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Highlights

1. New type of desmuramyl peptides having hydroplaf scaffolds were synthesized.

2. Their preparation involves an efficient 12 stepthgsis strategy.

3. They can effectively modulate the inflammatory sge of THP-1 cells.

4. High levels of TNFe. — a major proinflammatory cytokine — were released

5. Molecular docking studies indicate strong bindiod\OD2 receptor.
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Abstract

Nucleotide-binding oligomerization domain 2 (NOLO&)cytosolic surveillance receptor
of the innate immune system capable of recognittiegbacterial and viral infections. Muramyl
dipeptide (MDP) is the minimal immunoreactive upit murein. NOD2 perceives MDP as
pathogen-associated molecular pattern, therebgerriigg an immune response with undesirable
side-effects. Beneficial properties of MDP, such pas-inflammatory characteristics for the
rational design of new vaccine adjuvants, can badssed by strategically re-designing the
molecule. In this work, a new class of amphiphiiesmuramylpeptides (DMPs) were
synthesized by replacing the carbohydrate moietyr@mic acid) of the parent molecule with
hydrophilic arenes. A lipophilic chain was alsoraatuced at th€-terminus of dipeptide moiety
(alanine-isoglutamine), while conserving its L-Dnéiguration. These novel DMPs were found
to set off the release of higher levels of tumoecrosis factor alpha (TNé&) than Murabutide,
which is a well-known NOD2 agonist. Molecular dawfistudies indicate that all these DMPs
bind well to NOD2 receptor with similar dock scor@gsnding energy) through a number of
hydrogen bonding and hydrophobidhteractions with several crucial residues of theeptor.
More studies are needed to further assess theiuimamodulatory therapeutic potential, as well

as the possible involvement of NOD2 activation.

1. Introduction

The innate immune system is the first-line of de&emgainst pathogenic infections [1],
which involves the evolutionary defense strategy sentinel cells [2]. These cells are equipped
with numerous pattern recognition receptors (PR®RB)ch provide surveillance by sensing the
pathogen-associated molecular patterns (PAMPSs) AB].anti-pathogen signaling cascade is
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triggered upon PAMP detection, thereby alerting timnune system for an inflammatory
response [4]. Bacterial peptidoglycan (PGN) andalvinucleic acids are common PAMP
examples. Muramyl dipeptide (MDP) is the smalleGiNPfragment recognized by our immune
system via an intracellular NOD2 type PRR [5]. WHdDP actuates NOD2, a downstream
signaling pathway activates the B-transcriptional factor that results in the rekeas pro-
inflammatory cytokines, upregulation of adhesionlenales and nitric oxide (NO) secretion
[6,7].

Muramyl dipeptide (MDP, Figure 1) was first discos@ in the laboratory of E. Lederer at
Université Paris-Sud in France [8]. It is composéda dipeptide (L-alanine-D-isoglutamine)
attached to a carbohydrate moiel+dcetyl glucosamine) via lactic acid linker [9]. NDs a
potent immunostimulant due to its ability to indube production of various pro-inflammatory
cytokines [10]. Previous studies have shown thatgxposure to MDP enhances the immune
response to a later challenge [11]. Nevertheless, molecule induces many undesirable
pharmacological effects too, such as: endotoxicsiseation, induction of arthritis, bone
resorption, transitory leukopenia and pyrogenidit2]. Furthermore, poor cell membrane
penetration and rapid elimination limit MDP apptioa in clinical settings [13]. Interestingly,
minor modification in the basic structure of MDPteof leads to the separation of desirable
biological activities from unwanted side effectgl|.ATherefore, numerous structural variations
of MDP have been performed to provide new chemergities with improved therapeutic
potential, which can stimulate the immune defengairst infectious pathogens and express
immunomodulatory activity without harmful side efte [11].

Many hydrophilic MDP derivatives have therefore megynthesized, leading to the

discovery of several useful molecules, such as butide and Muramethide (Figure 1).
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Murabutide contains an aliphatic chain at the mipgnd of hydrophilic MDP. This molecule
was found to be non-pyrogenic and safe immunomaaiuld was also able to enhance the non-
specific resistance against microbial infectionshawut toxicity [15]. Besides, Nor-MDP and
Temurtide also reached the clinical developmengesta They lack pyrogenicity and interact

safely with the immune system [16].

o W O
OH Y
: I \/Ni

MDP: X = NH,, Y = OH
Muramethide: X = OCHj3, Y = NH,
Murabutide: X = O(CH,)3CHg3, Y = NH,»

Figure 1. Hydrosoluble MDP derivatives
Many lipophilic MDP analogs have also been devalobg the pharmaceutical industry
(Figure 2), such as Romurtide, Mifamurtide, and MJlWRolesterol [17,18]. Interestingly,
biological effects of some lipophilic derivativestend far beyond their immunomodulatory
properties. For example, MTP-PE (Mifamurtide) anagly developed by Novartis, is now being

used for osteosarcoma treatment [19].
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N

Mifamurtide: X = o~ o~~~ AN

Figure 2. Lipophilic MDP derivatives developed by the phaceatical industry
In clinical settings, MTP-PE was shown to have imomodulatory adjuvant properties in
humans [20]. Its prophylactic antiviral activity svaxplored against Influenza [21], HIV [22,23]
and Herpes Simplex [24] antigens. Other MDP dereat including the hydrosoluble ones,
were also investigated as vaccine adjuvant foritikdection of humoral and cellular immune
response. Table 1 lists the selection of the devies used in experimental vaccines against
human viruses. Overall results from the clinicablsg suggest that the lipophilicity could
potentially help these derivatives maintain thedjusant activity while minimizing the
pyrogenicity of parent MDP molecule.

Table 1. MDP derivatives used in Experimental Vaccines rgfaduman Viruses

MDP Derivative Vaccine / Virus Type

MTP-PE (Mifamurtide)  Influenza [21], HIV [22,23Herpes Simplex [24]
Threonyl-MDP Influenza [25], HIV [26], Hepatitis B7]

GMDP Influenza [28], HIV [29]

6-O-acyl MDP Influenza [30,31], Hepatitis B [30]

Murabutide Tetanus [32], Hepatitis B [33]
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MDP analogs containing different carbohydrate npietuch as galactose-, allose-,
mannose-, furanose- and xylose-containing moleocntre synthesized and evaluated too [34—
37]. Only D-glucofuranose-containing MDP was repdrto have better immunomodulatory
activity than the parent MDP molecule [36]. Thebadrydrate moiety in MDP is apparently not
crucial for the immunomodulatory activity by thigoe of compounds [11]. Many MDP analogs
lacking the carbohydrate fragment have shown saorsgdsting immunomodulatory properties.
These MDP analogs are commonly known as desmunaepyides (DMPSs) in the literature [37—
39]. One such example is O-(L-alanyl-D-isoglutarinalanyl)-glycerol-3-mycolate which can
stimulate the resistance to infection in mice, tesults being comparable to the parent MDP
[38]. Many DMPs have also shown significant antiatumpotency with remarkable
immunomodulatory properties [40]. Gang Liu and aorkers have done significant work in this
regard [18,41-43]. In one instance, they repladsel ¢arbohydrate moiety of MDP with

hydrophobic arenes to afford paclitaxel (T&jotonjugated DMPs [42,44]. These conjugates

combine the effects of immunotherapy and chemofhyerfor the cancer treatment [44].
Numerous other DMPs incorporating various molecslzaffolds to replace the carbohydrate
moiety have also been shown to display remarkabl@unomodulatory activity [45-52] and
promising antitumor effect [45,46].

Previously reported DMPs are mostly devoid of hpthibc character due to the
elimination of the carbohydrate fragment, and apephilic in nature. Lipophilicity is an
important variable which helps eliminate severablems associated with this type of
molecules, such as poor cell penetration and rapidination. Conversely, hydrophilicity is
another important parameter for the activation @D, which is located in the cytosolic

aqueous environment. Additionally, the literatutevey revealed that current protocols don't
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mention the synthesis of desmuramyl peptides haMuoghilic and hydrophilic characteristics
simultaneously.

Owing to limited efficacy of traditional immunomaddtory agents, the development of
non-toxic and multifunctional drugs having the #bito safely modify the immune response is
of vital importance [50]. In the design of new angttilic DMPs (Figure 3) as potential vaccine
adjuvants, we broke the molecule down to four fragte: 1) the dipeptide pharmacophore, 2)
the hydrophilic aryl amine moiety replacing thelmrydrate, 3) the lipophilic chain at the C-
terminus of the dipeptide, and 4) the linker betwvége aryl amine and the dipeptide. Firstly,
MDP recognition by the immune system is highly ebspecific with respect to the configuration
of the amino acid residues in the dipeptide mdj#fy53—-55]. Conserving L-D configuration of
dipeptide is therefore essential for the desigme# MDP mimics [56]. Secondly, interesting
biological activities can be obtained by adoptirejabced hydrophilicity/lipophilicity of the
molecule, with Murabutide (Figure 1) being a goadraple. The hydrophilicity of these DMPs
could be modulated via hydroxylatddalkyl group-containing aryl amine scaffelds (Fig8) to
replace the carbohydrate moiety of MDP. Thirdlynadest lipophilic chain was introduced at
the C-terminus of the dipeptide moiety to adjust theipilicity of these DMPs and assist their
penetration through the cell membrane and reachcyhesolic NOD2 recepters. Fourthly, a
glycolic acid linker was used in place of lactiedato couple these hydrophilic aryl amines with
the N-terminus of the dipeptide moiety, thereby elimingtthe chirality of the linker and
simplifying the structure of these DMPs. Althougietic acid chirality is known to influence the
stability as well as activity of MDP, nor-MDP ang®lacking this chirality is reported to have

comparable activity and lower toxicity [11].
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Figure 3. Structural components of amphiphilic desmuramyltiokes (-8).

