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infecHoweaser, mosgssecdnarodeba pvacbaes of

compdundi scover ed-19®Q svreizth@ Ot Bhvee ne atrhloyu g h
such antibiotics, beginning with penic
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anti bi otics
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devel coffmebmtct er fTahle rdeesviesltoapnnteent of bact
accelerated by tphoesedelbeycttilive opserscspurrie
i nappropri at e®Tihsee i mfe va ritaibbdieotriicsse. of r ¢
utilitys oanttiocbdaoyt i €8 n $ @ q thdweit dfeu tsuprree.a d
resi stamnihabsucnaterseeaat a bil llee d mieed o0 fo ntsh e ma

tledto human mand haalth wweb#wtitlldne ytshe
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Uni ted Steattfeosr,s DDihseeases Contr ol and Preventi c
that more than 2 millionepeephatabaciefeated

year, an @fat ifearatbsed2% o survi ve.

Inrecent decades, the pace of discovery and d
dr opped drTahngpd li ceéfl 1l d2 @6QsF)gur evi t nkssed

the discovery of most anti bi-dbwdlclsi nugsed t oda
bactferppraocess that was | ater 8 Tamed the Wak
antibiotics discovery qgenatkiebdi oitn cgd95Uux,h walsi
vancomycin, steepotoifdawmdnner ,anaf tner the init.i
of nemp ocutnhdese r e | sml atce d n,onnepac ea retsi bi ot i ¢ s
beceamhard to identify uswhgch bleaWdrbmawonfpl at
ant i bisocctoiveesr ydif rom tHEhel 98@mbernwafr danti bi ot i
approvedabyg DBowg Adminildt rfartoino n2 9( FIDWAr) i nfge t h e
1980s to 9 ienotfhe HelaROHWOWOgbaadmariue s c al com
are primarily focuscddadsesrsmodi faynitnd i ot i £tsi rdg
during 193Gscthocl@a88es of antibiotics can be
number of c¢hsomi csadad @torl Wlatcit Epeeanfifoollds ,

cephal osporins, quacncoddormte s7 awdofmacthel cldemi ca
ant i brieoptoiretsevle en 198llnamdéy Ri0o®Pnt hetic tail ori
of stehisxcladlse h@ame t he predomi nant mode of makir
of ansdiubriiontgi ctlhna ta dpdeinteiwodgener ati ons are often
to combat the bacteri alsFrogsiextaanpd & ,0fs egroendi o
Band -genedaeipdml osporinselfithei defme@claore aod e
resitsda aché otnr wrye sti s a nfelea cetnaznyarsee .b- When new

| acasaears emewgee si Ba b igteinred ati on cephal ospori
fougemermal ®aul es, such daselcededi met h weess
susceptible to cl ' Moanageeweeyn, tnoasee ceomzcyemens n g
than the droppi ng tsfhade reafsidrtuagy caep pgroo walles ant i

| eads tcoda ses@amdlahi ot iec ss awieF ¢cil mesxssamp | e,
2
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Staphyl ocotcltats swaersilusstpance towards met

resi st amltadtoamteretri bi otics, sucdbhnas ox
conmngcilbonmaki ng i mprovements to -egi ®mting
str atdeegvye l[tomamtnew ot i cs, but i1t 1 s gener

to combat the dapcprieviéndgb iedftfiodcsaces md o |
claes$ antkibgetilcd. il lustrates the modeée

and devel opment

- 1925
Golden era
» Natural products
» Whole-cell screens
- 1950

+ High success

Medicinal chemistry era
» Synthetic tweaking

- 1975 * Whole-cell screens

* Broad spectrum

* High success

Resistance era
* Modern discovery

- 2000 « Target-based
* Broad spectrum
*» Low success
Narrow-spectrum era
I~ 2025

» Unconventional discovery
* In vivo essential targets

» Combinatorial approaches
+ Diagnostic development

* Predicted success

Vv

Figur®Models of antibioti’cs discover"

Mansyynt Aeti lailosstoifdser ed f-membrpaoma penddt r
and eff lAbx mensguesn.ed above, motsadaaynt i b

were discovered by screendowe@e@fot ofvabl
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all species in externalwhhehr memesatshayecann
be quadeérorlagad ory condiatni @ped se®suvictei md new
ant i B%Aorbe kst hr ough hEpss theeilens mhb & dai Is e d

mu kcthiannel device known 3tsotdiemulstod me o wnl yc hi
i sol ate and gr ow Belfcarl & utrlreed deawitee imas cover
sefpier meabl e membranessamgd!| pubdof baokl i nsodsbut
del i ver lxcred Ibacot eariga ven channel . Thus, nutr.i
di ffusing through chambers enables the wuncul
same ceasiitheywy do under naturbalctemviar onment .
extrwecrtescr eened for anAn begtencal aamedi tays.
tei xobacda omew s peenieegsabpifvoeGe afbhhef eheni a
tershewed agbbdaadteirviatly. Teipxomascti ng show
i nhibitionlagygint ©itesd el Ib.Whelnndvagutoeldi wi dhl |
Staphyl aco@makyscobact ericwihoamdbd resi stance t o
tei xobacti i®Twas cdaseeoffedei xobattuiralreveal ed

compounds with | ow susceptibility to resista

This chapter consistd oaxfusfecurons addtei adres/.el Seant
of antibiotics and increasing attention on t
I n addhd eswotni, on tihlel ysattrhaotgeeshnesi ssoafnd tr eat ment
two intrinsicall yBurrkuhgo |Irdeesaican@mtneg g abcarcd er i a,
Pseudomonas &ercugiomosla 2 di scusses the theraj
new class of macaotoicy cdriqgyr rpierptda e iatng imbeéc hani s
Argyrin displayed good antibacterial activit
bacteri a, Buirrkchlod dieirgca mplegopxdPcsand omonas
aerugilmosoar der to chamgygrmi hy aggetheaianal
review of previous repeutédnedtah Seothesi 4.
This Chapter is concluded in Section 1.4 wi

research wwotnk tcharsr itehdesi s.
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1. 1BathlbdereipaCO mpl e x

Figlhtr2e Scanning Electr ®&ur Mhot dgtaphcePBaN

Th@&ur k hocledpeaimep | e X FfrBady 23 gr owmmnof mo!
s poefroer mi n g,h a preadd met abol i enaelgaythh wWdd v er
prot eob’®dtwiedeéluyn sipr emdengnvironment .

Bur k h ocledpegfRi.iaac gwas ifai r stPsdesdoaeapp als a s

(Pcepawhiach responsible for 2lorurl%%a,n

Yabuedt hhiamlaeldy smol ecul aPc e paonida med ead feas

coll ected fofomplmpatt saqamBaneadéd son t heir
t hey r enpeow tgBdnruash ob alsed aon the 16S r RN.
cellul ar l i pid and fDaNA yh oarcoil do go/o nvpad suie
phenotypi c 2Thhder. a cteapmadcdinag Icast. ed speci es
as Bcc which is comprised of 20 diffe
with 78% of t hef8Theg @rsiszfiers hceostenobmped e r i
fré&é&m2 ivbwr khol deArUiOal 6da 170 svowpr kmol der i a |
3883 aridiangdhddemosomes and a | arge pl asm
variances, t he oBcnci naer ed i sf & pf&aesnttle idgset neodm oi

Table 1. 1.
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Genomovar Speci es name

I cepaci a
I mul tivorans

11 none

IV s abis

Vv vi et amami s

Vi none

AN amb f ar i a

Vil ant hi na

I X pyrocini a

Tabll.Bccompl exovpersomnd & pecies names

Th&8cc organisms | ive #¥n wliitvhe resiet heecro | poagti hcoagl e mi
benefliceffects 2%(OFiogur8erv dorrdla nditsrdasicres ¢ an
pl antdeli emdccehani smdraand di seaselrmaemgiss tbhaynce

producing compounds that r faopeot ozda,r hos

pat hogetiandf me qiadithedeesd ore, such strains have
significant commerci al, ipnvaengtrngamotiviahyg bi or e me
ageand biageattsoto their ability to colonize
crops, |ike maize, Friguéde dord) and sunfl ower

Since the 1980s, t he Bcc ortgaamnti shmemahnave bee
opportuni s#Thepat bageatshirae adaewmnsergl iifnd ecti ons
i mmunocompromi sed patients, in patients with

(CD®%) and especially in sf(yFsitgiucr Bf ilb.r30)s.i s ( CF
cenoc @peaedioani nates i n NorthBlmkholcde rCiFa pati e
muitvormparesdameésn in Eur oPfkBlae CFt lpragdlentcsaused b
ot her Bcc species are spread globally. For i
patients of majorBCFceppe¢it#@hesnelisbhbdonnagre

|l ed to the conclusion that the prevalence of

and regionally.
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Cl Cl

Ci

Prevents ‘damping off' Prevents moulding Promotes plant growth Degrades groundwater

disease of seedlings of fruit and crop production contaminants
Produces antimicrobial Colonizes plant roots Utilizes a wids varity of
compounds and fixes nitrogen /| carbon ccmpounds

'}“',Buridvolderia cepacta

a \

Causes disease in plants | | Causes disease in humans

1

Pneumonia

— Septicaemia

Causes 'sour
skin onion rot'

Cystic fibrosis and
immunoccmpromised patients

Nature Reviews | Microbiology

Figur@&: Beneficial anB8ud&hpi menbmpRephhect

Cystic (fCiIHhbs oshe molsét caolmmomheri ted di
Caucasians,enwiyt hofa afpppeguxi mat &lTyhel in
di sease results from mutations in the
(CFTR)*®@QENTR. functi onsgabataedc ARl or i de
primarily found in the a*AlctaH o uegehnmibg eam e
defect affects severab othgamavbpitchéi sets
the main cause of morbi di tAy & redosfino ©t0&4d

CF patients die from respiratory failuw

Pseudomonasstareaiurgs naada@a wret mfagrortiheg of
infections among CF patients while Bcc
pat i“Amptps .0 x i3meébtye loyf CF pat iaefnftebeyt veBlc € d wi

7
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infedHoweser, Bcc infectiiomgCFRanpatpanti cul ar |
and their caregivers as the clinical outcome
Few Botected gaaytmetnd ma t3§ scé nccaerprantcsge t s

suf fer from aniiprud moasag d?’ Tdhawslgitrising.ni fi cant
percentage of t hdke Belcop nd erca pidd pantd efnatsal c ol
nerotizing pnauwmmenda,wobaeheng reespiratory
chamaedt eas tlgndé&paree stulddrmlgy Theatctepaci a

S y n d rdoomees nowi tohccamy of the other CF patho
PseudomonasHaemamghinlogSt a mh y laeercaecn s
StenotrophomoA@adi madodnmnalphy,| iaever al Bcc strai
B. mul tB.v cocceempsaBe. i ad amlndds a ceparcrkeadi |l y
transmitted afhiomgfi&gFh l,pyatheipeinddesmi B. | i neages of
cenoceppeaeciiaees have ibnecelnt ddidinghovey é d e dnj c

| i neages, hthies tPrhiicdtadoefl peobdumbeaE( eeiDCOPphor et
Type( BE2#2Mong them, the ET12 I|lineage was fou
CF patient s dforam RBmeopea.

Th&8cc bacts€fFi patneeats by first entering the

that, the bacteria adher e atcehse hmmubost mucos:
in CF Inogedased durmicbecicll efagwmtbibw®r mal
submucosal ghaemhdarfawend tii nofnl a@&®matho rmu cruesss pons e
provides an ideal envirbolmeowi hgrpéaet eat adn

of Bcc in the muofistheymrigpanbpi bdibkesabnsur f a
achieved throbgph hatptrad lemermnedardot @lr ysc olni ptihde

l ung epi t Aelfiuanlcrt ecsephiirsat or vy epithelium is e ¢
over copmaitnhgp gansugh t he producti on of numer ¢
c hemmoeksi, adhesamd imof leamin&EHowyg heen Sbme s .

kDa protein cytaokeridandF 1e3p,i twheilcihali scel | s, i s
as prheereiceptor for the 22 kDa pBotein cable

cenocespaaciifan §5 k Dat upmaowtrei msi s f actor receptc
8



Chapter 1. I ntrodu

( TNFR1), i s salas & eichenrdt B lod ceg enn @ realeiptt yo r

receptor to Bcc species are not fully

Apart from protein recept ooss ,deg]l(yacGiMli)p
a®?22Gb2, adavGb3been discovered in epi
wel | . These glycolipids prompt infl ami
signal Tkeagion and survival of Bicsc bacH
achieved through di heseoh asubed) of nt
through t he epit h%lainWim rleya r rpaamr caecnye rots
cyt oskdlhet a.i | i ttyh & oe pietnhedllriganle nb aarcrcieesrs
the bl ood shacectaeni aemicamajser contri but or
infected | @K sptantdiieense thyahldnfat f owBrccdi f f e
specciaens break the i ntercell ultaar ttheht

basoleral epidehefi ahel ayer .

Bcc i naeetdd seivre raetdimaoroanpr omi sed pati e
as chrolndmatgaouwsnudi sease i(sCGDep oprahte de ntt cs
secomrd diemgf@GDp at i¥Tnhtes .CGD di sealsg i s i
mut ations in the subunits of the nicot
( NADPH) oxidase compl®wc hofmuthat ipohnasg occa
production of aie®scttsi evge fof xeydi anngasfteoana n ¢ ¢

are also repofeetdi®on bar Becs.

1.1.1.1 Vr ul ence Facatcoresr ioaf Bcc B

Several virulence ftac teorhsa nace tphreoidru cpead
both CFC&ngaikheemeseaninieBecrc bacteria co
and complex genomes. The highaldemwsmi c

them to surivn vearnaina@u s heinnvaddr wchimegrtt he h

9
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Bacthravcetl ¢ el | cCcommuneB cnaktwno nass ygsuoeernum sensing
sysgemo coor di nbaethea vdolussry s eemulr@agul ated ¢t he
expression based on thei po sseilcgneal@ni nogf bact e
mol ecul es that accumul ate outstildee the <cell
speci fimol icgcthaasishe&® shol d, she badueei ar st art
repress targe®Fagrenex esiplxet,®s thooomol og Cepl R
gquorum syesntséemgwas fiBstcenasadaiifiniear i n a

t hat mQSasywdreendel v di scovered in all/l Bcc spe
system depends on eac(YAHLho moywretrh anxee | @Qepglonand
transcriptionapr odiueced gt anloll i€Blgp Re apoyl
homoseri ngHSIla) tkoymceo aNlEetx amombser i ne | actone

( BHSLOFi gur®d n1 B&), CeplR regulates the expr ¢
virulenases fdastops$jon of which caused decreas
and | iipwistei easctand-c henlcateialsge dsiidedfnophore prod:
Addi t itohesskliseml so i nvolved in the regul ati on
and biof i®Bw udtRabwialsi tdB.usrckolveelrdeedr iian vi et nami en
that pNdedcwone®yl homosee8L()Fe gluafcBtuodnt e (rC
studikBsewmocepmaaliad two addi tAiHitnyape QS system
systCemdafman orphan LBUGeRp Rid.eoéogystems often
regul at @ nr evheer ssaalmgd pva &

No-homoserine | actone moBeculeammoasmpaciaa so us
Bur k hodidfefruisai bl e si®Tha&l RpdFtRoQS(BHPSE)e.m produ
fatty acicd-2gdnood eecceunl qeiBd Sa&ss i @ n antolliencgu | e
dependent on Stulteh BDISIF dcdhmnigteys.nspome!l édncti on
by hGepl R, Cci IR, &nd CepR2 systems.

10
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/\/\)J\E\“ /\/\/\)J\E\
C¢-HSL C,-HSL
0 Oto)
/\/\/\/\)J\E\“
C,o-HSL
Figur@Salut i mCdHilegrHsSETL a;8HIS LC

Bcc baatpd roiya speci abt s eccaleitviebro nsonled ochual se
cel | t hat contributngoso calflegcTheong bgyc
secretion systems are I mprnritantBif g of
cenocE&€pdeiBandi et,n atlyigpeenls it g eer et i on sys
havenlenti fi @ddemopygetiAdkcivieysse clrlelt i on sys
(T3SS) has bBencedddtap dsdeedr ivleaemms oei at ed
protein to%Tyhpesagtetd @Inl .s yBsa eemp, ¢ eppr aecsi ean
K5-8, pal aryossl e i°%iTwoi rtuyspeccacleM sy st ems have

char adt Birni £ e n oscterpaaicn sa, beand-VBL R/ B4 st ¢
sytem. Ptw ferrespoasiebl el ar ®svai Vieval
be/irB/ Dnvolves atmi>ONA mobilis

Severalweoepowbdeuosed by Bcc badt praisa twasc
produced by many sB.r amulst iR .o rBaceos o cienpcalcu
under ¢sgpeetlilon systeminuingalsealp haglsl
i nvasi on, whhdbght hehsaeapmdr ti nhiddi ttioon o
reduced “Twoadinen. extr aceplriouleaars Exsi, n ¢Z mp
and Zmp®ere identified inBmangpcBpacisp
but Bnmul ti waB.dnbk.oTsheese twar @roeeseponse
proteolysis oudndnainry tphet e thisa ctohuddiudnar
ability to delglragen tympe fliVbronecti n, S

11
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u

lung ti s&bBeudamadiewcegabarces m, pyondhbelcit i n
andpaciachelimd &rye Begoithoes it nl@ons tf r om
envirdnmemaddi ti on to siderophores, a serine
as a VvViruBeraoe cfegpatab G2h ST o tiesasreesponsi bl e
for proteol yti-biddgnegdeagrtrotmichaft 9Bursore nabl e
cenocéeémamibd ai nfear Pirtoinn.fr om

Li poyadyh(@akrRisi9ec ampl ex gl ycolipid, i ncluding
oligosaccharidenangdresent in the outer | eaf]|l
of GregmtivE@&Hbwetveb@geBdai shtaiveee Br o m

ot her-n&gami ve bacteria as they have differe
ol i gosac chaathedreieagB ¢ ¢ | csa h-b dha-ddairbt y

arabinose (Ara4N) in the lipidofA and inner
phospdrad @ocR-manpone2ul osonifouimadi dt her Gr am
negati veé’'Sbagat &€ ika pa Idyf Bémee dlhmevd negati ve
charge due to the positively charged ammoni
an i mpdoirftfaenrte nde c I esausssccetpd i bbhtCcttga iod Bcc

cat ianniicmipcer potbii gaebd yartfy & i n

E X
mo
Th
ce
Ho
w a

in

opol ys a(ckcPhSasrmodsetsl y composed of pol ysaccha
|l ecul ar weight polymers secreffed by bacte
e present of EPSs in &8gkininé @dtiesdolC& pat.i
noc elp2a3clis® .a nade nokc5e@ agri @duce no® or little
wegeme sBecai ng riasnsludbtgdutpupgdese CF patient
s discpvedadeBPoScepaci awas Ciegpaci ahi ed to
hibit neutrophil chemotraxacixigvgegd n neutr ophi

specxashlydrogen®peroxi de
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Chapter 1. I ntrodu

Bcc i sol at es oh avoer nmbiele norfibitdreron d r eAsHdnc e o f

si gnarolliencqul es . Some iBcccovepedi @so vdeertee
signal s rPel eaaesre(dg ey daat er i inn skeicd f iolnm,
resulting i n¥Varmiowed geinefsi lam.e requir e.
biofilm. Those genes can be related to

factors t hatsHEGéEpyuoldautcet iAoHL, (gCene i nvol ve

and maintenanambramet hemtegtréert ymeand gel

protBeicn.can use biofilm to s%Trhweirvwed oirre,t
new antwihbiéo tdieovse Isorpuepdt ttohedibi of i | m as v
system responsible for the biofilm for

1. 1.Rle.s2i st anntciebitoot iAC s

Bcc baateenrtira nsic resi stasea@att oni modthi @
Bcc barce eréesi at ant BoeocB& i bbgblicodiedds
ami nogl ycosi des %lea daidndg tdiwd re,re sahesmbarnaree
pump shyasst ebmeen i denti feegdgohai bhe oBoc &
of quinol ones, tri met Popheée mresaingt amlcle
trimethoprim can be acadfi etvreidrresthhsabpargibm t
di hydrrodbu,atseeseS8bhaent i bi otics failed to
due to the presence of Bcc outer memb
Bccbhltaoact ams depends on two mech@ni sms:
|l act & marsekes reduced suscdamtipédei addenign o

protdeins

13
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1. 1.Blc.c3 Anti bacteri al Treat ment

CurrBerct treatmeeved ytphrcaddhbyi naati on of two or
three antibiotics, incénodcolg, ceftampdcime,
cotrimoxazol e ®dHowewmenocybki méi mination of t
from patients wans praarieehnrtpsh enti ttRlmthtar | y

alhhave recently reported nedwaddiaz eadn ami | or i de
effective treatment with%Inn 2t emomst hasf oG@F i ni t
patients, segr emgastti o, u crceemsasifrul t per eventi on f

infeétions.

1. 1P&8eudoneornuagsi No s a

Pseudomonas aeruginosa

Figur® SEMsefidomonas® aeruginosa

Pseudomenaas genumsegafteir®ebd ra gammaproteobacter
comprmaeriegt han®%ITheésspbacesri anatbhewsdely fou
and surtfhaegasoobo$soerment ,onashuweansamdani mal s

pl a®nA syegrewn fluorescent pigmemrten pyoverdi.l

14
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pi gmepnyto,cyanane detected t hrough | ab
Pseudompreas es ® &mo mg aPtslees d o mpreaP e s,

aerug(l miogwyr amdj. &r opportuni sthaes piatt &@lo g
andommuacgqyi red®Cammeacgusred infectio
b . aerugc jooudenecot | i mkited &pD¢d soft tis
(d abetic foot, kbuamnhist iasrd( swvomutnaori) n atsed
externa (wat eralnbpahal ¢ k age mem i @aarf ol | i cul i
hot tubs-adacqguwWHiosedtiahfections include pi

wounidnfections frwrm naurygitcradctsaindef,ect i

bl oodstream infections (sempir ome mied ) .
patients, bacPeraemwas casseadvdiyed in p
acute |I|,euckaanecoeirgpati ents % nfected with F

1. 1. R2rwayekctP.emaugfi nos a

P. aerugi nnonsea ofcommen mpat hogens causi
infections. Both acute andP.c haemugi mas
have beerlind ¢oefrimist & di. R.f eaxcdriiwwgnisn®@s@onsi b
for causing pneumonia among nptast icefntaocl o
age, patients wi t h neutropenia due t
i mmunosuppression d%Ulet tRo @regadirgi moosga s p
el iminated duri tnppeandhdtdidayirnaect uoag envi

|l eadi ng tamda r eicnufoertdetnito n .

The ¢ hsreound ocmopn a | l ung i ocbeetednsnathbem
suffériomg CF di seadsecr eraessegdli bmmgt hngh
mor bidity and mortality rates. Pi ke Bc

aerugcamsa@aause olndreiczatoinormyim the thic

15



Chapter 1. I ntroduction

air walynse.henotRpeawmfugbhasas from acute infec
di stinct fromnisoiaftfestifoom. choobe specific
i solated from chronic infection is | ess <cyt
strain isolated during!®Tthe ireiasioal odéc stue hi n

di fferencePdeaeld opiedloeegr i bed in the section

1. 1.T2h.e2 Vi rul enk.e &arcu @irmso od

Seveviarlul ¢emeces fcoaott hbuParaeviagi mdwmans .

P. aereaemphbtowam di ffertemte ssttammltieggh escute and c
infections in patients. I nPcaager wdi mecuae inf
breaks doewnmnamaengisrmc ul me bl oodstr eam, resul ti

of patients wiiVhirnllemecres f arcltisha gis estuicdin as t ype

systeds)( Ta3nd various of extracellular toxins
establ i shment fo wewetr @ fii mifog @tsriefoenc.t i on of CF

patikBntaerwecginndsae in host for decades wi't
bl oods$Someéampi csal at es of chronic CF lung i n
di scoveredome | atkammatadruy elsactlarkiealf Ifagel | a

pi™in contrast to acutensnfwecei bess shudnied

t bedesv elmnmopedoltiuncgn f eict i wint r o

Adhesi on toof tbhaec theorsita cel | sur f!8he is the firs
P. aesdigi bl y attiac hwhlifldag et then saifftdes ype 4 pi l
are t haed hmadiffoonsaer tdiamcos at atteo ah d satc henelinlt
surfR.ceaer pgpissesasesngbee poltalratf | eargeaeld |l augn
swimmng motility in a °Tohtea tfibnaglp ednod ktsa r telwe mo t
gl ycoasiigdMton taegpi thel i al cel | surface and
i mfmMmat ory r esponslei khey rbd cnedpg®ilodr et 5o t(HEALIRS ) .

16



Chapter 1. I ntrodu

adhesion, Type 4 pi |I'®andrswarestprogn smeo tfio

On cPe aer ugtiteaocshaeed t o the host epitheld
i nject toxins diPr. ecatelryp giomtacsfa hvoes t s eccerl el
systems, type ¥Thel pleiekld eap/permdalge/lof
all ows bacteria hoinhpecetpi ehkecabr cpt
formed in the epit™Thel ifaolurc eelflf emd mlbrrsan
(ExoS), WExaonTd HxxooY, B.r eae dweglthned sfawdiri ref f
proteins are variably expressedatin dif
l east one of the two mdjwhi | ey tmotsd x isnt s
express minor cyt PI¥Ex0iSn sa nEIx EX oa nfd al xeo T
cont aNrtreirmg na-hcGT Ppa®e eg n v(i G AR)aenadnit m a |

ADR i bosyltransferase (ADPRT) activity
cytoskel etalnoaddndDzPaRiTi oanc.t i vity al so
pathog®nesi s.

