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gl ycobi ol ogy at | east t en monosacchar
N-acetyl gl ud-@acsatmyIngal act osamine, xyl ose, ¢
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produced glycosidic bond which growal ent |
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Figure 1.1. Biosynthesis and interconversion of selected monosaccharides and sugar
nucleotides in mammalian cells. Enzymes involved in each reaction are labelled in bold.
Adapted from Sosicka et al.®

position) and Gardae@cmemiAstwiyde( array of
are responsible for cwveatyi nsgp etchadnsde Iriemk

stereospecific manner s.

Unl i ke proteins, i n which amino acids
l inkages that result in a |linear struct ul
for glycosyl ati on gener ates a much l ar g
structures and allsyoc osslyllcaws omu letviemltes ¢ o
monosaccharide acceptor. The variety of
of long and branched glycan chains. This
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Figure 1.2. Examples of the variety in the formation of glycosidic bonds.

I n the structures tiomtacraal dtei volr ynesimalel
of buil ding blocks, |l eading to their br

functions.

Protleiinnked gl ycans are classified by the
monosaccharide and the particular amino &
maj or gl ycan f anN-dliyecsa nasrgdayrdatriesgl yacdaln s
retain the same Neacreglydtosg@@®uoBAchnNn!l i nked
the nitrogen of an asparagine (Asn) resi
and three mannose ( ¢4 ©)NAZ reYd.ind uesn t (rMasrt
Oglycans have a wide diversity of struct.
to either a serine or threonine residue |
varies Owiitntk dd cet gl ucos ami-Glec NA(cQ and
N-acet vyl gal acabtdNam)nbe{(O®g the most abund
of .gOycans occxyl ofsroymi()@Ouc®sdud)O and
O-mannos-Mai O.

O-Ma n glycans have been found to be wvi
devel opment. T hCemammots yd tau eeidldgg s bt eghy t an
(DG) which is a key -gplaydo porfo ttehien ,dcyosntprloepx
Fi guBeThe DGC plays an important role in
membr ane integrity® bogytloisrkkeilreg onhe oc eplrlot
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Figure 1.3. A) Schemati c r e pdyessterna gatDg)wanthecgiifhce of a
mammalian cell. The three core O-mannosyl glycans are depicted, core M1, M2 and M3.
B) Skeletal structure of the fully extended core M3 glycan with each monosaccharide
labelled; the matriglycan extends from the C4 position of the second ribitol-5-phosphate
(Rbo5P) in the tandem Rbo5P linker.

extracel |l UD@ri snatheé xextracellular subuni't
no-novalently asdystraae@dGivan b tr ans memb
subunit that also bindsFit@umdegUDGr ad lsion i n

binds to |l aminin G domains in extracell ul
perl ecan, pi kachurin, neurexin and agrin
gl ycosyl at e-6aWwNAQb -Mad htOOpe gl ycans. The m
a long polysawmg hafr irdepenatdieng Xyl and gl uc

uni Fisguwr3geMatriglycan extends deep into t
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and is responsible for the BIDGdiI F@ii ntr er &
to properly biosyoaheg-Meag @Ghycagsycasult
|l oss of the critical i nteractions with t
have been |Iban&tedoft ocangeani tal muscul ar dy

c anclé¥ss .

OMannosyl gl ycans have been dMlaamssi fi ec
structures based on the | inkagesbtdud&l cN.
(Fi gulrde Th & o rMl, first identified by the E

expands from the iml tldianlk edanGl emMiAtc Byl & o
gal actos®of€eald. t heb-1s-Rimeked Gl cNAc follo
Gal, bubby 84 fI6iemrksed bGlanNcAci ng off from the

resi duef,olalgpawend by Gal

TheoMdand M2 glycans are thought to play
of theél%lftadiem. studies identifiedcohe bios
Mland M2 gFiyguam@p?22fMan is installed onto
t hreoni neofr essu bdsutersabtyw opgreantaei@os y |l t ransf er e
1 and 2 -R®WNMZ). First reported by Brunr
mutations in either of these enzymes have
t o sever al f or ms o f muscul ar dystroph
Wal Wamr burg syndrome (WWS) phenotypes and

Figure 1.4. Schematic diagram showing the structural differences between the core M1,
M2 and M3 glycans and the enzymes responsible for their biosynthesis. Locations of
enzymatic activity are indicated by colour: enzymes in red are located in the endoplasmic
reticulum, those in green are located in the Golgi.20:26
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b-1 ,-2c et yl glucosaminyltransferase 1 ( POMC
Gl ¢c NAiedb-1 ,12i nkage. Alterations in the gene
have shown to be a key f-gctdle i musauli a
dystrophy typéAt2Q h(ilsGMD)i.nt, the core M2
di verges from M1. The second branch of t
b-1 ,-16i nk e d Gl cNAc Nacet gl gédcobsyami nyl tr ans
( GnRITX) which is exclusivel3y *Pdreprtesisred i
monosaccharide on core M1 and both branctl
byw-1,dgtal actosyltransftrase 1 (B4GALT).

The biosyntbed8gl wyé¢an heéi ffers substanti a

M2. All four enzymes that work in tandem
seqguenfcecomeeMBocated in the endopl asmic
I n comparison for M1 and M2 only

POMTROMT2 is performed in the ER and t h
occur s i n t he Ghil guil®Da.ppdmhat usi r st dedi

stepcoir3bi osynthesi s i s caltian-Rgescerdo sbey pr c
b-1 ,-M-acet yl gl ucosaminyltransferase 2 ( P OM(

which is the enzyme responsi ble ¥boa the i
ab-1,14i nk®8&d¥&.ri ants in the POMGNT2 gene hay
present in LGMD causing intellect3fal diseé

Mut ations of POMGNT2 wwWW@&byal wiexloahent i f i
sequerreiAhge orM3gl ycan is thenGad Nhgnded wi
b-1 ,-8acetyl gal actosaminyl ¥ &@rhef dri nsad (sB 3@as
the phosphorylation of the C6 hydroxyl
O-mannose ki nase ( POMK) , whi ch onl vy

trisactthédevedeal nduitfafteitodrREOMIgene are known
tcause CMD ©%°> LGMD.

The core M3 gtttyzamme st tdhiete for the mat
for a |Itohneg Itiinmmkeer connecti ngotMBgl ymaami gl vy
remai nedluwmnl0Od®r,. t he presence of a phospl
detected by treatment of cell surface gly

monitoring | oss of matriglycan structur e:
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that binds to‘*Shlesenquentgll ycatnhe core M3 ¢

a | ot of attention in 2016, when mul tipl
t he ' i nker structure whi ch was found t
ri b5phhdsphate (RBYBW)s I[dinkeavery in 2016
known presence of Rbo5P in mammalian cell
To achieve thi sgrdawspxsoverty,| i gevdd HF troe

recombURDG@nt HF selectively cfiequite® phosph
and the resulting fragments ca% Ttee anal ys
Prai ssman group were able to identify the
Xy&Gl cA fragment by mas s spectrometry, c
phosphate connecting the matri glcyoaaen to t
M34"Kanag@waork also identified the prese
phosphate uni t and was abl e t o use g
spectroscopy (GCMS) to iden4®Wsiyng hEMR i ne
the aweher sable to determine the Rbo5P I
C30H position of t*fe Gal NAc residue.

An al t earpnpartoiavceh used to fragment the gl
peri odate t(rNaaltGnent , c ivadi idB hsg dbA).a% ki s

treat ment on standard cyclic carbohydr
l' ineari sation of the monosaccharide, and
glycosidic |Ilinkages, thEi giipgE) an Holwaeivrerr, en
on a | inear pentitol the treatment split

fragments that can be analysed by mass s
the presence of t woo ndégol sypchaant easf toenr tHFe t r e
This suppor s fKkandagawat hat the Rbo5P | in
Gal NAc residue and refutes the early hyy
connected to the phosphodfy'Fated C6 positi

Whitbese studies provided evidence tha
Rbo5P wi thin t he bi osynt hesi s of gl yce
responscytiiedifme di phCDsHFplh)@t @ sryinti ihtesli s( had
yet been elucid@at1eéed.by Wdrl iBommer group
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Figure 1.5. A) Cleavage sites present in the tandem Rbo5P linker achieved with either HF
or NalO4 treatment. B) Comparison of the NalO4 oxidation products of a cyclic and linear
carbohydrate.

Kanagawaods findingef of he hph osrpehscedniceest er
identification of the enzymes involved i
tandem Rbo5P | inker added*°?>@met tbyhle cor e
eryt#d4phbephate cytidyl tfrakhwstiiem aseFKTN)SP @
fukuteilmted protein (FKRPQermane baereal yisdiesnt
playing a key role in thetibmeo,s yanlttleheorui gch p :
exact roles were not <cleable The &omimier mog
FKTN is responsible for the ithet £I3] poisd i |
of the *“@&aKRPAcexcl usively installs the sec
position of t(hieg ulrbp*$sBotRboFSKPTN and FKRP
CDPRbo as the Rbo5P“CDMRdr $ b ptrnaltueed by
using Rbo5P and CTP. Fhhbeo pirsodeis s e mtni aolf f
glycan biosynthesis, highlighted by the
cause of WWS are rméthMuttiaotnisonisnc alnS KA N

di sease known as Fukuyama CMD, which caus
such as muscle weakness, del ayed motor f
the optic nerve, and often causéi’s™>’severe
S%FKTN is a protein of huge interest as Fu
genetic disease in Japan and the second

dystrophy worl dwi de.
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Figure 1.6. FKTN and FKRP catalysed Rbo5P transfer, using CDP-Rbo as a donor. The
matriglycan extension occurs at the C4 hydroxyl of the second Rbo5P linker (highlighted).

Rbo5P is wel/l known to be a component o
grapgositive bacteria and is found to pl
capsules which play -parihtoigeal i MhUlleesaci inol
bacteria, the source of Rbo5P is a reduc

TarJ uses NADPH t®opheduktat a PtbodiaRiB® P.e n
converts RboBWoiwhioclCD#cts adlltnhe ORBg5P
along with the discovery of the presenc
suggested that the kinase FGGY®3whnch is
al so phosphof yWeatye rreicbeinttdly. at the end o
group confirmed the most | ikely metabol ic
FGGY phosphorylation, with ribose being r
al ket o reductase whi ch al so showed [
ri bubmpmlsesphat e abapdh o s p WPatsoewe v er |, t he stu
highlights that no single pathway appea
Rbo5P biosynthesis.

CDMRboO i S bi osynt hesi sed in the <cytoso
transported t o t he Gol gi by t he sialic
SLC35°A8LC35A1 has a |l arge binding pocke
natural suifsstadatce aCMHA . Il n comparison, SL
smal | binding pocket whi ch maRypomakvesri t r

CMPsi al i aci d.
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After biosynthesis of the tandem Rbo5P |
units of matriglycan extend from the C4
first Xyl ose b-1sdyd dodsed thywnaferase (TMEMS
UDPXy I as PTMBHM®Drlocalises to the Golgi i
specul ated by the Toda group that i1t for
and FKBR.GA 1i s a »iJl-gdsecylromansferase th
respornsirmgteal fliimgt t @Blec A 58’AT ht eh emaxtyrliogsley.c a n
then addegdodbytyl ucuronyl tir a(nLsARRGEIwlei Cc h
consecut i Wal-yi nakdedds x ypllg8Benkead gl ucuronic
resi 4u8st h TMEM5 and LARGE1l have been |1
di seases includi®y ’@a’2ange of CMDs.

Extensive investigation has been carrie
Udystroglycanopathies. Work by the Lefebe
using -RB6DP t o monitor and potentially

dystr oplhhieesToda group, with Kanagawa and
CDRb@rodrugs that show (g#tCtagamtliddal aasd tWue ¢
the Lu group have -mmbhownt dosi h&MBKRBuUse 1
with ribitol can enhance matriglycan exp
funct®i ®ail ding on these r eswolrtkse,r sP ehralvien g
shown evidence for the treatment of ribo
NADcan increase f unctUDoG aaln dg|ryecsocsuyel atthieo nm

patholog¥%” in vitro.



304Rt gl gev" ckou
The core M3 glycan clearly plays a vit
without the presence of the functional m
its function, resulting in a variety of ¢
made to expand t htehenglleyscsdmnamadgt o enzyn
in this biosynthetic pathway. To date th
avail abl e to sUDeGciafnidc ailn yp aratrigeceutl ar t he
While antibodies rlUDeGo gmricstienign tenxeitsctor et he
report on the glycosylation status. The
recognises matriglycan independent of t he
to only very high molecul ar weight glyco

for an approachhetno carle attoeo |l rsew ha't can be

UDG and ideally provide a versatile platf
and manipul ation of the glycoprotein. The
M3 glycan provide a usefull target to desi

This project aims to design -aadgesgnt he
ri b-phodsphate derivatives to allow speci
core M3ogldDyGcanmhe approach of metabolic |
i n much greaClaptdeertdd@tlaiiln ng its potent.i
I magi ng, quwdntgil giccdantsioavn t hese t ool s have

study gl ycopD®tsepencsi.f iAm met abol ic | abell

monitoring of the glycan in response to
model s, as well generating isnsiinghssomeda nafo
t he bi osynthetic enzymes on Rbo5P | eve
information is not currently attainabl e
staining. These metabolic | abelling tool

possibiseaych for other RboO5P containing

Four atlakgygneed ri bit ol anFd gRIbjeb R aaralbegume s
designed to probe the glycobiology of cel
l inker on the DHDG.e AMI agnlgyec aorf ofr ot ecti ng
wi || be synthesised in order to probe ce

probes.
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Figure 1.7. Proposed structures of alkyne-tagged ribitol and Rbo5P probes A-D.

I n order
i i gulr/e
cel |l
synthesi s

reagents.

carbohydrate

perGleapt i mMmB.

to develop
t he

The synthesis of SATE-protected
phosphates traditionally uses highly

unstable and hazardous reagent.
Chapter 3 explores the scope of a
novel robust approach while
avoiding hazardous intermediates.

Chapter 4 aims to synthesise the
first alkyne-tagged ribitol and
Rbo5P metabolic labelling tools.
This work utilises the SATE-phosphate synthesis

in Chapter 3 and requires a unique protecting | |

group strategy

_ Chapter 6 explores the

T expansion of the library of
alkyne-tagged ribitol and Rbo5P
metabolic labelling tools o] | |

i
P
SATEO" 4 "O E—
OSATE

o
1]

P
SATEOY | 0

SATEO

\'P\
SATEOY A O
OSATE

effective

desi gnspruatiddtseed ap hSoAsTpgEh at e
to introduce a
of these caged phosphates
The work wild/ explore
and amino acid derivat

Chapter 5 aims to screen
the metabolic labelling
tools for any biological
activity and assess their
ability to label a-DG.

o/

Figure 1.8. Schematic representation of the aims of each chapter within this thesis.

Chaptar md

met abol ic

protecting

caged

to synt hesitsaeg gtehde

groups to

phosphat e, i n

l.abpl dheg ThAoadh d AR Icwodnbs nati on

i ncrease t he

baoct eht yal caet t@ydl i at oemdm sakn d
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requires the retrosynthetic analysis of

combination of protecting group strategi

The synthesised met abol i c l abelling to

bi ol ogi cia@h apgtt.e nTihBey wor k ai ms tabtailsessess t |

t o IGGDGThis wil.l be done with CuAAC to in
can be vi sugdli sfeldu drywesicteenrcre lrot . It I S
these results will i nf cermmyartecuti ntviod vtedl a

bi osynt hetsi d hpdt uway i se ri bitol and Rbob5

As di sc Chapd,eirhnke position of the tag o

probes can significantly i mpact t he e f
glycoproteins. Variations in tag placemer
i nteracthenewzymes in the natueanald bveswaht
l abel | i ngTheefrfeGdoagat @y m& t o expl ore the ex
l'i brary of ribitol and BRboSPnmbéesabsing pt
B and C where the alkyne tag is moved al
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Ejcr RgpViddgf wegrkagdd nvkge' "
mdgnnkpi

4018 gokuvt{"hgt"ogvcdgnke"nc

Met abol ic l abel ling has become a huge
gl ycoscience tool kit. It utilises many f
order to shine a |light on cruci al biol o
structurally diversethwayYystbenrbéi beggt h
and although the end results can vary dr .
over |l ap asChsahpotweRrr ilor to the devel opment
| abelling approaches to study <cell sur f
approach swasditreecued chemical modi ficatic
structures. I n 1994, Kent and coll eague
chemical |l igation to conjugate two bi omo!
this approach has been wiah&¥Oy i ws evxch | 4 iyn ¢ én
chemical modi fication of glycans was ac
oxi dation of monosaciddi @aldisdssicthhat com@li aicr
produces an aldehyde which can react wit
t he gl ycans t o be |l abel |l ed, i maged a
charact €? ioameivoer., t his approach was sevV:¢
presenceanfiebf¥Flakeldlitnggrnati ve approach i
unnatur al monosaccharide mimics &hat ca
natur al machinery to be incorporated in
(Fi gu2lg . Thi s approach IS known as me t
engineeri AYQUp O MOB)e.i ng taken wup by <cells
monosaccharides are transformed into act
cytopl asm, and once these have been tran

they can be transferred to gyytococej tgat:
compartment s, or present a%iAdn eromatt mel y
intracellular glycosylation can occur Wi

the Gol gi apparatus.
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Natural monosaccharide % ? %’

o Tagged unnatural monosaccharide 3 §

ST %

Figure 2.1. Schematic representation of Metabolic Oligosaccharide Engineering (MOE).

Once the tagged monosaccharide has bee
glycan a corresponding reporter group ca
presence of the tag. A wide range of rep
study glycans. Thessececnatn tvaagrsy tfor oam [folw ofro
cells, to biotin tags that allow enri chme
monosaccharides, to the devel opment of me

for enhanced ionisati®n of target biomol

I n order to carryheuteddhteisenstfuan elsabel

efficient when <carried out i n condition
i ncluding an aqueous environment, neutr
Bertozzi coined t he term bioorthogonal
classifies a set of chemical reactions t
without interfering wit h®>nfotri vteh eb i uoncnhaet mir«
monosaccharides to be successfully i nc

bi osynthetic pathway the tags must be bi
hi ghly speci fic bi oorthogonal reactions

mol ecul e.

An early biocompatible method used by
amines withBh®Tdrilsongl sshere an aminooxy or
reacts wi t h a ket one or al dehyde to f
(Schemd)8™°This was achieved by the use

i ntr otdhueceunnatur al ketone ouUnfardemapdel ¥
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ngatlon

RJ'
Blomolecule Hydrazine
Ligation

ﬁﬁ

Scheme 2.1. Bioorthogonal reactions of carbonyl functional groups, aldehydes or ketones.
Condensation reactions with aminooxy compounds (oxime ligation) or hydrazine
compounds (hydrazine ligation) to form stable linkages.

this approach remained challenging due t
under physiol o®i®®al conditions.
Looking towards chemical reactions that

kinetics, BBakxomzandntroduced the®luse of
The Staudinger reaction, described in 19!
a phosphine and an organic azide with t
azgal i &e hdnE2A)°2Traditionally t he Staudi n

conducted wunder Il nert anhydrydu sdec obnedintgi c
spontaneously hydrolysed in the presence
Bertozzi saw its potential for wuse with |
The phosphine and azide react rapidly ir

amine at room temperature with no need
generally wunreactive toward biomolecul e:
formati on obfonddm wamwmieldee reacti on meets mar
criteria required for a bioorthogonal re
i nstabi lazwl iaofe tihne wat er towards ami de f
Bertozzi utilised a methyl ester as part
pr oxi mi ty -ylfi dehet haazta woul d act®raTshean el e
electrophilic trap captlurees Ibyhei murcdmolp
cyclisation yielding a st abyllea deemihdyed rbod nyds

pr oduScthse i&B)°1 ¥3hi s modi fication was showr
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Ph Ph < ot Ph H
Aza-ylide PR* R - RoH

Scheme 2.2. A) General scheme depicting the principles of the Staudinger reaction. B)
Schematic showing the labelling of biomolecules utilising the nontraceless Staudinger
ligation approach.

effemet hkedol ogy to allow for the selectiwv
phospRPtéami euxateported a phosphine cont
coumarin species th&t aiudi agteirvadt g@athyngzi:

for detection and quantificat®®on of azi di

One particular challenge for the Staudin
been the presence of Phedpbbobspmatteh eo xied
product. As such shortly after the initia
i ndependent groum@ms neBertpoopiosandtRacel es
approaShtkeesg)?®® Yhhis is achieved by introd
l inker allowing the amide bond formati on
the phosphorus ¢é@®ATthaei nmencgh ammoiisemrt yand ki net
al so elucidated B¥Wulthe pRei céeagable. | ink:
been wused effectively to form the amide
(Sc hemd) .
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Scheme 2.3. Mechanism of traceless Staudinger ligation reaction with examples of
cleavable linkers, figure adapted from Bednarek.??

I n the e@&@riIShWaepDéss and coll eagues <coi
chemi'S8¥hg. concept was a simple and relia
occurs quickly and-pwiotdHi%hhse umrweama ssadl bwa s
have two compounds with <compatible func
proximity would #fAclicko or react forming
without the need for chromatographic met
expandi ngwesreftulof el ecti ve, and modul ar

in both smalclalaendplpdfigceati ons.

A year after the proposal of click c¢chemi
approach to aiidolagercyt] ®addition, typic
with high t'8imye ruasteurcefsc atogplpyesgd )J)regi osel
l i gation of azides and terminal al kynes,
azi-allekyne cycloaddition (CuAAC). The aut!
catal ysed reacti on occurs sevenherders
uncatalyzed Xyl otalle i tsiaone. ti me in 2002,
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coll eagues were wutilising these milder r
i nteresting molecules, peptides. Mel dal
in high yields (>95% c o nr9v9%%)&tin n20 1a3n,d thhieg
Fokin group carried out a series of Kin
showing that the initialchpm@powad nout e
accurate and instead presented evidence
copper inter meSikcihaeti?ed) (CypcCeABC°f eacti ons.

N N

N;—R?

NG \N’RZ E N7 \N’RZ
>_T_/ R H i ):_/ R'———H
R o : R’ o
[Cu] | [Cu]
H+ H+ 1 H+ H+
N//N\N/RZ E N//N\N’RZ
— RI———1Icu] | ):_< R'————[Cu]
R') leu A Ry Teu B
N 1
K 3 & }/[Cu]
R? |
1 [Cu]
i N R? [Cu]
/N\ /R2 — R2 : N// \N/ !
NZ N =N/ | ;
| NTUN : «_leu R'—=——[Cu]
s RI———[cu] LR
.~ :

Scheme 2.4. Cycle A) The initial proposed catalytic cycle of CUAAC. Cycle B) Fokin and
co-workersbnew proposed catalytic cycle after finding evidence for the formation of a
dinuclear copper intermediate in CUAAC.104

CuAAC has become a key member of the t o
synthesis, combinatori al ncahemiisatlrsy,c hpeoniys
and chemi c®&0nebiiodsowgey.wi t hs pCGucA AA ci sb ancokng r o
binding and reactivity whenSpedi esmédvien
shown that alkynes are reactive with cyst
catal yst (Cu) , r-Mamuk o v migk oiwni @arno chedn tcia |

mechanbesime B8A)or t he formation of t he Mar
(Schemd&B)1o5 Meest and Kiel kowski have sho
additional potenti al S iSceh enmdB@)c t 9 wbnls dh at
t he-c@Qu al ys-ad katzhie doel reaction. Il n this cas

with highly reactive cysteinaenfaeredéhaod



A)
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B)
Do S _Cys
R/\\\ S/\Cys - R/WT ~~—
o, )
C) N\\N
CuAAC R/\g—N/
N\
R/\\\ Hs” eys RN > s R
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Scheme 2.5. Potential thiol-alkyne side reactions resulting in high background or false
positives. A) Radical-mediated formation of the anti-Markovnikov product. B) Proximity-
driven in situ thiol(ate)-alkyne addition.10957107 C) Cu-catalysed azide-alkyne-thiol reaction
occurs in low concentrations of reducing agent (TCEP or sodium ascorbate).108

copper catalyst, producing thiotriazol e
background | abel | i A%T ha nsd cfaanl shee poovseirtciovnees
use ofcarrbiosx(y2l et hyl )phosphine (TCEP) as t
concentrations of sodi%m ascorbate (>20 |
The use of CuAAC in living systems i s
coppdn) (C&8tudies have shown that mammali
concentrations (Bfeorowl 50@uOM)h ofeCair cel |
at 1 mM con®flemtamtatonempt to i mprove the
utilised work by Krebs who reported t h
cyclooctyne which reehaecrt yeldd YTihalge i. ey t ovd zih

aboratory wer e abl e t o show that a b
selectively | abelled azides within biomo
ef f e Stch e nf26, bott°dam) s met hod-profmotsad ai n
azi-allekyne cycloaddition (SPAA@)e afpfperosa cain

more suitable for |iving systems.

More recently resear chieeAdsdeavea eattil ose
bi oorthogonally abf%®ke BAledmesrl erceud cetsi.on i s
cycloaddition betweewmiadhcanjewmgataendl el escutk

el ecdebinci ent di enoph)iclyec Itooh ef xoarnne as y(shteet ne.r
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Scheme 2.6. Schematic outlining the bioorthogonal cycloaddition of an azide labelled

biomolecule with either a terminal alkyne catalysed by Cu' (top) or a strained cyclooctyne
(bottom ) in a mixture of regioisomers. Figure adapted from Sletten and Bertozzi.6

el ecdeoinci ent dienophiles typically act .
meaning they are I|likely to beiattvawlked &
such as primary amino and thiol groups.
i nver se -delnmamtdr-Adndeelrs reacti on {LEBDA) i s
uses an -ckdfeicdireemt di en-eiahddaenepbtcteowhi
be incorporated into biomol ecul-reischt hr ou:i
di enophil es Sacrhee is@hbcewm wi t he process of | e

EDDA. The first use was described by the
oth utilised a tetrazine | igaitditdhthe to yi €

© T

dvantage of the | EDDA approach is the
reacti on. The strained cyclic al kenes ha
ki nettt d®®DDA is the only bioorthogonal ap|]
with high khnebimpat@bddidiwvtew.er, the introc

of dienophiles for MOE may be more restr
in a smaller | ikelihood of the natural b
tolerating such | arge functionalities.