Amphiphilic DMPs have not been explored yet. Heree report the synthesis of a group
amphiphilic DMPs { -8, Figure 3). The novel DMPs were examined for teffiects on ICAM-
1 (CD54) expression in THP-1 cells and the reledgaoinflammatory cytokine TNl These
amphiphilic DMPs demonstrated higher activity ine thnduction of TNFe in THP-1
macrophages than Murabutide which is a well-knowdO® agonist. Furthermore, molecular
docking studies indicate that all these DMPs birdD® receptor well with similar docking

scores (binding energy).

2. Results and Discussion

2.1. Syntheses

Amphiphilic DMPs were prepared by employing an et convergent synthetic
approach. The synthesis began with 3-nitrophekglaion (Scheme 1). Brieflyert-butyl 2-(3-
aminophenoxy)acetawas obtained by refluxing a mixture teft-butyl 2-bromoacetate and 3-
nitrophenol in acetone followed by catalytic hydeagtion of the nitro group via molecular

hydrogen (H) and 10% palladium on charcoal.[57] Then, mbdhatkylation of 9 was achieved
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168 by refluxing it with 2-bromoethanol or 3-bromo-lepanol in the presence of,N-

169  diisopropylethylamine (DIPEA) to afford mono-alkigal productd0or 11in good yield.Some
170  di-N-alkylated products were also formed in this precegth their yields being less than 10%.
171 CompoundlO was treated with sodium hydroxide (0.5 N) to dive free aci®0. Alternatively,
172 di-N-alkylated produc2l was obtained in high yield by refluxiri with an excess amount of
173 2-bromoethanol in the presence of DIPEA in acetidajtwhich was then hydrolysed to give
174  free-acid 22. Hydrophilicity modulation was achieved by reagtitO and 11 with acetic
175  anhydride, which afforded the less hydrophilic coompds12 and 13, respectively. Theert-

176  butyl ester hydrolysis gave free aci@l6 and 17. NMR spectra of these compounds reveal
177  duplication of signals, indicating the presencea afixture of stereocisomers or conformers in the
178  solution. Similarly, butyric acid reaction withO and 11 afforded 14 and 15, which upon

179  hydrolysis gave the free acid8 and19.

\©/ \H/ \ﬂ/ 12: R=CHz n=2
13:R=CH3,n=3

10: n=2 12-15 14:R=C3H7,n=2

11:n=3 15:R=C3H7,n=3

e
f g
16:R=CHs, n=2

o Uﬁok% o fj ), O oy IZOL N

19: R = C3H7, n=3
16 -19
180

181 Scheme 1a)tert-butyl 2-bromoacetate, KOs, (CHs).CO, reflux, 81%; b) Palladium on charcoah, H
182  94%; c) Br(CH),OH or Br(CH)s:OH, iPLNEt, GHsOH, reflux, 58% for n = 2, 41% for n = 3; d)
183  (CHiCO)0 or (GH,C0),0, CHOH, >99%:; e) Br(CH),OH, iPr,NEt, CH,CN, reflux, 71%; f-g) 0.5N

184 NaOH, dioxane, 66% fdk6, 65% forl7, >99% forl8-22

185
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In the second phase of the convergent synthesategyr, preparation of lipophilic
dipeptide moiety was achieved. Previously, we destrated the preparation oR)¢4-((9-2-
aminopropanamidoN-hexylpentanediamid23 in five steps [57]. The free ami®8 was then
coupled with20 using TBTU in conjugation withN-methylmorpholine in DMF to give mono-
alkylated DMP1 in 38 % yield (Scheme 2). Similarly, di-alkylat&&MP 2 was prepared by
reacting23 with acid22in 28 % yield. The cause of the poor yields was ttureactive hydroxyl
groups present in the building blockR® and 22 Owing to the poor yield encountered, an
alternative strategy was adopted (Scheme 2). Ammeddar mixture of free aci®0 or 22, N-

hydroxysuccinimide (NHS) and the free amiz@were stirred in DMF-THF mixture at TC.

Then, dicyclohexylcarbodiimide (DCC) was added. Neter containing intermediate of the
acid 0'22) was presumably generated by this new couplinghatgt which reacted more
favorably with the amine group than the hydroxydugs, resulting in higher yields far2 (58

% and 51 %).

Ol T D)
H H
HO\/\N O/\H/N\.)I\NI/\'(N
O _NH ® H : H
o 2 © o} o}
HZN\)]\NI/\’(H ao‘ 1
200 0S
23 o

- o Oy
HO\)N O/\[ol/ P 0
2

Scheme 2a) TBTU, N-methylmorpholine, DMF, 38%; b) NHS, THF/DMF (3:2)CC, 0 °C to rt, 58%;
¢) TBTU, N-methylmorpholine, DMF, 28%; d) NHS, THF/DMF (3:)CC, 0 °C to rt, 51%.
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Similarly, an equimolar mixture of the free adi@—19 N-hydroxysuccinimide (NHS), the free

amine 23, and dicyclohexylcarbodiimide (DCC) were stirred DMF-THF mixture at °C to

afford 3 and4 and7 and8 in decent yield (Scheme 3).

Ay e s O MIA(Q

3
7:

(0]
R= C3H7
R = C3H7

2 CH3 =
3 =

R= 2,
R=CHg 8:n=3,

Scheme 3a) NHS, THF/DMF (3:2), DCC, 0 °C to rt, 45% 8r49% for4, 51% for7, and 48% foB.
Previously, we reported the synthesi$a@nd6 using the same method (NHS/DCC coupling) to
give 53% and 48% vyield, respectively [57]. THeacylated target molecule8, @, 7, and8) can
also be readily prepared from compouddsnd5. Thus, treatment dl/5 with acetic anhydride

or butyric anhydride afforded DMB4 and7-8 in quantitative yields (Scheme 4).

(o) NH
o Oy o 2
SN § —L e PN i
N N
Hohy oYY N HO™ oYY N
o * 0 R/J\ o = °

1:n=2,5:n=3 3
7.

Scheme 4a) (CHCO)0 or (GH,CO)0, CHOH, rt, >99%.

'H NMR studies of all compounds-8 display geminal proton-proton couplingsi{) due to
methylenoxy (OCH) protons of glycolic linker. This type of couplingually appears as doublet
pair if there are chiral centers in the moleculen@®al coupling constant strongly depends on
H-C—H bonds angle [58], and its value ranges from O(fdez 125° angle) to 32 Hz (for 100°
angle). For DMP4-38, protons of the linker (OCHl are diastereotopic in nature which emerge

as doublet pair at around 4.45 ppm, withvalue being 15 Hz in all caseBigure 4s—10%
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Moreover, primary amide protons (NHf the D-iso-GIn residue) in compounds8 are not
identical, since both protons appear as two siagt 7.07 ppm and aé 7.31 ppm due to
prohibited amide bond rotation, thereby confirmiihg existence of intramolecular hydrogen

bonding between glycolic carbonyl ametarboxamide proton of D-iso-GlIn [59].

2.2. Biological Studies

Innate immune cells contain specialized sensorsh sas PRRs, to detect microbial
pathogens [3]. These sensors are expressed eitheelb surface in the form of Toll-like
receptors (TLRs) or in the endosome e.g. NOD-likeeptors (NLRs), which identify the
harmful bacteria and viruses via PAMPs [60]. Up&tognition, PRRs prompt a signaling
cascade setting off innate immune responses, imgueh increase in surface expression of the
adhesion molecule ICAM-1 and pro-inflammatory cytekrelease [4]. Although synergism of
many NOD2 agonists, such as MDP or MDP-C with LR& been extensively reported in
recent years, a crosstalk between DMPs and LPBeimetgulation of ICAM-1 has hardly been
explored [57,61,62]. Therefore, amphiphilic desmuybpeptides were examined in combination
with LPS for the induction of ICAM-1 in monocyticHIP-1 cells. In the wake of preliminary
results from DMF5 and6 [57], immunostimulatory prospects of the remaincoegnpounds were
further evaluated in THP-1 macrophages. The result® then compared with the effect of a
well-known NOD2 agonist — murabutide.

In the first round of experiments, 20 uM concatitm of murabutide or each compound
was employed to stimulate monocytic THP-1 cellsZtrhours. However, ICAM-1 expression
levels were significantly low (Supporting informati, Figure 1s). Previously, MDP synergism

with LPS has been reported [62]. In our experimeatsplification of lipopolysaccharide-
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255

induced ICAM-1 in THP-1 monocytes was also obserygdamphiphilic desmuramyl peptides
1-8 (Figure 2s—-3s and Table 2s). Previously, 64% upatign of ICAM-1 was observed at 16
UM concentration of compoun@lwith LPS [57]. From the preliminary data, it wasdent that
compoundb could enhance the lipopolysaccharide-induced ICAEkpression more effectively
than other DMPs (Figure 3s). Further experimentsewdone with the macrophages, since
monocytic THP-1 cells are weakly responsive to ithenunostimulatory signals. 20 ng/ml of
PMA (Phorbol 12-myristate-13-acetate) was usechBuee the sufficient differentiation of THP-
1 monocytes into macrophages. When 20 uM of eaghgaiilic DMPs1-8was incubated with
differentiated THP-1 macrophages, the analysisGAM-1 expression indicated the highest
mean fluorescence intensity of 905.38 under thecef®f8, compared to a value of 602.95 for
untreated cells (Figure 5). Cells treated with routele demonstrated the average value of
1436.05, which means that compouridsS induced lower level of ICAM-1 expression than
murabutide.
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Figure 4. Cell surface expression of ICAM-1 in THP-1 macragés treated with 20 uM of murabutide,
or amphiphilic desmuramyl peptidds8. FACS analysis (Flow cytometry) was employed f6AM-1
measurements. The results of 3 separate experimenghown as mean fluorescence intensity + stendar
error mean (SEM). The one-way ANOVA was used fatistical analysis, whereas)(p < 0.05, andx)

