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ABSTRACT

Pursuing the search for a new class of structursitlgple mimics of antimicrobial peptides, we

optimized a short, cheap and high-yielding synthedimono-charged amphiphilichydrazido acid



derivatives. The most active derivatives furnistMkCs that are among the best values reported in
literature for synthetic amphiphilic membranolytompounds. They exhibited a broad-spectrum in
vitro activity against a variety of Gram-positivecaGram-negative bacteria, including two multidrug-
resistant strains. In spite of the minimal catiool@arge, the best compounds demonstrated to be
selective toward bacterial cell membranes over malmam cell membranes. The relationship between
either the antibacterial or the hemolytic activatyd the overall lipophilicity furnished an easy way
individuate the best dimensional range for the bgtobic portions. The importance of a non-disrupted
amphiphilicity was also demonstrated. Considerimg bioactivity profile and the ease of synthesis,
these chemically and proteolitically stable hyditoddes are suitable for development of a new class
of wide-spectrum antibiotics.
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ABBREVIATIONS

AMPs, antimicrobial peptides; HDPs, host defensptiges; CSAs, cationic steroid antimicrobials;
PNA, peptide nucleic acidp-AApeptides, N-acylatedN-aminoethyl a-peptides; DFT, density
functional theory; IEF-PCM, integral equation fotiem version of polarizable continuum model
method; NBO, natural bond orbital; AIM, atoms in Isrules; DIPEA,N,N-diisopropylethylamine;
anh., anhydrous; DCM, dichloromethane; rt, roomgerature; Boctert-butyloxycarbonyl protecting
group; Gly, glycine; EDCI, 1-ethyl-3-(3-dimethylangipropyl)carbodiimide hydrochloride; TFA,
trifluoroacetic acid; LR-MRSA, linezolid- and metiilin-resistant Staphylococcus aureu8OUC-
0915; GR-CREc, gentamicin- and colistin-resistastherichia col288328; HPLC, high performance
liquid chromatography; RP-HPLC, reverse-phase HPMIC, minimum inhibitory concentration;
HCso, 50% hemolytic concentration; Tl, therapeutic xidecr, mobilized colistin resistanceac(3)-

lla, aminoglycoside N(3)-acetyltransferase; rRNA, ribosomal ribonuclei@acid; LPS,



lipopolysaccharide; PBP, penicillin-binding proteifBS, phosphate buffered saline; PI, propidium
iodide; NPN,N-phenyl-1-naphthylamine THF, tetrahydrofurdrOH, iso-propanol.

1. Introduction

The exponentially rising number of multidrug reamtbacteria, together with the slowing down of
the discovery of new antibacterial compounds, wge#-known world public health priority. The non-
judicial use or abuse of antibiotics, as well asrtividespread use in livestock [1], are furtheroidng
the spread of antibiotic resistance [2] and thergerece of bacterial strains even resistant torkesbrt
antibiotics [3].

In the search for new classes of antibiotics, @uenal cationic antimicrobial peptides (AMPs), have
been extensively taken into consideration in tls¢ deecades [4-6]. Their amphiphilic active secopdar
structure is essential to cause lysis of the biattezll membrane, even if occasionally they cao alct
on intracellular targetg-10] and modulate the innate immune response Jiid usually claimed that
bacteria can hardly develop resistance toward AMR$ut there are growing reports both on intrnsi
and acquired resistance, mainly due to membranéficadtbns [11].

Even if AMPs have a high net positive charge ardmaoderately selective in vitro toward bacterial
cells over mammalian cells, due to the differemteats of anionic and uncharged/zwitterionic lipids
in membranes [12], their in vivo low efficacy angyin toxicity has hampered the clinical use. Only
polymyxins have been systemically administeredesihe 1950s [13], but their use has been strongly
limited by the high incidence of nephrotoxicity améurotoxicity [14], and the vast majority of
antimicrobial peptides that are currently in clalicevelopment are for topical use only [11]. Other
important drawbacks, such as high cost of manufactinstability toward proteases, and low
bioavailability, have further hindered the applicatof natural AMPs in clinical therapeutics [5,15]

In order to circumvent these problems, several ggduave been working on synthetic mimics of
AMPs (Figure 1). Apart from some rationally desidnshort a-helices [16,17] andu-peptidic
dendrimers [18,19], most of the oligomeric struetuwith a number of residues between 5 and 20 units
are based on the diverse non-natural stable h€holelamers) formed in solution thtpeptides [20-25]
(Figure 1), oligoureas [26,27], amdpeptoids [28-31]. However, foldamers rely mainly expensive
chiral monomers joined together by a multistepdsphase peptide synthesis followed by a demanding

purification, which are not suitable for industreghplications. Stable amphipathic conformationg als



characterize shorter oligomers, such as de novigraes small arylamide foldamers [34-36] (Figure 1).
In all of these cases, the preorganization of marenis at the basis of inherently stable secondary
structures [21,24,35-37], which do not have to dgpéme energy in order to arrange into an
amphiphilic folding. Examples of amphipathic antnabials based on an extremely rigid backbone
can also be found in synthetically-produced catiasteroid antimicrobials (CSAs) [38-41], as well as
in triaryl derivatives [42] where the facially amiphilic topology is constitutionally guaranteed the

proper 1,3,5-substitution of aryl scaffolds (Figdje
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Figure 1. Representative synthetic mimics of antimicrobightmées.

The opposite approach has also been used, thusckmgi AMPs like indolicidin, which is
unstructured in aqueous environment, but showsldespolyproline II-like structure upon interaction
with liposomes and is a membrane permeabilizingipep43]. Synthetic oligomeric species not based
on preorganized monomers, thus having much moxgbfee backbones, may penetrate the bacterial
cell wall barrier in an easier way, compared tofeaonationally rigid antimicrobials, but they canllst

easily assume amphiphilic conformations and these l@apotent disrupting action on membranes [44].



Members of these flexible oligomeric antimicrobiaee a-AApeptides [45], acyl-lysine oligomers
[46], a few dicationic oligax-peptide analogues with a minimalist design [47hd avarious
polycationic ammonium amphiphiles [48-50] (Figurg. lnteresting examples of apparently
unstructured antibacterials with a very small dizeve been recently reported in literature, such as
dicationica/p-dimers [51] and extremely simple, but still potdgsine-based monomeric peptoids [52]
(Figure 1).

Polycationic antimicrobial polymers have also besmensively investigated and reviewed on all
aspects [53-55]. Remarkable examples of polymengngaa good bioactivity profile are the
isobutylene-maleimide [56] and the guanidinium-cxdornene [57] polymers (Figure 1).

Herein we report the synthesis and the in vitroibacterial and hemolytic activities of small
amphiphilic achirale-hydrazido acids, which were demonstrated to be Ionanolytic. In view of a
possible practical implementation, other importédeatures (i.e. stability toward enzymatic and
chemical degradation) were also evaluated. In tegign, the hydrophobic portion is composed of
both theN- andC-terminal lipophilic groups, whereas the singlergeais furnished by the ammonium
ion of the glycine side chain (Figure 2). Tadaydrazido acids are mimics gfamino acids and have
been chosen because oligomers of their conformatjononstrained version are prone to form the
peculiar intramolecular hydrogen bond pattern @ tlydrazido-turn secondary structure [58]. Thus,
this folding could also be assumed by the presentpreorganized acyclig-hydrazido acids and used
to segregate polar and charged molecular portimra the lipophilic moieties. However, the lack of
conformational constrictions in their flexible b&cke should facilitate the penetration through the
bacterial cell wall barrier and give rise to a m@aent activity, as demonstrated for amphiphilic
compounds of different dimensions [46,59,60]. Irs timitial investigation we devoted our attention
only to mono-charged compounds, which are likelpeédess potent as antimicrobial and less selective
toward mammalian cells, so that this choice shoalgb ensure the possibility for easy future
improvements, by simply using a multiple chargerimepside chain.

Single charge-bearing
glycine side chain

®
NH;

o) O\\‘) o]

Linear and branched

aliphatic chains; R1JJ\£/§\)J\N,R2 Linear alkyl groups
aromatic groups H H

Figure 2. General structure of antibacterialhydrazido acids, with the common nomenclature for
nitrogen atoms in these compounds.



2. Results and discussion

2.1 Design of the amphiphilic lead structure

The idea at the basis of the choice of this pddicbhackbone, that is its innate tendency to form
amphiphilic structures, was the subject of a higiel density functional theory (DFT) analysis. Afte
complete conformational search at a lower theovgllen a model compound with*R RZ = Me, all
the previously found energy minima were refinedhgghe well-performing hybrid functionalB97X-
D3(0) [61], together with the very large 6-311++d@fi3pd) basis set, describing the solvent bulk with
the integral equation formalism version of polabizacontinuum model method (IEF-PCM) [62]. The
highly predominating conformer of the model compbumas then used for constructing selected
conformers of an actually used compound, naré€lp, all having the aliphatic chains in the most
stable all-antiperiplanar conformation (see Suppleiary Data for all the other structures and
additional computational details). The theoretamabroach indicated that the preferred conformaton
water for this monomeric compounds is the same dgido-turn assumed by their conformationally

constrained oligomeric versions [58] (Figure 3).

Figure 3. (A) Structure of most stable conformer of ammonication GH1sCO-HydrGlyH-NHCgH17
(4Cbh, R' = n-C;H1s, R = n-CgH17), computed atvB97X-D3(0)/6-311++g(3df,3pd)/IEF-PCM level in
water. (B) Front and (C) rear views of electrostabtential surface.



The Natural Bond Orbital (NBO) analysis [63,64] med out that this structure is mainly stabilized
by the C=QI[JH-N hydrogen bond (2.08 A), which is characteriz®d an important covalent
contribution and forms an eight-membered pseude¢yrid, to a lesser extent, by the N [TH-N H-
bond (2.38 A), which is instead essentially elestttic in nature (Tables S3 and S5). The study
exploiting the Atoms In Molecules (AIM) theory [@B] confirmed the existence of a bond critical
point associated with a quite strong C=OITH-N hydrogen bond, whereas no critical point wasfi
in the case of N[1JH-N interaction, thus describing this latter hydendoond as purely electrostatic
(Table S6 and Figure S20). It is easy to see ftoeretectrostatic potential surfaces4@b as a cation
(Figure 3) or considering the chloride counteribiggre S24) that the only hydrogen atom belonging
to hydrocarbon chains that does not have an almestral potential is the one experiencing
hyperconjugation with thB-terminal C=0 (light blue).

Apart from the obvious contribution of the chargglgcine side chain, within this hydrophilic
molecular portion theC-terminal carbonyl and thél-terminal NH functionalities must play an
important role in forming hydrogen bonds with waéerd charged lipid heads while interacting with
phospholipid bilayers. The ability of hydrazide Ntdsform quite strong hydrogen bonds is also rgadil
apparent considering that their experimental prottemical shifts in diluted deuterochloroform
solutions range from 7.81 to 8.03 ppm wheh=ROBn, and reach very high values (8.74-9.87 ppm)
when R is a hydrocarbon chain, thus experimentally camifig their high positive charge (see
Supplementary Data). Calculations of atomic chamfeammonium cation with NBO, AIM, Merz-
Singh-Kollman [67,68], CHelpG [69], and Hu-Lu-Yaf®p] schemes (Figures S19-S23), as well as the
computed electrostatic potential and charges taéisg into account the chloride anion (Figures S24-
S25), plenty confirmed these findings about theresgation of polar/charged and apolar portions. It
must be noted here that only inherently very stabigctures can display amphipathic conformations i
water, whereas the use of organic co-solvents erpitesence of liposomes and vesicles greatly
facilitates the formation of the amphiphilic secand structure even for compounds which are
substantially unstructured in water or aqueousdrsff37,71,72]. These observations strongly point
toward an amphiphilic arrangement of awthydrazido acid hydrochlorides during the action on

phospholipidic bilayers.

2.2 Synthesis



Benzyl carbazate was reacted with methyl bromotzetan the presence ofN,N-
diisopropylethylamine, obtaining compourid in excellent yield (Scheme 1). Benzyl carbazate
demonstrated to be a poor nucleophile, thus coratent dichloromethane solutions had to be used in
order to obtain reasonable reaction times. MoredvHPEA was necessary to avoid the competition in
the nucleophilic substitution from less hinderedraas, such as triethylamine, which invariably led t
unsustainable decreases in yields, due to the afmt formation of the corresponding quaternary

ammonium salts with methyl bromoacetate.

Scheme 1. General Synthetic Scheme for the Preparation ofpWiphilic a-Hydrazido Acid
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% (a) N,N-diisopropylethylamine (DIPEA), anh. DCM (0.5 mLrpamol of benzyl carbazate), rt, 48
h, 96%; (b) Boc-Gly-OH, 1-ethyl-3-(3-dimethylaminopyl)carbodiimide hydrochloride (EDCI), anh.
DCM (0.5 mL per mmol o), -20 °C, 2 h, 86%; (c) ®RIH. (R = alkyl group), anh. MeOH, 7 h at rt for
3Aa, 18, 24 or 36 h at reflux f@dAb, 3Ac, and3Ad, 88-94%; (d) HCGH, Pd/C, anh. DCM, rt, 1 h,
then pyridine, RCOCI, anh. DCM, rt, 1 h, 65-95%; (e) Trifluoroaceticid (TFA)/DCM 1:3, rt, 20
min, chromatographic purification of free amineenh3 M HCI in anh. MeOH, 68-98%; (Dithium
bis(trimethylsilyl)amide (LHMDS), anh. THF, Ar, 0C; 10 min, then methyl iodide, rt, 24 BAb:
87% 5Ac: 90%:; (g) HCGH, Pd/C, anh. DCM, rt, 1 h, then pyridine!GOCI, anh. DCM, rt, 1 h for
5Bb-c, 20 h for5Gb-c, 81-92%; (h) Trifluoroacetic acid (TFA)/DCM 1:3, 20 min, chromatographic
purification of free amine, then 3 M HCI in anh. ®ld, 75-98%.

Then compound was reacted with Boc-Gly-OH, using EDCI as thepimg agent, obtaining the
desired common precurs@rin very good yield, but even in this case it wasessary to circumvent
the scarce reactivity df by using concentrated solutions and also optirgiaihthe other experimental
conditions. After reaction o2 with the suitable alkyl amines, the first four qooands ready to be
deprotected3Aa-d (R* = OBn), where successfully synthesized, and tlzmgh of R group by means
of the carboxybenzyl removal/free hydrazide acglatsequence furnished the remaining compounds
3B-Ha-d in good to excellent overall yields. Hydrochlosdewere then obtained in pure form by Boc
removal with trifluoroacetic acid, followed by aasy chromatographic purification of free amines on
silica gel and re-salification with hydrochloricidclt must be pointed out that the achievementef
best possible antibacterial efficacy was out of skkepe of this initial evaluation, so a coarse grid
approach was voluntarily chosen, and only alkylimhaliffering one from another for a large number
of methylenic units were chosen. Moreover, whéngR®ups different from linear alkyl chains were
taken into account, not all the possible combimstiamong Rand R groups were synthesized and
tested. In fact, as correctly reported in Schenthig¢,was done when tiéterminal chain, R was the
parent carboxybenzyl protecting groups, and fortladl alkyl chains R= CHs-Cyi/H3s. After this
screening, the best performir@terminal chains (R= GgHiz, CioHzs) were chosen to synthesize
selected compounds with' R t-Bu, Ph, and 1-naphthyl.

In order to verify the hypothesis that the wellidel amphiphilic character of the preferred
conformations should be determining in favoring destabilizing action on phospholipid bilayers, the
N-methylated versions of six selected compounds aks@synthesized (Scheme 1). Starting fBb
(R' = OBn, R = n-CgHy7) and 3Ac (R* = OBn, R = n-CyHys), deprotonation with lithium
bis(trimethylsilyl)amide followed by reaction wittodomethane directly gave the correspondiig
methylated compoundsAb and5Ac in very good yields. Compoun&8b (R* = CHs, R = n-CgH1),
5Bc (R' = CHs, R? = n-Cy5Has), 5Gb (R = t-Bu, R = n-CgH17), and5Gc (R* = t-Bu, R = n-CysH20)



were then obtained in good overall yields followitigg same methodology reported above for the
corresponding unmethylated compounds, but usingodomqged reaction time when the acylating
reagent was pivaloyl chloride. Exploiting the seatee acidic Boc removal/purification of free
amine/re-salification, hydrochloridé&swere eventually obtained in pure form in yieldagiag from
75% to 98%.

2.3 Antibacterial and hemolytic activities

The antibacterial activity was first tested agathsee Gram-positiveEnterococcus faecali&TCC
29212 Enterococcus faeciuh35562 (35C), an8taphylococcus aureusTCC 29213) and two Gram-
negative Escherichia coliATCC 25922 andseudomonas aeruginogd CC 27853) collection strains
(Table 1). The minimum inhibitory concentrations I(Q8) were evaluated using the broth
microdilution method in 96-well microtiter platés)lowing the CLSI guidelines [73], while hemolytic
activity was determined according to a reportectedare [28]. Compound®e (R* = n-Cy7Hzs, R =
n-CigHs7) and4Hc (R* = 1-naphthyl, R = n-C;-H,s) were too insoluble to be tested. In addition, two
among the most active compounds were subsequesghedt against multidrug-resistant bacteria,
namely the linezolid- and methicillin-resista®taphylococcus aureusOUC-0915 (LR-MRSA) and
the gentamicin- and colistin-resistdfgcherichia col288328 (GR-CRECc). MICs and hemolysis results
were reproducible between three independent expetah replicates. These results, as well as the
reverse-phase HPLC-derived overall lipophilicitse aeported in Table 1.

From the results in Table 1, many general dedustean be drawn. First, the hydrochloridesrof
hydrazido acids are somewhat more active agairstn¢ositive bacterigks. faeciumbeing the most
sensitive, with respect to Gram-negatives, esggcidbeudomonas aeruginasdhis observation
makes readily apparent that the thick peptidoglylegar of Gram-positive bacteria cannot prevent the
entry of these flexible molecules, even when adamd rigid 1-naphthyl group is present ag4Rib),
because of the nano-sized pores in the membraGeaoh-positive bacteria [74]. Moreover, the lower
sensitivity of Gram-negatives is common in literatufor cationic amphipathic membranolytic
compounds, and is usually claimed as mainly cabgdtie reduced active concentration that can reach
and disrupt both the outer and inner membranes ram@egative bacteria. This in turn is due to
inability to permeabilize their primary barrier fagydrophobic compounds, which is the electrostatic
network of negatively charged lipopolysaccharidelaooles bound to divalent cations in the outer

leaflet [75]. However, the lower activity toward &mn-negative bacteria could also be due to thehr hig
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content of zwitterionic phosphatidylethanolamineheneas Gram-positives are usually richer in
negatively charged components [39], or to the sultisl amounts of negative curvature-inducing

lipids into their phospholipid bilayers [76].

Table 1. In Vitro Antibacterial and Hemolytic Activities ef-Hydrazido Acids

MIC vsdrug sensitive bacteria (pg mL™)?