Al kene tags are not only wused for | EDD/¥
been used in photb éMhiesle rae @&ctliiognhst. tr i g
reactions that dre vYdeosrmpiantgi bwiet hwistphat i al e
contl¥b 1" n 2023, Deetpi.eanlnper esent ed a no
cliedlectrochemi stry approach for rapid | a

62



N=N
R— .j._* N
N—N N'|
N
R

re__ e

R R

&

e Examples of dienophile

RO™
o]

0 A i

& X~ R L
RN XA ro

S = ~
Where X = NH or O Where X = CH; or O

o J/

Scheme 2.7. Labelling approach of inverse electron demand Diels-Alder reactions.
Examples of dienophiles that have been utilised in literature.

surf &dehsi.s approach -uslesctai veraoamsdmeri ng g
upon el ectrochemical activati on, bi nds t
cell, but the approach could be applied t
moi ety onto al''hatise ajspcpmwmssi ble to coi
met hodset Lahgtilised a strained alkyne a
reaction to I'¥Mo8kr &t ydae ncoenlsitsr.at ed the us

bi functional I inker to allow for!fhe engi
Al | of these chemical reactions togethe
options to study biomolecules and in par
the approaches allows for <creativity dur

reactions have ®dreee aftidppleidcatni angs t o sh
bi osynthesis and functionality of gl ycan
yet to be used to studyUdy=®t rgd ¢oBEan at i o
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4 04Uvwf {kpi"in{ecpu"ykvj"ogvec
gnkiquceejctkfg"gpi kpggt kpi
MOE has become a vital t ool for stud

demonstrate th®eappeowahkeers® who demonst

the successful I nc dNrapceert aytl inbam nofs aum meaet U rMea
deri vai’l mesl997, t he BertozzNikl egubupoyslyn
mannosamine (ManLev) which introduces a |

t hdacyl group of the nat?ihaly swhstegatea t M
used the hydrazine |Iigation to conjugate
The | abelling was quantified with the wus
(FI-&€i di n) and fluorescent output was me
confirmesbdece of the wunnatur al Ma@hLev on
Finn awmdar kceor s reported the first use of

strategy where they atotsamdhcéd?idywes t o cow,

The main consideration and difficulty f

these probes in a way that ensures gl yec:
devel oped t o mi mi ¢ a natur al monosacch
i ncorporate the tag i nhisndcehr at hwea ya ctthiavti tc
enzymes in the biosynthéitiizdhpatdewaynofof:
these probes is critical to their | abell
the structure can resul't i n | ertgealvari a
showed the dramatic eff ectN-atchydt odt rMantNWArc:e
derivatives can have on the degree of <cel
substrates across BTAB aeduCH® aébbshigh
key di fferences I n utilising di fferent
experiménts.

MOE design can vary the efficiency of
processing the unnatural monosaccharides
shown to yield diffewemkemrsesallds .s Pavadd t:
effect that simply camngzinde ama@l kymehawa

met abol ic l abelling obselPTéhd s i mawarmniag ys
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dependent on the substr at ewoarnkde rtsh eo bt saerrgveea

hi gher |1 abelling efficiencies Wwith the al

The i mpact of the | ocation where the tag
evidently sheotwnaldy tHRenyyNdeeéelbpgadact osami
(Gal NAcderivatives-typdp@Okre mubPThsgde at i on
azide containing deriNiag ilR)e sa e rfee ds ytnat hGEH
cell s, reacted-FwAGh Ipdwesiplheadoenywughlt erd TC
anFLAG and analysed b4gaf Ndw ehbdbvenHd may .3 0A
ncrease in fluoresc@nmtz Gail g sBalNd, GAWMNiIAlce b c

showed no di fference i n the fluoresceni
background controls. Competition experim
tot al removal of al |l | abelling observed
processed by the Gay NACelslas vtageatpad hwi t h
showed some decrease in the fluorescence
resul t of t he reversible -GC4 NAepi mer i s

UDRGal NAc and the question-GaweadArawsaedaWwhbe
able to epi melrd 82238 a WBRBR concluded from
Hang findingal NAat weBDP not c&Ghved&Azed nt o

HO OH OH
GALE
(@] —_— (@]
HO “ "%
HN HN
o:< ~uDP o:< ~uDpP
UDP-GalNAc UDP-GIcNAc
N3 OAc OAc
OAc AcO AcO
AcO 0 o 0 AcO 0
O AcO OAc Ac OAcC AcO OAc
AcO OAc NH NH NH
Ng o:< o:<; o:<;
N R
Ac42AzGal Ac3;6AzGalNAc Ac,GalNAz = N3, Ac,GalNAz

= Ac,GalNAlk

Figure 2.2. Top) Interconversion of UDP-GalNAc and UDP-GIcNAc enzymatically
catalysed by GALE.134.135 Bottom) Structures of five metabolic labelling tools used to probe
the biosynthetic pathway of GalNAc and GIcNAc glycosylations.
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cel®fHso.wever, | ater st udiGasl NMAazv e ss hnmoew na btoH a
by human cedGl s NdAba UDP epilfdhaseGl c NAz

deri vaRiigw2e (had shown poor |l abel l i ng wi
Gal NAz a robust repGrtctHEHAcpmobeftoastody @
ability of Gal NAzt ytmeg h@ sle b -$vate € | aallnsuoc i n

demonstrated that Gal NAz is the preferr
mammal i an systems thanksTYhostdesianhtenco
pat hways can be remedied by subcellul ar

the nucl ear and cytoplasmic pihotusmidns aw
muc-t ppe glycoproteins all owiOrRGd c NAda spe
gl ycopr®t ei ns.

Work bwytZahdatempted to i mprove upon t he
GI cNAz by synthesising thé&igluZkgnander i v:
measured the | abéThe nigalbgl ICUmAPACobserved
was deemed to have-tanoiisnep rroavteido soivgenra |Gl c N
concent¥*&@thienss due to the use of an al k
azide tagged reporter group for CuUAAC whi
t he background signal obs é¥¢®Aar o n mu |
demonstrated that the metabolic fate of |

t hat both MOE probes wh-randOogkpcaos at ec

nonspecli3fically.
Anot her example is | abelling of sialic :
o f ManNAc derivatives, for example as rE€

t hat ManNAc homol ogues with oneNatcoylt hr ee
position ar e nreatmanbad liiasne dc ed Wl s t o t he c
unnatNdarcayll s i alni cainddaniod¥si®iol oremi,milshowed

that slilkymne acid (SiMaMAIA dm™andAkyneare
effective in tracking sialylated glycocor
derivativeakwerentup the cell by 5%parate
Gilormini hypothesises that the SiaNAI i ¢
and recycled fvisaimal iymoswimeseas vtikae ManNAI
uncharacterised falc? Tht at emleanhsantspatr t ew

approaching the probe dedseirgnal Ii tofi st hiemppoo
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active bi osynthetic pat hways, and pot e

anal ysing results.

Hei et sajint hesi sed azido (SiaNAz) and pr
acid derivatives which both successfull
(Fi gu23!43si alic acids are hydrolysed off
neur ami nftiakeeids.er esul ts show that the in
al kyne tag i n SiaPoc resulted in resistsas
effect was not observed fldBetbetavity @i
the glycan class was achieved with the u
carrying a sydnone | i gaRiigouBr3eh awhd Iceh (cMenu 9
react with a strainé4 halskngde fi epomteear agii
acid is preferentiall yoveactPTtIHGadby nST6 G
preferential |-apbedci2i,idy i okeldi sk®Jeprotein

Where R = CHj, Sialic acid Neu9NSydCl
R = CH,Nj, SiaNAz
R = OCH,CCH, SiaPoc

Figure 2.3. Structures of sialic acid and neuraminic acid derivatives.143.147

Al t hough MOE relies on the natural Dbios:
possible to introduce modifications that
Kohledr haald shown t h@&@tcNAei di &JB3RrciNfBeAz()UDP
derivative was cO6GveNAedt bgnpfoetakar ¢ OGT)
However, no conversion of Gl cNDAz was ol
i ncluding no pr elspehnocsep hoaft eGl ¢ NTlDhAzs was | i k
two enzymes responsi bl e f-bphdadsmehagteen efrrad m
Gl cNMea,cetyl glucosami ne NMNaanatyel gl \tAc®K)a mo n
phosphate mutase (AGM1), exhibiting poor
substrate. To circpmoeeatt a€d-1-h c SNORAEAEE

derivative was synthesised-1-plhas$pliwmtud d vyi

vi vowit hout etnhzey maeteidc fporrocessing from eit'
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This successfully incorporated GI cNDAz i
all owed for t h®GI|prNdDdAwze tmoodni fhf@de pfotretns
reported use of a SATE protecting group
t hen Lefebvwaer k&#fd'Ttceo synthesi s of t hes
structures is covE@mapmt.e mI hBnosr ened entoadioll oigny
used to deve3pposphheatra b(iRod5P) metabolic
Chapt.er 4

Numer ous advancement s have been ma d e
met hodol ogi es to stud®neces U ccseusrsffaucle agp pyr
redesi gemrsgiameder s the active sites of enzy
can accommodate unnatural monosacchari de:c
This | ed t o busnem ool teh ee ntgganmsetrriantgegy t hat
beenpplied togt khe@B%BTundey foifr st reported r ect
a glycosyltransferases t o all ow the T
monosaccwas ide Qasba and®3RmenaBer tshanain. gr o
devel oped met hodol ogy for the | abelling
substrate by introducing modified Gal NAc
modi fied '8UDEbeestitceal continued this work b
new metabolic |l abelling probe Gal NAz Me
O-Gal NAc glycoproteins but was not conver
in ¥3Fvhoi s result can be es€kapi,atmasniynce,
bi osynthetic pathways have overl|l apping i
branching points for cr osst'a8 ke dieftiweietny ma
t he MOE probe allows for confidence that
not a result of this crosstalk and all ows

or glycan pathway.

The Schumann group avéedodewealspEed fBio ne
Tagging of Glycop'Pbhiesnss (BORTAGREd by tr:
cells with an artificial biosynthetic pat
the unnatur al tagged sugars taé°>TMhheei r ac:
BOCTAG met hodol ogy al I-opvesc if foirc | qalbyed ¢ 3 ynlga to
for study by I magi ng -gby c onmparscst e mne ctsr, 0 me
significant i mpr evoeoriesng riant itch.e Tshhegnmdi n ¢
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t he baunnipol e approach are the devel opment
expression of the mutant enzymes and t h

cross the cell me mbr ane.

MOE has a proven track record of bei ng
glycans with |l ots of reported success.

metabol ic | abel lindlDG.oolThamskpsec it foi ci tfsor
tandem-5pihlwistpdhlat e (Rbo5P)i €hapgeerr itlhistcauls s
and Rbob5P provide a great monosaccharid

devel opi ngUDG oslpse cwiftihci t y .

69



4 0t5K'puvecnnkpi "c"vei "

Devel opment of metabolic | abelling tool
bi oorthogonal segti AmnsdR@dan riaange of t ag:
be incorporated onto a monosaccharide t
I nstallation of an azide moiety all ows
tradiotiromad!| ess St alldi®>ndyfe S AW A Win'e & e
CuUAAC can be usadld®ianrmd baolftkh§>nags The
simpl est approach for the introduction
util i satNiacry | o fmoti ee y oN-a ayni nfolsrugtairenal i s al
b e achieved t hrough®%aeli desi caupl Sngudi
reductbi’'tomes, use of 18&mehayatrii k® % 2kt ensi d
chl ortildée’g.

o o
S
o
R’ HOJ\y‘J
— DCC/DIC/HBTU/EDC
R2” NH, R" 0O
J\ JJ\
R o R? N *
J\ s
R2 N, PPh,
O o
QN-O P
0

NN PR ’%A’

Scheme 2.8. Multiple approaches outlined for the functionalisation of a primary amine to
mimic the N-acyl moiety. Azides are often used to mask amines; by treatment with
triphenylphosphine the amide linkage can be formed in a Staudinger reaction. The green
box depicts a handful of linkers/tags that have been utilised in the literature.

However N-atctydsgroup functionalisations a
and not al | MOE t &Nragegtl s dwuialwclg .i hoanvad i tstad i o
carbohydrates by replacing a hydroxyl gl
straightforwar d Naasc yaln naol diefrincaattiivoen taond c a



R, R R, R

Ry OH Ri NHz
Diphenyl phosphoryl azide, _II\_IZE:;,CT%%,
1,8-diazabicyclo[5.4.0Jundec-7-ene ho. o
20, Pyr
X =Cl,Br, |
Rz R Mitsunobu NaNj or TfN3 R}_/R
R, OH R X
Im-SOZ-N3
i. MsCI/TsCl CuSO,, H,0
ii. NaN3/TfN3 EtOAc
Ry R R> R
R, OH Ry NH,

Scheme 2.9. Popular approaches used to install azides that can be applied to carbohydrate
compounds.

by simple substBthemd®n. rlemmxttdlolnat i(on of
group at the desired posthe opredeoendowef

azide source will yield tth%%azide functi

I n glycobi ol ogy, t he stereochemistry

I mporTandnsure that the desired stereoch:
upon the substitution of a hydroxyl grou
can be taken. Starting with a carbohydr

desired stereochemistryibss approancmoni s\ |

functionalising t he hydr oxyl group as
substitution with an azide or wutilising
will yieidedheoedhred.e are relatively st
synthetic approaches that all ow for pr e

out come.

Anot her option is to use the addition o
al kyl 'HZRAil dernatively, amines can be fun

through the use of af"e%3zide transfer reai
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Al kyne modifications require very diffe

used to install azi des. I nstallation of
reagent s, in the form of l'ithiation rea
substitutions, al thaoasgh, pofstsemd!| e esul t i
reactiPMs. such it is much more efficient
addition to a carbonyl centre SUPh as ke
As sho®aohe®éQ al kyne incorporation to a
all ows the chemical handle to be install
present in the final outcome.

. R4 R,

;

Rz_: A R1///

Grignard/Lithiation

i. Wittig
ii. Hydroboration
iii. [O]

iv. Corey-Fuchs

Corey-Fuchs
or
Ohira-Bestman

OH

S om 0] )OJ\ Grignard/Lithiation
R4 R1 R2 R1/\%

Where R, = H

© (Methoxymethyl)-

©_p*_/2|; triphenylphosphonium

chloride,
@ HCI, A

- " =
R, OH \ R}_\ %Chs R,
or

Grignard/Lithiation \
Rz 0 Ohira-Bestman

Y

Scheme 2.10. Multiple approaches to install an alkyne chemical tag starting from a simple
primary or secondary alcohol. The blue reactions depict reactions with an aldehyde, where
R2 = H.

This retention of the hydroxylation pat"
i ncrease the chances of enzymatic recogni
of the unnatural substrate into the natul
l i kel i hood foonral esaa@ahi dundt¢oi be recogni se

bi osynthetic pathway, both the azide (~3

72



significantly | arger than t hFei gnaideur al hy
However, installation of an alkyne can b
one <carbon. This wild/ [ i mit the increas

substrate and can be achi-Besegdmédygnuseage et

or theFCoheypi’®t®dziodes also intrinsicall
di pol e, which can either assist or hinde
but i s something that should be consi der
~H 1.43,,1.24

R _1.4301.00 1'209/0 1.06 RUOCNS

\C/ \H R\C/ 2 : G ®N\\N@

Ha H21'45 2 113

Total= 2.43 A 3.71A 3.80 A

Figure 2.4. Average bond lengths of the alkyne and azide functional groups.

The use of either CuAAC or SPAAOG®Imseact:
such as fluorophores or biotin to be dAcl
anal ysed through vari ouPsAGie tghedd s ,f |iunocrleusdc

mi croscopy or protein mass spectrometry

The approach to creating a |ibrary of ri
tools was started by synthesising and t e
showed some initial promise but the re:
reproduce. As suchi omeofsetbhrdegpnebeaes
al kyne containing Chraaph e& sddeheyr iwadd irrel vy

use of CUuUAAC to monitor the incorporatio
which has been very successful i n many
glcyans.
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ps from an easy -bt omoseytnhtyhe)s i p b o stprhio(t
cursor. The vi alsi Idietmo nusdti ragt ieggl LBsd o sad eas
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drugs and provides a platform that c a
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Gl ycans are a structurally di ver se cl i
essenti al roles in diverse biological an
oligosaccharide engineering (MOE) has em
t o characterise and maomi pulnat e onlayt a avr
Contléc)('t12.4’126’210’211
Il n MOE, chemical tags or other modi fi cat
structures by treating |living cells or o
derivatives, whi ch are® meabbohl sebd obynt
machinery into the activated sugar nucl e
A prerequi ssiutcec efsesr otf het hi s approach i s

carbohydrates are effici eAdlWi ttha kae nf eump

exceptiy’?oine cel lmdaharingmyof MOE probes i
assumed to involve passive diffusion. Thi
designed as caged precursors which are a
more efficiently and carry bioladiby prot
endogenous intracel lul ar enzyme acti vit
mol ec'wPelBRe caged phosphates mask the <ch

phosphate moiety, these are then <cleave

phosphate.

Mo st MO E approaches ma k e use of unn
monosaccharides, - suchatlkygmeadi ddeeri vati ve
N-acetyl glucosamine (GIcNAc) @lsapetxeprl 0 ed
Several phosphoryl ated monosaccharide der

significantly i mproved MOE efficiency by

cellul ar biosynthetic pathways towards t
doort%5 133, 15F¢gl6é&. ™l e efficient cellular wup
these probes are typiSadygtyhimaedkhegd WISARE
protegtobopgs, anbedxnagmpdlgeeed -Gphbholdphat e

derivati vkEi gBbevn i n
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Figure 3.1. Biolabile S-acyl-2-thioethyl protecting groups enable intracellular delivery of
phosphate-containing bioactive molecules from masked precursors, such as
nitrobenzoxadiazole (NBD)-modified GIcNAc derivative 3.01.167 Once inside the cell, the
free phosphate is released through esterase-mediated hydrolysis of the thioesters followed
by spontaneous decomposition of the resulting mercaptoethyl groups.

First described for t he intracel | ul
5-Njonophosphate der-HvYt d%¥e8ADE @motasmdtii on
still commonly used as a prodrug strateg
and phosp’hoATatteesbi ol ogi cal instability

attributed to hydrolysi-®aroft ht bestlkerasset al
nat umpalelsyent i n ma@@@magudlprte ¢%TIMNeé8 resul ting
mer captoet hyl groups are presumed to spo
i ntramol ecul ar nucl eophilic di spl acemen
ethyl ene di sul fide and rel eases t he d «
(Fi g wBnie.

SAT-gErotected swugar phosphates are typi
bi-SATE phosphor ami 803 e whntcdr madtare is pr
the highly reactive reagent didigs ORropyl
(SchemdA)l*8 IRéacti®dBwoth a substrate alco
presendde edofraxol e gi B304 avhpltdhsphsi tfaurt her
to obthi-ATtRheot ect ed pBOHAph adestferom t he i
t hat dii sopropyl phosp302 i1 & mimdotus ¢ admnsenrl coir a

available in some counrmtur® ceess siintca tuidni gn gs ytnht
and isol atsieoznarafous.hTheageamtadi t i alnad appr
suffers from | ow and inconsistent yield

cont ext -lepfh ossypdiaart 8 §22221
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A) Common approach using a phosphoramidite precursor

)\ C|3I HO/\/SAC I
P — )\ P SAc
)N; cl Et;N, THF ; )N; S0 N

3.02 3.03
Traditional methodology
- Low, inconsistent yields R—OH | 1H-tetrazole,
THF
- 3.02 is not globally available
- Hazardous intermediates
mCPBA o > She
R\O/A //,O/\/SAC - R | S
P Ac
(@] S~~~ TN /\/
~"sac o
3.05 3.04

B) Alternative: bis-bromoalkyl interdmediate accessible through

monophosphate esterification

I J\/
POCI, I HO B )\/
OH —_— R P:, _— > /,
R” ~0” 4 “OH ’o

3.08

Scheme 3.1. Synthesis of bis-SATE protected phosphates. A) The common approach for
bis-SATE phosphotriester synthesis involves reaction of a substrate (RiOH) with
phosphoramidite 3.03, followed by oxidation to 3.05. B) Following introduction of a
monophosphate onto a substrate, a bis-bromoalkyl phosphotriester intermediate 3.07 can
be formed through esterification and the bromides subsequently substituted for thioacyl
groups.224

Recent | yfciaai emndt o the phosphoramidite a
a commercially available bis(diisopropyl

was shown t o i mprove the -psphehbhéesds
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Gl cNAxhosphate 2dRrdivfaftdrveent strategy was |
i ssues hei phepar rSetiiveeB-toowiloasopr opyl phosphc
reagent needed for the synthesis?26f <cage
Starting from a Subst306t e t hneo n orpehqousi pr hee
thiopr@yéected phosphotrvieassstteerr iWa sc ag @ roenr a
directly with the reqularemioalhk ylal kyt ergme
307(Sc he de&B) .

Despite these advancememadéotsectiend rphiasp ma
remai ns a significant chall enge, part
sughphosphates used for MO%ks (anpadlltshetdh
I's a continuing need to develop novel

synthesising these functional groups.
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The aim of this chapter i's to establis
synt heSATsgrooft ect ed mi xed phosphotriesters
the initial installation of a phosphomo
avoiding the use of reacti vEhehpspdoh ami
i s based on recent reports showing t h
phosphonates can be accesse-the dti hart ceudg h

activation of a t(SdmdmBR)PfFFPh¥éph (ton)tah es e
strategies was the selective monosubstit
groulpts. wgepothesised that a similar str at
bi-3SAT-gr ot ected phosphates from t h
tr-b¢@2moet hyl Bph(®cipd Ar) e

i 0
Br H I
HO™ N Br P, Br
POC|3 R E \/\O/(‘)//O/\/
EtsN '
3 ~ Br
, H 3.09
robust synthesis — --ooooi .
i) T,0,
ii) pyridine,
iiilR—OH, CH,Cly, 1.5 hr
ﬁ KSAc, (|)|
R P. SAc pyridine, R P. Br
, )
\O/(‘) //O/\/ 4—24 hr \o/6 //O/\/
\/\S ~
Ac Br
a1 (ster?) 210
introduction of thioesters selective monosubstitution

Scheme 3.2. A novel two-step approach involving triflic anhydride/pyridine-mediated
selective monosubstitution of tri(2-bromoethyl) phosphate precursor 3.09 by a substrate,
followed by substitution of the bromides for thioacetates to form the desired product 3.11.

Building on previous work <conducted by
devel opment ofSdedntidsbrd@appt badhdeévelpmamgment
6 2% nd explore in more detail the scope

met hodol ogy on a range of subst??ates wit|l



Chapter 5 aims to screen
the metabolic labelling
tools for any biological
activity and assess their

The synthesis of SATE-protected
phosphates traditionally uses highly
unstable and hazardous reagent.
Chapter 3 explores the scope of a
novel robust approach while
avoiding hazardous intermediates.

o
1}

Chapter 4 aims to synthesise the B
T
SATEO" | ~O

first alkyne-tagged ribitol and S
Rbo5P metabolic labelling tools.

This work utilises the SATE-phosphate synthesis

in Chapter 3 and requires a unique protecting | |
group strategy

_ Chapter 6 explores the .
T expansion of the library of Oi
alkyne-tagged ribitol and Rbo5P

o) metabolic labelling tools o] |

I Il
oP P
SATEO" A 0O = SATEO™ 4 O
OSATE OSATE

Figure 3.2. A scheme adapted from Figure 1.8, highlighting the phosphate protecting
group strategy of the metabolic labelling approach as the focus of the work presented here

in Chapter 3.
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Sectioms3ad3siummary of previKousE.wpHubxultelyr né@ di wmut h
t he%?’asn,d published B&s Marphygf K. E. Huxley, A. Wi/
P. O. Foucart &hmemL, SBQ2%Wi591HeMNS ,

Prompted by the reported difficulties w
SAT-gErotected sugar phosphate synthesis, ¢
substrate t o perform the validati on a

met hod Cltagyg.-ph6osphoryl ated pyranose sugar

within cellular metabolic pathways towar c
donor s. Of these two positions, the prin
nucl eophilic and sterical | ATrEbd eed idb | €

gl uc®mlhrosphatri vati ves have -ibrekeinbidtesrcy ifba
intracellular <carboa®Tbusanhmdt hed devielb]
began with the Ii-9AT-frldtaddtoend ofh oas pthiagz e a
posi ti on-teftOrkbe Rz V31, gl u c o3p.yIE3a h e 8.B)d. e

Theequphedphotprieesrslvzzneasily synthesise
gram scale with commercsgadbt gmacstahsadl e
nd potassi umcthlrei®d@aTlretdralt @@ moet hyl ) phospt
recudr.s@ulbeé activated with triflic anhyd
monosubsti Butiéd apriddu gti el d .Anh t hetfats
netep substitution approach wus3.nlg2 the i
gui pped with the SATE groups proved to
ctivati omwiddndiltuicoors3e 1Mk e i-BATsSRrvoet ect e d

hospRBativdas then quantitatively obtained

T 9 ®©¢ O 9 T 9 D

-~

eaction with potassium thioacetate.

The reaction conditions were optimised
subst rpahteenyd propanol . T h emiinnuttreo dpurcet a cotni voaf
ti me separating the additions of triflic
greatly i ncr easceodr pyoirealtdsd odnfo st heyd pmat e .

Use of freshly distilled triflic anhydr:i
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Br~oH o} 0
ELN, B b gr KA AcS b SA
WP —> I NV T = AN e g
Cl (‘)I Cl CH,Cl,, acetone,

o 0
16 hr Br/\/ 24 hr ACS/\/

71% 60%
3.09 3.12

0]
[l

3.12, Tf,0
HO pyridine \ 0

/,
BnO 0 ——— AcS o....p/
BnO v\

(6]
e 0Bn CH,Cl, o]
BnO O
3.13 BnO
OBn
3.09, TF,0, 3.14 OBn

pyridine, CH,Cl,
61%

Br

pyridine
\—\ O 100%
BI‘_\_OH--P//
v\
O o
BnO O
BnO
3.15 OBn OBn

Scheme 3.3. Installation of a bis-SATE-protected phosphate at C6 of 1,2,3,4-tetra-O-
benzylglucopyranoside (3.13). Initial yields are shown prior to optimisation of reaction
conditions.

to be essential. Together these changes
17% to 51%. Extension of these activatio

yield, suggesting instabiditfyl afetépecine:

Applying the opbbmasaddcondatsiomgl e al cc

above wer e then t hpplImoedde | carb@&8hy@r ate
increased the($Hireimdeath ytl h e3i.blitSeor nmeld3i % tteo
31%. Taking into account the increased
reacti ve 3all®o hcoolmpoafrpihseonn ytpor o3panol t he res
monitored over time and an opti mal react. i
increase the oyoefidomud3l1herThe maiidte car bo
product observed was i dentified as a trif

back to the starting materi al

A range of protecting group derivative

conditions and al l proved to be successf
with benzgl l2taklrg3d.(lg6taharcet ¢3l. bwsnder s (
benzoyl 3esti6Ealsl34] The acet-yolr ebsetnezry | et he
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protected substrates proved to be the mi
subsequent thioacetate substitution pr c
substrates exgreqptte dthed acceertiyMati ve, whi ch
only 55% of puri ftiheed rperaocdtuicotn. rQevnearianleld, mo
and reproduci bl e on3.bleghtzlyl an eadvesmudlsit ryait el

Table 3.1. Synthesis of bis-SATE-protected phosphate esters at C6 of differently protected
glucose derivatives

HO —\ P
R1O1 o) 3.09 R2 ol---P/
R'O ,  ThO, pyridine, o’ \O
OR' OR CH,CI
2v12 R1O1 O
3.13, 3.16a-c Step 1 R'O

, OR' OR!
pl;ﬁg\iﬁé —»22 ; z;c
[ kgnffu" *
Uwduvtcvg Uvgr"3 Uvgr":¢ Qxgtecn
3. R8= Bn 6 1% Quant . 6 1%
3.6aR'= a’'l | yI 32% Quant . 32%
3.6bR'= Ac 56 % 55% 31%
3.66R'= Bz 37% Quant . 37%

8Yields are reported as averages of duplicate reactions. Overall yield represents the
combined yield of step 1 and 2. ¥The product could not be fully separated from unreacted
reagent 3.09. Yields were calculated from relative integration of characteristic signals on
IH NMR.