Furt heRP.moaerrsgcnesad sever al proteases
degrade i mmunoglobulins and fibrin, co
infectionpt eamidt hdeilsiralf® Foi gletx d jkmih € mie@n
prot@as@ kDa zi nc¢depedaasEto rroanpd esment pr
host fi'Bt onedtsisdf.degr Abagel |l in monomer
interferessiwinalhifionagre ot adtREE notsad

t wo el astasedg hrloagAh anydgd eL &£s Bheicsr eitsi orne gsl
by Lt A5 sy'¥Bemine pr ot easen albdseA baancd el
survival from hose¢griamnumng eslyasstteirmn bayn d
inactivating i mmMiAmghebuséeni AeapdoGeas
can degrade i mmunoglobulins,tompl emen
i nhi bits t he assawgil mtomacsrofphagesonhr ou

of host surmAf amamdMt protein

17
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The PSPofaeragmnsiomesnbodannah or ed-alnit pigee nA, O
angol ysaccharidi ppdePAr agircrpinn as as a

di glucosami nlekdhbowibtOsgpmbkdt e nked pri mary and
secorfdarn y®lhaiciidd . A can bind to host <cell rece
to activate the TLR4 resdll aimmaiioe yt lte tiokf | am
andemdki nes @anodeadiood Piemacayhloactkeed | i pi d A

(presence of a degpasnioticom)ci sipedi eeshewashriesxsol

acute iWfectcoonmasit haedplasat ed species were i s
from chronic infections wi¥Ahenceaasad infl
mi ght due to a disti#®xct binding of Ilipid A t

Th@S systems ar e epsptriomatnmead e oyecl®@@m!| athe a
aeruggeamesme andodt theasxp2@®%sedQdacterial pr
systemseplt @®@pabBaoifn Ibm f or ma tainan ,viaceaillle nswer Wiyv al
i bhi ation of specific genes in trhreesponse to t
bactRr iaerpgod@dsabbdase aut-ox-doddueccearnsoy |3
homoserinex{0=d$Ilq)Fe gu3d ebdt vyl homoserine | ac
( BHSLOFi gur e a2 ¢B-hyy d r-degxuyi n ol Foingeu ¢ 1. 6)

and hhW&e sy ptddma®sa ndA?fs y st e inassyTshteem i s
composddhesatodeHiSlaAybynt haséaeRdcotbkd
transcricpti.asCaHSL i s esd nbaygeidi synt hase,

whi ch i s | disraencdt eatcabsiRlont rtahrescr i g@thieonal acti va
rhslystem i s colivpocedeldSflacegnint masé Rand a
encoded transcurpHPL iion add redcyh BEviag yort. h £s e

which isrdddndcaethBAb t hanscri gtoironal activa
pgsystlenh2 p-3-hyydrdegxuyi nol one edshr otywwmethh esi s
opermAsBCDE phAB and three gepgspRlosnH t hese oper
anmlqgs®The. aer Q§i sps temsnhfiaerrcatricchn cal manner ,
ashétassystem posi t haineal y rroedaucita téEish®.f qui nol i nes

aeruguease®saQS to regulvatreulteme ep rfaadcu otrisgn i anfc |
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pr ot eaadsheess,i o n, exotoxin A, el astase,
response to host I mmeamea iX@mreaelss, onr or
pumnmd.

MDWJ&@

4-HSL 2-heptyl-3-hydroxy-4-quinolone

¢}
/\/\/\/\)J\/U\N\\\
H
3-0X0-C12-HSL
Figurealt®i mMgBaSleo s®& HSL amdp32yydrdbxy

qui n®l one

The adhered colonies form biofilms to
i mmune rTlelsg@ofmeremati on odél ywiodlidmesd itso |
syst®mse communities of bacteria are e
subst anc.e®@p ESPESI o f l i pi ds, proteins
extracel,lhuel aBRIDNIAX upcdcwpyYY 0% of the vo
bi of%alnnhatnttee physicalrobodt cdesni ol bi
decreasing the otelHoasnda thiedemoolée ¢ teisb i
Formation of bi ofi éwmeragistmlcenmentt el pY
bacteria tAd ttelmertrdeanefrascienl e attachment

tmmi crocoloni es fbBSwad tiacshbhde@nttmait b u x e d

type pil i, felxa g ealcledl A ,u ladam id n aR esl, anc
pol ysacchari des. The productiohasof Pe
systehhe QSstreengul ates cell l ysis in

extracel IFoll 4 owbBHNertshieb |lier raetvt achment , bi

and growt h-domemnéieonalr eeolnmuaniutryat o ©au rc
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bi of i | m muesahd-sohoarpoe d structfurlds d wicthhaenh élus d
al liosghe exchange of Affutterri eanltls tahheg@ awbaosviee sst e p
pl anktonic bacteria are releas&d from biofi
Apart from the diQScitndinrpeacsttIhyo fibmnbfd ffouf é mhcne,
formation through the control®Thdfe swar ming
f |l agelplemdent form of bacteri al transl ocati
regul at etislybsyt etmthe and i s liympmsldiaomat ebdi oifn | tmhe e

formation.

Apaftom QS s yotmpmoo,enttwa e gulrad utiyaetsey st ems al ¢
formati onT ho@efa ¢BSh dAiolomponent system i s one the
component syst ems fPou nade riumgiCiad@&Sacg~e nome of
symtplays a role in the production of wvirule
The transmembr aGae¢ Sstemammsf ekrisnaseplfosphate gr.
cognat e Gaegguhiacdiro p u@ mot es the transcription o
regul at oRymaRN®ssn¥ The t ewgultahteor sbi nd and

i nacti vatbhendihreg RRNRAQul at ory protein RsmA. Fre
controls th#dSdidy minmel@ iS4 . o fT h@ 1 edsodhd , t he

systceamentrol the ertfa®ebrslar virulenc

Thédost envilriohmermioteichaauss e it has sequestration
li ke |l actoferPi.naandgtnessf oiybemeph or, e

and pyovscavienmmegsah of he hoByo cdyegpmitns.al so causes
oxidative stress to the hositnhcebilt ity di sru
mitochondri al el ectron transport. |t protect
nitrogen species produced by phagocytic cel

partly controlled ¥y the oxidative stress RR

Inconcl wsi otheer ms P.of aearcuugtiferecsa a omsncr eased

productions of extracellular virulence fact
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cytotoxges,t ammaost tissue, allowing t
bl ood vessel-t hroe achaaucstee gaa €meh e i r ul ence
prdauciemd t he adareecigun asedp by Afhteer Q3 hsey
adhesion, the coloonbpesafosmvarboo$i Vvmr
menti onedhheehowvaic IinfBEBctaemugdemuaea 0,
genetittai @amd atpo ex prdestsy haingdh immuccroeased r «
hadef emeccen a i*?\simsu.l ence mesbant smbk &Aboe b
infection ahat erefresnistegnewet h the bios)
speci fic virulence fFatooys syodrenisi sit s
ate¢triave strategy T Ther esnottudéhicret t bedapygao

a promising alternative to the classic

1. 1.A2nt3 microbi al Resi stance

P. aeriugife@eosiaons amecdiufsti cal itntoi hséea
to many cl as $*Ge noefr ad ntainktii dwmicchea h ani g ms
i ncludi reg olfy ,oetngtirfy p u mp , enzymatlarcgeategr
structur,e a@adn ebath.mpacrtiegli tbtyea devel opm

resi ¥t ance.

The outer e mheanognwobfs han asymmetric |
|l i popolysaccharide and phospholdffpinds t
The resistance |ltgou ea nttoi pbei hostei bcbswliist yl aorfg e
membr Blme . out er membr ane blocks the pe
mol ecules and restricts the peftetrati
Penetration of s mad Ui naon toinkeit ateigidh =£,r s u
membr ane i s agchhevwedhbyhpasguedeuds bgha

porin proteins. Two c | agsesneesr an ¢ gGumtor v & S
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bacterntih® gener al one al l otws preossst anyd rtolpeéi | i
specific one only al I'YWsr @ eird aa ns pnod iefciud epo 1t
responsi bl e for penee¢craaeaomrdeosfs icoanr boafp eGpernd 1

i R. adewrodusga t he maj or mechani st for carbapenem

Antibiotics mayPbeaet upgprnagkedmébromdrug eff|

pumplh.e functional efflux pumps systems span
membr anes, and periplasmi*Thepsenuers bentraeveen t he
composed of three proteins, i ncluding a per

outer membrane por i erycydfod |aaspmacttietien transpor
Hi gh concentrations of anti bieoftfilcusx can upr e
pump’skor exampGp,r MMe xMepkrCID E FM@ x&in d

Mex XOprm edidd acxuif h &l ao e@imaenrdms of enzymatic
degradataenpgodoceadl sar amastehnpetsauclho as

bl act amas &% (M B m)ma | cephal obpamd nase ( AmpC
extespdedblramt amas®@ForESRBIS)t BRncaer whiemos a

i s exposed tAmpgEemiscii Inldumed, | eading to resis

The intrismsicanmdehamihadcley mut atiadbn)| ilseadi ng
acquired*Seshstagoaeiedhoesizonamtetransfer of
el ement s anfd amuteaxtiisotn ng res.iToeamddNA cassette
el ement s, | i ke pl as mindvd ,ahttri dn sopgd so nrse,siamndnict
genes can be 2clgado mjewWgahhy orb,actt ransf or mat i c
transdWMuttiadn.on | eading to overexpression of
penetration of anti iobdli aatfti amag s ehsy penmpralduer at i c
antibioti d.t areg Gigs o os&Met tart anedtrcZaiurs e s an

overexpressiCpnr Mof | MaxiXYig to fluoroquinol one
clinicaP. saeniysnadimon he porimexdprD (either
mexSrestrict the penetration®Dblie imipenem r

hyper probluxdti amamldéasc ¢ awmpb8d aecnt amase factor,
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Il ntroduc

AmpD, i s™Mmlult atleel.traits Bboaer.agiendo e
A third type of resistance, adampde i ve
continually exposed to an an®Ubibkeéec o
the i1in0otmnms acquired resistance, t he d
highly depends on the envirobmertral c.
factors trigger the adaptrionwenentsicautan
anaer obi osi s, ccoanrcbeonnt a sad u Pané yod mii menss,, a
behawiuacthr bi of il ms afhl $wamhmiseg fract iolr is!
related to an increased virulence to

antibioffii2sinthebé ¢ er ehceeamgpgst bé r

Ty pef IntrinsicAcqued Adapti ve
resi stan:
Acgqgui sitiNot acqui Mutation Changasge

expressi:
trigger e
environmi

factors

Mechani s

Lowut er

me mbr ane
per meabbi |
| act amas:

efflux p

Hoirzont al
transfer
resul tini
upt ake al
overexpr.:

efflux pi

la

Changks
cad sgam n e
pressi
pressi
gul at o
ading 1
mp

p
ovepgr essi

Char act el

In her isttaabt

i rrever si

Il nherital

i rrever si

Not nherit

transi en!

i ndredpeent i ndependiupon r em
environmenvironminducing
dependen:
environmi
Tabl2Tylpe of rR.s iasetraungcien oosfa
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Mutl-d r ug redDPBanugs nomaians di spl ayed sever al
mechani s ms Ssimultaneousl!l y. Di fferent combi n
medi at e resistance t o speci fic antibiotics
resistance is caused by bothimftéaetive eff
anti bact &tCiaalb atpaemgen g.esi st andceec riesa sceadused pr i
expression of t hmar @pb P! Ieyofrli mx b-puwmmp s and

| act alfhases.

1. 1.TZx.edat mPaetr ugfilmdsa ti ons

P. aerugfpeposaons are a@uumrbeenfda ntyi btiroetaitcesd. wi t h
However, there S nNe. saaeandqif @egdtanemas ment f o
combination of at | eastcaswsesanfubhoamnmntcisbi et s

i nclbddaect anisl uor oquiamad Incomdadsgfsorand x amp | e,

penicillins tagpbpetaami || amd avutBxmatcd) | in
cephal osporins (cefaziadzitmeaondaand,i cef epi me)
p s e uadmam carbapenems ( eadrliampd md m,n iamidp e n e

mer op &heFm)g uragbedlacit)ams t hatP.araee raupgp Inioesda f or

infected ©Fheattolemamycin infkdbawaronssol utior
Pharmaceuti ca®998, agppaovaemhi hogllycoside that

standard tPeabmenmif s & d CF patients. The

generati on fcliyarodd wixngetimareantd otnh ifrlduor oqui nol
| evof |[(dx ggaiareaedlmi7n)itsot eirnepde @ ¥ e o parcdo ntecs

avoid drudumiersg stttasmceff cycle o¥' tobramycin

Colistin,asalpol kmyxwinn E, i's a mixture of 't he
colistin A and B (Figure 1.8)-lhae been brou

antibiotictiduiet yt oargedsis sdataaifual taier,ugi nos a

24



Chapter 1. I ntrodu

though it has beenoxiepiotry ean dhhdaarvet m:

colistin methanesul phonate was given
el i mi naR.e aaecruugei rosaons anB. taertugianos
i nfectTihoenshactericidal antibiotic fosf

combbnawith other antibioticgefsorst@mhtp
P. aerXgiheosimi que action mode, inhibi-t
wal | synthesiresiptanerd drhiemostgeried cwit

anti b%otics.

H HN/H V \/\o (\ N
X O O
Z | OH HO |
F F
fluoroquinolone o O O O
ciprofloxacin levofloxacin

= 7)F/> /[;‘/\;)’jN—N

3 O :
\)< A N P \
:Ijr' HO” YO o O/\OHQVN

/ OH
//\OH /\ clavulanate Tazobactam
penicillin ticarcillm
H,N
S
/}s
N~
(ON
HO ﬁ( ?% / N/

ceftazidime

“ _OH OH
H

ﬁ&4§iﬂ\T)k ¢[:§ o
/
WOH doripenem meropenem

(¢}
aztreonam

ﬁUQ

2

tobramycin

Figlur e:acdtfalmsor ogahdobhmomhesgl ycosi des used

oP. aeriugf@eotsiaons
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H,N

2 (0] 4<
g
(0] H O HN 0
HO N No.,
H“' NH
0 H 5
HN

NH

(0]
¥ 0 NH ))——
HO—8—OH HO-P
", (0] N
0 i =N, NH J' o
O /<&/\ Fosfomycin
HN N NH,
R . 0
‘ H

NH,
Colistin A R= CH;
Colistin B R=H

Figure 1. 8: Colistin A, Colistin B and Fc

1.2 Argyrin

S

H O

O N \/\>\(
j/ NN

\N R,

(¢}

R, NH
ﬁ%o 4o " HN
HN N
EJJ\/
6] 0] R3
Ry— 7
HN

Argyrin A 1.1: R,=CHj;, R,=H, R;=0OCHj;, R,=H
Argyrin B 1.2: R;=CHj3, R,=H, R;=0OCH3;, R,=CH;
Argyrin C 1.3: R;=CHj3, R,=CHj3, R;=0OCH;, R,=H
Argyrin D 1.4: R;=CHj;, R,=CH3, R3=OCH3;, R4=CH;
Argyrin E 1.5: R=CH3;, R,=H, R;=H, R4,=H

Argyrin F 1.6: R,=CH,0H, R,=H, R;=0OCH;, R,=H
Argyrin G 1.7: R, =CH,0H, R,=H, R;=OCHj;, R,=CH;
Argyrin H 1.8: R=H, R,=H, R;=0OCHj;, R,=H

FiglbreThen aklg-flr B

The argyrins ar ehatpafpaengtFiydersi @2 g% 9 cycl ic
A and B, produced Kyeta nmygphharensorfe tdhies gewnarsed
by Setvatduring ascaoeemsegofprogram for new a

ageltThrar gywriamdh@®a i mi | ar bi ol emgifcaalit ,acti vit
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argydisefhay at her unusual s pec(tTrabm eo f
l1.,Bgpiancg i ve agai-mesgatai fewb&Pabredr,agi nos
antdhGr aprosi t i v@l thmicdieunt®adi fficil e

Latiem 2002t .i%édsespeend paatthseggd eeni ng f or ¢
compoundmy X olmaihteeyr iias.o| atee drlydc Igirco uppe potfi
from the cWlWrchraeaghbuot lgeiph yAai /& .i cThe
pepswedree named asg FdrggupWsye unirg®M tsot rHict ur e
show that argyrin A and B are identica
revipoesd 6f ont he met hoixmpt he ulbmsettihtokeyrttr y pt
resifuegyrin i wasedidena pPohehsomegint
B was found to beced |poatnednetp einndheintt’i taonrt iob
I n terms of antibacteri-#l aaedsaotwi fongi

potamai nst two sPeeuvudsW®ohashe genus

At hough Dbeott. hadShade $Seeddvias cover edi hhiabi t he
protein synthesitsa,r gtelhe wampe miofti a ewvelall el
researchers from Novartis Pharmaceutic
genome soesquemnecieng Mfebed that argyrin E
protein synthesis by targeting the evo
( BEG)'°Addi t iaongaylrliyn, B di spl ayed potent a
mul t ircersu g tneme g a®rn & e P sbeaucdtoemoinaas amadr ugi r

Burkhol deri.a multivorans
Tounderstand the anti bactheer i md o cneedcuhraen

bacteri al protei AG dyntprecsti esi,n rtorl a&n sd fo «

bi ndi ng i ntG rwaacttbiyan nofarkEeF descri bed bel
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Micr oorgani sn MI €d/ ml )
Bacil |l uUATG@ baa 3 lnacti ve
Clostridium d 0. 03
Clostridium2p9@r 8
Enterobacté&B48Il lnacti ve
Enterococ AUECCT78€& Inacti ve
Escherichia Inacti ve
Enterococ AUECi78e& I nacti ve
Hamophil us inf 164
Kl ebsi el | aL plnedu Inacti ve
Mycopl asma d&lI3I i 2
Nei sserABRCCh46 3 0.13
Nei sseria gonc¢ 6 4
Proteus miral 16
ProteusLIre@3 g:¢ 32
ProteusA7T7QGCg&atzti 4
Pseudomonasa ae 4-3 2
Sal monel | a Lt3y8Sh Il nactive
S. typhTALWSY3I &N 8
(hyperper meat
Shigel |l a Ld8y7s en Inactive
Staphyl ococcuc 3564
Staphyl ococclud4g Il nactive
Streptococtd49 ¢ Inad ve
Table3: Anticmioiolhpi af &X21459 compl ex
1. 2Bacteri al Protein Synthesis

Protein

ri

t hhr ee ri

composed

bosomes of

bosomal

28

synt hesibosssmapatforlmeedihgy organi sms.

bot h

bawck &ary at ec d(nds | WDa)of and

RNASs

(r RNA;

16S,

functionalb5rgibtoesso,masbdAldhr brtiebions o mes i

approxi mtah ieRINy&s nt dvoohnier d Tpr dteeismp.eci fi ¢,
23S

n

af tswoasub@{8¢ pOStseubsnand

it
and
bact
23S,

cont
58
er i

5S



Chapter 1. I ntrodu

and a smal(l2BOEr studwiumg Fagd ( AGgTh.eR N A)r g e
subunit contains the active site of tt
fidelity. The two foubnntihtiesh o/csEmsme € lee er ¢
translation initiation region (TIR) of

initiation step of protein synthesis

=
transferase 1 :
center (A © 305
Fi gur:®20Calysdtr ucitbuaorseonoef. t(hAe) rThe 70S ri bos

MRNA and t RNAd JviBw Exfpltodee 50S and 30S s
ri bosome wit h- t R e sldotcea f'fi PNA so.f A

Therogein prynddes,knmihwnc has st akes!| 9tl iacre
through binding of transfer RNAs (tRNA
the ribosome in an order determined by
The mRNA binds i nk aaadnldeofdoyf beé hwe esmat h e

subunit, where its codons interact wi t
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ri bosomal bi ndi nglami n @ssic tf ¢éo,f pte hiRdSliAR yelt he A

and t he-siE{ E(iegxuirte)B.)T)h & & iAt e bi nds t he i ncomir
ami netaRNVA. The hP | gdis -tt RMNeA paetpttaicdhyeld t o t he gr o
pol ypeptiThe cdaadedyi/ltPe t RNA mesvietse tad tehe E

f or maotfi opnebpotnidde and then | eaves the ribosome
Ssubuni3te ndtsherfdsRAt e t RNAs axemiitny cilmseher
pepttirdyisf erase ceRdtema @ORTI@G)eewHHANA itsheaway
from the PTC.

1. 2.4 i ati on

The bacterial protein transl| atbieomgprocess ¢ce
initiation, el ongtad fkFoguj.Bndt diegm mi nanhsbati on
stawitt h the fdoBampobexobnathe mRNA. Such <co
includes small 30S ribosome subunit, t he ml
fact olr,s-2I(R®3) ,| Fand an initiatBNAERNA, known
The "MWNsA a t iRaNtAt atdelaendodi fi ed met hionine, with
gr ouguina iitnso agm oup, f oraeny) . 'MeoNMA aninse (f M

anticodobCGa&Bpuhéanmanes to a complementary start
The mMRNA and etrhabcapdWNA usgrgg i ncor porate the sma
30S subunit in tB®Scesubant tpagittaiches Tle t he
binding site, wHiadhyairsn ok nrscevgru ebrfseeeSIFANGGGAGG) .

3 is responsible for-bndeoggmsi tieomnoft hehenRNIAD
whil-2 riefcogniiMdems thRNAs i tt RNoAdtnhtee rraicbtoss o me .

with tbheadbtb@nd the | arge 50S ri bosomal subu
foll owed boyf tthher ereelleéFasaend hydeoimebBosoof GTP t

is orientated to move abéB8g.t he mRNA in the
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1. 2.TIhhe2 ongaycba

Thel ongatdam ke cdievi ded i ntodylhgfeeearst eps: dec
and traas!| sbewgueu?2uti ng transl ation, elongat
play a key role in the elongation of a pol
accelerate the protein synTtuh)esfiasci |ITihteateelsong
decodi agl ianmar s amiaaRdNAWYI| tshRN@8A as part of a
ternary comphexawt abbd@®&®MNA 06 tlkeeognized by t
codon on the mMRNAER3 deas driednehbycgirbavhayg e d t
GTPo GDWBkitec maul talt @ Itehaev iancgc epft RNAemad dof aa
movi ngt ONA atao -$ hEe& 0ISed&Avi ng of GDP occurs wit
of el ongatids)factor Ts (EF

During prot diem-t BpAt besup) ewht babAnstse of b
the ri bo®eemd haa ttoaflaytshfee pept-sdyeé gRNApton the
t PAes i t-eREBhus yreshili $s in a compit®&NAconsi sting
in tkkdeAand deacyl astieddjt RNAi asxkadwn &
translocati oW*ThRRA)R&AO mriceexp.t or stems move Ww
the 50S subunit ate fcommpl| & xhy-b RNAvharcch t he pep
deacyl ated t/RMNAamad eP/ilB dihteesA, respectively.

After thaant itcheedacmdoenl i ces move iwithin the 3
tdr ptorsans| ocRT) omc dhpPlOslker e t REANODdYy |

deacyl ated tRNA are in thleheP @®aB¥%d E sites of
c o mpd iesxs ofcricant etsh eT hcessrit lee X .s noavd RNAe for next
t di nd. The ribosome moves along the mRNA |

nucl edt itdieme rel ative to the mRNA.
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@ ( A ™
tRNA (
. EF-TusGTP-aa-tRNA

Pl EPA
ternary complex
% \

E, Poa E A
; Translocation Decoding ’
EPA EPA

Peptidyl transfer

o /& /ﬁ

Figu28ransl ocationel ongation c

1. 2.Tle.r3mi nati on

There are t hrAcGe sathdiicSAcoddmas, hdve no co
t RNA mol ecul-siitedéhceunp iteholed by h @ s e ,t htrheee ¢ ¢
newly syntphoelsyipsepti de chain | eaves th¢
t RNA, and the t wwomplbex olmrad a kegf.lRERE)It esa s
promotes the | easing of pownpéptirce ealk
fact(oRF®op chain with UAA and UGA. Th
cooperated by (REBopasdopaptrofred8 nREBEI Nt |
acceleratetsi armheofdi BEbciaad RMW2t hr damet |
hydrolysis aft &TPpéplthaGiree Ireed sersfeact or

Asiagred bl ocks the addition of amino ac

by peptidyl transferasand]|l nRINAadbonpo
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hydr ol yssredd t he resul ting eper oftreoirm twRNAY icsar bo.

rel eased. This is illustlrlated as the rel ease

Af theydr ol ysis of GTF by RF3, t he mMRNA and a
t he P sitee.r ekyrcilbionsgoni act or -GRRp)locesget her
the recycl e of r i bnoesw nreo umd oo fs ugprumti €isn fsoyn tah

shown Riecytche ng phXt of Figure 1.

Mor e than one pahypretpdidd digsocmth ainre MRNA mol ecul
Once the start AUG codon is free due the beg
along the mRNA, another ribosome can bind. A
A third ribosome can bind to the start codort
al ong t he mROAAN sneogl ueecnut! | ey., many bgrotein mol e

syntehcesams t he mRNA at a ti me.

