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ARTICLE INFO ABSTRACT
Article history: Glycosylation of molecules improve their pharmacological and pharmacokinetic proper
Received the current manuscript, avhave explored the effect of glycosylation on the structure
Received in revised form function of conformationally weléiefined small ring homooligomers derived from a structt
Accepted diverse library of sugar amino acids (SAA). Conformational analyses carried out by
Available online suggested that these cyclic dimers and trimers have well-defined structures in stiltion.
simulations performethased on the restraints obtained from NMR revealed that C2H a
Keywords: are positioned outside the plane of the ring and NHs are pointed inside the rmas It
Sugar amino acid encouraging to note that while the cyclic rgigeosylated homooligomers did not show
NMR antimicrobial activity at all, their glycosylated counterparts showed relatively better adthéty.
Conformation modular design developed here is amenable to further improvement and can serve &s a tool
Glycosylation investigate many molecular recognition processes.
Cyclic peptide 2016 Elsevier Ltd. All rights reserved

1. Introduction

MeO o
Glycosylated natural products are abundant displaying wide Meo tﬂ
. .. . . . ., MeO’i—:O MeO o
ranging antimicrobial, antifungal and/or anticancer activities. Meo— em o 3
Many bacteria also use glycosylated small molecules as chemical ks Cpu N\,
weapons to gain a selective advantage or as signaling molecules O@ﬁ Y ° N Qome
for intra- and interspeci® communicatio. Sugar moieties in Ny © o 07 NH  HN 0—XOWe
these natural products and metabolites dramatically improve their o ‘\ﬁﬂ“%
pharmacological and pharmacokinetic properties, such as ° R
solubility, cellular permeability, distribution and metabolic o‘(;Me Come
stability? They also impact the delivery of the natural product to wgfﬂe 0—\ OMe
. . e s . O OMe
the target, present high affinity and specificity for a given target, 3

tissue, cell, as well as modulate both mechanism iandvo
properties. Given that carbohydrates occupy a very large
chemical space, differential glycosylation of natural products

and/or synthetic small molecules offers a viable strategy to NH  HN
produce new chemical entities with improved pharmacological o \\“l\\o
properties and biological activiti®sThis encouraged us to o
explore the effect of glycosylation on the structure and function 6%/0 .

of conformationally well-defined small ring homooligomers

derived from a structurally diverse library of sugar amino acids ome
(SAA). To begin with, the choice of the carbohydrate to be RO7 547 ~oMe

attached to these cyclic peptides stemmed from many naturally
occurringC,-symmetric cyclic diolides isolated from marine

H
Clavosolide A: R' = <H\V' )

R?=H;R®=Me
Cyanolide A: R! = Et; R?, R® = Me

" Corresponding author. Tel.: +91 80 22932215; E-mail: ravi_sa@cdri.res.in Cocosolide: R = ‘<\V,H/)
(RS Ampapathi), tushar@orgchem.iisc.ernet.in (TK Chakraborty) R2=Me, R3=H \H' N
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Figure 1. Structures of glycosylated cyclic peptides of sugampapet®™ that similar kind of substrates with ‘2¢8s' ring lead to
amino acids1-4 andC,-symmetric diolide natural products. the bicyclic lactam formation, but linear dimers from such
substrates furnished the requisite products on cyclization. Thus,
cyanobacteria, like clavosolid&scyanolides, cocosolidé,  the monomefl9 was subjected, separately in equimolar amounts,
etc. (Figure 1), all of which carry methylated xylopyranosides. Ino LiOH-mediated saponification in THF-MeOH,8 solvent
this paper, we describe the synthesis, conformational studies asgstem and TFA-mediated Boc-deprotection in ,ChH to
biological activities of cyclic homooligomer$-4 of furanoid provide the acid and the TFA-salt, respectively, in quantitative
sugar amino acids, glycosylated with tri©-methyl-D-  vyields. Next, the acid and TFA-salt were coupled using

xylopyranosyl sugar. conventional solution phase peptide synthesis method using 1-
ethyl-3-(3-(dimethylamino)propyl)-carbodiimide  hydrochloride
2. Resultsand discussion (EDCI) and 1-hydroxybenzotriazole (HOBLt) as coupling reagents

and diisopropylethylamine (DIPEA) as base in,CHto provide

The synthesis of the cyclic glycopeptidedg was carried out the linear precursd3 in 72% yield (Scheme 2).

in a similar fashion as reported by us and offlersing solution

ph_ase peptide synthesis in yvhich the glycosylated sugar amino O ..oH 0.2..co,Me
acid (SAA) monomers-8 (Figure 2) were converted to their Ho Ref. 11 Ns/\gjw B°0'3 CHaCly
cyclic homooligomer counterparts efficiently. The construction Ho' Bn?o » 1ﬁ 1012“”
of the monomer$-8 (5 for 1, 6 for 2, 7 for 3 and8 for 4) was ° I EZS))
initiated using 2-deoxy-D-ribose (for glycosyl acceptor residues o OMe come
12 and13) and D-xylose (for glycosyl donor residad) as the N3/\<_7WCOZM9 MeO n e 3/\Q” ?
starting raw materials (Scheme 1). The monorégliffer from " m f S
monomers7-8 in the configuration of the stereocenter at C2 of 12 @79%) oo 15 (53%), 16 (36%)
the furanoid rings of their constituestSAA moieties (Scheme 13 (84%) 1 15:16 17 (50%), 18 (34%)
1). But the monomerS (or 7) and6 (or 8) departed from each 13 - 17 +18
other with respect to the type Gkglycosidic linkage present in CO,Me 0._.CO,Me
them, i.e. monomer5 (or 7) possessea-O-glycosidic linkage ;Ztc JZO(HBOrCt Zsoh BOCHN/\Q, BOCHNW
while monomer6 (or 8) carry g-O-glycosidic linkage. While s 7
monomers5 and 6 were used to get solely the,-symmetric 16 : ;g % j¥[001\/|N.|ee
glycosylated homooligomers and2, respectively, monomersé 17 .21 19 (68%) e, 20 (70%)
and8 furnishedCz-symmetric glycosylated homooligomesnd 18 - 22
4, respectively as the major products (Schemes 2 and 3). BocHN/\é «COMe BocHN/m «COMe
R10, R0, —
s/ \2 2 QMe %
ZNVQCOOH HZN\/SQ\COOH Rz 5 % Me
5 6 e 21 (69%) e 22 (64%)
“ ) " OMe
zN\/SQ"ICOOH HzN\/SQ'Z'/COOH Re= Moy OMe Scheme 1. Synthesis of O-glycosylated and protected
7 8 precursord9-22.
Figure 2. Glycosylatedb-SAA monomers-8. The monomeg0 led to the other linear precurs?4 in 69%