Compd R R? E. E. s. E. P. HCs?  Tivs Tivws Retention
faecalis faecium aureus  coli aeruginosa (pngmL™) S. aureusE. coli (min)®
4Aa OBn GH-, 1024 512 512 512 512 77519 1.5 15 34
4Ab OBn GHi7 128 64 64 64 128 189+7 3.0 3.0 143
4Ac OBn GioHas 16 8 8 32 128 8615 11 27 212
4Ad OBn GigHs7 512 256 512 512 512 243+13 0.5 0.5 30.9
4Ba CH; CsHy 2048 2048 1024 2048 2048 2700+43 2.6 1.3 0.3
4Bb CHs; CgHi7 256 128 128 256 256 22349 1.7 0.9 9.3
4Bc CH; CioHas 32 32 64 64 64 12748 2.0 2.0 17.5
4Bd CH; CigHs7 32 32 256 512 512 228+18 0.9 0.5 28.0
4Ca CHis CsH, 1024 1024 1024 1024 2048  433£10 0.4 0.4 5.2
4Cb CHis CgHy7 32 16 16 16 32 13148 8.2 8.2 17.8
4Cc CHis  CpoHys 32 16 64 256 512 367+24 5.7 1.4 24.0
4Cd C;Hys CigHs7 >256 >256 >256 >256 >256 26718 <1.0 <1.0 33.1
4Da CiiHos CsH- 64 64 64 64 64 167+16 2.6 2.6 16.6
4Db CiHzs  GgHiz 16 8 64 128 128 48621 7.6 3.8 235
4Dc CiHaz  CioHas 128 128 >128 >128 >128 438+12 <34 <3.4 29.1
4Dd CuHzz  CigHsy 512 512 256 >512 512 364+11 1.4 <0.7 35.9
4Ea CiHzs  CiHy 32 16 64 512 512 23444 3.7 0.5 26.5
4Eb CiHss  GgHyz 512 64 128 512 512 200£31 1.6 0.4 32.2
4Ec CiHzs  CioHas 512 256 256 512 512 12442 0.5 0.2 35.8
4Ed Ci/Hss  CigHs? N.D.A N.D. N.D. N.D. N.D. N.D. N.D. N.D. 41.8
4Fb Ph GHa7 128 128 128 128 128 36816 2.9 29 12.3
4Fc Ph GoHas 4 4 4 4 64 195+13 49 49 19.7
4Gb t-Bu CeHi7 256 256 512 256 512 77522 15 3.0 11.7
4Gc t-Bu CioHos 8 8 4 8 16 394+28 99 49 19.8
4Hb Naph GH17 32 16 32 16 64 311431 9.7 19 14.4
4Hc Naph GoHas N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 21.6
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MSI-78 --- 64 8-16 16-3Z --- 12d 7.5-15 3.8-7.5

Tetracycline’ 8-32 0.12-1 0.5-2 8-32
Gentamicin® 4-16 0.12-1 0.25-1 0.5-2
M ethicillin® >16 --- 0.5-2

MIC vs multidrug-resistant bacteria (ng mL™)
Tlvs TI vs Retention

LR-MRSA" GR-CREC (ngrCri?_O'l) LR- GR- time
MRSA CREc (min)
4Fc Ph  GoHos 4 4 195+13 49 49 197
4Gc  tBu  CiHas 4 8 394428 99 49 198
Gentamicin! 128
M ethicillin/ >1024

2 Conservative estimates of at least three indepertdels.” HCso is defined as the concentration of
compound that kills 50% red blood cells. Standardre obtained by nonlinear regressions of average
data (three independent trials for each compoureljeported® Adjusted retention time, computed as
the instrumental retention time minus the hold-upet ® N.D. stands for “not determined®.Values
taken from Ref. 78" Value taken from Ref. 3£ Values taken from Ref. 73. Linezolid- and
methicillin-resistantS. aureusAOUC-0915." Gentamicin- and colistin-resistait. coli 288328.’
Values determined in this work.

As expected from the wide dimensional range of swiesits used, MICs vary to a very large extent.
As an example, while compountBa (R* = CHs;, R = GH-) having the shortest chains is almost
completely inactive (e.g. MICs = 1024y mL™* vs S. aureusand 2048:g mL™* vsE. coli), likely due to
a poor interaction with the apolar portions of pitasipid bilayer, compoundCb (R* = n-C/Hys, R =
n-CgH17) shows a good activity (MICs = 16 mL™* vs S. aureusandE. coli), and the MIC increases
again for too long chains, as f6€d (R' = n-C/His, R? = n-CygH37, MICs >256ug mL* vs S. aureus
andE. coli), 4Dd (R* = n-Cy;H.3 R? = n-CyigH37, MICs = 256pug mL™* vs S. aureusand >512ug mL*
vsE. col), and4Ec (R* = n-Ci17H3s, R? = n-CizHzs, MICs = 256pg mL™ vsS. aureusand 512ug mL™?
vs E. coli). Even in this case, the necessity to avoid eithersmall or too large apolar fragments
parallels the findings for amphiphilic antibactésiavith different dimensions, such as polymers [77]
foldamers [23], and small peptoids [52]. The be$EM@Fc, R' = Ph, B = n-CyHas, 4 pg mL™* vs S.
aureusandE. coli, and4Gc, R! = t-Bu, R = n-CoHas, 4 ung mL™* vs S. aureusand 8ug mL* vs E.
coli), are equal to or better than the values for thgamin derivative MSI-78 (pexiganan, MIC = 8-16
ug mL* vsS. aureusand 16-32ug mL* vsE. coli) [78], which is also more hemolytic (H§= 120ug

mL™) [34]. Despite the lack of any thorough optimipati these extremely simple and mono-charged
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compounds are competitive toward much more complek expensive 12- and 14-helix foldamers
(best MICs = 3.1-3.2g mL™ vs S. aureu}[23,24], and either isobutylene-maleimide or gdarium-
oxanorbornene polymers (best MICs = 34@ mL* vs S. aureu} (Figure 1) [56,57]. Taking into
consideration small molecules;hydrazido acids outperform tricationic tripeptidessed on 2,5,7-tri-
tert-butyl tryptophan in terms of both antimicrobiatiaity and therapeutic window [32], whereas only
the most effective among tetracationic triaryl datives (best MICs = 0.78g mL* vsS. aureus3.13
ug mL* vsE. coli; best therapeutic indices = 406S. aureus172vsE. coli) give better overall results
[42] (Figure 1). Even some among the structurafigyvsimple lysine-based monomeric peptoids show
a slightly more powerful antimicrobial efficacy §geMICs = 2.2ug mL* vs S. aureus2.9ug mL™* vs
E. coli), but despite the double positive charge theyless selective toward erythrocytes and have
worst therapeutic indices [52] (best TIs =\&4. aureus23vsE. coli) (Figure 1).

It is worth noting that these-hydrazido acids show identical activities towatd® multidrug
resistant strains, the linezolid- and methicillesistantS. aureusAOUC-0915 (LR-MRSA, MICs = 4
ng mL* for both4Fc and4Gc) and the gentamicin- and colistin-resist&ntcoli 288328 (GR-CREc,
MICs = 4 ug mL* for 4Fc and 8ug mL™ for 4Gc, Table 1). This is not surprising for LR-MRSA,
whose resistances to methicillin and linezolid reéspectively, on the presence of PBP2a, a pénicil
binding protein with extremely low affinity for ghi-lactams, except for last-generation cephalosporins
[79], and an rRNA methyltransferase that catalyzest-transcriptional methylation to the C8 position
of nucleotide A2503 in 23S rRNA, causing a decréasiading affinity for linezolid [80]. Thus, the
phospholipidic bilayers of LR-MRSA membrane are sobstantially changed in comparison to the
drug sensitive counterpa®, aureusATCC 29213. On the other hand, the conservatioaffidacy of
these cationi@-hydrazido acids toward GR-CREc was not predictdbldact, whereas the resistance
to gentamicin of GR-CREc is due to thac(3)-lla gene, which causes the covalent modification of
gentamicin and lead to a poor binding to the rilbosadarget [81], the resistance to colistin is duthe
MCR-1 protein, which lead to addition of phosphaetblamine to lipid A. Consequently, the binding
between the less negatively charged lipopolysaathdt PS) and the positively charged colistin is
much less effective [82], and the same reduceditgnalffinity was demonstrated to be at the basis of
an intrinsic resistance to cationic AMPs [83]. Hoeg in the present case the possible decrease in
electrostatic interaction between the cationitydrazido acids and the outer membrane external
leaflet, that is the first mandatory step for thkdwing insertion and damaging action on phospgidli

bilayers, does not appear to be detrimental foatitenicrobial activity. This observation suggetist
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these new amphiphilic organic compounds might @sactive against other MDR strains with the
same compositions of lipid bilayers.

As far as hemolytic activity is concerned, it isdmnt from data in Table 1 that the smallest asd le
active compounds show larger k@alues (e.g4Ba, R' = CHs, R? = GsH7, has HGo = 2700ug mL™),
while the most active species with medium-sizédaRd R chains are also more active against red
blood cells. However, the two most powerful anttiesial compounds4fc, R' = Ph, B = n-CysHas,
HCso = 195 ug mL?, and4Gc, R' = tBu, R = n-CioHas, HGsp = 394 ug mL™Y) have hemolytic
concentrations that are much higher than their Migs leading to substantially better therapeutic
indices than all the other compounds. In addititve, percent hemolysis computed at a concentration
equal to the MIC for eithe®. aureusor E. coliwas also evaluated using the parameters obtaroed f
the non-linear regression of experimental hemolgiais by the Hill equation [84,85] (Table S2). From
these data, it is easy to appreciate that also degsseselective compounds with poorer therapeutic
indices actually show extremely low percent hemislgs MICs. As an example, compoudib (R' =
OBn, R = GgHy7) has low TIs toward botls. aureusandE. coli (3.0, Table 1), but the computed
percent hemolysis at MICs (64 mL™) are almost null (9 I®%, Table S2). Interestingly, contrarily to
antibacterial efficacy, the hemolytic activity doe®t decrease when largd- and C-terminal
substituents are present (edc, R' = Ci7Hss, RZ = CioHas, HGso = 124 g mLY), and has a more
erratic general behavior. Both of these characiesistaken together with the wide dimensional eang
of substituents considered, are directly involvedthe very large interval of therapeutic indices
obtained for all bacteria (e.g. from 0.5 to 99 $oraureu}s

It is easy to find the first structure-activity agbnship considering only compound&-Ea-d, for
which all the possible twenty combinations df(®Bn, methyl, heptyl, undecyl, or heptadecyl) &id
(propyl, octyl, dodecyl, or octadecyl) were syniked. For the shortest'Rail (Me), there is a striking
improvement in antibacterial efficacy towald faeciumpassing from R= propyl (MIC = 2048ug
mL™) to the octyl (MIC = 128ig mL™"), and then the dodecyl (MIC = 3@ mL™") and octadecyl (MIC
= 32 ug mLY) chains (Figure 4A, see Figures S1-S5 for therotlaeteria). On the contrary, for the
longest R (n-Cy7Hss), the best-performing Rragment is the propyl (MIC = 16g mL™), whereas a
continuous increase in MICs is observed as thettieafjR increases. For all the othef,Rhere is a
clear decrease of antibacterial potency at botbssaf the R that best matches the particular Rhe
same findings can be deduced considering how MERy according to different Rmoieties, taking
constant R group (Figure 4B). Analyzing the complete seriéggmphs (Figures S1-S5), it is also
worth noting thatenterococciare more susceptible to compounds hawhgand C-terminal chains
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longer than those required to inhibit growth &f aureuswhich in turn is more sensitive to chains
longer than those necessary against Gram-negatiteria. For example, wher R n-Cy1Hys, the best
activities towardE. faecalisand E. faeciumare obtained for R= n-CgHi7, while in the case o8.
aureusR? = n-CsH; andn-CgH17 show the same potency, and Eorcoli andP. aeruginosahe shortest
R? furnished the lowest MICs (Figures S1-S5).

1024 7/

— 3 896 )
& CI7H3S £ 768 2 -
&) | = ; CI7H35 2
T P cux g £ £
2 s 2 512 ' C11H23 <
2 C7HI5 Z O H
0 = S 384 =
= g = CTHIS =
= CH3 g 256 =
2 128 CH3 5
z 0/ i z

A A QA

S P O

ST ¢

C-terminal substituent (R2) C-terminal substituent (R?)

Figure 4. Variation of antimicrobial activity toward. faeciumwith R* and R substituents, for
compoundgtA-Ea-d. (A) bar graphs colored taking constantgRoups, highlighting the dependence of
antimicrobial activity on Rlength. (B) bar graphs colored taking constahgfups, highlighting the
dependence of antimicrobial activity on alkyl Rngth (compounddAa-d, with R* = OBn , are not
reported).

Figure 4 was useful for comparing homogenous sarfesompounds with the same type of
substituents, but after the initial investigatioe wmtroducedad hocvariations in R groups, taking
constant the two most acti@terminal R groups, the octyl and dodecyl chains (Table 1poasible
way to develop a more general model for antibaaiteitivity, and also for hemolytic activity, is tse
the reverse-phase HPLC-based (RP-HPLC) overalphpicity, in the form of either the retention time
[32,42,52,86] or the percentage of less polar ¢laemetention time [29,30]. This kind of structure
activity relationship highlights that, for all theacteria tested, there is a parabolic trend of Mt®srd

retention time (Figures 5A and 5B f8r aureussee Figure S6 for other bacteria).
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Figure 5. Variation of (A,B) antibacterial activity towar. aureuqtwo different vertical scales), (C)
hemolytic activity, and (D) therapeutic index todaf. aureuswith adjusted retention time
(instrumental retention time minus the hold-up titdewlett-Packard Lichrosorb RP 18 column, 5 um,
L x I.D. 200 x 4.6 mm, flow rate = 0.5 mL niipelution gradient: from water:2-propanol = 70:80 t
water:2-propanol = 10:90 in 40 minutes).

Of course, due to the fact that MICs determinedhwhie adopted protocol were measured in powers

of 2 [73], and that in some cases only minimum tegcal values corresponding to the highest

concentration tested were available, coefficienteterminationy?, indicating a very good parabolic
interpolation could not be expected. Howevérof 0.88, 0.80, 0.68, 0.76, and 0.63 Earfaecalis E.
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faecium S. aureusE. coli, andP. aeruginosarespectively, still confirm the visual impressitmat
MIC varies with retention time with an approximat@larabolic trend and, most important, that overall
lipophilicity is by far the main parameter govemitne antimicrobial activity for these compounds.

Albeit this finding is of obvious practical importee for directing the future synthesis of mostwecti
compounds in a more effective way, a simple ineggiron of the observed raise of MICs after the
optimal retention time ranges cannot be done. @Qfsm it is striking that the reason must relieghan
differences between the ability of these compoundsmply bind to covalently linked monolayers of
linear C18 hydrocarbon chains in a RP-HPLC coluamd their capability to be attracted to the
external bacterial surface, reach the fluid doudyers of differently composed membranes, insedt an
then weaken or damage them by one or more of tb&kmmechanisms. In fact, while the former
clearly appears to be a monotonically raising aeelitunction of van der Waals interactions, theelat
is @ much more complex phenomenon that encompasanryg different molecular movements and
interactions. Depending on the particular mechandifferent dispositions of amphiphilic compounds
are required for either a regular pores formatéogeneralized membrane weakening/permeabilization,
or a less ordered membrane dissolution/destruetitin a detergent-like effect [7-10]. Thus, it istno
obvious that the ability of these compounds to lékteria must always increase as the interactions
with the apolar stationary phase in a RP-HPLC gtien. In addition, even if overall lipophilicitg i
evidently the main parameter for quantitatively afdsng the growth-inhibiting effect of these
amphiphilic compounds, there must also be secondangables, such as substituent-specific effects
relying on shape and/or electronic features, wisih hardly be described at the moment. In fact, for
all the bacteria there are some cases in which oangs with very close retention times have differen
antibacterial activities, as well as cases of caimpg with fairly different retention times that shthe
same MICs (Figure 5 and Figure S6).

The higher sensitivity of Gram-negative bacteriashmrter alkyl chains than those required for
Gram-positives, previously highlighted analyzingmgdete homogeneous series in Figure 4 and
Figures S1-S5, can be deduced here in a more chensi®e way taking into consideration the ranges
of retention times in which compounds show goodhaintobial efficacy. In fact, retention time ranges
where MICs drop below a given value (es64 ng mL?) in Figure 5 and Figure S6, become narrower
and globally shift toward lesser values passingnfi. faecium(14.3-32.2 minutes), t&. faecalis
(14.4-28.0 minutes), t8. aureug14.3-26.5 minutes), tB. coli (14.3-21.2 minutes), and eventually to
P. aeruginosg14.4-19.7 minutes). To the best of our knowledgell cases available in literature of

RP-HPLC-derived overall lipophilicity measured focationic antibacterial amphiphiles, such a clear
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parabolic relationship has never been found, arlg arnfew cases of increases in MICs for large
lipophilic chains have been reported so far. Howgtres lack of previously reported similar behasio
could be due to the usually much smaller dimensispan of hydrophobic moieties investigated, thus
generally leading to a monotonic increase in aotdréal activity as the overall lipophilicity incases
[30,32,42,86]. Only in one case for lysine-basechamoeric peptoids [52] (Figure 1), and in two cases
for N-terminal alkylated oligopeptoids [29], a sharp rdase of antimicrobial efficacy with extended
retention times was evidenced for structurally hgemmus backbones bearing too large lipophilic
portions.

In contrast to the approximately parabolic trenadnoiimum inhibitory concentrations, Hgvalues
show a sharp decrease as soon as the overall liiggglstarts increasing and then, for the remagni
range of retention times, they have a quite errb@bavior but without any overall reduction or
increase (Figure 5C). This difference with respdiEs is also readily apparent directly analyzindyon
data for compounds belonging to the complete sevigtsall the combinations of Rand R used in the
initial investigation (Table 1 and Figure S8). Asexample, within the series of compoud@a-d (R
= n-C/His), 4Da-d (R = n-CyHzg), and 4Ea-c (R' = n-Ci7Hszs), the variation of hemolytic
concentration with Rgroups is strikingly different from the homogenarends of MICs toward any of
the bacteria tested, as reportedEofaeciumn Figure 4 (see also Figures S1-S5). The samieadp
the dependence of Hgon R groups, taking into consideration compounds hatfegsame Rchains
(Figure S8), thus confirming a somewhat more uniptadle behavior of hemolytic activity. In
addition, there are no other evident variables,hsas shape or electronic features, identifying
subgroups of clearly more (or less) hemolytic coomuts.

Due to the peculiar and extremely different treniMIC and HG with respect to retention time,
the resulting pointed graphs of computed therapentliices (TI = HG/MIC) as a function of overall
lipophilicity are not surprising (Figure 5A f&. aureusFigure S7 for other bacteria), and exactly the
same behavior has already been found for analogsitohicrobial peptide gramicidin S [87]. For all
bacteria, compounds having too short or too lognteon times invariably show extremely low TIs,
thus being completely unsafe. Only within the ran§eptimal overall lipophilicity, corresponding to
the range of moderate to good antimicrobial agtig@pproximately from 14 to 27 minutes tow&s8d
aureus, a-hydrazido acids can show a better in vitro seldgti confirming the usefulness of this
quantitative evaluation of overall lipophilicity byeans of adjusted retention times. Obviously, ue
the definition of Tl itself, the wider or narrowesanges of best therapeutic indices toward othetebac
must parallel the wider intervals of overall lipdpdity furnishing good antimicrobial activity towd
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enterococgcias well as the narrower intervals toward Gramatigeg strains. In addition, based on the
general order of sensitivity of bacteria to thesenpounds reported above (Table 1), Tl values for
many amphiphiliex-hydrazido acids decrease in the ofefaecium> E. faecalis> S. aureus> E. coli

> P. aeruginosaHowever, mainly due to the fluctuating behavibthemolytic activity, even within
the optimal range for each bacterium there are stongpounds showing a fairly reduced therapeutic
window (Figures 5A and S7, Tables 1 and S1). Therwst powerful antibacterialdfc (R* = Ph, B

= n-CyoHys, TIs = 49 for bottS. aureusandE. col) and4Fc (R! = t-Bu, R = n-CyoHys, Tls = 99 forS.
aureusand 49 folE. coli), are by far the most selective compounds and hbmest identical retention
times, thus they appear as a sort of spike in mbshe graphs. They also show the same good
selectivity when MDR bacteria are taken into coaesation (Table 1), andFc is the only one having a
quite good therapeutic index fBiseudomonas aerugino$25), toward which all the other compounds
show much poorer TIs (<5). The only remarkable pi&oa to their superiority ig-hydrazido acid
4Db (R = n-Cy1Has, R = n-CgH17) towardE. faeciumwhose highest therapeutic index, 61 (Table S1),

Is caused by both its high activity toward thattbaam and its inherently low hemolytic potency.

2.4 Permeabilization of outer and inner membranes

To ascertain beyond doubt the permeabilizing arstiadddizing action on bacterial membranesiof
hydrazido acid amphiphiles, we slightly modifiedeyiously reported procedures [49] and used
compound4Gce (R* = t-Bu, R = n-Cy,H.s) at its MIC as a model system toward both the espiiole
(ATCC 25922) and the MDR (GR-CREc, 288328) coli strains (Figure 6).N-phenyl-1-
naphthylamine (NPN) was chosen as a fluorescetuepiar the outer membrane permeabilization, due
to its gain in fluorescence when passing from ameags solution to a hydrophobic environment (i.e.
the membrane lipid bilayers), whereas propidiumided(PI) was chosen as an indicator of inner
membrane permeabilization, because its fluorescenggeatly enhanced when it binds to nucleic
acids. The fluorescent probes showed a null (NPNgxbremely reduced (Pl) uptake in absence of
4Gc, while rapid increases in normalized fluoresceweee observed in both cases by addition of the
amphiphile to suspensions containing either thaitea (Figure 6 A) or the MDR strain (Figure 6 B),
thus plenty confirming the permeabilizing and damggaction ofa-hydrazido acid hydrochlorides on
bacterial membranes.