1. 2F2nction of Elongation Factor G in

Thé8 khateri al-G peelto mkgsGHIFoa steh superfamily o
pro¥Yieiwhi ch iTnc l) UFdieesl éEabsreRF)3The GTPase

actiiwi ttwrned on by bindi hydtreoiGg§¥PP,ngand i s t
to &DPWs, stwiitxh mechani sm enables the GTPa:
syntlaesli £ ransl| ocaluroinngo ft hper ot regpmssitoecd ant i o n
synthesis, the ribosome moves precisely one
EFGcat akt heeamovemende aoady ltatdedp epRNA Y A

bound taondishdd eB of t he-amidbitts®sne t ®spgdet iEvel y
foll owvbed BHRBNAOCI at i-vint g.rom t he E
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Howevemansl ati on tenamabt a.@Tel IEiycder alny si s
requi red datoirontrasnst oeocsled oaMiitoha-n c an
hydr olGQTskBanba |bo,g yni d o g usmdnois p m @sDpFhNaRt eb ( t
may be reqGireli>*smetkEE experieanenals by
indi cathea drheartgyt of GTP hydrol*sis di

Transl ocationepcwuth @BGDEPNPst bwn with G

The crystal-Gogr gpPsgh obw tHFa tfaiivhes domai n s
Il (G), 11., Ddhad nadi,n whd cW sits dtohnea ilna,r gbei
to GTP '8Irt GDsP.homol ogous to GY¥%aansdes of
can couple GTP hydrolysis to a confor
functional s t'%Dtoemadifrs tldbs t olubbs eda ab-wi st ed
barbemali hl |, lavr, e amnpde & fainad tforBF atsenit

orientation t owaamnasi mdso Maivre aan dcrodmmioln pr
moti f, ri bonucl eoprotein ( RNRAVYEO o r R
Addi ti ofGalcloynt ak Bpser @S Oscdbe ma igrwh iIGec h i s

di fferemdr faeloaomgati onekbehdssoubDofmmaom
protein Umf cabDdmaigmaes Vsi mi |l ar shape and
di stri buhb eiocaandwiit hopemf t RNA in the ter

Cryd ectircomgrocoebByMst udi es-aonfd dtpmoesrigd @ cat i
EFG bound to r i bodsionnge €& f$ loboRw | blo & toamlei m e s
| arge conformati onal cfGangestnnboabl yi
structure of!The ETkEkibD| st awktgdlonls ama
the G domain are responsible for causi
contacts wi tA roda-thoek e tdooamafimrsmati onal c¢h
occCWEIFG-GTP binds to the ribosbmekwireesu
rotation i nomahe s¥ibd&Giiytd.ri dBORES etso GDP an
| eave the ribosome, which causes a cl o

to origit®alhipogiattichhret i ng movement ena
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into AI/IEBP hBwdr Pd st aaedsiBtoeusn di nt ot hteh es mda | | sub
and tardsAEtes in the | arge subtohet Mo s t T
movement happetnRNAwh enn ittbheel FRE e yEM

structures atbBeGEBdheamedintihanr with both | ar
and sméolunhits. The G domaiall dowaioaund It hkaed
sar-rcii mi nRL.Dp oTph g Sdionmaeirnacltls wi th the shoul der
in the small sawdrutna @ tss viotme i motlH SRL i n the
and protein Sl2ulbuodi h5 iDétneérieec t¥smaMilt hs t he L
RNA regoifo the | argeosobphnes. tDPemAi si t® of th
subuni t and intereasdttse WIiRINMA mMRNA nasred t Png i n
decodirnegf ctemea sMal | subunit.

Figur:e TMhel3over al-G isn racmhplrex -aviidtEiFc €DP ( bal |
mo d &1 )

Among the trandgl attsieononflayct eomea ,nt Ed&to functi on
di ffetrtedpusr t n@nst hAteriooms |l aomcdkati omosome recycl i ncg
(di sassembl-yeommi niko)gaRddb o s@anecilrs nigh e

final step of prhatpeiem s s wrhltednte ignhge, rtialmehssa me
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reaches aEFG apgeddcdenr. with the ribosom
drives the dissoci atteirom ncafteixome malnpad s o
and lsaimbgei ts during the ribosome rec
hydr oWrylsii Ider atnhsel ocati on, the GTP hydr ol
ri bosomal di$assembly by EF

1. 2 . BEFGInlhi bi t or Fusidic Aci d

Figur®4Fusi die Acid

Fusiadi(aF A). OFi gudies laldarretwempied br ami c
i ni tial | yStuaspehdy Itooc ot dneeuadth s eEEF on t he

ribosome and blocks itsidi asndcit'®ainsh oa
FA sdHow affinitG ypoutto fforremes EaF r i gi-d comp
bound®EFo beec i@ ct,sErFGet n three states of
transl ocation proce&si.n Rihres telayr,| yF At rba m
wi t h hi ghAetdssta@iléeredy.i ntermedi at e tra
proceededabhyg-GhbendAei b&s &dmadyl yr,epeat ed|
bind -&oi EFt he intermediate transl ocat
ri bosome stallingtadim@Bei BIRG#threalngsol sofcha thii
state of the ribosome resul Disognei mnamw

small and | arge s u¥ume tBAE#Go@lr tt-heanRRB
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free-t @omitnati obl orcikbionsgo me h e bi nding of RRF
di ssoci atGe sanfdr ofno @& Fodwisnsgb cbRaet itroinblofs o me .

t heeGE&nd RRF have bound o mphld emitb caoopd eixn a
binding of FA can stop ribdsonme amlitting
i ntermedi at e stcaotnep.l eXyc hc omit moc@&o maggs RRF and
stall ed by sFAsasnedmbrleendaiunt i | FA is dissociate
of el ongation process, the ribosomes are bol
transl ocaWimtneermeoyessdi ed t heG/eRRFRct of FA o1
dependent ri bos omieg-$dtiastatsesre-fmbgo ys tHogpsptehde |
Thieresul ts indi oanteed itshhstsetrbe T fbiyRBEFhe EF
was comphieltiet ¢gdi by FA aM whcbeceheranhobi dbf o
of -@&Fur novetrr adnusrlioncga EM.o nT hwearse f200r0e, t hey <concl
t hat the FA ipmiit eii thsbgly abtlthaeaskiian g t he ri boson

recycling rather than peptide elongation.

Gaet. afrierpsotrit eeldlFAdi ng asid.e6¢ wst alg structure of
EFGand BOBNnd Tt.o tthlreermobpohsidnees-EWI{ Fhgoer g o

1. 15 nAl) spianrgliec]l e r®Aabnet r ubeatt. pansSoel | vneedr

the apo cry$StahHB®usog tle.s% I'%TThieonFA i s i n

a poxskretounded brggitdhe cfwitkd &I damai n, domai
domain |11 .r edghehasRBhdcaht IHt saane@uBF@8i nn

Ther mus t haenadm® 4 hi ¢%®lisdeusees .t wo resi dues are i mj
for transmfotmagi ohal cobhangesnof hewGTBhand
GDP formG.FAf diEfFect | y 9i0Ontaenrda csttso pwsi tthheF s wi t ct
regi onG otfr aenFsmi t t i bgnoérodgrimags i GHAPto iIits GDP
bi nciomg or maeérehor e, FA stops the releasing
translocation complex by trapetwgeint in an i

the GTP and GDP state as show in Figure 1.15
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A Switch | /™~

T437 gy &
usidicacid

¥

Fi gur:85FA bottGnd nt d hEeF rAimb oo mted rdgs@dii on of |
a BFdomain pocket; (B) C® nbfeotrweaebno atmhad FAh c
form (red)-bwiutnid o ¥ MGDRTr ey)

Al t hough r esi s tSaanucrea gfariengsute nFcA eisshaegfe ner
emerging resistance tihlke aupetolind etiiA & thtame |
of staphyl occhcearle i and e lctamrioenasi. ¢ cl asses
to TFrRe first cl ass i st HausgdqieztinhemFdwintgh |
G®®Among this cl asscl ianisd atohWRegshdElAaarte sdirs t
The F88L intug advats gsiltgrlyay € d gaedvt h r at e and
size. TFh8e8r dfsorteh,achat mhbrand EFF®cient
The seconwhicd lafg 5,Bics|CuduesdDut ant s, i s four
chromod¥dmeséreecacgueéer ed tFAe nedsiingt an

St aphylsopcpo.cfcwsBflu 2 € eo afl sucnoda gitmeaysad i v e

staphyl ococfcuswiad hal genan tihnatardsnds i ¢ f a
resi stSampgRylimcoccu¥'Asapt pniugtaindise @ X pr e
EFGpros et hat prBA eicrthiabgiatiinosn.s Trheeb attheidr
fusmBEhawhiemcodes ribo&%he @driaotsdai mnld6 .t h
altéde drug targeting site whgl eéathbet s

site.
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1. 2A8yrnhi biosg&ti on Factor G

|l 2012 Nyételiakenti fied tIsBFG arhgryoruignh B etsa rsgteatn t
mut ant selection and whole genome sequencing
x-r acyr yst alolge awhol. e genome seqmuetnce ng was c a
P. aer ngitrmngas wdt bBudeepeinbeliintploetmt argyrin B
mut asti inofrnuhsgAelneriedent i fi ddhé ha¢edecaedesensitivi
oP. aeragainmsta aoppepoieBt MmMhe-&twveobes in EF
P414S, S45197FL,, P48 6aSnd TEF@BISe. SI mL g pr

mut asti ihawmswlalsenitdi fi ed i n -amugBnit muBti @e®iranant
The research ghebe bisdingsoked&rgyrin B to
aerugkElsodsan or der teo acrognyfriirnm Btshaitr letcht | 'y 1 nter
EFG.Gooldi nding was observed by measurement wi
calorimetry and surface ptihSed mO®fF masanance (S
var i anGwasf nrEdt ad | eer Jhyefybr.bd et etsarugdeted t h
binding pocket anidra mg d@r yosft al n Rt briutcitaumr e of
aerugkErfGosa compl ex™Whé hoaegagrind@8main struct
P. aerEBBG nosasbmel ar evi od.sd wE MBt¥spod t e d

Ther neusmotphFAGTshe argyrin Bdwat flenidnt er bace
of dolmlali nanwlhiVch iomdtinfd ekl nkti nffd pocket (bet
and)®jafif oadnayeélosteric binMdigweasnd.elas shown
1. 7More importantly, the i cdusgsofh aogwnti onB
of domai ns rlelslpeacntd tVo wiiotmiga misnd wintdh Ipr evi ous
resol ved Tétarrugeytrdbroer .n 8-G Edi spl ays an extendec
conf or maehteinon compargrngvi ovi $ lhy T hdee smoursi b e d

t her mopAGi liems comp!| o r wiitnh c®@™PIl ex with FA anc
ri bodoemeto a ratchetmngowdc¢!|l doimanmnn t WNe argyr.i
el ongated t he -G,t raucd utrdkeeo&E tohee oioFmp at i bl e

with ribosome binding.
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“ 3
S

Argyrin B

** GTP/ Fusidic acid binding site

Figur#Ahe bindi nggyoimai B, owwhiach i s disti
binding ddBmailmset view witshekepeamiangyac.i
and domai-G&R

19V

- " ¥lysa48
Leu663 A -
’

.

Phe687

o
N -

Ala489 O

Fi gur:e llntle/r acR.i oane rbbegs weadsnana i n in yell
domai n in cyan}?® and argyrin B (
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Int he s ame yeetaradebBieehimdi@mleichocdte oonf oaf argyrin A
was siomirlgygmrinh B using whole d®Aome sequenci
strong relationstlisp sbanweemnadldvgaystian i Anr i n E
di scovered, Whit 65lE Fsu g dhees ttead gtet of argyrin A
mut at(ioand i ve ami nobuAidqupes ilt iltma&aktA)n and ( B)
changed the amino -G@cwer s eidldhesm tcperf eiveidotulsd yE F
identSdflired S459F and Li6gpyBQ@ arse sgRamsieblien f or ¢
aerugwems aal sotbesenutvadi oms reshonsi ble for
resistance. T h e Lo6t6h3eM atnhdr eM6 8ab5rRe. | Miabp7pTi,ng of
mut ations over the-Gstimdectcat &2ld mbael towfo BF
mut ast(iLoén6 3 M/ Q anwder M6 8l50Rc)at ed @amd domaiee V
mut at(iSetlg L, S45%Erandmcktdalfbe@ ddamai n |1 |

A) .
¢< ';\
" n, ‘" p 3
\ 4 > . ‘
Ny : - =
las7 >y ~S459 \>fFuukﬂcacl'd; _\'S 'j r . »
(D ‘ L &8 <, “binding yll,o_;“ - NI :
“blnding site \5"_7", 1 =% W N \

: v L”'._u_".)_'@ \
LGG3 o A o {
P &s‘" f{ @x f.': / 4 : |
“ . " v }

<3 NCE NN - A.,"’ '
’ - ~g X G -
;\- ¥y - ( = ;
L ~
e i
B}
e
'/
; v/ omo
o Vol
',/, ) Ao f1as7
1 Y \e ({
¢ vl FS‘"\ AL
| \ir'—"l.... — L| W
| '
J L6 o -k,:'\-‘._
f'_ WE | R) v XD/\
> =
= 77
5~

Figbr:#8( A) Ovegyiiew Afamd fusi décBpapcTdebinding s
mut ati on r easri gdyuretsa nccaed®s(i snegd )
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1. 2 . A3r.gly rTianr gBkittsoc hon-&r i al MERmmMal i a

Cel | and Yeast

Apart from tar@NyY ebgrbpot ee dmatb &Fa rag egtys
mitochonGriiml e EFaY’yhteiyc feelslts.det er mi n.
activity @&AgaiymsmawgBrashacti ve against

SaccharomyceBY4£ &4 k)i agp8vexthrgideittne tBeYd gene
were gnownrich medium with glucose as
B displayed a strom8ghemhgbuswbat iatglati enc
with etharEmle/rglyycegemdratilgogrefolomi €t sa
relying on oxidatyieastphwhs plorgyldatbigen i i
anaerobic fermentation. Therefore, the
mi tochondrial function. ArgyrinnB was

yeastmut agene¥i ssisnmirlaatregays what they u
used to speaitfiify t&dregetUsafngar diyer iwh oB ei
sequencNmFRg e ntehhe encoding mitocho-ndri al
G), was discovered in all resistant ye
S473L, S517F, Qbelriradn tainfdi eRI6G 6 7akbnd G517 D
determined to be a oppagsts ecnaguesre naurtgaytriionn |
Comparin®. waehbBBhenwmsati ons, P667L is n
and S5176 wasmEE| ated td.SAkrtEH&EA,MD sH45
respeclthieve@Bk n Sy.e acsdriesvitshemecl osest h o
bacteiGi,alanBFt hus suggested that argyr.i

cel |l s.

Ny f elteerlpl or ed tsheersdrtg wriitrny BYArmmimmal i a
B inhibited cell viability in 4@f human

1 M Argyrin B displayed a similar eff
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i nhi bitors rotenone alnactarndan myrcams pAor tSi cmo mp |
transl atedhomydr imal, richosemas i on of argyrin
mitochondri al el ectron transipohibiithénd bi tor s
mi tochondri al protein synthesis through mit
(enedddby GRIYWAMe hume&n imEFR he cl osest ma mma |
homol ogue t-6 badt ge&GaatAl BBEPugh the overall se
homol ogy PbeaweRBBAE naonsda hu-ansmBRI Yy 40 %, t he

research group f GuncdnttlaaicihdamaensoimElFes t hat

medi ate argyrin B binding and bacteri al res
correspondenigga mposant mutations (S452L, S4941
human-Gmiepp ar BE@GTL Y6 (human col orect al cancer

(human celrowiitohenwi EEG taype sransit Wael eo argyr.i
the @MEF452L and S494F showtidvimi-@,ormERducti or
L693Q di-samldagied Aeduced suB8cepHiChilbhety to ar

and RKO cells, respectively.

1.QCurrentheofler Argyrin Tot al Synt he

Theeporbeaedtaeanial activity of argyrin A and B

candi dat es. | che toertdnhien et o-aé umetiheyer el ati onshi
(SARever al synt hetic met hoplrso chuacvtei obne eanf deve
argyrin and its analogues.

IN2002 ,etLaaylhi evedotlhud i foinrsgytina © &rsgaysr i n
B22According to the structural complexity of
devised a route thatcemnmnttd es pusdtteicet st hge st er e
synt hTleksiimrso.ut e i ncluded synthesi s of three

cntaining one thiadméeehorperyptpepbandaenwtt hn
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tripepttihdbee hwdt bal ani ne ¢ onsmdnetnhte. tTohtes
synthesi armdkiam@yofi nunnat ur & heeasminmgo ac
4-met hlotxryy pt olpyhdamqgald&ni ne and thiazol e ¢
t hree fwiatghmeporagsdaerngc met hodsgapdbeesal
Ucentoe €Cther mi nus of al | the three fr
epimerization duringFas$d$eomwheny addiyl d b e
aPPand Betlaweported solution phase tot a
E, and argyrin [Fowerveesrp @ Ic tiphhea@gshey . macr ocycC
assembly method wused by those three
i nconwvpewriiefni cati on sateppvelrtgionmgymd mies ¢ @
overall owieglcdb.meTa h,&€hea ns monodt kegees! | e d
FmotBYu dmpHase peptide synthesis (SPPS)
argyrin | irfmparptr efcruammotrlse commerci al
ami no awdd, rtelseyd sucaedkbbsftuhldl ge symnahtesi
bl ocks, t he thiazol e di peptivdea,i oube
substi-tuypdopLthahher efsoldluewi ng sections

di scusesaicohn ooff tmee hmaeport ed

1. 3L&y Met hod

Legt.relpoa teydnt hebi achobpeve the thotBal sy
as shown i AsSmbemeohed. above,attihcen roofut
t hree prot elchee df ifrrsatg niernaegsmehn fa.z100dTeh edyi p e
foll owed t he rNeBpoeD-atleaduisgnoeug ea fmaodn f i ed

thiazol e®fTbemasteicom.d fragment is the

met h-btxryyptlo.phlawi t h t he henlepli aktsedhutenap
rout@anel mmobil i zedasRegnitchielyl isnuc@&dascsyflul
t he key bui-matoxyg riylpo dipledn.i nall. fl2agme
required synthesis of thedepmarskleselpera
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of dehydroal anine. The dehydroal anine is uns
attack. The detail ed synt hesi s rout e of
phenyl sel enwaryisd tled nsdyrbysgirntiati phiitleerdd er i bed i n
Chapstamd 3

Wi t h relel ftrlag mendt,lse s@mz hers o teetdrthiepenp tgir des p

1.1 removed ,byf ohydmwalnygsicsoupl i ng with the
t hi adziopleeit it e gener at el . dléhnet apeempttd pdeept i de was
hydreod yasrudp | e d widtelprtohteecBoecd Sec ( Ph) containir
1. 18 gihveep ttahpke plt4iTChani-t er mi ni of the heptapep
weer deprotected ednd of ign avlel yt hcey cflulsl y assemb
hept aple plt5iFd en sslyly j normhadfi t he caelre reidd eomuwas

wi sbdipemi odate and bicardbiBmad et dtoalafyioegldd ao fg
5. 6 %.

O+__OEt
BocHN S T
i \ o N/ SoPl
BocHN\‘/L\N N

0
1.10 \ HN
\ NHBoc
6]

MeO
2:0 / MEO)K/ \ /
NH
HO
N NH NHCbz

Y /~NH

BocHN
S OEt )”<

O N 3\/(0 j\f

j/ TLN
N HN SePh

\ |/
/\(Lo o S0 NH «—— o%ﬁ T{( )K/ HN S0 NH
PhSe H
HN N)K/N N

H 0o ¢}
O/
HN

o—

1.15 1.14 HN=

Argyrin B 1.2
Scehme .1 Total synthesi sofme#hgyrin B through

46



Chapter 1. I ntrodu

1. 3K&2!| etsMsedd h o d

Kal esmdevopokers took advantage of sol uti
devel oped  Bmn d esyyerdt hag giys i n A (aSrcdch eintes a
1.29They di ssect etdhrtehee caorngpylreixn siengment ¢
thiazole dipeeti dei wgsHagnhtbebBiNshi azol
Bo-D-al anine for argyrirmeutb, @, ol eaxndd
ta. 16r argyrin Feandl tGheddnbu akrdeP hoesy | i g
combination B\ ah Rhécodhi r al auxilia
hydrogenati on -mea hjpixgyypdep h dret oidnmadk9e

t reippg 1 .del

BOCHN
SMOEt j\f T _ 117
N
BocHN \N

)/L o) Oél‘\%
B 1.16 \ 0 NH HNT(LNHBOC
- - N

0 /

NH
NH  NHCbz .
/"~ NH ‘
0

BocHN

HNT% JVNO s Y( JV A

|

Argyrin F 1.6

MeO

Scheme 1syRthdsipggatoh F GmenhfbHal esse
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l contrasti ng mphredkephhke oy | sel édeaocryished nley
Legt , alt hey perpfeb-oame dlb-wbk ecthipnati on of the ser
hydroxy group to gecematbent hh. e hpdpoabdanin
direct usageed Tthleyt haylipsontidreds yndaioet y was c¢chemic
stable adlfambng gsoupewas tsrubistth druavweidngy an e
gr qupvhwviae mi d e-Aloaf @b uDr esi due.

1. 3JBawmMet hod

Jiang -wondkeas reported a converfyeat strategy

—

ri peptide and two dipeptide fragments to s\

1.8)T.he achiral glyci d ewmemaslet ectaedi ds t he
racami ®n during backbone macrocyclisation.
synthesised via Hant zsNBo-Diathiaamz mlee fwarsmat i ol

coupled with the methyl estel.22Thea yptophan
ynt hesi s amfi ndelcydhrtadin.iav@gs t acpempl dehed

(7))

—

hrough mesyl ab-aloinmifnoaltlioowe dofbyseri ne. Their
synt hesmned hbtkryydpt ophan conlt.aimc¢Ingdedd p&pti de
pal | edditarhysed heteroannul ation reacti on, w b

Chapter 2.

Al le tfhragments (schemeNBo@&)devemr et eccotuipd ne da nadf -
saponified to generate the | inear precursor.
cycliseGt eami anl met hyl eNstteerrmi hwa d r oBoycs e d al

deprotected.
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Fragment coupling

[
Twﬁ@
N O\NH

O N
WJ
N

(6]
$ o g M F t coupli
\ ragment coupling
HN N
oA
H R
(6] (6] Y
Fragment coupling HN
NH
Z
R i A
OMe M
0 |0 EW BocHN\ﬁ\\N HN NN
BocHN N\)k NHBoc (0) 0
N OMe 1.21 o
H o 1.22 AN
1.20 Argyrin A 1.1: R=OCH;

Argyrin E 1.5: R=H

Schelme3 Total synthesis o& Aetfhoidn A and

1. 3CAhAamn Met hod

Chan awodr keeafsor t hdev el gneotB i aneph a de
peptide ( @BRP %)y sfodplhltacsven maadri mny cdtirsat eg
achieve the t barad ylsiyist bensSwsh eanfel he. 4 .
amino acid r esisdaurecso sfiamtey d r gha b igym GéLee D
Trp, tmidadaopleept deédydTbal ani Afle@ . 8@ dst i t u
thiazole ldi2wepsiytheccksiTshekedasprecur soa
phenyl salneen® &y s¢$ gendt haensdi swas unnmaxsok ed t ¢
met hyl ene moi eft yt @e¢etBlamd BR Laa [BH edgitep eop t 1 «
1. 2v&s s yendt hfeslilsowi nrge ptotrer erbattyf%Id T h e
asymmetric $yygphephadowasl agheeved wi
hel p9gnfet hyl besayleamicne r al 2auWi tl h aalyl rt
building blocks in hand, htbeghtB&Embchky
SPPS, fobbbwedobyphasttioma dundntaysel) | & f
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of fered

an

BocHN

phenyl séalnen acoy sgtiev e

BocHN

Three key buliding blocks

ternative met hod
. HFmoc
é j SPPS
NH HN O
NH HN \—< O O
PhSe
J 124 “ Q
NH
<>\— H HN O<O>\—N/ o
NH HN—/, \—<
J OH
r\—g PhS¢
Head-to-tail ——
cyclisation point 0 {\N HN
. NH
PhSe
\/,_8:0 LPNI 126
HN\Q\ H o .
0 it

1.29 0
H
N
R /
1.30
Fmoe=N"Ncoom

Scheldhe Tot al
reported

s
o I%TQ\/(
N
N :/\/ HN
N
ﬁ/go o
HNYLN)K/N
o M 0

o
|
N
7
HN

synt hesi s
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1. Aim and objectives

Theabove sections indicated that argyt
candi dat eundugee ethoa nii tssn o f acacicoens sanbd | 9y
Their outstandirnegv aeldit ipnad thipPgeeamagidiso s a
anBilmul ti Whasaesadtohuer argeges ear ch wor k carri ¢
The primary aiwas$ afynt éhéersg ysrhiensi anal ogue
i mproved antibacterof@ARoafc ttghyai itayrs Thhwa e
P.aerugamBmuwl ti ver panegsented in this the
wor k carried -woyr k@hraan drmdecr yweetpaolr t @a@mpcloe
argy+hionPRBer ugkRco swai | | gui de ratidonal d
Il i braryriof amrCjaomgueawmar kea s i n t heir [
i nvesti gatsitornu-aic tuirei t her e) aoif omsgiyg i S
gowvwe their anteixbpalcotreerd St4hmeatcrialver ttayfy p(t o p
They founnmet haxytihteynwdits oaradci al to mai
actisviinkdyg, fting the met h-pwoygi f bpooostiita noénl i
weakened its acti vti hdge.hyTdh e ap @atne mtei ale st
antibacteri al awitlilvi beg .®t e saiddgdyrydaldn o Bl a
residue of the argyrin B is expected
argyrin, t hereby governing Itihkeelryi gtiadi b

essential for target binding affinity.