The synthesis of the protected SAA precursag2p), each yield using the same reagents under identical reaction ponditions.
representing the monomess3 sequentially, was carried out by Both thg linear pr_ecurso.and24, separatelngre subjected
O-glycosylation 0f12-13 using the glycosyl donat4 (Scheme sequent@lly to L|OH-med|atqd ester hy(jroly3|s followed by
1). The preparation of2-13 commenced from commercially |~A-mediated Boc-deprotection to furnish TFA-salthich
available 2-deoxy-D-ribosed) which was easily and efficiently underwent mtramolecular cycllza_non in_the presence .Of
converted in to diastereomeric intermediati® and 11 as Pentafluorophenyl diphenyphosphinate (FDPP) as coupling
reported earlier from our latScheme 1j! BCl;-mediated benzyl feagerﬂs and DI,PEA as bas.e in dry.QEN G X 10° M), to
ether deprotectioh of intermediateslO (C2-R-isomer) and1l furnish the required productsin 54% yield and2 in 52% yield,
(C2-Sisomer) furnishedl2 and 13, respectively, in excellent

yields. Thereafter, BFELO mediatedd-glycosyaltion reactioft 1) LIOHH,0 o
was implemented between substraf@s13 and the glycosyl . THF:MeOH:H,0 (3:1:1) o 0._CO,Me
donor substrate, permethylated-D-xylts&4, resulting in the B 1 h, quant. yield B°°HN/\<‘7)LH/\(__7’
formation of a-O-glycosylated productl5 along with g-O- 2) TFA, CHCl,, 0°Ctort, 2 h, Rmd‘ Rych
glycosylated product6 (from 12, overall 89% yield) and.-O- quant. yield 23 (Ry, 72%)
glycosylatedproduct17 along withs-O-glycosylated product8 3) 1 eq each from steps 1 and 2, 24 (R: 69%)
(from 13, overall 84% yield), respectively in a ratio of 1.5¢14) EDCI, HOBL DIPEA, CH,Cly 0°C
after chromatographic separation. The azido moiety in the fortizh ORaz2
intermediatesl5-18 were subjected tn situ one-pot reduction 202 o
and Boc-protection reactions using Pd-£&hd (Boc)O-NEL;, 1) LIOHH20, THF:MeOH:H,0 (3:1:1) o
furnishing compounds9-22 in good yields (Scheme 1). t, 1h, quant. yield NHHA
. ) . 2) TFA, CHoCly, 0°C to rt, 2 h, quant. yield 0 o

After acquiring the monomeric building block®-22, we 3) FDPP, DIPEA, CHaCN 0 °C to rt, 72h \
proceeded for the synthesis of glycosylated cyclic 1 R120
homooligomersl-4. Firstly, syntheses o€,-symmetric cyclic 1 (Ry, 54%)

peptidesl and2 were accomplished from the monoméésand 2 (Ry, 52%)
20, respectively (Scheme 2). As we had reported in our earlier
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respectively, as the only isolable products (Scheme 2). Figure 3. Newman projection and nOe representatiorifor

Scheme 2. Synthesis of the C,-symmetric glycosylated Aggregation studies of glycopeptidesind2, carried out with
cyclodimersl and2.

The  syntheses of Cs-symmetric  glycosylated

homooligomers 3 and 4 were commenced from the 241 1 :

monomers21 and 22, respectively (Scheme 3). Both the 2.6 3.2 !" _.'06 0
monomeric precursors were, separately and sequentially, 2.8 343, R
subjected to LiOH-mediated ester hydrolysis in THF- 0 -, EN' I8
MeOH-H,O solvent system to provide the acids which |3 e 3.6 &

further underwent TFA-mediated Boc-deprotection in g | 3.4 N

CH,CI, to give TFA-salts in quantitative yields. The TFA- 2| 36! §10

salts were then subjected to homooligomerization using the 3.81 gs 4.04

same reagents under identical reaction conditions as 4.0 4¥° 42

described above (for the synthesis of compoundsd?2) to 4.2] %R

furnish the glycosylated tricyclic peptid&sand 4 as the 4.4 5 | 4.4

major products in 32% and 29% yield, respectively (the 46] © sl

correspondingC,-symmetric glycosylated dimers were also ey T
formed in both cases, but in negligible yields). ’

R1/20, JO ppm
m #)l_'LFi?AH-gaOH 0 @1 / N a concentration range of 0.625 mM to 20 mM in CPCI
21 MeOR:HD (3:L: o 0/ ""OR
o [L1h guant yield I v Figure 4. 2D-ROESY expansion and nOe representationd;for
2) TFA, CH,Clp, 0°Ctorrt 07 >NH N characteristic nOes between NH-G3kk, NH-C6Hg.g, NH-
2, quant. yield ook C4H, NH-C6Hyor, NH-C5H, C5H-C6l}yog, C5H-CBHyor),
3) FDPP, DIPEA, CHaCN o proR) (bro-9 pro-R)
DIEA, CH3 C6Hron-C4H, CBHyor-SUGCIH, C4H-SugClH, CéfH.g-

0°Ctort, 72h

2.3 Ry20 SugC1H are marked 4sl1, respectively.
22 - 4 o . _ . . -
2222 233;3 revealed variations in the chemical shifts of the amide protons in

both 1 and 2 (0.038 and 0.037 ppm, respectively). These

Scheme 3. Synthesis of theCy-symmetric glycosylated psenations suggested that the amide protons may be

cyclotrimers3 and4.

participating in intermolecular H-bonding and thus both the
glycopeptides were self-aggregating at concentrations > 5 mM

3. Conformational Analysis: NMR studies. (Figure 5).

Conformational studies of cyclic glycopeptidds4 were
carried out in CDGlwith the sample concentrations of®2mM.
Both 'H, °C spectra of cyclodimers and2 showed only one set _2omM N
of sharp resonances corresponding to the constitSAA il / V\

moiety indicatingC,-symmetry among these cyclic peptides. The

vicinal coupling constant valuedJ{,.csr) for 1 and2 showed 5mM
either < 3 Hz or > 10 Hz, which indicated that the dihedral angle
¢ (CO-N-C6-C5) was about 120%Jcsn-csy Values of 4 Hz and 2.5mM Ve