Even if the raise in normalized fluorescence fa skisceptible ATCC collection strain seems to be

extremely reduced for both probes in comparisothéogentamicin- and colistin-resistant GR-CREc
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strain, this is mainly due to substantially diffietestarting points in terms of absolute fluoreseenc
intensity (see Figures S12-S15). The computed pedsiiiEation rate constants must therefore be
considered in order to effectively compare the bataof compound4Gce toward the two strains. At
least with these experimental conditions and ferttine considered (10 minutes), the permeabilimatio
of both membranes always demonstrated to followx@onential raise to maximun? £0.99), and the
actual rate constants computed for outer membrBigeaires S12-S13) and inner membrane (Figures

S14-S15) permeabilization are quite close for we gtrains.

A 150 B 300
;:\ '; 280 -
E 140 )
z 5260 .
2 GR-CREc +4Gc (MIC) 'Z 240 - GR-CREc +4Ge (MIC)
S 130 - ]
= =220
8 %]
= =2 -
§ 120 § "
2 © 180 -
=) - g AT . . (=]
g E. coli ATCC 25922 + 4Ge (MIC) S
Z 110 - = 160 -
= =
IS 8 140 - E. coli ATCC 25922 + 4Gc (MIC)
= 2. coli ATCC 25922 Contro! L~
g 100 el g 120 E. coli ATCC 25922 Control,
s ) - GR-CREc Control S 100 4255 1 i .
z 90 -CRlc Contro z GR-CREc Control
T T ! 80 T T T
0 2 4 6 8 10 0 2 4 6 8 10
Time (min) Time (min)

Figure 6. Variation of (A) NPN and (B) PI fluorescence witime, as a measure of outer and inner
membrane permeabilization, respectively, causedoypoundGc [red: E. coli ATCC 25922; black:
GR-CRECc E. coli288328)].

Interestingly, the outer membrane permeabilizatade constant measured by NPN uptake for GR-
CREc (0.31 mift) resulted to be about 1.2 times greater thanHersensitive bacterium (0.25 ritjn
whereas for the inner membrane permeabilizationrdbe constant of Pl uptake for GR-CREc (0.24
min™') was about 1.1 times greater than Forcoli ATCC 25922 (0.22 mif). Thus, not only the less
negatively charged LPS of GR-CREc was unable twgmiethe action of these amphiphiles more
effectively than that of susceptible coli, but it resulted even more permeablentbydrazido acid
hydrochlorides. This is in agreement with the id=alt MIC values of compounddFc and 4Gc

obtained against either susceptible or resisaaureusandE. coli strains (Table 1).
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2.5 Stability toward enzymatic and chemical degtaxha

One of the main issues of AMPSs, that is their geitsi to proteolytic degradation [88], could no¢ b
excludeda priori for a-hydrazido acids, due to the presence of threerdifit potentially hydrolysable
carbonyl-nitrogen bonds, one of which linking thedtom to a glycine side chain. Thus, the minimum
inhibitory concentrations towai$l. aureuf compoundgiCbh (R' = n-C;H1s, R? = n-CgHa17), 4Fc (R =
Ph, R = n-CiHzs), and4Gce (R = t-Bu, R = n-Ci2H2s), were evaluated after preincubation in fresh
50% blood plasma solution for 0, 3 and 6 hours7at@G[52].

Albeit MICs of both compoundéFc and4Gc were subjected to a two-fold increase in presafce
blood plasma, whereas fdCb no variation was observed, it is very remarkahbg &ll antimicrobial
activities remained constant even after 6 hourtnpubation (Figure 7), therefore demonstrating the

resistance to proteolytic degradation for physiaally relevant time intervals.
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Figure 7. (A) MICs towardS. aureusof compoundgiChb, 4Fc, and4Gc, after preincubation in 50%
blood plasma solution for 0, 3 and 6 h at 37 °Cn<gaovative estimates of three trials for each
compound. (B) Percent areas of samples of compd@iyg stored in different conditions at room
temperature, unless otherwise indicated (Hewletk&al Lichrosorb RP 18 column, 5 um, L x L.D.
200 x 4.6 mm, flow rate = 0.5 mL/min; eluent wakepropanol = 50:50).

The stability toward chemical degradation in diéietr conditions was also important in view of a
potential practical implementation, and some deasition had already been noted for compounds
stored for prolonged periods (>3 months) at -18a¥free amines. Without re-salification after the
chromatographic purification, the main side reaciio diluted conditions was demonstrated to be the

transacylation, with transfer df-terminal acyl group to the glycine amine functilitysby means of an
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intramolecular nucleophilic acyl substitution (saathesis of compounsl in Supplementary Data).
On the other hand, solid free amines intentionstityed at room temperature for more than one month
also underwent intermolecular attacks and gave mmixtures of products. Conversely, solid
hydrochlorides demonstrated to be completely stabté8 °C for at least 6 months. To better evaluat
resistance to chemical degradation, samples of oamp4Cb (R' = n-C;His, R? = n-CgHy1y) as
hydrochloride (1ug mL™) in PBS (pH = 7.4), pure water, and an aqueoustisol mimicking the
lowest value for the stomach pH range (1.5), wéoeed at room temperature for 8 weeks, together
with a methanolic solution of the free amine (Feyui). Starting with a freshly prepared compound
having a 99.7% purity, based on HPLC areas, therdepdbride in water did not show any
decomposition up to the maximum time, whereas on&rginal changes were experienced by the
samples in PBS and acidic solution (97.1% and 97ig&b purities, respectively). As expected, the
methanolic solution of free amine was subjected pronounced degradation, with a loss of purity of

more than 6% within the first week and about 40%rs8 weeks.

2.6 Importance of hydrazide NH and non-disruptegblaiphilicity

As initially reported, a series of siN-methylated compounds, whose parent unmethylated
hydrochlorides showed a wide range of antimicrolaielivities, was synthesized with the aim of
verifying if the effective facial segregation of drgphilic and lipophilic faces and the presence of
highly positive hydrazide NH hydrogens were de@&sivfavoring a good antimicrobial activity.

Comparing the antibacterial activities of NMe hyahitorides in Table 2 with the MICs of the
corresponding unmethylated compounds in Table is #asy to see that in only one case the
methylated version is the most active (hydrochkesi#iAc, MIC = 16 ug mL™* , and6Ac, MIC = 8 ug
mL?, againstE. faecali§, and in few other cases NMe derivatives havestirae potency than their

parent NH compounds.

Table 2. In Vitro Antibacterial Activities oN-Methylateda-Hydrazido Acids

MIC vs drug sensitive bacteria (ug mL™)?

Compd R* R? E.faecalis E.faecium S.aureus E.coli P.aeruginosa Retentl.onb
time (min)

6Ab OBn GH17 128 128 128 128 256 13.8
6AC OBn  G,Hys 8 8 8 64 512 20.7
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6Bb CH; GgHiz 1024 1024 2048 2048 2048 9.1

6Bc CH; CioHys 32 32 64 128 256 17.1
6Gb t-Bu  CgHis 512 512 512 256 512 11.7
6GcC t-Bu  CHys 16 16 16 64 512 18.9

2 Conservative estimates of at least three indepertdals.” Adjusted retention time, computed as
the instrumental retention time minus the holdiopet

However, in most cases there is a great increasen (fwo-fold to sixteen-fold) in minimum
inhibitory concentrations, and the overall decreasactivity toward Gram-negative bacteria is more
pronounced than that against Gram-positives. Hdllele compounds there is also a reduction up to
0.9 minutes in retention times, with respect tarthéH counterparts. This decrease in the RP-HPLC
measured overall hydrophobicity could be due todhetribution of a low energy conformation with
an unconventional C=0r]1H-C hydrogen bond between tlieterminal hydrazide carbonyl and one
of the slightly positiveN-methyl hydrogens, as computationally demonstrdtedthe modelN-
methylated ammonium cation mAc-Hydr(Me)GiNHMe (see Supplementary Data). This
conformation has a worst directionality of the hymhobic R and R groups, compared to the
hydrazido-turn arrangement, thus probably leadingat poorer interaction with both the C18
hydrocarbon chains of the stationary phase in tRe@column, and the lipid portions of membrane
bilayers.

Despite the observed reductions in overall lipapitiés, it must be pointed out that retention tgme
for the most active compounds in TableGA¢, 6Bc, and6Gc) are well within the optimal ranges
determined for unmethylated hydrochloridksThus, overall hydrophobicity still remains the ima
parameter for describing the antimicrobial actiatyen in the case df-methylated hydrochlorides, but
other concepts must be invoked in order to explaendeleterious effect of such an apparently small
structural change. To this end, the two most staimethylated andN-methylated hydrazido-turn
conformers of either the simplified model compoyRd = R* = Me) or4Cb (R! = n-C/Hys, R = n-
CgHi7), and their correspondinly-methylated versions, were analyzed comparing thetrestatic
potential surfaces and the atomic charges (seel&upptary data). All the charge calculations
schemes confirmed that, despite the electronwithidgahydrazide nitrogen, the three hydrogens of the
NMe group in the methylated species only have gemgll positive charges, therefore being essentially
hydrophobic in nature, which was experimentally dastrated for Boc-protected compourisn
deuterochloroform (see proton NMR spectra in Figus&9-S64). On the contrary, for the hydrazide

NH of unmethylated compounds high positive chasgege invariably obtained. Considering also the
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chloride counterion for bothCb and its NMe version allowed to better highlight partial disruption
of amphiphilicity inN-methylated compounds, which arises from the salistly lipophilic character
of the methyl group on the’Natom (Figure 8, see also Figures S29-S30). Evierisithe smallest alkyl
group, the methyl on hydrazide nitrogen behaves &k “hydrophobic bulge”, which very likely
negatively affects the interaction with phosphalipeads and water molecules during the destalglizin

and damaging action on membrane bilayers.

Figure 8. Rear views of electrostatic potential surfacestermost stable structures of hydrochlorides
(A) C/H15CO-HydrGly-NHGH,7 [ HCI (4Cb, R* = n-C/H1s, R? = n-CgH17), and (B) itsN-methylated
version GH3sCO-Hydr(Me)Gly-NHGH;7 [1 HCI, computed abB97X-D3(0)/6-311++g(3df,3pd)/IEF-
PCM level in water.

These findings about the decrease of activity ieduay a partly disrupted amphiphilic topology are
similar and complementary to the results obtairmdtriaryl derivatives whit an additional pendant
lipophilic group R [42] (Figure 1). In both casesphiphilicity seems to have a greater importance f
the activity against Gram-negative bacteriacdhydrazido acids amphiphilicity is ruined by adaliti
of a small lipophilic group in the hydrophilic faceith the concomitant loss of a hydrogen bond-

donating functionality, whereas in the case ofatstionic triaryl derivatives the negative effest i
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obtained by insertion of an amide linker in an othse completely hydrophobic region. However, for
those triaryl derivatives with facially disruptednphiphilicity, the almost complete loss of activity
against Gram-negative bacteria was ascribed to ehndess efficient insertion of the negative
curvature-inducing hydrophobic portions, causedhayhigh content in phosphatidylethanolamine (PE)
of Gram-negatives, which is itself a negative-indgclipid. On the contrary, for the presemt
hydrazido acids the lipophilic portions are unchethgvith respect their unmethylated versions,
whereas th&-methylation should reduce the overall ability loé¢ tpolar and charged groups to act as a
positive curvature-inducing components. The corieagance between components inducing both
positive and negative curvature was demonstratetbetocrucial to induce negative curvature in
phospholipid bilayers [89], which in turn is necass for the formation of pores in bacterial
membranes [90]. Thus, complementary reasons caublt the basis of the more pronounced decrease
in antibacterial efficacy toward Gram-negative baet for tetracationic triaryl derivatives and

hydrazido acids.

3. Conclusions

Starting from the idea that anhydrazido acid skeleton with suitable derivatiaai has an inherent
propensity to the formation of the hydrazido-turotifj simple mono-charged amphiphilic derivatives
were first computationally analyzed. Then a sholteap and high-yielding synthesis furnished a
number of these novel mimics of antimicrobial pees, which were submitted to biological assays.
The membranolytic action of amphiphilichydrazido acids was ascertained, and the mosteacti
compounds exhibited a broad-spectrum in vitro #gti@gainst a variety of Gram-positive and Gram-
negative bacteria, which did not change when muigdresistant strains were employed. Structure-
activity relationships demonstrated that the ovdiabphilicity is the main parameter governing the
bacteriostatic activity and the selectivity witlspect hemolysis, whereas the change of a hydraititie
in favor of a methyl group caused both the lossaaojood hydrogen bond donor and the partial
disruption of amphiphilicity, thus reducing the iatterial activity. Considering that the results
reported here were obtained without performing @ptymization in the search for the best bioactivity
profile, we believe that these chemically and potytically stablea-hydrazido acids are promising
lead compounds for the development of a new clasgde-spectrum antibiotics. Further studies are
ongoing to evaluate the effect of di- and tricaitoside chains, as well as differédt and C-terminal

substituents, in order to find safer and more actempounds.
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4. Experimental section

4.1 Procedures for biological assays

4.1.1 General important notes

All the hydrochlorides ofi-hydrazido acids are surfactants, and their tendémdorm foams very
negatively affected the first preliminary evaluagsoof MICs and Hggs. This was especially true for
more concentrated solutions, and was ascertainée t@lated to the speed of withdrawal and, to a
lesser extent, of the addition, causing evidemeatision and unreliability of results. These obseovs
also applied to withdrawal and addition of 0.2 96lTriton X-100. As an example, when both the
withdrawal and the addition of nominal values oD1& of 0.2 vol % Triton X-100 solution with a
Gilson P200 pipette were conducted employing aBdel seconds, the weights of solutions actually
transferred into the vials for five trials were rhdess than expected and not constant (126.9+18,5 m
meanzstandard error), as determined with an analybalance. On the contrary, employing about
three seconds for both the withdrawal and the mddisteps, the reliability and reproducibility of
weights greatly improved (150.3+2.3 mg). To makemmore reliable and reproducible the results, a
time of at least three seconds was always usedfinitive assays for all the withdrawal and additio
steps. For the same reasons, the clear and honmgesick solutions were not vortexed immediately
before the experiments. Another variable that isallg underestimated, that is the rigorous mixing i
each well during the serial dilutions, was asceddito be a secondary factor of error during the

preliminary trials.

4.1.2 General procedure for the evaluation of mimminhibitory concentrations

All tested compounds were dissolved in sterile wate the maximum possible concentration.
Bacterial strains were grown for 6 hours in Braieart Infusion (BHI) broth and diluted in Mueller-
Hinton Il (MHII) broth (Oxoid spa, Milan, Italy) tgive a final concentration of 1x3@fu/mL. Serial
dilutions of the tested compounds in MHII broth egarepared in 96-well microtiter plate (Cellstar,
Greiner bio-one, Kremsmunster, Austria) (@0 per well) and 5QuL of diluted bacterial suspension
were added into each well. The wells with bactatane were used as positive growth control wells.
Tetracycline was used as internal control, starfrogn a 1024ug/mL stock solution made from a
freshly prepared 1000@y/mL solution. The plate was aerobically incubaae®7 °C for 24 hours. All
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tests were performed in triplicate. The MICs weedirted as the lowest concentrations of compounds
inhibiting visible growth after 24 hours of inculwat.

4.1.3 General procedure for the evaluation of hegmolconcentrations

Hemolysis experiments were performed with a sliglodification of a reported procedure [28]. 4
mL of freshly drawn heparinized human blood weleatdd with 25 mL of phosphate buffered saline
(PBS) pH 7.4, centrifuged at 1000 g for 10 minwged resuspended in 25 mL of PBS for three times.
After washing, the pellet was resuspended in PBS2@vol % and, in a 96-well microtiter plates, 100
pL of erythrocyte suspension were added to J0@f different concentrations of the tested comptsin
(1:2 serial dilutions in PBS) and incubated forauhat 37 °C. The negative and positive controlsawe
100 uL of PBS and 10QiL of 0.2 vol % Triton X-100, respectively. Afterdnbation, each well was
supplemented with 1501 of PBS and the plate centrifuged at 1.200 g foniinutes. The supernatant
was diluted 1:60 (5 ul of supernatant in 295 pP8fS), transferred in a new plate, and its absodanc
at a wavelength of 350 nm £4) was measured using the Synergy HT microplate erad
spectrophotometer (BioTek, Winooski, VT, USA). Tpercent hemolysis was determined as follows:
[(A = A))/(Awtal — Ag)] X 100, whereA is the absorbance of the test wély,is the absorbance of the
negative control, ané, IS the absorbance of the positive control. Evabmabf HG, and b slope
were carried out by nonlinear regression of the-frarameter logistic model of Hill [56], in all s
were 100% hemolysis was reached in the experimnmntducted using stock solutions of the tested
compounds at the maximum possible concentration.cbmpounds for which the 100% hemolysis
could not be obtained, the three-parameter logimstidel of Hill with the constrain of 100% hemolysis
as the final value was used. The errors of theraxigaits were always less than 10%. The mean values

of three replicates were reported for 4d@nd b slope.

4.1.4 General procedures for the evaluation of patel inner membrane permeabilization

Outer Membrane Permeabilization Assay. The Perkin Elmer LS 50 spectrometer was used,
operating with the following parameters: 350 nnit (8idth 10 nm) for excitation and 420 nm (slit
width 10 nm) for emission, with a measure every<etonds for 10 minutes. All measurements were
performed at 25 °C on freshly prepared samplesgugiiartz cuvettes with 10 mm path length. Stock
solution ofN-phenyl-1-naphthylamine (NPN, 0.5 mM) in acetones\peepared weekly and stored at 4
°C in a dark place. Midlog-phage coli cells (grown for 6 h, T0cells/mL) were harvested (4000 rpm,

10 min at room temperature), washed, and resusdemdd®BS buffer at pH 7.2. The bacterial
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suspension was stored at 4 °C and used within 8hdten, the cuvette was supplemented with 2.97
mL of bacterial suspension and, after 15 minutesntiostatation at 25 °C, @& of a 0.5 mM solution

of NPN in acetone (working concentratiop!¥) and 23.4uL of a 1024ug mL* solution of compound
4Gc in sterile water (working concentrationu® mL™") were added. After a rapid mixing, the outer-
membrane permeabilization was measured by the aseran fluorescence of NPN. Control
experiments were performed with (i) 3 mL of ba@ksuspension and @ of 0.5 mM solution of
NPN, (ii) 2.97 mL of PBS buffer at pH 7.2, of a 0.5 mM solution of NPN and 234 of a 1024

ug mL* solution of compoundGe, (iii) 3 mL of PBS buffer at pH 7.2 andi. of 0.5 mM solution of
NPN, and (iv) 3 mL of PBS buffer at pH 7.2 (see damentary Data).

Inner-Membrane Permeabilization Assay. The Perkin Elmer LS 50 spectrometer was used,
operating with the following parameters: 535 nnit (idth 10 nm) for excitation and 617 nm (slit
width 10 nm) for emission, with a measure every<etonds for 10 minutes. All measurements were
performed at 25 °C on freshly prepared samplesiguguartz cuvettes with 10 mm path length.
Midlog-phaseE. coli cells (grown for 6 h, f0cells/mL) were harvested (4000 rpm, 10 min at room
temperature), washed, and resuspended in PBS latff¢t 7.2. The bacterial suspension was stored at
4 °C and used within 3 hours. Then, the cuvette w#gplemented with 2.95 mL of bacterial
suspension and, after 15 minutes thermostatati@ &C, 30uL of a 1.5 mM solution of propidium
iodide (PI, 1 mg mL in water, ready to use solution stored at 4 °Caimlark place, working
concentration 15M) and 23.4uL of a 1024pug mL* solution of compoundiGe in sterile water
(working concentration 8ug mL') were added. After a rapid mixing, the inner-meamer
permeabilization was measured by the increase uardscence of PI. Control experiments were
performed with (i) 2.97 mL of bacterial suspensamu 30uL of 1.5 mM solution of propidium iodide,
(i) 2.95 mL of PBS buffer at pH 7.2, 30 of 1.5 mM solution of propidium iodide and 23.4 of a
1024 g mL* solution of compoundGe, (iii) 2.97 mL of PBS buffer at pH 7.2 and 80 of 1.5 mM
solution of propidium iodide, and (iv) 3 mL of PB8ffer at pH 7.2 (see Supplementary Data).