For the synthesitshefmatrigydaglhagye adfe g @ s
synt hesi scyaaitdi sonma csrtor a t(Secghye med nlapig | t & @

seven amino acid building blocks of ar
di peptide and dehydroal ani naer earteh enroetf oc
syntehdd.dessarevswadames el eCtt edmiamsantoheaci d t

avoid api meCtodsr mihrerang dam ahdadnadrionycl i
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Chapter 2t hdki sscyurstsheesi s of t wiN-Bk-ey buil ding
thiemzdl péptathdle s ubsttriytputtoepdh alnl . 80 &d8he@egues
previously reported Hant zschsetlheicazeal e synt
(Schemendl.abn alternative wawmlazoo leev ad iupaet petdi de
(Schemdhe&e. @a) ternaasvacmeehed by- condensatio
cystle.itmet h pyr uv 8l6d efhoyrdne alt WBaebhl wdsne

then oxidi 4e®84%t MnOhi azol e

o 0 S
BocHN R BocHN —>  BocHN
OH NH, NH,

1.31 1.32 1.33
BocHN X \ E S
_— o¢ 7/4\?\«0 t NG BocHN \’_\>\X<OH
0 N e}
1.34 1.29

Schelmes Tot al synthesiusionfg Gkimdaelde Hdnpepthde
met hod

z O ?
BOC_E/\H/ N — Boc—N/ﬁ‘/H
(0] H O

1.36

+ — >
(0]
S
HCILH,N A~
j)ko 1.38
HS

1.37

1.35

- H 0

H (0] - N

- N - Boc—N/\(/J/Z(
Boc—N ~

1.29
1.34

Scheme Al .téernative tot al synthesis of thiaz

52



Chapter 1. I ntrodu

The asymmetrid4rgphopbaidls avasl caglhe v ed
al kyl ation of anwPknhdBR#)gd lyddyilifh a3 ci hdief f

bagde#t 6l |l owing acid hydrolysis as il 1l us

Z

N 1.43
N OH — \
B
H o \ O
1.39 O ", N\
Alkylation /N "

W
R@:@f?

Hydrolysis
141

Boc

H
N Fmoc-protection
% H -
_\N\Fmoc
N 1.30 R
. OH
(0]

Schelme/ Tot al synt helgiyp tefpdetalnly $ @ itBiPd@Bne dvi £ h
(9-g! y Niiljfle Schi ff base

Chapter 3 dntshesisedoftNMeheexr(@shgh s me

l1.B)aBdedi mination mdat Hé6ddehydbhobbhbiyne
and hydreomxyy a4l 80i dehydr ofdh &réyclheaelmen iln ed)
Il nspired by the formati ome of ostyhleatd e
t hr e dnriimsefitulrd hies i nvestigated the appl
cyclic peptide | evel. Accordingly, the
containing cyclic peptidgchomtdiedhey du o b 1

toayion condition was investigated.
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O O

° \)J\OH
Ty pr ﬁ —Y
1.45 4 1.47

o
o O HN—/
0 “—SePh
— > HN \_)J\OH _ > ’ _ﬁo

148 g o O 1.28

Schelme8 Tot al syntphesiEme®dc (MR X e d

o & ﬁf‘::;ﬁm,

SePh

1.49 R= H
1.50 R=Ph
SEEENG G
H N
— Oyt gty
ISRA¢ T
R R
1.53 R=H 1.55R=H
1.54 R=Ph 1.56 R=Ph

Schelme Synt hesi s-derhoyuwltreo afno rn oF naoccci d s

Chapter 4 hteectsalr i yerst hesi s of tBuhe&P®rSgyrins th
and ftihreal -plod sud | mmeadri Adaiydaltii onaft €yi n an on
oxidation el i miaonaystomi rod tpdwedse hoypdedraatl eadn i n e
(Schemelfhl.slc)hapter al sepdeteambhedhehdeNMBTY

amino resi duegyadmt ainmilmgues.

Chapter ther eaparitbsact er i al activity profiling
against a -pagati oép&edmGvambacteria. One mos
dehydrobutyriyrei moanal mguneg wag reported. Suc
di spl ayed an I mprovement B§eudamaomast er i al

aerugamBbusrak hol deri.a mul tivorans
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Chapter 1. I ntrodu

Fmoc-Se(Ph)-OH 1.28 or Fmoc-DhR-OH 1.55
O o Fmoc-D-Ala-OH
® O o~ ~NHFmoc 1 Fmoc-Gly-OH

cl Fmoc-Trp(R,)-OH 1.30
Fmoc-L-Trp-OH

1.23

Boc-Thiazole R3;-OH 1.29

SPPS

R, O
O O }—< -
< 4>L ~ P2 N/ o O
S NH HN 7 N
S A0

Y R
HN 1.57 ! Cl o

JOn-resin oxidation elimination if Fmoc-Se(Ph)-OH

TFA/DCM ‘

R (0]

0 0 )2—{

SN\ ’ O O /

HZN\A}/N\EgN}NH HN_}Nﬁ_ﬁNjN\/Zz)O
z o H

R,

R,
N 1.58
PyBOP, HOBt,
DIPEA, DCM, r.t.
(0]
STN
H |_
0-_N—"=N HN \
NH
- R; 0
N HN
0 (¢} H R
R‘]\k »\/N\(‘ ?
HN H o) 1.59
(0]

Schelmel OTh etBESTORS-r eenn oxi dastnidoonl uptlhiiaosnen at i
macroa&tyicom sof t hetdiare@yr ipmse.cursor
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Chapt.eSrynz hesi s of two key building blocks

Chapter 2
Synthesi s of Two Ke
Bl ockisgyrfi As

The synthesis methods ofbltwoksnUBuglr @m2nbd) a
of ar gyWeBiorc,hi aze!l el .da%p e p s udesttriytputoepdh aln

anal dgiB®are outlined in this chapter. Two ap
N-Bo-thi azol el .dagpee pddsdcer i bed in this chapter.
il lustrates t he astyrmmett o p lcant y@odlesd se so f L
al kylation of anwkntdgBeBdlylNil(dall)i dec hi f f
base followed by hydrolysi s.

1.29 130 ©

Figure 2.1: Twolk2§d.b3u0i | di ng bl ocks
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Chapt.eSrynz hesi s of two key building

2. Thi abBoeppet i de

Thi azel @ heterocyclic compound that <co
aromaitty of t Hiudcdoopljeu'geabteeddied ma® pl anar
sys.t emhimoz elte esas ttyhpii a&zadflirea gdm ephebpat nidd e

i n many pncactuuonaidh g ¢ pepBhdgs| nmhicthe ah

dendr odMi..Ream™d amy?°ni(aFmigcurre @ . 2

S
s—L_N 7‘)Q/ Amythiamicin D 2.3

Dendroamide A 2.2

Figurehi2a2ol e contasning cyclic

2.2y nt hetic Approachsto Thi az

Thet herapelbetivhinazol e cont ahiansi n ma icnotnmepionu
deel opment of r o bcusnts tnbeytchtoodd af lo rc ht.ehneii cra l
The wmosely adopeedyatihe@ads care based or
Hant zsch t hi(aSzcohleemesiy2ndlb)eal syed The 18839
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Chapt.eSrynz hesi s of two key building blocks
met hod involved conQewistalih@ah®io@né& thioami de
foll owed abhpdegedgdr ati on to gene2.a8 e the requ
Thi s rielmacsteadnon the strong nucleophilicity c
thioamides. Howeveryxyextohmest hmeatdh a da cgpemmbesreat ed C
amno acids, even when starting with chiral [
rate odfc atttad yasamsddiiosn o thiazddlithewhingaher medi at e
cassaceamiwinan zTaitdaliynsiecBdenami2n&ype
equilibration.

S H(‘\ HN-PG
s G
..2 +/
R, 07 "Ry CH&NRZIH
H
2.4 25 EW 0P R,
HN-PG
HN-PG R,
2SS H\/ H
— H\NRziH —_— I\Bz—j:
:Cé R; QTR
by !
.PG
un- PO - TO HN
RI/H/S R, R#\l/s H R NS H
- (Nl\'Z<H N\ZRZ AN ]}}2
H + OH OH, JOH,
J Ry Ry" Ry
“ imine 2.6 enamine 2.7
PG E _PG
NH Clp HN
— Lz Was
OH,
3 R
2.8
Schemé&r opogdédnimsm of Hantzsch thiazole synt
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Chapt.eSrynz hesi s of two key building

I n oradeer ddme probl em of, raddemin@atpwvedu
conditions have been d@develppdraa . sy mt Het
rout e t e hegreanretriaomer i cally pure thiazol
the Hamtaceduchem#&2The2)starting compon
Hant zsch cowndtdhlelsaisne d by treating t he
Laweé&sscemgent ttoheperspanei ng2..4hTla mi d
thioamidestWwenéehreabybeddbimephramwdt @ o
the thiazole ®&Of oulrhdes owitticad 0 purity
t he addi tion ofepex nlyRtodviheiecrhe t(rla,pxs t
hy drromi ¢ -prca dburcd ys¢theep reacti on at t he
di hydr o2 hl1BhTtZlée edi hydrothiazole inter me
trifluoroacetic anhydr i ded-ctaa bgoexnyel ri act ee s
2..12The choi cepoorft asnotl vteonto bitsaiinm hi gh o]
optical purity was observed when et han
the condensation step. N-pr oat dedcittiinogn , g r
contributes to the highoophicaar pax amiy

pnibewzyl oxycarbonybami gogdeeraatei vase

0 2.9
S
R\HLNH Br\)kcozcsz R
2 o PG. N
pG 1 E)\(/ ?EOCH
24 OD/\ 2.10 5 2
) 2.11
R
(CF3C0),0 PG\N)\(N
I - COOC,H
e
2.12

Scheme Scsmimdbtdi fi ed Hant zsch thiazol
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Chapt.eSrynz hesi s of two key building blocks

I n 1987 ,etHaartaedpaor t eydntaeh et qSawlsdanes e2 . 3 )

gener ate enantiomerically pur e thiazol e am
avai NBbt Bdr prottemitread aci ds aé3NSBtoarti ng mater
omMN-Z proamche®adieds first converted to the c
met hyl 2e dbtlyer met hyl i odi de i n di met hyl f or ma
potassium hytda ogtenr c@ambobemper atur e. The met |
theeduced to amin@. albadhdli tdesroiov atml wes d

bor ohydr i dtee tirna heSlwdadauitr iabhee Piam g &bi on of

t heprotected amsnacaakcalddalmg tipwlok ddae

compl ex i n ttor igiteheyal natimeonpee raiend anlol yal de hy de

deri vati&lsthiazolidi,h@8whindrerimed3da amexture of
epi mers, was achi-eyetienai ancobdée®sasiog cys
anami no akfFidmeahyeldyo.x itd ditteh ioanz @wlfi di ne usi ng manga
dioxide yield. désctriedat dnd amaopeanheseedi oxi de

R R , R
PG—NJ\H/OH CH;1, KHCO;, oL NaBH, LiCl - A _on
N “omr . PGN THF, EtOH N
0
2.13 2.14 2.15
HS

o 2.17
DMSO, ¥ H,N ~ Y os
- - PG_H (0] g N
O H g e}

Pyridine SO;, Et;N

Benzene

2.16 2.18

R S
MH02 >’<\ \ O\
pG-NH N
Benzene 0

2.19

Scheme3 Hatmadna di fi ed thiazole amino acid syn
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Chapt.eSrynz hesi s of two key building

2.3ynt hegi(esb wtfo x2y ¢ alyalmo my | )
al ktyhli)adecoalreb o xcyildi ¢ A

| nismped by tl hye@ e vperl eovpieodu st hi azol e synt he
Schmisdmodi f i eadn dH aHhé&nzasomant e eval uated anc
in this Ttheei@licsnodi fi ed Haadpa sesadh bryo untaeny
research groups during the synthesis

workers atbe applbcthad idimo dlioafniresaih e wi t h
good yield and no racemi mati’dnDwtheins s\
thesis, the route -wepkWanwusvhd bii ihlaar at
Mood@dy met huwsdgd.i sl n temsr oat e Hamadweo di f
devel opealndwodker during their 2$ynthes

was attempted with modification.

2. 3S¢¥nt hegi(eshb utfo x2y c alralmoeaay lk-ly | )

t hi adecoalreb o xcyi Ws ic n ¢ CdRatne

Thesynt hesifs omt ahteed r NiBopo oendatl am i ofe
1.8 the correshothln mggh ht mea mi Wte22 medi
The resultant thioamide was condensed
an interhmedsi attdeenv reaot edceaiit d nanmnihyed wi
preseBdgléutofdi ne N-Bocafgroatde cdtheed t hi azol e
estleB8B4The et shyldreostiyestedvat hi um hN-dr oxi d
Boc protected tlhi2a9ZTchlee deemiand eacird act i
descinb&dheme 2.4
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Chapt.eSrynz hesi s of two key building blocks

g 9 DCC, HOSu H
O _N o O _N
hig OH ) il NH,
o NH; (IM in ethanol), CH,Cl, 0
1.32
1.31 90%
H S
Lawesson's reagent, THF 0 N
0O
o,
80% 1.33

S
i) BrCH,COCO,Et, KHCO5, DME >(O\n/§ \(A\;HOE'[

i) TFAA, 2,6-lutidine, DME, -15 °C 0 0
50% 1.34
S
LiOH O E \’\>\(OH
- YN
THF/H,0 0 Y
98% 1.29

Schemed Thi azol e di pept iNdBo-Bsaylnaa hesi s starting

2. 3. Almikhti dlBo-®HI| ani ne

0O DCC, HOSu (0]
BocHN
oc \‘)J\OH BocHN\‘)J\NH2
NH; (1 M in ethanol), CH,Cl,
1.31 1.32

Scheme Ami d&dNBio®al ahi ne

Theami de was obtained blyi amdial-Bwmnofoft tehe <car

D-al afiScbdeme Ah. axti ve ester was formed using

acid activation proceadurod g awhhicec ha wadse .r eact ed

Thgr oposadti on mechaniScmewas 2dibspl ayed i n
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2.20

+N—C N

o N=C=N o
a BocHN
BocHN r>H‘\\_////
don D T \/ O
1.31 Q
H

— . —  BocHN Q'O(«,
BocHN

N
O:QX 221 VO
(6]

- . BocHN KH@ BocHN\‘)LNHz 1.32

NH
OH
o /

N 2.21
Q L D D
_C.
N N
H H

Schemdédr oposeldam sm of-SDCBe dinat ¢éld ami de f

The -pponte reacti on can be di viNegdd into
dicycl ohexyl caz.b2ofOddhiychirdex yCDCC) h.iani de (
were usedupli hfpereagents to activate t
N-Bo-D-al anine to a reactive acylating ag
2. wads stabl emoamidt awrdaeldi du ddienyger chr omat og
Once the startyngomaertreadlt owashé ustlicci
was monitored by TLC, 2 M ammonia 1in
mi x tassr ¢ he second cfhwlpi.t eTakolfied Miaé i add
of ammoditla¢ efdortntaea B a.B 3dfftieon adfdi @ mmo ni
the foofmathendesired awi th bhhppgeeer a
HOS2..31The -ptrwod, uctOSu aunrdeaDC@®ener at ed

reacweroeostly removed by filtration. I
purified mrmrohgbdmatodur aphy. However, \

scaled up to 10 g, otftbmnpaoahrdéomanogoaph
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Chapt.eSrynz hesi s of two key building blocks

chall.enighenrgef ore, an alternative purificatio
filtration, the crude ywhddetOddhoel The was suspe
resul tant parwtrieai pwht € hwavasDEC I t ered. The ace
undweacuesi dual matr ¢ hieal twasated with acetone

enough. The r eadtyi olnL Cwabsy nsotnaiitnoirng wi th ni nl
but mmlt ai ni ng 3% acettiycpidccaiddh gr Th dn ayni &I0ds wer

2. 3. TthizZonatNBowe @A&mino Amidés by Lawesso

Reagent

2.24
S\\ S
=Ny
\
BocHN
\‘)J\NHZ — BocHNj)LNH2
1.32 1.33

Scheme7r Thi onati onbBuséeagehtiwesson

Thesecaemnap gyret heses hbs o mabtcihoelm)e Tzhe car bonyl
functional gr ouphiwacsa rcboonnvygli théyd Lr Gsmaeca 9 @ mt
reag@enrRtdLawe eagmntmiilgl and conavgeehnotent t hi onat
converting kaentdo naemitdheessrt tee st dn dbikreg one s,
thioesters and thioamides in go®d vyields. B
reagent in 1978, p 45:10)s pwhaosr uss epde nasasuth é i dbi ¢ ®
r eadelnatwe &s e adarst adv aniSalgersgeorveredcti on ti me,
hi gher reactishntempieradgeicrcd mBunt s

Ot her thionati on réagreenagentsucper oavys d8elall ¢ &u

sel eétlinningsht hesi &, reagesabemtasd as descri bed

Chan avod &ea
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Chapt.eSrynz hesi s of two key building

Theasual met hod of dhimnaefilonmxi sgrpeerd ne
xyl ene. T lise rleaawgeesnstoinsit 1 on ewut hi &r imom e
reactive hdinthi3oipéibes phrhionc h e me&?’ 2h 3

dit hiliphmhespyi |l de 1r.e3®0t sgi wietneamb € roaud

t hi aoxaphosphe2t.a2neéd| b teOmdodinat evas f or n
the P=0O bond is much thermodynamicall
t hi aoxaphosphe2ahbBenntdecomgdoaéed to f ol

t hhi oami de.

S
\
O O — vy
/ §—P o 0 R
\\S S

2.24

\ + //S
O P\ _
S

2.25

o aNHy L
o \ S BocHN | /
BocHN NH O@p\ E—— o-F 0
(,. 2 S S
2.26

S

BocHN
T
BocHN NH,
— "

2.28

Schemdr opoeseclda mhs o naft iton @i trhe algeewmdas s on

Thsuhe treacti on was performed in THF at
wor k*8Afster the adddetnpgent L Lawhssoreacti on
room temperatuferamerstli hoednofndetideoar e a c
by TLC with ninhydrinwaB®di%ni HpweTlee , r

di sadvanhteaggei ofs LawagteshoenpWwa asrant odo
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2 .

3.Slc.hamd dModi fi ed Hant zsch Thiazol

S

i) BrCH,COCO,Et, KHCO;, DME AN OFEt
BocHN BocHN N
NH, N

i) TFAA, 2,6-lutidine, DME, -15 °C o
1.33 1.34
Sche2mm 9 Modi fied thiazole formati on
Clanet faulr.t her i nvestd gmoedf ithde Harhtna dd h

f
d
e
2
(

(0]

—_ — [—

(7))

]

ormation basse@ #lolett BEEined n\e yné&faakn d

ocks
e F
t hi a

evel oped a acaswoepat e atoh edihbheotbBynamnzole et hyl

st(eSchem&hi.c0gdghmi de was condensed with et
A9 theopr epemrcsi um ) ciad bmeB hex y KelClOane
DME) as sol vedhtydtroo xgyeerhd nazted mealde at e. The
DMEwvas first repert®bdl byt Helzapepbrt, t
ntermedi ate was treated witthke @ ersiidiemde

hi azol eprwittehc tfi letné oogfezretixltwem€g thi n e . |t has

hyl

us
he
and

be

L
C

r

e

epodrtleat the isolatiehoateimiyshartmiuggthhi az ol i ne

mi-enrea mi ne e &c hiemealthiewrdef ore, the TFAA w

as

a

ctivate the hydroxyR.@Dodprof ahyodmoax y telaiva na
roup without i stohiag i met hdHobwwaer!|l i mited by
tarting materi al. When thiazoleees were deri:
al ue wayealtonelp.IMeced t he -lpuytriRddiBnded wi t h 2, 6

oweredttloea it ealp raQ utroe savoood oaceéeme thiazol

ntermedi heeethamene e @ 6C he ME&Cthieato )

Ireported that t he -laudtdi2di8@®Penhioh T EGEGAKIi aodel, 6

esul ted i n ?hHe nrcaec, e mihzdbdwilsdang.edh @f ¢ d2 ne
nd | ow reaction temperature enhanced t
at al msearda mi n-eonwne(EelSdc beemea2. Adnewvweetred

uch reaction condition.
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Chapt.eSrynz hesi s of two key building

Thulse eadacti on was carried out by the ad
presence of finely powderNBo-(R-Alt-assi un
t hami de in drby UCME Tdte reaction miXxtur e
for 5 minutes, foll owed -bytttdenaddndi @
in DME. The reacti onl5walkC sand rmeaniftoor e
indicheedons lhmmp t ihoimnzadirinmeedi at e. The 1 e:s
mi xXture was subjecttpdand aol @ammomeobs om
purification to yield the desired thi
determine the optical puati itgn odn alhyes ips
applied. The optlUjt3a B8 Bo ( at ilomMa,so Dte&irn eyd
identical tol[tdh% 40YE=dr,t0eaf®lal ue

0]
C.. Q (?X\WOB
S
B OEt
BocHN\HJZ JH ‘E) ) 0)
N O
: - 2.29
o 2.9 BocHN\rgNH
1.33

N\
F3C 0~ CF,
BocHN
N COOEt

2.30

2.32 m
N
N

H H) CF, S
OEt
- S /&O e BocHN \’H
BocHN N N \
N CoOEt

1.34
231

Shenme PG oposceldam isamzofethor mati on from
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Chapt.eSrynz hesi s of two key building blocks

2. 3.%poani fication of Thi acziod e Ester to

3\« _LioH S’\>\§<OH

BocHN BocHN N

\‘/Q T THFHO \‘/QN >
1.34 1.29

SchemellSapomidfi cahi @zol e ester

Théinal sstdédpep WwWgdrolysis of thiazole ethyl es
t hi az ool ea(cédmihre meHyZ.r 101l )y sscsa no fb ee sctaerrr i ed wunder
both acidic andn btahsiisc ccacsnesiwethespspilc ecdondi t i on
becaudsl®othean be cl eaved uShapaniafciicdaitci ocno nodfi
estwasr readily agbhe euwgsduachhk aehsh bBgdr oxi de,

l'ithium hpdtassdemohydroxide wunder refl ux v

mechani sm i Schemhlust2 ated i n

"OH
S \ OFt OE'[
BocHN\(A\ _— BocHN\rk
N
0
1.34

f OH _
S
0 N0
(@)

2.33

acid work-up S’\>\K<OH
- BocHN N
N
YA O
1.29

Schemel 2Mec hanicsamn aohfy dbeadsley si s of ester
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Previ ous:Dy Me DHFiWHs wused as the solvent
cat alt weed r ans,agstsaurlitfiinogatiin rthtez g per a
met hyl -psoteéellcdbybypduct was cMfaHdned b
NMR. I n order to avoi d>Ot lseol tvrean s essytsd re
appli adquedblues sol uti on wifs é& itt@dil atvloed ea ced &
ester aitn OTHIC.n Twas rieracu g retr att i rreo aam dt esrt
for .1®pln cdmplretaicdan ,ont wats. alktHIGQHI ed
2 and extracted with DGM pteop haiféf8&d9% dy itehlec
The optical fUdt3arE: dn ( CHGWWEHcadmpar abl e
wi thportp@]% altGuie 1. 03 2°CHCI

2. 3S¢g2ntshefi(eBut oxyc atamomplky | )

t hi akcoalreboxylWsicndgs bRy e

o

DIBAL-H
(0] H HCIH,N,,
BOC—HJﬁ( N Boc—NJ\W + 2 /J)J\O/\
0 CH,Cl,, -70°C H O HS 1.37
1.35 1.36
0)
KHCO; ﬁ\ )J\ ﬁ (0]
- 0~ "N ﬂ
toluene/H,0/MeOH HH S 07N
42% 1.38

Ml’lOz

H 0
~ N
BOC—E/\E/J/Z(O/\

Toluene, 50°C

45% 1.34
S
LiOH o U \’HOH
>
THEF/H,0 0 0
98% 1.29

Schemel 3Modi fsi edbulteey for thiazole syn
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Chapt.eSrynz hesi s of two key building blocks

Owi ntgo t he unpl edaxsamgtenL. awdshxeonal ternative t
fomati on was attempted by condensation of c
amino acid derived aldehyde. The resultant
manganese dioxide to yield thiazole ethyl es

in Scheme 2. 13.