0 Hz clearly supported the dihedral an§l§N-C6-C5-O) as

-30° (Figure 3). Observations of nOe cross peaks between 1808 A

NH—C6H 0.7, C5H-C6Hy.5 and C5HE6H,0.r Suggested 0.625mM ,
a (=) synclinal 6c) rotation about C5C6 bond in both the . ; ; ; ; . ; ;
glycopeptidesl and 2. Additionally, nOes between NHEEBH, 705 710 7.05 700 695 690  ppm

C5H«C2H, C5H«C2H and CA4H«€6H,r confirmed the )

sc rotation in both these glycopeptides (Figures 3 and 4). Bottrigure 5. '"H-NMR spectra showing NH peaks as a function of
nOe correlations [C5H=3H,,.r)] and vicinal coupling constant concentration for glycopeptidiein CDCl,.

values *Jearcanprog Of 1.1 Hz and®Jeancanprory Of 7.4 Hz

suggested that the five-membered furanoid ring was with C Conformational studies were also carried out on
endo ring puckering in botd and2. glycopeptides8 and4. The'H, **C NMR spectra of compoun@s

and 4 in CDCk also showed only one set of sharp resonances

indicatingCs-symmetry in these cyclotrimeric glycopeptides. The
vicinal coupling constant valueéJ,QH_cﬁH) were either < 3 Hz or
> 6 Hz, which indicated that the dihedral angle
(CO-N-C6-C5) is about 140 *Jcg.cs Value of either < 2 Hz or
> 10 Hz indicated that the dihedral an§ldN-C6-C5-0) was

NH-C6H, C5H«L6H.5 and C5H«E6H.r suggested a
o (+) synclinal 6c) rotation about C5C6 bond in both the
(=) sC R= Meatj_/ glycopeptides. Further nOes between N8&H, NH-C4H,

MeQ C5H«C2H, C4H—C2H and C4H«€6H, C2H-C6Hq0r and
C2H-C6H g confirmed the (+) sc rotation in  both

about +30 (Figure 6). Observations of nOe cross peaks between

glycopeptides (Figure 6 and 7). Additionally, nOe correlations
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between C2H«€6H;,g, C2H-C5H, C2H-C4H and the RMSD values calculated with all atoms and heavy atoms were
coupling constant values of the protSnfurther suggested that 1.018 A, 0.784 A and 1.65 A, 1.28 A for compouridand 2,
the five-membered furanoid ring was with,-&do ring respectively. Likewise, for the cyclic trimers, the RMSD values
puckering in both the cyclotrimeric glycopeptickand4. calculated for all atoms and heavy atoms are 1.45 A, 1.12 A and
1.52 A, 1.26 A for compound8 and 4, respectively. Similar
coupling constant values and nOes observed in the cyclic dimers

N 1,2 and the cyclic trimers3,4 confirm analogous backbone
conformations among these cyclic glycopeptides irrespective of
Hs O> ) the anomeric configurations of the attached sugars (Figure 8).
(pro—S)H H(pro-R)
3 MeO O
+SC R= MeO
MeO

Figure 6. Newman projection and nOe representatior8for

32 @ |24 i ) S
1 2.4
3.4 B
3.6- 26 $ 8
e 3'& 285 o o o Figure 8. 15 superimposed structures of (A) cyclic dimérs
= BREK: 3.0 (purple) and2 (green); (B) cyclic trimers3 (green) and4
o 4.0 3 3.23 99 80 65 (purple); after superposition the attached sugars were removed
ey g 343 o o for clarity.
4.4: @ 3.6 ® ? .. . ..
Vie 388 o 7_)@1- 5. Antimicrobial activity
4.8 Y 4.04 010 ° / The synthesized glycopeptidés4 and their unglycosylated
so] 4.2] congeners25'® and 26" (Figure 9) were tested for their
rysares RIS ORI antimicrobial activities against 4 bacterial strains and 6 fungal
€ - - - - ’ strains, of which many were multidrug-resistant str&irior the

ppm purpose of comparison, gentamycin and norfloxacin were
Figure 7. 2D-ROESY expansion and nOe representation8;for employed as positive controls for antibacterial activity and
characteristic nOes between NHB&H;,r, NHoCEHpos,  amphotericin-B and fluconazole were employed as positive
NH—C5H, C5H—C6H(y0r), COHECOHp0r, C4H-COHpor,  controls for antifungal activity.
C5HoCBHpog,  C2HoCOHpor,  SUGCIHEBHpon,
SugC1H«C5H are marked &k 10, respectively.

OH HQ,
Aggregation studies carried out as a function of concentration o "CﬁN) 2
from 0.6 mM to 20 mM revealed the chemical shift changes of o O Ho ol "o
the amide protons in both the glycopepti@esd4 as 0.019 ppm NH  HN FS
and 0.024 ppm, respectively. These observations further Wo 0" NH H"l‘\
suggested that the molecules were self-aggregating and the amide R K@““\o
protons were involved in intermolecular H-bondifig. HO R
25 HO 26
4. Molecular Dynamics Figure 9. Non-glycosylated precursos and26.