4.1.5 General procedure for the evaluation of aatiierial activity in plasma

S. aureusATCC 29213 was grown for 6 hours in brain heaftision (BHI) broth and diluted in
Mueller Hinton Il broth (Oxoid spa, Milan, Italyptgive a final concentration of 1x46fu/mL. Fresh
human blood cells were centrifuged at 3000 rpmSfaninutes to separate the plasma from the red
blood cells. Three aliquots for each tested comdouere dissolved in water at a concentration of 512

png/mL and diluted twofold in the plasma to reach final concentration of 256g/mL. The aliquots
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were preincubated at 37 °C for 0, 3, and 6 hounrd,then used to perform MIC assays according to the
broth microdilution method in 96-well microtitergtés. The stability of the compounds into the pasm
was considered positive in absence of any changbeenf MIC values among the trials at different
preincubation times.

4.1.6 General procedure for the evaluation of cleaistability of compoundChb

Four 1 mg/mL solutions of compourfiCb (free amine in methanol, hydrochloride dissolvad i
water, PBS, and water at pH 1.5 prepared usingghtog acid) were stored at room temperature up to
8 weeks (temperature ranging from 20 to 25 °C)tabile aliquots were taken and analyzed at the times
reported in Figure 7. The fifth sample, that is stodid hydrochloride stored at -18 °C, was analyzed
taking a small amount of compound (about 1 mg) disdolving it in methanol. Percent areas of
different samples of compourtCb as a function of time were taken on a reverse@htswlett-
Packard Lichrosorb RP 18 column, 5 um, L x I.D. 208.6 mm, with a flow rate 0.5 mL/min and
water:2-propanol = 50:50, both containing 0.1% riffubroacetic acid, as the eluent. Elution was

continued up to 1 hour. Areas of spikes at the fnpldime were not considered for integration.

4.2 Chemistry

4.2.1 General materials and methods

Melting points were obtained on an Electrothernpgdaaatus I1A 9000 and are uncorrected. Melting
points for hydrochlorides were not taken, due toodeposition at about 100 °C for all compounds,
which was caused by loss of hydrogen chlorfeand**C NMR spectra were determined at 25 °C on
a Varian MR400 spectrometer, at 400 and 100 MHZ'fbrand *°C, respectively, in CDGlunless
otherwise reported. Chemical shifts are reporteggm relative to residual solvent signads< 7.26
and 77.16 ppm folH and®*C NMR, respectively), and coupling constarlisare given in Hz. Identity
of hydrochloridet and6 was confirmed by elemental analyses performedphdates with a Thermo
Scientific FLASH 2000 Elemental Analyzer. RP-HPL@alyses were performed with a Hewlett-
Packard 1100 chromatograph equipped with a diodsratetector X = 210 nm) and a Lichrosorb
RP18 5 pm column, L x I.D. 200 x 4.6 mm, using astant flow rate of 0.5 mL/min. Water:2-
propanol mixtures were used as eluents, both stdeamtaining 0.1% v/v of TFA. The hydrochlorides
were dissolved in a water:2-propanol 70:30 mixi{@&-1 mg/mL) and submitted to a gradient elution

from water:2-propanol 70:30 to water:2-propanol900in 40 min (gradient +1.5% 2-propanol/min),
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followed by additional 20 min with water:2-propan®D:90. After return to the initial eluent
composition, the column was re-conditioned foreaist 20 min before the following analysis. Adjusted
retention times, g, are reported as the instrumental retention ttmpeminus the hold-up timeut
which was determined to be 4.7 minutes for a flate of 0.5 mL/min. The purity of hydrochloridés
and 6 was ascertained by isocratic elutions, using wageropanol mixtures having amounts of 2-
propanol 5 or 10% less than the percentages ctdcdudd the adjusted retention timeg, tbtained in
the gradient elutions. All the analysis were camtith up to at least three times the values of the
retention times obtained in isocratic elutions. Milie exception of compourBa, which was used as
crude product with 95% purity, all the freshly dyegized hydrochlorided and 6 were always
determined to have >95% purity by integration ofll@Pareas, excluding spikes at the hold-up time.
LCMS electrospray ionization mass spectra wereiobthwith a Finnigan Navigator LC/MS single-
quadrupole mass spectrometer, cone voltage 25 Vcapdlary voltage 3.5 kV, injecting samples
dissolved in methanol. Column chromatography wasopmed using Kieselgel 60 Merck (230-400
mesh ASTM). All the starting compounds were reaggatde and used without further purification.
Ethyl acetate and cyclohexane used for chromatbgrapurifications were distilled at reduced
pressure, using a rotary evaporator. Dichlorometharethanol and dimethylformamide were distilled
from calcium hydride, sodium, and phosphorus padgxrespectively, under an argon atmosphere.
TLC analysis was performed with sheets of silicaFfeka TLC-PET, using exposure to UV light and
immersion in aqueous KMnP followed by heating and by possible immersionHgSO, 9 M.
Retention factorsR;) are reported, for a given eluent, as the ratithefdistance moved by the solute to
that moved by the solvent. In the case of hydrauids 4 and6, the R; factors are referred to free

amines.

4.2.2 Benzyl 2-(2-methoxy-2-oxoethyl)hydrazinetbaeylate, Cbz-Hydr-OMe,1j. To a solution of
benzyl carbazate (105 mmol, 17.45 g) and methymioacetate (100 mmol, 9.76 mL) in anhydrous
DCM (50 mL) at room temperature under inert atmesphDIPEA (105 mmol, 18.34 ml) was added.
The reaction was stirred for 48 hours. After evagion under vacuum, the residue was extracted using
a mixture of cyclohexane/ethyl acetate 1:1 (400 m&)the organic phase and water (100 mL). The
organic phase was washed with HCI 1 M (2 x 10 nmd svater (10 mL), then the aqueous phases
were sequentially extracted with additional 400 ofLcyclohexane/AcOEt 1:1. The second organic
phase was washed with HCl 1 M (2 x 10 mL) and wétérmL), then the reunited organic phases

were dried over anhydrous sodium sulphate. Aftapevation under vacuum, the crude product was
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purified by flash chromatography on silica gel (oyexane/AcOEt), obtaining the pure prodlics a
colorless oil in a 96% vyield (96 mmol, 22.87 B).= 0.32 (cyclohexane/AcOEt = 1:TH NMR (400
MHz, CDCL): 8 3.69 (s, 2H), 3.72 (s, 3H), 5.13 (s, 2H), 6.93 (¢H), 7.31 (bs, 1NH), 7.34 (s, 5ArH)
ppm.13C NMR (100 MHz, CDG): 6 52.2, 52.6, 67.4, 128.4, 128.5, 128.7, 135.9,9,56/1.5 ppm.
LCMS: m/z= 239.1 [M+H], 261.1 [M+Na].

4.2.3 Benzyl 2-((tert-Butoxycarbonyl)glycyl)-2-(24moxy-2-oxoethyl)hydrazine-1-carboxylate, Chbz-
HydrGly-OMe, @). To a solution of compound (45 mmol, 10.72 g) in dry DCM (22.5 mL) under
inert atmosphere, Boc-Gly-OH (58.5 mmol, 10.04 ggswadded and the reaction mixture was
thermostated at -20 °C. EDCI (67.5 mmol, 12.94 g \wadded and the mixture was stirred vigorously
at -20 °C for 1 hour, then the reaction mixture wadsted with ACOEt (400 mL) and water (50 mL).
After separation, the organic phase was sequentialshed with HClI 1 M (3 x 10 mL) and saturated
solution of NaCQO; (3 x 10 mL). The aqueous phases were sequengathacted with AcCOEt (250
mL) and the organic phase was washed with HCI BM & mL) and water (50 mL). The combined
organic phases were dried over anhydrousSRg the solvent was evaporated under reduced pressure
and the residue was purified by silica gel chromegphy (cyclohexane/AcOEt mixtures as eluents) to
give the pure compouriglas a colorless low-melting wax in 86% yield (381hol, 15.30 g)R: = 0.50
(cyclohexane/AcOEt = 1:1JH NMR (400 MHz, CDCJ): & 1.44 (s, 9H), 3.64 (bs, 1H), 3.73 (s, 3H),
4.09 (bs, 2H), 5.06 (bs, 1H), 5.17 (s, 2H), 5.2§, (NH), 7.30-7.51 (m, 5ArH+1NH) pprtC NMR
(100 MHz, CDCY}): 6 28.4, 42.0, 48.5, 52.6, 68.5, 80.0, 128.5, 12838,0, 154.8, 155.9, 169.4, 171.9
ppm. LCMS:m/z= 396.2 [M+H], 418.2 [M+Na].

4.2.4 General procedure for the synthesis of C-teahderivatives

Note: the representative procedure is referred taniol of starting compound. To a solution of
compound? (1 mmol) in dry MeOH (2 mL) under inert atmosphetfee suitable amine was added (3
eq. for propylamine and 1.5 eq. for octylamine, eldamine and octadecylamine). The reaction was
stirred for 7 hours at room temperature for thetlsgsis of compoundAa, and refluxed for 18, 24 and
36 hours for the syntheses of compouBAdb, 3Ac, and3Ad, respectively. Thus, the volatile species
were removed under vacuum and the residue was #eldnfior three times to the dissolution in few
milliliters of anhydrous dichloromethane, followbeg in vacuo evaporation. The residue was purified
by silica gel chromatography (cyclohexane/AcOEtmm&s as eluents) to give the corresponding pure

compound.
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4.2.4.1 Benzyl 2-((tert-butoxycarbonyl)glycyl)-2g®o-2-(propylamino)ethyl)hydrazine-1-carboxylate,
Cbz-HydrGly-NHGH7, (3Aa). Starting from2 (2.00 mmol, 791 mg) and following the general
procedure, compoun8Aa was obtained in 94% yield (1.88 mmol, 794 mg) ashéte amorphous
solid. Ry = 0.55 (cyclohexane/AcOEt 2:8). M.p. = 49-50 ®@.NMR (400 MHz, CDC}): 5 0.89 (t,J =

7.4 Hz, 3H), 1.42 (s, 9H), 1.45-1.54 (m, 2H), 33120 (m, 2H), 3.75-4.51 (m, 4H), 5.17 (s, 2H), 5.24
(bs, INH), 6.77 (bs, 1NH), 7.32-7.40 (m, 5ArH), 7 ®s, 1NH) ppm*C NMR (100 MHz, CDG)): &
11.4, 225, 28.4, 41.4, 41.9, 52.9, 68.4, 80.0,.4,2828.7, 135.1, 156.1, 156.2, 167.9, 172.3 ppm.
LCMS: m/z= 423.2 [M+HJ, 445.2 [M+Na].

4.2.4.2 Benzyl 2-((tert-butoxycarbonyl)glycyl)-2{@tylamino)-2-oxoethyl)hydrazine-1-carboxylate,
Cbz-HydrGly-NHGH17, (3Ab). Starting from2 (5.00 mmol, 1.98 g) and following the general
procedure, compourBAb was obtained in 88% yield (4.41 mmol, 2.17 g) aghde waxy solidR =
0.60 (cyclohexane/AcOEt 2:8). M.p. = 74-76 %6. NMR (400 MHz, CDC}): 5 0.87 (t,J = 7.0 Hz,
3H), 1.26 (bs, 10H), 1.42 (s, 9H), 1.46 (bs, 2H),233.26 (m, 2H), 3.75-4.47 (m, 4H), 5.17 (s, 2H),
5.25 (bs, 1NH), 6.77 (bs, 1NH), 7.32-7.38 (m, 5ArE)02 (bs, 1NH) ppm:*C NMR (100 MHz,
CDCly): 6 14.1, 22.7, 26.9, 28.4, 29.26, 29.29, 31.9, 391788, 41.90, 52.9, 68.4, 79.9, 128.4, 128.68,
128.72,135.1, 156.0, 156.2, 167.7, 172.2 ppm. LOMIR= 493.3 [M+H[, 515.3 [M+Na].

4.2.4.3 Benzyl 2-((tert-butoxycarbonyl)glycyl)-2{(®decylamino)-2-oxoethyl)hydrazine-1-
carboxylate, Cbz-HydrGly-NHGH25, (3Ac). Starting from2 (5.00 mmol, 1.98 g) and following the
general procedure, compourBAc was obtained in 88% vyield (4.39 mmol, 2.41 g) asvlate
amorphous solioR; = 0.43 (cyclohexane/AcOEt = 2:8). M.p. = 76-78 *8.NMR (400 MHz, CDCJ):
50.87 (t,J = 7.0 Hz, 3H), 1.25 (bs, 18H), 1.42 (s, 9H), 1(#§, 2H), 3.14-3.24 (m, 2H), 3.74-4.46 (m,
4H), 5.17 (s, 2H), 5.25 (bs, 1NH), 6.73 (bs, INH29-7.39 (m, 5ArH), 8.01 (bs, 1NH) ppiiC NMR
(100 MHz, CDCY}): 6 14.1, 22.8, 27.0, 28.4, 29.3, 29.4, 29.5, 29.8/72 29.76, 32.0, 39.8, 41.9,
52.8, 68.5, 80.0, 128.4, 128.7, 128.8, 135.1, ¥/6166.07, 167.7, 172.2 ppm. LCMBv/z= 549.4
[M+H]", 571.4 [M+Na].

4244 Benzyl 2-((tert-butoxycarbonyl)glycyl)-2{{ttadecylamino)-2-oxoethyl)hydrazine-1-

carboxylate, Cbz-HydrGly-NHgH37, (3Ad). Starting from2 (5.00 mmol, 1.98 g) and following the
general procedure, the compowBAld was obtained in 90% yield (4.50 mmol, 2.85 g) aghée waxy
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solid. R; = 0.63 (cyclohexane:AcOEt 2:8). M.p. = 84-86 *8.NMR (400 MHz, CDC}): 5 0.88 (t,J =

7.0 Hz, 3H), 1.25 (bs, 30H), 1.43 (s, 9H), 1.47 @&3), 3.15-3.25 (m, 2H), 3.74-4.56 (m, 4H), 5.%8 (
2H), 5.23 (bs, 1NH), 6.61 (bs, 1NH), 7.32-7.40 BArH), 7.81 (bs, 1NH) ppnmC NMR (100 MHz,
CDClk): 6 14.1, 22.7, 27.0, 28.3, 29.2, 29.36, 29.40, 28%70, 29.75, 32.0, 39.7, 41.9, 53.0, 68.3,
79.9, 128.3, 128.6, 128.7, 135.1, 156.1, 156.3,8,872.2 ppm. LCMSn/z= 655.5 [M+Na].

4.2.5 General procedure for the synthesis of N-teahderivatives

Note: representative procedure referred to 1 mrhstasting compoundlo a solution of compound
3Aa-d (1 mmol) dissolved in dry DCM (2 mL) under inettresphere at room temperature, Pd/C (100
mg) and formic acid (76 pL, 2 mmol) were sequelgtiaided and the mixture was stirred for 1 hour.
The volatile species were removed under vacuurnahrtemperature, then DCM (20 mL) was added
and the reaction mixture was filtered through @elwashing with DCM (3 x 10 mL). The organic
phase was washed with a saturated solution g€8a (5 mL), then the aqueous phase was newly
extracted with DCM (25 mL) and, after separatidm second organic phase was washed with a
saturated solution of N&O; (5 mL). The combined organic phases were driedr @rdydrous
NaSQ,, the solvent was evaporated under vacuum at rcampérature and the free hydrazide
intermediate was directly submitted to the follogviacylation reaction. The free hydrazide was
dissolved in dry DCM (5 mL) under inert atmosphehen pyridine (121 uL) was added, followed by
dropwise addition of the suitable acyl chloridel(gq). The solution was stirred for 1 hour, thérited
volatile species were removed in vacuo at room &atpre and the residue was diluted with AcOEt
(30 mL) and water (5 mL). After separation, theammg phase was washed with HClI 1 M (2 x 3 mL),
saturated aqueous sodium carbonate (5 mL) and \{&i@tL). The aqueous phases were sequentially
extracted with additional 30 mL of ethyl acetatesrt the second organic phase was washed with HCI 1
M (2 x 3 mL), saturated aqueous sodium carbonatal(pand water (5 mL). The combined organic
phases were dried over anhydrous sodium sulfateasmgorated under vacuum, then the crude product
was purified by column chromatography on silica(@gtlohexane/AcOEt mixtures as eluents), to give
the pure compound.

4.25.1 tert-Butyl (2-(2-acetyl-1-(2-oxo0-2-(propyiano)ethyl)hydrazinyl-2-oxoethyl)carbamate,

CHsCO-HydrGly-NHGHy7, (3Ba). Starting from3Aa (265 umol, 117 mg) and following the general

procedure, compouri@Ba was obtained in 65% yield (1{2nol, 56.8 mg) as a white waxy soli&. =
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0.23 (AcOEt:MeOH 95:5). M.p. = 138-140  NMR (400 MHz, CDCGY): 6 0.92 (t,J = 7.4 Hz, 3H),
1.43 (s, 9H), 1.51-1.60 (m, 2H), 2.09 (s, 3H), 3(82J = 6.6 Hz, 2H), 4.00 (bs, 2H), 4.23 (bs, 2H),
5.28 (bs, 1NH), 7.63 (bs, 1NH), 9.32 (bs, 1NH) ppe. NMR (100 MHz, CDCJ): 5 11.5, 20.8, 22.6,
28.5, 41.6, 41.8, 53.8, 80.2, 156.2, 168.3, 17171,.7 ppm. LCMS:m/z = 331.2 [M+HJ], 353.2
[M+Na]”.

4.2.5.2 tert-Butyl (2-(2-acetyl-1-(2-(octylamino)Roethyl)hydrazinyl)-2-oxoethyl)carbamate,
CH;CO-HydrGly-NHGH;7, (3Bb). Starting from3Ab (1.10 mmol, 542 mg) and following the general
procedure, compoun@Bb was obtained in 95% yield (1.05 mmol, 419 mg) asoborless pitchy
compoundR; = 0.22 (AcOEt)’H NMR (400 MHz, CDCJ): 3 0.87 (t,J = 7.0 Hz, 3H), 1.24-1.32 (m,
10H), 1.43 (s, 9H), 1.48-1.55 (m, 2H), 2.09 (s, 38124 (g,J = 6.6 Hz, 2H), 3.99 (bs, 2H), 4.23 (bs,
2H), 5.28 (bs, 1NH), 7.60 (bs, 1NH), 9.31 (bs, 1Ntgjm.**C NMR (100 MHz, CDGJ): § 14.2, 20.8,
22.8, 27.0, 28.5, 29.2, 29.3, 31.9, 40.0, 54.@2,8066.2, 168.3, 171.0, 171.6 ppm. LCM%z= 401.4
[M+H]*, 423.4 [M+Nal].

4.25.3 tert-Butyl (2-(2-acetyl-1-(2-(dodecylamiibpxoethyl)hydrazinyl)-2-oxoethyl)carbamate,
CH3CO-HydrGly-NHG2H32s, (3Bc). Starting from3Ac (1.15 mmol, 631 mg) and following the general
procedure, compour@Bc was obtained in 88% vyield (1.01 mmol, 462 mg) aghde waxy solidRs =
0.14 (AcOEt). M.p. = 58-60 °CH NMR (400 MHz, CDCJ): & 0.88 (t,J = 7.0 Hz, 3H), 1.25 (s, 18H),
1.43 (s, 9H), 1.46-1.56 (m, 2H), 2.08 (s, 3H), 3(g2) = 6.6 Hz, 2H), 3.99 (bs, 2H), 4.17 (bs, 2H),
5.30 (bs, 1NH), 7.62 (bs, 1NH), 9.46 (bs, 1NH) ppi6. NMR (100 MHz, CDGJ): 5 14.2, 20.8, 22.8,
27.0, 28.5, 29.3, 29.4, 29.5, 29.68, 29.74, 229679, 32.0, 39.9, 41.8, 53.9, 80.1, 156.2, 16872,1,
171.7 ppm. LCMSm/z= 457.4 [M+HT, 479.4 [M+Na].