p < 0.01 in comparison with murabutide treated cells

Previously, we demonstrated the strong effed oh LPS-stimulated macrophages with higher
ICAM-1 expression level than one induced by thelskrbwn NOD2 agonist, murabutide [57].
In those experiments, 20 ng/mL of PMA was used ifeeréntiate the monocytes, and the
resulting macrophages were treated with differemicentrations 06 prior to LPS stimulation.
Then, the stimulation with 8 pM concentration6ofaised the overall expression of intracellular
adhesion molecule 1 by 33 % as compared to LPStoedyed cells. This value was higher than
that observed foB alone. Interestingly, similar ICAM-1 upregulatiaras also found in the case
of murabutide, but it was less evident than thageobed for6 at 8 uM [57]. When lower
concentrations<{ 4 uM) of 6 were used to pre-treat the macrophages, no significhange in
ICAM-1 expression level was observed. However,ighér concentrations>(16 puM) of6, the
down regulation of ICAM-1 occurred. The express@nlCAM-1 is mediated by the NkB
transcriptional factor, and various inflammatorydiaors such as TNE; y-IFN and bacterial
LPS [63]. Hence, the observed ICAM-1 upregulatian be attributed to the lipophilic chain in
6, which enables its intracellular presence to pidesn LPS action via nuclear transcription
factor mediated cytokines. It was therefore esaktdiquantify the pro-inflammatory cytokines

released by the compountis3 potentially mediated by the cytosolic NOD2 recepto

When an agonistic ligand binds to its receptor -ipflammatory cytokines, nitric oxide and
immunomodulating mediators are released [64]. Arfeetious activity is generally mediated by

a pro-inflammatory cytokin@iz. tumour necrosis factor (TNé&). In vitro studies suggest that
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numerous muropeptides induce TMFproduction in myeloid-derived cells and human
monocytes. For example, Booesal. reported TNFe gene expression in human monocytic cell
lines by employing muramyl tripeptides [65]. Sinifa desmuramyl peptides and tuftsin/retro-
tuftsin containing nor-MDP derivatives were ablestonulate the secretion of TNEFin PBMCs
and lymphocytes [66]. Therefore, we decided to masTNFea production in THP-1
macrophages to assess the immunostimulatory paltewitiamphiphilic DMPs 1-8). These
compounds were able to induce significant levelsThifF-a. Maximum response level was
observed at 1aM concentration (Figure 6). This response decreasefirther increase in the
concentration of the agonist. For example, 2-hygetixyl containing amphiphilic DMP&-4
used at a concentration of 18/ induced TNFe release of 3226 + 297 pg/mL, 3111 + 24
pg/mL, 3342 + 91 pg/mL and 2806 + 146 pg/mL, resipety. These values are considerably
higher than those induced by 15 puM murabutide (269271 pg/mL). Similarly, at 15 uM
concentration, 3-hydroxypropyl containing amphighDMPs 5-8 demonstrate average TNi-
release values of 3622 + 371 pg/mL, 3306 = 231 hg/A®02 = 335 pg/mL and 3105 + 400
pg/mL respectively, which were higher than thoseeobked for all 2-hydroxyethyl containing
DMPs except3. Interestingly, higher concentrations of amphiphDMPs (e.g. 30uM)
dampened the release of TNR¥Figure 6). In the previous experiments, low valwé LPS-
induced ICAM-1 expression were observed at highmrcentrations of amphiphilic DMB,
although no indication of cell deaths was found].[3igher doses of MDP have also been
reported to show a similar effect [67]. Furthervivo studies are required to comprehend the
mechanistic details of the immunomodulatory agfivity amphiphilic DMPs and their

therapeutic potential.
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Figure 5. TNF-a release in macrophages stimulated by DMRs3)( PMA concentration of 20ng/mL
was used to differentiate monocytes into macrophabjeen for the next 24 hours, stimulation was done
with 1, 15, 30 uM of each DMP. Enzyme-linked immsoibent assay (ELISA) was used to estimate
TNF-a in the supernatant. Two separate experiments wsge to express the results £ SEM. One-way
ANOVA was used to find the statistically signifi¢adifferences, whereas)(p < 0.05, ¢*) p < 0.01 vs

15 uM murabutide treated cells.

2.3. Computational Studies

To get deeper insights into the structural requeetm of amphiphilic
desmuramylpeptides (DMPs), molecular docking studyg performed using Nucleotide-Binding
Oligomerization Domain-Containing Protein 2 recedtéOD2). The crystal structure of human
NOD2 has not been reported yet. Therefore, homolaggelling was carried out by using a
web-server, SWISS-MODEL [68]. For the identificatioof template structure, an NCBI
protein-Blast search [69] was performed againspainireference sequence: Q9HC29. The

BLAST search identified rabbiOfyctolague cuniculus) NOD2 protein (PDB ID: 5IRN) [70] as
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the best match for human NOD2 which shares 86%tiiglemith the target protein (Figure 9s).
The quality of the model was assessed to confirh Was suitable for performing further
studies. For this purpose, online quality evaluatiools, such as ERRAT, PROCHECK and
Verify-3D [71] were used (Figure 4s). The plot slealithe overall refinement of the modelled
structures as most of the residues were presetitencore region while only one outlier
GIn968 is found which is far from the active siBiperimposition of homology model with the
template is illustrated in Figure 7A. The calcutht®ot means square deviation (RMSD) of

NOD2 model against 5IRN is 0.676 A.
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331

Table 2.Binding energy score of DMP4~8) and their interactions with the residues of NOB@eptor

DMP | Dock Score Hydrogen bondin Hydrophobic# interaction
(Kcal/mol)

1 -7.95 Gly879 witha-carboxamide |Aryl group of Trp931 withN-hexyl chain
of D-iso-GIn Aryl group of Trp907 with (CH), of D-iso-GlIn
Gly905 witha-carboxamide|cationr interaction between Arg823 and N-aryl ring
of D-iso-GIn

2 -7.92 Arg823 with aryl amine  |Aryl group of Phe903 wittN-hexyl chain
Arg877 witha-carboxamide/Aryl group of Trp907 with methyl of L-Ala
of D-iso-GIn

3 -7.52 Arg823 witha-carboxamide |Aryl group of Arg877 withN-hexyl chain
of D-iso-GIn Aryl group of Phe851 with (C), of D-iso-GIn
Ser991 with acetyl group  |ary| group of Trp907 with (Ch), of D-iso-GlIn

4 -7.94 Arg823 with amide o Aryl group of Tyr799 withN-hexyl chain
glycolic linker Aryl group of Phe851 with methyl of L-Ala
Asn880 with butyryl group |ajkyl chain of Lys271 withN-aryl ring

5 -7.42 Gly879 witha-carboxamide |Alkyl chain of Lys271 withN-hexyl chain
of D-iso-Gln Aryl group of Trp931 with methyl of L-Ala
Gly905 witha-carboxamide
of D-iso-GIn
Glu959 with aryl amine

6 -7.83 Arg877 withN-hexyl chain | Aryl group of Trp931 withN-hexyl chain
Asn880 with hydroxy ethyl |Aryl group of Trp907 with methyl of L-Ala
group

7 -7.77 Glu959 with amide o Aryl group of Phe851 witiN-hexyl chain
glycolic linker Aryl group of Trp907 with (CH), of D-iso-GIn
Irzlg?’l with the amide of Ak chain of Lys986 with methyl of acetyl group

-Ala
8 -7.96 Arg877 with the amide of |Aryl group of Trp931 withiN-hexyl chain

L-Ala
Trp907 with butyryl group

Lys989 with hydroxy propy
group

n - 7 Interaction between Phe851 axryl ring

Page
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Figure 6. (A) Superimposition of crystal structure (browmjdamodeled structure (blue); (B) Surface
representation of the NOD2-LRR domain with compoungin blue) showing the concave binding
pocket.

The docking results indicate that all DMPis§) bind well to NOD2 receptor, with their dock scere
(binding energy) ranging from -7.96 to -7.42 kcallmAlthough these compounds show similar dock
scores, they display different binding modes thhouy number of hydrophilic and hydrophobic
interactions with the crucial residues in the bigdsite of the receptor (Table 2, Figure 8). Theonity

of hydrogen bond interactions were observed betwedda-D-iso-GIn residue of DMPs and the
surrounding amino acids of NOD2 binding pocket,shhineans that this dipeptide moiety is essential fo
the activity of1-8 Thea-carboxamide group of D-iso-GIn in compouhd?, 3 and5 was implicated in
H-bonding with the residues Gly823, Gly879 and ®k9In contrast, L-alanine in compouidand 8
formed H-bonding with Arg877 and Trp931 residudse TCHCH,- moiety of D-iso-GlIn in the dipeptide
was also involved in hydrophobitinteractions with Phe851 and Trp907 in compolind and?, while
the methyl group of L-Ala ir2 and4—6interacted with Phe851, Trp907 and Trp931. Hydilaparene in
compound2 and5 was found interacting with Arg823 and GIlu959 viebbhding. The aryl amine i
established the catiom-interaction with Arg823 in NOD2 binding pocket. rehermore, hydrophobic
interactions involving the lipophilitl-hexyl chain were observed in all DMP moleculésgj. The hexyl

chain in compound interacted with the lipophilic alkyl chain of Ly&2 while in all other compounds
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366

the hexyl chain was interacting with an aromatigrof several Phe, Trp, and Arg residues. Intarghti
besides the catiomn-interaction mentioned above for compouchydrophobidft interactions involving
the aryl ring of the DMPs were only found in compda4 and8, both of which bearing a butyryl group

on the nitrogen atom of the aryl amine.