Energy minimization and simulated molecular dynamics While the cyclic non-glycosylated homooligomés and 26
(MD) calculations were performed on Discovery studio 3.0did not show any antimicrobial or antifungal activity at all (both
version'"*using CHARMm force fieltf® with default parameters Showing MICs > 100 UM against all strains), their glycosylated
throughout the simulation with the aid of distance dependerfiounterpartsl-4 showed relatively better activity. The cyclic
dielectric constant witl = 4.81 (dielectric constant for CDEI  Peptides1-3 {MIC, 1 (100 uM),2 (50 pM) and3 (50 uM)}
Distance restraints used in the MD were calculated from thehowed moderate activity only against bacterimcoli, but
volume integrals of the cross peaks in the ROESY spectra Wiﬂem_amed inactive against the rest of the bacterial strains. All the
the use of two-spin approximation with a reference distance divclic peptides {MIC,1 (100 puM),2 (50-100 uM),3 (100 pM)
1.80 A for the geminal protons. Force constants of 10 K cal/A, &nd 4 (100 uM)} showed activity against fungus straiBs
K cal/A were employed for distance and torsional restraint§chenckii, T. mentagrophytes, A.  fumigatus, except C.
respectively. Minimization was done with steepest descerf@@psilosis. The data suggested that the cyclic glycopeptlees
algorithm followed by conjugate gradient methods for maximunflisplayed moderate antimicrobial activities only agatstoli,
1000 iterations each iterations or RMS deviation of 0.001 Kcaput all of them showed moderate antifungal activities against
/mol, whichever was earlier. The molecules were initiallythree out of four strains.
equilibrated for 5 pS and then subjected to 1 nS production TR ~onclusion
Starting from 50 K, they were heated to 300 K in five steps,”
increasing the temperature 50 K at each step. 20 structures wereThe glycosylated furanoid sugar amino acid based cyclic
stored from the production run and were again energy minimizefomooligomers constitute a new class of novel molecular
with the above-mentioned protocol. Superposition was done Ogcaffolds that displayed interesting 3D structures in GDCI
to the average structure of these minimized structures. Theonformational studies of cyclodimeric compourdand2 with
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2R and R stereocenters revealed that the C2H and CO atontsas influenced the activity and up to what extent the impact of
were placed on same side of the ring while the NHs wersuch influence can be generatéa implementing variable sugar
pointing to other side. The dihedral angi@oticed between NH- moieties on different SAA backbones is yet to be ascertained.
CO-C2H-O was= 50°. Both the CO and NH were arranged Besides, the conformational studies carried out here will also be
perpendicular to the ring plane. Conformational studies of cycliuseful in developing new SAA based scaffolds amenable to
trimers 3 and4 with 2S and 3R stereocenters in CDgshowed  glycosylation for further enhancement of their biological,
that the C2H and CO were positioned outside the plane of thgharmacological and pharmacokinetic properties. NMR analysis
ring similar to the cyclic dimer and NHs pointed inside the ringsuggested that these cyclic glycopeptides have well defined
The dihedral angle noticed between NH-CO-C2H-O wasl5’. structures in solution that are independent of the anomeric

. . - .configurations of the attached sugar and can serve as simple, and
That the cyclic glycopeptides showed better activity than the'g t versatile, tool to investigate many molecular recognition

non-glycosylated precursors lends support to the plausible role ocesses of biological significance, especially taking advantage

g]netifljir:taz;hggtiv?tlijgsr%u?rlh??r:j;riigrr]ginther:ir a}ar;t'ggr?z;'iiln andf the unlimited structural diversities accessible for the appended
9 ) glycosy carbohydrates. Further work is under progress.

7. Experimental section (neat liquid) 3409, 3019, 2399, 1644, 1403, 1215, 1108, 928,
7.1. General 758, 669 cm; SH (300 MHz, CDC}) 4.68 (1H, ddJ 8.9, 2.9
] ) ) Hz), 4.32 - 4.22 (2H, m), 3.78 (3H, s), 3.48 (1H, dd.2.9, 4.1
All the reactions were carried out under an inert atmosphere ‘qu), 3.31 (1H, ddJ 12.9, 4.1 Hz), 2.93 (1H, br), 2.56 - 2.43 (1H,
oven-dried glassware using dry solvents, unless otherwise state;g)’ 2.23 - 2.12 (1H, m)iC (100 MHz, CDC]) 174.5, 86.5, 77.0,

All chemicals purchased from commercial suppliers were used 38 7 527 526 38.8° HRMS: [M+Ng] found 224.0647.
received unless otherwise stated. Reactions and chromatograp@;{_|11,\1304Na requires 224.0642.

fractions were monitored by silica gel 60 F-254 glass TLC plates
and visualized using UV light, 7% ethanolic phosphomolybdic’-4. Synthesis of compounds 15 and 16
acid-heat or 2.5% ethanolic anisaldehyde (with 1% AcOH and
3.3% conc.HSQ,)-heat as developing agents. Flash column

chromatography was performed with 100-200 mesh silica gel al en the solution of the glycosyl doria# (75 mg, 0.36 mmol) in

yields refer to chromatographically and spectroscopically pur . .
compounds. All NMR spectra were recorded in CD&i 300, E:dsiigln(zorpl_l)?,\év-alistzgdd(e4d5byulc_an%lfil’fglo?n;?(l)lgwi? btyéglrospavn\glese

Compound12 (48 mg, 0.24 mmol) was dissolved in dry
H:CN (3 mL) and cooled to 0 °C under Argon atmosphere.

400 and 500 MHz instruments at 300 K and are calibrated t X . -
?mperature. The reaction mixture was stirred at room

chloroform solvent residual peak (7.26 ppm) as a reference f

mperature for 2 h and then quenched by saturated aqueous
the proton NMR spectra and deuterated chloroform peak (77.]§ . - .
ppm) as a reference for carbon NMR spectra. Multiplicities ar aHCQ; solution (5 mL) and extraction was done with EtOAc (2

. . . 20 mL). The combined organic extracts were washed with
abbreviated as: s = singlet; d = doublet; t = triplet; q = quartet; . . )
= multiplate. All IR data were recorded as neat liquid or KBrW"ﬂer (5 mL), brine (5 mL), dried (MBQ), filtered and

ellets. HRMS spectra were taken under ESI-Q-TOF conditiongonqentrated invacuo to give the crude product, which was
?)ptical rotationspwere measured using sodiqu(589 nm, D lin urified by flash chromatography (20% EtOAc/Hexane) to give

25 e title compound45 (48 mg, 53%) and6 (32 mg, 36%) as
lamp and are reported as follows]d ™ [c (/100 mL), CHC]. yellow oils in a ratio of 1.5:116:16) with overall 89% yield:;

7.2. Synthesis of compound 12 Data for15: R (40% EtOAc/hexane) 0.45a]y*% +42.6 € 0.32,
_ _ _ CHCly); vinax (neat liquid) 3410, 3019, 2399, 2105, 1644, 1403,