Building upon these promising results,

i nstall at-$AMErooft eac theids phosphate at the ar
a set of appropriately protected gl ucose
performed with K&éAet ome aaSwlsedqpuwent | vy, t
thioacetate substitution was found to be
carried out in anhydrous pyridine as an

This was due to some degradationobeing o
be due to the formation of thi oacetic ¢
through the use of Tyl reidditnoe saisg na fs oclame n ty
resul ts and enabl ed -SARKEr oiteclt @tdl-ogp!| uacfo s

phosphate fieomvataveBn/gdmatyirelads ranging
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14% to(Tabkd Anal ysis of the anomeric prod
t weot ep procedure revealed that most reac:
Uanomeric phosphate, the anomer that gene
precursor for sugar nucleoti te bessyerdhe
the cormtOEXxt of

Table 3.2. Synthesis of bis-SATE-protected anomeric phosphate esters of differently
protected glucose derivatives

]
Br\/\o,f,,o/\/ Br

R1O O\/\Br R1O
R'Q 0 209 RE@ i
—_— 2
R'O Tf,0, pyridine, P"’/O/\/R

OR' OH CH,Cl, OR' O/(‘)\/\ )

3.17a-d Z_R

Ged) g [

L R“=SAc
[ kgnfu"* Cpgogtke"
Uwduvtcvg Uvgr Uvgr Qxgtec d<u0®BO+
3.718R'= Bn 2 86 78% 2% 1:0 (2:
3.7bR'= al |yl 20% 72% 1% 3:1 (4:
3.71R'= Ac 3 % 7 % 2 %% 1.2:1 (
3. 1R'& Bz 41% T74%  30% 5:1 (4:

YOverall yield represents the combined yield of steps 1, and 2. SAnomeric ratios were
determined from the relative integration of anomeric proton peaks in the *H NMR spectra
of the products after step 2. Numbers in parentheses represent the anomeric ratio of the
starting material (s.m.).

58€0 4Gzrcpfkpi "vjg"tgcevkqgp"ueqr
To test the scalability af. lwlke z@aproadh,
out on a gram scale which gave comparahb
steps), demonstrating the excAalmienngt tsoc al
push the botumndeaw i £ysn tohfettihce sftocause gwas shi
t owarNdascet yl hexosami nes. These substrate
chall enges Naucey It @grtploebent i all ,-®xoa zfod ri m e a
t hrough nei ghbouring group -praacttecctiepdat i
N-acetyl hexXlphamiphat e derivatives have be
MOE repbPtlét 427 nér é¥’ore, the phosphoryl at
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"

B P, B
r\/\Q’A 16" r

O\/\Br
3.09
Pretreated with Tf,0, 10 min, o - . : ?I
pyridine, 10 min, CH,Cl, [l c, pyridine, !
» P. Br 3 P SAc
S—OH » A LN~ 1NN
% A) CH,Cly, 1t, 15 hr; or o s e . 24 hr : o A 0
B) EtsN, CH,Cly, tt, 1.5 hr ~"pr ‘ ~"sac
AcO
AcO 0
RO N AcO AcO
o * o NH OH AcO Q
RO BnO AcO
RO BnO o) O
NHAc OH NHAc OH R 8
3.18, R = Ac (0%)*B 3.20, (0%)A 3.21, R = CH,N; (9%)*B 3.23, (36%)°
3.19,R = Bn (0%)* 3.22, R = CClj (39%)>°

Scheme 3.4. Extending the scope of the bis-SATE-protected phosphate synthesis
methodology. The two-step reaction procedure was applied to various GIcNAc derivatives
(3.1871 3.23). Yields are shown following either the optimised conditions (A) or the adapted
protocol with the addition of triethylamine (B) and represent overall yields over both steps
of the reaction unless indicated otherwise. (C) Yield of bis-(2-bromoethyl)-phosphate
intermediate after step 1.

attemptedst,@Bmcetyl at ed. LaBncdNAict s tribenzy
anal oguaéa®chem34 . Unfortunately, t hese r
unsuccessialht henlsyt arting mater i’aNo pr esen
product was detee crteeadc tfi r6@am irtdevgoglevdi n@l ¢ NAc
der i v3a.t2ilve

I nteretse s highkayz i-alomet yl at e@. @kasludgwea i n | 0o
but detectapreduevelfoamhbowong thlee i sol a-
bi-3SAT-Er ot ected phosphate i n 9% vyield. I
assume the higBe alr ecaocmpiddrieldBa stoot aused by
el ectronil¢ efpeoud st ed that anomergihd phos
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Scheme 3.5. Potential formation of the oxazolinium cation 3.25 by elimination of the
phosphate 3.24 via neighboujring group participation.
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glucopywhinols ewas prepared by Dr Natasha Hatton.
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. H4
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0 en leon b
ii) Reaction mixture with 3.09 after 60 minutes AcO- '3\ o
4 - Starting material (3.18) peaks Compound 3.09 c‘l|:|3 A%?:SX“V \,
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Pyridine H1 H3  H2 (L 325 |
L v He L HS
| i bl x
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A - Start terial (3.18) peak \
arting material ( ) peaks ACO—SBJ/Z-N‘w
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Pyridine 3.26 7
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R— A .F"_ [ . N‘A._ 4{ ¥ ,u'—'i‘\vﬁ‘ j ,_J \ SN
ql.‘; ‘7'.11 EI.S EI.O 7'.5 7‘ o F‘rS ﬁ‘ 0 SrS ﬁrn 4r5 4rn 35 3.0 2.5 2.0 I‘.S I‘.Q 0‘.5

fl ipﬂm)

Figure 3.3. NMR analysis of the attempted phosphorylation of GIcNAc derivative 3.18 to
form the C1 bis-(2-bromoethyl) phosphate. A) general scheme for the synthesis of 3.24
carried out in an NMR tube in CDCls. B) 600MHz *H NMR analysis; i) starting material 3.18;
i) reaction mixture to form 3.24 from 3.18 and triflic anhydride and pyridine activated 3.09,
identified side product as the oxazolinium ion 3.25; iii) starting material 3.18 activated with
triflic anhydride and pyridine which triggers the ring closure of the NHAc leading to the
formation of the oxazoline 3.26.
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conditions.
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bi-3SAT-Er ot ected anomer i c-dedigszpi hdaot e GlocnN Aoc -
dBche®d) , anmmiede functionality was regair
reduction of stutheeagaaceydedtWootnexpl ore i f the
strategy coul d al-SAT-mgriovtee catceces&Eb & A @ti &
derivati vadeews maghotdheelpa g ymi sstde pt woeact i on
seguewas appbyiieedt @damp o Bn 2(Sc henBb) .The
2-deo-2ygzi do Gl @Aci vative was synthesised
i n 3 steps.he nfilristtersatteupr ei,nvtol ves wusing a
329 whi ch, when isol ated, presents sign
highly explosi’ve®f#fpont s mhpbaoe been made
synthesis of such reagents, including moc
explosion and minimising the risk of pr
products through adjustments to the syn
decri b&deth.tanhe r e3@Peas synthesised in si

. Ti0® @N/
Imidazole, ’4 N3 //o
CH,Cly, N MeOTf NaN., ~
S0,Cl, #» \\ O\\S/N\) — ¥ O/,S\N/\\
: CH Cly, 0°C, EtOAG/H,0 N
89% //\N O 2Cl,, 4\N/ \ C/Hy \§/
N 76% N o}
= \9’
3.27 3.28 3.29
OH i) 3.29 in EtOAc,
K,CO3, CuSOy,
HO 0 MeOH, 24hr AcO MNNRCHsCO,
HO ||)A020 pyridine, AcO THF Ny, 24 hr ACO
ci© gNHs OH 18, 26% 7%
p-glucosamine HCI 3.30 3.23

Scheme 3.6. Synthesis of 2-deoxy-2-azidoglucose derivative 3.23 from glucosamine with
the use of an azide transfer reagent 3.29, synthesised in situ from 3.28 to dramatically
reduce the risk.
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achieved by starting with sulfuryl chl or
327 a single methylation functionalisat:
328vhich allows the installatiomaaoabfehe ¢
reag8BP®9(SchenBb)?23This synthetic approach
chromatography purification to obtain th
successfully used to pBoB8O0O¢tHgdthei hel hygeht
was then used to selectively refo32e the
in a yielPaZ%f 77 %.

Using this substrate, the mewlyi odavelasp
successful and yielded aSATpRtosée gi e :
phosphotri eslUaenromeirt betitng the major prod
banomer) , comparing well with the 25% vyi
synthespbBosphor ami di®éT h e h ernei ssuti3 tiT-k g bis
protectaai doksugar phosphate shoul d gi
Gl c NAchosphate deri v @8t iOffe g,u3.ls 1t qir o@agh
subsequent rNdoayglt @9nomnd

o E 0
|| KSAc, pyridine, ! Il
//O/\/ Br —_— H ;’é\

Pretreated with Tf,O, 10 min,
pyridine, 10 min, CH,Cl,

$-oH > ¥

A) CH,Cly, tt, 1.5 hr; or “i t, 24 hr :
0 ' : o
B) EtsN, CH,Cly, rt, 1.5 hr ~"py : ~"sac {
_OH
n
0
/\/ /\/ j“/\NHBOC
RHN

3.31, R = Boc (18%)° 3.34,n =0 (52%)" 3.36, (23%)8
3.32, R = Fmoc (44%)" 3.35n =1 (55%)"C

3.33, R = Cbz (31%)"

Scheme 3.7. Expanding the scope of the bis-SATE-protected phosphate synthesis
methodology. The two-step reaction procedure was applied to amino acid analogues
(38.3171 3.36). Yields are shown following either the optimised procedure (A) or the adapted
protocol with the addition of triethylamine (B) and represent overall yields over both steps
of the reaction unless indicated otherwise. (C) Yield of bis-(2-bromoethyl)-phosphate
intermediate after step 1.
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(Sche®eéError ! Referencedsource not found.
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OH HENIN o7a 07N
/\/O 3.09, /\/O \/\Br
Tf,0O, pyridine,

e} CH,Cly 0
3.35 55% 3.37
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Scheme 3.8. A) Monosubstitution proved possible on 3.35, however, unusually the
substitution with KSAc (Step 2) led to a mixture of side reactions and the desired product
3.38 was not isolated. B) Potential degradation pathway to the formation of 3.41, identified
by HRMS but not isolated.

SCompouB3B35(Scheme 3.7Err or ! Reference 9Jouwecree not 1
prepared by Dr?22Rathryn Huxl ey.
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Coll aborators from the Chemical Gl ycobi

Schumann (Francis Crick InstitiptAd-E Londol

prot ecatza@déoxygltlpdhosegp hat e 3detrd vattii lviese a

a metabolic | abelling probe for-argl osylt

hole strategy to chemically manipulate p

t he-SIAiITE phosphate proved to be unsuccess
traditi onaamipdhotsep (Bahleem®®.t r vy

Traditional
phosphoramidite
approaches

[¢]
1 OAc OH i) Br\/\o’E'/o/\/B' _llj
' (o]
: \/\BT O
342 3.09 A ~"sac
: Tf,0, pyridine, Et;N, CH,Cl, P 343

i) KSAc, pyridine

Scheme 3.9. Synthesis of the target caged phosphorylated 6-azido-6-deoxyglucose
derivative 3.43 was unsuccessful using traditional synthetic approaches. The new
methodology was proposed as an alternative strategy to obtain the desired 3.43.
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Therefore, t heomblvie hiemh ptpiribda cdhlta p ti esri ng t
phospRBattséhownScihre 8, was applied to the sy
prob3 43 he Schumann group supplied t he
2, 3t,rdi a@eziygldeoxy gl 3LdPwshei c(h was tI0@ated wi
under previously describedtiplhiosipimmgr yhat'i
anhydride and pyr838do®aehea®d () v abtoitohn ionf t he
presence and absence of triethy84admi ne. Hc
was obswiromeldy the wunreact ebdeisntga rrtei cnogv emmaetd
Thi s unexpsedat eéd rai sed mul tiple guesti ol
previously been successful at the Cl1l anor
3.1Yyc Additionally, the successful phosp
compouBBdgln®d. 23 shows that the reaction
presence of the azide functionality. It
preswelrte reducing t htheuan emnemidd. i4d2h d yh olf
an atteampgtr ¢theeelneophi |l i ctyraadtoh3endt2g t he
towards thehasphot3t D@4 veas preactivated
sodi um hSydhre e 0, but the same unreacted
obserafegdr .2 hours

(o}
n

N L

N3 O e N3
3.09
- o)

AcO— 0 > A% 0

C -
NaH, Tf,0, dine, Et3N,
OAc OH an, 110, pynidi 3 ACOO—IIDI—O/\/Br
CH,Cl,, rt |
(o)
\/\Br
3.42 3.44

Scheme 3.10. Attempted use of the novel phosphate approach laid out in this chapter to
synthesise 3.44. 3.42 was also pretreated with sodium hydride in an attempt to drive the
reaction but no reaction was observed in either case.

I n an attempt to yield the desired prodt
the acetates for benzyl protecting group
t he el ectron density on t he C1 al cohol
nucl eophilicity of tdehiaenvoengtlr  coe speo swd s oOr
treated, under Fischer glycosyl ati on C C
selectively protect the anomeric Cl posi
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was achieved by therusesbl ofobertymi Ba2eg2ar
foll owed by a substituti3.nd5wlihteh asloldyilu ng ra
was selectively removed using palladium
compo@ndien fiviEcheddyd f pgmucoé€eThe

azide substitution could not occur pri or
provele tonstable under the acidic condit
Subst3d®rtaes tested using the new phosphory
unf ortunately also prov®0@(Stchel®® Junreact i
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D ————————
BnO
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OH OH OH OAlYl g5 o 48% over OBn OR
D-glucose 3.44 3 steps PdCl, 3.45 R = Allyl
MeOH, '—_>3 46, R=H
Ac,0, pyridine 83%

62% over 3 steps o
o Br\/\o,f,/o/\/Br
1" o

Br\/\o,i,/o/\/Br s o;/\Br
O\/\Br OTs ’
3.09 Tf,0, pyridine, Et;N,
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AcO ;
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3.47, R = Allyl
PdCl,, MeOH, 75% ’
2 MeOH, 75% 3.48, R =H
OTf
Observed triflate AcO o)
product from 3.48 AcO
OAc OH
9

(not isolated)

Scheme 3.11. Synthesis of 2,3,4-tribenzyl-6-azido-6-deoxyglucose alternative starting
material 3.46 and the acetylated tosyl intermediate 3.48. Attempted monosubstitution of
each to form the SATE protected derivatives.

With the both the benzyl ated and acetyl
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the startiBnégBmadt@eria@adcting as intended, &
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the reaction was repeated i AMRNMRhi che
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phosphate. There are new peaks appearing
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formation oB. #4B&heroduogte of the side pr
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348Schenme) However, this derivative prov.
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Al reactions wer-éricoddaglcd sdwame owredher nitrogen
solvents were eithe fDMB,hltyolduesne,l | TeHF)( Cdr used
SureSeal bottle (pyridine). 0«gpirfiloirc teonluydckr iachel wag
was used from a SureSeal bottl e stored over |
chromatography was run eithe406émampualtliy |lwi tsh zhi gh
(Si gma) or on an automated systenmH)Tewigtbly n2Q Con
40meparticle size silicé&Ph@RediSSdp cRf c@GdludnnNIr maz |
Reactions and column fractions webraec kmoTnLi G oprleadt ebsy
and visualised byFUWUW anondasstai hhegstaining consi st
H.SQi n MeOH,; for phosphastset ari ema cwaiso niss ead. KMNnRO spec
obtained by thin film ATR %Wn ad@WPBMRIi spEtimmea ®pee
obtained either on a JEOL ECS400A spectrometer (
Bruker AVIII HD600O spectrometer (600 and 150 MHz r

were corroborated by homo and het er ®QrCucalnedar 2D

DEPT) where necessary. Chemical shi fityse laatei veeport
to the sol, W&@n6(:EROOED2. 500,0v@. 7H) NMR splitting patt
are designated as singlet (s), doubl et (d), trip
doubl et of doubl ets of doublets (ddd), doubl et C
multiplet (m). Qoupténgeponseants Hertz (Hz). Th
t h®d NMR peak | ist for mixtures of anomers were

protons for each anomer are reported ifatwhol ar é¢n
also given and were determined from the relative
proton peaks. Where indicated, yields of product
from the isolated mass basedH oNMMR.h eWhreerl ea toi nvee | ayn opne
is in a | aTgeMRxgealss may not be visible for the
reported for the major anomer only.
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Il Il
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\/\Br \/\Br

To a stirri AR¢ rsoanowgtthilfoaip B @ r® equi v) 20t anhydr ou
(0.2 M)aNzantdreors pwhaesr eadded fre®Ohl WM. di egiuli véd AfFter s
room temperature for 10 minutes anhydrous pyrid
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(2.0 equly()l.ibn MCHN wi 2 hO Eequi v) where stated) was

was stirred at room temperature for a further 1.
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in vaonwo the residue dried onto silica. The <crud

chromatography with an appropriate solvent.
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i i
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the resulting solution was allowed to stir for 24
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HzC?%, 67J=1 5(87JHz.,61. 3 (66 )8283BH 28CIH 2@BCIH
20. 73)(,CR qsLH 20CH°P NMRL62 MHz)urieDGWB)IX. 51 (b) .

5@7"4 . 5/v@g Qe g/8/d MWCWG | q u/d jFh t
i nweqr {t'6pga&BygCVveG

99



Foll owing general procedure 2t,etOdaee edl-phs{ Ron was
br omo epthoyd p-b¥d-gl uc o py r3anlo7sciodfeBa 4 147&mogl d6 ) 1. 4: 1
scale. The crude product was purified by silica i
compound in a miYtbrdasyasabhhowmens!| ((372 mg, O0.59
HRMS (ESIJufl eari@aOPS[ M+ N&ap5. 0891, foudthdNMEB5. 0902.
(400 MHz)Us5CD8CHd JEd6,FHz ,3 UHHL,) , 5J=4710(.t2, BH3) ,1H,
5.29=(t7,5 WH1)1HS5.27 (H3)ILH/S. D% (GH4+BH?2
+H4), 5J8110a88z, 3UHR), i4.D29 (m/ W62H),, 3.83 (ddd,
J= 10.0, 4.6HHR).,3 Hz55 1(#alp.9,t t6UH5 )Hz iB.1H2 ( m,
8HHY , 22335 (m,3 12B2.1C6 (m,3 28 HNMRI® 1 MHz), CDCI
Ucl70(C=0)121C=0)1 L =P)1qL=0)1qL=0)96J4 $d0 Hz,
bC1), 94a=25.(@CH),7(@®@R3I) ,3(7d25 2. AUCBI ,1(7dL,= 9. 6
HzpC2), 69=7.HzdC2) ,5(E5) ,3(BE5) ,7(BT4) ,6(BT4) ,

667/( dJ= 6. X9)H,z,66)=5 5(.dB)Hz ,66J=5HHAC7,) B656dI= 6.

HzC?9 , 6UC64 ,( A6 )BB( CH SAc) ,(3RHW20CA) 20CH) 20.

(CH, 2038 (ROH7 ROBZP(REMRL62 MHz)lr QD BII6R Wax

film) 2960, 1747, 1694, 1429, ™M367, 1216, 1032, ¢

5075 . /A4l e g/d Inkf gc el@/d k adktiqgo g dv ) { n +
ry qurdfrFfl n we qusSdkKBd RDt

Aco—$ o
ACA%E%&Q1 I 9
i’*-,, O/\m/ Br

3 2NH O/
O:g O\Q/W\Br
8
N3

Foll owing gener al procedurd. N tah & Oreanat Yi7An wa s
scal e otnOi8¢ &-2-8t i-almet i-Unihd uc os 8mipde The crude produ
was purified by manual f | 88h MedHCHC Hcd r eofnfad rody r talpe
title compound as a cmdlearWhiRdinl ng4ecdi mg, i 6. 5an in
preserEg( 2f0 S8qrRiIlwWRBr obt ai% eyd .dllRMB (OESI Qul at ed
fonHGBsNaANa©OP [ M¥R@2. 9682, f oumdNMRD.09 aHS®), CDCI
6. 65J=dg. 8 Hz, 1H,JNHY.,9,5.38.03 (Hizd, J=H,10HI16),, 95.631
Hz, 1H) ,J=592® Hiz,i 4.H)7 (4hWPse5R8 JEdA2. 4, 4.1 Hz, 1t
4.,2%.20 (mg ,1H,41H862 (m, 1H,J=H64. 1 3HDS:) IHM3. 64
(dtd, 12.9, 6.1H100. 2.HZ, f4H23 86 £LH, 2385 £LH, 3 H, Cl
2.03 (s3 .3H, CH



50715 . vtk e g/4/d Ink f gc el@d kKb&WE) qurf qt
Fi nwequ&&okKBd RUCV G

AcO—F o
A"Aoc&H I
P., 10 __SAc
2 o1 ,O/\/

1
3 UNH 2
o:@ \9/10\SAC
8
N3

Foll owing gener al procedure 2t iOabkbelygkiaddi on wa
acet i-lnbiidsb(r2o moet hy |-Qlpphlospchsozrm2 h @eMBra 4. 6emmg ) ( 6. 5
scal e. The crude proéHuicNMRwa sa nadn afl wisledc doryver si on
compound was RoM3s0€32vEetdOAC/ hebtRM® ) ( ESIl xulfatred
C2HsNsNa QPS2[ M+ N@95. 107 e6wOrbd 1816 BEMRI 00 MH z),in 6C B8GI
(= BHz, 1H), J5.624Hzd8.3H3 3. 24 (18)25. Z0,1 H) ,
4.44.37 (®298BHPB7H)®, 98.39m, 2H)5 3 31mB5H) , 2.36 (s,
3H), 2.35 (s, 3Bfs,28s,(823HBH), 2.0

These data are consistenti wei®wttouhese published

5015 . vtk e g/ qqqg/a{t kej ngt dc¥gv co k f @
I nweqr {"60@dug

Aco—$

AcO7 20
AcO 1

3 *\H TOH
o=
ccl
8 3

1, 3 ;tde,t@aac e-2-gé o-2Yyr i chl or cllbeo@t amiopy ¢ ANn®BG eq, 2.03
mmo | 1.0 a@adgquwisw) vewds in anhydrous 2d@Hmo g pl0e rnelL) ut
Hydrazine acetate (210 mg, 2.23 mmol, 1.1 equi V)
at room temperature for 3 hours. The reaction mi X
with 10% brine,sdrfiidd eovwvar, Mgn8Oaclitrentsmaampeéed was
purified by silica f-6 @%h EctOAoMmMheévxgnaphyt o( bt ai
compoB8ndx02 mg, 1. 34asmnao Imi x6t6us)eU:obf, REDGIPe.r s (
(32Et OAc/ hekkRhME ) (ES8I Y uf a1 #ldBTINNM Q[ M+ Nd[7 1. 9945
fouseadl. 9OMSANMRA 00 MHz),Gh.DCAIX d9. 2 Hz, 1H5. NH), 5. 4.
(m, 2H, H1 +J=H%).,6 Hz1,8 1(Ht ., 23 )(,m,4 .32, H2,J H5, H6) ,
= 10.1 H®, 2H12H§s, 3H, OAc), 2.05¢T NMRBGI]1 OAc),
MHz, ¢gbDCI71.4 (C=0), 171.0 (C=0), 169.5 (C=0), 1
(C3),(®8).,1 68.0 (C5), 62.03(Ceps8s5LOoH3 CX)H, 20. 9



5B@ 21'5. 6/v ik e g/4/f{ qqqg/aMt ke nqt gIdekguw*cdo k f
dt goqgvj {nétgiguwegqrt{ t"6 P 4448 RDt

Aco—% o
s 2 /P~.,/O/\19,Br

NH O c‘>
OZQ \Q/m\Br
CCl,

Foll owing gener al procedur3®. @ &hbB4reampd{ 180 was
U: B:)lscal e o0-nhi0i8¢cdR-péo2yrichl or ol/abgt amiohgyr anose
B3.22in the piNege@ndeegqfui ). The cr umdeaen palodfulcastwas
column chroma80y%rBtp@Akc/(H®Oxane) to afford the tit]l
of anorers:)1l( ( g, gmo | , 31 RAN S ( Esall)c u lfaotre d
CithiBr*CTINa©OP [ MtN&3. 8444, fodthdiMREBBOo BES8®0 MHz,
CDG)tH7. 10JXd8.6 Hz, 1H,JIJNHH).65.853 (dd, IAH, H1), 5
10.9, 9.7 Hz, JEH9. A3Hz, 51iM4 38 (M9 4 4444 355 ( m,
3H, H2, H6Y= 4.23 pdd, Hz, JN=H,12H5),, 24.914HZA,dFBEH, H6
(td= 6.0, 3HAPHz2.428,4)s, 231085 QK, 231083 VLT 3H, CH
NMR( 101 MHz)licLDLI6=,0)170C=60)169C=20)162C=30)95. 7,

918, 70.61, 86GB60 3¢4d),= 9.3 RPPL= 4.6 M@z )sLH2200.
(CH 20CHH

588 3'PPXu wn h q pi{ o|f dBridge” *

/N o

J
To a solution of imidazol eCHRI.1060g ,mL37 Owansmaald,d exd
sul furyl chloride (6. 00CHCHL( 504 .mML)mmale,pwll.bk@® eduilv
mi xture was then stirred at room temperature over
filtrate waisn ewaacpldweatcerdude product was recrystal.l
yield the de3i7te8. progduéd. HRMBARQI 890N f at e d
CeH7N4O2S[ MH*199. 02 9 @wWred 0OM8ANMRA 00 MHz),Gh8C DM@ (s, 1H,
H1), 7J901.(8,Hz, 1H, H2XT NKMRI30 1( sMH z), it 1C30EC3I Y .
(Cl) 1336 1729

These data are consistenti wee®touhese published



588 45 Kok f/al ymly/Blp § m 5{dko k f Bkwoa" vt k 'Oc v g
B Y+

M
0@ ¢

To a sol uisdlofno oyl dLi321j6ed. a5z00 | ge, 32. 8 imdhkEC4, 1.0 eql
(300 amB)) met hy(3t53fMmlat e31.2 wmmel added5deqpiwvye |
about 15 minutas$. PAfstoéri d2 whasurfs | t ered and dried |
to give th228g 0iDbage f&las namowh ilH7eNMgR4I0i0d .MH z ,
D:O)U8. 50 (s, 1H,J=H2)3 8z171@HH= HI1)8 Hz.,790 H,t H6), 7.
J= 2.3 Hz, 1HJ=H3)8 HAz271Hd, HE)LE ANMR2O(Ls MH3H, CH
D:O)Uc138.5 (C4), 131.9 (C5), 126.0 (LBHSNMR 20.7 ( CI
(37 BIHzD0)Uri178. 8.