2. 3.Fo.rImaon of Thiazolidine Met hyl Est

DIBAL-H
o) - H
Boc—N ~ Boc—N
H H

o DCM e}
1.35 1.36
+
0]
¢}
S J\(E [ HELHN Ao
0 E ‘/J(O/\ toluene/H,0/MeOH
s HS
1.38 1.37

Sche&emeldFor mati on of Thiazolidine Met hyl E

Thdéirst sttehpe irnevddiBa-B-dolna mifne noetahfyfloredst er t

t hceorrespondi §g h a mdvalr yi ®do)s nmgeschlgsaust h

' it hi ummalhwyrdirn de and esodiruem abvaarid haybdrei.d Howe v
t hei sdo baultwrhi mydimi de 2(.BI4BsALg el ect ad. DI BAL i s

strong, bul ky reduci ng caagrelnax y la ncd acca pdasb | a&n do
e sster mydlees and al cohol s, amides to amines a
to aldehydes and amines. | nt her ddeersitreedavoi d
al depydéeéwctal cohol, the reacti-@06 tUEmperature
and exqmuée vodl eDitBIAIlETdipsr opoesadtoiuotsre i | |l ustrated

i ®cheme 2ZhEe5 resdactoimrnt het arotor di nati on of a | o

the carbonyhl!l ormyfgreaanmtdl BAle. The DI BAL then d
its hydride to the carbonwltearbbedtal Jform
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i nter BediBatcdh i s st abl e&Sudtselguw ntt ¢ mp e qat
of t he r emactteironbrwiatkhs down the hemi ac:

al dehyde. The resultant aldehyde was

puri fmmicati o

Boc—N /'\H/O\ Boc- /R/O _
10 T N Two T Boc=H H
1.35 +O\A|l/ﬁ/ 0
Al
Ap v TN
H

2.35

2.34 /H‘/H 236
H,0 BOC‘E 1.36

_— O

?Me
+Al

Schemel 5Dl BAL reducti on

0]
0 dox
H,N -H,0 Boc—N~ N2 77 07N
H 28N/, O/\ 2 H
BOC—E S
|
o HS H

1.36 1.37
Schiff base intermediate 2.37

H 0
Boc—N N,
—_— oc— y
H g 3 07 \L

1.38

Schemelbi azol i dine condensati on

TheoropbbBedzobndenrscadtieom al d &hcyydset ea mde (
et hyl ester is2illbusThasedthe Behemeon
tol uenefOMes@H/vHE n t mi xtur e, and potassi
as the base. According to the&.m®@&chani
formed. The reaction was 3J$tCruadiVigbt

starting materi al di sappeared. An aqu
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column chromatography purification. The 1ison
at t4#e Thince next step is an oxidation of t

t hiem,zotlthe diastereomeric mixture was used wi:

2. 3..id aotfi otnhe Thi azohe dT mieaz ol &Af f or d

H O Mn02 O
Boc—N w Boc—N /117/14
oCcC— —_—
HH S O/\ Toluene H S / O/\
1.38 1.34

Schemel70xi dati on of the thiazolidine to

Thexi dati on iafi ntehe ot tihaez aalhi azol e was perfor
manganese diewncdeofntoheépebemda@ettdni trile
proposecaft hoeaet oonliimed e me. 2A 1t8hi azol i ne

i nter e d@Baygttdh or pieod | byweeé b hi dati on to yield th

t hobhThe mmaensgea di oxi de meé gahchd tlerd wixd daa tsitoenp wi s e

remoovieydr ogen atoms in a radical medi ated pr
The acmanwvgpamrcadswasi oxedesnocemal manganese di 0)
fail ed The wueaigteh eorf ascoeltwvoennittsr,jdlies pdra yteadl uene

no differenctehei nyi il e@llIsd were 4.5%Thend 47 %, r
enant ipoumeirtiyc of the resultant tthheazol e et hyl
optical rotHt NMR epeéapy.anthe [off]si cal rotatio
+8.(0c = 13WaneCaHAly i[ddn+H4 B8 1t. D) CHCI
previiwwrstence st 8i az ol&meutshioidg c tCiham Ph&. 1. 3)
final saponi f iowdt itobne nwpaasmec apprr oeceeddowrse ya s
descr iSkeecd i iomT Rutsh.el .hdy dfrt dilelyisa 8o0loe et hyl ester
af fotrdeeddesired th.k& 09 %% ayni enlod aci d
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H H O o)
B —NJ\%N Boc—NJ\(/N
e\ 0\ B\ 0\
1.38

thiazoline intermediate 2.38

O
N
- 5 Boc Ej\gﬂo/\

1.34

SchemeP8d oposed r®efacdxXxiodatrioan e

2. 4Asy mmeSyrnitchesi s of Tryptopl

o)
OH
NH,
N
N
H
2.39

Figur efrd.p2 dlpBan

TheS-4fmet h-oxypt op huannu sius | armel sniod uaec ifdound
argy¢eTirny.ptl@pB8na areaumamilco acf aduiwd del y
l i ving sorligteoitshreo®m®@i o aci d t@arcos pbnat ¢
during translation. nAddcisteindn all | ya,miinto i
cannot be endogemousétgdsynohbei sbt ai ne
di et .

Typt ophanderived fromciompolaesh eagzleiney @alnic

pyr mohk g whi chviasnet hggkreoluep Gchaer bord} of an
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Chapt.eSrynz hesi s of two key building blocks

amino acid Thter thatglhr enydy p pibp bdhap @ rnyd eoft on
the pretsiteemd®!| ef r-Hngr o hienadfddl e ring can form
hydrogen bonds while the arsomo@mbilairty of the
i ndetsi ohhe €xltermsiroem system ofchtahien ar omati c
di splays a significant quadrepelkér mament . T
syst emyeptcogpnh ainntwartehc vari ous cationic species
for t'hiecatkieyreiracitm ons -f eauenmt drns Chmdgearnadct i on
andwookers in their gmdld AtKhieaaygynmive st hgt@ati o
govern t heir antibacterialthdS4i vity expl o
met hoxytr gpPUltheeayn faotu nidleét b xy fumscti onal ity w
crucial to maintaiwhamei Paictermngdt aetmeti hogxy
5posi ti on weakelnheedy istgsdt baesn gmh g of argyri|
anal ogquevithhset r ad-neegti hco x yw &g rroeuppl ahcad do gweintsh

or other substituents in various positions o

Thi s chlaypdaeesbri ed¢ description of current syn
optically pure tryptophan derivatives durin
advant agsadandt dages ofouadaddmeapprAmacah taemreat i
route recently adwpps$ecadl so owtrl| reseéafrach ghe s

4-andsusbhstituted tryptophans

2. 5Reportedi 8y Apppe oaches to Optic
Tryptephan

Thecurrent me b b atkmnianhgpr o mer IQd alylpyt ophae (
derivatkaeesd eit her echzeymmactalc lsarpprmhe@each.
enzymat i camappyloasd fernezqyumesretdlsy n t he final st ey
achitehwee resol ution of thé&acettgy@ateshann whi c
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i's used as (Thhe <lhlesamircatle apprepaisee qu
whi ch sattess t o a wigabstainget edf tirnydp
Stereoselectivity of reactions and st
chall emnlgehe mii craledappgquwearcthliy gl r amgeht ar
usedr exBmpkd®| app%roeagcthi r es DuanPhos as
Ledy app°roeagcuni r es Schol | kopBotchhiarpgplr oaauwxhi
al aspplcyatathydrn @genaPrieovni oruGhl &g r a ump , a

oper at ifdrexlUbypteist ut ed bamcz ylasmimmat r i c
Strecker S¥nphasalkogt é%T hweasse rveaproirotuesd .s vy

approadheypttowophan anal ogues are di scus

2. 5L&@ Appr oacgmtthe(Qidsre tBhy

tryptophan

The main featur e olLfestt (f% Ismeatnh cedn zryenpeo rrtees
step using immobil i?2¢&cPemeéci2l. 1190 . GP
acylase is a serine hydrolase with a
proteases. Speci-bfiincdilngy,sitthey iz yg e sivoa i
high affinity for a phenyl acetyl mo i €
preparation of the appr opFrnmeatheo xpyeon ieci |
2. 4W@ds converted quantit &@tyi vaenliyn otad kiyh a
reactfiohnl owed by condensation- with
phenyl acetyl aminomal o2i d2%zpanidfiied &atyil o
di ester -decdhrmoxyg!| ati on of the c-arboxy
met hoxy phedydBce®®myideltdi.c Tkhien eetnizcy nrae ¢

of the racemic phenyl acetami de was ach
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The enzymatic kinetic resolution depends on
di scriminate the substrate enanti omer s, I n
convemnt ¢edhei corresponding product at substant
Subsequentl vy, t he umcMeansgede mavaed i higo Mmat lee i
enzymatic reaction mixture2.adndad-t he desired
protected with CbzNCb-24Me 49-t ey gt 20.ph6a c al pur e
in 44% yield. However, the penicillin G acyl

avail abl e.

Ph

N /
Y o N L
CH,NMe,I o HN" 0
\ N\ (C,H50,C),CHNHCOCH,Ph
. CO,Et
CH,;CN N CO,Ef
H

N EtONa, Me,SO,, EtOH \
2.40 24 N
Lph 2.42
1) N:_iOH, MeOH/dioxane, 50 °C N HN 0
ii) dioxane, 100 °C o)
iii) NaOH, MeOH/dioxane, 50 °C COOH
N
N
H
2.43
Ph
. . N NH
Immobilised penicillin ¢} y 2 N o
G acylase < + o) HN
{ CO,H
MeOH/H,0 E \ COH
N 2.45
2.44 H
removed
Cbz
N NH
Cbz-Cl, NaHCO, 0 . <
THF/H,0 @r{ CO,H
N
H
2.46

Schemel 9Sy nt (B)d-me s hgtbrxyypt ophan reepadted by Ley
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2. 5NRc&kiwstl Approachynt mhe®Hdned -0 xy

Tryptophan

o S0 New o N
n— o — &
N N
H
2.47

Tz

Boc

2.48
2.40

i

P

PH Iy
NHCbz ‘Bu Bu
o COOMe
2.49 \\P)\COOMe ~o _ (IS, 15", 2R, 2R)"-DuanPhos 251 ~ FOOMe
MeO™ “ome NHCbz NH
B N\, b
N Rh(cod),BF, 2.52 | z
Boc N
250 Boc
: 2.53
COOH
o
TFA NH
| A\ Cbz
N
H 2.46

Scheme CNkied e p pr (Badanke t fhotrorxyyp t soyprhtahne si s

Inorder to -meeplbxygypthephlMansiyot hesi s of
Ni cket eammta.l gisfefder ent chir al auxiliari es
hydr og.@nTahteiyoni dent i fi ed 2t.hbeli Du aroPbd s atl
wi t h RBH2c.B®)o rad ftohe r eagwiid eqlu amti intoat i v
(99 %) aened TRt heturceopitshicrm @SIc he melr hz. 20
asymmetric hydrogenation was acknowl e
Chemi stry KnmowWielsl i amd 2R g ghio d Nooaysoer di

catalysts in compl ex wiotrhmead cthhierfara ipnh c

many asymmernatiicornsydr oge
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Théelddehydrotryptoiphanheempireaztuirseoa for t he a
hydrogenati ohnoRNiGkegpepopdehydrbéryptophan
was syendt hiensitshrTelee sdtegr dmien ¢y madipd ri0a | 4

was convertedatdebgdBeepghdVnlhgsmei er for myl a
The resul tanN-Boacl dperhotdeec tweads onN-Bdie i ndol e NH
protect-2adarihadxowy &l #¢@8kydebj ec-iWWadswor Hbr ner
Emmons reaction usia.ngdadhbDBY adh@gldy dihree
dehydrotRryfmcopaarmsingl e Il somehos Thew usage o
combi natciaotnaRWyitteBrtkduyn debad® hydrogen gave the
enantiomerically puWwr.é&lBpipsodteedede twgpt dphan
reported ebyiaMo @®Bidnal | vy, NChhe e soitreecd e d
trypt2o.pdhasn obt ai-medi dtyed FAci dol ymsdi s of the Bo

saponi fication of the met hyl ester.

Al t hough t his met hod benefits from short
enantioselectivisty, citted applsipeazt.ifor its ypeé oph

The sel ecti on -lofgasnudi tcaobmbe necatnisainpising .al so t i mi

2. 5)JBamgAppr otalcehn 8 me(®idsned hy oxy

tryptophan

Ji aentg®baldopted-lastsi pgamd atdiygmtd annul ati on
reaction rep&atne@ 0¥ Z loestyhroitxhyey pit o hdan

during the total <Syrtchadily, ceishar ggyhpirr@mdA h ut i
amino acid substrate in order to afford the

The full syntrient iScc hreomet € .i2s1.show
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Chapt.eSrynz hesi s of two key building

Firstly, ianealBedebiidygsd epr epar ed f2r.obnd gl ut
three steps. The glutamBc,5afcoldl owaesd cho
doubBec protection of the amine. The ¢
obtained from DIBAN, N#dgtutamadoke dnoert
condi®T®nal. dehyde was am®Rn&lgdtngd Ptdd O&Arcy
and DABCO in DMF at 85 UC, as describ
tryptophaa. d&Fiinvaltliyw,e hydrolysis of thi
monde pr ot eciNBoe af fedl-Bd-dme tt IRotxryypt ophan
2. wbth 82% yield. This approach is obyv
ar vyl hali des for the dannmnpdlabytsmohedeacte

Ssubstituted tryptophan anal ogues.

OCHj OCHj, OCH;4
(Boc),0, BN, tBuli I I
MeCN/H,0 Et,0
NH, NHBoc NHBoc
o. [/
0
OCHj
I 0 0 OCH;
TFA/DCM + _Pd(OAc),, N(Boc),
- OCH; DABCO, DMF N
NH, N(Boc), II\{]
2.57 2.54 2.58
0
OMe Q OH
OCH; ) OCH,
BiBr; 10 mol% NHBoc  LiOH, THF/H,0 NHBoc
> A\
MeCN, r.t. | | A\
N
H i
2.59
Q O i TMSCLMeOH 2 Q
N ~
HOJ\/\‘)J\OH OJ\/\‘/U\O
NH ii. Boc,0O, Et;N, MeOH _NH
2.55 2 Boc
(0] (0] o) o)
Boc,0, DMAP - P DIBAL |
E—— Y 0 E6.0 > OCH;4
2
MeCN 256 N(Boc), 2.54 N(Boc),

SchemelJ&aagproach f o9-4-merteh womnopph epihsa no f
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Chapt.eSryn2

hesis of two key building blocks

2. 5Cham Approach

Tryptephan

Chan

and devel oped a fI

Subst i-ttruytpetdo pLh a n .

ni tril e

awodr kiearvse st i g &t eads yHammea da c

The
t&dcahkRoprothanal Wemienonoi tgreinleer.atTeh ean

he Synthesis of

for t

Bt recker synt
onal I

d

y
Syl

bl and oper at.i

Strecker

e Xi e

ami no aci

hydrol yBambmwift tihlte affords the corresponding
0 H
N\ POCl; H i. PhyPCH,0CHj3, n-BuLi N e}
N DMF b ii. HCI, THF, reflux N
R H N H
R H R
2.60
R=ClorBr
CN OH
. L OH
Chiral Auxiliary HN @E\g
N
NaCN, AcOH, H
MeOH R 2.62 R R
2.615R
O ( B
NH, NH2
H,0,, K,CO;4 OH
- - - HN +
DMSO b
N
R H
2.63 removed
o 2.64
NH, COOH
Pd/ C, NH,HCO;, A\ NH, 1 M HCI, reflux { NH,HCI
MeOH, reflux N N
R H H
2.65 2.66
(0]
TFA, iPr SlH
60 oC I
2.68 Chiral Aux111ary

Schemeh:@&n approach
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Chapt.eSrynz hesi s of two key building

Chan awodr K®disscover ed R-Ahpeh ensyd gd yafi no |
auxi i &nyd t h-BacienddlZ@e@@deconstruct t h
i nt er mMehdei aitnei.ne i ntermedi ate was attacl
the Camirmoénitrile. They found that the
at a morerdfavouradblletS, By aisn ed eDjmRead (T
2. 60RI, R. dRastoameeg i were separated by co
and then converted to the amino amide:
transfer hydrogenolysis usi-Bg &d8®ld P d/ C
Ssubstituted anal ogues, ime dedlaé¢nmngehat
Ther eRA@pleenyllglglcimal auxili#aey hwaxy r e
Umet hyl benzyl2amiOf@de( PRBipvVal of PMB gr c
by TTnfeAdi ated acidol ysis. Finally, acid

carried under mild conditiem ®B® %afyfi @d d
The full synthetic route i s shown in S
Ch@&gmet hod benefits from ineapdnaccesses!

ta range of sulstHawe waeahaffylgparcoypahna nd e
salits di sadvanthgpoorFuenhhaetj oS8tel ect i v
di astereoi gfdmerine r@at il emst 30% of the

wasted.

I n conclusi on, t he anedvwbadpceynit bésli g d
subst(®Btutypdaompalachhpue st ot al sgynshéses ©OF
ei tphoeorr versatility or | ow af faideiden ay .

our research group.
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Chapt.eSrynz hesi s of two key building blocks

2. 6Asymmetri c fynShbest(§)t uo ed
Trypteph@mough Al Ky | &8Bteillamrk o no

Nucl eophilic Glycine

TheJal kyl ati ohi loif clneugtiseveif s gt gadsacer
practical asgntdheectlaimhypyodeciesiati ves with
var i edh asbpmec,i addgpl i cati on @bl ymi ne deteved f
has been sucd®gssfhwlmoft ogaweioeed fof er ent hi gher
ami noThaecs ec hoifirnaidneer i vati vesownsi déayed nteoi Be

br eakt hrcoonmgh rasaytninreg r i ¢ Homvierwe racitdhse. mai n

di sadvantage of t hesed caampdd unydsofi st htehegllyacw
mehty | ene wrho icétc ¢, ss¢$ heatuster omfgnbdasehydr ous
condition t eapetnood &ttee st.ih@h cost and mul tiople
| ar gemarcwafl acltsuwr el i mi tlerd d thpetatuassatgieon met al
compl keexreibweodt ignley Schuiffdbaseonvenient templ a
functionalizati on Fofr ttte sBeltydkibreeatl moi et y.
demonsthat ead (O12d{Ne(N6b @i z y | p r obl eynl z) caprhi ennog n e

( BP89 hcehi r alf olri gacrhd f f 2PFausreti hi eore sntaitf g atni o n

this appedadah SmhewoNop(l etxlrad dkleinrzophenone
glycine Bavwihfgbaseab®l ity and reactivity.

The -gNiy BiPBe cothp 4 @&x edr yst al and can be purif
crystal lciozlautnino @ maotrogr ap Atye i dr yrsetqauli retdrruct ur e
anal ysadshes hoovmp | &hxe | pweilcthimvmeges at the centr a
Ni | oreudanriemy itzead negat iravre@CG ao fg elbied ECrON.

benzyl group is determined to be above the
crystall ogFiaguh@dad dahaor et i2Thle palssulbati ons.

weak interaction between the sNibha&at om and t he
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ssabilofzlae | oomp Ithesexc tb,enz y | group is fixe
Ni omt which reduces the distance betwee
the NPTatomlUyromnens arehebbddcndtieonot
Theamnmi tsadae syt iesmsdadlhiend -ami he Bbedb
are f-proonl iDne. | n t hiSpt rtyhpetsa psk, a st yhiobt hr eesqi u
usi n@-itshoeme(r i ¢ c hi # 6 6Fracroarpil &

Figure 2rdy dhes Xfdl. #0tructure o

2. 6Hamogglaada obnChiral l)Gl §chinfef NBg s e

The homol ogati on olf. dtéhnag tbgel y aisnyd tkciarfops e
of reacti oh e’ sMicch aadla i calmd al kyl h
al ky Pateiacmili ofnsese r ea@ti ¢ msnmeedrn aneb i e n
tempemomat moae er at @ p lkaedectaimmyp n ssToh ev edhitr ec t
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al kyl ation, which is the most 1s.t40i ghtfor war
i's selectelhe Mitshishkeadbdpy &a.rt henhomol ogati on

prodwrcder aci giisc ocpoéntdgittiioomna eni enetd, whi ch can
up by microwave. Finally, purification of th
througkchange chMomatiomgpampthgnt !l y, the chiral
2. C&n be rercodzxateep ua n(dS cchaetmeo n2. 2 3)

Fotrhe synt hé pius-eo i pogopédha@iatlt s delry wiane ves, t he
Nil |l Schaddaderh ved (9-2-[NNobenzyl-gamioh o]l )

benzophenéngl{BPB) oped by -wsoorlkoasahsonok and co
chosTeéare. homol b.gwa@s oamc mifeved t hrough direct al

substituted indole alkyl halides.
N O (0) alkylation N\ /O (0]
i N1 :/l/ > Ni
/\ ,
(0] N O N R
Glycine
Ni(II) salt

base

o~

N

“ HO.__O
H 271 N2+ T
0 ~o .

acid hydrolysis

N

| H,N~ "R

Scheme 3A1 kyl at i olfl d&fc hglIfyfcibrmes eNi (
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of two key building

2 .

ol

2.72

\/@ KOH, iPrOH
40°C

75%

6 GBneRrad par aBBRBIny coifh ¥Co Mip( e x

/ 2.74
I/N
NI J 2.76
CH,Cl,
0 a) 0 °C
cl o b) reflux 40 °C 0
(0] + ?/ N N
N\:)J\OH o NH, </: H
s 2.75 0 O
2.77 2.7
45%

Ni[(NO3)],6H,0,
Gly, KOH, McOH,
65 °C

65%

Scheme4Tot al

The equired

ami nobenzophenone

accdisset hree -prtepisid t b mBER .

BPB | y Niilfle compl ex

BRBt Fesinle cdimp | e x

Schof fftdlalscewicnogn $cieasnepyolnpernat | sy, |

(BPB), walsy csiymda hand c
rihg dmehd, t h
was assensb| mabif ood 0 W

empl oyi mEABdI ( NOanhydr(oSuwsh emeet iR2a i2o4l)
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2.26. M-Benzyl ation of Proline

o
C,)J\ KOH, iPrOH C,)J\ OH
N

40°C
2.72 2.74

SchemeNbenzyl ation of proline

The fiirstdysnttehpesi s -Olflflt b e nmMpgldsgde iNntee

benzyl ati @m ceRf. n{ Slceh e me T R&-RbSnzyl ati on was
achieved i n the presenceapoofl arhesodtvremmng bas
i sopropanol . anmhecirpacedo’c@i pucteoephivi ac a
subst pauhbh(wlacphe mdagod .l 2060i ng comp!l etthieonpHof react
ofheteacti on mixtur &i6wiatsh adonuscé eidr atoep HHCI . I
pH adjustment wasthetr epaopedmiuynyiadiod ibeed s

| owerleOd%.n ot he subsequent KCeawasoprwor pitated
chl orof dfem,deparmoddeutcst t r i t ur atelde fgenmme raaclet one.

yield of the reaction was typically above 75

o 0
OK
NH el
\J 2.73

(0]

o
N

— 274 +  KCI

SchemeAtdt i cigahaedNdmnaly | ati on of proline
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2. 6.5y.n2 he-2@-Nobfe n@y !l -pamatoyl )

benzophenone

" ?// b) reflux 40 °C N

_—

O NH,
2.74 2.75 O
SR CEENE
2.77

Scheme786hesis of chiral |l i gand BF

/
N
N|FJ 2.76
CH,Cl,
Nt b e o
™ N
: H
(0]

Thesynt heS-2E-NébénzZy!l prol yl ) an(iBhPog)b7eInz opt
wa s achievedhe t troomuemdaetnizod pwod lhi n 2

ami nobenz(oSdaneen .M B @ )triecanc was faci-l i tate
stiolny !l c(hMso@lijdee t heepr edNoasbyl i i d@dzol e
at | ow t dmpeopbeadti on moeucth a ®iesdm me s

2. F®1 | owi nggaesuwmpbuilppsedde 8 BP8d was puri f
through recrystadetl atzatti @ na ffiwomd ett theyyl p ta
in 45% yiel d.

|l an atttoempriprove tahe erbebMsCGh wael added
t he iroenactHowever MsCrhesdialdtdef otrhoeatd o n o f
unknbywmoduct, which was c¢onfMorrmed ebry a
the addexcessobfabmase did not | mprove
of2. Wasecovered after pumedddcoarddiiotni.o nA
repoegdn t his tahfefsoirsd geixecleddtentthe puri fic
easy. The starting materialbesesdbkppel at i v

to 8 g.
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Scheme 8Pr ombdarde ant i o mf raed Hbayr idds eCd

2. 6.5.n% h BPiEsl yodNinegddhi ff Base

N
L X
i o U

base

@ o Ni[(NO3)], 6H,0, o, N O 0
¢ S Y
=N MeOH, 65 °C NN
0

Scheme99SyntBhkRrgli gNoffd Echi ff

| i g aBnPdg |i ynNiilhifden 8 ¢ h iwflafs baasssee mb | e d

With BPB
strong base

foll owiknégn Bebfeandp | oyi nEABOanNO a

i n anhydr o(u$c hneenteli h2a.ox9%)a ct i on

88
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colomange. During synth’dNi 6)hNO&aendgr een
KOH in MeOH mixture turned blue after

Tecolaehmange indicatedodrmhaigrfaodaffde i on

compl elxhe bl ue suspension turned to wi
wer e added. Af ter céfipdret was, cbDhe e retx
Nilflacet ate with |IHateatiec saccliidd mlehsel dNui &(lt e
mat ewdasalrecrystalliDedof mdmomdt hdmo lp/rh

crystal in 70% yield.

2. 6PBeparofitnidoonl e@lkt dfoird Al kyl ati on

Theui tabl e el ectr opBhPif ley Nidrfl® ct hhief ifa | bkaysl ea
an indole moiety wi3dt h nadmolal kylr bhoanl.i dieh e
can be obthoneda&atasoédnghny drrooxny nBe?2 h gy 0i ndo
which can elle fawme hendhe ful le rtidnktee t o

al kyl 1h &l@iud digfcehde me 2. 30

N SN,
DMF, POCls Boc,0, DMAP
@> @g L
IM NaOH N THF N\
R H R Boc

1.41a-c 2.78a-c¢ 2.79a-c
OH
NaBH, MsCl DBU a: R=5-Br
g b o b: R=4-Cl
Foft N CiiCl 40°C ¢: R= 4-Br
R Boc
2.80a-c 1.42a-c

Scheme30Synt hdsabki dé& al ky
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Chapt.eSrynz hesi s of two key building blocks

2. 6.Vi.ldasiraack Formyl ation of I ndol e

0
1) DMF, POCl, H
AN \ a: R=5-Br
N 2) 1M NaOH b: R=4-Cl
R H N ¢: R=4-Br
1.41a-c R
2.78a-c
Scheme3 1Vi |-Baneféc derrmy | at een of i ndol
Theodh &l ogen substituted indoles were used i

desire to st u-doyr-htdheo geinf escutbsstoft uded tryptopht
bi ol agitdgoafli tay gy r i n ahnea ladngiddise.p ToHu st,het i ndol e
car bomaot fanalsdf €famydoBct heme hz. /Y1 Hameker

f or my®f°at i iomad owed tliasbrhd tstheeddd i mgt hy | f or mami de
(DMF) and phosphorus oxychlori de.