4.2.5.4 tert-Butyl (2-(2-acetyl-1-(2-(octadecylanml-oxoethyl)hydrazinyl)-2-oxoethyl)carbamate,
CH;CO-HydrGly-NHGgH37, (3Bd). Starting from3Ad (1.00 mmol, 633 mg) and following the general
procedure, compour@Bd was obtained in 91% vyield (0.91 mmol, 492 mg) aghde waxy solidRs =
0.32 (AcOEt). M.p. = 77-79 °CH NMR (400 MHz, CDC}): 5 0.88 (t,J = 7.0 Hz, 3H), 1.25 (s, 30H),
1.43 (s, 9H), 1.47-1.55 (m, 2H), 2.09 (s, 3H), 3(@4J = 6.6 Hz, 2H), 3.98 (bs, 2H), 4.23 (bs, 2H),
5.28 (bs, 1NH), 7.54 (bs, 1NH), 9.27 (bs, 1NH) ppié. NMR (100 MHz, CDGJ): 5 14.2, 20.8, 22.8,
27.1, 28.5, 29.3, 29.4, 29.5, 29.70, 29.77, 2823), 39.9, 41.8, 53.9, 80.1, 156.2, 168.2, 17171,7
ppm. LCMS:m/z= 541.5 [M+H[, 563.5 [M+Na].
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4.25.5 tert-Butyl (2-(2-octanoyl-1-(2-oxo-2-(prégyino)ethyl)hydrazinyl)-2-oxoethyl)carbamate,
C7H15CO-HydrGly-NHGH?7, (3Ca). Starting from3Aa (1.00 mmol, 423 mg) and following the general
procedure, compour@Ca was obtained in 90% yield (0.901 mmol, 373 mga aghite waxy solidR;

= 0.4 (cyclohexane/AcOEt 2:8). M.p. = 76-78°6. NMR (400 MHz, CDCJ):  0.88 (t,J = 7.0 Hz,
3H), 0.90 (t,J = 7.4 Hz, 3H), 1.22-1.37 (m, 8H), 1.43 (s, 9H}&1.57 (m, 2H), 1.63-1.70 (m, 2H),
2.24-2.30 (m, 2H), 3.19 (§,= 6.6 Hz, 2H), 3.70-4.30 (m, 2H), 4.12 (bs, 2HR®(bs, 1NH), 7.71 (bs,
ANH), 9.37 (bs, 1NH) ppnt3C NMR (100 MHz, CDG)): § 11.4, 14.0, 22.4, 22.6, 25.1, 28.3, 28.9,
29.2, 31.6, 33.8, 41.3, 41.7, 54.1, 79.7, 156.8,2,6171.7, 174.3 ppm. LCM$1/z= 414.3 [M+HT,
436.3 [M+NaJ.

4.25.6 tert-Butyl (2-(2-octanoyl-1-(2-(octylamir®oxoethyl)hydrazinyl)-2-oxoethyl)carbamate,
C7/H15CO-HydrGly-NHGH17, (3Cb). Starting from3Ab (0.899 mmol, 443 mg) and following the
general procedure, compouB@b was obtained in 88% yield (0.790 mmol, 383 mgaaghite waxy
solid. R = 0.47 (AcOEt). M.p. = 77-79 °CH NMR (400 MHz, CDC}): 5 0.86-0.89 (m, 6H), 1.21-
1.36 (m, 18H), 1.43 (s, 9H), 1.47-1.54 (m, 2H),121672 (m, 2H), 2.25 (] = 7.4 Hz, 2H), 3.22 (q] =
6.6 Hz, 2H), 3.54-4.45 (m, 2H), 4.18 (bs, 2H), 5(B5, 1NH), 7.12 (bs, 1NH), 8.74 (bs, 1NH) ppm.
13C NMR (100 MHz, CDGJ): 5 14.1, 14.2, 22.7, 22.8, 25.2, 27.0, 28.4, 29.0229%29.34, 31.7, 31.9,
34.0, 39.8, 41.7, 54.1, 80.0, 156.2, 168.2, 17174.3 ppm. LCMS:m/z = 485.4 [M+H], 507.4
[M+Na]".

4.2.5.7 tert-Butyl (2-(1-(2-(dodecylamino)-2-oxog}f2-octanoylhydrazinyl)-2-oxoethyl)carbamate,
C7/H15CO-HydrGly-NHG2H3s, (3Cc). Starting from3Ac (390 umol, 214 mg) and following the general
procedure, compourngCc was obtained in 83% yield (324no0l, 175 mg) as a white amorphous solid.
R = 0.35 (ACOEt). M.p. = 81-83 °CH NMR (400 MHz, CDC}): 5 0.86-0.89 (m, 6H), 1.21-1.38 (m,
26H), 1.43 (s, 9H), 1.47-1.59 (m, 2H), 1.62-1.73 §H), 2.24-2.33 (m, 2H), 3.20-3.31 (m, 2H), 3.63-
4.50 (m, 2H), 4.23 (bs, 2H), 5.26 (bs, 1NH), 7.5§, (LNH), 9.03 (bs, 1NH) pprfC NMR (100 MHz,
CDCl): 8 14.17, 14.24, 22.7, 22.8, 25.2, 27.1, 28.5, 28013, 29.36, 29.44, 29.5, 29.7, 29.78, 29.80,
31.8, 32.0, 34.0, 39.9, 41.8, 54.1, 80.0, 156.18.2,6171.7, 174.3 ppm. LCMSn/z = 541.5
[M+H]*,563.5 [M+Na].
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4.2.5.8 tert-Butyl (2-(1-(2-(octadecylamino)-2-ottogd)-2-octanoylhydrazinyl)-2-oxoethyl)carbamate,
C7/H15CO-HydrGly-NHGgH37, (3Cd). Starting from3Ad (525 umol, 332 mg) and following the
general procedure, compour8Cd was obtained in 83% yield (43umol, 273 mg) as a white
amorphous solidR; = 0.75 (AcOEt). M.p. = 83-85 °CH NMR (400 MHz, CDC}): 5 0.86-0.89 (m,
6H), 1.22-1.36 (m, 38H), 1.43 (s, 9H), 1.48-1.59 2H), 1.63-1.73 (m, 2H), 2.25-2.35 (m, 2H), 3.22-
3.31 (m, 2H), 3.70-4.48 (m, 2H), 4.27 (bs, 2H),65(Bs, 1NH), 7.58 (bs, 1NH), 9.02 (bs, 1NH) ppm.
3¢ NMR (100 MHz, CDGJ): 6 14.18, 14.24, 22.7, 22.8, 25.2, 27.1, 28.5, 22913, 29.36, 29.44,
29.48, 29.73, 29.79, 29.84, 31.8, 32.1, 34.0, 39198, 54.0, 80.0, 156.1, 168.2, 171.7, 174.2 ppm.
LCMS: m/z= 625.5 [M+H], 647.5 [M+Na].

4.2.5.9 tert-Butyl (2-(2-dodecanoyl-1-(2-oxo-2-(pytamino)ethyl)hydrazinyl)-2-oxoethyl)carbamate,
C11H23CO-HydrGly-NHGHy7, (3Da). Starting from3Aa (954 umol, 403 mg) and following the general
procedure, compour@Da was obtained in 94% yield (8Qumol, 422 mg) as a white amorphous solid.
R = 0.33 (cyclohexane/AcOEt 2:8). M.p. = 69-71 *8.NMR (400 MHz, CDC}): 6 0.88 (t,J = 7.0

Hz, 3H), 0.90 (tJ = 7.4 Hz, 3H), 1.20-1.38 (m, 16H), 1.43 (s, 9H}6&E1.58 (m, 2H), 1.60-1.72 (m,
2H), 2.27 (tJ = 7.4 Hz, 2H), 3.14-3.24 (m, 2H), 3.60-4.30 (m,)45131 (bs, 1NH), 7.79 (bs, 1NH),
9.48 (bs, 1NH) ppr:C NMR (100 MHz, CDGJ): & 11.4, 14.2, 22.5, 22.7, 25.2, 28.4, 29.35, 29.38,
29.5, 29.66, 29.67, 32.0, 33.9, 41.4, 41.7, 54938,7156.1, 168.3, 171.8, 174.3 ppm. LCM%z =
471.4 [M+H], 493.4 [M+Na].

4.2.5.10 tert-Butyl (2-(2-dodecanoyl-1-(2-(octylawm)-2-oxoethyl)hydrazinyl)-2-oxoethyl)carbamate,
C11H23CO-HydrGly-NHGH17, (3Db). Starting from3Ab (627 pmol, 309 mg) and following the
general procedure, compour8Db was obtained in 88% yield (55@8mol, 299 mg) as a white
amorphous solidR; = 0.38 (cyclohexane:AcOEt 2:8). M.p. = 67-69 3@ NMR (400 MHz, CDCJ): &
0.86-0.89 (m, 6H), 1.19-1.38 (m, 26H), 1.43 (s, 9H#5-1.54 (m, 2H), 1.59-1.73 (m, 2H), 2.24-2.28
(m, 2H), 3.21 (qJ = 6.2 Hz, 2H), 3.62-4.33 (m, 2H), 4.15 (bs, 2HRB(bs, 1NH), 7.52 (bs, 1NH),
9.19 (bs, 1NH) ppm™C NMR (100 MHz, CDGJ): § 14.20, 14.22, 22.76, 22.79, 25.2, 27.0, 28.5,
29.29, 29.35, 29.36, 29.42, 29.46, 29.6, 29.7,, 2.8, 32.0, 34.0, 39.9, 41.8, 54.0, 80.0, 15868,2,
171.7, 174.2 ppm. LCMSn/z= 541.3 [M+H], 563.3 [M+Nal].

4.25.11 tert-Butyl (2-(2-dodecanoyl-1-(2-(dodeayiao)-2-oxoethyl)hydrazinyl)-2-
oxoethyl)carbamate, gH23CO-HydrGly-NH-G-Hys, (3Dc). Starting from3Ac (600 umol, 329 mg)
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and following the general procedure, compo8Bd was obtained in 86% yield (516énol, 308 mg) as

a white amorphous soliR = 0.44 (AcOEt). M.p. = 63-65 °CH NMR (400 MHz, CDC}): & 0.86-
0.89 (m, 6H), 1.19-1.38 (m, 34H), 1.43 (s, 9H),6:1455 (m, 2H), 1.60-1.70 (m, 2H), 2.26 Jt= 7.4

Hz, 2H), 3.21 (qJ = 6.2 Hz, 2H), 3.59-4.35 (m, 2H), 4.15 (bs, 2HRB(bs, 1NH), 7.50 (bs, 1NH),
9.16 (bs, 1NH) ppn:C NMR (100 MHz, CDGJ): & 14.2, 22.8, 25.3, 27.1, 28.5, 29.3, 29.45, 29.48,
29.50, 29.6, 29.73, 29.76, 29.79, 29.82, 32.1,,339M, 41.8, 54.0, 80.0, 156.2, 168.2, 171.7,A74.
ppm. LCMS:m/z= 597.6 [M+H], 619.6 [M+Na].

4.2.5.12 tert-Butyl (2-(2-dodecanoyl-1-(2-(octadanyino)-2-oxoethyl)hydrazinyl)-2-
oxoetyl)carbamate, {8H23CO-HydrGly-NHGgH3s, (3Dd). Starting from3Ad (341 umol, 216 mg) and
following the general procedure, compowsidd was obtained in 70% vyield (238nol, 162 mg) as a
white amorphous solidz = 0.32 (AcCOEt). M.p. = 45-47 °GH NMR (400 MHz, CDGJ): 5 0.86-0.89
(m, 6H), 1.20-1.37 (m, 46H), 1.43 (s, 9H), 1.4641(f, 2H), 1.59-1.72 (m, 2H), 2.26 &= 7.4 Hz,
2H), 3.18-3.23 (m, 2H), 3.62-4.30 (m, 2H), 4.12,(BHl), 5.29 (bs, 1NH), 7.62 (bs, 1NH), 9.30 (bs,
1NH) ppm.**C NMR (100 MHz, CDGJ): § 14.2, 22.8, 25.2, 27.1, 28.5, 29.3, 29.45, 292486,
29.75, 29.78, 29.80, 29.83, 32.0, 34.0, 39.9, A4, 79.9, 156.2, 168.2, 171.7, 174.3 ppm. LCMS:
m/z= 658.6 [M+HT, 680.6 [M+Na].

4.2.5.13 tert-Butyl (2-oxo-2-(1-(2-oxo-2-(propylam)jethyl)-2-stearoylhydrazinyl)ethyl)carbamate,
C17H3sCO-HydrGly-NHGH; 7, (3Ea). Starting from3Aa (265umol, 112 mg) and following the general
procedure, compoun8Ea was obtained in 70% yield (186nol, 103 mg) as a white amorphous solid.
R = 0.42 (AcOEt). M.p. = 63-65 °CH NMR (400 MHz, CDCYJ): 5 0.88 (t,J = 7.0 Hz, 3H), 0.92 ()

= 7.4 Hz, 3H), 1.20-1.38 (m, 28H), 1.43 (s, 9H51:1.60 (m, 2H), 1.62-1.73 (m, 2H), 2.29J& 7.4
Hz, 2H), 3.23 (qJ = 6.6 Hz, 2H), 3.96 (bs, 2H), 4.22 (bs, 2H) 5.B8, (INH), 7.78 (bs, 1NH), 9.25
(bs, INH) ppm>*C NMR (100 MHz, CDGJ): § 11.5, 14.2, 22.6, 22.8, 25.3, 28.5, 29.40, 298347,
29.6, 29.78, 29.82, 32.0, 34.0, 41.5, 41.8, 54020,8156.2, 168.3, 171.8, 174.3 ppm. LCM&z=
532.4 [M+HJ, 554.4 [M+Nal].

4.25.14 tert-Butyl (2-(1-(2-(octylamino)-2-oxod)r3-stearoylhydrazinyl)-2-oxoethyl)carbamate,
C17H3sCO-HydrGly-NHGH17, (3Eb). Starting from3Ab (451 umol, 222 mg) and following the
general procedure, compourBEb was obtained in 86% yield (38@mol, 243 mg) as a white
amorphous solidR = 0.52 (cyclohexane:AcOEt 3:7). M.p. = 125-127 %A. NMR (400 MHz,
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CDCly): 5 0.86-0.89 (m, 6H), 1.18-1.38 (m, 38H), 1.43 (s),9H45-1.54 (m, 2H), 1.58-1.72 (m, 2H),
2.25-2.29 (m, 2H), 3.18-3.23 (m, 2H), 3.64-4.40 @H), 4.12 (bs, 2H), 5.31 (bs, 1NH), 7.73 (bs,
1NH), 9.45 (bs, 1NH) pprt3C NMR (100 MHz, CDGJ): § 14.2, 22.76, 22.80, 25.2, 27.0, 28.5, 29.30,
29.36, 29.44, 29.47, 29.6, 29.78, 29.83, 31.99)824.0, 39.9, 41.8, 54.1, 80.0, 156.2, 168.2,71,71
174.2 ppm. LCMSm/z= 625.6 [M+HT, 647.6 [M+Na].

4.2.5.15 tert-Butyl (2-(1-(2-(dodecylamino)-2-oxog}-2-stearoylhydrazinyl)-2-oxoethyl)carbamate,
C17H3sCO-HydrGly-NHG-H2s5, (3Ec). Starting from 3Ac (304 umol, 167 mg) and following the
general procedure, compour3iEc was obtained in 80% vyield (242mol, 165 mg) as a white
amorphous solidR; = 0.46 (cyclohexane:AcOEt 2:8). M.p. = 60-63 *8.NMR (400 MHz, CDC}): &
0.86-0.89 (m, 6H), 1.18-1.38 (m, 46H), 1.43 (s, 9H®5-1.54 (m, 2H), 1.59-1.72 (m, 2H), 2.21-2.35
(m, 2H), 3.16-3.28 (m, 2H), 3.64-4.36 (m, 2H), 4(b6, 2H), 5.29 (bs, 1NH), 7.69 (bs, 1NH), 9.34 (bs
1NH) ppm.**C NMR (100 MHz, CDGJ): 5 14.2, 22.8, 25.3, 27.1, 28.5, 29.3, 29.45, 298%, 29.7,
29.79, 29.85, 32.1, 34.0, 39.9, 41.8, 53.9, 8066,.2, 168.2, 171.7, 174.2 ppm. LCM&/z= 658.6
[M+H] ", 680.6 [M+Na].

4.2.5.16 tert-Butyl (2-(1-(2-(octadecylamino)-2-ekuyl)-2-stearoylhydrazinyl)-2-oxoethyl)carbamate,
C17H3sCO-HydrGly-NHGgH37, (3Ed). Starting from 3Ad (348 pumol, 220 mg) and following the
general procedure, compou3etd was obtained in 80% yield (248nol, 213 mg) as a white waxy
solid. R = 0.82 (AcOEt). M.p. = 89-90 °CH NMR (400 MHz, CDCY): 5 0.86-0.89 (m, 6H), 1.19-
1.37 (m, 46H), 1.43 (s, 9H), 1.45-1.56 (m, 2H),9t1572 (m, 2H), 2.21-2.35 (m, 2H), 3.21 (o= 6.4
Hz, 2H), 3.56-4.40 (m, 2H), 4.16 (s, 2H), 5.29 (bH), 7.62 (bs, 1NH), 9.31 (bs, 1NH) ppMC
NMR (100 MHz, CDCY): & 14.2, 22.8, 25.3, 27.1, 28.5, 29.3, 29.45, 299165, 29.75, 29.81, 29.87,
32.1,34.1, 39.9, 41.8, 53.8, 80.1, 156.2, 16872,7, 174.1 ppm. LCMSn/z= 787.8 [M+Na].

4.25.17 tert-Butyl (2-(2-benzoyl-1-(2-(octylamiibpxoethyl)hydrazinyl)-2-oxoethyl)carbamate,
tBuCO-HydrGly-NHGH;7, (3Fb). Starting from3Ab (899 umol, 443 mg) and following the general
procedure, compour@Fb was obtained in 92% yield (828nol, 383 mg) as a white amorphous solid.
R = 0.16 (AcOEt). M.p. = 128-130 °¢H NMR (400 MHz, CDCJ): 6 0.87 (t,J = 7.0 Hz, 3H), 1.19-
1.34 (m, 10H), 1.41 (s, 9H), 1.46-1.57 (m, 2H),13229 (m, 2H), 3.68-4.56 (m, 2H), 4.32 (bs, 2H),
5.29 (bs, 1NH), 7.23 (bs, 1NH), 7.48t= 7.4 Hz, 2ArH), 7.60 (t) = 7.4 Hz, 1ArH), 7.88 (d) = 7.4
Hz, 2ArH), 9.67 (bs, 1NH) ppntC NMR (100 MHz, CDG)): § 14.2, 22.8, 27.1, 28.4, 29.30, 29.33,
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29.36, 31.9, 39.9, 41.9, 54.2, 80.0, 128.0, 12839,7, 133.2, 156.2, 167.7, 168.3, 172.1 ppm. LCMS:
m/z= 463.3 [M+H], 485.3 [M+Na].

4.2.5.18 tert-Butyl (2-(2-benzoyl-1-(2-(dodecylao)i®-oxoethyl)hydrazinyl)-2-oxoethyl)carbamate,
PhCO-HydrGly-NHG:H2s5, (3Fc). Starting from3Ac (425 umol, 233 mg) and following the general
procedure, compour@Fc was obtained in 85% yield (3ginol, 187 mg) as a white amorphous solid.
R = 0.56 (ACOEt). M.p. = 123-125 °¢H NMR (400 MHz, CDCY): 5 0.87 (t,J = 7.0 Hz, 3H), 1.21-
1.31 (m, 18H), 1.40 (s, 9H), 1.46-1.56 (m, 2H),13226 (m, 2H), 3.71-4.47 (m, 2H), 4.29 (bs, 2H),
5.31 (bs, 1NH), 7.48 (t] = 7.4 Hz, 2ArH + 1NH), 7.59 () = 7.4 Hz, 1ArH), 7.89 (dJ = 7.4 Hz,
2ArH), 9.87 (bs, 1NH) ppmt°C NMR (100 MHz, CDGJ): § 14.2, 22.8, 27.1, 28.4, 29.3, 29.4, 29.5,
29.70, 29.76, 29.79, 32.0, 40.0, 41.9, 54.2, 88,0, 128.9, 130.7, 133.2, 156.2, 167.7, 168.2,117
ppm. LCMS:m/z= 519.4 [M+H], 541.4 [M+Na].

4.25.19 tert-Butyl (2-(1-(2-(octylamino)-2-oxod)R3-pivaloylhydrazinyl)-2-oxoethyl)carbamate,
tBuCO-HydrGly-NHGH;7, (3Gb). Starting from3Ab (510 umol, 251 mg) and following the general
procedure, compoun8Gb was obtained in 89% yield (454mol, 201 mg) as a colorless pitchy
compound R = 0.22 (cyclohexane:AcOEt 3:7). M.p. = 121-123 *@.NMR (400 MHz, CDCJ): &
0.87 (t,J = 7.0 Hz, 3H), 1.20-1.31 (m, 19H), 1.42 (s, 9HW4L1.54 (m, 2H), 3.15-3.27 (m, 2H), 3.73
(bs, 1H), 4.10 (bs, 3H), 5.31 (bs, 1NH), 7.75 (b¥H), 9.36 (bs, 1NH) ppn>C NMR (100 MHz,
CDCl): 8 14.2, 22.7, 27.0, 27.2, 28.5, 29.3, 31.9, 38.48,391.7, 54.1, 79.9, 156.1, 168.2, 171.8,
179.1 ppm. LCMSm/z= 443.3 [M+HT, 465.2 [M+Na].