These data are consistenti wee®ttouhese published

58B51'3. 5/ivgv8clélelghkkMfag q z {grn{wiectHh® &g
OAc

6
4
AcO 5-0
AcO A 1
3

N; OAc

3-«(I mi d-dgwl fe-a-mgt By mi d-a&-zomm t B2 8(l2at3e6 ¢, 6.51 mmol
1.2 ewas vdi sseO¢e2. TantmdHrnd t hen( 1Rt.Owensl )added

and sfibrBe&dminut ess(.4030lnigd MNaN9 mmas$ ,t heddaedeaedyv)
and gt i Afrtekobe Et OAc was extractswedGhaododaiméedeoHET
(12.17 g, 5.43 immoMgQAW. nL¢ gwiavw) added to the solut
potassium (chrb®dbngtel2. 2 mmod ,c 2p Reép easqudifvad reat e
(34.0 mg, 0. 140.TrhreoIm,i xQ@ .u2 eequisv)stirred at room t
The mixture was evaporated, and thel 2cor amie r esi due
acetic a(nhhOy dmmdigdeadded. The mi xture was d4d8irred at
houtdpon completion, the riemacv.aonhlmevacsr wde cminx triarn e
di ssolved inOEt@Ad &a&ahd Hrganic | aysearsowausth eoch,wi t h
brine, dri esd biveremMg®O dmd vaciwentcr aitdeed was purif
column chroma4©@%rBatp@Ac/(Hdxane) to PBEI6GAB 6t g ,t it 1l e
1.70 mmolR,062B:%Ft. OAc/ h elxRaviiSe )(.ESIl ¢ ufl @ 4:@:Na Q@

[ M+ N8P6. 10%FP39n6d. 1" HIINMRA 00 MHz)UWEDTOI{ d3. 7 Hz,
0.43Hp,) ,H18JI558( 7 HzU) ,1He5.118M, (2. 5H, H3i 4. H&), 4. 3¢
(m, 1.H,4HB A2.d3, 2.1 Hz, 2=H,9.16) ,4.3%4.,8@®.(1d Hk,, 1

3



3.786.62 (m, 1.4H, HR), 22119 ( 6)s,, 124.BI50HCHCH231@8 CH
(s, 4H, €HO5 (3),, 12.2053H.4 $&H BMRL 0AH MH z),lic 1C7C | 7
(C=0), 169.9 (C=0), 169.8 (C=0), 168.7 (C=0), 92.
69.9 (C4), 67.9, 62.7 (©2),206)18 5RULES ) (ROYE. § CH21 . C

These data are consistenti wei®wttouhese published

5B 61'5 . /.t & c/eg|vidatiaqg gz { r f e ¢FLH5

OAc

6
ACO4 50
AcO ~\
3
N3 OH
1, 3;tde,tr a-d@rit-ydeoxy gl3BOD@ SO g &h. Grmo | , 1.0 equi vVv) w
di ssolavnehdy difhBlEs ( 15 mL)2atutmdephar B. Hydrazine aceta
2.50 mmol, 1.25 equiv) was added and the reaction
The reaction was diluted with EtOAc and washed w

dried oveerf MgpSOr ed, amd vaecmmentratedsampl e was p!
flash silica c¢hQ% matt @ga/alphyan(e) t o oBt &sn at he t it
palyel |l ow foam (510 mg, 1. 54 UnrbaolomeR 8%§(1l:las a 1: 2
Et OAc/ hebRM®) ( EQI culf otrertti®a ©®© M+ Na3]54. 09 1f3oun d

354. 008 MRAOO0 MHz)UnEDx3 JEdAD. 5, 9.3 Hz,J=1H, H3),
3.6 Hz,b)l,H,55HI®0, (2H, H4 + JIH5)8,. 14 .Hz4, U0d ,5i4 H3 1 H1
4.19 (m, 3HA.H®) (m4. PH)= 83.67,2 4(.déd,t ,2. B33H26 0. 55H)
(m, 18B), H&@dX¥=3 (0.5, 3.6) Hzi22.108®, (AMs) , CR. 04 (s, 4H,
CH), 2.02 sT NMRLOAH MH®z)UcICDCI9 (C=0), 170.2 (C=0)
(C=0), (CL6®)8 W§.,3¢®OL (72.7, 72.1, 70.6, 68.6, 68
(C6), 61.6 (C6), 360.203)(8C2A2QK 20(.®H ( CH

These data are consistenti weit®wtohese published
5BB 71 5. 6v.tGk e g/4/d Ink/dlfqg q/2/d k ud*t4qgoqdvVv ) { n+
rif qutFfiqnweqr { t*6 P4 @RDT

OAc

6
4
Lo I
C!
2 P.,/ g Br
30N, 0710 N

\/B\Br
7

Foll owing general procedue @B, at hR2e5 emmegh)  6i0on wa's
1:)2 scal e -toiDia c3e;24y,26-Bdbeo-r-gl ucopyrA.npoI e The crude
product was puwriilcbadmbycht am&80%r EpOAc(BOxane) t
afford the title compound U:ra)a nngi xwiurh@ .u® esaarca neelr
The yield was determined NMBmM( peéaingj n HE&HBat i on on

4



(ESdal cuf atié@BsNsNa©OP [ M+6lab. 94dBnd 64'H. BIMR7 .
anome400 MHz)UL5CDBCSIJEdE, 4, 3H3Y  HE5,. dBHI1@d5, 9.3 Hz,
1H), i5. D8 (m, i3HB6 4 /HY73 1ulrH,8a Pt9e dt . 32 (Ad6, 3.9
Hz, 1H)A4.4923%m,. 12H)xEdd,2.2, 2326Md2Jfd1BH)4, 3.2 Hz,
1H), iB.60 (M8 1uH,h sSadPted 0 (s3) ,3R,. 0BHHs, 2385 CH
(s, 33H, EHO03 48T NMRLOAH MHz),lc 1ICTD0EI1CZ=,0) 1 1 C.=50)

170. 0 (C26HPC=8)1769(.C=0M0172.69, 87081.20C#H 29. 4

(Cd 20C4 20CH.

53 8r'5 . 6v.kE e g/4/d Inkidlifqg q/2/d KWCWG | q uw/r/j q
i nweqr {t"6PpP45RQRYCVG
OAc

6
4 \s 0
AEQE:SE;:;zgh I 7
3 2 , /A\é/SAc

P.,
N3 o7

Foll owing gener al procedur e 2 40ia cheeR-grie-&cot i on was
deo-g-gi sb(r2omoet hyl-D-plhwsphmypyr@npdn da 16 semglU( B 6

2)1l scale. The crude 9pirbiduadff washhurro mdtedgabayphy ( C
Et OAc/ hexane) to af f3or2d3 .tPESesATiE tmli &« t o ®p:abd N7t Mo me r s
as a-ypedlleow oi lemoll 4 BBRMB2R2ESI  ufl @t des@sNa QP S

[ M+ NG&B8. 085 ®wWrBd 06 NMRA OO0 MHz),U:3.DEL1 JEd®, 4, 3. 3
Hz, 1H)J5.8148m, LUH) 9.9 Hiz,(tlH) ,124.632 4.dod ,Hz, 1H),
i4.12 (9 ,124H,08 §d@®, 2.3 HzJ= 1M.)2, 35.70, (2.d4& ,Hz, 1
i3.16 (18R, 2.37 4{)s, 2336 P, 23189 @K, 23198 CH, 3H,
CH)2.05 (s3) '*8HNMRIHO1 MHz),lcICDAC.I3 (ATOE=DPL=070D5
(C=0)1§g*x=6M@)4, 470. 5, 69.5, 68.6, 67. 6CH6629.,7 66. 1,
(CH 20OC#H20. 93)Q0OH &€H

These data are consistenti wed®wttouhese published

5B ' Cnnfdkidtrdoqegv ) oMdjgept gxW@RDt

o/ i '//O/\‘C—y Br
2 0\4/5\ Br
N
f// 3

Foll owing gener al procedur8. ®h tahe& Sreamgt Y(i6ADN was
scale oimydFrbyxylyb&B83doaatTehe( crude productsiwasapurif
column chr om&tOdg rEa POy / (heexane) to aB3dPEurst he tit)l
a clear oidmo(l21 HRMS. (4£ESI Jufl aniedBsNaeP [ M+ Na]



492.9027, fodthdNMREDO9 MM2)Uix8CDICA. 06 (A, o @&y i c
7.31Jedd,. 4, 1A8 okhzt)i,2H5087 (M2 ,185437 (m , 1H,
H), 5.39 (@dg5, 1H® ,6 HZ, B2HY.d&,, 1HE ,Hz 4 4B, ( m,
4HHY9 , 3.55 Ft&, 1.HH !z NMRHO1 MHz)icCOE(IC=0) ,
158 (AfC) , 1AR®E)1 G2l)., LRfC) 5 1(2d0,=05. OAfGl)z, 6118.
(C), 96@W.= 5. 6C4Hz ,6E3829J% (dToHzZ,

5@ T'Cn nfAdk'u6 UCV G+ Hdjgpy iic &R U GV G

0
[l 4
O/T'//o/\S/SAC
0
2 o \4/5\SAC
A
1/3
0
Foll owi ng gener al procedur e 2, t he react.

4-( bi-B@moet hy!|l behnha s38MePrB)rn a 21 emogl )( 4s4cal e. The cr |
product wasf pashfcioédimbg c hr o ma8tOo%g r atpAc /(hOe x an e) t
af f or d ctohrep ot@intdlde PEAT&E -ypedlleow oi lempl5 HRMS31

(ESd3dl cufanegNaePS[ M+Nd4B5. 0470, f ouHd NM(BHQ D 46 4.
MHz, O8Il 06J=( 8B,. 7 Wromayj c 7J288(d@, 1.3 Hz, 2H, Ar
H), 6.02 (dd4, 10.5, 5.5 Jz,171H,, HBRp, HE., 2@ H( dq,
J= 10.5, 1H®, H4, B0 HY.dg,, 1 HY ,Hz4,4228H, (k49 ,4H, 17

(J= 6.5 HZAH,, 4H,33 §H&$EL 6 MRLOWCH MHZz)lc LDLIC=0) ,

165 A4C)(, 153= 16 .(4Chz,, 2(BEZ), 1G24, 31@am®)3 (120.0 (d,
J= 5AHC), 1118, 566JG8 5(dC49Hz .6 &38 30 .36, (F9Y. .

588 7Cne/f dkidtrdoqgv { nfrgjvddyonmp |ggtc+v g "

SHODRDt
0]
4 1] 5
O/Z.,//O/\G/Br
/2\/0 \S/G\Br

1 3
o]

Foll owing gener al procedur3®. @ a&ahb40emepd )l 8n was
scale omydirbylymdt hy8l3lhen ZTcheet ecr(ude product was pul
silcochumn chromat®%r EpOAc/(MWexane) t o afford t he
3.35imBra 2:1 mixtuBe@Wi ahcleaeaeonokld, ( 3bRWUM., 71
(ESdal cuff and@8BrNaeP[ M+N&BEDG6. 9184, f ouhh dNMRIE.09178.
MHz, ¢gDO@®@l. 08J= d8,. 3 Hz, 2H, ArJ=ma8t.i3c H¥E),, 27H,4 7Ar(odmat i
6. 03 (ddd7.6, 10. %2 ,5.55. 4z ,(dlds,, 1HBH, H3, 3QH(dd,
10.5, 1H% ,HBE, N-DHE.d3 HZH,, 244,83 {d%, 1.H3 ,Hz, 2H,
.33 J=dt7d,9, 6.0,MHH1. 93 .}522, 6(4H, HH,'T4NMMRLO01 MHz,

i

. 6



CDG)ic169. ( C=0)40J=5 6(.d8, -Bjrz 1(3Q2 )2163 OCCAr 123 OCCA)r
127(AC) 1618.C169.J% 6d5 EBa4gd= 5.7 EBZT 67J=2 5(d,
Hz XC596%.C329.J5 (dJ7 )&

58 42P/Dgegeann{ n5®&B vgt " *

1_/OH

0 s~
6/\4/ 2>NHBoc
o)

D-Serine (500 mg.eqd.i®¥g mmacsl dikss®dl ved (afHl @ mi xt ur

mL) and THF {01 @ 1ml35. mkRgc 7. 14 mmol, 1.0 equivVv) wa:¢
as stirred at room t®OmpébDamu) ewhsraddbdyuyrandHt he
was extracted with EtOAc (10 mL). The aqueous | ay
and extracted with EtOAc (2 1T 20 mL). The organ
MgS£ filtered, ainnd vcaocnlcleen tarawdeed r esi due was redi
anhydrous Me®Odl ut5i omL )c &£t (a8 50 nmg ,Cs2. 62 mmol , 0.5
undar:dt mosphere and the mixture was stirred for
mi xture was icmnwaemdaraetseuds pended in DMF (5 mL). AI |
4.81 mmol, 1.01 equiv) was added to the reaction
room tempeiSalt tse were removed by filtration thro

conceninavadiulme crude mixture was purifi-ed by fl a
50% Et OxAxxcnWeh)e t o yield 33h6e718tmg, ceampdumchol , 59 %)
0i R.046(1:1 Et OAc/ heHRM2) ( EGIl xulf @tr:eHd@®INa @ [ M+ Na ]
268. 116 ®wbBd 1'H58IMRA 00 MHz)0s5C.DCll J=d dt7,. 4, 10.4, 5.7
1H, H5), 5.51 (br.J=,171.H4, NH)4 +bz , 33t HH@HE), 15526
Hz, 16, W4A6& Y.dt,, 1.5 Hz, 2H, H4), 434011 ap, br.
3.8 Hz, 1H, H1)11.2.,9B.@6ddHz, 1H)THINMRLD14MHEs, 9H,
CDG)lic170.7 (C3), 155.9 (C=0, Boc),33)3166.64C5LC4)11
63.7 (C1), 55.39. (C2), 28.4 (CH

These data are consistenti wee®Wtouhese published

5@C JI'PDqg/egt * Wk oy gvj { nfemjnd wir jgaqtvyg t

SO Rt
o
!9', ! Br
1/o/A"’o/\B/
5 o : o\7/8\Br
o \ﬁ/2\NHBoc

Fol l owing gener al procedur 8. N tahe2 5 emaarlt)i ®; was
scale &NBowetah| yl 32ten {(he piNesge&nde eqgfuilt). The



product wasf pbashfcioé dimbgg c hr o mast0d%g r EathGeAxca § €)
afford the t3.t36c.akEBompoluedr odmol (9 .38BRMNSy ,( EISY )
cal cufl ans&@BNNasdd [ M+tHa 9. 9660, f oudthdNMRBRD 09 61615 .
CDGIUK5. 91 J=d dt7,. 2, 7Hz0,. 4H,5.5. 50=(&r3 Kz, 1H, NH),
(dds 17.2, 1H@® ,6 H5, JEHMAQql. 4 HE, 14H.68 FKdt, 6

Hz, BH, 44533 (k) , 14, 93¢ ((ddt6, 7.4H) 3. 44 4HRB9 1H,
(m, HHHEH , 33549 (HB , 4H, 45 £31C OMMRILOQCHMHz), CDCI
ic16.08 , 4®9H. 3ACHY. QC(GH 6@CL)BFd= 5.77), 66.
(C4)5@BC2A)20CH)29(,C83@BCH .

580 44P/Dq/Hgt * dku* UCVIGEVIEqu{ hYygevgt "
SHO RUGV G

o)
I -
oo
s o f T sAc
67 > {2 NHBoc
o)
Fol Il owi ng gener al procedur e 2 NBoBer (rbd asqt2i on
bromoethyl aphgdsp3dwesAtBerr a 9. Emaonlg) (4d8al e. The crude
was purified by a silica plug (198036 EP&ATE t o af

yellow oil enidl. 4 HBMS.14ESI uf abh@:@®KOPS[ M+K]

568. 0842, f odthdNNRE® 00 &181%),Un5CDICSI. 85 (MY , 1H, 59 (d,
J= 8.3 Hz, 1H5. NH)(H6G,BE, 26 1@t4, 1HE@G, HA, 6 8H,
4.65 (W4 , 2K, 50&7(,805t.,3. 0 H2, BHAB= (1d0d84, ,6 3 .73 Hz,
1HHY) , 4. 3)= (ldsel.g&,2.8 WH, BK,166 (M), 4B3182 (m,
4HHY , 2.5356H, SAc), 3k).4&4 NMRLO 2 HMH)IH DL
(C=,0)194C=80) 16930 1 1C54 121 9(.C68 0 ( Csls)CH66ECH) 66 .
(C4)66.JE (4d,8 )BZ154.C230C8) 20C4 29 (sLH 28 (sLH

SP NMRL62 MHz),priCDGL .

5@C 5r"C n n/§¢ h Ka&fqg q/2 { B 4Gkl g p b {L/a/
i nweqrub OB q

1 7
2 =9
3 OBno/\g/

To a solutionOp,f Onhtotosd. 01le@uiv) in allyl al cc
nitrogen was add&@8dlace®3nbl chPoBidgqu{v) and the mi
at 20®r 16 hours. The reaction wasL,qO0Gamsclh,ed wi th

1.1 equiv) and the mixturien waasc Tidowea pca ruadtee dmi txa ud rey



di ssolved ig8doymppridi heogen and tosyl <chloride
equi v) and the reaction was stirred for 1 hour
quenchedOwi abi #i fied with 1M HC(TapGhexorganieds w
wercombi nedr iaemdl wisg hf MgSEOr ed, ainnd vcadchuece cr uadeed

mi xture was dissolved in anhydraous cdil oxdmae et 3 mi dl
(3.62 mL, 19.5 mmol , 3.6 equiv) was added. Trifl
to reach pHurze wWease aniixtred for 4 hours. Upon con
dil ut edO waintdh getenc heds avli t thi NmHCDhe organic | ayer v
dried over fWMdgasn@&dr ecdonc @ mt rvaaceldbe mi xture was puri
aut omat esdi Idlchasiimn c hr o madtOdg rEatpChAyc / (hCeex ane()4 t o yi el
met hyl benze n2,s3ui@iboeematlydi)g! ucopyranoside (2.41 g,

75%) as a yellowi-§$#neft g mbehlze ne st ydiboecénatlydn

Dgl ucopyranomgi d®. 639 3nmo | , 1.0 equiv) was dissolyv
Sodium azide (210 nug,v)3.wak mnhoeln, a5d.dledegnd t he r ec¢
to BOGvernight. The reacsiaonnd wase nchelde dvit & Oe OH

concenimatvedTdowoeude mi xture was dissolvef in Et OAc
and brine, drsj efli,lomer edg&®nt vatc@dbempl e was t hen
purified by automat ed - &dEunAcc hhreoxnaanteo)g rtaop hyyi e(l0d t
prod@c4(147 mg , 0.29 mmo | , 408 %), . As03P@ET !l ear oil
Et OAc/ hexRM® ) (E&SIl ruf a@atsdldkNsNa @ [ M+ N&]38. 23 1f8und

538. 2BI1RAMRAO00 MHz)G7CDBC. 27 (m, 35H, Abom®tiaem, H) , ¢€
1H, H8)Y5.8640m,5186.82) (mp ,1H538 (m, 2.4H), 5.0
J= 10.9 HzRh)1,Hi®.C8H® ( m, 2Plh.)6,H,4JH7 .(AH,Hz:Ph}1H, CH
4.94.71 (m, 2P&h.)5H,4186H11(.d, HzPh)2,H,4.I5B1(dfd, 5.8 Hz,
2. 45H, Hi74 .50 .6mM, 2Hh) H14 .J45H9(.dbd, 3. 69 Hz4. AH, H7
4.12 (m, 2H, HFH ,9.32,853.(apHz ,dpl 2®H,( MH3)LO0H3. HA +
H6 YT NMRLO1 MHz)lcICDLI?C)(LAr1i3€)1 (BA&€)) @QAB.5 (C8),
133. 1C)(LAri3€)0 (@(RA&)6 (LARA&)5 @1LRA&)3 @RLK)2 (@ARB. 1
(AC), 12&)0 @rRTL)8 @@AB. 7 (C9), 95.5 (C1), 82.3 (C:
78.5, 75.8 (C4)h)75.74P My J.CH3PR®@H( CHO. 4, 70.3 (C7),
51.5 (C6) .

These data are consistenti wee¥Wtihese published

58@&7'8/c| kK8fqgq/a { vt gpj wengr { t cCHPQ@Y "
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6,
4
BnO 5-0
BnO A 1
3

OBn OH

3.4%49 mgmol8,701.,W: Fe)@uaidi ssalnveachhydrous MeOH (8. 7
undercaambsphere. Pall adi ummoHil or0i 2e e(31.v) ma,s BdC



the reaction was stirred at room temperature for
a silica pad and washed with EiOAw.acThe €Erlutdeat e
residue was purified by aut omat ed (fU®DIh silice
Et OAc/ hexane) to yi e3.d4{%d g7 dens0ilg3)d ipmoa@umit xt ur e
anomelWsfAl) as a slightRf OWe(lilEW OBCI hekRMS ) ( ESI )
calcufat2elfNsNa@[ M+ Nd4P 8. 20 0F54uMm8d. 1 HIONMR400 MHz,
CDQJunw7.47.23 (m, 15H, Ardmmasdt.i7c H),, 0B.IRB64HLM, 5. 0C
5H, KRH), 4.J59 1d®, 5. tPhHz,, TA.HYDD CHmMm, 1H,J=H5), 3. 97
9.3 Hz, 1Hi,3.H38 ,(n,. 76lH, H2 NMRH 1+ MHE)lc13BD/CI5

(AC) 129AC3 128ACP128(AC) 12A7ACY 12A7ACH 12A7AC3
91.(&1)81.3, @OMARB) 7(BLMNh) 76CBHh) 73. §,653. 7

These data are comwhlsitsemed wiing 3t B%h olsiet er at ur e.

s@aTCnnf Y8 ) { ndgp| gpdy ubnidik e p/y Ymy +
i nweqr {50HQug"
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4
AcO 5-0

AcO 1 7
2 9
* " oAc O/\s/

To a solution of gmokosé. Q1dGuimg) i7®0al l yl alco

mmol , 73 equiv) was acHed3a®8bBtmmochl Br0deqyvp an
was stirred o3v.erTnhieg hrte aactt i1lo0n0 was all owedN t o cool
(120, ¢8mB®I , 1.1 equiv). The 6ol vaodeovwmgporadreadentr
with toluene. The crude makmosphwae @ahdcedsuspgen

anhydrous pyridine (4.0 mL). Tosyl chloride (240
the mixture was stirred at room temperature for
HO, acidifiedawdtexlMadCled with EtOAc (T14). The
and dried swiftihl tMgrSedd, andvaadee/mtproatagded with tolu

The crude mixture was dissolved in pkri di.®@ (4 n
mmo | 10 equiv) and stirred at room temperature
was conceéemt valttheed r esi due was resuspended in Et OAc

HClagy brine, dr4 efli,wmhedhelMgE®&ntv.atiehwe crude residue
pur iufsiiendg aut omated fl ash -580 %) ctao chbytoanian otgh e pthiyt I(¢€
3.4245 mgmold9062%) as a milxtbuyraed : dafyRi@ni@rme (4 : @

Et OAc/ hexRM&® ) (E&Il rulf @atredd@®™Na ©OS [ M+ N&]23. 125/00und

523. 1'M4 8 MRaj 0-r sonme400 MHz)h7CDBC. 73 (m, 2H, Aromati
7.37.32 (m, 2H, Aimma2icmH)IH5.HWA) (m5. 4¥H, H3), 5.
5.25 (m, 1H5.HS8) ,(mH., 245, DHOBHd, 1H, ©HL2) 894 ( M3

1H, H4), J4.18.4dd3.8 H3. a8, (M2)5H4. #6, H6, H7),
CH), 2.05 §s, 13199 @K, 13197 QHT B MRajCH somer



(101 MHz)UcLDLI1 (C=0), 169.5 (CH@®@8,) ,16%EH3 9( CAD) ,
129. 8C)(,Ar12€)1 (ART)9 (@(AB.2 (C9), 94.5 (Cl), 71.6
(C6), 68.7 (C2), 68.73(C2pP; 7RVCH,(®M)p),5 AICH (CH

SBCt &8/ gV {ndgp]| gpig. ubnidik g p/¢ ¢/ +
I nweqr g60Bqu

OTs
6

4
AcO 5-0
AcO A 1
3
OAc OH

To a mi xt ait & y-( dnfe® hy | ben z e n2e s3u,i@Gkaccnealtyd)
glucopyra.ngrithd & 5 8mo | , 1.,0: F:pwasy di sisnolavreldy dr ous
MeOH (5.0 mkptmodeheaeN Pall adi umentohl,o r0i. e e(qlua .vl
was added and the reaction was stirred at room te
filtered through a silica pad and was$med.awiutoh Et O
The crude residue was purified by autd@®a@atwed f Il ash
Et OAc/ hexane) to yi e3.d{8& 5= 3@@nsoilr,e d7 5p%)o diuncta mi xt u
anomelW:sb,( as: 18 s | i gh tR¢.0y.e3I2l: dw OAc/ hekRMS ) ( ESI )
cal cufl aiée@a OS[ M+ N4$3. 093 ®BBd O3 RMRaj b-Ff somer
(400 MHz),UWWTDCY JEdB, 6. 8 Hz, 2H, ArlJoma&8Hi¢ HBAH, 7. 35
AromaticiB) A455(m2 1H,J-H33.,7 5H8B,81 4.HH9,§ (Gm,O02H, H4),
4.83.76 (m, 1H,4.R2),( M. 3AH4.898) (M. 26, H6), 2.45
CH), 2.06 §s, 23,0 @K, 13198 QHET B MRajCH somer
(101 MHz)lUclCOCI8 (C=0), 198.5 (C=0¢), 13949 (CAMO)C)
128.1 (Ar &),, 19207 .09 ((CAr), 71.2 (C3), 70.8 (C2), 6
21.0H)( 2CHY @ECHER @RCHp (
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Gl ycans play a hugely i mportant role on
cell s-mamdho®@yl glycans are justglomencsl.ass
The core M3dglycaglgGd ans( modi fied with m

a pol ymer of repeating di saccharides w

extracellular matrix and has key binding
especially si gei tiTcha nste .cior emuMs3c gl ycan ha:
|l inker consisti®phosphanedemMRboHBPYX ol Thi s
extremely wuseful target for metabolic |

present anywhere el s®Bhiisn armaamrtaduri aanuptEleil n es:
approaches t o synt hesi seagmedr-amigkei t of

Rbo&Rrived met abol ic |l abelling tool s. $
variations of two metabioboxse liabedesamgi bh &
with development of an efficienaggegti mi

metabolic | abelling tools starting from
protected ribitol intermediate. It is exp
UDG glycosylation, di scover t he presenc

Rbo&Rrrying glycans, build information r

and characterise glycan composition.