To a stirred solution 0f0 (2.33 g, 8.02 mmol) in dry Ci€l, 1215, 1107, 929, 758, 669 chwH (300 MHz, CDCJ) 4.88 (1H,
(24 mL) was slowly added Bgkolution (24 mL, 24 mmol, 1.0 d,J 3.3 Hz), 4.68 (1H, ) 7.6 Hz), 4.30 - 4.15 (2H, m), 3.76 (3H,
M in CH,CI,) at 0 °C and stirring was continued for 10 min at thes)' 3.71 (1H, ddJ 10.7, 5.0 Hz), 3.60 (3H, s), 3.49 (3H, s), 3.47
same temperature. The reaction mixture was quenched at 0 °C @H s), 3.46 — 3.42 (2H, m), 3.42 — 3.33 (2H, m), 3.30 — 3.20
slow addition of saturated agqueous NaHQ®lution (50 mL) (1H, m), 3.14 (1H, ddJ 9.3, 3.3 Hz), 2.41 — 2.19 (2H, M)C
and extraction was done with EtOAC (2 x 200 mL). The(;og MHz, CDCY) 172.2, 95.9, 83.9, 83.3, 81.3, 79.8, 77.8, 61.0,
combined organic extracts were washed with water (60 mL)60.2, 59.2, 59.1, 52.7, 52.5. 35.8; HRMS: [M+Najound
brine (50 mL), dried (N&O,), filtered and concentrated wacuo 398.1525. GH,:N30gNa requires 398.1539.
to give the crude product, which was purified by flash pata for16: R (40% EtOAc/hexane) 0.5a],2 +7.17 € 0.36,
chromatography (30% EtOAc/Hexane) to give the titIeCHC|3); Vinax (neat |IC|UId) 3409, 3019, 2399, 1644, 1403, 1215,
compound12 (1.40 g, 87%) as a yellow oiR (50% EtOAc 1107, 928, 758, 669 ¢ oH (300 MHz, CDCY) 4.65 (1H, t,J
/hexane) 0.5; dlp*’ +73.1 € 0.60, CHCY); v (neat liquid) 7.9 Hz) 4.29 - 4.13 (3H, m), 3.96 (1H, dH11.4, 4.8 Hz), 3.76
34(_)3, 3019, 2105, 1740, 1641, 1403, 1215, 1109, 928, 758, G?QH, s), 3.60 (3H, s), 3.53 (3H, s), 3.46 (3H, s), 3.45 - 3.38 (2H,
cm - oH (300 MHz, CDQD 4.69 (1H, tJ 7.7 HZ), 4.37 - 4.30 m)’ 3.30 - 3.18 (1H, m), 3.16 - 3.03 (2H, m), 2.94 (1H,:.U&,7,
(IH, m), 4.08 - 3.99 (1H, m), 3.76 (3H, s), 3.51 - 3.36 (2H, M)7 6 Hz), 252 - 2.39 (1H, m), 2.33 - 2.19 (1H, #(; (100 MHz,
2.27 (2H,dd) 7.7, 4.8 Hz), 2.18 (1H, bryC (100 MHz, CDC) - cpcy) 172.3, 103.7, 85.3, 84.1, 83.4, 80.8, 79.3, 63.6, 60.9,
172.6, 85.9, 76.7, 73.4,52.7, 52.4, 38.7, HRMS: [M¥Naund 60 8, 58.9, 52.8, 52.4, 37.3; HRMS: [M+Najound 398.1518.
224.0642. GH,;N3;0,Na requires 224.0642. CusHo:N:OsNa requires 398.1539.

7.3. Synthesis of compound 13 7.5. Synthesis of compounds 17 and 18

Compoundl13 was synthesized frorbl (2.50 g, 8.58 mmol) Compoundd7 and18 were synthesized fronB (74 mg, 0.37
following the same procedure described above for the synthes,i§mo|) and 14 (115 mg, 0.56 mmol), respectivelgliowing the
of 12 with the same reagents under identical reaction conditiong;me procedure desc;ibed above f’or the synthesis ahd 16

to give the title compound3 (1.45 g, 84%) as a yellow oiR \yith the same reagents under identical reaction conditions to give
(50% EtOAc/hexane) 0.45pp™ +88.5 € 0.44, CHCY); viax  the title compoundd7 (69 mg, 50%) and8 (45 mg, 34%) as
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yellow oils in a ratio of 1.5:11{:18) with overall 84% yield; of 20 with the same reagents under identical reaction conditions
Data forl7: R (40% EtOAc/hexane) 0.3p]p> +121.5 € 0.30,  to give the title compoun@l (236 mg, 69%) as a colourless oil;
CHCL); vmax (neat liquid) 3409, 3019, 2106, 1641, 1402, 1385 (60% EtOAc/hexane) 0.45a]5*° +64.5 € 0.34, CHCY); viax
1215, 1160, 1097, 758, 668 ¢mdH (300 MHz, CDCJ) 4.85 (neat liquid) 3410, 3019, 2399, 1640, 1385, 1215, 1159, 1097,
(1H, d,J 3.3 Hz), 4.68 (1H, dd] 8.4, 4.2 Hz), 4.40-4.32 (1H, m), 758, 669 crl; 6H (300 MHz, CDC}) 4.86 (1H, d,J 3.3 Hz),
4.26 - 4.19 (1H, m), 3.77 (3H, s), 3.71 (1H, dd0.7, 5.3 Hz), 4.82 (1H, br), 4.62 (1H, dd} 8.4, 4.2 Hz), 4.30 - 4.22 (1H, m),
3.57 (3H, s), 3.55 — 3.51 (1H, m), 3.46 (3H, s), 3.43 (3H, s), 3.3%.19 - 4.11 (1H, m), 3.76 (3H, s), 3.71 (1H, dd,0.7, 5.4 Hz),
—3.26 (3H, m), 3.25 - 3.16 (1H, m), 3.09 (1H, @8.4, 3.5 Hz), 3.57 (3H, s), 3.45 (3H, s), 3.43 (3H, s), 3.38 — 3.16 (5H, m), 3.08
2.55-2.41 (1H, m), 2.30 (1H, d13.3, 3.9 Hz)yC (100 MHz,  (1H, dd,J 9.3, 3.4 Hz), 2.46 — 2.26 (2H, m), 1.43 (9H, &5,
CDCl;) 172.8, 95.8, 83.4, 82.1, 81.3, 79.6, 77.4, 76.6, 60.9, 60.2100 MHz, CDC}) 172.9, 156.0, 95.5, 83.9, 81.9, 81.2, 79.6,
59.1, 58.8, 52.4, 52.2, 36.3; HRMS: [M+Nafound 398.1532. 76.2, 60.7, 60.0, 58.7, 58.5, 52.1, 42.3, 36.1, 28.3; HRMS:
C,sH,5N30gNa requires 398.1539. [M+H] ", found 450.2344. GH3NO;, requires 450.2339.