4.2.5.20 tert-Butyl (2-(1-(2-(dodecylamino)-2-oxod}-2-pivaloylhydrazinyl)-2-oxoethyl)carbamate,
tBuCO-HydrGly-NHG;H>s, (3Gc). Starting from3Ac (672 umol, 369 mg) and following the general
procedure, compouric was obtained in 90% yield (6Q@énol, 302 mg) as a colorless waxy sol.

= 0.49 (AcOEt). M.p. = 115-117 °¢H NMR (400 MHz, CDC}): 8 0.88 (t,J = 7.0 Hz, 3H), 1.20-1.33
(m, 27H), 1.43 (s, 9H), 1.46-1.55 (m, 2H), 3.2068(&, 2H), 3.5-4.37 (m, 4H), 5.26 (bs, 1NH), 7.50
(bs, INH), 9.09 (bs, 1NH) ppmi’C NMR (100 MHz, CDGJ): § 14.2, 22.7, 27.0, 27.1, 28.4, 29.2,
29.36, 29.40, 29.6, 29.7, 32.0, 38.3, 39.7, 4146;,579.6, 156.0, 168.2, 171.9, 179.2 ppm. LCM&

= 499.4 [M+HT, 521.4 [M+Na].
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4.2.5.21 tert-Butyl (2-(2-(2-naphthoyl)-1-(2-(o@wgiino)-2-oxoethyl)hydrazinyl)-2-
oxoethyl)carbamate, 1-naphthylCO-HydrGly-NgHz7, (3Hb). Starting from3Ab (400 pmol, 197 mg)
and following the general procedure, compoBhith was obtained in 91% vyield (3g&nol, 187 mg) as

a white amorphous solid = 0.28 (cyclohexane/AcOEt 3:7). M.p. = 186-188 Y€ NMR (400 MHz,
CDClg): 6 0.84-0.90 (m, 3H), 1.17-1.33 (m, 10H), 1.41 (s),9H46-1.57 (m, 2H), 3.21-3.26 (m, 2H),
3.92-4.95 (m, 2H), 4.41 (bs, 2H), 5.31 (bs, 1NH237(bs, 1NH), 7.49 (] = 7.4 Hz, 1ArH), 7.54-7.61
(m, 2ArH), 7.77 (dJ = 6.2 Hz, 1ArH), 7.89 (d] = 8.6 Hz, 1ArH), 8.01 (d] = 8.2 Hz, 1ArH), 8.34 (d,

J = 8.2 Hz, 1ArH), 9.33 (bs, 1NH) ppr*C NMR (100 MHz, DMSOdg): 5 13.9, 22.1, 26.4, 28.2,
28.6, 28.7, 29.0, 31.2, 38.6, 41.1, 51.1, 78.0,.824124.84, 126.48, 126.53, 127.2, 128.5, 129.8,
130.5, 131.3, 133.2, 155.8, 166.9, 167.8, 170.9. @M S: m/z= 503.3 [M+HJ, 525.3 [M+Na].

4.2.5.22 tert-Butyl (2-(2-(2-naphthoyl)-1-(2-(dogtonino)-2-oxoethyl)hydrazinyl)-2-
oxoethyl)carbamate, 1-naphthylCO-HydrGly-NHE,s, (3Hc). Starting from3Ac (322umol, 177 mg)
and following the general procedure, compo@Had was obtained in 87% yield (28@nol, 159 mg) as

a white waxy solidR; = 0.40 (DCM/MeOH 95:5). M.p. = 178-180 °& NMR (400 MHz, CDCJ): &
0.86-0.89 (m, 3H), 1.18-1.35 (m, 18H), 1.41 (s, 9H#6-1.56 (m, 2H), 3.18-3.28 (m, 2H), 3.91-4.56
(m, 2H), 4.41 (bs, 2H), 5.32 (bs, 1NH), 7.41 (bsIH), 7.40 (t,J = 7.4 Hz, 1ArH), 7.54-7.60 (m,
2ArH), 7.77 (d,J = 6.3 Hz, 1ArH), 7.89 (d] = 7.4 Hz, 1ArH), 8.00 (dJ = 8.2 Hz, 1ArH), 8.35 (d] =

8.2 Hz, 1ArH), 9.49 (bs, 1NH) ppmtC NMR (100 MHz, DMSOdg): 6 13.9, 22.0, 26.3, 28.2, 28.66,
28.73, 28.90, 28.95, 29.00, 31.2, 38.6, 41.1, 52800, 124.8, 126.44, 126.47, 127.2, 128.4, 129.8,
130.5, 131.2, 133.1, 155.8, 166.8, 167.8, 170.9. iy@MS: m/z= 569.5 [M+HT, 591.5 [M+Na].

4.2.6 General procedure for the synthesis of hyllwaes4

Notes: representative procedure referred to 1 nohgtarting compound. Compoud@a, due to
very high solubility in water, was not submitted ttee extractive procedure and was used as crude
product, after azeotropic removal of TFA, in biakal assaysThe suitable compound was dissolved
in dry DCM (3 mL), then TFA (1 mL) was added and tleaction was stirred at room temperature for
30 minutes. All the volatile species were removerkduced pressure at room temperature, then traces
of TFA were azeotropically removed by addition o€M (1-2 mL) to the residue and further
evaporation under vacuum (procedure repeated thmess). The residue was diluted with DCM (10
mL) and a saturated solution of }T€; (3 mL), then the phases were separated and trepagone

was newly extracted with DCM (10 mL). After separat the second organic phase was washed with a
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saturated solution of N@&O; (3 mL). The combined organic phases were driedr @rdydrous
NaSO,, the solvent was evaporated under vacuum at reampérature and the residue was purified by
flash chromatography on silica gel, using the $lgtanixtures of distilled DCM and distilled MeOH as
the eluents. After concentration at reduced presand room temperature, the pure free amine was
dissolved in dry DCM (3 mL), 3 M HCI in dry methdn@.35 mL) was added and the mixture was
evaporated under vacuum at room temperature, abgaithe desired pure hydrochlorides.
Occasionally, if very careful smelling indicatechttan excess HCI was still present, the residue was

dissolved again in dry DCM (1-2 mL) and evaporatader vacuum.

4.2.6.1 2-(2-((Benzyloxy)carbonyl)-1-(2-oxo-2-(pylmino)ethyl)hydrazinyl)-2-oxoethan-1-aminium
chloride, BnOCO-HydrGly-NHgH; - HCI, @Aa). Starting from 3Aa (263 pmol, 111 mg) and
following the general procedure, compoutfia was obtained in 98% vyield (25umol, 92.2 mg) as a
colorless waxy solid®; = 0.38 (free amine, DCM/MeOH 9:TH NMR (400 MHz, DMSO«): 5 0.84

(t, J= 7.4 Hz, 3H), 1.36-1.45 (m, 2H), 3.03 (7 7.0 Hz, 2H), 3.56-4.65 (m, 4H), 5.15 (s, 2HB3.
7.41 (m, 5ArH), 8.01-8.18 (m, 4NH), 10.19 (bs, 1Npm. tr = 3.45 min (%2-propanol = 35.17%).
HPLC purity: 98.2%. LCMSm/z = 323.2 [M-CI],, 345.2 [M-HCI+Na]. Elemental analysis: Anal.
Calcd for GsH23CIN4O,: C, 50.21; H, 6.46; N, 15.61. Found: C, 50.086H3; N, 15.59.

4.2.6.2 2-(2-((Benzyloxy)carbonyl)-1-(2-(octylamu2eoxoethyl)hydrazinyl)-2-oxoethan-1-aminium
chloride, BnOCO-HydrGly-NH-§H,7 - HCI, @Ab). Starting from3Ab (355 umol, 175 mg) and
following the general procedure, compouflb was obtained in 90% vyield (320nol, 137 mg) as a
colorless waxy solidR = 0.31 (free amine, DCM/MeOH 95:5H NMR (400 MHz, DMSOd): &
0.85 (t,J = 7.0 Hz, 3H), 1.24 (s, 10H), 1.34-1.43 (m, 2HPS3(q,J = 6.6 Hz, 2H), 3.56-4.64 (m, 4H),
5.15 (s, 2H), 7.32-7.41 (m, 5ArH), 8.01 {t= 5.4 Hz, 1NH), 8.09-8.17 (m, 3NH), 10.19 (bs, INH
ppm. tg = 3.45 min (%2-propanol = 51.38%). HPLC purity:. ®. LCMS: m/z= 393.3 [M-CIT,
415.2 [M-HCI+NaJ. Elemental analysis: Anal. Calcd fopd3:CIN4O4: C, 56.00; H, 7.75; N, 13.06.
Found: C, 56.13; H, 7.77; N, 13.04.

4.2.6.3 2-(2-((Benzyloxy)carbonyl)-1-(2-(octylamu2soxoethyl)hydrazinyl)-2-oxoethan-1-aminium
chloride, BnOCO-HydrGly-NHGH,s - HCI, @Ac). Starting from3Ac (155 umol, 85.2 mg) and
following the general procedure, compoutiic was obtained in 88% yield (136nol, 66.1 mg) as a
colorless waxy solidR; = 0.37 (free amine, DCM:MeOH 9:TH NMR (400 MHz, DMSOd): & 0.85
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(t, J = 7.0 Hz, 3H), 1.24 (s, 18H), 1.34-1.42 (m, 2HP33(q,J = 6.6 Hz, 2H), 3.37-4.60 (m, 4H), 5.15
(s, 2H), 7.32-7.41 (m, 5ArH), 8.01 (= 5.6 Hz, 1NH), 8.06-8.17 (m, 3NH), 10.17 (bs, DN#pm. tx

= 21.21 min (%2-propanol = 61.82%). HPLC purity- . LCMS:m/z= 449.3 [M-CIT, 471.3 [M-
HCI+Na]'". Elemental analysis: Anal. Calcd fops41CIN4O4: C, 59.43; H, 8.52; N, 11.55. Found: C,
59.40; H, 8.53; N, 11.55.

4.2.6.4 2-(2-((Benzyloxy)carbonyl)-1-(2-(octadeayiao)-2-oxoethyl)hydrazinyl)-2-oxoethan-1-
aminium chloride, BnOCO-HydrGly-NHgH3; - HCI, @Ad). Starting from3Ad (152 umol, 96.2 mg)
and following the general procedure, compodAd was obtained in 82% yield (126no0l, 71.0 mg)
as a white waxy solidR = 0.16 (free amine, DCM:MeOH 95:5H NMR (400 MHz, DMSOek): &
0.85 (t,J = 7.0 Hz, 3H), 1.23 (s, 30H), 1.33-1.43 (m, 2HP=3(q,J = 6.5 Hz, 2H), 3.59-4.60 (m, 4H),
5.15 (s, 2H), 7.32-7.41 (m, 5ArH), 8.01 Jt= 5.5 Hz, 1NH), 8.10-8.20 (m, 3NH), 10.19 (bs, INH
ppm. tr = 30.94 min (%2-propanol = 76.41%). HPLC purity.2%. LCMS:m/z= 533.4 [M-CIT,
555.4 [M-HCI+Na]. Elemental analysis: Anal. Calcd foefs3CIN4O4: C, 63.30; H, 9.39; N, 9.84.
Found: C, 63.25; H, 9.42; N, 9.85.

4.2.6.5 2-(2-Acetyl-1-(2-oxo0-2-(propylamino)ethyfjiazinyl)-2-oxoethanaminium 2,2,2-
trifluoroacetate, CHCO-HydrGly-NHGH; - CRCO,H, (4Ba). Starting from3Ba (275 umol, 90.8
mg), compoundiBa was obtained as crude trifluoroacetate produ@5%o yield (95.7 mg of crude
product, corresponding to about 2f@fnol, 90.0 mg, of pure product considering the HRu@ity,
95%) as a pale yellow oil, through evaporation un@deuum of the volatile species after reactiorhwit
TFA/DCM. R; = 0.15 (free amine, DCM:MeOH = 8:2H NMR (400 MHz, DMSOds): 5 0.84 (t,J =
7.4 Hz, 3H), 1.37-1.46 (m, 2H), 1.92 (s, 3H), 3(Q4J = 6.5 Hz, 2H), 3.48-4.77 (m, 4H), 7.98-8.24 (m,
4NH), 10.59 (s, INH) ppm.g’'= 0.26 min (%2-propanol = 30.39%). HPLC purity:P%. LCMS:m/z
231.2 [M-CRCQO,]", 253.1 [M-CRCO,H+Na]'. Elemental analysis: Anal. Calcd fog819F3N4Os: C,
38.37; H, 5.56; N, 16.27. Found: C, 38.39; H, 518816.25.

4.2.6.6 2-(2-Acetyl-1-(2-(octylamino)-2-oxoethyazinyl)-2-oxoethan-1-aminium chloride, gED-
HydrGly-NHGH;7 - HCI, @Bb). Starting from3Bb (357 umol, 143 mg) and following the general
procedure, compoudBb was obtained in 68% yield (242nol, 81.6 mg) as a white waxy solig. =
0.13 (free amine, DCM:MeOH 9:13H NMR (400 MHz, DMSOek): & 0.86 (t,J = 6.8 Hz, 3H), 1.24
(s, 10H), 1.34-1.44 (m, 2H), 1.92 (s, 3H), 3.06J&; 6.4 Hz, 2H), 3.43-4.88 (m, 4H), 8.02-8.24 (m,
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4NH), 10.60 (s, INH) ppm.g’'= 9.29 min (%2-propanol = 43.94%). HPLC purity:@&. LCMS:m/z
= 301.2 [M-CIT, 323.2 [M-HCI+Na]. Elemental analysis: Anal. Calcd for48,0CIN4Os: C, 49.92; H,
8.68; N, 16.63. Found: C, 49.89; H, 8.69; N, 16.66.

4.2.6.7 2-(2-Acetyl-1-(2-(dodecylamino)-2-oxoetmytlrazinyl)-2-oxoethan-1-aminium  chloride,
CH3CO-HydrGly-NHG:H»s - HCI, @Bc). Starting from3Bc (175 pumol, 79.8 mg) and following the
general procedure, compoudBc was obtained in 70% vyield (1328nol, 48.5 mg) as a white waxy
solid. R = 0.42 (free amine, DCM:MeOH 7:3H NMR (400 MHz, DMSO#): & 0.85 (t,J = 6.8 Hz,
3H), 1.24 (s, 18H), 1.34-1.44 (m, 2H), 1.92 (s, 381D6 (g,J = 6.4 Hz, 2H), 3.41-4.72 (m, 4H), 8.03-
8.24 (m, 4NH), 10.62 (s, 1INH) ppmgt= 17.47 min (%2-propanol = 56.21%). HPLC purit@.&%.
LCMS: m/z= 357.3 [M-CI[, 379.3 [M-HCI+Na]. Elemental analysis: Anal. Calcd forg837CIN4Os:

C, 55.02; H, 9.49; N, 14.26. Found: C, 54.80; 309N, 14.29.

4.2.6.8 2-(2-Acetyl-1-(2-(octadecylamino)-2-oxo8tiydrazinyl)-2-oxoethan-1-aminium  chloride,
CH3CO-HydrGly-NHGgH37 - HCI, @Bd). Starting from3Bd (262 umol, 142 mg) and following the
general procedure, compoudBd was obtained in 89% yield (238nol, 111 mg) as a white waxy
solid. R = 0.29 (free amine, DCM:MeOH 85:15H NMR (400 MHz, DMSOs): & 0.85 (t,J = 6.8
Hz, 3H), 1.23 (s, 30H), 1.34-1.43 (m, 2H), 1.9138), 3.05 (qJ = 6.4 Hz, 2H), 3.39-4.73 (m, 4H),
8.03-8.25 (m, 4NH), 10.64 (s, 1NH) ppmg & 27.99 min (%2-propanol = 71.99%). HPLC purity:
99.1%. LCMS: m/z = 441.4 [M-CI], 463.3 [M-HCI+Na]. Elemental analysis: Anal. Calcd for
Co4H4oCIN4Os: C, 60.42; H, 10.35; N, 11.74. Found: C, 60.3916131; N, 11.77.

4.2.6.9 2-(2-Octanoyl-1-(2-oxo-2-(propylamino)ejhydrazinyl)-2-oxoethan-1-aminium  chloride,
C7/H15CO-HydrGly-NHGH- - HCI, @Ca). Starting from3Ca (192 umol, 79.5 mg) and following the
general procedure, compoud@a was obtained in 95% yield (182nol, 64.0 mg) as a white waxy
solid. R = 0.47 (free amine, DCM:MeOH 8:2H NMR (400 MHz, DMSOds): 5 0.82-0.87 (m, 6H),
1.24 (s, 8H), 1.36-1.45 (m, 2H), 1.47-1.57 (m, 2Bi}13-2.21 (m, 2H), 3.01-3.06 (m, 2H), 3.39-4.68
(m, 4H), 7.97-8.29 (m, 4NH), 10.63 (s, 1NH) ppnk ¥ 5.24 min (%2-propanol = 37.86%). HPLC
purity: 97.0%. LCMSm/z= 315.2 [M-CIJ, 337.2 [M-HCI+Na]. Elemental analysis: Anal. Calcd for
Ci5H31CINgOs: C, 51.35; H, 8.91; N, 15.97. Found: C, 51.468H9; N, 15.91.
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4.2.6.10 2-(2-Octanoyl-1-(2-(octylamino)-2-oxoejhytrazinyl)-2-oxoethan-1-aminium  chloride,
C7H15CO-HydrGly-NHGH;7 - HCI, @Cb). Starting from3Cb (192 umol, 93.2 mg) and following the
general procedure, compoud@b was obtained in 87% vyield (16/mol, 70.4 mg) as a white waxy
solid. R = 0.28 (free amine, DCM:MeOH 1:1).}H NMR (400 MHz, DMSO#): 5 0.84-0.87 (m, 6H),
1.19-1.29 (m, 18H), 1.35-1.41 (m, 2H), 1.48-1.56 2id), 2.11-2.19 (m, 2H), 2.99-3.14 (m, 2H), 3.40-
4.62 (m, 4H), 7.98-8.25 (m, 4NH), 10.58 (s, INHrpp'r = 17.78 min (%2-propanol = 56.67%).
HPLC purity: 98.2%. LCMSm/z = 385.3 [M-CIJ, 407.3 [M-HCI+Na]. Elemental analysis: Anal.
Calcd for GoH41CIN4O3: C, 57.06; H, 9.82; N, 13.31. Found: C, 57.009184; N, 13.35.

4.2.6.11 2-(1-(2-(Dodecylamino)-2-oxoethyl)-2-octgihydrazinyl)-2-oxoethan-1-aminium chloride,
C7H15CO-HydrGly-NHG2H25 - HCI, @Cc). Starting from3Cc (135umol, 73.1 mg) and following the
general procedure, compoud@c was obtained in 84% vyield (118nol, 53.8 mg) as a white waxy
solid. R = 0.06 (free amine, DCM:MeOH 9:H NMR (400 MHz, DMSOds): 5 0.84-0.87 (m, 6H),
1.19-1.31 (m, 26H), 1.34-1.44 (m, 2H), 1.46-1.57 2i), 2.11-2.19 (m, 2H), 2.99-3.13 (m, 2H), 3.37-
4.65 (m, 4H), 7.91-8.24 (m, 4NH), 10.59 (s, INH)rpp'r = 24.01 min (%2-propanol = 66.02%).
HPLC purity: 98.7%. LCMSm/z = 441.4 [M-CI], 463.3 [M-HCI+Na]. Elemental analysis: Anal.
Calcd for G4H49CIN4O3: C, 60.42; H, 10.35; N, 11.74. Found: C, 60.2816132; N, 11.72.

4.2.6.12 2-(1-(2-(Octadecylamino)-2-oxoethyl)-2amctylhydrazinyl)-2-oxoethan-1-aminium chloride,
C7H15CO-HydrGly-NHGgH37 - HCI, @Cd). Starting from3Cd (174umol, 108.8 mg) and following the
general procedure, compoud@d was obtained in 81% vyield (14idmol, 79.2 mg) as a white waxy
solid. Ry = 0.09 (free amine, DCM:MeOH 95:3H NMR (400 MHz, DMSOds): & 0.84-0.88 (m, 6H),
1.23 (s, 38H), 1.34-1.42 (m, 2H), 1.47-1.56 (m, 2M}11-2.19 (m, 2H), 2.98-3.14 (m, 2H), 3.27-4.66
(m, 4H), 7.97-8.14 (m, 4NH), 10.57 (s, 1NH) ppm. £ 33.05 min (%2-propanol = 79.58%). HPLC
purity: 97.1%. LCMSm/z= 525.5 [M-CI[, 547.4 [M-HCI+Na]. Elemental analysis: Anal. Calcd for
CsoH61CIN4O3: C, 64.20; H, 10.95; N, 9.98. Found: C, 64.231B.99; N, 9.97.