604 Kpvtqgf wevkqgp

Gl ycans play a key role in glycobiolog
matrix molecules and are essenti al for
porosity, and integrity. Gl ycans can aid
containing small Mgl sdlles somec icfaise shi mdic

t he SARB (severe acut e respiratory syn
glycans provide a physical barrier refe

recognition by prdétleases or antibodies.

Dystroglycan is a transmembrane compl ex
Uanddgstrogl ycan, t hat l inks the <cytosk
mat rAixg ugla)?42-Dystroglycan plays a signif
mai ntenance of muscle cell structural int
subumidy stroglDh@&)an i(s heavily glycosyl at
mul ti plteyprgc@ oans asganawellols yd s Tg@ey ccaorrse. M3

glycabD®fcontains the matriglycan that

extracellular matrix and i s responsibl e -
|l aminar and muscle tissues. Failures to |
gl ycan result caitmegony safb muscul ar (

Udystrogl yc@@rndpt aitthds’e di seases have bee
|l inked to theaninmsyrd ra@g@G,n Oohfr ough del et i
di sruption of wvarious key slit?algded “f48t°He’?3
These results show the i mportance of the

function.

The core M3UDWG yccoant adms a highly unique
D-r i b5-phodsphate (RbBI5PY410PS AKPENE (t andem

Rbo5P i nker i s bi osynthesised sequent
transferases f ukfuukiuteilaRRKeTdN) praontdei n ( FKRI
exclusidvealhyey ddrst and second Rbo5%P onto
These emnzyemecsyti dine di phRsphaas théeisoblbr
of Rbo5-RboCDRBR biosynthesisopdehbhyi dheyaenhhbyn
domadont an$mB) in a reaction between CTP
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Matriglycan [ ]
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OH HO Xyl
o
B) HO

Rbo5P
(ribitol-5-phosphate)

Rbo5P

Figure 41.A)Sc hemat i c

GalNAc

Glucoronic acid
Xylose

N-acetylglucosamine
Mannose

N-acetylgalactoseamine
Galactose

GlcNAc Man-6-P

r e p r-BGsos the sarfade of m manfmalian cell. The

three core O-mannosyl glycans are depicted; core M1, M2 and M3. B) Skeletal structure of
the fully extended core M3 glycan with each monosaccharide labelled; the matriglycan
extends from the C4 position of the second Rbo5P in the tandem Rbo5P linker.

Rbo5P i s t he
ri bé-pkhosphate.

reduced
Rbo5P i s

termed wall teichoic acids, whi ch
species -pdodsigriam?*didtaweviear., thi s
mammal i an cells and was only found
M3 glycanéd™9Thmi 830mahkes Rbo5P a

uni que target to

elucidate the

form of

a common

t he

ar e

t o
remar kabl
ebh@dypeaci iitc pralveéldleisn g

I

compaoneE

pentitol

y
t

presemt adohi mg hgty Robph &Pt ei r



ans is a challenge due to their | ar

(@]

gly
gly
i ncreasing the difficulty to synthesise

(@]

osyl ati on patterns and high speci fi

gl ycans have recei da® d ol dtheoftkegt treontei ar
c

glycobiology. To date there are no chemioc
to study either Rbo5P in a cellular cont
of endoybPBGoubt is also unknown whether R
el sewhere in other glycoconjugates withi
this chapter is the approach taken to sy
study ribitol and Rbo5P, whi cGDGcoul d f

gl ycosyl ati on andnoiwdne nR-bhof & Rcfaite do np rooft euinnks .
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The aim of this chapter is to outline a
variations of a new generation of Rbo5P
probes are designed to be taken up by <ce
i n place of nat urlaabeRHdasRy tod emaghgleed gl vy
bi oorthogonal chemistry.

Chapter 5 aims to screen
y the metabolic labelling
The synthesis of SATE-protected . tools for any biological
phosphates traditionally uses highly ’ activity and assess their
unstable and hazardous reagent. A ability to label a-DG.
Chapter 3 explores the scope of a ’ ‘ ' - V.
novel robust approach while ¢ o
avoiding hazardous intermediates. }
o

Chapter 4 aims to synthesise the ; }:'\
first alkyne-tagged ribitol and SATSEQEC‘) 0
Rbo5P metabolic labelling tools.

This work utilises the SATE-phosphate synthesis
in Chapter 3 and requires a unique protecting ’ |
group strategy O
_ Chapter 6 explores the - =
T expansion of the library of - {

alkyne-tagged ribitol and Rbo5P J )
tlil' metabolic labelling tools ﬁ | | 0
SATEO™} N0 — SATEO™ 10
OSATE OSATE
Figure 4.2. A schematic representation adapted from Figure 1.8, highlighting the synthesis
of alkyne-tagged ribitol and Rbo5P tools as the aim of Chapter 4 .

I n the fully extended core M3 glycan,
occurs at the C4 position of the second
modi fication at the C4 position wi | be ¢

ri sk of preventi ntghetshe rodr nahe bmaotsrying!l y «
| ed é

ng
Rbo5P has been shownrithoo soer,i gri enchut cee df rloenf o

bi oorthogonal tags wi || be i nstal

straightforward to modify when usi

a

phospabeg!| by FGGSc hkeidd®8hd mechani sm an
viability of FGGY to modified substrates
activity toward ribitol has not yet bee
st arftAesd . such phosphate masking groups, S



Chapterc@&d8n be used to -maodrbdedeRbboBPadky

and circumnavi giastiep &t diep meereydl & toiron.

o) on AKR1A1 OH 9] OH
Ho/\gw AKR1B1 W FGGY 'Fl W
—_— "
-/ HO : Y OH > Ho\HcA)\o : Y OH
HO OH OH OH OH OH
Ribose Ribitol Ribitol-5-phosphate
ISPD | CTP
o OH
o)
HoN N o7 107 1o Y OH
. ' OH OH = Z
OH OH
OH
HO
CDP-Rbo

Scheme 4.1. Outline of the main biosynthetic pathway for the production of Rbo5P and
its conversion to CDP-Rbo by ISDP.

A previously sywodhésesde®RbadsiPdemet abol i c
proved to bei nmicaHiogpidpdd®Vsyi ag al kyne tag

instead of the more traditional azide al/l
i ntermedi ate which wildl retain the natu
alternative to the hydroxyl substitution
(I)I OAc
Acs\/\o\\f\owm
Acs” > OAc OAc

KEH-1-Az-OAc-SATE

Figure 4.3. Structure of a 1%t generation metabolic labelling tool. Biology testing showed
this probe was not biologically active.

I n probe A, the alkyne is installed at C
of the ribitol backbone. Probe D introdtdt
ribitol backbone. Our target iIs to synthe

and witheutot @pEitdesdp hat e, with or without &

Various ribitol and Ryo5hefegeddlpi(i ves w

Ri bitol and Rbo5P derivatives have poor
i Ssue, acetates can be placed on the hyd
the sugar backbone, in turn increasing t|



OR OR

(I)I OR OR
ACS\/\ N P\ /\A&
°6° I LN RTTT N
Acs” > OR OR OR OR
where R = H, A-PO where R = H, A-SO
= Ac, A-PA =Ac, A-SA
H OR OR
Acs” > OR OR OR OR
where R = H, D-PO where R = H, D-SO
= Ac, D-PA = Ac, D-SA

Figure 4.4. Structures of metabolic labelling targets outlined in this chapter.
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60610TY'vt gu{pvjgvke"cpcn{uku
The finalompauvgdEs -PPA, -SBan d-PAFi g udbke

are acettoyliantcerdease their celtlhepepromeaarbiitlyi t
t hreydr oxyl Sigmiolugrsl vy, phlospbhsaéeopratsecti ng
essen@hapgt ées8ri bed a new synthesis of S
used to hide the negative charge of the
are designed to be <cleaved within the

processes to yRbbB8&wvRtthacnyntdchpelf & €

0 OAc OAc (IDI OH OH
AcS - AcS P
\/\O‘ (A)\O ; 5 % \/\O‘ 6\0 %
Acs” > OAc OAc Acs” > OH OH
A-PA A-PO
OAc OAc OH OH
AcO ; ; HO ; ;
OAc OAc OH OH
A-SA A-SO
0 OAc _ 0 OH _
AcS /\)\// AcS /\)\//
\/\O 0 ; 5 \/\O‘ 6\o
Acs” > OAc OAc Acs” > OH OH
D-PA D-PO
OAc OH
/\)\/ /\M
AcO 7 { HO Y 7
OAc OAc OH OH
D-SA D-SO
[Decreased solubility] (Increased solubility)
(Increased cell permeability) [Decreased cell permeability]

Figure 4.5. Structures of the target compounds and the key differences in the acetylated
and non-acetylated forms.

Acetyl protecting groups are unlikely
aspects of the dyertahuettdien fpaogtmemotandalg r at i on
these acet?Tlhiwpruoludp srresuddantimol of the reg



during functionalisation, which is key t
of the carbohydrate mefTabobkfoidadlkealkhing

protecting group strategy needs to be d

groups wi l |l be required to allow phospho
correct primary a5 umycd ri coxnyailtilgsraatni ppanl k 'y n e
el sewher e on tGuee tc.ogntpoowenddt-btuhbaytlcesa n b e
used in the synthesis of #f4thocweivoenra | itsheeds er
groups cannot be removed I n-prtdtee cgreas en
phosphat estfaogre laacteet yHias iiosm due to the pr
thioester, megkiongcttheed PAToOES phat es sensiti
conditione®thes esthr protectingsgepsps s
cannot blTeh eusee do.r e, benzyl ethers are |ike
option. Although benzyl protecting groups
of hydrogenation, this isemat pdsainblaé¢ klya
Lewis acidssanudt hEm®&ESvyeBGeen shown to remo
et he¥es”

These ribitol and Rbob5P dert aadi ves f
regiochemi stry. To develop synthetic r ol
stereochemistry of the ribitol probes i :c
utilise commercially avail abbri bpseprt ose
(SchemM& andche ma) . For consi stency, al |

numbered according to the common numberin
sugar s, such that the C5 position of all
installation ®dhethewphospbatakled al kynes
red, and the phosphatehggbupghnddCbnpbbku

schemes and figures throughout for cl ari:

The final stage APAwiHd sbyentthhees iisn sotfal | a

phosphotriester followed by the exchange
acetates. For the selective functionald@
pri mary hydr oxyl group at C5 selecti v

(RSAISCche®e) . The al kyne tag can be introd
aldehyde R$ARNatsoadan be obtained from com
D-r i bose; e\todalsmer a3lseé e pa pr o o€ $ H &TTehoeny



OAc  OAc o) OBn OBn

i i % NV
ol ~ = = = N
AcS” 9 OAc OAc 7 Acs” OBn  OBn
A-PA A-PO U
OAc OAc OH OH OBn OBn
ACO/\.)\./g\ : HO/\.)\& : HO/\.)\&
TN TN LN
OAc OAc OH OH OBn OBn
A-SA A-SO \ U RSA1
o) OH OBn OBn OH
¢ N, BnO H i \O BnO i i \\
HO ‘OH OBn OBn OBn OBn
D-ribose RSA3 RSA2

Scheme 4.2. Retrosynthetic analysis of probe A to start from the commercially available
D-ribose.

achieved t hiOsmehktyh ydthiyldiroixryd amine to ring
foll owed byarmdenzgitldlty end hydrolysis to ot
al dehlyhdeeenzyl|l protected aldehyde structur
for the alkyne to be incorporated onto C:

or a Grignardprmretacdti @odwallldtSyd eechet o reduce

-~

i sk and difficulty associated with work
as been incor(RPA)2Ad etidn oor pCalr at e t he SATE
hosphate at C5, the( Pr+ mBmy blkremszylecdgn wt
|l eaved wiAle® ZoCyield a primary acetyl at e
een shown that appropriate control of

nables selective depposetr°’®bhme adc ethyel p

Q ® T O T =T

roup cam etmoetrmdbyei el d t he R®Ailmary al cohol

A similar met hodol ogy can be applied t
chainedD Bcbb®#8d) . MTheal steps, exchanging
groups and selective phosphorylation are
The alkyne can be installed fR8MAM3the s
t hrough t he uBseestonianann oFhuiahaC opregt oc ol
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OAc OH OBn
AcO ; ; —  Ho ; ; — Bno ; ;
OAc OAc OH OH OBn OBn
D-SA D-SO RSA4

HO —— /\)\/\
./ BnO ; 7 o

HO OH OBn OBn
p-ribose RSA3

Scheme 4.3. Retrosynthetic analysis of probe D to start from the commercially available
D-ribose.

One question that remains unclear i s the
the synthesis of the SATE protected phos:c
highly unlikely to be stable under the cc¢

ribitol sugar eactkbohe beaatisve nature
present towards nucleophiles and instabi
alkyne will be installed prior to the SA°

6061 "pVv] guku"gh"rtqdg"C
The synthesis of Dpi bloes eA t ot arbttsaifnr drhe k
compodma2 n three stepsNarsi nsesskeerdidp’ed by

The oOXi me f ormati on can be carried out

Hwevei phobl ems with the removal of resid
i ssues in the subsequent benzylation rea
was attempted in pyridindlasnsaemdxt dTheso

i somers in a hiagsheadamiyxiteurde ooff .7EB/%W MRS o mer s
provided clear evidence of the oxime for:
7.42 and 6. 8Bampimsdmear s, herespectively due
i n Eheomer between H1 and the OMe group
shift i n the NMR.
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i) H,NOMe-HCI,
- OBn OBn
0 OH pyridine, 33% CH,0(aq),
HO 70 °C, 18 hr, /\/'\/\ TsOH-H,0, /\/'\/\
& ii) NaH, BnBr, BNO H H \';‘ TH|;61/8 hr, BnO H H o
HO' OH TBAI, DMF, A A o 5 A
4 hr, 75% OBn OBn OMe OBn OBn
p-ribose 4.01 n-Bui, TMS-acetylene, THF, | 4.02
4:1 E/IZ —-78 °C—rt, 61%
or EtMgBr, TMS-acetylene,
THF, -78 °C—rt, 73%
TMS
i) ZnCl, Ac,0, OBn OBn | |
<ot 4hr NaH, BnBr,
||) K,CO3, BnO Y Y THF, 6 hr BnO - OH
0 = = 80% H H
OBn OBn MeOH, 71% OBn OBn (_)Bn OBn
4.051) i 4.04 4.03
Br\/\o\ﬁ\o/\/Br
v
Tf,0, pyridine, EtzN, CH,Cly, 1.5 hr,
79%
i) KSAc, pyridine, 18 hr,
Quant.
;e -
BCl;, CH,CI
AcS oP /\/'\}\ S 22 AcS oP
~ o (‘3\0 p 7 OBn -78°C,25hr "o 6\0 Y OH
B B 48% B B
Acs” OBn OBn Acs” > OH OH
4.06 A-PO | aco
pyridine,
6 hr, Quant.
-
AcS WP
~ o CA)\O ; " TOAc
ACS/\/ OAc OAc
A-PA

Scheme 4.4. Synthesis of probe A derivatives A-PO and A-PA from D-ribose.

Probl ems | ater occurred when performing
scale, where yields decreased to ~30%, ar
side product was oObserved along with de
oxi M@lwas found to be unstabl & aantd hteemper a
use of freshly dried pyridine |Iimited thi
To obtain t40e atlhdeedoy@ibnise sti rred overnig
aci dic solution of THF and 37% aqueous
reaction is reversiblerwidulbttladl eydooxghe
with the newly formed aldehyde. The pres:¢
i n tahcet iren offers a more reactive carbony
with, driving the equi l4i. @rhi uym etlod st hoef d7e6s%
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A) Cram's Rule

OH
Re <
Y (S) ,
OBn TMS Y
disfavoured ’ h favoured

B) Felkin-Ahn Model

0 4 rR O R OH OH
BnO - @OBn — /@»OBn = R (S) %
NS Nuc H OBn ™S
H 7 HoH H

favoured
C) Chelation: Grignard Reaction
OH Bno_ QH oH

— H = R -

Y (R)
BnO H Nuc H %

R R OBn TMS

H favoured

Figure 4.6. Newman projections showing the hypothesised addition of the alkyne

nucleophile to aldehyde 4.02 to obtain the different stereochemical products of 4.03. The

red arrow shows the hindered nucleophilic path, while the preferred approach for the

nucleophile is indicated by the green arrows. A) Cr ambés rul e places the | ar
away from the aldehyde. B) The Felkin-Ahn model considers the preferential orientation of

theel ectronegative AO0OBNno gr ou@®i*antboraihdgoitalandhe over |l a
the ~* of C)Ceelatoa ocbuss thpugh the mechanism of the Grignard reaction

where the nucleophile is formed in a reaction between TMS-acetylene and ethylmagnesium

bromide to form TMS-ethynylmagnesium bromide.

To install the al kysaegegt gh-Buwmkii .o alIfdesh y3d €
4. WWaAs used to sudcd@shs faulmiyx taufrfeorodf di ast ¢
in a 5:1 ratio and -acgteldnefwéd %prehet i
n-BuLi to prevent but ylUsa ddi tNieovimatno ptrlog ea:
(Fi gu4.64) trhaej or di astereomer was Rhypot he:
stereochemi swwhreyn aftol Cawi ng. Horwems h gno d e |

Fel-Rhn medoelsitdrgmrse senceadgfacteimeg el ectrone

Obenzyl et her whi clRarchonyslt adli it esieng hehe
orientation, resulting in a change in th
(Fi guw6B) From the product mixture, however

confirm the favoured stereosdbepriovidg o
support for the stereocGrdangimsgmadyo aocfh tvwaes p
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used on the same starting materi al to f
shoul d resul t in the inversed stereoche
(Fi gu4.eC). Unfortunately, this di d not r
stereocheminsttremdancdcreased the diastereo
7:1. This suggests nBalLitheaoutocommaypfat
forming the chlehliast iiosn |prikpeslayc tdsu ea bti & ctsh en g
ofhet adj acent Fboern ztyhla qethdhepr edi cted stereo
prefer&nce is

The benzyl ation of the propargyl Cl alc
yielded the gl obaidmboyitherdly 0 btoadch oBIORy rye e |

(Sc hemd) . It was noted that the TMS grou
conditions, consistent with s3%hhiariseac
believed to be the reason the reaction dc¢
guantities and a | arge excess of sodium

reqguiSi ac¢e there was no need for the pres

i nadvertent cleavage was an advantage.

The C5 primary alcohol waisano bd @ae tnaetde i |
intermédDaiTbkhe combinatidecmnadf AZOEI sel ect i
functionali sed t he pri mary C5 benzyl

(SchemB)?°26The acetate was200Qémowmed haintolh K c
yield the pdi 0h&r y71&24 cyahledld over the two s
the original 4d4.udCfygovenegl] aThds result S L

formation of the acetate intermediate 1is
was observed. Attempts to | eave the debe
period of ti me, or with incrhfeasnadi equioV a
di acetylated intermediate species from t

i nstead of one.

OBn OBn ZnCly, Ac,0 OBn OBn K,COj, OBn OBn
AcOH, MeOH,
—_ .
BnO Y % 0°C—rt, = AcO H H % 18 hr, HO H Y %
= = 2hr = = 71% from = =
OBn OBn OBn OBn 4.04 OBn OBn
4.04 4.07 4.05

Scheme 4.5. Selective primary debenzylation of 4.04 to yield 4.05, via 4.07.
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With the primary alcohol obtained, the
the SATE photse dSacthte md) . This was done wus
proceduroaut | dind significachhpt éffdT8e det ai |
t2-br omoet hyl Bhdwpshaaeti vated with trifli
pyridine to( brbamaent hay Ihipshosphata@aggedst it
pentitol. Substitution with potassium th
acetyl at e4d Opr 07d9u% tyi el d wi t hout the need
The diaster edmewtisc deatteirddioeiR by be 9: 1,
increase from the 7:1 of the starting mat

by sample |l oss during purification.

The final steps are to exchange the ben
The mo st common approach to dedredzyl ati
Pd/?€%2® " However, this would also reduce t
alternative apssrodadh was(@calgge B& 75253

o) OBn OBn o) OH OH
i BCl;, CH,Cl,, Tl
4>
ACS\/\O\“FA)\O/\../'\)\\ 78 C. 3 ACS\/\O\“T\O/\../'\/%\\
o] : E AN o) E : AN
Acs” OBn OBn Acs” N OH OH
4.06 A-PO
Ac,0, pyridine,
18 hr
ﬁ OAc OAc
AcS P
\/\O\ 6\O ; v %
AcS/\/ OAc OAc
A-PA

Scheme 4.6. Final protecting group cleavage to obtain A-PO and acetylation to yield
A-PA.

A major byproduct was observed to form

to bei-mbosed ribose derivative Il acking
byproduct may have formed due to an el i mi
debenzyl ation and/ or nucl eophilic substi

chlorine prior to cylclgsattpoatf Cadm Thesh
negated through the slow addition of the
control of the reaction as it proceeds e:
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This strategy proved to be successful, |
A-POby col umn chromatography resulted in d
crude mi xture was dOraercd | yynirciane.d Wwhaea hf i/
proBfAwas successfully obtained from the
mi xt urleP Oafn d puri fied by col umn chr omat
degradation observed. A total of 14. 2 mg
the final product w¥s NdRn¥OnrdneRd abnya | HRMSs, .

The -pbosphoryl adn&OaphSheere obtained b
treating benzyl atée@wal hyto€ | dleraweattitve be
protecting groups to obittaaigngetdher i bnpgroodt ep
A-SOSchem& A | arge amount of degradation
the debenzylation reaction resulting in t
be caused by t hxbeaddi ttiooon foafstBClcausi ng
temperature and eventual de@riamapyondi Ae
yielded the acetyl aA-A al kyne ribitol pro

OBn OBn BCl,, OH OH Ac,0, OAc OAc

/\/'\/2\ CH,Cl, /\/'\/\ pyridine /\)\/\
BnO Y Y P HO Y Y 3 AcO p Y
PN e A TN
OBn OBn 320/2 OH OH OAc OAc
4.04 A-SO A-SA

Scheme 4.7. Synthesis of alkyne-tagged ribitol compounds A-SO and A-SA.

Ma s s spectrometry anal ysis showed t he
acetyl at A®6Awiutglaran m/ z of 409. 1103, as
457. 1463, corresponding to a partially d
benzyl group still prpseaéeduifle,i mpbeoveaghp
repeated with moreteoqgqueinvsaulreental |ofbeBhCly |
groups were cleaved off. This strategy pr
A-SOanAd-SAready for Dbiological testing.

60610 "pvj guku"qh"rtqgdg"F

I n probe D, the alkyne tag is installed
onto the ribitol backbttydy i dl skeelcames npl
contains a hydeoapprgogerobpfor the synthes
outlimMede®mB8andtarts from aldd ényidceh scpaenci e

be synthesised as described above.
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The Cbuefprs protocol is commonly used to f
an al kynwiagrkelyp @moal kene 3°%f{t#simegsi RPIe .

and «@Bmerated the required dibrdo.nbo2yl i de
to successfully f ar fPa8ltthreo wWg b ryimolod s fiimi t
from 28% to 46%. After thorough examinat
reagent ratios and reaction temperatures
of4. 688’As shown by entrTiaebshBA, i Bcra@aasiCng nt
guantity edndou@BrcPRlased the yield. Howev
mi xture became more diffisgsubhts Bao plutefpna

to BRhAs al so ¢@tatbdlhgpt et r t oD)assess whet he

sterics on the phosphate were | imiting t
not i mprove (36%).
OBn PPh;, CBry, OBn n-BuLi, THF, OBn
/\)\/\ —>Et3N’ ol Br 18 iasl /\)\///
BnO” Y Y S0 —7e°cnt, . BnO” Y TN 25hr, 55% BnO™ Y Y
OBn OBn 3h.77% OBn OBn Br OBn OBn
4.02 4.08 4.09

i) ZnCl, Ac,0, AcOH
i) K,CO5, MeOH,
i) B Sor Evg S Br 68%

Tf,0, pyridine, Et3N,

Q oBn _ CH,Cl,, 1.5 hr, OBn P
ASS P /\/'\// - 57% /\)\//
0 C‘) 0 H H ii) KSAc, pyridine, HO X H
ACS/\/ OBn OBn 18 hr, Quant. S5Bn  OBn
4.1 4.10

BCls, CH,Cl,, —78 °C,
2.5 hr, 57%

0 OH oo 0 OAc
AcS -~ ‘g\ /\)\/// —>py”§i”’e' AcS ‘g\ /\)\/
o“i 0" Yy Y 6 hr, Quant. oVi~0” Yy T
Acs” >° OH OH Acs” >C OAc OAc
D-PO D-PA

Scheme 4.8. Synthetic route of probe D (D-PO/D-PA) from aldehyde intermediate 4.02.

Taking a step back and reviewing the
becaapparent that twoaeguinealdendt £ oofprieRh

activated ylide from dme |ledqwirwdluegret, ®fcCcEC
rati o sdfo EBE '3 ™Héwever, a 2:1 ratio is
commonl v urdeeg!l ying this appodachltedal ade
a significant increase in yield.t It wa s
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2681272Table 4.1. Reaction conditions used for the Corey-Fuchs protocol to form the dibromo
olefin 4.08 from aldehyde 4.02.

OBn OBn

/\/'\/\ —>Et3NY Br
BnO : 7 o CH,Cly BnO I 7N
OBn OBn OBn OBn Br
4.02 4.08
Entry CBr4 PPhs PMes; Temperature Yield Recovered
aldehyde 4.02
A 2.0 2.0 i783 Y rt 33% 35%
B 3.0 3.0 i403 Y rt 46% 30%
C 5.0 5.0 i783 Y rt 42% 23%
D 3.0 3.0 -103 Y rt 36% 34%
E 2.0 4.0 7103 Y rt 77% 10%

273, 227§ r ogressing at t bheeldowar iénngarée ags ium ¢ s

the tempeamda? &rteplf®Brresul ted in a further i
to a sati $adagpdlmgerR)IPY§oOor reactivity of tfF
I's Iikely due to the i ndomeadedcalrdomniydnce
o f Cl by the benzyl protecting groups,

aldehyde to the ylide.