PO i b
clicl AP o I
0: o Vg SYPTRNEE W
)J\Y?. H N* H N |+ O al C
H N | Cl |
| 2.81
cl N/ " N/
—_— +
H)0+/ N Cl \—H Ny
3 - [ ) — | X1 —— N\
N Z l
H N N N
H H H
{\‘I”’ / o 2.82
—N
\’/H\" —_— H /(;/i ! /
N H —_— \N
[N ® H B N+
N N N
N H
2.78

Sche®@PrzapviskesdgHaiaedkr myl ati on mechani sm

Theemnoh Wwegant he reacti ot ooff oDrMd awi ti hmitnhieu nP O

salt knownl sanse itédite ODMEgaats tuhseed vanst and
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reagent. The el ectron rich aromatic ri
with | oss of roatomati oint .t e/ depst ores &
the release of a chloride i @n8Rdhéorm

aqgueous work up affdrfi@dwbbeVYidlesmeiedap
formyl ation ofs dsmwmlhh&dcleu mixweadl ypoadtot@ on un
the control(®dhemenp2ra2ur e

After hydwuopl wsisigwagluepoesi NiatOdt ed hal de
coll edtiddamgdi oheoyi ehdsseries weffei ndo
above 8i0de nfiTihtelye e pfruord uhcetrs cWahsMRr med b
wt h atphpee ar ance of al dielHpypdre. si ngl et at .

2. 6 N3Bo2c Pr ot e c t-3-coanr boafl dl enhdyod ees

0
Oy -
Boc,O, DMAP a:R = 5-Br
N\ N b: R = 4-Cl
N THF N ¢: R=4-Br
R H R Boc
2.78 a-c 2.79 a-c

SchemeNBoc protecBcanbafdéengddét e

The i-Bdatleox sl dvidiBywegreot ect eddEtmiplitoyli ng

di car pBmaitne t he presence 4¢9di cmat afyy aime n
pyri DMAESi(MHE Santee 22TB8) DMAP atchcee | reartag eo
the reaction, especi dlhley sitm ali gshd frou ovae

furni shed thendgeanedtptodacyi ehd (99 %
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ABopyridinium species formed bythecleophildi
carbonyD. oThB8odelbdt gt e r. Badnaat egood | eaving
group. The2i T@&®lhe agamiacd& s t h-eyrciadibominyin of t he
spei88resulting in the regeneration of DMA]
tebut anol ecdr &r dmr mhe t by ktakldoavm® Aoaft e

product . Hence, the formation of gas bubble

occurring (Scheme 2.34).

>LO<:0 % j\o J< >L SOL“ 2.83
( o

| N\ N: | >L O
b s AL
N H R 2.84

(0]
>I\O)J\’(’JW—H >I\OH + COZ

2.86 \j By-products

Scheme34dDMAPt aN-Beedpr ovi ¢ &1t ipo @ p onseecch arnd asct | o n

The DMAPaNBsedprotection,wist hf alsidg ha nydi eelfdf i c i
(0%naqMeous based work up removed the DMAP
t he dNeBso-crnede®d eer bal dehydes. UTIhB.iBdH-ngl et bet wee
NMR i ndi prad seedntchéleedy u tmpoli .et Yhe Rr dGi®@u at s

were sulijhreextedstteop without further purificat
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2. 6.S3.nd heNsBiosB-hgfdr oxymet hyl i ndol e

O H OH
NaBH,, EtOH a: R =5-Br
N - N b: R = 4-Cl
N >< N >< ¢:R=4-Br
R R
O)/\o O)\O
2.79 a-c 2.80 a-c

Scheme35Synt hs8-hsy dorfo xNy mmdtehyl i nd

Thbkeal esguebns t N-Bard reddlol e was reduced- to th
Bo-8hydroxymet hylindole usinig isnodi hen b
pr ecsenof( ¢ OHMmANaBHIZ5)a good reducing ag
as power f wll uans myidutrmhd e.m | tr ecdainc ee fdlecca h w
and kettomeesr e®oponding al coheldudgtsTba m
proposed nprtonwcdeesihe meFi2r.stal)gt aahéls fr om
BH?and adds to the carbonyl carbon. Sec
to the negatinelny t ahhaerogrerddc oohxoyla. The s
typi caldty tolcecuamsd daf i hige awme ralgupe.o u s

(0) _I;I e
H H—?—H H
H H
A\ . A\
ppe ppe
R R
70 o
2.79
H~o H 0 u OH
H A\
workup @\/§ —_— N >< BH;4
N >< R 0
R )\O (6)
2.80

2.87
Shemne 36NarBeHducti on of al dehyde
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The crudcdeerpeuodficed through col umn
pur e p2.0860ichtD6 0 %i sl d

bl ocks

chromatogr

2. 6.Ch.ldor i onfatNirBowB-hydr oxymet hyl indol e

OH Cl
N MsCl, DBU \
N >< DCM N ><
1.42 a-c

2.80 a-c

a: R=5-Br
b: R =4-ClI
c: R=4-Br

Scme2 . :Xh!| or iorMNaBtoidhhy dr oxymet hyl i ndol e

The el ectron

c,on the

conj u'gsaytsetde m. Initially,

conveirnddlhemetthygl aml zlohypll

and

he

source
poarmnd t

alternati ve

indol eNBopt beeptriesg@ngeowop c

an

hal

wi t, h sruavwi mg (hbles2biadh@ogmins

an
Appel

i de in

produc.tTo wenpe omet t eeableaacti on

t he

deact |

bromi nati or

pres

tri phemgdtphbboseda vineer ,iyntet dt washl o

y i

st Cateectgyelwast edat beNe etdd] ori nati or

Bo-8hydr oxymeitmyt hewdwmi ees enroamel cd fe oM CIll iandas e

triethEdINami haeeen ampKkiomedr eacti oh,-&i el d
di azabbcycb/emmedd dDBU)( Sicrh ebn@Vhzer dplo s ed

reaction
thehydr gxplup was
chl oride
waa good

desipreduct .
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D
CleS—
R=ClorB /O c1—3/ O\\S/\
= Cl or Br . XJ =0 O/:O
OH O. o
+H H
\\ — N\ — 7 \;
Q N W Q N W N W
R R R )‘\O
g © o)\O 0

- O\\S/ Cl N/:\>+ B
cl /\ ry Yo \( , C
— _ (0]
\ N W o
N >< R o 0 (I)I

R )0 1.42

2.88

SchemeP8 oposehldam sm of Ms Cl chl orina

Thud,e tMs Cl was added dtr lmenwlioslee taon da DBdJ
DCM at 0 UC. After that, the reaction
reaction edby MmMarCit ockowmepV et e cormseumpt i
al comldlairc i ng maoecunm| eveln nwitt h |l ong
Furthermore, degrladddtsi oorb scefr vtelde dpurra chuge
byhet column purification. Aemcerext het e
foll owing a wwdrmgbDye aqu etohuesi r poor st al
chlorides were always freshly preparec

wi BRI yeNiin(d |l ) dQchioOf f base

2.6 . A3.kiy|l aBP®®&hycNin(el | ) Swihtif f Bas

Al kyl Chl ori de

Adirkkyl ation was carried ©Hoy dNiind Ihhomo
Schiff base (Scheme 2.39). The al kyl h
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chiral compl ex depends olprtohteo nhsi.g hWhaecni dai t y
base abstrajpowsonhhethei diesul tant enol ate can

efficient alkylation reaction under operatio

1.40 )V

a: R =5-Br
b: R =4-Cl
¢c: R=4-Br

Scheme3 9AI| ky B&®il oyreNiia{fd 1 ) Schi ff base

Theal kghatrieast ipcenr f wa merdotiinc tshoel va n't DMF i n t
presence of st«a0onyd ha sree dNest@ield re ttehoemai t i on

t hermodynami c contr dllepiwhdrcihnsagower ndsuri img t
di astereomeric al kylation. I n this case, us :

gavet tehremodynami (§94 by mb a7dOu ryede | ds .

Thudhdrteshly prepar edl.cé&@uidne DaMFK ywa sc hd dbda d e

dr op wiSsBeP 8 loy iilffle 5 ¢ f 1badfe DMF in the presence
2 eqa@aiOH. aB®l. 4Mhed) reaattonedabymTLC until all
chl owasileconsimedresgalloyw finished in 30 minu
further anaHPyLsd,s ounsei npge aRkkP corr §9-pondi ng to t
di ast ewaesomeirscovered witthheratvou@pRiear ance of

di astereomer

Therefor e, such readtieo i recaatmid xotni o® was r el i a

purified wusing c,alfumer aahrsomaptliceg raadpilleyous wor k
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al kyl ated(lcoBhpbaeaeaessol atseddDaB8@%redddsol i
and!l fy char atHtNewRI! &R MRaunsdi nngploi nhg anal ys
(Tabl.e 2. 1)

ComoundcsYi el ds Me |l tpionign [ B4 Me OH

1.43 a 40 % 9B10O +1231
1.43 b 60% 10P111 +1239. 3
1.43 ¢ 70 % 9P100 + 1010 . 3

Tab2.e&2haracterizat-Niohl bY AlhkylGatyed n€@o mg

2. 6 Hy.dor ol BBEY yeNin(el 1 ) Al kyéated

. o
Boc o
W NG O~O N 6 M HCI X COOH
Pl e LT
o N \N "y microwave H R + NiCl
| o N D N 2
| H
O ‘ R 1.44 a-c
a: R=5-Br
- b: R =4-Cl
1.43 a-c 2.71
C: R=4-Br

ScheMmed OHy dr dlhyes-BPBaNii (d | ) al kgsated com

Thehydr ol y BiP | oyfaNiit(ldel ) al kyl ated compl e
undweircr cavagiegsotndiutugsiome ,6 M2 HICIE0 TWMFand 7
UC for 20Scrhienefleds. red solataopebkiRawed
sol yitnaoinc ado mml ¢thieon o6h sBemetcases, th
subjected to micdowassemiwkeygeomptketfiudn
reaction was f urRHLTh a evioedr aifiHFe dvalsy eRR p
undvearcuocand the agueous | ayer was extr a
the chiBRRB. Mhgeamad een acgueaoud xltayer cwa

tryptophan hyds o@PtBodrdiict isoanlatl, oNigdalni c
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not greatly 1improve the purity of t he aque
tryptophan hparmrtoicthil @mif reg satb ett hwee einnttenre aqu e o

anarganisc phase

I nitially, the aqusesowgwxmhangeecwa®s mpumoigfhia@dy
Thhs,aqgheokursact was evaphoe arteesdi d wa ld rnyanteesrsi.a lT
di ssolved in minimal @&(naonudn tp Ho f® dOL @0s5 % da gtuoe o u s
with O0.5%3a,quaemdisamMNH i ed (fOareagdhBo-wex 50W x 2
exchange col wamsa shlea oo lt lhmareti iolnitshea envau enrt
was neutral and then #lodtleodvewdi tbly @.. 33206 aggqueea
NRBThemi no acid was el uted 8whbkonwetvheer ,pH of el |
due to the poor solubilinyobftbheyptrgphaphand
to the hytbrndmxhalbciicd sfwincti onali sed pol ymeric

| ow.

Consequetnhtd yarqumbexeswe rsau b j e ptued fi@ati on by
prepar aHPilLvGeheRPt r ypt opiH®PnL €t oaenhai wiasg freeze
driteed obtain the epébt)al RPy2pure product

Compound Yi el d [ UJ( Me OH)
1.44 a 48 % 27(t=)1.0
1.44 b 40% 39.2 )c=1
1.44 ¢ 49% 20(6=)1. 0

Tab2eRQharacterizat®onypfophhatituted

Mar éeyr e dN-€ B-dd 4 n-b-tt Ir wo r o-lpvhae ni ynla)mi d 28] ( FDVA)
2.,89whi c &t ob étlahoen ¢ i o & | deege,wtmst s eli gt ed t o
anadtyhsenant i Rememd .l y, &t hree aMearnftterybad!| peen
applied fsat iomagldarn @irti iaens nMdreaa gve 1 th

ar eacatriovneat i a nfaleueosr inmmuec | e o p hbitl Hec amibrsd i t uti on
group of Z“MHemategaicts. stoichi Gammitori cal ly wit
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group-am-ami no acids to formaaamisd a&triem
withiwmndlerh al kal i neC(SarhckimeMozn edoivdeer ,4 0 |
deri vaitnsmalhlioggh!| yc hRibsmotghhastrgeconverts tt
acid into a ilastebsomeirng The reéiadst gr e
separated byPLsCoascaue nRPH, rehgeNMar fagnhb

guick detection of the resulting der

anal ytical application.
O
x H
)\'/U\NHz N
NH / a: R=5-Br
NOZ R b: R =4-Cl
¥ ¢: R=4-Br
F LN Neoon
NO, 1.44 a-c
2.89

Acetone/H,0
NaHCO;

0 (0]
H
)\'/U\NH2 g MNHQ N
NH \ NH \
O,N O,N ,
on R __OH R

N g/\H/

NO, H o0 NO, O

S,S diastereomer S,R diastereomer

2.90 a-c 2.91a-c

Scme2 . 41FDVA derivatization of substi

Th&PHPLC anal ydiey iofaBfA2¥AMi  shown i n F
The first peak is the unreacted FDVA r
and mi nor di ast erTehoeme e @ matriecspextesesl )

tryptophanadetevamt nedstw be greater 94
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T T T T T T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00

T T T
16.00
Minutes

Re tnegn ot i 1 Ar ea % AT e ¢
1 9. 730 294823 95. 2
2 11. 353 14486 4 . 74

Fi g r.éc HPLC analysis of dewrthatfFD¥YAngSolfvéeme tryyg
systldm:6Bi%over 12 minAat0306n%/ MBA.i  water,

90% acetonitrile in water + Q4 06% XFA) 6 Col umn:
mm) . El uent was monitored at 216 nm.

2. 6 F3moRr ot ecti on of Tryptophan Derivat

' COOH
A\
N
1 .44

Fmoc\
NH
THF/H,O o
2 4COOH a: R =5-Br
b: R =4-Cl
N32CO3 \
R . —
N ¢: R=4-Br
H d: R =4-MeO
1.30 a-d

Schemed 2Fmoot ection of tryptophan

Th¢S-t rypt ophan walsa npirnoot eszdttdedl oai té mtyH enet hoxy
caaomyfIlFmoc), gwhiuph i s bppFfBurcisptiaséor t
synthesis of .Tarepoglp i ot acsbehohuyuedeacting the
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ami nowiatch @Fwoocci ni mO8 ). (OBmdie m& h2. 43)age

ofFmocchl ori de has a major drawback sinc
formati on due to t he basic reacti on
Baumé&hHowever, Fmoc proeQSeuctdam e i aghil

through nucl eophilic acyb( Sabhesmda ta.t4 d)n

b S

SchemeP3 oposcldamNEmoof protect-O8@d. 92i ng Fi

He n chet, r ytp t aorpahlaong udei ss swoelrvee d  iumMm U bt £
To thiusi,vatfeaRy@®@w i n THF was added an
suspension 2Mashourig.r eldh & orreactPiHLIC. wa s
Upon complTedtFi owmmas tehveapor at ed, and the
subjected ertmoagtainon with diethyl et h
Fme@Su.he aqueous mixture 1Ma6l agandithaek
extracted with Et OAc stToh ea fdfeosridrweadh ep rdoed:s
further trituralTled widdDd thepkethygyg poher .
optical 1I.o3@atraeo nl iosft e dAni re xTaantptHeE L2B.f3 .R P
anally s8ics shown.bn Fngaddi 2ednhalbogbeerat
tryptophan derivati ve$;4dmat hetoosnynpet rocpi haal nl

wad aN-Fstmooc protected.
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Compou Yi el Mel tingcC [ U1 Me O
1.30 50 13D31 -28.c3 (
1.30 45 10-B8B 123 1
1.30 50 9204 233 1
1.30 50 172.9 24x=(1

Tab2.e3 Keayr acht er F m@xdriodare cafi on of Tryptophan Deriv

Fmoc_
NH
Br .
‘COOH
A\
N 1.30 ¢
H
B 1.30c
Renhtei on Ar a % Ar e
1 3.715 18637, 1082
2 7.061 38389: 2. 46
3 8.902 135151 862 7

FigarRPHPLC anall. y30i ScoloyeB86 OBisKoevneer 12 min
at 3 mMAF mO.n06% TMBA 900 %vaatceert,ori Or 06686 MTHRAWat er
Col umn: Ony XxigMoOnOo IXi t4h.i6c ndn) . El uent was monitor

2. 7Conclsasion

Inconclusion, this chapter reported the total
t htehi adziopleept B d t r yamtad pllgaB#®es eaq r etdh & or
FmotBu smpHagde peptide synthesis of argyrin an
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Two r & witroetsal synthesi swoefetdyakbmatedi pie
Schma dmmodi fi ed Hant zs ch dtohoida zyoil eel ds yannt dh
optical(lSchpeudHdywever, the usaged&of unp
reageeonmpel l ed the consideration of an

successfu(Bghamei 2ved)

This <chaptert hal susglgyedliooffd ed Schi ff b a s
synt bBesefl loyptpiucrae tryptopbbdasyanhé®digsewa:
direct alSkegyll yaeii roen | o f Swihtihf farnb assepr opr i a
al kyl .chCoengvadtely nt heti ¢ met hods report e
groups during thea nt,ottahli ss ymdttrhmessdi sb eonfe f a

1. Th&8PBanedbei ly accasdsiblieeprt hrcd u @hnt e
i nexpensive samar tiheg pmatcersisali s scal a
2. The indole al kyl chlaorfiotuep cygmthesolb
3. Thel kyleaddtoiammper at ed cuonnddeseatnidoins & or t
reaction time. The waroeptp ciasl Isyi nppul ree .

4. The tr yymtadpgdgaump brei f i ed-HPRLLrCough RP

Thenet Meeds ciinbedi s t hesi ¢ hseyamt bbées iresprp | i e

opticaamiynpuaei ds with simple modifica
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Chapter 3
Synt hdds-lbehgtir oami no
Acsd

3. 10U, e hydr oa msQoon tAsciiedi tnigd ePs

U,-behydr oassrneo rmaacti wdr anloloy dedc wmi inmg aci ds whi c |
are mainly produced by pbraicnsaeruyr ae. F6uogh ar e
peptides ctonpndbahwndrmaganimeo acids display vari
activities, most epfalwhaotd ahtwigmgabaatti vi
3. Therefore, t hey maoeptrexctnys issdredseidmpacsr t an't

feabir@ohewt aat*Thiewtti ckasses of natural c¢omj
cont al,whemy dr oami no aci ds, |l antibiotics and
undiennt ehsdgeameambers of these classes are al

trials for the treat ment of bacteri al i nfect
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Bioactivity

= Antibacterial

= antifungal

= phytotoxic
antitumour

" cytotoxic

= other

= unknown

Source

= bacteria

= fungi

= sponges
ascidians

= molluscs

= tunicates

= plants

Fi g8r®Source of orilpibe hymd olaimdo aot aci dy @
peptltdes

3.1La&nti biotics

Thanti biotics are a fdhauddd pfos@ranw e mj
bacterTihaey ar e ri beads, om@dadnys | styino malsh v
peptide antibiotics. The most prominen
Lactococlas uUsmeed iisnefwatdi pnefsor Hore th
Ni swans first desdNcrsithbeedptadxcoaxcgecaewmphn bti h e
1920s andedhas aat-¢@ami aii onmgpepepti de b
194%A | arge number (d&fi guehva vida Mteieni odtiisccso
since*fthenl.anti bi ppitclaé cpehhyad MmooZl ani ne
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dehydr obesywhieshd earifereodn enzymati c dehydratio
serine and threonine, respectiokl y. The c¢hi
l ant hionine anddimetrhreywlull & ndodfti aalmy seedz ysmhee r e 0
specific condensation reaction between the
cystwiienhet eh yaa mmahehydr obut yrine- The stabl e,
baseylc!| i ¢ csamrturcitbuwrtei rdgi mecstriheabt hese o f t he

peptidesasisgntial for #he Dbiological activit

FigBretruture of th3E (A)antmelBia@t ,jdé¢n ni sin A
microbi3.3ri tiabyri 8t(@o,pegprntd nc3iABPRmyci n

Most | antaicltiiotei agpadsnetti ver dmcnhnegatai wail e Gr ar
bactaerreeattsada atnhteisede peggue to the protective ef
me mbr?8dNes3 .ndnd ot PAer| atnypeédi abil es tar di srupt
me mbr anes by forming nonselective, transient
of the membraingd efoftlemx i @afla,nsdnatlelr nmentaathiool ni toefs

cellular bios*nthetic processes.
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Theme eomasnd pepti dogllyhaasn ipdreenctuirfsioerd |ai
for many | anni dinwtiepidesamoidn mep3lsalct arn in
The bindsaeagl ast dbtiedtéilbcl opkdthe precur:
i ncorporatcoeriatloeg&dibrhdhalbn ti on of ce
synt #¢ s1i sdditthe poresdoomdhathaont érsi @i dal
fonri giympe | angs ivbe o -ctosmxp onent | anti bioti
Further investigation of the mol ecul ar
Il i pit dveedaH at tt htewof irrdshgs mi nat hpamtr eof tF
speci fespbhygible for tlhiehih€&€eeheant hah \

and the central flexible hinge?®fegion

The cinhniakmg cil mnti bi otics show bacter:i
bacteri al strBaaislsltusasi pnesc.i alTlhyy bi nd
phosphoethesal amngein increased membr ¢
AT ependent protein translocation and
i nhi B¥Suicohn .smakié nganti bi otics attracti:

the design of new antibiotics.

3. 1THi opepttii dieo tAinc s

Thehi opesptarde nmoidghfliye-di cshul fislyosaadnal s

peptides with dehydroal anine and dehyd
structural feat u-cent aiebshi sdgoxkeeanbterraeld nriitnrg
which is found in ma#sudhf tenéntl oxidag
scaffold and can be decorated with va

(thiazoles, oxazoles, and thiazolines)
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Theeptpaeed nat rFalguxrandud®)wanit ehbkesa rs

the ribosome as product of mRNA transl ati on
peptide synthases ( NRPpSesp)t.i dRee coefn ttl hyi, o pt enpet i pdaer
confirmed byrbopr toedearrdheadg camal |tyo shyent hesi
geneti chd®®yPTekacdehydroal anine and dehydrobut
artehe rebumtmad ¢ toipohno sopf h cSreyrl attderde,oni ne

respectivel y.

The thiopeptides exert their @omabacteri al
protein synthesis. However, the different me
macrocycle size 2 Thet hteh igohpiedpteitpdia rd e s .

macr ocyctlhees Gaifhede ei ated region of the riboso
compl ex. Such action resul tesf iGFatnlde bl ocki ng
stopping the transpeptatdeht PPNA tchoemp¢ rea wiinng
ri bosome®®Ttloe otcltiuo p enpetmibdeerse dd frri NSt ud | BIF

|l eads to blockingmpfFex RbBDAhdmhngoysatpl C€onsequ
complex is not able to bind to ribosome anc
i nhi B Thedpadpti demewnibtem ed5ri ngsai hFiagumre 3. 3)

potent ant i bahctuenrkimalweaz il iavi tyarwiet s .

Currently, two tHrPapephosdebeptihdi®s(Fepuoae 3.
used in veteri neaprtyo nmeidsi cusneed alshiamtacti ve i n
ointment for the treatment of cats and dogs
used as an ani fral Tdireo wtohw parqaunecotuesr sol ubi | ity
application of thiopeptide iIin the treat ment
Various modifications on the existing thiop
many research groapogumsomsdernr atob eobbtoai m hantr
threatening infections. Thus, these wvastly

peptides are a source of potentially new cl a

108



Chapt.eryn3 he@,ibsehgfdr oami no Aci d

P

e Me
micrococcin P1 siomycin A
{26-membered ring) (26-membered ring)
o] H o]
e
s H o

N
L
OO MWH
Lo}

0% “NH,
NH HN ' i
quj{ ) s/ﬁ)}o
0 g =N n =N O Mn HN
\%‘\( ’ oH k(N
- 4
o =~ 5 4 0O

GE37468A thioxamycin
{29-membered ring) (35-membered ring}

Fi gwBr:8 Thi opeptides withkh different me

NH 84“\'/\
O:/J HO S H
: OH HN" N0 Oi\lﬂo |N
~NH = S
P Y MR Ph
N\ N N 0 S
N, S g o
OH
e ;
H
nosiheptide
thiostrepton

Fi gur@h e3midcal structure of thiostrept
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3. 2Conf ormati onal PCle mecal and
React ifvhiet yDedhydroamino Aci d Resi du

The&),-boubl e bond has a profound effect on the
t s@ehydroami no Faex amplees,i ldakets plba o

car bshmritspor thaghtbow,blte bond constricts the toc
the side chain afsdu s tnmittue nthyg,e promsd ulitoinng fi n t
i sonZem& Thpel amar ib,ypoabhdhaad flanking amide
growpsemabkkectron conpugatrieesmp,onwhbth for t

stadbtiiloms of conformati ons.

TheU,-boubl e bond can undergo many reactions,
nucl eophdn,i cr aaddiddali addddi bepmeiacdt onrs , cycl
and hydr®*gbeeaefone, both conformational prop
react i viUt,gpe loyfdrtohaemi no acids can affect t he

dehydro amino acid containing peptides.

3. 3Instalo@mbehyndr oami no Aci d into /

The pr edednechey dofoami no acid residues in pept.i
bi oacas vwenlglr esass eid r esi st anc &°Tthdd,-énzymatic de
dehydroamino acid residues have been i ntrc
compounds to afford hi ghlayn ad ofjluees agoni st

dehydroal anine residue of the argyrin is e
conf ormati on ogfoverrgnyirnign ,t hteherrieghiydi ty of t he

is essential f orT htearegfeotr el i nndaiga gntga fnfoidniiftiyc.at i
dehydr oraelsaindisneer a sm@gulftare nlgi oacti vity of ar g\
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Hence, a fodudeldydi bnchir go@hoguetso wi | |

p r o dnuocvee | argyrin anal ogues.