Taken together, the results of docking studies ssigthat all DMPs 1 — 8) bind into the concave

hydrophobic cavity of NOD2-LRR domain and interagth the crucial residues of the NOD2. In the
cavity, they adopt different conformations due heit hydroxyalkyl and the lipophilic chains, which
consequently leads to their different modes ofrattton with the receptor. Overall, docking results
provide structural insight into the binding mode rm#wly synthesized DMPs, which highlights the
importance of the dipeptide moiety (L-Ala-D-iso-Glim conjugation with other structural elements
including the alkyl amide chain, the aryl amine grpthe hydroxylalkyl group, and the N-acyl group.
These findings will be useful for designing new DdARith higher binding affinity to the NOD2 receptor

ultimately leading towards improved biological aittes.
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/ .
S) Glu959 Asn880 6)

368

369  Figure 7. Molecular docking of DMPs1(8). The stick model of different colors shows thenpounds,
370  and the key amino acid residues of NOD2 receptaurad compounds have been displayed in grey stick
371  model.
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3. Conclusion

In summary, new class of desmuramyl peptides coingihydrophilic arene moiety and
lipophilic chain were prepared. These compoundsewprimarily assessedn vitro by
investigating their synergistic effect on LPS-inddcexpression of surface glycoproteirz.
ICAM-1 (CD54). In addition, pro-inflammatory cytole (TNFe) release in THP-1
macrophages was measured. The novel compoundsfouareé to upregulate the expression of
LPS-induced ICAM-1 (CD54), and could trigger thdeese of higher TNfe- levels than
murabutide. The overall similitude in the immunpgilatory activity of the amphiphilic DMPs
and murabutide is remarkable, especially when tasrduge structural differences among them.
In silico studies also revealed that all the ligands intethwith crucial residues of NOD2-LRR
binding domainAdditional work is needed to demonstrate whethes¢hcompounds reveal the
immunomodulatory effect via NOD2 receptor activatidrheir immunomodulating potential
needs further assessment through the profilingtieérocytokines in different immune cells
vivo studies may be ensued to investigate the therapgotential of the amphiphilic DMPs as

immunomodulatory/immunostimulatory agents.
4. Experimental Section

4.1. Reagents and instruments

Most of the chemicals, obtained from Sigma-Aldridherck KGaA), were used without further
purifications. Analytical grade solvents were enygld, and the air-sensitive compounds were
handled using the standard Schlenk techniques. dtidee was obtained from Sigma-Aldrich,
and LPSE. coli 0111:B4 was purchased from InvivoGen, San Diegb, @MSO was used to

dissolve the synthetic DMPs followed by their wateconstitution and storage at -20 °C.NMR

Page 23 of 47



394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

spectra were recorded with BruReAvance (400 MHz) and on a VarfarUnity Inova (500

MHz) spectrometer in deuterated solvents.
4.2. Syntheses procedures and structure characteation

For the cleavage ofert-Butoxycarbonyl group, ice-cooled dichloromethamduon of Boc
containing compound was treated with trifluoroacetcid (TFA). Stirring was continued until
consumption of all the starting material which veasfirmed via TLC monitoring. The solution
was then concentratad vacuo followed by its neutralization with an aqueous 10f&4HCQ;
solution. Subsequent solvent removal gave the gouoiduct. Whenever the desired product was
an amine salt, the TFA containing solvent was ekatpd in vacuo. Then methanol co-
evaporation was then used to eliminate the resid&r@ and get the product quantitatively.
Similarly, ester hydrolysis a0 — 15and 21 was done by dropwise addition of aqueous NaOH
(0.5 N, 2 ml) to an ice-cooled solution of dioxaf®& mL) containing the above-mentioned
compounds. Hydrolysis was monitored with TLC ugthsumption of all the starting material.
The reaction mixture was subsequently neutralizéth wilute HCI (0.5 N) and the solvent
removed under reduced pressure. Absolute etharkewgloyed to filter off the salt. Procedure
for the synthesis of compounds 6, 9, 11, 21, 23 25 and 26 can be traced back from our

previously published work [57].

4.2.1. (R)-N'-hexyl-4-((S)-2-(2-(3-((2-hydroxyethyl Jamino)phenoxy)acetamido)

propanamido)pentanediamide (1)

A mixture of DMF (3 mL) and3 (0.1 g, 0.33 mmol) was added to TBTU (0.12 g, h860l),
N-methylmorpholine (0.11 ml, 1.0 mmol) a0 (0.07 g, 0.33 mmol) containing DMF solution

(5 mL). After vigorous stirring (18 h, room tempena), the solvent was removatdvacuo. Air-
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sensitivel (0.062 g, 38 %) was obtained as white powder #fieresidue purification over flash
silica column (Chloroform/Methanol, 5:1). Alternatly, DMF (2 mL) solution o020 (0.07 g,
0.33 mmol) was mixed to an ice-cooled THF (3 mUjtaining 1-hydroxypyrrolidine-2,5-dione
(0.04 g, 0.33 mmol) an@3 (0.1 g, 0.33 mmol). This was followed by the aiddt of
dicyclohexylcarbodiimide (0.07 g, 0.33 mmol). Ovght stirring at room temperature resulted
in dicyclohexyl urea precipitates. After filtratiothe solvents were removéad vacuo. Residue
thus obtained was purified over flash silica colug@hloroform/Methanol, 5:1), which afforded
air-sensitivel (0.095 g, 58 %) as white powder; 0.42;'H NMR (500 MHz, (CR):SO): &
0.84 (t, 3H, J = 7 Hz, C}€H,), 1.21 (m, 6H, CH(CH,)3), 1.24 (d, 3H, J = 7 Hz, CHGM 1.34
(quint, 2H, J = 8 Hz, CHCH,)sCH,), 1.68 (m, 1H, CHCHH), 1.92 (m, 1H, CHCHH), 2.05 (
2H, J = 7 Hz, CHCHKCH,), 2.98 (m, 2H, CONHCH), 3.04 (g, 2H, J = 6 Hz, G®H), 3.52 (q,
2H, J = 6 Hz, NHCKCH,OH), 4.10 (td, 1H, J = 5, 8 Hz, _CHGK 4.35 (quint., 1H, J = 7 Hz,
CHCHg), 4.40 (dd, 2H, J = 15 Hz, OGH 4.68 (t, 1H, J = 5 Hz, OH), 5.54 (t, 1H, J = 5,H
NHCH,CH,CH,OH), 6.10 (d, 1H, J = 8 Hz, OCCHCHCH), 6.15 (s, G&HC), 6.20 (d, 1H, J =
2, 8 Hz, OCCHCHCH), 6.94 (t, 1H, J = 8 Hz, OCCHCHCR.08 (s, 1H, Nb), 7.31 (s, 1H,
NH,), 7.77 (t, 1H, J = 5 Hz, CONHG} 8.07 (d, 1H, J = 7 Hz, GEHNH), 8.22 (d, 1H, J = 8
Hz, CHNHCO)."*C NMR (125 MHz, (CR),S0): & 13.98 (CHCH,), 18.39 (CHCH), 22.11
(CH,CHs), 26.13 (CH), 27.70 (CH), 29.10 (CH), 31.05 (CH), 31.81 (CH), 38.53 (NCH),
45.55 (NHCH), 48.16 (CHCH), 52.23 (CHCH), 59.61 (CHOH), 66.66 (OCH), 98.36
(CHCHCH), 101.61 (CHCHCH), 106.05 (CCHC), 129.64HEHCH), 150.35 (NCCH), 158.83
(NCCHC), 167.73 (CECHC=0), 171.33 (ChC=0), 171.95 (OCLC=0), 173.30 (NHC=0);

MALDI-TOF (m/z) Calcd for GsH3gNsOs [M+Na]*: 516.2798, found: 516.2229.
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422. (R)-4-((9-2-(2-(3-(bis(2-hydroxyethyl)amino)phenoxy)acetamido) propanamido)-N'-

hexyl pentanediamide (2)

A mixture of DMF (3 mL) and3 (0.1 g, 0.33 mmol) was added to TBTU (0.12 g, Gr860l),
N-methylmorpholine (0.11 ml, 1.0 mmol) ag@ (0.08 g, 0.33 mmol) containing DMF solution
(5 mL). After vigorous stirring (18 h, RT), the seht was removeth vacuo. Air-sensitive2
(0.052 g, 28 %) was obtained as white powder dfterresidue purification over flash silica
column (Chloroform/Methanol, 5:1). Alternatively,MF (2 mL) solution of22 (0.08 g, 0.33
mmol) was mixed to an ice-cooled THF (3 mL) contagnl-hydroxypyrrolidine-2,5-dione (0.04
g, 0.33 mmol) and23 (0.1 g, 0.33 mmol). This was followed by the auudit of
dicyclohexylcarbodiimide (0.07 g, 0.33 mmol). Ovght stirring at room temperature resulted
in dicyclohexyl urea precipitates. After filtratiothe solvents were removéd vacuo. Residue
thus obtained was purified over flash silica coluf@hloroform/Methanol, 5:1), which afforded
an air-sensitive compouri(0.091 g, 51 %) as white powder; ®0.37;'H NMR (500 MHz,
(CD3),S0):8 0.84 (t, 3H, J = 7 Hz, Ci€H,), 1.22 (m, 6H, CKH(CH,)s), 1.24 (d, 3H, J = 7 Hz,
CHCH), 1.33 (quint, 2H, J = 8 Hz, GKCH,)sCHy), 1.69 (m, 1H, CHCHH), 1.93 (m, 1H,
CHCHH), 2.06 (t, 2H, J = 7 Hz, CHGBH,), 2.98 (m, 2H, NHCH), 3.37 (m, 4H, ChOH),
3.50 (g, 4H, J = 6 Hz, NG 4.10 (td, 1H, J = 5, 9 Hz, CHGH 4.35 (quint., 1H, J = 7 Hz,
CHCHy), 4.43 (d, 2H, J = 15 Hz, OGH 4.73 (t, 2H, J = 5 Hz, OH), 6.15 (d, 1H, J = 8 H
OCCHCHCH), 6.23 (s, 1H, J = 2 Hz, CCHC), 6.29 (d, 1 = 8 Hz, OCCHCHCH), 7.01 (t, 1H,
J = 8 Hz, OCCHCHCH), 7.06 (s, 1H, MH 7.29 (s, 1H, NH), 7.75 (t, 1H, J = 5 Hz,
CONHCH), 8.09 (d, 1H, J = 7 Hz, CHNH), 8.21 (d, 1H, J #8, CHNH). *C NMR (125
MHz, (CD5),SO): 5 14.39 (CHCH,), 18.79 (CHCH), 22.51 (CHCH3), 26.55 (CH), 28.13