The second st eFucohfs tphreotQocroely t o obtain t
treat ment of t he. 0@i briBuroi® d € ¢ madA) .
Met-eaxchange occurs umpBwLit hef @aldldowe  nby fel
of Li Bre.t ,Sdthhur ough the -babelolfi Mg@guéxep e uimm
were able to determine that thei amechani
Uel i mination t o 4f. dlrd4no uttii® cnleameBe?i ¥ h e

al kyne i s obtai nedi fftol b-8 wiFtr g Waeertid, €2l |

( FBW) r ear ?F’drhgee mfeioietth.@d f or ma tQi9oonv eodf | i mi t e
by decomposition, which was ob#8utted upo!
td. 08To compBoukatwas added very slowly o
period of time and was quenched wupon the
TLC. This approach | ed obl kdgn®Bstent vyiel

27079
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A)

OBn OBn
B mBuli THF, 78 °C-rt, /\)\///
BnO~ Y TN 25hr 55% . BnO” Y ;
OBn OBn Br OBn OBn
4.08 4.09
B)
H H
BulLi B a-elimination H 1,2-shift H
Br _f- r o s »
—_—
RN > RN -LiBr /& /
R . R
Br Li
412 413 4.14 4.15

Scheme 4.9. A) Second step of the Corey-Fuchs protocol to yield the terminal alkyne 4.09.
B) Mechanism of the alkyne formation from a dibromide alkene 4.12 determined by Sahu
et al.27®

To allow for the installation of the SA
at Cbpritrnery benzyl group was converted -
o f 2Zn@l Ac OH 2Ganals Agreviously described. T
i nter meldilsBas deacetyl ated wi t h potassi u
met hanol4tbhyb8PdyidelODBDufrricnm puri ficatio
4. WAhs al so recovered butd4. rad sa coebtsaetrev eidn.t e

OBn _ ZnCly, Ac,0, OBn . kcoum OBn
/\/'\// 4>ACOH /\/'\// —2 > —»eOH, /M
BnO H H 0°C,3hr AcO H H 4 hr, 68% HO Y Y
(:)Bn C=)Bn SBn aBn from 4.09 5Bn aBn
4.09 4.16 4.10

Scheme 4.10. Primary functionalisation to acetate 4.16 and the subsequent deacetylation
to obtain 4.10.

This highlights the initial selective
l' imiting step. This reaction can be perf
order to generate more of the desired pro
4 hours resultedyipld dadrdasetp additio
occurring acrolsscntdédasimodg etchué erreacti on | en

in a | oss of regioselectivity.

The same SATE protected phosphate met ho
Chaptamd3in the synthesis ofchbedb}E A abov
to obtain the nbornoonsouebtshtyiltpuntoesdp hzat e i nter
410i n 68 %BAtdt empt s t o-bfromoetththeg | JiphdDIshhoest
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A) ]
OBn B’\/\ovg\o/\/f" o OBn

g N I /\)\//
Ho/\_)\_// - Br\/\o\\-':\o ! ! 4

Tf,0, pyridine, Et3N,

= 2 o) : :
OBn OBn CH,Cly, 1.5 hr B N OBn OBn
68%
4.10 417
KSAc, pyridine,
18 hr, quant.
B) Observed side products
TR 2 oBn _
Br WP P., Br /\)\//
\/\O\ 6\0/(‘) /O/\/ 418 ACS\/\O\\\Z\O - -
Br g AcS/\/ OBn OBn
OBn _ 4.1
Tfo/\./'\.// 4.19
aBn 6Bn

Scheme 4.11. A) SATE protected phosphate installation on 4.10. B) Structures of the two
major side products observed in the formation of 4.17.

wer e, although successful, hampered by
byproduct s. A HL.hls&phdaoiuenst ero be present
directly with a3no@®céehminB) ecAnepmdduby

found to be present 4wd(Oc h et B)r,i fdauxseden

by wunreacted triflic anhydride. Wi th <car
reagents, the 4d élsaisr eodb tpariondeudcti n a 68 % wi t
decrease in the presenced.olfhehententtate
starting material was also recovered.

Compl etion of the SATE protecting groupg
the substitution with potassiu#m. dtlhi oace
Variations in the yields were partially
silica column chromatogrdaf@dhy.t Bwasstfamutnidn
purification step could be avoided and
Ssubstitution, gr ddvwoimngt hpurlker omoet hyl ph
i nter medlat e

Having obtai meadttelte e8B8ATHenzyrdoatiedd eand
ri bphodphate 4#eifiovattitvee f i r st ti me, t he
(Sche®m&2 in the synthetic strategy were t
withstBLCIl obD-RROandcetyl ate DIPA Thbtaiwas
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successfully achiDePVOadch dDyiAeeddygg fbot i ol og

testing to be conducted.

(I)I OBn P <I)I OH P
AcS P /\)\// BCl, CH.Cl,  — Acs P /\)\//
o C‘)\O i i Z78°C, 250, ~ o c‘)\o i ]
Acs” >N OBn OBn 57% Acs” > OH OH
4.1 D-PO
Ac,0,
pyridine,
6 hr, Quant.
ﬁ OAc _
AcS P /\)\//
\V/A\O/é\o ; E
Acs” > OAc OAc
D-PA

Scheme 4.12. Debenzylation and acetylation of 4.11 to obtain final phosphorylated Rbo5P
probes D-PO and D-PA.

Having obtained the SATE PP OatneBcPtAed pho s
t he attention -pthorsmpdiadr tloatedn ribitol de
intermédp@ioeed to be an excellent precur
D-SAanDB-SQAIl kyynd@&as tr eabBCltdo wiitenl d t he depra
sugbh6BQ Addi ttiheenaclrluyde product obtained v
obt B-BEAScheme3DSAwas obtained i46. @3 yield

its structure was confirmed by HRMS and |

OBn OH OAc

/\/‘\/// BCl,, CH,Cl,, /\/k/ Ac,0, pyridine /\M
—_— —_—
Bno i i —78°c, 18 hr~ HO i i 63% from 4.09  AcO ¥ I
OBn OBn OH OH OAc OAc
4.09 D-SO D-SA

Scheme 4.13. Synthesis of D-SO and D-SA from 4.09.
6oe6rdC&"XxXcpegogpvu"kp"vjg"u{pvjgl

The successful synt hesi st aggddunri viatralat
Rbo5P metabolic | abeddhinegv & mensty, nwhuett atchga ¢

routes outlined are not only | ong and p
challenge to repeat t hAs woud&h oan aalltaergre
strategy was developed in order to impro

of the synthetic approach.

The original met badd oseen afsi tat sd afrtomg m

very affordable and commercially availahb
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starting materials were explored in an

approach. The mo st usef ul commer ci al |y
5-O-al Py Bt,«@bendDyli bdt @I0 Thi s mol ecul e of fer
position available for functionalisation
manner that allows it to be selectively ¢

protecting groups.

To install the alkyne at c1l, using a C
Cor-ewvchs procedure for probe D, requires
4. 2Tthi s was obtained. i2u® thhi ghh ey itdhedt affm oDne s
periodinane (DMP) rwiqtuhSradae digudr .i ftraoabtei o n

A, as an alternativeihowmbBUlitmg utstee aGrli.d
solution of et hyny!l m&ohéowenh byontihdee i n
benzyl ation of #4h&aebitde nd@8t ¢gmiedld, as a 2
mi xture of di,asweRres® i $bemeesvsed to be the

stereochemistry.

MgBr OBn OH
/\)\/\ DMP /\)\/\
AllylO OH CHzC|2 AllylO THF AllylO N
quant. -20°C, 18 hr A
OBn OBn OBn OBn OBn OBn
4.20 4.21 4.22
NaH,
BnBr, THF,
43% from
4.20
OBn OBn Pd(PPhy),, OBn OBn
DMBA, MeOH
-
HO i H % 60% AllylO %
OBn OBn OBn OBn
4.05 4.23

Scheme 4.14. Optimised synthetic approach to obtain 4.05 from commercially available
4.20. Standard deallylation conditions shown not to form the desired product 4.05 and result
in a decomposition of the starting material 4.23. DMBA = 1,3-dimethylbarbituric acid.

This is a | arge decrease in the diaster
the observed ratio in the previous synth
the nucleophile phanhgchgdf aomt yM8ne to t
smal leerthynyl magnesi uSna h ébomédndi.dbdesmal | er

nucl eophile is |l ess sterically hindered
observed at either side of the aldehyde |

excess.
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To selectively remove the allyl group t
described by Ogawa and Kaburaggi but us
pall adium chl omainde Biaentb mahtolwsn dlhat met hanc
required to act?®@dhe mintohdadp heidl ea.l | yl pr c

4. WAs exposed to these conditions where

materi al was oOobserved, however, no desi |
unf ortunately, It proved not possible t
compound obtained. As swcke &orwairtiiedrys o

eval udlaedd.(

2881 2932941298 Tghle 4.2. Attempted conditions for the deallylation of 4.23 to 4.05.

OBn OBn OBn OBn
Catalyst
Allylo Y Y A AN, ™ Ho Y Y A
OBn OBn OBn OBn
4.23 4.05
: o . Solvent
Entry Catalyst (equiv) Additives (equiv) (anhydrous) Result
Original PdClz (0.2) - MeOH Side reaction
A [CpRuU(CHsCN)3]PFs (0.01) Quinaldic Acid (0.02) MeOH No reaction
B Pd(PPhs)s (0.1) - MeOH No reaction
C Pd(PPhs)4 (0.1) K2COs3 (3.0) MeOH Side reaction
D Pd(PPhs)4 (0.1) PPhs (0.2), CH2Cl2 No reaction
Pyrrolidine (8.0)
E Pd(PPhs)4 (0.1) Morpholine (10.0) CH2Cl> No reaction
F Pd(PPhs)s (0.1) DMBA (2.0) CH2Cl2 Product*
G Pd(PPhs)4 (0.1) DMBA (2.0) MeOH Product

Reactions were monitored by TLC. Degradation products were not isolated. *The side
reaction or degradation was still observed. DMBA = 1,3-dimethylbarbituric acid

Aspal | adi um %&(hPYor iicce iiss cionsi dered to be
and therefore prefeaglseateraccrasl kigofdeti 213 t he

instead of the allyl et her't hBhesheo i clea rod
catal yst for cycl oi somerisations, al | yl
participati or®&°Al techiasaviebygs. many | iter
describe the use of tetrakRii®O0d(OPPhanyl ph
source® offi nPanhydrous dichloromethane or
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allylation of ethers i A% fPfMbe pmesbhankesmf
i nvol ves coor dimeatailorc emft rtehewiRch t he al ke
addition tod"abtitagilndcampHdéiumi ting the pot
unwanted side reactions with the al kyne.
|l iterature and a rPadn(gRRbwer editde sntoetd rwveistuhl t
desired product, but some side product f
(Tabh2 . With no degradation being obseryv

promise.

Next, aTr s tejaict i on was?% Balhée empesed.of

1,-8i met hyl barbituric acid (DMBA) as an al
catalyst resulted in the 4. o0®atiioas of &in
G,Tab42d . The allyl ether % xitddtyiswelty gd b
the paltaddiydmdo @¥d eexh@ 3t he DMBA reacts a

nucl eophile to afford the desired product
of tipe ollpucithe catalyst is regenerated. E
295

PhsP_PPhs
/Pd\
PhsP”  “PPh,

WL

Pd°
/o
° o Phsp” PPhs
N N
Me” \H/ “Me
reductive oxidative
(0] 4.26 elimination addition
C] PN
(0] (0] PN RN R
W 7N o O "~
®pyll /Pd“ O H
N N 7N : 0
Me”™ \H/ “Me PhsP PPh; PhsP PPh3 OBn
(o) 4.25 anion exchange 4.24

Ho/\:/R OWO

OBn N_ _N

yd ~
desired deallylated product Me \f( Me
O
DMBA
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Scheme 4.15. General mechanism for Tsuji-Trost reaction adapted and applied to the
DMBA facilitated deallylation reaction, adapted from Tsukamoto.2?*

the methanol alone is not enough to reac
addition of DMBA | s et®slaaktnetri arl e p olrstukd moh @

met hanol as the solvent increases the ra
such improves the vyield %@°8Thispeechdangfe t
successfully i ncr é& a@tbod 0.t bet ay ineIngg dafi s

i ntermedi ate from thed4d.c2uemanes ct hbdt yt heasek

approach can be applied for the synthesi:

An al tepnatedmrcd udes t he o0 n-6i | bteer pt Se

Homol ogati on and -Btelsd mase ofea®bknt awhich
reaction to be conduc®elde mdA)MIA°dde condi
original-GiSlebyefretrt bondi ti onstebatvoxivee pbo a
deprotonate di methyl (di azometthhey | hipchitolsy h
basic conditions, this would no4. 2 i dea
as t he presdigar odgent hiencreases t he i k
formati on. Thi s potenti al enol format.i
1) racemi s akcieamt ref (tCl2¢ which would resu
pentitol compounds thati sewebatd hedvehwnrdc
2) thd oemeddul d be more | akdbly ctcondermdsatgi
reaction to result i nclae ar8cyb mimtd Bmi xt ur e
Fortunatel yBestthmmn®hiprraot oc ol all ows t he
di met hyl (di azomet hyl ) phosphonate ani on
conditions, yieldingaladlekhyBdedse @ m enol i s
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A) Seyferth-Gilbert

i
KOt-Bu
__________________ H E’"OMe THF
5 R BnO: N, OMe -78°C OBn
/\/'\:\/\ - /\/'\/
{AllylO 7 Y o > Allylo - -
' = = Ohira-Bestmann B H
. OBn :OBn o o OBn OBn
I K,CO3
4.21 Me s OMe THF/MeOH 4.27
OMe rt
N
B)
R NCEEN
\/%O‘: : N0 <> Y\ j/\ Y\
OBn C_) Bn

C) /\ o o 0
R KyCO; P.
'y, - ‘,
\/\o ( 1 “OMe MeOH Me CA)M’OMe
e

N2
Ohira-Bestmann reagent

Scheme 4.16. A) Synthesis of 4.27 from 4.21 under two different reaction conditions. The
original Seyferth-Gilbert procedure was compared to the improved Ohira-Bestmann
reagent that allows for significantly milder reaction conditions. B) Potential enol formation

macwarbon aldehytlet i n r ace

underhighly basic conditions that
C) Mechanism of Ohira-Bestmann reagent reacting with aldehyde 4.21 to produce the

terminal alkyne 4.27.

atd.eniptiedldwidivabs al de h

This reaction was
successfully olfScahienndetl 7. | A | BY @&a s t hen
the same deallylation condi

subjected to

the primadyil®dl aob6é6® yield.
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To9
/,
OBn Me)H(omgMe Pd(PPhs),
/\)\/ __DMBA _ /\)\/
AIIyIO H MeOH HO H H
66% OBn OBn
4.10

o KCO3 > Y
MeOH &g SBn
4.27

Bn C:)Bn
59%

4.21
Scheme 4.17. Successful application of the Ohira-Bestmann procedure to obtain the

AllylO
terminal alkyne 4.27. Deallylation in the presence of the alkyne proved to be successful

Oun.

with the use of Pd(PPhs)a.
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6 OT7TEEgpenwukqgp

This chapter has introduced the -idea of
tagged Rbo5P metabolic | abelling tool s.
be used to study ribitol and Rbo5P in th
and may provi dey@Db &.e yFduwrolditfof steardt probe

been described and the successful synt he
described in detail. For eta& dg eodf rtihbei t
derivatives were synthesised, witoh and w
allow for testing of their differences i

al kymgged Rbo5P compounds were also sy
protecting groups to mask the phosphate.
i nstalled using the metrleo dichiagdye roawldt | i ned

Synthetic devel opment has all owed the
4. 0,m 3 steps with a 26% overall yield, w
the alternati pei bosatdggcfrbed above whi
steps (24% SGecoheasld .yi el d,

Synthesis of probe A

(o) OH ) OBn OBn ) OBn
o T e, <2 L~
< 6 steps HO H H % 4 steps Allylo H H OH
HO OH OBn OBn OBn OBn
p-ribose 4.05 4.20

Synthesis of probe D

(o) OBn OBn
OH . P .
HO/\Q/ 16% /\)\// 39% /\)\/\
< S, 5 steps HO H H 3 steps Allylo H H OH
HO OH OBn OBn OBn OBn
p-ribose 4.10 4.20

Scheme 4.18. Summary of the synthesis of key intermediates 4.05 and 4.10 in the
synthesis of probes A and D from alternative commercially available starting materials.

Theri bose methodol ogy, however, of fers
commer aval l wbl e starting materi al t hat |
stable inter mediian er esgpxee iteltse yi el d, the

subsequent benzyl ati on coul d be perforr

avail able ethynyl magnesium bromide sol ut

33:



should negate the current need for | ar ge
hydride and benzyl lsryonmihcee .i ¢ H cawglepw2atra,c ht hf e
of fers a quicker and shorter apfprdach to
Al t hough si mhlaar pyoeleadi hn@, biet si gni ficant
consistent . The deallylation could be in
i mprove the yield. The cost of the startd.

benefits of this approach.

For probe D4. vdwmpobndi ned in 16% yield
D-r i bose, i n comparison to432% \3i eltce pwwhen
this case, It i's clear that the alternat
expensi ved mhGd evieal to be highly beneficia
t hat t h2e s@hmarnan reaction worked signifi.
t weot ep €ardédy protocol . The deallylation
synthesis of the probe A, yaeédenneabei de
and significantly |l ess side product or o©

and recovered by column chromatography.
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6 018Gzr gt k aggepwkeconp'

Al reactions wer-éricoddaglcd sdwame owredher nitrogen
solvents were eithe fDMB,hltyolduesne,l | TeHF)( Cdr used
SureSeal bottle (pyridine). Anhydrous MeOH was o
mol ecul ar sieves overnight. Tr0sfplriicoranthoy du § @ e a wd
pyridine was used from a SureSeal bottle stored
chromatography was run eithe406mampualtliwi i tslh zrkei gh
(Sigma) or on an automated system (Teledyne, Comt
em particle size silicaPhasedai Sielpi cREF cGoll udmnMogr nead
Reactions and column fractions webraec kmoTnLi&@soprlead by
and visualised by UV and staining. For sugars, tF
HxSQi n Me@idni sal dehydeorstpdios phat essrteaaicnt iwoanss uas ekdMn
I R spectra were obtained by thin HahdC ANMRon a Pe
spectra were obtained either on a JEOL ECS400A

respectively) or a Bruker AVI 11 HD600O spectromet
Structur al assignments were corroborated by homo
(COSY,QCHMNnd DEPT) where necessary. Chemi cal shif
milliofrepam, ve t o t3hlie7 s26 ¥)SOED2(.CDROLUGE . 79) .

IH NMR splitting patterns are designated)as singl
doubl et of doublets (dd), doubl et of doubl ets of

apparent triplet (ap. t), o) mnmulet irplpeotrtEem) .i nCHep
The integral s'Hr 8M&r pedki hi shefor mixtures of anon
that the numbers of protons for each anomer ar e
anomeric ratios are also given and were deter min
respective oanomepeakspr Whereofindrodtuetd, wyt bl ds i 1
mi xtures were calculated from the isol atHed mass |
NMR. Where one anomer % sNMR me dlks gmay xrcetsshe vi si

mi nor anomer and data are reported for the major

6 0870*34'U. 5/). B/ @ v T/Q@dokpu] { nr @pgepéEn" qzkog"

6023
OBn
5 1
W/OMe
BnO Y 37y N
(=DBn (=)Bn
D-Ri bose (3.00 g, 20.0 mmol, 1.0 equiv) and met hi
mmol , 1.2 equivVv.) pweriaidies g @l8x¥tamo)$ puhnedregr. NThe r eac

mi xture was 3stoirr rle2d haoturs0 When TLC showed no mor
material, the reacitri omamwhsl| efotn cteantdrayt eoadn hi gh vac
residue was dissolved in DMFE (Na8 (n6L)50angd ocfood e
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suspension in mineral oi I, 160 mmol , 8.0 equiv.)
stirread oat 10 BWNolur(.1.B8u5 g, 5.00 mmol, O0.25 equivVv)
mmol , 5.0 equiv.) were added and the reaction was
The reaction was quench@d( 200 hml)h ea radd de % ti roanc toefd Hi
(5 1 100 mL) . The organics were combinegd and wa:
filtered, anidn coackemd rat ede mi xture was purified
column chr om&tOdg rEapOAy / (hxane) to obd.aB. 28e desi
g, .D5 mmol , 75 %) in a EkZ1 asathaoy&fFfd.dido oed: sl (

hexane/ EHFOM® ) ( E&Il cul atseHdNNaeQ[ MEN&H]62. 256 9, found
562. 2556 AMRaj Bir son(eA00 MH2z)in7CBCW=( B,. 0 Hz, 1H, H1),
i7.19 (m, 20H, Ardmatllc4 HHzRh41,Mp4JIGEM11Y.d4 Hz, 1H,
CHPh), i4.66 (@RPMR)H, 4J=541( #,-PAH, €CH44 (BpP) s, 2H,
4.39)J=(d,1.9 HzPh)LH,4.830 8(®d, 4.0 Hz, J=H,6.H2) ,4.30. 92
Hz, 1H, H3), 3.84i3.s63 3(Hy, M) , H43J =+ 9H5.)5, 35.620 Hzd,d
1H, H5)NMR ndinsoome4 00 MHz)iw7CDZd 19 (m, 20H, Aromat.i
6. 76J<ds. 6 Hz, 1H,J=H16).,6,5.30.32 (Hlzd,, JEH11H2)HzA.TH, (
CHPh), 4J%011.d3 HzPh)L,H,4JGH611.d4 HzPh)1l,Hj4.C&HB

(m, 2WPh)CH5J5411.d4,.PhH, @GH44 (#Mh) <, 3D HLLdCOH

Hz, 1WPh)GCH 3.J$26(dd, 3.2 Hz, 1Hz ,H3338835 84m,( s3H,3H,
H4 + HH!® NBR maj of 1040 Méim)liclHABCI8 (Cl=NEL), 138.5 (
138.5C)(LAr13€)4 (ARE)]l (ARE)]1 @(UAET)5 (RE)5 @ULAB. 4
(AC), 12€)4 (RAE)2 (A€)2 (RE€)]1 (QATL)9 LRT)8 (ATr
127. 7C)(,Arl2CT) 7 {UMBPB) ( CHSP.NhL) ,( C7HBP.h3) ,( CTHIP.h2) ,( C7HB . 4
(C2), 72.7 (C3), 71(CH(C4), 69.5 (C5), 61.9

These data are consistent wi % those published

608[0-M4"U. 5/4. B/T & v I/Qdrkpu| { nr GOBepcn " *

s 9B
Bno/\:/:’!\ZéAO
OBn OBn
Oximequ. 70 g, 3.15 mmol , 1.0 equiv) was dissol
formal dehydag) 9s.0000utmlo,n 111 mmol , 32 equiv) was a
TsOHLH( 600 mg, 3.15 mmol , 1.0 equiv) was added an
temperature overnight. Upon <compl etion, the rea
NaCfQa{H)1 00 mL) and extracted with EtOAc (4 1 70
combined and was(h2ed wi50b nmlL) and brine (2 I 150 n
filtered, anidn cwinecreohtratmda crude yellow residue.
4. OWwas puri fi edh beolsuimni ccah rfolat%o gbtapAhcy/ h(edk ane) as
yell ow oil (1. 22 Rg0. 627. 3(91 :n¥m oH t ,HORME %) edx&lingeu)l.at e d

forH@a® M+NBEP3. 2304, f odth dNNRED 02 BMGI&).GLICDIDI ( s,
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1H, H1)i,7.213%m, 20H, Airdo n6asdt i(cm, P)B8)H, 4 AH 02 (5 ,

Hz, 1bPh)GH 41582 .(d,Hz:Ph L H,i4CB5 (m PMWH, 4dH 1 (d,
2.2 Hz, 1H, H2)8. %, 02. 2didz,J=H3B).,7,3.495,(Rdd#, Hz, 1
3.71Jedd0.5, 2.4 Hz, JEH,10HS) , 43 .96 8z(NVRHQ 1 H5

MHz, §DQI01.3 (C1)-C),13B38)]1ALABT)7 (ART)6 LAB. 6
(AG), 12€)5 (R€)5 (A€)4 (LA€)]l (A€)0 (QLAT)9 (Ar
127.8C)(LAr12T)7 @R#®) (CHOPI) ,(CH6. 8 ( e2h)),, 7733..52 ( CH
(CRh), 72.9 (C4), 72.8 (C3), 69.2 (C5).

These data are consistent wi €% those published

6080%" *4U. 5. 5/QaagpRGgmn) { p{nvtk/@gv) {nuk
j{ftimgdvE&EP@gs*

nBuLUnderz2aga mdspheraec,et YyM: ale, (45.7100 mmol , 5.0 equi
stirred in TH8&.( @.nBuMli) (a2t. 05 mL, 2.wads mambded 3. 0
sl owiy8amd stinB8édratd5 minutes. To tdhe@ZniXture tl!

mg , 8n2a0l 1.0 equiv) in THF (0.7 mL) was added s
before allowing theomiext dr dotuo . wdJpmnt cobpl eti on t
qguenched wit hiCgampftodruatieoch NH O mL). The mi xture was
(4 T 20 mL). The organic |l ayers were combined ani

over Mg SfQ |t er andncomacBlme ratede mi xVv usaiel iwcaas pur |
flash column chI®O%aEtocQAahphgx d40eB3 056 wmEgmalbao
61%r 4:1).