4.2.6.13 2-(2-Dodecanoyl-1-(2-oxo-2-(propylaminbydthydrazinyl)-2-oxoethan-1-aminium chloride,
C11H23CO-HydrGly-NHGH7 - HCI, @Da). Starting from3Da (157 umol, 73.8 mg) and following the
general procedure, compoudBa was obtained in 84% yield (132nol, 53.8 mg) as a white waxy
solid. Ry = 0.40 (free amine, AcOEt:MeOH 8:21 NMR (400 MHz, DMSOds): & 0.82-0.87 (m, 6H),

1.24 (s, 8H), 1.36-1.46 (m, 2H), 1.47-1.57 (m, 2#}7 (t,J = 7.4 Hz, 2H), 3.01-3.06 (m, 2H), 3.32-
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4.75 (m, 4H), 8.00-8.27 (m, 4NH), 10.60 (s, INHnpg'r = 16.63 min (%2-propanol = 54.95%).
HPLC purity: 97.3%. LCMSm/z= 371.3, [M-CI[, 393.3 [M-HCI+Na]. Elemental analysis: Anal.
Calcd for GgH39CIN4O3: C, 56.07; H, 9.66; N, 13.77. Found: C, 56.129H9; N, 13.76.

4.2.6.14 2-(2-Dodecanoyl-1-(2-(octylamino)-2-oxg8thydrazinyl)-2-oxoethan-1-aminium chloride,
C11H23CO-HydrGly-NHGH;7 - HCI, @Db). Starting from3Dd (169 umol, 91.5 mg) and following the
general procedure, compoudB®b was obtained in 89% vyield (150mol, 71.8 mg) as a white waxy
solid. R = 0.08 (free amine, DCM:MeOH 9:14 NMR (400 MHz, DMSOds): 5 0.84-0.87 (m, 6H),
1.18-1.29 (m, 26H), 1.34-1.43 (m, 2H), 1.46-1.56 2id), 2.11-2.20 (m, 2H), 3.00-3.12 (m, 2H), 3.32-
4.79 (m, 4H), 7.98-8.24 (m, 4NH), 10.59 (s, INHhp'r = 23.46 min (%2-propanol = 65.19%).
HPLC purity: 97.4%. LCMSm/z = 441.4 [M-CI], 463.4 [M-HCI+Na]. Elemental analysis: Anal.
Calcd for G4H49CIN4O3: C, 60.42; H, 10.35; N, 11.74. Found: C, 60.4616133; N, 11.72.

4.2.6.15 2-(2-Dodecanoyl-1-(2-(dodecylamino)-2-alkgBhydrazinyl)-2-oxoethan-1-aminium
chloride, GiH»3CO-HydrGly-NHG,H,5 - HCI, @Dc). Starting from3Dc (253 pmol, 151 mg) and
following the general procedure, compoutidc was obtained in 82% vyield (2Qimol, 111 mg) as a
colorless waxy solidR; = 0.11 (free amine, DCM:MeOH 9:13)H NMR (400 MHz, DMSOdg): &
0.84-0.87 (m, 6H), 1.24 (s, 34H), 1.33-1.43 (m, 2H%6-1.56 (m, 2H), 2.11-2.20 (m, 2H), 2.94-3.16
(m, 2H), 3.36-4.69 (m, 4H), 7.99-8.17 (m, 4NH),39(s, 1NH) ppm. g = 29.14 min (%2-propanol =
73.71%). HPLC purity: 97.2%. LCM$n/z= 497.4 [M-CIT, 519.5 [M-HCI+Na]. Elemental analysis:
Anal. Calcd for GgHs7/CIN4Os: C, 63.07; H, 10.77; N, 10.51. Found: C, 62.92161,77; N, 10.53.

4.2.6.16 2-(2-Dodecanoyl-1-(2-(octadecylamino)-etkyl)hydrazinyl)-2-oxoethanaminium chloride,
C11H23CO-HydrGly-NHGgH37 - HCI, @Dd). Starting from3Dd (110umol, 74.8 mg) and following the
general procedure, compouddd was obtained in 97% yield (1Qmol, 66.3 mg) as a colorless waxy
solid. R = 0.10 (free amine, DCM:MeOH 9:1H NMR (400 MHz, DMSOds): 5 0.84-0.87 (m, 6H),
1.19-1.29 (s, 46H), 1.34-1.43 (m, 2H), 1.46-1.56 2id), 2.11-2.20 (m, 2H), 2.96-3.16 (m, 2H), 3.36-
4.67 (m, 4H), 8.00-8.23 (m, 4NH), 10.57 (s, INHnpg'r = 35.93 min (%2-propanol = 83.90%).
HPLC purity: 98.2%. LCMSm/z = 581.6 [M-CI]', 603.5 [M-HCI+Na]. Elemental analysis: Anal.
Calcd for G4HegCIN4Os: C, 66.14; H, 11.27; N, 9.07. Found: C, 66.061H.25; N, 9.08.
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4.2.6.17  2-Ox0-2-(1-(2-oxo-2-(propylamino)ethyl¥t2aroylhydrazinyl)ethanaminium  chloride,
C,7H35CO-HydrGly-NHGH7 - HCI, @Ea). Starting from3Ea (81.3umol, 45.1 mg) and following the
general procedure, compoudBa was obtained in 96% vyield (77 0nol, 37.8 mg) as a white waxy
solid. R = 0.1 (free amine, DCM:MeOH 9:13H NMR (400 MHz, DMSOd): & 0.82-0.87 (m, 6H),
1.23 (s, 28H), 1.37-1.46 (m, 2H), 1.46-1.57 (m, ,2H)1-2.19 (m, 2H), 3.04 (4,= 6.3 Hz, 2H), 3.39-
4.68 (m, 4H), 8.01-8.26 (m, 4NH), 10.59 (s, INH)rpp'r = 26.49 min (%2-propanol = 69.74%).
HPLC purity: 95.8%. LCMSm/z = 455.4 [M-CI]', 477.4 [M-HCI+Na]. Elemental analysis: Anal.
Calcd for GsHs;CINSOs: C, 61.14; H, 10.47; N, 11.41. Found: C, 60.9416146; N, 11.37.

4.2.6.18 2-(1-(2-(Octylamino)-2-oxoethyl)-2-stedhggrazinyl)-2-oxoethan-1-aminium  chloride,
C17H35CO-HydrGly-NHGH17 - HCI, @EDb). Starting from3Eb (81.9umol, 51.2 mg) and following the
general procedure, compoudBb was obtained in 80% vyield (65i8nol, 37.0 mg) as a white waxy
solid. R = 0.35 (free amine, DCM:MeOH 9:14 NMR (400 MHz, DMSOd): 3 0.83-0.87 (m, 6H),
1.23 (s, 38H), 1.33-1.43 (m, 2H), 1.45-1.56 (m, 2M})1-2.19 (m, 2H), 2.96-3.14 (m, 2H), 3.40-4.62
(m, 4H), 8.00-8.26 (m, 4NH), 10.61 (s, 1NH) ppm. + 32.24 min (%2-propanol = 78.36%). HPLC
purity: 96.3%. LCMSm/z= 525.5 [M-CIJ, 547.4 [M-HCI+Na]. Elemental analysis: Anal. Calcd for
CsoH61CIN4Os: C, 64.20; H, 10.95; N, 9.98. Found: C, 64.4418.93; N, 9.96.

4.2.6.19 2-(1-(2-(Dodecylamino)-2-oxoethyl)-2-stadinydrazinyl)-2-oxoethanamium chloride,
C17H35CO-HydrGly-NHG2H,s - HCI, @Ec). Starting from3Ec (44.0umol, 30.0 mg) and following the
general procedure, compoudé&c was obtained in 85% vyield (3748nol, 23.0 mg) as a colorless
pitchy compoundR; = 0.09 (free amine, DCM:MeOH 95:5H NMR (400 MHz, DMSO#d): & 0.83-
0.87 (m, 6H), 1.23 (s, 46H), 1.33-1.43 (m, 2H),5t1456 (m, 2H), 2.11-2.19 (m, 2H), 2.93-3.19 (m,
2H), 3.41-4.67 (m, 4H), 7.99-8.26 (m, 4NH), 10.60 INH) ppm. & = 35.81 min (%2-propanol =
83.72%). HPLC purity: 99.5%. LCM$n/z= 581.5 [M-CIT, 603.5 [M-HCI+Na]. Elemental analysis:
Anal. Calcd for G4HggCIN4Os: C, 66.14; H, 11.27; N, 9.07. Found: C, 66.251H.24; N, 9.04.

4.2.6.20 2-(1-(2-(Octadecylamino)-2-oxoethyl)-2astglhydrazinyl)-2-oxoethan-1-aminium chloride,
C17H35CO-HydrGly-NHGgH37 - HCI, @Ed). Starting from3Ed (141 umol, 108 mg) and following the
general procedure, compoudld was obtained in 82% yield (146nol, 81.4 mg) as a white waxy
solid. R = 0.40 (free amine, DCM:MeOH 9:1’%H NMR (400 MHz, DMSOsk): & 0.84 (s, 6H), 1.10-
1.53 (m, 62H), 2.08-2.22 (m, 2H), 2.92-3.24 (m, 2Bi%2-4.66 (m, 4H), 7.97-8.26 (m, 4NH), 10.58 (s,
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INH) ppm. tg = 41.78 min (%2-propanol = 92.67%). HPLC puritg.®%. LCMS:m/z= 665.6 [M-
Cl]*, 687.6 [M-HCI+Na]. Elemental analysis: Anal. Calcd fogd8s:CIN4Os: C, 68.48; H, 11.64; N,
7.99. Found: C, 68.43; H, 11.67; N, 8.02.

4.2.6.21 2-(2-Benzoyl-1-(2-(octylamino)-2-oxoetmytlrazinyl)-2-oxoethan-1-aminium  chloride,
PhCO-HydrGly-NHGH;7 - HCI, @Fb). Starting from3Fb (183 umol, 84.7 mg) and following the
general procedure, compoudlb was obtained in 97% yield (1{8nol, 71.0 mg) as a colorless waxy
solid. R = 0.12 (free amine, DCM:MeOH 9:1’%H NMR (400 MHz, DMSOds): 5 0.84 (t,J = 6.8 Hz,
3H), 1.16-1.28 (m, 10H), 1.33-1.43 (m, 2H), 3.0043(m, 2H), 3.25-4.70 (m, 4H), 7.50-7.55 (m,
2ArH), 7.62-7.66 (m, 1ArH), 7.87-7.92 (m, 2ArH),08-8.26 (m, 4NH), 11.19 (s, 1NH) ppmg t&
12.27 min (%2-propanol = 48.41%). HPLC purity: 100€MS: m/z= 363.2 [M-CI[, 385.2 [M-
HCI+Na]'". Elemental analysis: Anal. Calcd fod83:CIN4Os: C, 57.20; H, 7.83; N, 14.04. Found: C,
57.24; H, 7.85; N, 14.00.

4.2.6.22 2-(2-Benzoyl-1-(2-(dodecylamino)-2-oxogiydrazinyl)-2-oxoethan-1-aminium chloride,
PhCO-HydrGly-NHG;H25 - HCI, @Fc). Starting from3Fc (183 umol, 94.9 mg) and following the
general procedure, compou#dBc was obtained in 89% vyield (168nol, 74.2 mg) as a colorless waxy
solid. R = 0.12 (free amine, DCM:MeOH 9:1’H NMR (400 MHz, DMSOds): 5 0.85 (t,J = 6.8 Hz,
3H), 1.15-1.29 (m, 18H), 1.33-1.43 (m, 2H), 3.0083(m, 2H), 3.47-4.87 (m, 4H), 7.48-7.55 (m,
2ArH), 7.60-7.66 (m, 1ArH), 7.87-7.92 (m, 2ArH),08-8.27 (m, 4NH), 11.2 (s, 1NH) ppmgt=
19.70 min (%2-propanol = 59.55%). HPLC purity: 98.9LCMS: m/z= 419.3 [M-CI[, 441.3 [M-
HCI+Na]'". Elemental analysis: Anal. Calcd fop#39CIN4Os: C, 60.71; H, 8.64; N, 12.31. Found: C,
60.70; H, 8.61; N, 12.36.

4.2.6.23 2-(1-(2-(Octylamino)-2-oxoethyl)-2-pivdloydrazinyl)-2-oxoethan-1-aminium chloride, t-
BuCO-HydrGly-NHGH;7 - HCI, @Gb). Starting from3Gb (255 umol, 113 mg) and following the
general procedure, compoud@Gb was obtained in 96% yield (24&mol, 92.9 mg) as a colorless
pitchy compoundR; = 0.49 (free amine, DCM:MeOH 8:2H NMR (400 MHz, DMSOs): & 0.85 (t,

J = 6.8 Hz, 3H), 1.15 (s, 9H), 1.19-1.29 (m, 10HB3t1.43 (m, 2H), 3.00 (bs, 1H), 3.11 (bs, 1H),
3.37-3.50 (m, 1H), 3.60-3.75 (m, 1H), 3.82-3.98 (tH), 4.41-4.56 (m, 1H), 8.02-8.28 (m, 4NH),
10.37 (s, INH) ppm. & = 11.69 min (%2-propanol = 47.54%). HPLC purit@.B%. LCMS:m/z=
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343.3 [M-CI[, 365.3 [M-HCI+Na]. Elemental analysis: Anal. Calcd fofA3sCIN4Os: C, 53.88; H,
9.31; N, 14.79. Found: C, 53.93; H, 9.30; N, 14.83.

4.2.6.24 2-(1-(2-(Dodecylamino)-2-oxoethyl)-2-poxdhydrazinyl)-2-oxoethan-1-aminium chloride, t-
BuCO-HydrGly-NHG;H25 - HCI, @Gc). Starting from3Gb (222 pmol, 111 mg) and following the
general procedure, compoud@c was obtained in 94% vyield (2@8nol, 90.5 mg) as a colorless waxy
solid. R = 0.07 (free amine, DCM:MeOH 9:1’H NMR (400 MHz, DMSOds): 5 0.85 (t,J = 6.8 Hz,
3H), 1.15 (s, 9H), 1.19-1.30 (m, 18H), 1.33-1.43 @H), 2.92-3.19 (m, 2H), 3.37-3.51 (m, 1H), 3.61-
3.73 (m, 1H), 3.82-3.95 (m, 1H), 4.42-4.54 (m, 1B0-8.27 (m, 4NH), 10.35 (s, 1NH) ppnk &
19.77 min (%2-propanol = 59.66%). HPLC purity: 98.9.CMS: m/z= 399.3 [M-CI[, 421.3 [M-
HCI+Na]'". Elemental analysis: Anal. Calcd fop:843CIN4Os: C, 57.98; H, 9.96; N, 12.88. Found: C,
58.04; H, 9.98; N, 12.90.

4.2.6.25 2-(2-(1-Naphthoyl)-1-(2-(octylamino)-2-euyl)hydrazinyl)-2-oxoethan-1-aminium chloride,
1-NaphthylCO-HydrGly-NHgH;7 - HCI, @HDb). Starting from3Hb (246 umol, 126 mg) and following
the general procedure, compouftdb was obtained in 88% yield (246nol, 96.8 mg) as a colorless
pitchy compoundR; = 0.48 (free amine, DCM:MeOH 8:2H NMR (400 MHz, DMSOs): & 0.88 (t,

J = 6.8 Hz, 3H), 1.17-1.34 (m, 10H), 1.39-1.48 () 23.00-3.25 (m, 2H), 3.78-4.91 (m, 4H), 7.58-
7.67 (m, 3ArH), 7.78-7.80 (m, 1ArH), 8.03-8.08 (i#yrH), 8.15-8.21 (m, 4NH), 8.22-8.38 (m, 2ArH),
11.30 (s, INH) ppm. & = 14.37 min (%2-propanol = 51.56%). HPLC purit.®%. LCMS:m/z=
413.3 [M-CI[, 435.2 [M-HCI+Na]. Elemental analysis: Anal. Calcd fop#33CIN4O3: C, 61.53; H,
7.41; N, 12.48. Found: C, 61.48; H, 7.39; N, 12.47.

4.2.6.26 2-(2-(1-Naphthoyl)-1-(2-(dodecylamino)>@ethyl)hydrazinyl)-2-oxoethan-1-aminium
chloride, 1-NaphthylCO-HydrGly-NHHs - HCI, @Hc). Starting from3Hc (190 umol, 108 mg) and
following the general procedure, compouttdc was obtained in 79% yield (150mol, 75.8 mg) as a
colorless pitchy compound® = 0.37 (free amine, DCM:MeOH 8:2H NMR (400 MHz, DMSO«):

0 0.84 (t,J = 6.8 Hz, 3H), 1.19-1.27 (m, 18H), 1.36-1.45 (rhl),22.98-3.20 (m, 2H), 3.79-4.85 (m,
4H), 7.55-7.63 (m, 3ArH), 7.75-7.77 (m, 1ArH), 7-895 (m, 1ArH), 8.12-8.19 (m, 4NH), 8.21-8.34
(m, 2ArH), 11.27 (s, INH) ppm.g'= 21.60 min (%2-propanol = 62.40%). HPLC purity.&%.
LCMS: m/z= 469.3 [M-CI[, 491.3 [M-HCI+Na]. Elemental analysis: Anal. Calcd fopA41CIN4Ox:

C, 64.20; H, 8.18; N, 11.09. Found: C, 64.29; 218N, 11.05.
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4.2.7 General procedure for the synthesis of comgsebAb and5Ac

Note: representative procedure referred to 1 mrhstasting compound. To a solution of compound
3Ab or 3Ac dissolved in dry THF (5 mL) under inert atmosphatr@® °C, LHMDS 1.0 M in THF (1.01
mL, 1.01 mmol) and CHi (65.4uL, 1.05 mmol) were sequentially added. The mixtes stirred at O
°C for 10 min and subsequently at room temperdtur@ h, then HCI 1 M (1.05 mL) was added. The
volatile species were removed under vacuum at reonperature. The residue was diluted with AcOEt
(50 mL) and water (20 mL), then the phases werars¢gd and the organic layer was washed with
additional water (5 mL). The aqueous phases wewdynextracted with 50 mL di AcOEt, then the
second organic phase was washed with 5 mL wate¥.cbmbined organic phases were dried over
anhydrous Ng50O,, the solvent was evaporated under vacuum andegidue was purified by flash

chromatography on silica gel (DCM/MeOH mixturessagents), obtaining the pure compound.

42.7.1 Benzyl 2-(2-((tert-butoxycarbonyl)glycyljriethyl-2-(2-(octylamino)-2-
oxoethyl)hydrazinecarboxylate, BnOCO-Hydr(Me)Gly@¢H,7, (5Ab). Starting from 2Ab (3.00
mmol, 1.48 g) and following the general proceda@npoundsAb was obtained in 87% vyield (2.61
mmol, 1.32 g) as a colorless pitchy compouRd= 0.33 (DCM:MeOH 95:5)'H NMR (400 MHz,
CDCl3): 6 0.87 (t,J = 6.6 Hz, 3H), 1.20-1.33 (m, 10H), 1.44 (s, 9HA1t1.50 (m, 2H), 3.12-3.26 (m,
2H), 3.24 (s, 3H), 3.65-4.43 (m, 4H), 5.14-5.23 @hl), 7.30-7.42 (m, 5ArH+1NH) ppnt’C NMR
(100 MHz, CDC}): 6 14.2, 22.7, 27.0, 28.4, 29.3, 31.9, 36.6, 39.73,491.8, 69.4, 80.1, 128.4, 128.9,
135.0, 155.9, 167.1, 171.5 ppm. LCM8&/z= 507.3 [M+HT, 529.3 [M+Na].