(CHy), 29.52 (CH), 31.46 (CH), 32.25 (CH), 38.97 (NCH), 48.64 (CHCH), 52.68 (CHCH),
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53.78 (NHCH), 58.60 (CHOH), 67.23 (OCH), 98.77 (CHCHCH), 101.52 (CHCHCH), 105.54
(CCHC), 130.22 (CHCHCH), 149.76 (NCCH), 159.42 (N@T), 168.17 (CHCHC=0), 171.76
(CH,C=0), 172.38 (OCHC=0), 173.70 (NHC=0); MALDI-TOF (m/2) Calcd for GgHasNsO;

[M+Na]*: 560.3060, found: 560.2590.

4.2.3. (R)-N*-hexyl-4-((9-2-(2-(3-(N-(2-hydroxyethyl)acetami do)phenoxy)acetamido)

propanamido)pentanediamide (3)

DMF (2 mL) solution of16 (0.08 g, 0.33 mmol) was mixed to an ice-cooled TE3FmL)
containing 1-hydroxypyrrolidine-2,5-dione (0.040333 mmol) an®3 (0.1 g, 0.33 mmol). This
was followed by the addition of dicyclohexylcarbiodide (0.07 g, 0.33 mmol). Overnight
stirring at room temperature resulted in dicyclofienrea precipitates. After filtration, the
solvents were removeith vacuo. Residue thus obtained was purified over flasicasitolumn
(Chloroform/Methanol, 5:1), which afforded an agmsitive compoun@ (0.08 g, 45 %) as white
powder. Alternatively, methanol (5 mL) containithd0.05 g, 0.1 mmol) was stirred with acetic
anhydride (0.01 ml, 0.1 mmol) at room temperatuigich afforded3 in quantitative yield: R=
0.40; 'H NMR (500 MHz, (CR),SO): & 0.81 (t, 3H, J = 7 Hz, Ci€H,), 1.19 (m, 6H,
CHa(CHy)s), 1.23 (d, 3H, J = 7 Hz, CHGM 1.32 (m, 2H, CH(CH,)sCHy), 1.66-1.70 (m, 4H,
CHCHH, CHCO), 1.90 (m, 1H, CHCHH), 2.05 (t, 2H, J = 7 Hz, CHCH,), 2.96 (m, 2H,
CONHCH,), 3.41 (m, 4H, CKOH, NHCH,CH,OH), 4.07 (td, 1H, J = 5, 8 Hz, _CHGK 4.31
(quint., 1H, J = 7 Hz, CHC#), 4.54 (dd, 2H, J = 15 Hz, OGH 4.78 (s, 1H, OH), 6.89-6.99 (m,
3H, CHy), 7.07 (s, 1H, Nb), 7.33 (s, 1H, Nb), 7.36 (m, 1H, Ck}), 7.82 (t, 1H, J = 5 Hz,
NHCH,), 8.25 (t, 2H, J = 8 Hz, CHNH}’C NMR (125 MHz, (CR),SO): § 14.31 (CHCH,),

18.54 (CHCH), 22.43 (CHCHy), 22.87 (CH), 26.45 (CH), 27.98 (CH), 29.37 (CHCO),

Page 27 of 47



483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

31.37 (CH), 32.18 (CH), 38.97 (NCH), 48.74 (CHCH), 51.15 (CHCH), 52.67 (CHOH),
58.34 (NCH), 67.18 (OCH), 114.38 (CHCHCH), 115.03 (CHCHCH), 121.32 (CCHE30.70
(CHCHCH), 144.72 (NCCH), 158.68 (NCCHC), 167.89 (CHC=0), 170.04 (ChC=0),
172.02 (OCHC=0), 172.46 (CHC=0), 173.88 (NHC=0); MALDI-TOF (W2 Calcd for

CagHaNsO7 [M+Na]*: 558.2904, found: 558.2421.

4.2.4. (R)-N-hexyl-4-((S)-2-(2-(3-(N-(2-hydroxyethyl butyr ami do) phenoxy)acetamido)

propanamido) pentanediamide (4)

DMF (2 mL) solution of18 (0.09 g, 0.33 mmol) was mixed to an ice-cooled TE3FmL)
containing 1-hydroxypyrrolidine-2,5-dione, (0.040333 mmol) an®3 (0.1 g, 0.33 mmol). This
was followed by the addition of dicyclohexylcarbiodide (0.07 g, 0.33 mmol). Overnight
stirring at room temperature resulted in dicyclofienrea precipitates. After filtration, the
solvents were removeith vacuo. Residue thus obtained was purified over flasicasitolumn
(Chloroform/Methanol, 5:1), which afforded an agmsitive compoundt (0.092 g, 49 %) as
white powder. Alternatively, methanol (5 mL) comiaig 1 (0.05 g, 0.1 mmol) was stirred with
butyric anhydride (0.017 ml, 0.1 mmol) at room temgiure, which afforded in quantitative
yield: R = 0.38;*H NMR (500 MHz, (CR),SO):5 0.76 (t, 3H, J = 6 Hz, C}fiCH,),CO), 0.84
(t, 3H, J = 7 Hz, CKCH,), 1.24 (m, 8H, CH{CH,)4), 1.26 (d, 3H, J = 7 Hz, CHG} 1.35 (m,
2H, CHy(CH)sCHy), 1.45 (m, 2H, CHCH,CH,CO), 1.72 (m, 1H, CHCHH), 1.96 (m, 1H,
CHCHH), 2.07 (t, 2H, J = 7 Hz, CHGBH,), 3.00 (m, 2H, CONHC}), 3.44 (g, 2H, J = 6 Hz,
CH,OH), 3.65 (t, 2H, J = 6 Hz, NHGEH,OH), 4.13 (td, 1H, J = 5, 8 Hz, _CHGH 4.37
(quint., 1H, J = 7 Hz, CHC#), 4.57 (dd, 2H, J = 15 Hz, OGH 4.74 (s, 1H, OH), 6.89-6.97 (m,

3H, CHy), 7.07 (s, 1H, N), 7.33 (s, 1H, Nk}, 7.35 (t, 1H, J = 3 Hz, C4)), 7.82 (t, 1H, J =5
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Hz, NHCHy), 8.26 (t, 2H, J = 8 Hz, CHNH)’*C NMR (125 MHz, (CBR),SO): § 13.78
(CH3(CH,)2CO), 14.07 (CH(CH,)sNH), 18.37 (CHCH), 22.19 (CHCHy), 26.21 (CH), 27.76
(CHy), 29.15 (CH), 31.12 (CH), 31.88 (CH), 35.67 (CH), 38.65 (NCH), 48.38 (CHCH),
50.97 (CHCH), 52.34 (CH), 58.08 (CHOH), 66.89 (OCH), 107.23 (NHCH), 114.07
(CHCHCH), 114.98 (CHCHCH), 121.30 (CCHC), 130.3%HEHCH), 144.08 (NCCH), 158.44
(NCCHC), 167.47 (CBCHC=0), 169.52 (CHCH,).C=0), 171.57 (ChLC=0), 172.08
(OCH,C=0), 173.47 (NHC=0); MALDI-TOF (/) Calcd for GgHasNsO; [M+Na]*: 586.3217,

found: 586.2845.

4.25. (R)-N-hexyl-4-((S-2-(2-(3-(N-(3-hydroxypropyl)acetamido)phenoxy)acetamido)

propanamido) pentanediamide (7)

DMF (2 mL) solution of17 (0.09 g, 0.33 mmol) was mixed to an ice-cooled T{3FmL)
containing 1-hydroxypyrrolidine-2,5-dione (0.040333 mmol) an®3 (0.1 g, 0.33 mmol). This
was followed by the addition of dicyclohexylcarbiodide (0.07 g, 0.33 mmol). Overnight
stirring at room temperature resulted in dicyclofienrea precipitates. After filtration, the
solvents were removeith vacuo. Residue thus obtained was purified over flasizasitolumn
(Chloroform/Methanol, 10:1), which gave an air-séws compound? (0.093 g, 51 %) as white
powder. Alternatively, methanol (5 mL) containi#d0.05 g, 0.1 mmol) was stirred with acetic
anhydride (0.01 ml, 0.1 mmol) at room temperatutgich afforded7 in quantitative yield: R=
0.20; 'H NMR (500 MHz, (CR),SO): 5 0.86 (t, 3H, J = 7 Hz, Ci€H,), 1.24 (m, 6H,
CHs(CHy)s), 1.26 (d, 3H, J = 7 Hz, CHG} 1.35 (quint., 2H, J = 7 Hz, GKCH,)sCH,), 1.53
(quint, 2H, J = 7 Hz, CBCH,OH), 1.67-1.72 (m, 4H, CHCHH, G80), 1.90 (td, 1H, J = 7, 13