Grignadaodanhydrous THf, (3.0 HNMLPEthAYy!l Magnesi um bro

mL , 3.06 mmol , 1.2 egwadatvyl evhes BHBRIdMMOEMS 1.5 equi
added slowly and thefomi xtuheusti Thedraac®Di on was
178 before a soludi A& .30 gl,d&hyde mmol , 1.0 equiv)
(3.0 mL) was very slowly added to the reaction,

used to rinse the flask. The reaction wias stirrec
The reaction was quensaLHegolwittihons a(t ud amle)d. NHhe mi
extracted with EtOAc (4 1 40 mL). The organic | &
brine (2 T 80 mLa ,fddrted anidr cwhgdSidoet catuegde compoun
was purified by silica f FHaOsY% EddAcmm exdmdmBa tt cog ryai pe

(1.13 g, 1.85 mRoOl 5578 %; 4d EtHFHORRMY h(e&&lindeu)l.at ed f or
CsHaNa 65 i [ M684d] 2856, fouMdNMRB 1m@480600 . MH z),in CDCI

7.386.24 (m, 20H, Ad4o0Wmat(ofHY)H4.409% 22 .(8d,Hz, 1H, H1)
4.608.59 (mgPh)H, 4dHA62 .(9d HzPh)1H, 40638(0d, 2.4 Hz, 1t
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H3), 4.00= (m.pl, tad.,4 Hz, J=H,8.H4) ,2.38. 8Dz,( dldH, H2) ,
H5), 0.18 (38),'T9HMRCMAE®T MHz)lc CDEI 4C)(,Ar138. 3
(AC), 13€)1 (BRE€)0 (AE)6 (BAL)S5 (AL)4 (LBE)2 (Ar
128. 1C)((Arl2€)1 (RE)0 (@(ART)9 (LART)8 (ART)8 LART. 7
(AG), 12T)7 @BB.1 (C7),3P0.80(T6(0C2BL.28 (T (C4),
(CRh), 73Ph5) ,(CHP.h7) ,( B . 9 (£50. 0% 4( §) C(CEH

608[064"U. 5/F. £THd GpBgnj {rpgiprv 69 @'6*

OBn OBn
5 1
2
BnO v 3
B 6\\7
Bn OBn

I

(o]l

The propardgy Q3BallcarMggl 1. 38 ,mmbrl), 2 wad D1 ckiqus ovl ved i
THF (8 mL) angl. cNaHe 0332 1@d\g of a 60% suspension
mmol , 6.0 equiv. ) waasn da dsdteidr rseldo wfl oys . a3Bn®i nuUd 26 at
eL, 6.91 mmol , 5.0 equiv) was added 3sfowl 80and t
mi nutes before stirring at room temperature for
with ice and extracted with EtOAc (4 T 25 mL). T
with brine (2 I 50smi))|teénrieadd awmarada®@ntai at ¢ the
crude resi due. Thwii 8i lwacsa gdraisthi edol umd 5% hr omat o
Et OAc/ hexanet). (t609 40 bmhg,i n1. 09 mmol , 8 0 %, Rir 1.6: 1)
0.46 (1:4 EtHRMY h(ebSllmel) astblaboM+KB4]9. 2930, found
649. 22 8IMR ma4 O MHz),GtCDXF . 25 ( m, 23H, Aromatic H
7.20 (m, 2H, Arodatlt. H)HzRM)BE, 4(J0&6 11 d6 Hz, 1H,
CHPh), T#4.58 (m2PHBHt HH J=41476( #zPh)1,H,4.C4H4 (ap. s
2H, oCHH) , 4. 0= (4apl. Hg,, 1iH3. H4)(,m,3.208, HT=+ H3), 3
4.7 Hz, 2.H54JK5d2, 016Hz , Wi7nor. 523 d2. 5 Hz,'T1H, H7).
NMR ma(j1o0l MHz)lcICDIL.I6C)(,LAr13€)7 (LBEL)6 LABE)S5 (ATr
137.9C)LAr12€)5 (R&E)4 (QRE)4 (LAR&E)3 (LRE)2 @QLARB. 2
(AC), 12€)1 (QAL)9 (ARL)8 (ATL)8 QARL)7 LRT)T7 (ATr
127. €C)LArB2-CTAr 12-C)6 (AEL)> BBr5 (C6), 79.9 (C2 or
or C3), 79.0 (C4),Phn5. 74Py )(,CH3 43 1 ( L£BYH,, 72A..64 ( CH
(C#®h), 713Ph2 ,(CH.6 (C5).

608074"U. 5/F. 6/Q8a g7/ ag/l8ldwnj {rpg{prv 6O E9*

OBn OBn
5 1
AcO ¢ N
PO
OBn OBn
To ZtC€K4O0 mg, 5.40 mmol , 5.0 equiv), 1: 5 acetic

added and coollfTbdnta #o0f4a8Domgpfl. 08 ,mnlo)l ,v n11. 0 e q U
1: 5 AcOHfAcmL) was added dropwise. The mixture we
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room temperature. After 2 hours thwatemactlbnmim) xt
and diluted with EtOAc (15 mL).0THe édrdga&nime)l apei
(25 mL) and dmni efdi Iwierhe dMg SdOnd v@ahneoecenrt ur daet erde si du e
4. Was analysed and the crude mi xXturROwas (sed wit
Et OAc/ heRM®) (EQIl)ul at etdNaTD[rM+®a6]01. 256 6, found
601. 2%6 NMR ma4 0> MHz),lt7CDX7T. 26 (m, 25H,. W4 omatic F
5.10 ( mgPHh)H, 43JH9511(.d3 HzPRh)1,H,4JE68611.d5 HzPRh)l1,H, CH
4. 73.67 (m2kPRMRH, TE£HEF (mePMHt HKH) J=41476(#Hz, 1H,
ChHPh), 4329 1@Qd®, 3.2 Hz, JE2H12HG6) ,6431B88(0BH,( dH5
J= 6.7, 3.2 Hzi3.1H, HM) , 2KR. BRI A(+d2HR2) Hz, 0.1 Hz,
mi n@2r. 53J=d2,. 1 Hz, 1H, OGA)LE INMRE|] (601 3MH=z), CDCI
Uc171.0 (C=0)}C) ,13183-84) (ArBL)7 (A2EB)7 (AR)4 (AB. 4
(AC), 12&)4 (ARA€)3 (ARE)2Z2 (RA€)]l (2€)0 (QRT)8 (Ar
127. #C)(,Ar1l2<)7 @BAr 5 (C7), 79.6 (C2)7, (7C8.)6 (7Q13)2,
(C#®h), 73Ph9 ,(CH.3 (£h), 7rPmwE) (PN ,(0GBH. 1 (C5),
21.1 4 OCH

608018™ 4U. 5/F3. 64/0ageNf of t/dgyf n{rpg{prv cpg "
6027
OBn OBn
5 5 1
TN
Bn OBn

N

Onn

From 4. Adedt.a0f7€ 28 mg, 1.08 mmdl), a0 de pwsiod ved i
met hanol eCA( MO . ma&K, 5.40 mmol, 5.0 equiv) was ac
temperature for 4 hours. iThevamdecpgduroinf iwad Ikt ncielnit
column chromatography (20% Et OAc/ He Q&nle3) nigo, yi el
770mol , 718 06 dm 7: 1

From234 . A423y12. 50 g, 4. £& ymumdor) , 2vd4ls 0di ssol ved in
met hanol (50 2at mosmpdhedieme tNhy3l bar bi turic acid (1.3
2.0 equiv) was added, foll owed by tetrakis(triph

emol, 0.1 equiv). The mixture was stirred overnig
pad to remove the pall adi uni nanvdactDioe miixtl er &€ oanpra
4. Was obtained by silica fl| a0 cdlOAmn pehr cmateagr
viscous colourless oil, (dI.)3R08glL19 2(.16:64 nEMo®A c /6h0e%k a

HRMS (ESIQul atselaboM+Ka59. 2460, f o dth dNNMRS 9Ma2j 4055 .
(400 MHz)w7CDXd. 23 (m, 20H, Ardmati.c3 HHzPRhJL1,19.4 CH ,
4.86J<dlL1.5 HzPh)LHi4.CHB ( mP®RH, 4H6311Y.dl, Hz, 1H,
CHPh), i#.6® (mg:PRH; HKH) J=41816( #izPh)L,H,4IJeH (d,
11.5 Hz oPH)H, XHE76(0d, 4.0 Hz, JEHG6.HW3) 4.%. Hx, (ddH,
3.80 (Jap4.§, Hz, 1it8,. 6H4)(.m,3.1MB. BI5) ( mP.. 6B, 555 (d,
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J= 2.0 Hz !T1INMRHMHO0lr MH2z)ic1G3BCIC)(,Ar13€) 1 (BB. 0
(AC), 13C)6 (RE)7 (RE€)S5 (RAE€)S5 (AE)4 QR&L)2 (Ar
127. 9C)(LArl2T)9 (AT)Y9 (AT)S8 (QAT)1 BAr 6 (C7), 79.7
79.2 (C4), 79.2 ((CIh) ,757 4P.h1j Q6Q/HP. h0)4, ( Z7HAP.h8) ,( CH
65.5 (Cl1), 61.5 (C5).

608§94U. 5/Q)d 6AaMK/dt goqggyjafur/Blgwig{ p{ n
rgpveéepgst

(0] OBn OBn
Breo 5 P 2 Lo A
\/\o\\‘é\o é3E 6%7
Br/g\B/ OBn OBn
To a soluti c@QHBafB .AA® OELHMgmMoB501. 0 equi Vv) i n an|
CHCt(3 mL) in oven driedtgobapbtware n@®sestbhH 8. Ai stil
eL, 5radl 1.5 equiv) was added, and the reaction

pyridire, (6mMdI0, 2.0 equiv) was added, and the rea
To the dolBt7i2Zomgmol6651,9deggqw¥intanhyCk( @umLTCHwas
added and the reaction was stirred at room tempe

dilut edCWid hmIC)H and dried directly onto silica. T
silica flash columBO®WhEt@ACOheapHHeDPEABO omg ai n
22Cmol , ,65d%) RB0O145 (1:1 Et BRME h g xgdarllec)u.l at ed for

CatlaiBeNa@ [ M#815]. 0960, f outh dNMRE 105 .MHz), CDCI
7.39.28 (m, 23H, Aradmmati.c4 HYNzPh4l,19 5 IEb1 1(.d7,5

Hz, 1Ph)GHi#4.. B® ( m,2PB)H, 4C.H6 0 2P(hs),, 24HJ57CH. ®d, 2. 2
Hz, 1H, H1)= 14..466 HzBh)1,H,4.C3 1dWd2, 6.5, 3.1 Hz,
4.28.13 (mp+ 5H8) ,H54. 03 G a%Pp, g9 Hzi,3.19HR, (HW,) ,2H, . 98
H3 + H2) ,J=3.1F7 7(dt6, 12 HEZ8J=@4d, 2HH)z, miOn)a@rH5 4 H7 d ,

J= 2.2 Hz!T1INMRHT70)L.01 ®BIG)Iicl38. 3C)(,Arl3-8)2 (BB.O0
(AC), 13C)6 (RA®)2 (RAE€)S5 (BAE€)S5 (AE)4 (Q(RL)3 (Ar
128. 1IC)(LAr12€)0 (QAT)9 (QAT)Y9 QAT)S BAr 5 (C6), 79.9
78.4 (C3), 78.3 ((C4mh,) 7BCMh] CAACI h7)4 7@CHR h,)

70.8 (CH))= 68 8D5HEF, &b= 95 .(T8Hz, 29= 67HEBYH , 29. 5

(= 7. T9¥z,

608@"*4U. 5/ 9dgHAKCMG qur/Blgwijg{rpg{prv c pg "

*6 028
(0] OBn OBn
8 Il 5
ASE Ao io™End A 6\\7
(0] 2 z
Acs” 9 OBn OBn
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Di bromoet hyl phosps.ad@4a6 Ontnegmoddd Galt..e0 de& q Wiavk
di ssolved in anhydrous pyridine (4.6 mL). KSAc (3
and the reaction was stirred overnight at room t
was diluted with EtOAc and f iem}) erteerdo vt eh r vallgths aa rsdy
concentmatvadugi el d the #Wafléeta cgounapnotundati ve yi el (
56 Omoel , guanmt.RBO 132 (3:2 EtORMEhdEESBd Ul ated for
CaHaNa©OP S[ M+ N&43. 2402, f odHh dNNMRI 3n(azBo9r7 MHz),in CDCI
7.37.23 (m, 20H, Ardwmmati.c3 HHzRh41, 9 4J&8b11.d7, Hz,
1H, KkHH) , i14. 50 (m:PMH, «CHS (m, 1H,J=HUN, 54 H&6 @ dH,
CHPh), 4.28 Xd.dd,, 6.0, 3.04HX7 (@(MH, HHEI, 6 BE&) 2m4. 06
5H, H8 + iHB5)9,4 3.m,7 1H, JH26,03.319(,dn3,. DEH 9 .da&5,
6.5 Hz, 24H58JHO9R,.Hz, O.midnH2r 3H3W X d2.2 Hz, 1H, H7),
(s, 3H, SAc), 2T2RBMRasj,0( 130H, ©EBFHJIc194.8 (C=0), 138.
(AC), 13€)3 (RE€)1 (@ARL)7 (RAE)S5 Q(ARL)S (R&)4 (Ar
128. 3C)LArl2€)1 (@R®&E)0QD (@(R&E)0Q (@QRL)9 (@QRLT)8 QAR . 7
(AC), 12Z)7 @8Ar5 (C6), 79894(Cceyr), 78668RKHLCEY), 74.
73.(LHAh) 7QCHh) 7LCHRNh) 70CH)7.HPOI= 5. LC5H6z6, .d0JI (

5. 88Hz, 30Q).,6 2903 7. L£L9Hz,

6 0 8107ff W CVrGj q u r /Blg wjg {r pg{prv €CRFF" *

Benzyl ated pr odbe A1 4d emgnvoat 4 ¥le,D legwaisv di ssol ved i
dry03dd1. 4 mL) anthespheNe. The soi7u8.i oln. GwaM RBO®Ilo| ed
(1.40 mL, 1.40 mmol , 10 equiv) was added very sl
stirred for dar&.urTthheerr ehaocutri can was quenched by sti
20: 1 Me@HmMiHXxt ur e and conceintrabhedbd o midixtyinrees s wa s
resuspend€dd fmlCkHred througn) ,a asnydr ipnugrei ffiieldt ebry (alu.
silica flash col u+#hm %c Me®@dtA)ICdigo alph@aasi( 22 yel |l ow oi |
(14.8 myol ,322P®V. 58 (1: 9 XLWYeHOHMIH( ESI gul ated for
CiH:Na©OPS[ M+N4aB3. 0524, f ouhh dNMRED.00 SVIHI), U+ 4C.DTCI
(dd= 18.9 Hz, 14,281 m, 42874.#8) Jap.71®, Hz, 4H, H9)
4.03.99 (Jap20d4 Hz, 1B, 884 m, 3280 iHR 2+4 H3br,. 3s.,75
4H, OH), J3.998(d#, 3 Hz, 4H, HBYj)o,r22585(Kks., D, 4M,
mi nor 2.37 (3T EMRL5SACMHz)UcICDEC.I4 (C=0), 195.4 (C=C
(C6 minor), 81.8 (C6 major), 75.5 (C7 major), 75
minor), 72.9 (C4 minor), 72.5 (C4 minor), 71.1 (C
(C8), 64.3 (Cl majo8)(SAd, lewCR niC®Mgr.), 30.

348



60801324 U. 5/Q)c 6 J+K MG qur/Blgwijg{rpg{prv c pg"

*CIRG
OAc OAc
8 Il 5
RS oo ™2 6\7
O = H A
AcS™ 9 OAc OAc

CrudPO(54.0 mywol 117Z.0 equiv) was di sshAdOved in py
(500, €5.29 mmol , 45 equi v) was added. The react
temperature overnight. The mixtonr eawalBe comeeeat re
mi xture was purified by automated-89i% EtOAfl peh co
ether) to obtai nA-RAaes tai tyled | oovmp eewsgrdod e, (32126)9 ansg ,
a mixture of diasteérg diads@mgdrR€d .(4dbdat(c7h: 31 Et OAc/ hex a
HRMS (ESIQul atsdNafOPE[ I+ N&p1. 0947, foudhdNMEB 1. 0942.
(400 MHz),UW5CDeCl JEDdAd, 4, 2.3 Hz, JEH6.H1l) 4.%. A%, ( ddH,,
5.36Jcd@,4, 4.4 HZ5.213, (M2) 1H5. H4)1,1.4.,2% .(4dd B,. 2
1H, H5) 4.0618m, 60H, H8I=# 6HM, Hz,2 . HHIIHY) 1 Hz,

0. 12Hmi M&@r52J€d2.3 Hzmajddir 2HB 6 ( s ,3) 23.H3,6 S(Asc,, 3CH
SAc,3)CH2.16 (s,3 3H2. OAc(sCHOEH2. OBc,(sCH 3H, OAc,
¥ NMRLO1 MHz)ic1iOMCI8 (C=0), 7669 .m¢ Q@E>=.) ,(C7), 70.6
(C4), 70.2 (C2)dJs9528C8E3,) 636653 0¢5H82, 5 (C1),
60. 5 nfilBrO. 7 ( S)Ac,2LH2 (C9) 3) ,212.00 9 PAXAZQCKCH( OAc,
CH), 20.8 3(.OAc, CH

608 93BV| {Fh kA @n

OH OH

/é

HO
A

Om
I
(@]
T

Benzyl at erdi bailtkoyln eidn.tGedt ne@ i meinel 409 ., 0 d& q Wiak

di ssolved inapdy8rmomupaCmmbdesm hdr e ain7ds .cob.l®dMt o
BGlin .CH3.8 mL, 3.80 mmol, 9.5 equiv) was added v
stirred foi783. hdpoe eabtmpletion the reaction was
Me OH/OH and stirred for 30 minutes before warming
was evaporat eidn tvoacditoenessasnpl e was purified by rev
chromatography wusing a C18 -860Pouldinacoent oann tACC@P 0e |
formic acid) to obt aA-80atsh ea ddeasrikr eodr acnognep oruensd d ue (
emol , ,32%)R0158 (1: 4CHeHR-MSCH €E&llgul atHeNa®©or C

[ MEN2DP9. 0582, foudmhdNMR90f05i7Fome¢ Bi0® miHxz tDg)DeMS O

4. 90J=(d6,. 4 Hz, 1HJ=OHW)6 Hz611Hds OH)8 Hz 482Ht,OH)
4.43J)Jcd8B, 0, 2.1 HzJ= 14H)6,, 42..335 Hzd g ,b28H)0,, 41..267 Hzd, d ,1t
OH) , 1133..6564 (m, 8H), 83.722 6( dd' Bz NMRHQ1 HMHz; DMSO
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De) Uc 1 07 . 6-mg jChr ), 4m0 .09 ) ( CEHaj. @r )(,CAAi7n Or )(,C175. 2 ( C4
maj or ), -ni3nos5r )(,C470.2 (C7), 69.8, 69.3, 65.5, 65.0

60893V {Fhikdkvgn" rf\Gc cegvcvg

OAc OAc

;\)\}K\
2

AcO Y3

B H 6%7

Ac (=)Ac

el

(o]l

A-SO(16.9 mgmol96.1.,0 da)guviak di ss201 (®d5i mLAc and
pyridine (1.0 mL) and stirred overnight at room

at3sWwith cold MeOH. The mixturien waasao ccor@proir fait ed hy

silica flash columdO®BhEto@Atc/omgetaphtyhdr20 to yield t
A-SAas a -ypedlleow resi dueemod9. 685dg ) .RG07.15 3 (1:1
Et OAc/ heRM®) (EQlIl ul at et Na@f MHICNa4]J09 . 1111, found

409. 1'"HONMRaj 6400 MHz)L%.D&ECO J<dd&l.,2, 4.3, 2.3 Hz, 1
5.46.35 (m, 2H, ith2 2#4 H31,, 15H,I2H4)2. U, 3B. § dHz, 1H,
4.12J)4tH2.1, 7.02H52J=L&2. 3H5Hz, m0 nN@2 BNDIH72. 3

Hz, 1H, HZ)14 2(rm,7 4Hi2.00A7% )(,m,2.91H),2 .C0AX )(,m,2 .40H5, OAcC)
¥ NMRaj ¢101 MHz)lUcCDCl7 (C=0), 170.1 (C=0), 1609.
(C=0), 169.4 (C=I07. 212(9C68) ,( C=50)7, (C7), 70.7 (C2),
62.6 (Cl), 61.37, (£6)9 @POHA (OHS @OK7 (CH

608G38'U. 5/4. BT & v UQ@dnkpulB {/fBk d t g g fBlg p g "

60 2:
OBn
N I e
OBn OBn Br
To sl uti osf Lof62CHRr, 4. 88 mmol , 2X(2Quimiks) PRhanhy
(2.56 g, 9.76 mmol, 4.0 egquvprwdd middedeandnsti
at mospheresN WwWhenaé&tdedd (23%4¥ mmol , 1.0 equiv) bef c

aldeMydiz. 24 g, 2.44 mmedi(15. thLegwhe) adde@HsI| owl y

reaction temper at usr.e Wypasn kceoprtp lbeetlioolm X he reacti on

silica plug an® WwadBednLWwit AhEt filimatveaowas conceée
purified by silica fl asd%cht OmMo/ bbxama) ogo apltyai ©
prodduca® a yellow oil ( 1 .RR05. 5g4, (11.:848 BEMHOBAIMS h7e7x%)n. e )

(Exla)l cul atisdB fOo[rM+«CNG@B 7. 0701, f odthdNMRDOO MHG ,
CDG)in7.3%.27 (m, 20H, Ard=ma%.ilt H, 16HJp=4HNDd, 4 4. 81
Hz, 1P h)GH 4J=7211(.d4, HzPh)LHi4.CBH (m:PH Hy KH , 3.93
(dds 6.6, 3.4 Hzi,3.17H, (H8) ,1HB3.705) ( mP+ RHAY H5

NMR 101 MHz)lc1C3IBCI5C)(,Ar13-8)4 (BE)2 (B6.4 (C€C1), 128.
c), 12€)4 (AE€)4 (AB)4 (AB)2 (AZ)Y9 (ALZ)8 (AF7.S8
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(AG), 12T)7 (AZ)6 ©PAr3 (C6), 80.0 (C2) oPH)9,. 6 (C3)
73.5:PhQH 7 2Ph3) ,( CTHP.h1) ,( GO . 1 ( C5) .

608086U. 54. 5/VE v 7/Qdng pfk § ¥B\v/{8p 602 ;

OBn 6
AudeZ
BnO 5351
(=JBn OBn
To a solution 4.fq8i®»TognpokeB8BbBbnmmol, 1.0 equiv)
i78underaambsphem8&8ulLl. 2M. 15 mL, 8.58 mmol, 3.0 eqg

The reaction stii7rex.e dAdidoirt iloBhad i r1(.&@tM7 mmL, 2. D2
equiv) was added and t he8feactli chmouwas Ustoinr rceodnpd te
reaction was Qe emdL )Wwi atd Hwar med t o room temper
mi xture was dO |l @ugG®Edmwi todndkEtwashed with brine (2
MgSL filtered, amd vchoenficoernet rladierdg puri fied by sil
chromatography (10% Et OAc4d .h@X% aa e/ped kl @ wo oti di n 8aDIOKk ym
1.57 mmolR 0538) (1: 9 EtORESEhéEéEShE U] atsdHdDsf o C

[ M+ N&P29. 2355, f oukdNMRIN.02 3VMMBkL),GH TDTY . 24 (m, 20H,
Aromatic H)= 14.. A2 HzBh)1,H,4JEH11.d5 HzPh)lL,H,4.06H0 (d,
J= 11.4 HzRh)LH,4J68B11.d4Hz Ph)H, 4CH9 3(&dd, 2.2 Hz, 11
H2), i4.86d (m:PMH, XxHE67(dd, 3.5 Hz, IH,7 HB,) ,4.3981
2.7 Hz, 1H, H#)10.33,762.(ddHz, JtH1O0HB), 4396#Hz(ddH,
2.52Jd2.2 Hz,'TIWMRHG) . MHz),lc CDLISC)(LArl13€)4 ( Ar
137.8C)LAr1i2€)5 (@(RA&)4 (LRA&E)4 (LRE)3 (@(RA&)1 (@R . 8
(AC), 12r)6 (AEZ)G BAHI2 (Cl), 79.5 (C3) .PHh)8,. 2 (C4)
73. 4:P(hQH CRPh7) ,( 72PH) ,(CHL. 1 (CRPRn{)B8285,( GDR6,
2865, 1496, 1091,11027, 733, 694 cm

6080 ZU. 5/4U. BMTIRXd g pf7/€ eg/v § Bv/{8p 0B 8

OBn 6
s 4 o Z
AcO .3§1
éBn OBn
Al kWnd 560 mg, 1.10 mmol , 1.0 eqed v()1:vbas 2dinsLs)o |

and added dropwise 20858 mglubi 806 aomokEnpnCB. 0 equi v
(1:5, 53mL$tiatr &€d f omr ble5F omien wwtaesmiantg 0t 0 room t empe

2 hours the reaction was quenched with ice and d
|l ayers were was(h2edl wioO hmlH , brine (10 ML)t anddgdri
and concentv.actmehe crudewBesudad in the next step

purifiRRG.t56@n(1: 4 EtHRMS h(e&&lindeu)l.a tétsdN afOp M+ Ba ]
481.1991, f o uhh dN MR410.01 9VBHEz),Un DT . 24 ( m, 15H, Ar oma
H) , 44 .989 ( maPM)H, 4QH7 011(.d4, HzPh)1,H,4J6HI1 1(. ¥, Hz, 1H,
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CHPh), 4J593(dd, 2.2 Hzi4.4H9, (H2PBHL. ©3) ,J=4.16 (dd,
12.0, 4.6 09Hz,3.19®, (W4, 3.4 Hz, DUH, 7H8), 436822(ddd
1H, H4),J=2.5.42 (Hz, 1H, H6)'T INMR O0(ls MHZJic COLE) .
171.0 (C=0)C),13B3TW) 7 ACLAT)6 (LRE)7 LARL)6 @LAB.S5
(AG), 12€)4 (R€)2 (AREL)]1l (AT)9 QAT)9 QAT)S8 (Ar
79(L6), 78.7 (C3), 76.8PLYLA)T2PME. (THEMI) ,(CHE. B ( Ch
(C2), 62.6 @C5), 21.1 (CH

608088U. 5/4. BATEXD g p Ir § BVv/A8H/q N6"0*3 2

OBn 6
AsdeZ
HO £3é1
SBn OBn
From acet d&toe a4 sbB:wti dnl&f97aaemyt atle 50 mmol , 1.0
Me OH (14 Cel()1,. 0K g, 7.60 mmol, 5.0 equiv) was add
room temperature. Upon compl eti on, t he reactio
concentrated and purified by silica.fldlsasdd col um
colourless oil (430 mg, 1.93pMmol , 68% over 2 ste
From al |Alll v4l. 2p&r:.0X B 81 e thg , 1.31 mmol , 1.0 equivVv)

dry met hanol ( 2ébt md9gp uerdeer @i Met hyl barbituric aci
2.0 equiv) was added, foll owed by tetrakis(triph

emol, 0.1 equiv). The mixture was stirred overnig
filtered through a celite pad to removei nthe pal.l
vacuoThe titlde Mwsmpohtmai ned by silica fl-ash col ur

60% Et OAc/ pet ether) as a vismobs ®&o60P6p2u3r I(els:s4 oi |
Et OAc/ hebRavSe )(ESI ul attdds[fMHTNEACB9. 1886, found 439. 1
'H NMRAOO MHz)UL7C.DECZ. 06 ( m, 15H, Ar ésmaltl .c4d Hiz, 41 1,2
CHPh), 4J8811.d7 M), CHIF011.d4 H2z2PRh)L,Hj4.0&HB ( m,

2H, CH) , i4.%7 (mPRHt HKH) ,J=83.0.30,d3.,3 Hzi, 1H, H3)
3.74 (m, 20H3,. MB (+agHY .dad,, 3.8 Hz,J=AH2. H4Bz, 21,3 HE&)
1€ NMRLO1 MH2z)Uc1GBXBCIIC)(,Arl13-C)8 (AEZ)5 (AEB)6 (AB.S5
(AC), 12&)5 (A€)S5 (A€)]1 (A€)]1l (2A€)0 (QRT)9 (Ar
127. €C)(LAr79.9 (C6), 79.9 (C3) ,.Ph@B, 87204),( CHE .21 (C
(C#®/h), 70.7 (CI2R n{)8B390D, (585, 3030, 2872, 1454,
696 Icm

608030."BVIGd gphf Kdt qoqgdgyjgfunm/i gBu{8pg"”