Data for18: R (40% EtOAc/hexane) 0.4a]p>° +34.0 € 0.34, _

CHCL); vimax (neat liquid) 3408, 3019, 2105, 1639, 1402, 1385,7-9- Synthesis of compound 22
1215, 1158, 1071, 758, 669 ¢mdiH (300 MHz, CDC)) 4.65
(1H, dd,J 8.6, 4.6 Hz), 4.34 - 4.27 (1H, m), 4.25 - 4.17 (2H, m)’foll
3.95 (1H, ddJ 11.4, 4.8 Hz), 3.74 (3H, s), 3.58 (3H, s), 3.57
3.53 (1H, m), 3.51 (3H, s), 3.45 (3H, s), 3.32 (1H,H3.2, 3.8
Hz), 3.26 - 3.17 (1H, m), 3.15 - 3.03 (2H, m), 2.88 (1H,J8l7,
7.6 Hz), 2.63 - 2.50 (1H, m), 2.36 (1H, dt13.6, 4.2 Hz)C
(100 MHz, CDC}) 172.8, 103.9, 85.2, 83.5, 83.4, 80.0, 79.4
76.6, 63.4, 60.8, 60.7, 58.8, 52.3, 37.7; HRMS: [M+N&jund 8.6, 4.6 Hz), 4.27 (1H, d] 7.4 Hz), 4.22 - 4.09 (2H, m), 3.93

398.1536. GsH2sN30gNa requires 398.1539. (1H, dd,J 11.4, 4.8 Hz), 3.73 (3H, s), 3.59 (3H, s), 3.52 (3H, 5),
7.6. Synthesis of compound 19 3.45 (3H, s), 3.39 - 3.27 (2H, m), 3.26 - 3.17 (1H, m), 3.15 -
3.05 (2H, m), 2.88 (1H, dd] 8.5, 7.4 Hz), 2.56 - 2.43 (1H, m),

To a stirred solution of compourid (250 mg, 0.67 mmol), 2.35 (1H, dtJ 13.6, 4.1 Hz), 1.44 (9H, s)C (75 MHz, CDC))
(Boc)O (0.31 mL, 1.34 mmol) and NE(0.23 mL, 1.68 mmol) 172.9, 156.1, 103.6, 85.1, 83.9, 83.4, 80.0, 79.4, 76.3, 63.4, 60.8,
in MeOH (10 mL) was added 10% Pd-C (100 mg) and subjecte@0.7, 58.8, 52.2, 42.4, 37.5, 28.5; HRMS: [M+HJound
to hydrogenation condition using a hydrogen filled balloon for 5450.2342. GH3NO,, requires 450.2339.

h. The reaction mixture was filtered through a short pad of Celite ]
and further washed with EtOAc (3 x 30 mL). The combined?-10. Synthesis of compound 23

organic extracts were concentratedvacuo to give the crude To a solution ofl9 (290 m : ) )
- . g, 0.65 mmol) in THF:MeOH¥®
product, which was purified by flash chromatography (35%(3:111’ 5 mL) at 0 °C was added LiOH®I(164 mg, 3.9 mmol)

EtOAI\c/HIexane.)l.to gé\éfj/thEetct;ie/(r:]ompoumg fSOS ”;gﬁgtg’) a5 " and the mixture was stirred at room temperature for 1 h. The
852 ongeé:sis. oilR ( tol' i %4;)?“26325' 1531)'% 139é 1(3219 reaction mixture was then acidified to pH 2 with aqueous 1 N
.24, ), Vmax (N€at liquid) ' ' ' : "HCI. The reaction mixture was extracted with EtOAc (2 x 100

1098, 769 crh; oH (300 MHz, CDC) 5.27 (1H, br), 4.88 (1H, mL) and the combined organic extracts were washed with water

d,J3.3 Hz), 4.65 (1H, 1 7.8 H2), 4.26 - 4.12 (2H, m), 3.76 (3H, (50" "1 e " (30 ml). dried (N8O). fitered  and
s), 3.71 (1H, ddJ 11.0, 5.5 Hz), 3.60 (3H, 5), 3.48 (3H,5), 3.46 ) ' b~ S e acid.,

(3H, 5), 3.43 —3.30 (4H, m), 3.28 — 3.18 (1H, m), 3.13 (1HJdd, To a solution of19 (306 mg, 0.68 mmol) in dry Ci&l, (10

95 3.5 Hz), 2.44 - 2.30 (1H, m), 2.24 - 2.14 (1H, m), 1.43 (gHmL) at 0 °C was added TFA (3.3 mL) and the mixture was stirred
s); 6C (100 MHz, CDCJ) 173.0, 156.1, 95.7, 84.0, 82.1, 81.4, - ;
i or 2 h at room temperature. The reaction mixture was then
79.7, 7+6'4’ 60.9, 60.2, 58.7, 524, 42'4’. 362, 28.5; HRMSI:oncentrated and co-evaporated using dry@Hin vacuo to
[M+Na]’, found 472.2185. £H3NO;oNa requires 472.2159. obtain the TEA-salt.
7.7. Synthesis of compound 20 To a stirred solution of the acid in dry g, (5 mL) at 0 °C
was added HOBt (132 mg, 0.98 mmol) and EDCI (188 mg, 0.98
Compound20 was synthesized frorb6 (200 mg, 0.53 mmol) mmol). The mixture was stirred for another 30 min at room
following the same procedure described above for the synthesismperature followed by addition of a solution of TFA-salt in dry
of 19 with the same reagents under identical reaction condition€H,Cl, (5 mL) by cannulation and slow addition of DIPEA (0.57
to give the title compoun®0 (167 mg, 70%) as a colourless oil; mL, 3.25 mmol) at 0 °C. After stirring for 12 h at room
R (55% EtOAc/hexane) O.SD(ID27 +2.14 € 0.28, CHCY); vimax temperature, the reaction mixture was quenched with aqueous 1
(neat liquid) 3425, 3021, 2925, 1637, 1399, 1216, 1091, 768, 6A) HCI (5 mL) and the solvent was evaporated and extraction was
cm™; H (300 MHz, CDC}) 5.30 (1H, br), 4.63 (1H, 7.7 Hz),  done with CHCJ (3 x 50 mL). The combined organic extracts
4.31-4.19 (2H, m), 4.17 - 4.09 (1H, m), 3.94 (1H,3#1.4, 4.7 were washed with agueous 1 N HCI (2 x 10 mL), saturated
Hz), 3.76 (3H, s), 3.59 (3H, s), 3.53 (3H, s), 3.46 (3H, s), 3.41 aqueous NaHCgsolution (2 x 10 mL), water (40 mL), brine (30
3.34 (1H, m), 3.32 — 3.18 (2H, m), 3.16 - 3.03 (2H, m), 2.93nL), dried (NaSQ,), filtered and concentrated iracuo to give
(1H, dd,J 8.6, 7.6 Hz), 2.53 - 2.41 (1H, m), 2.26 - 2.12 (1H, m),the crude product, which was purified by flash chromatography
1.44 (9H, s);0C (100 MHz, CDCJ) 173.4, 156.3, 103.5, 85.3, (2% MeOH/CHC])) to give the title compouna3 (358 mg, 72%)
84.5, 83.5, 80.3, 79.4, 76.5, 63.5, 60.9, 60.7, 58.9, 52.4, 42.5s a yellow 0ilR (4% MeOH/EtOAc) 0.3;d]p>® +97.2 € 0.20,
37.7, 28.5; HRMS: [M+Nd] found 472.2141. GH:sNO;QNa  CHCL); vmax (neat liquid) 3409, 1643, 1402, 1385, 1216, 1157,