4.2.7.2 Benzyl 2-(2-((tert-butoxycarbonyl)glycytj22(dodecylamino)-2-oxoethyl)-1-
methylhydrazinecarboxylate, BhOCO-Hydr(Me)Gly-NHs, (5Ac). Starting from2Ac (3.01 mmol,
1.65 g) and following the general procedure, conmpldeAc was obtained in 90% vyield (2.72 mmol,
1.53 g) as a white amorphous solRl.= 0.12 (cyclohexane:AcOEt 1:1). M.p. = 74-76 *8.NMR
(400 MHz, CDC}): 6 0.87 (t,J = 6.6 Hz, 3H), 1.18-1.34 (m, 18H), 1.44 (s, 118i},1-3.29 (m, 2H),
3.24 (s, 3H), 3.68-4.39 (m, 4H), 5.14-5.23 (m, 3HR8-7.47 (m, S5ArH+1NH) ppnt’C NMR (100
MHz, CDCk): 5 14.2, 22.7, 26.9, 28.4, 29.3, 29.4, 29.63, 2928769, 29.71, 32.0, 36.5, 39.7, 41.8,
51.7, 69.4, 80.0, 128.3, 128.8, 135.0, 155.9, 16770.5 ppm. LCMSm/z= 563.4 [M+HJ, 585.3
[M+Na]".
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4.2.8 General procedure for the synthesis of comgsbBb, 5Bc, 5Gb, and5Gc

Note: representative procedure referred to 1 mrhstasting compound. To a solution of compound
5Ab or5Ac dissolved in dry DCM (2 mL) under inert atmosphateoom temperature, Pd/C (100 mg)
and formic acid (76 pL, 2 mmol) were sequentialigled and the mixture was stirred for 1 hour. The
volatile species were removed under vacuum at reonperature, then DCM (20 mL) was added and
the reaction mixture was filtered through Celitgswing with DCM (3 x 10 mL). The organic phase
was washed with a saturated solution 0@ (5 mL), then the agueous phase was newly extracted
with DCM (25 mL) and, after separation, the secamdanic phase was washed with a saturated
solution of NaCO; (5 mL). The combined organic phases were dried amaydrous Ng&O,, the
solvent was evaporated under vacuum at room tertyperand the free hydrazide intermediate was
directly submitted to the following acylation reiact or stored at -18 °C. To a solution of the dlga
free hydrazide intermediate in dry DCM (5 mL) undegrt atmosphere at room temperature, pyridine
(121 pL, 1.5 mmol, for the synthesissBb and5Bc; 145 pL, 1.8 mmol, for the synthesisGsb and
5Gc) was added, followed by dropwise addition of thiable acyl chloride (acetyl chloride, 78.5 uL,
1.1 mmol, for the synthesis 6Bb and5Bc; pivaloyl chloride, 185 pL, 1.5 mmol, for the slasis of
5Gb and5Gc). The solution was stirred at room temperaturelftr 6Bb and5Bc) or 20 h Gb and
5Gc), then all the volatile species were removed iougaat room temperature and the residue was
diluted with AcOEt (30 mL) and water (5 mL). Aftseparation, the organic phase was washed with
HClI 1 M (2 x 3 mL), saturated aqueous sodium caab®rf5 mL) and water (5 mL). The aqueous
phases were sequentially extracted with additi@@aimL of ethyl acetate, then the second organic
phase was washed with HCI 1 M (2 x 3 mL), saturaaeous sodium carbonate (5 mL) and water (5
mL). The combined organic phases were dried ovhydnous sodium sulfate and evaporated under
vacuum, then the crude product was purified by molu chromatography on silica gel

(cyclohexane/AcOEt mixtures as eluents), to giweghre compound.

4.2.8.1 tert-Butyl (2-(2-acetyl-2-methyl-1-(2-(datyino)-2-oxoethyl)hydrazinyl)-2-
oxoethyl)carbamate, GI&O-Hydr(Me)Gly-NHGH;7, (5Bb). Starting from5Ab (505 pmol, 256 mg)
and following the general procedure, compotBt was obtained in 87% yield (438nol, 182 mg) as
a colorless pitchy compoung = 0.10 (cyclohexane:AcOEt 2:8H NMR (400 MHz, CDC}, three
conformers in a 64:28:8 ratioy: 0.85-0.88 (m, 3H), 1.19-1.34 (m, 10H), 1.43 (s),9H45-1.55 (m,
2H), 2.08 (s, 3H, 28%), 2.19 (s, 3H, 64%+8%), 33174 (m, 2H + 3H, 28%+8%), 3.35 (s, 3H, 64%),
3.68 (ddJ = 3.5 Hz, 17.6 Hz, 1H, 64%+8%), 3.73 {d= 15.6 Hz, 1H, 28%), 3.85 (d,= 16.8 Hz, 1H,
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64%), 3.89-3.94 (m, 1H, 8%, + 2H, 28%), 4.05 (d&; 6.2 Hz, 17.6 Hz, 1H, 64%+8%), 4.25 (5
18.0 Hz, 1H, 8%), 4.31 (d = 16.8 Hz, 1H, 64%), 4.48 (d,= 15.6 Hz, 1H, 28%), 5.19 (bs, 1NH,
28%), 5.23 (bs, 1NH, 64%+8%), 6.28 (bs, 1NH, 28963 (bs, 1NH, 64%), 8.73 (bs, 1NH, 8%) ppm.
13C NMR (100 MHz, CDGJ, three conformers in a 64:28:8 ratio, only theanapnformer is given)
14.1, 21.6, 22.7, 26.9, 28.4, 29.2, 31.8, 38.17,391.6, 51.7, 80.1, 155.9, 167.1, 170.7, 171.0.ppm
LCMS: m/z= 415.3 [M+HT, 437.3 [M+Na].

4.2.8.2 tert-Butyl (2-(2-acetyl-1-(2-(dodecylamimpxoethyl)-2-methylhydrazinyl)-2-
oxoethyl)carbamate, GI€O-Hydr(Me)Gly-NHG.Hs5, (5Bc). Starting from5Ac (547 umol, 308 mg)
and following the general procedure, compo&Bd was obtained in 86% yield (4{0nol, 221 mg) as
a colorless pitchy compoung = 0.29 (AcOEt)*H NMR (400 MHz, CDC}, three conformers in a
62:31:7 ratio) 0.87 (t,J = 6.8 Hz, 3H), 1.20-1.35 (m, 18H), 1.44 (s, 9HA5L1.55 (m, 2H), 2.09 (s,
3H, 31%), 2.20 (s, 3H, 62%+7%), 3.17-3.24 (m, 2BH; 31%+7%), 3.35 (s, 3H, 62%), 3.66-3.75 (m,
1H, 62%+7%, + 1H, 31%), 3.85 (d,= 16.8 Hz, 1H, 62%), 3.87-3.94 (m, 1H, 7%, + 2H%3, 4.05
(dd,J = 4.6 Hz, 17.6 Hz, 1H, 62%+7%), 4.25 §d5 18.0 Hz, 1H, 7%), 4.33 (d,= 16.8 Hz, 1H, 62%),
4.48 (d,J = 15.2 Hz, 1H, 31%), 5.17 (bs, 1NH, 31%), 5.21, ($H, 62%+7%), 6.23 (bs, 1NH, 31%),
7.65 (bs, 1NH, 62%), 8.74 (bs, 1NH, 7%) ppriC NMR (100 MHz, CDGJ, three conformers in a
62:31:7 ratio, only the major conformer is giveht4.2, 21.6, 22.8, 27.0, 28.4, 29.3, 29.4, 29.5%5@9
29.70, 29.75, 32.0, 38.2, 39.8, 41.6, 51.7, 8(6B.0d, 167.1, 170.9, 170.9 ppm. LCM@/z= 471.4
[M+H] ", 493.3 [M+Na].

4.2.8.3 tert-Butyl (2-(2-methyl-1-(2-(octylaminoRoethyl)-2-pivaloylhydrazinyl)-2-
oxoethyl)carbamate, tBuCO-Hydr(Me)Gly-NktG7, (5Gb). Starting from5Ab (419 umol, 212 mg)
and following the general procedure, compo&t@d was obtained in 81% yield (33@nol, 155 mg) as
a colorless pitchy compoun& = 0.12 (cyclohexane:AcOEt 2:8H NMR (400 MHz, CDC}, two
conformers in a 90:10 ratio, all the assignableais are given)d 0.84-0.87 (m, 3H), 1.17-1.30 (m,
10H), 1.31 (s, 9H), 1.42 (s, 9H), 1.44-1.52 (m, 2B112-3.26 (m, 2H), 3.30 (s, 3H, 10%), 3.45 (s, 3H
90%), 3.57 (ddJ = 3.5 Hz, 17.6 Hz, 1H), 3.95 (d~= 16.8 Hz, 1H), 4.00 (dd,= 6.3 Hz, 17.6 Hz, 1H),
4.16 (d,J = 16.8 Hz, 1H), 4.99 (bs, 1NH, 10%), 5.23 (bs, 1198%), 7.56 (bs, 1NH, 90%), 8.73 (bs,
1NH, 10%) ppm.**C NMR (100 MHz, CDG, two conformers in a 90:10 ratio, only the major
conformer is given)s 14.2, 22.7, 27.0, 27.5, 28.4, 29.34, 29.36, 3387, 39.7, 41.5, 52.2, 80.1,
156.0, 167.3, 171.1, 178.0 ppm. LCM8B/z= 457.3 [M+HT, 479.3 [M+Na].
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4.2.8.4 tert-Butyl (2-(1-(2-(dodecylamino)-2-oxog}2-methyl-2-pivaloylhydrazinyl)-2-
oxoethyl)carbamate, tBuCO-Hydr(Me)Gly-Ni82s, (5Gc). Starting from5Ac (604 pmol, 340 mg)
and following the general procedure, compot@d was obtained in 92% yield (5%0nol, 282 mg) as
a colorless pitchy compoung = 0.50 (AcOEt)*H NMR (400 MHz, CDCJ):  0.87 (t,J = 6.8 Hz,
3H), 1.19-1.29 (m, 18H), 1.33 (s, 9H), 1.43 (s, 9H#4-1.54 (m, 2H), 3.13-3.29 (m, 2H), 3.46 (s),3H
3.58 (dd,J = 3.1 Hz, 17.6 Hz, 1H), 3.95 (d,= 16.4 Hz, 1H), 4.02 (dd, = 6.0 Hz, 17.6 Hz, 1H), 4.19
(d,J = 16.4 Hz, 1H), 5.21 (bs, 1NH), 7.54 (bs, 1NH) ppi& NMR (100 MHz, CDG)): § 14.3, 22.8,
27.0, 27.56, 27.61, 28.5, 29.40, 29.45, 29.49,,Z98, 32.1, 38.7, 39.7, 41.5, 52.2, 80.3, 15650, 3,
171.1, 177.9 ppm. LCMSn/z= 513.4 [M+H], 535.4 [M+Nal].

4.2.9 General procedure for the synthesis of N-gétydrazide hydrochloride§

The procedure is the same previously reportedi®synthesis of hydrochloridds

4.2.9.1 2-(2-((Benzyloxy)carbonyl)-2-methyl-1-(2t(@amino)-2-oxoethyl)hydrazinyl)-2-
oxoethanaminium chloride, BnOCO-Hydr(Me)Gly-NdHig; - HCI, GAb). Starting from5Ab (201
umol, 102 mg) and following the general procedummpound6Ab was obtained in 82% vyield (165
umol, 73.1 mg) as a colorless pitchy compouRds 0.13 (free amine, DCM:MeOH 95:5H NMR
(400 MHz, DMSOds, mixture of conformers)d 0.85 (t,J = 7.0 Hz, 3H), 1.24 (s, 10H), 1.32-1.46 (m,
2H), 3.02-3.15 (m, 2H), 3.21 (s, 3H), 3.48-3.73 (tH), 3.78-4.15 (m, 2H), 4.40-4.52 (m, 1H), 5.00-
5.26 (m, 2H), 7.27-7.43 (m, 5ArH), 8.05 &= 5.5 Hz, 1NH), 8.10-8.33 (m, 4NH) ppmg t= 13.77
min (%2-propanol = 50.66%). HPLC purity: 96.4%. LSMn/z= 407.3 [M-CI[, 429.2 [M-HCI+Na].
Elemental analysis: Anal. Calcd forE3sCINJO,: C, 56.94; H, 7.96; N, 12.65. Found: C, 57.02; H,
7.99; N, 12.64.

4.2.9.2 2-(2-((Benzyloxy)carbonyl)-1-(2-(dodecylam)i2-oxoethyl)-2-methylhydrazinyl)-2-
oxoethanaminium chloride, BhnOCO-HydrGly(Me)-Nkhi@s - HCI, GAc). Starting from5Ac (200
umol, 112.8 mg) and following the general procedammpoundbAc was obtained in 97% yield (194
umol, 96.7 mg) as a colorless waxy solRl.= 0.72 (free amine, DCM:MeOH 8:2H NMR (400
MHz, DMSO-ds, mixture of conformers)d 0.85 (t,J = 7.0 Hz, 3H), 1.23 (s, 18H), 1.32-1.44 (m, 2H),
2.98-3.15 (m, 2H), 3.21 (s, 3H), 3.48-3.74 (m, 18i183-4.13 (m, 2H), 4.43-4.52 (m, 1H), 5.00-5.20
(m, 2H), 7.30-7.41 (m, 5ArH), 8.04 #,= 5.5 Hz, 1NH), 8.08-8.30 (m, 4NH) ppmg t= 20.66 min
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(%2-propanol = 60.99%). HPLC purity: 99.4%. LCM®{z= 463.3 [M-CI], 485.3 [M-HCI+Na].
Elemental analysis: Anal. Calcd for4H43CIN,O,: C, 60.16; H, 8.68; N, 11.23. Found: C, 60.11; H,
8.69; N, 11.25.

4.2.9.3 2-(2-Acetyl-2-methyl-1-(2-(octylamino)-&ethyl)hydrazinyl)-2-oxoethanaminium chloride,
CH3CO-HydrGly(Me)-NHGH;7 - HCI, @Bb). Starting from5Bb (80.1umol, 33.2 mg) and following
the general procedure, compousigb was obtained in 75% vyield (60nol, 21.1 mg) as a colorless
pitchy compoundR; = 0.16 (free amine, DCM:MeOH 9:TH NMR (400 MHz, DMSOsds, mixture of

3 major conformers in about 1:1:1 ratio and a micanformer):5 0.86 (t,J = 6.8 Hz, 3H), 1.24 (s,
10H), 1.34-1.46 (m, 2H), 1.88 (s, 3H, major cor?.f)2 (s, 3H, major conf.), 2.07 (s, 3H, minor chnf
2.10 (s, 3H, major contf.), 2.90 (s, 3H, major cprd3.02-3.16 (m, 2H), 3.10 (s, 3H, major conf.)1 6.
(s, 3H, minor conf.), 3.31 (s, 3H, major conf.¥}®-3.51 (m, 2H, major conf.), 3.70 (@~= 16.4 Hz,
1H, major conf.), 3.74-3.94 (m, 1H+1H two major £aend minor conf.), 4.00 (d} = 16.0 Hz, 1H,
major conf.), 4.12 (dJ = 17.2 Hz, 1H, major conf.+minor conf.), 4.41 M7 16.4 Hz, 1H, major
conf.), 4.42 (dJ = 16.0 Hz, 1H, major conf.), 4.49 (d,= 17.2 Hz, 1H, major conf.), 8.05-8.39 (m,
4ANH) ppm. tr = 9.11 min (%2-propanol = 43.67%). HPLC purity.®®. LCMS:m/z= 315.3 [M-
ClI]*, 337.2 [M-HCI+Na]. Elemental analysis: Anal. Calcd fors83,CIN4Os: C, 51.35; H, 8.91; N,
15.97. Found: C, 51.49; H, 8.88; N, 15.94.

4.2.9.4 2-(2-Acetyl-1-(2-(dodecylamino)-2-oxoettdsnethylhydrazinyl)-2-oxoethanaminium chloride,
CH3CO-HydrGly(Me)-NHGzH25 - HCI, @Bc). Starting from5Bc (83.1umol, 39.1 mg) and following
the general procedure, compouwstsic was obtained in 78% yield (6416n0l, 26.3 mg) as a colorless
pitchy compoundR; = 0.42 (free amine, DCM:MeOH 8:2H NMR (400 MHz, DMSOsg, mixture of

3 major conformers in about 1:1:1 ratio and a micanformer):d 0.85 (t,J = 6.8 Hz, 3H), 1.24 (s,
18H), 1.33-1.44 (m, 2H), 1.88 (s, 3H, major cor?.f)1 (s, 3H, major conf.), 2.07 (s, 3H, minor chnf
2.10 (s, 3H, major contf.), 2.90 (s, 3H, major cpr3.01-3.15 (m, 2H), 3.10 (s, 3H, major conf. )1 63.
(s, 3H, minor conf.), 3.31 (s, 3H, major conf.)7®.(d,J = 16.4 Hz, 1H, major conf.), 3.74-3.95 (m,
1H+1H two major conf. and minor conf.), 4.00 Jds 16.0 Hz, 1H, major conf.), 4.11 (@~ 17.2 Hz,
1H, major conf.+minor conf.), 4.41 (d,= 16.4 Hz, 1H, major conf.), 4.42 (@~ 16.0 Hz, 1H, major
conf.), 4.48 (dJ = 17.2 Hz, 1H, major conf.), 8.03-8.34 (m, 4ANHpg'r = 17.05 min (%2-propanol
= 55.58%). HPLC purity: 97.4%. LCMSn/z = 371.3 [M-CI], 393.3 [M-HCI+Na]. Elemental
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analysis: Anal. Calcd for gH39CIN4Os: C, 56.07; H, 9.66; N, 13.77. Found: C, 56.02;9%66; N,
13.82.

4.2.9.5 2-(2-Methyl-1-(2-(octylamino)-2-oxoethyipiXaloylhydrazinyl)-2-oxoethanaminium chloride,
tBuCO-HydrGly(Me)-NHEH;7 - HCI, G6Gb). Starting from5Gb (180 umol, 82.3 mg) and following
the general procedure, compous@b was obtained in 98% yield (146nol, 69.2 mg) as a colorless
pitchy compoundR; = 0.40 (free amine, DCM:MeOH 8:2JH NMR (400 MHz, DMSO#ds, two
conformers in about 7:3 ratioy:0.85 (t,J = 7.0 Hz, 3H), 1.12 (s, 9H, minor conf.), 1.234bl, major
conf.), 1.24 (s, 10H), 1.34-1.46 (m, 2H), 2.86-3(@1 2H+2H, minor conformer), 3.39 (bs, 3H, minor
conf.), 3.43 (s, 3H, major conf.), 3.66 (b= 16.4 Hz, 1H, major conf.), 3.88-4.13 (m, 2H, angjonf.,

+ 1H, minor conf.), 4.46 (d] = 16.4 Hz, 1H, major conf.), 4.58-4.77 (m, 1H, oriconf.), 8.10 (t] =
5.6 Hz, 3NH, minor conf.), 8.14 (bs, 3NH, major £pn8.28 (bs, 1NH, major conf.), 8.38 = 5.2
Hz, INH, minor conf.) ppm. § = 11.66 min (%2-propanol = 47.49%). HPLC purit$. 3. LCMS:
m/z = 357.3 [M-CI[, 379.3 [M-HCI+Na]. Elemental analysis: Anal. Calcd ford83/CIN4Os: C,
55.02; H, 9.49; N, 14.26. Found: C, 55.10; H, 918014.26.

4.2.9.6 2-(1-(2-(Dodecylamino)-2-oxoethyl)-2-metbydivaloylhydrazinyl)-2-oxoethanaminium
chloride, tBuCO-HydrGly(Me)-NHGH,s - HCI, €Gc). Starting from5Gc (185 pmol, 94.9 mg) and
following the general procedure, compouws@Ec was obtained in 98% vyield (18imol, 81.4 mg) as a
colorless waxy solidR; = 0.53 (free amine, DCM:MeOH 8:2)4 NMR (400 MHz, DMSO#ds, two
conformers in about 7:3 ratio):0.85 (t,J = 7.0 Hz, 3H), 1.14 (s, 9H, minor conf.), 1.234kl, major
conf.), 1.24 (s, 18H), 1.34-1.45 (m, 2H), 2.98-3(&1, 2H+2H, minor conformer), 3.40 (bs, 3H, minor
conf.), 3.43 (s, 3H, major conf.), 3.66 (b= 16.4 Hz, 1H, major conf.), 3.81-4.27 (m, 2H, angjonf.,

+ 1H, minor conf.), 4.46 (d] = 16.4 Hz, 1H, major conf.), 4.57-4.71 (m, 1H, oriconf.), 8.09 (t] =
5.2 Hz, 3NH), 8.24 (bs, 1NH, major conf.), 8.348@n, 1NH, minor conf.) ppm. g = 18.93 min
(%2-propanol = 58.40%). HPLC purity: 98.8%. LCM®{z= 413.3 [M-CI[, 435.4 [M-HCI+Na].
Elemental analysis: Anal. Calcd fop#E4sCIN,Os: C, 58.84; H, 10.10; N, 12.48. Found: C, 58.78; H,
10.09; N, 12.53.
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Good activity was assessed towards Gram-positive and Gram-negative bacteria
Some anal ogues exhibited good therapeutic indices
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