Hz, CHCHH), 2.05 (t, 2H, J = 7 Hz, CHGEH,), 2.96 (m, 2H, CONHCB}, 3.63 (t, 2H, J = 7
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542

543
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548

Hz, CHOH), 4.10 (td, 1H, J = 5, 8 Hz, CHG}I4.35 (quint., 1H, J = 7 Hz, CHGH 4.39 (s,
1H, OH), 4.54 (dd, 2H, J = 15 Hz, OQH6.87-6.94 (m, 3H, CH), 7.07 (s, 1H, Nk), 7.28 (s,
1H, NHp), 7.35 (t, 1H, J = 8 Hz, G4, 7.77 (t, 1H, J = 5 Hz, NHCHi 8.21 (t, 2H, J = 8 Hz,
CHNH). 3C NMR (125 MHz, (CR3),SO):8 13.93 (CHCH,), 18.29 (CHCH), 22.05 (CHCH),
22.48 (CH), 26.09 (CH), 27.69 (CH), 29.05 (CHCO), 30.74 (Chj), 30.99 (CH), 31.76 (CH),
38.50 (NCH), 42.36 (CHCH), 48.21 (CHCH), 52.17 (CHOH), 58.43 (NCH), 66.84 (OCHj),
113.97 (CHCHCH), 114.62 (CHCHCH), 120.88 (CCHC)0.B3 (CHCHCH), 144.00 (NCCH),
158.41 (NCCHC), 167.27 (QHC=0), 168.89 (ChLC=0), 171.33 (OChLC=0), 171.88
(CHsC=0), 173.25 (NIC=0); MALDI-TOF (mz) Calcd for G/HgNsO; [M+Na]*: 572.3060,

found: 572.2366.

4.2.6. (R)-N-hexyl-4-((9-2-(2-(3-(N-(3-hydroxypropyl)butyramido)phenoxy)acetamido)

propanamido)pentanediamide (8)

DMF (2 mL) solution of19 (0.1 g, 0.33 mmol) was mixed to an ice-cooled THEFn{L)
containing 1-hydroxypyrrolidine-2,5-dione, (0.040333 mmol) an®3 (0.1 g, 0.33 mmol). This
was followed by the addition of dicyclohexylcarbiodide (0.07 g, 0.33 mmol). Overnight
stirring at room temperature resulted in dicyclofenrea precipitates. After filtration, the
solvents were removeith vacuo. Residue thus obtained was purified over flasizasitolumn
(Chloroform/Methanol, 5:1), which gave an air-séxsi compound (0.092 g, 48 %) as white
powder. Alternatively, methanol (5 mL) containi@d0.05 g, 0.1 mmol) was stirred with butyric
anhydride (0.017 ml, 0.1 mmol) at room temperatw@ch afforded in quantitative yield: R=
0.35;*H NMR (500 MHz, (CDR),S0):8 0.73 (t, 3H, J = 7 Hz, C}fiCH,),CO), 0.84 (t, 3H, J = 7

Hz, CHiCHy), 1.21 (m, 8H, CH(CHy)s), 1.24 (d, 3H, J = 7 Hz, CHG} 1.33 (quint., 2H, J = 7
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564
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566

567

568

569

570

Hz, CH(CHy)CHy), 1.43 (m, 2H, CHCH,CH,CO), 1.52 (quint, 2H, J = 7 Hz
CH,CH,CH,OH), 1.70 (m, 1H, CHCHH), 1.94 (m, 3H, CHCHH, @bH), 2.05 (t, 2H, J = 7
Hz, CHCHCH,), 2.97 (m, 2H, CONHCH), 3.63 (t, 2H, J = 7 Hz, NHCIEH,0H), 4.10 (td,
1H, J =5, 8 Hz, CHCH, 4.35 (quint., 1H, J = 7 Hz, CHGH 4.41 (s, 1H, OH), 4.56 (dd, 2H, J
= 15 Hz, OCH), 6.84-6.96 (m, 3H, CH), 7.07 (s, 1H, Nk), 7.31 (s, 1H, Ni), 7.35 (t, 1H, J =
8 Hz, CHy), 7.79 (t, 1H, J = 5 Hz, NHCH{ 8.26 (dd, 2H, J = 5 Hz, CHNH)’C NMR (125
MHz, (CDs),SO): § 13.67 (CH(CH,).CO), 13.96 (CH(CH,)sNH), 18.32 (CHCH), 22.09
(CH:CHs), 26.12 (CH), 27.73 (CH), 29.09 (CH), 30.81 (CH), 31.03 (CH), 31.80 (CH),
35.52 (CH), 38.52 (NCH), 45.88 (NHCH), 48.24 (CHCH), 52.23 (CHCH), 58.47 (CHOH),
66.82 (OCH), 104.56 (CCHC), 113.94 (GBONH), 114.83 (CHCHCH), 121.14 (CHCHCH),
130.37 (CHCHCH), 143.63 (NCCH), 158.46 (NCCHC), 267 (CHCHC=0), 171.25
(CHs(CH,),C=0), 171.33 (CLC=0), 171.90 (OCHC=0), 173.28 (NHC=0); MALDI-TOF

(mV2) Calcd for GgH47NsO,[M+Na]™: 600.3373, found: 600.2922.

4.2.7. tert-butyl 2-(3-((2-hydroxyethyl)amino)phenoxy)acetate (10)

2-bromoethanol (0.13g, 1.08 mmol) was added drap\d® minutes) in refluxing ethanol (10
ml) containing10 (0.2 g, 0.9 mmol) and Hunig's base (0.19 ml, In@®ol). The reaction was
stopped after 8 hours, and the solvent was remavedcuo. The residue was then purified by
silica gel column chromatography, which affordeel(0.14g, 58%) as brown syrup; R 0.51
(EtOAc/Hexane, 3:2)'H NMR (500 MHz, CDCY): & 1.49 (s, 9H, C(Ch)s), 3.28 (t, 2H, J =5
Hz, CHb), 3.82 (t, 2H, J = 5 Hz, Gl 4.47 (s, 2H, Ch), 6.22-6.25 (m, 2H, CK), 6.28 (dd, 1H,
J =2, 8 Hz, Cl,), 7.07 (t, 1H, J = 8 Hz, C&). *°C NMR (125 MHz, CDGCJ): § 28.03

(C(CHs)s), 45.99 (CHNH), 61.16 (CHOH), 65.58 (OCH), 82.22 (C(CH)s), 100.04 (CH),
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103.01 (CH), 107.31 (CH), 129.98 (CH), 149.51 (CCH§9.15 (CCH), 168.21 (C=0); MALDI-

TOF (m/2) Calcd for GsH21NO4 [M+H]™: 268.1549, found: 268.1540.

4.2.8. tert-butyl 2-(3-(N-(2-hydroxyethyl)acetamido)phenoxy)acetate (12)

Acetic anhydride (0.04 ml, 0.44 mmol) was addedpdige (25 minutes) in methanol (5 ml)
containing10 (0.1 g, 0.37 mmol). The reaction was monitoredTh{ for the consumption of
10. Solvent was then removal by rotary evaporatoriciwtafforded12 (0.115 g, >99 %) as
brown syrup: Rf = 0.61 (ethyl acetatély NMR (500 MHz, CDCY): & 1.49 (s, 9H, C(Ch)3),
1.89 (s, 3H, CHCO), 3.77 (t, 2H, J = 5 Hz, G} 3.86 (t, 2H, J = 5 Hz, i 4.50 (s, 2H, Ch),
6.76 (t, 1H, J = 2 Hz, Ck), 6.84 (m, 1H, Ch}), 6.88 (dd, 1H, J = 2, 8 Hz, GH, 7.34 (t, 1H, J
= 8 Hz, CHy). "®C NMR (125 MHz, CDGJ): § 22.57 (CHCO), 28.02 (C(CHh)3), 52.80 (CHN),
61.87 (CHOH), 65.56 (OCH), 82.74 (C(CH)s), 114.18 (CH), 114.33 (CH), 120.77 (CH),
130.68 (CH), 144.37_(CCH), 158.88 (CCH), 167.48 @}=172.80 (C=0); EI-MS (m/z) Calcd

for CL6H23NO5 [M+H]: 310.1654, found: 310.1649

4.2.9. tert-butyl 2-(3-(N-(3-hydroxypropyl)acetamido)phenoxy)acetate (13)

Acetic anhydride (0.04 ml, 0.42 mmol) was addedpdige (25 minutes) in methanol (5 ml)
containing11 (0.1 g, 0.35 mmol). The reaction was monitoredTh{ for the consumption of
11 Solvent was then removal by rotary evaporatoricwtafforded13 (0.115 g, >99 %) as
brown syrup: Rf = 0.37 (ethyl acetate/hexane, I'#4)NMR (500 MHz, CDCJ): & 1.49 (s, 9H,
C(CHs)s), 1.64 (quint, 2H, J = 6 Hz, GH 1.88 (s, 3H, CECO), 3.62 (t, 2H, J = 6 Hz, GH
3.84 (t, 2H, J = 6 Hz, CH), 4.52 (s, 2H, Ch), 6.69 (t, 1H, J = 2 Hz, C4), 6.76 (dd, 1H, J =2, 8

Hz, CHy), 6.87 (dd, 1H, J = 2, 8 Hz, GH, 7.34 (t, 1H, J = 8 Hz, C&). °C NMR (125 MHz,
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612

CDCly): § 22.37 (CHCO), 28.00 (C(Ch)s), 30.05 (CH), 45.48 (CHN), 58.15 (CHOH), 65.59
(OCHy), 82.74 (C(CH)s), 113.88 (CH), 114.66 (CH), 120.84 (CH), 130.66{C143.70 (CCH),
158.89 (CCH), 167.44 (C=0), 171.90 (C=0); EI-MS ZmCalcd for GHpsNOs [M+H]:

324.1811, found: 324.1805.