Compound22 was synthesized frori8 (229 mg, 0.61 mmol)
owing the same procedure described above for the synthesis
~of 21 with the same reagents under identical reaction conditions
to give the title compoung2 (175 mg, 64%) as a yellow oiR;

(60% EtOAc/hexane) 0.5p]p>° -7.9 € 0.70, CHCY); vmax (n€at
liquid) 3409, 3019, 1643, 1402, 1385, 1215, 1157, 1069, 769,
'669 cm®; 5H (300 MHz, CDCJ) 4.83 (1H, br), 4.58 (1H, dd,

requires 472.2159. 1069, 770, 668 cHy oH (400 MHz, CDCJ) 7.52 (1H, br), 5.46
_ (1H, br), 4.90 (1H, dJ 3.6 Hz), 4.87 (1H, d] 3.6 Hz), 4.67 (1H,
7.8. Synthesis of compound 21 t, J 7.6 Hz), 457 (1H, dd, J 9.1, 7.1 Hz), 4.28 - 4.17 (2H, m),

4.16 — 4.09 (2H, m), 3.77 (3H, s), 3.71 (1H, 4d,0.8, 5.7 Hz),

Compound2l was synthesized frorhi7 (285 mg, 0.76 mmol) 60 (3H, 5), 3.59 (3H. 5), 3.51 — 3.48 (2H, M), 3.48 (3H, 5), 3.47

following the same procedure described above for the synthes?i’s
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(3H, s), 3.46 (3H, s), 3.45 (3H, s), 3.43 - 3.34 (6H, m), 3.28 - Compound2 was synthesized fror (135 mg, 0.18 mmol)
3.19 (3H, m), 3.17 - 3.09 (2H, m), 2.47 - 2.35 (2H, m), 2.25 following the same procedure described above for the synthesis
2.12 (1H, m), 2.09 - 1.98 (1H, m), 1.43 (9H, & (100 MHz, of 1 with the same reagents under identical reaction conditions to
CDCly) 174.2, 172.3, 170.5, 156.4, 96.2, 95.3, 84.6, 82.3, 81.3jive the title compouna (29 mg, 52%) as a yellow oiR; (10%
79.8, 78.0, 75.9, 75.8, 61.0, 60.2, 60.1, 59.1, 59.0, 58.9, 52.MeOH/EtOAc) 0.5; §]o>° -71.9 € 0.14, CHCY); vma (neat
52.6, 43.1, 40.2, 36.2, 28.5; HRMS: [M+Hfound 767.3798. liquid) 3412, 3019, 2399, 1637, 1523, 1475, 1421, 1384, 1215,
CsHsgN,017 requires 767.3814. 1083, 928, 757, 669, 627 chdoH (500 MHz, CDC}) 7.04 (1H,
. dd, J 10.2, 2.6 Hz), 4.55 - 4.48 (2H, m), 4.13 (1H, ddi4.9,
7.11. Synthesis of compound 1 10.2 Hz), 3.99 - 3.89 (2H, m), 3.74 - 3.63 (1H, m), 3.60, (3H, s),
To a stired solution of23 (200 mg, 0.26 mmol) in 3-56 (3H, s), 3.45 (3H, s), 3.26 — 3.14 (4H, m), 2.96 (1H,Jdd,
THF:MeOH:H0 (3:1:1, 5 mL) at 0 °C was added LiOH®(66  8-7, 7.5 Hz), 2.75 - 2.66 (1H, m), 2.37 - 2.26 (1H, m{; (125
mg, 1.56 mmol) and the mixture was stirred at room temperatufdHz, CDCE) 172.8, 104.0, 84.8, 83.4, 83.1, 79.5, 77.7, 76.8,
for 1 h. The reaction mixture was then acidified to pH 2 with63-2, 60.8, 60.4, 58.7, 37.4, 36.4; HRMS: [M+Najound
aqueous 1 N HCI. The reaction mixture was extracted witf>7-2822. GeHaeN-O.4Na requires 657.2847.
EtOAc (2 x 50 mL) and the combined organic extracts were 14, Synthesis of compound 3
washed with water (20 mL), brine (20 mL), dried {8@,),
filtered and concentrated wacuo to obtain the acidThe acid Compound3 was synthesized fror@l (327 mg, 0.72 mmol)
was again dissolveih dry CHCI, (5 mL) followed by slow following the same procedure described above for the synthesis
addition of TFA (1.7 mL) at 0 °C and the mixture was stirred forof 1 and 2 with the same reagents under identical reaction
2 h at room temperature. The reaction mixture was thenonditions to give the title compoud73 mg, 32%) as a yellow
concentrated and co-evaporated using dry@Hin vacuo to  oil; R (20% MeOH/EtOAc) 0.5;d]p>"° +57.9 € 0.18, CHCJ);
obtain the TFA-salt. vmax(neat liquid) 3424, 3019, 2399, 1637, 1403, 1215, 1084, 928,
To a stirred solution of the TFA-salt in dry gEN (25 mL, 5 758, 669 cml; 6H (500 MHz, CDCJ) 6.81 (1H, ddJ 6.4, 2.7
x 10°M dilution) at 0 °C was added FDPP (300 mg, 0.78 mmolHz), 4.89 (1H, dJ 3.2 Hz), 4.48 (1H, tJ 8.3 Hz), 4.14 - 4.06
and stirred for 30 min at room temperature followed by the slow2H, m), 3.84 - 3.71 (2H, m), 3.61 (3H, s), 3.48 (3H, s), 3.46 (3H,
addition of DIPEA (0.32 mL, 1.82 mmol) at 0 °C. After stirring s), 3.42 - 3.32 (2H, m), 3.28 - 3.11 (3H, m), 2.85 — 2.78 (1H, m),
for 72 h at room temperature, the solvent was evaporated a@d?4 - 2.13 (1H, m)pC (125 MHz, CDCJ) 171.5, 95.8, 82.2,
extraction was done with CHCI(3 x 50 mL). The combined 81.3, 81.2, 79.7, 61.1, 60.4, 59.0, 58.9, 42.2, 34.9; HRMS:
organic extracts were washed with aqueous 10% NaOH solutigM+Na]", found 974.4316. SHsN;0,;.Na requires 974.4321.
(2 x 10 mL), water (20 mL), brine (20 mL), dried (S&y), .
filtered and concentrated imacuo to give the crude product, 7.15. Synthesis of compound 4
which was purified by flash chromatography (5% MeOH/CHCl  Compound4 was synthesized fror#2 (290 mg, 0.65 mmol)
to give the title compound (44 mg, 54%) as a yellow oiR  following the same procedure described above for the synthesis
(12% MeOH/EtOAC) 0.5;d]p™ +2.73 £0.22, CHC); vmax(N€at  of 3 with the same reagents under identical reaction conditions to
liquid) 3415, 3019, 2400, 1637, 1384, 1215, 1084, 758, 668 cm give the title compound (59 mg, 29%) as a yellow oiR; (20%
oH (500 MHz, CDCY) 7.05 (1H, ddJ 10.0, 2.8 Hz), 5.00 (1H, d, MeOH/EtOAC) 0.3; f1]p>° -7.9 € 0.38, CHCJ); vmnax(neat liquid)
J 3.7 Hz), 4.57 - 4.52 (1H, m), 4.20 (1H, dd14.6, 10.2 Hz), 3430, 3019, 2400, 1637, 1403, 1215, 1084, 928, 758, 669 cm
4.08 (1H, dd)J 8.2, 4.0 Hz), 3.86 - 3.81 (1H, m), 3.73 (1H, dd, §H (500 MHz, CDC}) 6.79 (1H, dd,) 6.8, 2.1 Hz), 4.45 (1H,
11.5, 5.8 Hz), 3.63 — 3.59 (1H, m), 3.60 (3H, s), 3.47 (3H, S)3.4 Hz), 4.25 (1H, dJ 7.3 Hz), 4.01 (1H, ¢) 7.6 Hz), 3.97 —
3.46 (3H, s), 3.40 (1H, § 9.2 Hz), 3.26 - 3.17 (2H, m), 3.15 3,92 (2H, m), 3.83 (1H, ddd, 13.6, 7.2, 2.1 Hz), 3.58 (3H, s),
(1H,dd,J 9.7, 3.7 Hz), 2.79 — 2.74 (1H, m), 2.24 (1H,H12.3, 3,52 (3H, s), 3.45 (3H, s), 3.25 - 3.20 (1H, m), 3.17 - 3.05 (3H,
9.8 Hz); 6C (125 MHz, CDCJ) 172.5, 95.6, 83.4, 82.2, 814, m), 2.94 (1H, dd) 8.8, 7.3 Hz), 2.75 (1H, dfl 13.3, 7.5 Hz),
79.8, 77.5, 73.7, 61.0, 60.3, 59.0, 58.9, 37.5, 34.6; HRMS 28 (1H, dt,] 13.3, 8.6 Hz)sC (100 MHz, CDC}) 171.6, 104.1,
[M+Na]", found 657.2824. £H,sN,O14Na requires 657.2847. 85.0, 83.2, 81.4, 81.1, 79.3, 77.0, 63.3, 60.8, 60.7, 58.8, 42.3,
7.12. Synthesis of compound 24 3346425_'\/'8 [M+Na], found 974.4287. £HeN3O,:Na requires