3. 4PreviReports fiomg Dedtyalrloan
Aci dshepti des

Thdi osynt hetdehypydmdway and delondt dleuty
dehydration of seri,nageapecthrvedbygi nSev
routes bheen devel epeldy drooasni mtoh eassi ésd | S
building blocks for di rect Honmsetvelrl, atti
reamact tUy-bmg at ur altiemi tag kteme met hoddofi dn
dehydroamino paei d drecoR-f Ulme g e ton alUi-bed p a
dehydroami noesaentdnahdrpee s and ar e S U ¢
hydr PAymmoeni a i s Uketeasédsamde for med |
occ.tHesn Neg y | at ed dé&k-theaydveami no acids
incorporated into peptU,dbebydr eamome &
Consequemotsity repor neld sleptemelt o métehin
a masked mprmeamulrysost aade of peptide syn
conversioas itrpebdthhyedr oami no aci e@sofafter

pepti de EsxyamtpH eessi so.f stthreashee gsi ydnstghteotsisce d b

3.4ELi minatien Reaction

Eli mi nati on Mehfy dwddexeyi nfor a mi-ddesv e |so ppe dverhd t |
t &, -behydroamino acids. Such met hods he

dehydroal ani ner idmeb md sley d me,b watneds ptehtrye o n

111



Chapt.eSsynd he@,ibsehgfdr oami no Aci ds

The hydroxyl group can be activated by vario
chloride/ %y i etloglyami nadnihayzdar b idcey2cli2ddoct ane

( DAB&O) tri phereyldpledshpyhi azodrc artboosxyyil at e ( DE
chl d%aindde car bodilichil /1 depper (

The preparation of dehydroal anetmealresi due wa
(SchenffTBe 1hydroxyl gr uyWafrwephaede residue
toluenesul fonylOtocblybat dé ¢ &3r.,i2ofearidlechveercat i v e
byb-el i mi nati on under al kaline Tohditions t o
Howeveret.Sakeaporht eyd ed dh-mpdgo duheet ,siamee aziri di ne
der i Bandatvleetrh et hrachgbyde 81 ani ne.

OTs
R /E[(R TsCl /Eﬂ/
N —> R. R
H (@) H
3.1 3.2°

_NaOH _ ¢ JWR R %R
N N
H (@) (@)
3.3 34

ScheSmel EIl i mivtaads yolnatodfd seri ne

Feagireta *%aleported aneacwinohmadbpari de and

DMAP based on t heed eBGesrokm@twh o d faomd i mul taneous
and carboxy protection bor afrarmmmateaeciids twhd h
prsence of DMAP @8dhémelredy 3ffaaum et hat under s
condi ti ®mn5ndseagawiemast! | meaetoi calf ford fully protec
dehydroal and3.néeThley i fviartti veeel Wti sxyyowaermrkeanylhat
(Boc) haot ftohhel yrdegtii oé ms ec o nwa@acsyilergr oup but

introdaeacti on of previously Pprandcted ami nc
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cat al ystl nDMAhPe case ob-hydhoegmpihea y laald
derivatives, t he r eactgiaovre weaxsc | &rtse wed s
i somerg.e olnettseirceosies ediee t byl ki ness of

bound Ntad otmhe whi cthr gmeb mmit eat aon.

HO R

R
(Boc),0/DMAP |
O—-R
RI\N 2 R]\N O-R,
H o CH;CN |
Boc O
3.5 a-c 3.6 a-c

a: R =H, Me, Ph
b: R, = H, Boc, Z, Z(NO,), Tos, Bz
C: R, =H, Me, Bn

Scehm@& .2 (Doand DMAP medi®ated el i minat

Anot heo mettreircecosel ecti ve el imination n
Wandlegs®Thbhydr oxyand.merreecaicdtsed wi t h t
chloride to for m.t&eoklk aomvieidmibryefdaintairdoint e
with DBU to s@ErertU,xbehydabdbhod.d%m aaoi ds
anperiplanar f acsrhu wongp | ltdhreep emam highg ur at i C
hydroxyami no ewdar r dewhgedrre pcfoSee mme
3..3)

R-N_ .CO,B R
R |
I 250 SOClL, N «CO,Bn
[P /7
o1 O:S
HO™ S M beM \Ol"'Me
Et
Et
3.7 3.8
H
DBU R_NICOZBH
DCM Et” Me
3.9

Sche3dme3 Wangd |l mestshod o el i minati on
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In the total synthesi ¥«ludb| @c ¢eai innhed dnd E,
met hyl ester c.nft6imdaspgl cdBupidiy toild @wed by
el imination to aff or3d (t3ceh edreeh y3d.r4doal ani ne moi

MsCl, DMAP
BocHN /ﬁ( — > BocHN /ﬁf

310 311 O
g O
E;N, DCM :
’ - BocHN/\WNW)J\OMe
o)
3.12
ScheSme4 EIl i mi nati on??0f Mesyl ate serine

In the total BynKéat&wusedf t alpgatoaplpyes od
el imination of t h3. 1sGerg eree rhaytde otxlye gda ehuypdr oal
cont ai mpitn eddBplee me wBh.iSc)hs umbas equently wused in

fragment condensation reaction to afford the

. 0
(CuCLEDC =
BocHN/\m BocHN/\H/ OMe
CH2C12
0
3.12

ScheBm&oppgart akysmdnat in of serine

Thexi dat i®andf g@ahneibpnoo aci ds and subsequent t|
i's knawhoto the corresponding dehydroamino a
et?allsed a cysteine thioester |ligation to pre
from unprotected pepti de tfhreaognmweerrttse.d Suwch <cor
cyclic and B8 edechyidr opad patniiched i gat iTdove poi nt of
met hods were wused to convert the cysteine

Speci fatchalnmsgyhwvaddl ved tramefiorl mdtuinen i @nal gr ou

i nto a |l eaving gb-eoluipmi fr eelaico w&d t boyd aA
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transfor med-SCMe uLUtBhdieal aicntda ¢ codndB t i on
used astelRracdSmenhyl| Sotxiiodna,t i menl,i mamaéat i on

(Scheme 3.6)

HS SH

0
R_ _SR .
R
\C[)( 4 HzNj\n/R R)LELW 3.15
o o}
3.13 3.14
Method y w\ethod B
S—CN S—
0 O
J\l%m J\i%m
R™ N N
H H
1

3.16 l 3.17 l
Q
o o S—Me
B AL
H H

3.19 3.18

Schedmes Mi ao & nme tTteadrted ng cysteind to deh

Anal ternative method etmt’avbalutbd pgptNia
cleavage from the resiUydamydr diael anitnreo
single stepi nwkethScahemHBheh.a¥yi dati ve cl ec
the resin through selenoxide was per

peroxide in THF.

NS

H,0,/aq. THF
Se 2Ur/aq
> R\N R
R. R H

3.21
3.20

Sche3dme7 Nak@met ami nati on -met’ed using s
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3. 4PPkpear ati on of theeBamydroal anine P

Phenyl sel enocysteine

Wal tear?@aflound that selenocysselaet ideeliyvative
converted to dehydroal axinat i deei edti mieasat uom
condi(t3 comesme Hetn8e)at me nt of di phenyl met hyl sel
3.®R2th sodi uant ened ra peeyrd roodd ei nir pesourl rteesdpondi ng

selenoxi de 3.d23 whtaltchrve s nder weritot heel i mi nati on

dehydroal an3d .n24 dredadm attd mpeer at ur e.

Such method was | ateet Hdlopt @ae pby cddn oderi nDdrn
standar d FneotcdSiPPsSt deylied this method in t

of argyrin B. Therefore, this method is uti/l
dehydr ecaolnatnaiinnei ng argyrin analogues. The ful
outlined in Section 3.5.

0 0
j‘ﬁ%g% Oxidation }LEJE%
>

-
Se 0=8¢
R 322 R 323
Selenocysteine derivative Selenocysteine oxide
derivative
R =H, Ph, Ph,
0
N
liminati
elimination ji@ \[HJ\E%
3.24

dehydroalanine

ScheSme8 Oxi dati on el imination of ?fhenyl selenocys
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3.4PBeparon of Dehydrobut-yrine PI

Phenyl sel enocysteine

Van dewret Petxkt ended the above med-hod to
dehydr obut R3I9iI3mMe t isSrgdhe (Y21 seln@cbemet 8. 9
Boprotecte@. ®hAseconrnerted 3.024afhod | boemezdy
by t he activation offt ohydneswyl f ogairydu p
Nucl eophilic di spl acémavint hofpheéhwgl steolse
af feodride &t at end&r.iRvBat6i7wesyi el d. The pr oo
t hr onSg2h raeacti on i ns taedadd ta fo na ns eeqluiemmicrea t
confirmed by the one di astldieommer obt a

dehydr odu®@&s i omles e oxeeldi mi it éht jad i ypd rgd d/wca tn

0 0 i
TsCl, pyridine
BockN, ; BocHN,,
HO HO Ts—O
325 3.26 3.27
0
PhSeH BocHN 1) TFA i b
e oc 7,
‘v~ 0-Bn N,
—_— i‘\ )J\N/\n/ 7~ "O-Bn
KOH, DMF PhSe" 2) Ac-Gly-OH3.29,BOP, DIEA 1 0 SePh
3.28 3.30 )
Nalo i Hol
alUy
N
| N0y )LE/\W o
¢
3.31

ScheSmed Synt hesis of dehydrbutyrine co¢

Thabowvweess encouraged t het hmeed dfamdc ht hger o
construction of an alfpmpaoopShk RERSSBMaAad di n
metdswlhenyl sel enocys(®eh eBmgl \w & snbpxreeopna rneed
1. w@ds protected as m)heeldtitgirheh ¥y lome d h ply
activation of ptyodlruoexnye sgurlofuopn ywi tchh|l or i d
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was displaced with phenyl selenol ate. The fi:

3. &Bth TFA afforded 3t.hBed gfurieree d& Bf POBro xFymoicc aci d

0
H
FmOCNﬁOH _Ph,C=NNH, Fmoc-N, ﬁ TsCl, Pyridine Fmoc N, ﬁk
o PhI(OAC),, I, o s o

1.49 1.51

g9 {0 0o

Fmoc—-N, TFA -
PhSeH 60 Fmoc—N, OH
KOH, DMF PhSe"” Q

PhSe"

3.33 3.34
H 9
Diazald FmocN,,ikOMe
PhSe"”
3.35
(0] ? P
BOCHNJ)kOMe PhSeH BocHNﬁOMe 1) TFA F mOCNﬁOMe
|| @ BuLi PhSe 2) Fmoc-Osu, Et;N PhSeS P
3.36 3.37 .

(RR+S,S):(R.S+SR)=10:1

ScheSmel Osynt hegiRs9Bhe tFidwlheny | sel?®8nocysteine

Theroduct was ceh&.ef i drod eme tithoel dae teir ana In e
purity. A racemic 3mi@ésurper eopfa M dahsat éekr oevognhe r s
addition of phewmylosteelce neadl adteeh ytdor ofbrmdc/ r i ne me
3.36redul tdiinagst er eosel ecHPLCtwawnafyd40DslonThro
Wh e-Dlkc hisrtaalt i onary phase, two sets of enantio
a single peak was detected from methyl ester

the tosyl group.
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3.55ynt heNsFinsoRbhenyl sel enocyst e

As mene amwlniSebre, ( Rhit)e wex iedlai mi nat appl s edat
incorgehwdeoantaonianregyr i n. The facile a
Sec(Ph) repoeatt?alabya@pt eg Thudsotthi s t he
serli.ndeds firstl yblcomtveerrd,edf alol awesd by r
phenyl sel enipdree voabotuasi hnye d e ebayct i on of sa
trimethoxyborohydride with di phenyl di
Bo-Bec (CPHh) was convert EohoSie t@H )dtehsri a weglh
standard met hods. Thet Ifiivd e ldesnyent M.kl c
detsaff |l each s §gmdeerlsectriidbesdt empm t he foll owir

H O H 0
Ph,P, DEAD
SO o e ety
: 0
0 Non THF, -78 °C 0
1.45 40% 1.46

O
H
PhSeSePh, NaBH(OM O N
e Y Aon
I

EtOH SePh

70% 1.47
(0] q (e
" :
R Fmoc-OSu
—_—

TFA/CH,Cl, Ng
e
—_—
Na,CO,, THF/H,O
95% 23 2 1.28
1.48 82% :

Schedmel 1Synt het i ep hreonuytl gs st @ infFor@o ¢
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3.5S¢Ynt hébdiacstomhe

H O H 0
OTNQKOH PhsP, DEAD, O _N., é
>( O i THF, -78 °C >( \fg O
OH
1.45 1.46

Sc he3dmel 2s y n tbH eascit so neef

Thefirst st & pfeliarck winwee dr i ng N-Bo-k-snartiimen fr om

t hrough an i ntratmofreack 8ohevnma BlBen @ B U

Mi t sunobu reacectdi ony, Oyioa sMi tr’woorstu t he 1967
dehydrati ve ¢ oupsle cnogradoatroytao |pnrui @ aenoypphoiol e
medi ayft edhe& reactioncaf baxyliatle&kgWwi talvoad tri al
triaryl pghmMspbuneby r eddemndrnse)an Dprrd cmegs s , t he
di al kylcambBoxyl at e i s reduced t o a hydrazin
phosphine is oxidized to a-npkéeplpihnée ecsxi de.
including (thio)carboxylic acids, (thio)pher
participate in this reacSCiaonld b nfierm corresp:

The&Kaopf t macpre®epbbbdaround 11 for a successfu
The reason i s basedreoanc ttihoen naesc htahnei sbre toafi nteh er
from the r ebacatnidohn® #difa fIPpEIA3 and removes the ac
proton fmanmnltle hpil @, ot herwise al kylation o1
Mitsunobu reaction can, otouraéu ®dcgiCe miol d con
room temperature. THF, di dtoHwlenet lteamn, bki whled
as standsqrSad heaméV 8ntl 3)
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R;P R;P=0

R4,COOH
R ArOH
Rl _ 1 _ Ar802NHR4
>—OH + Nu >—-nu -Nu R,COSH
ArSH
N3;-H
R4CONHCOR,

COzR; COsR;
NN HN-N
R;0,C R;0,C

Schedmel 3 The Mitsdhobu reaction

Théirst step ft hdef orermattiioom aofa a react
3. 2f9r o m3amRIh M.EAThe bet ai net iteé emardegx yltioa
of the.dér igreaee rpantoes pthh@n B0 mMh s as ¢ csond st
the alcohol activati omi.née€rl hger aoup udft apnhto
sals$ wmansferred to tRBe3d3lhgdcbxygtepgr ganpg
the alkoxyphdsphodnti ben bptbtd@@iBBEI byl | vy,
the formaacthordvdf accompl i shed through
nucl eophi |l jwd tshu ktsrtiipthetniyd p-hoe @48t e oxi ¢

Ther opoeadti on mechanScshne mes 3i.llldustrat e

Thus, the above the DbMiatcstwmab uf oirmtarta i
achieved by addition of a stoichiometr
of PiPh dry THF wunder n-7 8r odUgCe nt oat fmorsm
phosphonium salidseAisel utni drHFofwaBoadd
the reaction mixture over 30 minutes.
was st-v8r®@ faobr a further 30 minutes b
temperatur e. The reaction abostsruoved

compl eti on.
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The pbpyduct, triphedyd3pWwaspilpiamd | pxircenoved b
filtration. The -groonpu ectt e, rtermoplae nylfp tbosphi ne
the hydrazine, was achieved by purification
Theurméactone was obtairmedhisht adtou% yi el d. Th
membered product is unstable, and therefore

the next step after purification.

Ph HO
Ph_**_Ph Ph_; O ~
P Ph/P + COOEt \_ N
' COOEt — NN H-O
Ph ) N-N WAN—BOC
NTN EtOOC \/ o H
EtOOC
3.29 1.45
ol T~
= +
_ : —P~  COOEt
+ Ph \ /
" O ONBo ‘N-NH
o H EtOOC
331 3.30
Ph
+
Ph—P—Ph
-
/_\‘ HE
EtOOC B :
HN-N O~
COOEt WAE Boc
3.33 O
3.32
Ph
+
Ph—P—Ph
)
0Jd_ COOEt
- C—= HN-NH
OWAN—BOC Et0OC
H
0
3.33
H O
> Boc—N,,é +  O=PPh;
0 3.34
1.46

SchedmelP4 oposeldami s m bouf iMittrsdumadc ¢ omleardf or mat i on
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3.5bRactone Ring Opening

0
H O PhSeSePh, NaBH(OMe), H
) o _N
>(O\H/N,,/é _ >( \n/ \:)J\OH
O Pt
0
1.46 )

Schedmel 5Ring opening mediated by phe

The seconsd tshteepeiwagg r e abd taicadmnef us haecg
nucleophilir tselgeanereatasni tohe desi red
(Schemel h®. Ir5)asc tacohni ewaed t hr 9 wlg & toiamt wmtu c |
at hbecarbhenng phenyl sdhenirkcgi @asiedbmecti ve
reaction depends on thhe smdlelctamd olar
nucl eophile attacks the carbonyl gr ot
nucl eophil e attachcesar b he.s oefTtte nuaep leiolpir
phenglleni 8eBfnt barefore aamSlre pattieant o

t hbecar btoon gener ate t?fe desired product.

Di phenyl 3diddel drindenesel enol are the n
t henegeat i on of nsueclleenoipdhei. e iBéOa phtd eSieyild tht a
afPreported nucl eophnilor Wasszeapablea ofl @
openi nget. Samietdluced di phenyl di sel eni de
DMF. Howeveetr®dlauondtahat the method Smi
sodi um benzeéinkecredmreae olcaotnep | e x . Therefo
generation of sodium benzeneselenol at
di sel enmdesodrumrbdydri de and benzensel
wor K& fsrther i nvestdgataendd broetahs o med h ot
pheanglleni desvraeagehnhenti al Lewis acid | a

Their results suggested that the benze
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di phenyl di sel esafdes oM itihm 2t reignue tvhad xeyndkor ohydr
open the homosernX2e paatchawbahye s tdhhg r edace

| actSocnhee mg. 3. 16

3.35 3.36

NaBH(OMe);

€

H o H' g ©
Boc-N., dj - @ . BOC_N%OH
/ Se H

2 1.47 SecPh
1.46 )
SchemelP6G oposeldanbbsamcbbdbne ring opening

Thudhe tsodium trimet hdexdgbboobhbydpopl dei wasohddi p
dsel enide in dry ethanol under nitrogen atn
solution was stirr ed afcdlro #3880 dmaynadttewsa sbef or e t
added. The reaction mixture was stirred for

After aquwequst hwordkesi red pure product was ob

yield.

3.5NBoc Deprotection of Phenyl sel enoc)

O
H O
O N TFA/DCM
>r b :JJ\OH . HZN\.)J\OH
e} = =
\SePh \SePh
1.47 1.48

SchemeNBacd 7deprotection
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The resuphemygl sBeolcenocystei nBBui SPRP&t o$u
argyrin. Theoédtahe,pmatectled pbenyl sel
t Nt ebut ybnghobecti onr @ mo$gadma s3T.hle®)

Boc protecting group is stable under Db
nucl eopthi i €s,cabu be reaeamawed wrodhar t mbh
met hods of seNBotipeotembivadg gfoup 1in

funct gplhapye been repopted. méghbodioss a:
using TFA in DCM or HCI t elnutdyilo xcaareh a nle
under aci di c ctoabddttyilo(nS egheenoear a8t. dlsBt)y | at i
of ebutyl catioot weam aeadbeump.r cAMdidi ti on of

ani sole, can be added to prevent the b

HenceNBotphheenyl| sel enocysteine wawgvitreat
TFA in DCM for 1 hours. The solution v
wasriturated wi t h di et hyl edt . h3erf t o

phenyl sel enocysteine in quantitative vy

(0]
H (0]
Oy A Cod i L g
"> — 04N
Y SO o
0 .‘/ SePh H/O-{—) \Seph
F3CJ\O—H 1.47

F,C~ 0 4 O
- H-0 N ¥
e Y
0 z
j\ “SePh
F}C O_H
v/
i G
-+

— A 8 - :
F,C O—H</ SePh Phse”  3.37

SchedmelP8 oposcehldamNB8mcofdeprotection
125



Chapt.eSsynd he@,ibsehgfdr oami no Aci ds

3. 5N-Emoc oRPection of Phenyl selenocyste

o Q ST
HZN\:)J\OH . ‘, . \/<o 0 THF/H,0 O O_:?NA?; o
: - ;

“SePh Na,C0; Se

1.28
1.48 d @

SchedmeNFmoc protection

Thdinal ssttiNHanowa protection of the phenyl sel e
Fmo@Su under bs(sSccheomehh3. tli9%9)acti on conditi on
propmeethanershn swussed i (thSeene CRRA@t39r

Fmopchenyl sel enocysteine was afforded i n 80%

char seadt éoryi NMR, HRMS, mel ting point and optic

3.65 nt hefsiBehydrobutyrine and
Dehydrophenyl al ani ne

The synt hetic obt auhFemegcRB$-3-met 15l
phenyl sel enocysteine for-cdrhteaisryinnd epe st iode d e
reported byet&%IsdpstrkeaD oinrk Rihrisst Ityh;e stihse. Fmoc
thrednidwdes protected as the 1d.i5phheeny | met hyl (
hydroxyl groupg hafaotti vrag-tealli overtda sl f onyl chl ori
foll owed nod leiblhiec di spl acemeotwup ofwvi tthh e t 0s )
phenyl seltemodener at e t(MRR8S)-3-mé& M ¢ |

phenyl sel enoc y3s. t3e3iTipee Dpenr ede grot ecti on using
afforded dtfhreee desirrbe x y-( B ¢ §-3aneitds g IF mo ¢
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phenyl sel @8n8déygysieeddBioSPPBocMThe chemo:
coner sion of the 2)pebdyydroblueyrdaet wa ¢
oxidation el i minfaha ofnulwli t sy rdital dti me dpr o
Scheme 3.20

O
H
FmocNﬁOH PhZC NNH, Fmoc- Nﬁ TsCl, Pyrldme Fmoc- Nﬁ
o PhI(OAC),, I, oo s o

1.49 1.51

H O
| PhseH Fmoc-N, ik Fmoc-N, . ikOH
KOH DMF PhSe" PhSe"”
3.34

Scheme¥@dn des Bppkoac3dmeftdagl Fmoc
panyl sel e?focysteine

He nctehe met hod is adopted in this thes

FmoExmet dwhenyl sel enocystesiende, f ovhi €t he wi

synthesis of |l inear ar gytBiun S@PrPe&c srt g @ar
The-resin oxidation wil/ be carried as
macrocyclisation to afford the argyrin

thgdhoxyl groupthe meaotsiydbn gr espl, t ed i
t osy3l.adtbkal -pyodiuchtd ra®di(@Sc he meT h3.- 2bly)

product was prechygtde d b o y ble. nbEanmsBepdm oens t
t hbel i mimaech ami simbé¢deise t he H-MNMRi @amd 3. 6
HRMS confirmed tO®topykdietpoaoadudhewas

step. A modi fied condi tion, whi ch us
tri methoxyborohydride as reagemnt, w a
substitution reaction (Scheme 3.21). F

to beddé&mpadr obutyrine Dpm esteor .t h®uaals arng
reducing agent sodium trimethobxyborot

el imination reacti on.
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Fmoc- N 6
PhSe"
3.33

PhSeH

KOH, DMF

g ©O O Fmoc N

Fmoc-N,, 0 TsCl, Pyridine + Fmoc— N
_ () S (0) (L
s

1.51 1.53

PhSeH

KOH, DMF

n 9 O
Fmoc-N 0
1.53 O
Scheme21: Tosyl atiloamt eangulpdhteintyd tslied5e3nroeact i on af f

Nevert helaego,0dsod mordmtcy dr obut yrine Dpm ester
obt ai nehdke Dpm ester deprotection-was carried
dehydr oldut5yrTihnee r eswdlethiyid g o bFutoyxr i n e was appl
di Mot t h B uF nSdPcP/S . No degr adaantalgynbiennas found w
resulting |lineadepydcobsoyri ike wBamod ound to
t hrough t he SPPSsamrdo aaedseurl étissnd hGhsadpdtteari 14 .

I n conclusion, the synthg®RBE3meotuhtyel f or maske
Seohenyl seleemecy can be modified- for a direc
dehydrobutyrine. shheesecminohdadr3 cs@mrecditinon

AdditionaldghydhephHenmoyl al s incec esassd us Yyt hesi

using the same approach
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3. 6Car>xl GroepgtPOoitpwe by | met hyl Est

u O . E O O
Fmoc—N,, Ph,C=NNH, moc fj\o
' OH .
PhI(OAc), L HO” >R O

HO” "R
1.49 R = Me 1.51 R =Me
1.50 R=Ph 1.52 R=Ph

Schedme22Cal bgxgup pr ot edthiydn esyt edi phen

Theai phenyl met hyl ( ups)d easnt ea | thearvnealt bi eveel
esters, @amedhlyéenzglt eeosrtgearniicn cshyenmihsettriyc a

groups of carboxylic acids. ardied dipys iess

and hydrogenol ysi s. Nper ot et od , dHmpimn oe
especially of serine and threonine ar
addition, the use of Dpm derivatives i

compo,snmdé as ameniceiplhlail @msporins.