4.2.10. tert-butyl 2-(3-(N-(2-hydroxyethyl)butyramido)phenoxy)acetate (14)

Butyric anhydride (0.07 ml, 0.45 mmol) was addedpdvise (25 minutes) in methanol (5 ml)
containing10 (0.1 g, 0.37 mmol). The reaction was monitoredTh{ for the consumption of
10. Solvent was then removal by rotary evaporatoricwtafforded14 (0.125 g, >99 %) as
brown syrup: Rf = 0.64 (ethyl acetate/hexane, 213)NMR (500 MHz, CDC}): & 0.83 (t, 3H, J
=7 Hz, CHCH,), 1.49 (s, 9H, C(CH}s), 1.59 (m, 2H, CHCH,), 2.07 (t, 2H, J = 7 Hz, Gi€0),
3.23 (s, 1H, OH), 3.76 (m, 2H, GH 3.86 (t, 2H, J = 5 Hz, ChHl 4.53 (s, 2H, Ch), 6.74 (t, 1H,
J =2 Hz, CH,), 6.83 (dd, 1H, J = 2, 7 Hz, GH, 6.88 (dd, 1H, J = 2, 8 Hz, GH, 7.33 (t, 1H, J
= 8 Hz, CH,). ¥*C NMR (125 MHz, CDGCJ): § 13.58 (CHCH,), 18.62 (CHCH,), 27.85
(C(CHs)s), 36.00 (CHCH,CH.CO), 52.36 (CHN), 61.10 (CHOH), 65.41 (OCH), 82.52
(C(CHs)s), 113.98 (CH), 114.44 (CH), 120.96 (CH), 130.4BJC143.78 (CCH), 158.68 (CCH),
167.41 (C=0), 174.90 (C=0); EI-MS (m/z) Calcd foggd»7/NOs [M+H]: 338.1967, found:

338.1962.

4.2.11. tert-butyl 2-(3-(N-(3-hydroxypropyl)butyramido)phenoxy)acetate (15)

Butyric anhydride (0.07 ml, 0.42 mmol) was addedpsvise (25 minutes) in methanol (5 ml)
containing11 (0.1 g, 0.35 mmol). The reaction was monitoredTh¢ for the consumption of

11. Solvent was then removal by rotary evaporatoriciwtafforded15 (0.125 g, >99 %) as
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brown syrup: Rf = 0.42 (hexane/ethyl acetate, 2{3)NMR (500 MHz, CDC}): & 0.82 (t, 3H, J
= 7 Hz, CHCH,), 1.48 (s, 9H, C(CHJs), 1.55-1.64 (m, 4H, (Ch)), 2.05 (t, 2H, J = 8 Hz,
CH;3CH,CH,), 3.60 (m, 2H, CH), 3.83 (t, 2H, J = 5 Hz, G} 3.99 (s, 1H, OH), 4.52 (s, 2H,
CH,), 6.66 (m, 1H, CH), 6.74 (dd, 1H, J = 2, 8 Hz, GH, 6.86 (dd, 1H, J = 2, 8 Hz, GH,
7.33 (t, 1H, J = 8 Hz, Ck). °C NMR (125 MHz, CDGJ): § 13.55 (CHCH,), 18.68 (CHCH,),
27.81 (C(CH)3), 29.90 (CH), 35.77 (CH), 45.41 (CHN), 58.00 (CHOH), 65.39 (OCH),
82.51 (C(CH)3), 113.66 (CH), 114.69 (CH), 120.93 (CH), 130.4H}C143.18 (CCH), 158.68
(CCH), 167.33 (C=0), 174.21 (C=0); EI-MS (m/z) Ghlfor GgH29NOs [M+H]: 352.2124,

found: 352.2118.

4.2.12. 2-(34-(2-hydroxyethyl)acetamido)phenoxy)acetic aif)

Aqueous NaOH (0.5 N, 2 ml) was carefully addedrace-cooled solution of2 (0.1 g, 0.32
mmol) in dioxane (3 mL). Hydrolysis was monitore@lwTLC until consumption of all the
starting material. Reaction mixture was neutralingih dilute HCI (0.5 N) to givel6 (0.053 g,
>99%): R = 0.24 (CHGYCH:OH, 2:3);*H NMR (500 MHz, (CR),S0): & 1.62, 1.72 (s, 3H,
CHsCO), 3.02, 3.43 (q, 2H, J = 6 Hz, N@H3.53, 3.61 (t, 2H, J = 6 Hz, GBH), 4.01, 4.13 (s,
2H, OCH), 4.78 (br, 1H, OH), 5.41 (t, 1H, OH), 6.01-6.8078 (m, 3H, CH), 6.87, 7.26 (t, 1H,
J = 8 Hz, CH)™*C NMR (125 MHz, (CR),SO): § 22.52, 40.42 (CKCO), 45.67, 50.73 (CH),
57.90, 59.61 (Ch), 67.39, 67.80 (Ch), 98.55, 113.61 (CK), 102.04, 114.58 (Ckd), 104.61,
119.31 (CH,), 129.16, 129.69 (CK), 144.07, 150.07 (5), 159.66, 159.90 (), 169.10 (CO),

171.04, 172.01 (CO); EI-MS (m/z) Calcd for-815NOs [M+Na]: 276.0848, found: 276.0843.

4.2.13. 2-(3-(N-(3-hydroxypropyl)acetamido)phenoxy)acetic acid (17)
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Aqueous NaOH (0.5 N, 2 ml) was carefully addedrace-cooled solution of3 (0.1 g, 0.31
mmol) in dioxane (3 mL). Hydrolysis was monitore&lwTLC until consumption of all the
starting material. Reaction mixture was neutralingih dilute HCI (0.5 N) to givel7 (0.053 g,
65%); R = 0.23 (CHCI/CH3;OH, 5:1);*H NMR (500 MHz, (CR),SO): 5 1.22, 1.72 (s, 3H,
CHsCO), 1.54, 1.67 (quint. 2H, J = 7 Hz, N@EH,), 3.00, 3.47 (t, 2H, J = 7 Hz, NGH 3.36,
3.61 (t, 2H, J = 7 Hz, CIDH), 4.18, 4.27 (s, 2H, OGM 4.49, 5.45 (br, 1H, OH), 6.01, 6.76 (dd,
1H, J = 2, 8 Hz, CH), 6.05, 6.73 (s, 1H, CH), 6.4®1 (dd, 1H, J = 2, 8 Hz, CH), 6.88, 7.28 (t,
1H, J = 8 Hz, CH)*C NMR (125 MHz, (CR),SO): § 22.05, 22.46 (CECO), 30.75, 31.95
(CHy), 40.09, 45.68 (Ch), 58.39, 58.66 (Ch), 66.76, 67.36 (Ch), 98.33, 114.53 (CK),
101.63, 119.60 (CK), 104.87, 129.18 (CK), 113.61, 129.89 (CK), 143.71, 159.45 (),
150.27, 159.60 (), 168.89 (CO), 171.67, 172.39 (CO); EI-MS (m/al& for GsH17NOs

[M+H]: 268.1185, found: 268.1179.

4.2.14. 2-(3-(N-(2-hydroxyethyl)butyramido)phenoxy)acetic acid (18)

Aqueous NaOH (0.5 N, 2 ml) was carefully added noice-cooled solution ot4 (0.1 g, 0.3
mmol) in dioxane (3 mL). Hydrolysis was monitorelwTLC until consumption of all the
starting material. Reaction mixture was neutralingtth dilute HCI (0.5 N) to givel8 (0.083 g,
>99%): R = 0.25 (CHCI,/CH;OH, 5:1);*H NMR (400 MHz, (CR),SO): 6 0.81 (t, 3H, J = 7
Hz, CH;CH,), 1.51 (m, 2H, CHCH,), 2.01 (t, 2H, J = 7 Hz, Ci&0O), 3.60 (m, 2H, C}J, 3.71 (t,
2H, J = 5 Hz, CH), 4.40 (s, 2H, Ch), 6.60 (t, 1H, J = 2 Hz, CH), 6.71 (dd, 1H, J = 2, 7 Hz,
CHar), 6.71 (dd, 1H, J = 2, 8 Hz, GH, 7.21 (t, 1H, J = 8 Hz, C); **C NMR (100 MHz,
(CDs3)2S0): 6 13.65 (CH), 18.28 (CHCHy), 35.48 (CH), 50.85 (CH), 57.98 (CH), 67.65

(CHy), 113.50 (CH,), 114.94 (CH,), 119.80 (CH,), 129.79 (CH,), 143.70 (G), 159.53 (G:),
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656 171.53 (CO), 171.68 (CO); EI-MS (m/z) Calcd ford@ioNOs [M+H]: 282.1341, found:

657 282.1336.

658  4.2.15. 2-(3-(N-(3-hydroxypropyl)butyramido)phenoxy)acetic acid (19)

659 Aqueous NaOH (0.5 N, 2 ml) was carefully addedrace-cooled solution o015 (0.1 g, 0.28
660 mmol) in dioxane (3 mL). Hydrolysis was monitoredtlwTLC until consumption of all the
661  starting material. Reaction mixture was neutralingith dilute HCI (0.5N) to givel9 (0.084 g,
662 >99%): R = 0.22 (CHCI,/CH;OH, 5:1);*H NMR (400 MHz, (CR),SO):8 0.79 (t, 3H, J = 7
663 Hz, CH,CH,), 1.51-1.65 (m, 4H, (Ch)), 2.01 (t, 2H, J = 8 Hz, Ci€H,CH,), 3.71 (m, 2H,
664 CHy), 3.73 (t, 2H, J = 5 Hz, G 4.50 (s, 2H, Ch), 6.51 (m, 1H, CH), 6.64 (dd, 1H, J = 2, 8
665 Hz, CH), 6.63 (dd, 1H, J = 2, 8 Hz, CH), 7.13 (4,1 = 8 Hz, CH)*C NMR (100 MHz,
666 (CD3).S0): 8 13.62 (CH), 18.30 (CHCH,), 30.80 (CH), 35.42 (CH), 45.82 (CH), 58.42
667 (CHy), 67.72 (CH), 113.54 (CH,), 114.79 (CH,), 119.65 (CH,), 129.84 (CH,), 143.29 (G),
668 159.69 (CO), 171.26 (CO); EI-MS (m/z) Calcd fors1NOs [M+H]: 296.1498, found:

669  296.1492.