Compound24 was synthesized fror20 (513 mg, 1.14 mmol) 8. Antimicrobial activity: Material and methods
following the same procedure described above for the synthesis ’
of 23 with the same reagents under identical reaction condition, yitro antimicrobial activities of compounds were tested against
to give the title compound4 (602 mg, 69%) as a yellow o & medically important fungi;Candida albicans (Ca, patient
(4% MeOH/EtOAC) 0.5;d]p™ -29.5 € 0.32, CHCJ); vmax(N€@t  isplate), Cryptococcus neoformans (Cn, patient isolate)
liquid) 3411, 3019, 2399, 1643, 1402, 1385, 1215, 1158, 106%0r0thrix schenckii  (Ss, patient isolate) Trichophyton
928, 757, 669 cfy oH (300 MHz, CDCJ) 7.54 (1H, br), 5.49  mentagrophytes (Tm, patient isolate) Aspergillus fumigatus (Af,

(1H, br), 4.64 (1H, 1) 7.5 Hz), 4.54 (1H, ) 7.5 Hz), 4.32 - 4.05 patient isolate)and C. parapsilosis (Cp, ATCC-22019) and 4
(6H, m), 4.00 - 3.88 (2H, m), 3.76 (3H, s), 3.58 (6H, s), 3.53 (3Hpacteriaviz, Escherichia coli (Ec, ATCC 9637),Pseudomonas
s), 3.51 (3H, s), 3.45 (6H, s), 3.40 - 3.17 (6H, m), 3.14 - 3.03¢ruginosa (Psu, ATCC BAA-427), Saphyllococcus aureus (Sa,
(4H, m), 2.97 - 2.88 (2H, m), 2.58 - 2.44 (2H, m), 2.22 - 2.006TCC 25923)Klebsiella pneumoniae (Kpn, ATCC 27736). The
(2H, m), 1.42 (9H, s)}C (100 MHz, CDCJ) 172.8, 156.0, 103.6, sysceptibility testing was performed by Standard Broth
103.3, 85.0, 84.9, 83.8, 83.4, 83.3, 83.1, 80.0, 79.8, 79.4, 79 icrodilution method as per National Committee for Clinical
77.7,76.2, 63.2, 60.7, 60.6, 58.7, 58.6, 52.1, 40.3, 37.6, 37.Paporatory Standards (now CLEIguidelines using RPMI 1640
28.4; HRMS: [(M-Boc)+H], found 667.3280. £Hs:N,Ois  medium  buffered  with MOPS  [3¥morpholino)
requires 667.3289. propanesulphonic acid] for fungi and Mueller Hinton Broth
. (Difco) for bacteria in 96 well microtitre plates. The maximum
7.13. Synthesis of compound 2 concentration of the test peptides tested was 100ug/ml and the
inoculums load in each test well was in the range of 1-5x10
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cells. The plates were incubated for 24-48 h for yeasts, 72-96 h
for mycelial fungi at 35 °C and 24 h for bacteria at 37 °C and read
visually as well as spectrophotometerically (Spectra max) at 492

nm for
(MIC).*®

Tetrahedron

determination of minimal inhibitory concentrations
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