain for examination through light electrimicroscope. The severity of the
histopathological alteration in the colons of diffiet mice groups were assessed by

examining ulceration and desquamation of the limmgeosal epithelium, inflammatory cells



infiltration in mucosa with lamina propria, inflanatory cells infiltration in submucosa,

oedema in submucosa, haemorrhage in submucosgmapddid hyperplasia in submucosa.

Enzyme-linked immunosor bent assay (EL1SA)

The levels of IL-B and TNFe were quantified using commercial Mouse IL-1 Beta
PicoKine™ ELISA Kit (Catalog Number:EK0394) and Mouse TNF-alpha ELISA

Kit (Catalog #: ELM-TNFa), respectively.
Molecular docking.

The homology protein cnr2_human Active 5XRA was dimaded from the PDB, opened in

MOE, subjected to quick preparation, and hydrogevkpartial charges were addétie

The binding site is identified from the CB1templatel from the site finder of MOE software
and both identified the same binding pocket ancereded by 4.5°A. Compound 6d is
subjected to conformational search and docked ecsite using default conditions and the
resulted database was docked to using trianglehmatrs the placement method, scorning

London delta G and refinement by induced fit.
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Highlights

Novel thiazole and benzothiazole derivatives hagenbsynthesized and evaluated for
their CB1 and CB2 receptor binding affinity and dtional activity.

Potent and selective CB2 receptor agonists wereacteized and structure—activity
relationships were concluded.

Compoundsa-6d displayed CBX; values in the picomolar or low nanomolar range and
CB2 selectivity up to 429 fold over CB1.

Compound6d exhibited a remarkable anti-inflammatory effect iaga DSS-induced

acute colitis in mice model.