The introduction of such prohecteagtgo
of carboxyl ipheaygi gheo vy h &t eds, di phenyl
gener at ed by nzooxpihdeantoinoen hoyfd hime a eitei, onor o f
di phenyl met hyl chl oride with silver cae@
properties of di phenyl di azomet hdne in
have been used for the preplprot eant ed
serine nnnd. t hbegatad @ pios tNepd ott heactt etdhes er i
thheonine coul d pthengll kylaatoengdt hbgnei in e
hydr oxy geiomg afditcehdetnged h3e. 202x i dati on r e a(
usweémer clulr)y (oxiare,perzaocneet i ¢ aci d i n th

Howevédire, coimamerperacetic acid used dur
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wWw) aceticwauol d, pawlat ceimpage.r eHaecntcieon t hey
descr i bpeodt ar eocancet i onl JplydipdBeadtpdtaendion e di zi ng

agent . The phenyliodine( ) di acetate is a
commercially anwvdhid¢eady ehosfpatbhdieeacti on, t he
benzophenon3e 3Mysd raxiicthiezed by the i odobenzene

genermuehée diphenyBdB@dtZlbhenetgh ®ln@ x fotfr
e X a mpH nectchornei, nneasproposed altlbyl bBeed by t he

di phenylhdinazometyi el d the )desired ester (Sche

H-N.
N
l ®
N, 0
+
. N n I +
O o
3.37 N
||+
Fmoc— Nr‘\ N
1.49 R =Me
1.50 R=Ph

Fmoc— N,/f‘\ N,
1.51R=Me
1.52R =Ph

SchedmeP3 opbpmdest eiroaputod ec
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Hencteh,e -pmotected lamimib Ba8c isdsown i n Scl
3.22) and benzophenone hydrazine were

1%wN) i1 odine in DCM, the suspension (pl

-10 UC. The phgsyhibdine(lll) diacetat
mi nutes. The colour changed from purpl
by TLC. After completion, an aqueous |
acetic acid and i odobenozne n el hHgdernieem oadt reed

Dpm €estiveirs afforded by crystg4BOWLCygt i on
as a white solid in 86%eyiydlIscke.rine O@m
1. w8s not pure after crystallilzammon,

chromatography to afford the desired p

3.6Ca@nverfHiyadm ox vyl GiTos plsainnego U a
Tosyl Chl oride
o O

0o ()
H
Fmoc—N,,
' (6]
]
4 O
FmOC_N;i‘\ TsCl, Pyridine
’ (6] —_—
O

1.51
Fmoc—N
1.53

Sche3meX4 ClI mMeéeosglati on | eadi ng-ptrodiucgyl at
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The secosndt lsd epohwpackr ¢ X yln atgaef © ylp attnomst yol

chl oride a8dhemeTih@i Bréesul ting tosyl at e, whi c
|l eaving group, can be suhsgtéeptedhbympbenyl s
common sull ¢ anian @sageebapesenesul fonyl (Ts) a
met hanesul fonyl ( Ms) . To be specific, the m
base of met hanekwotf2f, omiptl od dniech ewiutl f opmate i s t
conjugat gt oblauseen ecsful f oKa 0 £3 jaancd dt hweirtenf op e ar e
excell ent [Tdraev imegc h@mo spn. o f such tosylation

Scheme 3. 25

The reaction is usually w@wactieegphotuici basbhe |
such as DIPEA, DBU omupgyreiopihadtirc®ibmmsewaak no

t he HCI generated by the reaction.

X

L.

N
| _
5O~

—_—
N Fmoc —Fmoc
_ O
H
Cl Fmoc—N,,
' (6]
\\ 0
0 G0
N Fmoc
+
/ 3.32

Sche3dmePF oposceldamO$s msgf ati on medi ated by TsClI anc

As mentioned abolvetdo miak ¢oui@-teo s yal nadthe e mp t
dehydro ider raaliioveasd. post h@tl cast yeldagtheh a t
undengastéahi minati on under floami ¢ heorekihtyido ro

deri vaTheepofomoud b nedmnimi atiagh atvaekden [ lhac e
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presemocmuolfeophi AhcgbasempewatuigBe abTlke
i somer (Socheme)yg 3. 26

Fmoc— N, 0 O

H
> Fmoc—N
J)J\O

1.53

Schedmedtht i ciepahaerdi sim of pyridine medi at

Therefbeereacti en fawaon dietri amvwati gat ed.
was cauarti esdhWUicehd t o t heabfparomdaitcitan Hefnc e
r etaicon temperatur-25whB€, mahnthi aetiontled
toaye product and dehydiw@epproddedct whe
whidteirring aetch 2B: WUCr aatfiforaf tosyl ate
product. Thwer d oiws teonpsirddr e dg etnoe rbaet iionmp

of tosylate product.

Neverthelhes getnhdeehtyidoo 1 o6 ® d o gat snmecthh o d
coubledad nt erfnoart itvhee s y ndehheysd rso odmiiFinm icagi d
bl o.ckTshe getngdtad iprnoddct | sf Wlelhmgdmaat f on

based on the mechanism illustrated abo

Ther etfhoer eT,s CI was addridalt oand epywriaditme ¢
1ACAfter the starting mattheé@islsipisa el
days), the reaction was heatsetd@pten 50

synthéswdsotarried out using the same
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e p () e
y TsCl, Pyridine H

HO (0) > (0)

1.52

Scheme 7: SylntbMesi s of

Af t er e¢c o mml, anedqguenlwasbapplied. The crude
was purified through column chromatography t

yi elld adifid. wé 568 %.

3.6DBmM Ester Deprotection by TFA

0 ()
Finoc— TFA/DCM g 0
(e} > Fmoc—N OH
| @ Anisole | @
< O

R
1.53 R = Me i‘ngiMe
1.54 R = Ph -0 R =Ph

Schedme2 8Dpmdepteibgn TFA

Asmenti oned above,

using acidolysis and

ested protecting

hy tNFforgem op rysti sctwiindgrout

group. Vari ous condi taicoens,c haotirdugle mgl ywseifd uxi

usi B/gPdHr rsitng i n HCI

andavefbeeanndeval dCODH |

this thesis, the deprotectciidm|l ygfsi Bpmse siger
TFA i n( CMe meT hFk. 2B chani sm i s similar to the
N-Boc protecting geadbBphe®i 8h is illustrat

134



Chapt.eryn3 he@,ibsehgfdr oami no Aci d

(0]
H—”?))J\CF3
W (O
O
H C
H O O Fmoc—N | N
Fmoc—N | 0
| (0] g

. -
H
. Fmoc—Nj)k L 3.39
| OH
: -

Sche3dProposeham sm of TFA medi ate Dpm e

However, the product generated was not
with 5% MeOH in DCM as elmuemtt hd hfeorn mMma t
of di phenyl 3 .m®%Heynlc eccatai osncavenger, ani
reacti on. The addition of anisole to

product .

Therefloee-Bmbgygdr o ami no acid Dpm este
DCM/ TFA/laeni(20/ 16/ 4) and stirred at r1 0C
compl eti on, t he reactionvaodowdi ¢menmva
triturated with diethyl ether to affor
products were idersti-fRPed, uamdhgmaIMRi, n R
quartet peakHBMRSG6. 3a8s ipFmedenh odrtdteut yr i
i ndi b@mrt ®etdo n RJiFi )glubrde d3o.u bl et p ¥HaONKMRat 1. 7
assigned -dohydreolbumioy«CiHO & i g Bidne c @lthea ) .

purity of bothldéehbhdWdpfBiagumwer dacdeser mi n
usi n¢giPRE for greater t-HBbhCO90r &c-epuafe. F
dehydrohlhutrilniested i7whithe ®Fheguteade

dehydrophdnylbal asiteel 8i n the Figure 3.
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— F N
H moc—
Fmoc—N | | OH

1.55 1.56

Figua e FRhetydr obb&ydi Wmdg dr ophdampl al ani n

L e B e e e e B e B e L B et B B e By B B
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.0C

Retentic Ar e a % Are a
1 9. 436 67 1930° 93. 71
2 14 . 055 450770 6. 29

Fi g Br.&@PHPLC anal ydéebyodfoBPmbhbgSdlneem 0 syst

60®BI Aover 12 minA=at0.306n%/ ™MBA .i9r0 %vaatceert,oni t

in water + 0.06% TFA) .1 Q®I0umn:4.®n ymxn) Mo red I
monitored at 216 nm.

T T T T
1bo 2bo ado 2b0

Retentic Ar e a % Are a

1 1196 2 506361 100

Fi g BB®RPHPLC anal ydebydfopmdanpl6&dlaneme syst
10 o6Bi%over 12 minAat0306%/ MBA.I90 %vat er ,
acetonitrile in water + 0. 006WOTFA) 4. 60 mmp

Eluent was monitored at 216 nm.
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3. 7Appl yiamgO-Tosy | atFiodn owed by
EIl i mi naai Dmr ¢Gomit meCryicig ¢ Pepti de

Thesuctasynt loddsalsydr oami no acid using TsClI a
medi e¢leidmi nati on encour agaenet tuwsel nagppal i cat i on
prefoaynepdept i de. dEhgdFmoamserdsaegieds
througtBuFB8dPd®P/S procedui scwhms ek ewiClhlapher 4.
However, the direct adapmpml icoyactliiacn peefp ts wdoeh | mevteH
avoid wmuolpi plyemt heti @er pivead suthadteeasct il mn,or d
anargyrin3adg@®ina@uei ng t hr eaolna mieseatti oonhne dehyd
wasebtained from Si.%amtdwaapy tGeen agpdavtahnyt age of
usicnogmmer av ai Fsnbtther eoni ne ratherathan the sy

masked residue.

The eaction (schemel53.080)anwdasmednPiitCorreedd abty RP
After two days, no conversion was oObserved.
described i n Tabl e 3.1 wer e attempted wi t

transformati on.

S S
o B I X o o B I ) o
j/ N T N
\N HN _— \N HN _
HN HN
HO%)QO o, INTYo Pyridine, TsCl K/go o , m "o
—_—

HNT(L f HNYL J_
N N
H 5 Cl H Cl

4 0 0 7

3.40 HN HN

Schedme3ppl i cayi iochi mé gndelTis @il n ackyidol @ tce o

pepti de
Il n summary, di fferent bases and different t
alternative elimination meea htordi eutshynlga MsnCd i n
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and DMAP was tested. No t ddyel asttearitntn
mat ewasalrecover eadbouvredhernt | @ainlTeom@ o $ s bhke
reasao (@it haer gy r icny orlaica os t st thethyreey -gsxhyitiepl d

of t her(gthpiod ar sofdet lye owycoblddea yp dfgrtea nd e

organi ¢ saesbdeeef ore i naccdmssarbdeer ttoo tehxe
the effect of the sol ventDMsém xtthuer er evaacst
uselde addiattieorn nmoafy wexpose parts of the
sol Wewever, no convdhei oeswatshsath sien dceard
the conditnomabluttHe& neydndheBusyoifndebtgn!t
cyclic peptide f rionm ntghecytcd o &b dp enpeai ti cd|

achi.eved

Tempera Sol v Reagen Sulfor Ti me Conver
(0cC) agent (hou
-15 Pyric¢ Pyridi TsClI 48 0
R. T Pyric¢ Pyridi TsClI 48 0
55 Pyric¢ Pyridi TsClI 24 0
-15 DCM Pyridi TsClI 24 0
0 DCM DBUY 1 Ts ClI 24 0
eg.y
0 DCM DBU ( Ts ClI 24 0
eg.y
0 DCM Triethy TsClI 24 0
( 2 uievqg
040 DCM Triethy MsClI 24 0
DMAP (
eg .y
0 DMF Pyridi TsClI 24 0
wi t h
H.O
Tab3.el Reaotnidhist if@wr t he eliminati on
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3. 8Conclssion

Inconcl usi on, tbdcsurcleapt esrynt deitew met hods,
el i mi natisonf oreatchd onnynt hesi s of dehydr oami nc
tw classes of eeomytdr cma nmeignpee pddiibbdesst, od i ¢ s

and thiwpeptwvi esaved. The conformati onal prope
reactivity of dehydroami noiacitdathd mankye t hem a
argyriThe Hahydeoanoi ety olhe theplaacgeyd i wi tchoul ¢
various dehydr oami noc taeri ida wma cetnihwinicye b e s ani

di scussed.in Chapter 5

Thi s chaptert hael seynotunteltiincedr out e t o key bu
dehydrobutyrine, dehydrophenyl alanine, and p
t he Bmod&/PPS of argyrin anal ogues.

The mrtapdlfFmdpchenyl sel enocysteine was access
reportedr cuyftréeohme sOdde I( &g h8 méTy mmer ci al |y

avai INBolces er i ne was chbhaeroed tionga through
i ntramol ecutl yape Bd y ®lninobhbhge wasgpepreoi med i n
the presence of diph&BpiSed(Pb)enwthechowasfo
then convMefFmaeB8kct(dPht)fewoequheel&moc SPPS.

The i nempal fatrt the sy R3SR3ar=eit 45 lo f Fmoc
phenyl sel edn odady rddeedti mé nlae¢ i on i n the tosylati on
Fmoe(E)-dehydrobutyrine. Therefore, such method
di rect Isyucfcoessysiftulde s i-@)-defthydEmoedbut yri ne and Fmo:¢
(0-dehydrophenyThalihseni nFemuma neandFmo-c

hydrpdxwmlyd we nceonv erttheedr t espondisngTbem ester

F motchoniene aniy dmoxy ph ®pynl sisher wemd e r
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b-el i mi mad aMeidonat ed by TsCl ashdaptyos yl atei
intermedi atyg WwWasmedi undkr | ow d emper
tempepaobmbeéleidmi nat i ere.h yldireo afbmamcoe satc e ds
were then subjected twoi acidol gsafsf asdn
dehydr oamimo goaoidd yi el ds. Tl é smocess
dehydrobutyr-delydanodp heEmgd¢ al anwinlel floe I
described in Chapter 5.

Encouraged by t MeClreandt y oifFdindardee me o
dehydroamino abtmdshod nwwaesiaplprl a-eerdi nteo
cont aairngiymgiah © § o le e mev/ad .irddascctoi nodni (tTiadn se

3. WWere attempt ddrewovbdnt,dbanwyl ateon inter

di scovered.
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I n
arg
deh
deh

and

ma C

Chapte

r 4

Fmoc Podke dPept i de

Synshe of Argyr

the previdhse tswantheasptserod, t hr ee

n A

key bui

yri nN-Boamed zyol e di pedgtriypedo,phtames, Famomad ¢t he
ydr oapraed mres o-phenyroscel enocyst-ei ne and |
ydroaths nwemne reported (Figures 4.1). With

hand, t hisshehapstemkegwsd idewikeihre anal ogues.

se argyrin anal ogueesstwmerhe sedlfectt sd oifn o1

talled halogebsutest Uttdogtheydd pbami rmondaci d

i dues on the anti microbi al acti vi

descri bed d@atn a@lhaptterr elporlieeyd t he

ty.

total syr

sing tphheasso lfutaigosman it ® n’PBwad att resgpyept i de

a dipeptiede Wwel ¢ owent bbeg sgirsorapwsalanadf prot e

pling of three fragmeptapetpot i @¢é f orTdhet h

roatyicem swas achieved by dddroomeedc tbiyon of t

ramol eactuiloanr. cTyhcel ifsi nal unmasking

ehydroaleaniongi eé s italpe raragyr iwa sB .a
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Ni ckelk g%alnd &Ritad¥dor the total synthesi
analogues. However, the overlalnmi tnaettihoond:
(1) not suitable for (s&)nithiemwems ngf pmwolct

(urification required after each fr aq

R,

(0] (0]
S \ OH
FmocHN FmocHN
BocHN X OH OH
N Y |
?c Rj
Ph

Ry=CH; 1.55

1.29
1.30 1.28 R;=Ph 1.56

Figure 4.1. Key building blocks ¢

I n order to enhance dawdiabynt mhasi spuegfiff
procesduarf tcomdeacht Chanas@deiderc® reported
FmotBu soliddephasyeatmepstis (SER8EMEDL. a0y
This chapter starts wiStPhP Sa bNreixef, itrhter c
Ch&an met hod for the total synthesis of
menti oned i n eCchta pa peprl i3c;@ ¢éthhpeh r doidrmiFmo c a ¢ |
the BR®S is discussed in this chapter.

41 SolPhdase Peptide Synthesis

Theopatodecssdaew t he fast devel opment of

amino acids to form peptodeanghacslepdi n
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are routine practice for chemists in the fi.
synt hesi s i &f rsoomh utthi eo nd idsiafidecan o mag-& i g, skil |l
inteasdvenpredictable sHdémdeMertrynfafelidnt er me
196d3velaonpkederampgri ovaec h, lsmdwrd gphatskee peptide
synt ##*€oimparing tphdse poptuitdeompshyanstehesi s, t he
peptide synthesias$ esachf chbugh i efgf s¢cie@ncyhe ex
and -poryoducts formed could be easilywy removed I
recognition of the advantages and i mpact of
honowi ¢t the Nobel Pri?®2e Tanbl@hedmilstgiyv eisn aln
overview of iIimpdutang tdtbheehbpmeny of SPPS.

YeaAut hors Devel opments

196Merri fieDevel opmentcrmfs s3IRMX ec
be &% s

196MerrifieNprotecting group: B
187Sakaki baHF |l ea®age

1 986 Aut omatisersynt hesi
197Car p& nHoarNprotecti ng®group: FI

197Pietta &BHA esimepgtoird& ami des

197Wang Devel ompreanitk ox ybenzyl
(Wang resin)Npidi&AeCl ¢
Bp 6%

197Burgus &PreparRRHPLE f or t he
peptides prep?red by

197Bar a@ny al Devel oprientthe c@m ¢ é udt
protecti®n scheme

197Mei enbof FmotBu strategy Zd'sing

198HoughtenSi multaneous par al |
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and othesynthesis

0f®FPepti de

198Mer gelteral Devel opmenmet lmébaxlyk2o x y
alcohol resi n tBUA SSRIPNS

198Ri nk

198Sieber

l198Barémsal

198

I ntroduxcai ooulsabT HA |
FmotBu SPPS of ?Pepti de

ami®§e

of pept®de amide

Xant hend loFrmhatBnik eSS PP S ¢

2chl or ot r it yfl ofrimiotB dS RIR

Ficommel arsgtal e eynt h

199KendAlamwoFast Boé® protocol

199Hobbs

ElI | man

199 Mut eer al

200Gogol

2 0 0Wh taem

diCombinatori al Chemi si

peptide ®nol ecul es

| a Mi cr o-avsssti,ed SPPS

asynt heaspisd foyntrhesi s

Psepdol ine ¥ ipeptide:

d o Longepti deassmi pb0Oaci d:¢

prot¥col s

T a b4l ..

Thegener a

attachtmdaetr saf amiCatoe ran ind,l

f A

dimportant devéakopmenbosydorfi S®PIS

I process ofrors oSP RS gounppabwt ebir

trtreesi due (¢

ar

the r e®damindMteeri da midiesact icvheasisné dpr ot ect «

wi t h a ta@emgp o rgaermyma pe ot ecti ng group t
pol ymerization. The <carboxyl group of
for its coupling to the resin. Once t1l
the resin is filtered and waphedutbsr e
Af ter No*pato,tetcheng group is removed anc

removeact

ks e eapentdscand BHhe next ami
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the attached amino acid, followed by another

with peptide is reacdey The ¢yhel @dexepeadtup!l ing

terminal r es i duhee n( cparrobcoexeydli nggr owi pt)h, tthe pept:i
constr ucNtieornmitmalt heend. Typically, the protect
before the resin is washed and the peptide i

demonstthreatper ocess.

H
1

‘ Loading
P N AA—C i
NN Linke Q)
1

\ Wash/Deprotection/Wash

- Repeat the cycle
g ) Q)

1

) H
Coupling  Py—N _I?AZ_COOH
P,

H H
PAN-AA—CN-AA O Linker ()

P, O P, O

PN—E—| peptide I_ﬁ_( Linker }"’""O
I 0
P

Deprotection l

HZN—| peptide I—ﬁ_( Linker }“"""O
O
cleavage J

Scheme 4.1. Gener al process of SPPS
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The si doef cnmaani yn saari en or eaaxd tdisve -mmad umatys f «
durg synt hesi s. chHeanicnes, ntuhsets er esmadien pr
repeated el\li?-d)e)psmcrteecttd on coryditlilf’lfoens. C
protectdamgd grdugps nder ot ecting groups s
under compl et el y diafpfreorteenctt i ®mn dsicthieames
Orthogootécti on. There are two princi |
Mer r icsf i eBBakcn z vy | (Boc/ BZlgnd appPhmmpmar d
fluorenyl mettheBl uotxyyl ct& uFpnooacy?B.f o ac h

For the first 25 years, |ohbdBoej Brzilty
approach, which is based on a system
approach, TFA i s used for iterative d:
frofunctional i tcyh aiwh-bthesreztiyhler st det i ng
fi nfladavage from resin is achieved si mu
anhydrous hydr o§€he f HEoiisdehi GHF)Y. t oxi
extensive s,affeuflydcper sthe etlidom n c.dhpunct.i
repeat ed wtiriieFaAt nmehndte gr ade sensitsvel npept
order to prevent the usage of tBHF f or
approach was developed. This approach
thIaUtprote&mdecslhadien psrao tee dotaiserd on t he o
described atBoveppit owa/pdhmpe2 0 i ne i n DMF
t o rel\FhIémcepnrotectSvnhgiIgereturpatlBusidﬂarﬁhgl

(triphenyl met hpslajn dp rpoetpetcitdiynlg cglreocauv a g e
achieved simultaneoudBuy aupspirnogachFAi.s Td
preferred over the Boc/ Bzl approach fc
deprotection ansf”THeaprggr essndoft i each
deprotection can be moni t otrreodp hwittolmett
which @ext¢ess sreadiebeés z efafpl ivtahirere.el haed duct

mai n characteristicsummantimeddlwloe ap.p2.0a
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Sc al
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Synt hette s

Di ketopi pe

Routine synt

Ort hogonal

TFAtreat ment
vessel

Ye s

Anys cal e

UVabsorption
chromophores
di ben z epfiuplevrei
adduct

Deprotection,

coupl e, was h

Synt hesi-chl or

Specapudi pmeni
required

Aci d | abil e

HFtreat ment
equi pment

Ye s
Li mi s eal e of
HF cl eavage

Ninhydrin te

Addi t inoenuatlr a
step

Neutraloirzat.

Argyrin

formation resin, concomitant
Speci al apAcisden wviet peptAggregati on
as sul fated- repetitiatme
glycosyl ated base sensiti
Tabdl.ddai n char act 8rui satnidc Boaf/ BRErhoa/ppr oaches
4. 1Ré&sins and Linkers
The resinasalsodi kineswpport, i's an insolubl e
swells in organic sol vieomriesd. i Wli teh rae sliinn kiesr
(hahdl swhacchhemmoaetsyeyd to attach an amino ac
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bealdhe nature of tthlee | d m&knairs tdreyt etroni ne s
conditions fbe tlberapred decoacstesdhe resin. T
physical ppreomptaitdiled ¢ yamd the solid sup
the polymeric materi al anfd SPhReS tiysp eh iog
dependent on the selective of resin a

peptide sequRwncer aBtdcywEBmg byed.

The i deal characteristic of the resir
i nertnessoltvee maebaicltiitoyn tso s wesl | ankhy Hihgh r
efficient attachment of t hei mhipgarstta mtmiin
SPPS, since amdmadtiiuen okii metnitaIst edt Cor
swells more wildli fhaase oa haglkeeof reage
matrix | eading to shorter reachheon ti
most commonly used spokeymereompol iseéds wi(
polystyrene, polvyacryllyleneoodly’Bcoly! R
The majority otopbohiat genhe ResH®Hnvinyl
as a cross |linking agent, which is in:
Typi cal Isyi,nst haersee preepared and used as
di fferen208i mesHhdml 0&nd 0P0 medBmM) (.3 5T he

first pol ystyrene solid support devel
crdssnker with 2 % -DdVB )% Tnhyel ybder nozpehnoés i (CP S e ¢
freleowi ng-] i bewdensi stasmmfdagi Weswdlljng
organic solvent s. H eDWeBv eirs, atfhfee cetfefd chiye
of pepwand particular amino acids wused.
that the swelling of the unl obBddaderesi
frequweMFDCWM mi xture solvent system i s U
in the first cowpleidng nwhiflee reME icoupl i

Later, ddwtsyebhsessisstmat W&®P Sdevel oped.

met hod, the sheskdaswelcloinsg ant . Theref
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resin, pol yedlhyd emyel ghiyttevh(SPE®@A)X | np=sidn t he

swelling of whichsghahgessndgki gobity bveh in
PEGA resin-liskead, craonsisne functionali zed ter
containing onl vy secondary ami de and et her

hydrophiils ctideymtasntd pepti de synthesis conditi

An adttievewm strategy for enhana@aisngel ¢ésias swel |
for maintaining consistent swelling during g
of polyethylene gl yeMB (rPeEG)n .c hSauicnhs hoyndtroo pah i
chai nsypirtealr imgpda wi t h pendant amino groups
functionalized with a |lamkereatkids smedi f ingat
comparebBVBoi PSmost organic solvent s, and pa
aprotic solvents (such aBP¥ MFeahdngtclktonitr ]
and the sterically unhindered nature of the
chain and the polystyrene @elsiadktdhhackbone, |

environme-hbhouhdr pepsi de.

A wide varietlyyottydnem&kecsr d ome pion have been
l inkers in SPPS provide a reversible connect
the mBesiwmplriotae€-t ertrhienal carboxyl group. The
designed to be st ablamubethir capgph otphre a3 RP S hpernoi cces
conditions would result in the release of t
suppobtfferent | i nk&Brus aammrde Baoxp IBizd d SIPAPrS EBma alt
because of the differenNdepe mit ecddtti ooandi ti ons
commer ci al |l ysfaovrai Badds/éa r aesgyg co-me with | ink
loaWWadhle 4.3 below |listed some of the most |
| kenr s wi t h t he particul ar Chteawwvaqal condi t i «

functionali zati on.
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Resin na Resin structure Peptpded
Wang resi o Aci d

* SO ATA"
Rink aci: 0o— Aci d

QO

2chl orotr c1 Aci d
chloride

Ri nk amic Fmoc, Ami de
NH\
e YT vat
O

MB HA resi O NH, Ami de

Hydrazi ni Acid@st er
ami de

Sul f onami Aci d, es

resin thi oest e

HMBA resi Aci bdydr a
ami,ed,er
a cohol

Tabl e 4. 3: Di fferent resins for

151









































































































































































































































































































































































