670 4.2.16. 2-(3-((2-hydroxyethyl)amino)phenoxy)acetic acid (20)

671  Aqueous NaOH (0.5 N, 2 ml) was carefully addedriace-cooled solution of0 (0.1 g, 0.37
672 mmol) in dioxane (3 mL). Hydrolysis was monitoredthwTLC until consumption of all the
673  starting material. Reaction mixture was neutralingith dilute HCI (0.5 N) to give1 (0.079 g,
674  >99%): R = 0.26 (CHCI,/CHsOH, 5:1);*'H NMR (400 MHz, CDCJ): & 3.19 (t, 2H, J = 7 Hz,
675 NHCH,), 3.69 (t, 2H, J = 7 Hz, G}®H), 4.33 (s, 2H, OC}), 6.23 (m, 3H, CH), 6.97 (t, 1H,

676 CCHC).*C NMR (100 MHz, CDCJ): 5 48.93 (NHCH), 62.57 (CHOH), 69.40 (OCH),

Page 36 of 47



677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

103.49 (CH), 107.41 (CH), 110.61 (CH), 133.07 (CEH2.24 (CCH), 161.64 (CCH), 179.61

(CO). MALDI-TOF (m/2) Calcd for GogH13NO4[M+Na]™: 234.0742, found: 234.1124.

4.2.17. tert-butyl 2-(3-(bis(2-hydroxyethyl)amino)phenoxy)acetate (21)

2-bromoethanol (0.11 ml, 1.5 mmol) was added drepw#5 minutes) in refluxing ethanol (10
ml) containingll1 (0.2 g, 0.75 mmol) and Hunig’s base (0.26 ml, hfBol). The reaction was
stopped after overnight reflux, and the solventoeed under reduced pressure. Silica column
was then used to purify the residue, which affor2i@é¢D.165 g, 71%) as brown syrup: Rf = 0.39
(ethyl acetate/hexane, 4:3H NMR (500 MHz, CDCJ): 6 1.49 (s, 9H, C(Ch)s), 3.57 (t, 4H, J

= 5 Hz, NCH), 3.86 (t, 4H, J = 5 Hz, G} 4.48 (s, 2H, Ch), 6.21 (dd, 1H, J = 2, 8 Hz, CH),
6.30 (t, 1H, J = 2 Hz, CH), 6.34 (dd, 1H, J = 248 CH), 7.12 (t, 1H, J = 8 Hz, CHYC NMR
(125 MHz, CDC}): 8 28.07 (C(CH)3), 55.44 (NCH), 60.90 (CHOH),, 65.72 (OCH), 82.31
(C(CH)s), 100.30 (CH), 101.66 (CH), 106.56 (CH), 129.961JC149.27 (CCH), 159.12 (CCH),

168.26 (C=0); MALDI-TOF (¥2) Calcd for GeHasNOs[M+K] *: 350.1370, found: 350.1446.

4.2.18. 2-(3-(bis(2-hydroxyethyl)amino)phenoxy)acetic acid (22)

Aqueous NaOH (0.5 N, 2 ml) was carefully addedrace-cooled solution 021 (0.1 g, 0.32
mmol) in dioxane (3 mL). Hydrolysis was monitore@lwTLC until consumption of all the
starting material. Reaction mixture was neutralinétth dilute HCI (0.5N) to give25 (0.082 g,
>99%): R = 0.20 (CHCI/CHsOH, 4:1);*H NMR (400 MHz, DO): & 3.59 (t, 4H, J = 5 Hz,
NCH,), 3.75 (t, 4H, J = 5 Hz, CIDH), 4.77 (s, 2H, OCh), 7.13 (m, 3H, CH), 7.52 (t, 1H, J = 2

Hz, CH).3C NMR (100 MHz, DO): § 58.00 (CHOH), 62.50 (NCH), 68.12 (OCH), 111.56
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697 (CH), 118.03 (CH), 119.08 (CH), 134.36 (CCH), 1B4(CH), 161.36 (CCH), 176.06 (CO).

698  MALDI-TOF (nmV2) Calcd for GoH17NOs[M+H] *: 256.1185, found: 256.0930.

699 4.3. Cell maintenance

700 ATCC (American Type Culture Collection) supplied FH cells. The monocytes were
701  maintained in C® atmosphere (5%) at 37 °C by using the fetal bowwasum (10%, heat

702 inactivated) containing RPMI-1640 medium. AntimyicotOO0x antibiotic (1%) was also added
703  to the medium. Hemocytometer was used to perfoenctil counting and trypan blue cellular

704  exclusion method was used to determine the cdbilitya

705 4.4, ICAM-1 induction in THP-1 cells

706 0.5 x 16 monocytes per well were incubated for 24 hoursri[t20 pM of each DMP
707  was used to incubate monocytes for the next 21shdlternatively, monocytes were initially
708 treated for 1 hour with amphiphilic DMPs at diffeteconcentrations (0.1-32 puM) followed by
709 LPS (0.1 pg/mL) stimulation for the next 20 hourke cells were isolated by centrifugation (5
710  min, 1000xg), and then washed with PBS. For FAC&yais, they were re-suspended in bovine

711 serum albumen (0.1%) containing PBS (100 pL).

712 4.5, ICAM-1 induction in THP-1 macrophages

713 To induce differentiation, 0.5 x $@nonocytes were plated in fetal bovine serum (10%)
714  containing RPMI-1640 with PMA (20 ng/mL). The mediuwas removed after 48 hours, and
715  PBS was employed to wash the macrophages. SerenRfP&1-1640 medium was used to refill
716  the wells, and the macrophages were then stimuigitbd?0 M DMPs. For the positive control,

717 20 uM of murabutide was used. Serum-free medium thes used to refill the wells. For

Page 38 of 47



718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734
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736

737

738

combinatory synergistic studies, macrophages westestimulated for 1 hour with 0.1-64 uM of
DMP 6, and then 0.1 pg/mL of LPS was added for the B8xtours. PBS was used to wash the
macrophages via centrifugation (4 minutes, 400 Kyerall cell viability was determined by
subtracting trypan blue-positive dead cells foumthie washings. For FACS analysis, gentle cold
shocks were given to detach the macrophages, wiech then suspended in 100 pL PBS with
0.1% bovine serum albumin. Immunostaining with piergthrin-conjugated monoclonal
antibody specific to CD54 (BD Biosciences, USA) waed to determine ICAM-1 expression.
Briefly, macrophages were incubated with the amtybat 4 °C in the dark for 1 hour. After two
washings, macrophages were suspended in PBS (5P0F|okv cytometry of the sample was
done by acquiring 20,000 events using BD FACSCallbunstrument and CELLQUEST
PRO™ software. ICAM-1 expression was determined as niemmescence intensity (MFI) on

the FL2 channel.

4.6. Cytokine induction and measurement

To induce differentiation, 0.5 x $@nonocytes were plated in RPMI-1640 and PMA (20mig/
containing wells. The medium was removed after 48ir& followed by PBS washing as
described above. Macrophages were incubated fee thours in serum-free medium followed
by their exposure to stimuli for 24 hours. Cultstgernatants were stored at -80 °C until tested.
Maxisorp 96-well plates were used to perform enzjimed immunosorbent assay (ELISA).

The cytokine (TNFe) was quantified using eBioscien@e&LISA kits (Ready-Set-Go!). BMG

Labtech micro-plate reader was employed to meathgeabsorbance at 450 nm, while the

wavelength correction was set at 540 nm. Cytokiakies were determined using a standard
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curve, which was generated with? @rder polynomial regression analysis, and thelt®svere

presented as mean of two separate experiments £ SEM

4.7. Statistical Analyses

GraphPad PrisfY software was used for one-way ANOVA statisticalgses. The results were

shown as mean + SEM and p < 0.05 was regardedtataliy significant.

4.8. Computational Studies

The automated docking program MOE-Dock 2018.01wa$ used for docking dDMPs into
the binding cavity of NOD2. The receptor was prepaand the energy was minimized by using
Amberl0 force-field. The compounds were built usM@E-builder module implemented in
MOE followed by energy-minimization with MMFF94x i@l charges [73] and converted into
mol2 format. Further, all the compounds were docked the binding pocket using default
docking protocol. For human NOD2 receptor, thevimes literature data indicates that putative
binding is based on residues Gly879. Thr899, TrpAfal935, Glu959, Lys989, and Ser991
[74]. The residues Gly879 and Trp907 are consenvdxbth human and rabbit NOD2 receptors.
The binding site of NOD2-LRR comprises of concavepedp sheets, whereas thehelices are
folded into convex region [73] as illustrated irgiiie 7. The poses were ranked according to the
MOE score (Table 2). The best pose was selecteédon compound and then analyzed for

protein ligand interactions.
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Highlights

1. New type of desmuramyl peptides having hydroplafy scaffolds were synthesized.

2. Their preparation involves an efficient 12 stepthgsis strategy.

3. They can effectively modulate the inflammatory wsge of THP-1 cells.

4. High levels of TNFe. — a major proinflammatory cytokine — were released

5. Molecular docking studies indicate strong bindiod\OD2 receptor.
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