*% 038 C
(I)I OBn /6
! /5\/'\/
B P 4 2 =
r\B/\O\\ (‘)\O Y 3 : 1
Br/8\/ OBn OBn

7
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To a soluti c@HBofB . A X HMEmMoKU 401. 0 equiv) in an]
CHC: (4 mL) in oven driedagmaspware, uhdgs hlay Ndi st
(110, ¢ egmol | 1.5 equiv) was added, and the react
anhydrous pyLj dém®l ,( 70..0 equiv) was added, and th
10 minutes. Td . (B 5s angynioiBo3n, 1. 9 equi v)2bn anhydr
(3 mL) was added and the reaction was stirred at
reaction was Lib(ontmadb)dwidrhe@Hdirectly onto silica
was purified by silica f-ba%hEtOOAuomhecgbnealiaAt ogohpah
(178 mgegmoR50 R¥0)37 (2:5 EtORWSEhéEéEShEUl ated for
CaHs3dBeNa@ [ M¥Nal. 0385, f oudthdNMR D00 MHB),UH7C CBCTI
i7.35 (m, 15H, Ardmatiic2 HNzRh41,444I6011.d§ Hz, 1H,
CHPh), 4J=680(.t9, HzPh)3,Hi4.CB38® (m, 3#Rh)H24+3CH(ddd,
= 11.1, 6.4,92.3.88,=(18Bd,4,d%, 1 Hz,4.1H, (HW) ,4H4. H
+ H5), 3=90.dd3.7 Hz, 1IH,9HB),337842(3ddz, 1H, H
6.1 Hz, 1HJ=HB) 11,3343 HEdl=116. 1H8Hz,, . BHIT Bt),, 2
2.2 Hz ' T1NMRH®BL) .MHz)lc1G3BC.1IC)(,Ar13-C)6 (@(BL)S5 (Ar
28.5C)(LAr12€)5 @LAR&E)4 (LRE€)3 (LAR&E)2 (ARE)]1l OLARB. O
AC), 12C)9 ((aZ)8 {7Br7 (C6), 79.0 (C3) o PHh)7,. 6 (C4)
2. 7:,P(hQH 7 3%Ph2) ,(C/H. 6 d(JG2)5,. 689H.z3 & JF= 05 .(87Hz,
9.6J=( 7. X8Hz,

N N R

60803: BV gpf KCMIG qur/f gBY{8p &0 3

(I)I OBn /6

7 5

AcS P W
\8/\0\\ 6\0 Y 3 Y 1
Acs” 8> OBn OBn

Di bromoet hyl phosphMatlel Ai7r0t emgreendP 40el . 0 equi v) W i
di ssolved in anhydrous pptmdspée(6. OKBIAY ((hd@r me
mmo | 5.0 equiv) was added and the reaction was
Upon completion theisobvaearbd wtalse remwde dcompound w
by silica fl ash col5uOn¥m EcthQAocnahteoxgadnaep)h §t 6o( Bogb,t ali 7n0
emo | , R00%)39 (2:5 EtORNMSEhé¢EBhEuU] atsdHdNafe®s C
[ M+ N@a23.1828, f oukh dNMRED.01 VMHZ),in7TC.DXHd. 25z (m, 15H,
Aromatic H)= 14.. 23 HzBh)1,H,4JE0O11.d8 H=zRh)1L,H,4.C7HO ( d,
J= 11.1 HzRPh)1H,4X&8611d2 HzPh)1,H,i4.CHO ( m, 3H, H2 +
CHPh), 4.33 1(dHdd, 6.2, 2.2JHz11HS) , 744204 (%ddz, I
4.1@.00 (m, 4H, JH7Y,23.902(Hd, IH,7H3),435822 (2AdEk
1H, H4) ,J=360% Htz,, 2HJ= H8.)5 Bz, 052HX=HB3)2 Bz521dd,
H6), 2.31 3)(,5,2.3H0 {LHE BMRLICH MHz)lic LDLI9 (C=0) ,
138. 2C)(,L,Ar13C)7 (@QAR{C)6 (LRA&E)6 @LRE)S Q(R&)4 (@LRB. 3
(AC), 12€)2 @A)l (@QRT)9 (@QRAL)8 ((Ar 8 (C6), 79.1 (C
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(C4), 76.2 (rROM), 772Rh8} ((@HP.h3) ,( CHD . 7 d(JG2)5, 96 6H.z7 (
C5), i®®.(D,C7) , 3037 @BH3 7( C8Hz29.J8 [d@EshHz,

60803; Btk | { F MECMGnqur/f gBa{8p §/RQ

ﬁ OH /6
7 5
AcS P 4 2 =~
C \8/\0\\ 10 3N
O = =
ACS/8\7/ OH OH

A soludi dl 1&@f mgmoll601. 0 ebi )1l imL)CHwas cool ed

i78. To the reaeg(tl.o;m7 1mlO, ML.BECA mmol , 10 equiv) wa
reaction war& §wirr dedhoar before browmgrall Bwkdut s. |
Upon completion, the reacti a® swalsutqiuem c(h3 wmlt)h, 2s0t:
15 minutes and ncomc@amer mieadure waGi(Ri sdgl,vechdi n
hal f was purified by silicab% |MesOHCHH tuomno bectharionma t
D-P Q The remaining half was used in the foll owi
Compound has been identifietH WNWRHRMB8 a(nmd: 1f9r om

Me OH/CH HRMS (ES8I yul atiHgNafe®® [ @+ N&B 3. 04 InAd, fou
453. OMHINMRAO0O0 MHz)inaDd. 71 (m, 1H, JH210.8,42.Qdd,
Hz, 1H, HB8)314(®m@® ,1H,42H5 (m, 5H,3.18BB),(m3.d8H, H4),
3.83.73 (m, 1H,J=H37).,1 HzOH)(H]J 3 LA45 (8, HzOH)X H, C3
3.19=(t,8 Hz, 5HJ=HB)1l HzQHULKJI2TL®R52 (H,Hz, 1H, H6)
2.37 (s3 ,8R,J=@H3( b, Hz, 1H, OH).

6080425/ .cke givRIEBMIG] qur/f gBy/{8p /RG

(I)I OAc /6
7 5
AcS P 4 2 =
¢ \8/\0\\ 0 L3N
O =z =
ACS/8\7/ OAc OAc

Cru®d€0(34. 0 mgmol80.10. 0 equiv) was dissolved in

acetic anhydride (1.00 mL, 10.5 mmol , 131 equi v)
room temperature overnight. The reaction was g u
concentirnntedc Tbe crude compound was purified b
chromat og@pWyE{ OAc/ hex DPA) 15 00 omgmaoil 7 .324 % fr om

4 1R0.21 (2:3 EtORAMS he&&lndeul.atddNafOP6[ @+ Na ]
579.0736, f oumldNMR4AN.00 7M8HIz), 01 T.DECH . 66 ( m, 1H, H2), &
(dds 7.6, 3.5 Hz, 1H,7H8),452322(ddHd3d5s 1H,7 H4) K6 4
6.0, 2.2 Hz,i4.H 6 H5mG+ 4H,)9HB3 131 (m, 4H,J=H8), 2.54
2.4 Hz, 1H, H6), 2.,32.(14, (6H3) 3HAADACH, g3H, OAc,
2.09 (s, 3HT OWMRLOCHMH®z),liclCDAC.I8 (C=0), 169.7 (C=0)
(C=0), 169.3 (C=0), 76.4= (7C16) ,Hz7,6 .Cl4)(,C6E8)yO,. 46 A.CRB ),

354



5.7 Hz, CT7W)E, 56%. 3z(dC5), 62.37, (29)=2 78 @, 6Hz(,SAXS,) ,C
21.0 (QAgc,2@CHS8 3 0AZ0Q. €H( OAc, CH

6080M3U. 5. B/V& Vv|T{cf t/qa Bv/{8p &/UQ

OH 6

4. @480 mgmol3501. 0 equiv) was diaCé(slod vmld) ian da nthhyed 1
reaction mixturigd8wasdeaercoadtent spher e.ziiln. GCHVY BCI
(2.75 mL, 1.75 mmol, 5.0 equiv) was added sl owly
at78 for 2 hours befsmrvee rwar rhiorug st.o The reaction wa
a MeOB/ H20: 1, 20 mL) mixture and the reaction mi:
in vHRMS (ESIQul atHeQf M+KB5. 0216, fodthdNMRB5. 0211.
(400 ®BQDU+4 .65 4. §abpt.J= 3.1 ,HzH2 13H 06 (HdHz,2.7
1H H5 33686 (mH33H H4 2.JH5 2(.d2, HzHECLINMRLO 1
MHzGCDRODUc82 (LH) 768H 75..4 (1E2H) 6@4CPH) 6U4CH)

6080MA4AU. 5/4. B/V& Vdecg/v § BV/{8p F/UG

Cruds€0O(51.0 mmol 35@. 0 equiv) was déels)sodmwdked in
acetic anhydridelL wa3d. hlddredo!I(,20®. 0 equiv) and the
room temperature for 6 hours. The react3d on mixtu
and the solventi nwavsacdutneaporatdedmi xture was suspend
washed witdy)2®IMaH&€l bri ne. The organics, | Bylerewad, di
and concéent vac@lwde desi D-8Awapsr opdwrcitf i ed by silica f
chromat ogrAdpPhyEt(CRAc/ pet et her) as emolel RE %) oi | (6
0.42 (3:2 EtHRMMY hebHline) aitala®oM+I1C&37. 0899, found
337. 0BI9ANMRAO0 MH=z),GHEC.DEC4 JEdG, 7, 2.3 Hz, JHA=H, H2), 5
7.7, 3.7 Hz, 1H= HR3)Y, 8®8.3F2 @ddd,Hk= 12H,5,H42.,7 4HZz3,5
1H, H5), J& NR.56dd 4. D , H2,. BRHX.dBI5Hz, 1H, H6), 2. 11
OAc), 2.08 (s, 3H, OAc), 2.0 (NNMRLGH, MPAc ) CDel 03
c170.7 (C=0), 169.7 (C=0), 169.6 (C=0), 169.3 (C
69.5 (C3), 62.7 (C2), 260:8% @@k58Ys), (211 0OCKHCH

6089 BU. 5. T3 gpf7//Qan/n §pv c6pOc4n3” *

OBn
8 6 5 1
4 2
\/\O N
7 Z B
OBn OBn

355



2, 3t @bendyli bdat 02. 70 mL, 6. 60 mmol , 1.0 equiv)
anhydr oQisu n@Heraa mAspherMa.r tpDeersisodi namMe 904 .mo | g,
1.5 equiv) was added to the reaction at room tem
the reaction was quensS@edgoWwut hosatndatséedr Nad f or
before filtering off the sailnt sv,acahoad minyt ureemawans r
salts were pretgpnd aftieldt evri & cdhenChdryoruigrhg ea f0i.l4t5er , t h
was dirn evdgcabding thedt amilteh cnoomppawuwncher purificati
a colourless oil (3. RPO.g54 6(.16:04 nbddRMS chieddth.p)) ..
calcul atéistNa®OomM+K€483. 2147, fodtkhdNMRBB®O02MH2), CDCI
9. 48 (s, 1H7,. HE)(,m,7.1836H, AbBomldt i(en, HLH55RHG3, 5. 28
(m, 1H, H8)YF BH01l%, (Hd6 HZi4d. &8, (MEPMWHLITALBED
(m, 3Wwh)GH 4J=112 .(3d,Hz, 1i8, 8H2).,m,4.4H], H6 + H4 + H3
J= 10.7, 2.4 Hz,J4dHI0HB), 436 5EHzNMRIY,1 WBH2z), CDCI
c201.3 (C1)C) 13B3-T)§AERTL)6 (BL)9 (RA&)6 (@R&B. 5
(AC), 12&)4 (RAE)3 @E2®€)1 @R®€)1 @@Av.1 (C8), 82.6 (!
(Cc3), 77.0 (M), 7XHR ,(@HLPHS) ,(CHL.5 (C7), 69.3 (C5

608048™ 4U. 5/F3. £/QEgeNQoan/B/gwnj {rpg{prv c pg "

*6045
OBn OBn
10\ 8 > 4 2
XN 3 6
s 9 TTYTTN
OBn OBn 7

Al deMpHd(e5. 50 mmoll2.D. 0 equiv) was dissolved in a
underaa mNsphere amfad03coOl &d Mt et hynyl magnesium bro
(60.0 mL, 30.0 mmol, 2.5 equiv) was added sl owly
for 30 mi2Zllubesormé all owing the awerctd omo uros wamdn s
overnight at room temperature. The reaction was
NHClagsol ution and extracted with EtOAc (3 I 100
combined and washed witsh birineredyi @addwhobhodgtSOat
obtain a crude 2Cir4utdebe806f g, 12.0 mmol, 1.0 equi v)
in dry THF ( 108atmho)s puhnedreer aan giNNcaoHo |(e9d6 Ot omg0 of a 60
suspension in miner al oi |, 24. 0 mmol, 2.0 equi V)
mi nutBes.zyl bromide (4.30 mL, 36. 0 mmol , 3.0 equ
stirred for 17 hours. The reactiom.washeqummnxdhigdk w
was extracted with EtOAc (3 I 100 mL). The organ
with brine, dyrifeidl tovreed Mgibmd vacThloens ampleel was pur
using automated silica f|l #9098 EolOAmrh pehr embhteo gr a ®
the titl ed . cm3npoufnali nt yellow oi,] dRRDBO0B§, (4: 80 mr
Et OAc/ hekRM®) (ESIll)ul at etthNadD[IrM+@®bB]99. 2773, found
599. 2'H6 BIMRA 00 MHz),h7TCDXI. 26 (m, 20H, Arodmtic H),
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17. 6, 10.5, 5.1 HzJ=1T.H§, HD)9 Kz 241 HJ=dHL®.)5, 51.1% (
Hz, 1H, H10¥,1%.06H%Pdh,)1,H,4IJEH811.d6, HzPh)1l,Hj4 .CH8
4.67 (mMpPWB)H, i4C.HET ( m, 7PH,) , Hil4. 3CH ( m P B)H,, i4C.HO 7
3.89 (m, 5H, H2, H3Z, 5HO, HHS8) 2HI=614)OdRz560(dH, H
minor), J2. 243(dHz, 1HEL NFKRInMRY oMH z),lc ILDL.I BC)(,Ar

138. 6C)(LAr13€)5 (AT)9 (ABE)]1l (AE)5 (AEL)4 @LARB. 4
(AC), 12&)4 (RE€)3 (BRE)3 (RAE€)2 (R&€)1l (QARTL)9 (AT
127.8)(,Arl2T)8 (QART)6 @QAT)4 TAABCLO0), 793 9(CZTR), 79
79.0 (C1), 75.:RhYC774P.h0)4( WHRIBH,( C7HP.h2) ,( CTHL. 5 ( C4) ,
71.2 (C8), 70.5 (C5).

6080MOU. S5 4U. BuTIKXd g pf7/€ n/in § Bv/{8p ¢ 0% 9

OBn

g/@
i

Bn éBn

Om

CrudeZ1.00 g, 2.20 mmol, 1.0 equiv) was dissolyv
a 2t mosphere and. c@&@( 8d0%0g0 7.92 mmol , 3.6 equi
foll owed by the-dil®ZBeoxdipmetplyyl) phdbsphonate solutiol
(57D, €¢3.52 mmol , 1.6 equiv) and the mixture was
and monitored by TLQG.i oAdatQer&k8167 myaqg u r3s.,5 2a dmdrio | , 1.6
and 10% dirdmeatZoxlop¢ dpyl )phosphonate seld,utZ.ond i n a
mmo | 1.2 equiv) were added and stirred for a fu

reaction wasieacaent retsed pelid(exd0 imL)CHandag)Na HCO
(50 mL) . The aqueous | axd(3whs3exmiLaictathewiorlya@H
were combined and washed wthibtémed, dameédc wndcan

vacuoThe crude residue was purified b¥d0%ilica f|
Et OAc/ pet ether) to ohtzas na -ypheklleoiwt F escdmpo(BE0O0 mg
mmol , RP%)S59 (1:4 EtHODRAMS he&&lIndkeyl. a t#id Gf[ dr+*KQ

495.1938, f ot dNMRE.01 MH2),inTT.DXT . 26 (m, 15H, Aroma
H) 5i5.482 (m, 1H,JH8)7. &, 25. § dibH, IBH(WKHY, 1.8 Hz,
1H, H9),J=.1914. 3( dHzPh)1,H,4JGB11.d4 HzPh)l,Hj4.CB5

(m, 2WPh)CHi#4.6D (m, 34#/h)H23+96H(m, 3H, JH3 + H7),
7.3, 5.1, 2.4 Hzl= 11H,. 6H4)2,. 83, H&. 5Pdd(1dad.56,, 5. 1, 1. ¢
Hz, 1H, H5)s 12..51HZ,d€1HMRHBG) . MHz)lc CDEL.I 6C)(,Ar

138. 4C)(,Ar13T)8 (ABE)0 (ARE)S5 (AE)4 QARE)4 @LARB. 3
(AG), 128)1 (2A€L)8 (AT)7 (A6.9 (C9), 80.3 (C6), 79.
75.8 (C1)2PhJ 4. 32RN8)H ( C7HP.h4) ,( CTHIP.h2) ,( CTHL. 0 (C2), 69. 4
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Studyldrygst r o gDy)laams (al ways been a great

because of its high | evel of glycosyl ati
functO-manranosyl glycans on this protein. T
currently existing to explore the <cell
pat hwRaryevi ous chapters detailed the suc:
al kymgged ri bi tbplhoapdatre b{ Rbb5P) deri va
chapter evaluates the biologi-taggeaedctivi
met ababelcl ilng tools in mammall anrescksacel
work i1 dentifies the APAstapabileeoRba®Rsp
and functionally modifying mul tTihplse gl y

represents the first potenti-adnteaviindienngc e

gl ycoproteins, though further work is n
Whi | e endDEndwewel s were too l ow to C C
i ncorpormAPAiomt ooft he core M3 glycan, exp
overexpr eAsGs ag g@lG construct c o PAFPIAr med t h
probe successfully | abels this glycoprot
successful use of aUR®G,emp awilng otohe tway afb

idepth stuwbBGeglptosyl ati on and the use

mammal i an cel |l s.
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UDystrogUdby)ani @mamnosyl ated protein that
key part of -glhyec odpyrsatrecipphicnompl|l ex ( DGC) i n
UDG is the extracellul ar Ssubunit of dy s
transmembr andey sturbaugHdg¢ &&wh{( €¢h i s bound to
intracellul arl yUDGThceor £t rMidc t uM2 aonfd M3 gl
di scussed inChmapeée.d&d&tl dilndisnto [ aminin G

extracellul arvimasrioxngeot diemasi ly glycosy
The matriglycatD@xbgndnheh®Wem | inked cor
gl ycan. Wi t hout UDHG si sg luyncaobslyel attd ofhor m tt
extracellul ar bi nding i nteractions wi t h
isitabil ity i n'druasiclluer etsi sisnuetsh.e cWDG ect bi
have been found i n patients wi t h a rat

(Fi gub.® and cHATkhesefore mul tiople tool s
devel oped in an attempt to ilidaGBge narcekldtu
sampl es.

Healthy muscle Muscular dystrophy
tissue muscle tissue

PGS
_— }Q

a-Dystroglycan
(a-DG)

Failures in the

normal biosynthesis
.

Muscle

cell
S Laminin

L ]" Matriglycan
Core M2
o omme(wn)

c
B8-DG
Cell Membrane

Figure 5.1. Schematic representation of failures in the normal biosynthesis of cell surface

g | y ¢ a-DG) whicb results in a loss of the key binding with extracellular proteins leading

to membrane i nst abi DG hag beenTfdued inlsanples fronh patiehtse U
suffering with muscular dystrophies.

The strukDQrwasofel mymadat esdhbect rometry ar
with the use of overexpressed PR®tni des t c

the cel t™Sgmptally, to qualhdd,f yantthieb opdrieesst
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are used and weissgwalni skeldothhy ng. These ant
specificUp@ruasdoftl !l ow UDIGe tloevked mdnitor
guantitatively. The 11 H6 antibody binds
has been used to successfully dD&Gntify t|
however, it do&PGnbh Wtygocpsiysated for m,
i n the patients wi t h mut ati ons i n t he

matriglycah®®®irtmeartn aatni.veéIFy, amhe bDAG has |
shown to bind t)bGtpheoteia afhdthes signal

to not be dependent on th¥°>pPesence of t|

Nonet hel ess t he use of t hese anti bodi
comprehensive study of the native glycan
required the oUPGex ®nedhieomtdhfer hand, c |

such as metabolic | abelling tools allow f
in cell s. These tools allow for nati ve
|l abel |l ed and of fer mul tiple med herdts for
| abel 0Ub8gwed!| d all ow for the study of 1iv

al Ifoor t he native dlloydan et ¢ hlee estau i emad. c h
available that alUDoGu fTohri st hael sloa bienlclliundge s
mutations that are known to caude& muscul
(dystroglycanopathies). Chemical tools ¢

UDG t hat the current use of anti bodi es m:

The use of metabolic | abelling tools car

bi osynthetic pathways of glycoproteins,

cel l by the natur al bi osynthetic pathway.
oligosaccharide Egngt mmedreisngn (MO unnat ul
monosaccharide that wil!l utilise the nat
i ncorporated into the glycan. This all ow
used to incorporate reporter groups ont
met aibcoll abel |l ing approachesChapt.@enut2 i ne i
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The chemical tools synthesised in the p
enable theDGtamny of her oot errbthihialo prhiatiiet ol
(RboBBpnptaining glycoproteins. This chapt
al kymgged probes tHradbedH i mgt sbdaldiies i n
cell s. The first objective is to perforn
evaluate their incorporation into cellul
l' ysates wil |l be | abelled usiogphardexkt @he
enabl e i magieng fwiutolp eicw etadhceg,.pr obes wi | | Dbe

to assess thDG gpbelvliiidigngofval uabl e insigh
met abolic | abelling tooldDsG.malyhilse einradd reso
assessment of whet her each probe deri v
i ncorportaie dbiimgynt hdlDiGe pat hway of

Chapter 5 aims to screen
the metabolic labelling
tools for any biological
activity and assess their
ability to label a-DG.

The synthesis of SATE-protected
phosphates traditionally uses highly
unstable and hazardous reagent.
Chapter 3 explores the scope of a
novel robust approach while
avoiding hazardous intermediates.

(e]
1]

P
SATEO" | O
SATEO

Chapter 4 aims to synthesise the
first alkyne-tagged ribitol and
RboS5P metabolic labelling tools.
This work utilises the SATE-phosphate synthesis

in Chapter 3 and requires a unique protecting | |
group strategy

— Chapter 6 explores the o
T expansion of the library of =

alkyne-tagged ribitol and Rbo5P

ICIJ metabolic labelling tools ﬁ | |
P P

SATEO™ A N0 = SATEO" 4 "0
OSATE OSATE

Figure 5.2. A scheme adapted from Figure 1.8 with the testing and screening of novel
metabolic labelling tools highlighted, as the work of Chapter 5.

To date the only known RboBFPG.cohheaseaing

probes may provide idenarn f RbadbdrPtoani nafngot
gl ycoproteins. The i denti fication of I
accomplished through prcootnetirn bnua si sn gs pt eoc tar
understanding of ribitol and Rbo5P usage
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substrate modification within the biosyn:
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After the successful synt hesis of mul
out |l i Qralpt,eart e next step iIs the screeni
0 OR OR (IDI OR P
AcS AcS P /\)\//
N C‘)\O 5 i % RN C‘)\o 5 5
Acs” > OR OR Acs” > OR OR

where R = H, A-PO where R = H, D-PO
= Ac, A-PA =Ac, D-PA
OR OR OR
AN
RO ; ; RO ; ;
TN P
OR OR OR OR
where R = H, A-SO where R = H, D-SO
=Ac, A-SA =Ac, D-SA
(0] OAc
AcO o /\/\OH
AcO ~""N)k/\ -
C! N % /l;l N
OAc N~

THPTA

(O X/
s
¢ ) W,

Where R = picolyl azide

N3 = \ o ° \\\\ /
N~ N/U\/\N)j\/\/\/LLS* Cys //SQO
H H

O
N N O/\/ N
H 3 H
ey
HN NH
Biotin picolyl azide Y
O

Figure 5.3. Top) Structures of the probes studied within this chapter. Bottom) Structure of
all the tools used to assess the activity of the probes. The standard (AcsGalNAIk), click
reaction ligand (tris-hydroxypropyltriazolylmethylamine, THPTA) and the fluorescent dyes
Cy3 and Cy5 used in the form of a picolyl azide conjugate.
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mammal i an cel |l s. For this purpose, cul t
pr obA&ABAA-PQA-S Ao rA-S Q, and the | ysates were
through <click che#ilutorypwWwiotr eFsitgau#3ewni d o
The established met albGdli MAlIkg b%3p | wag pr otk
used as a positive control for successful

di met hyl sul foxide (DMSO) was used as a n.

For the initial-aztddi derwvahi vae KBEK293
usédand as such the same cell | ine was ut
comparison. To assess the biological acti
cells were fed with-tBN§Od (0r é6Moe,, (ArDRY N e
AaeGal NAIl kMY 2&8mMWd reacted with the clickabl
azide in the pgesencd benhzCusOi azol yl met h
and sodium ascor-batal ysedih kmipdheely cl oaddi
(CuAAC) reaction. The <clicked #tgledoropho

fluonesgce

The results Fdigupdesahed A-RAdxhi bits some
bi ol ogical activity, with 3 distinct | abe
appearing after click | abtdléamngd i melllyss.a
compari son-aceéathyl anncerd f or rA-PQf sthhoewe o r onboe ,

l abel |l ing at t he saMPeA cUOUpaecmentimatrie@arsi &G
concentration to 1.0 mM it was then pos
l abelling occurring with APA¢Fisgabme. patter
This is consistent with the hypothesis t|
the cell permeability by decreasing the
allowing the probe to be Wdhedeat saal dae
amount of | abel A-5Awi totbh searvee dl ai glhl ed band
i n compaAPAonttos I mport AfbtAtt eanedecehls
showed reduced cell viability by the end
The fluorescent | apbhed sl phnogr y b p A-& th e p rnoolne
suggests that an enzyme, |ikely FGGY, 1is

derivativé Homwetvlee ,celtl remains unknown wh
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Figure 5.4. A) Structures of probe A derivatives screened for biological activity. B) Cy5

fluorescence image of treated HEK293T cell lysate clicked with Cy5 picolyl azide. Cells

were treated wit MA-PR ABSA,AMGaIf NMAlrko beer n-POOGO eM of
A-SO before being lysed. The expanded image was taken removing the AcsGalNAIk control

lane, to clarify the bands visible in adjacent lanes. Appearance of new fluorescent bands

marked by green arrows. Coomassie stain was used as the loading control

the ability to interconvert ribitol i nto
may result i-mi biabel |¢omgt miomi ng gl ycans r e
in fluorescence | abelling observed. As s

that theblsabeleldi nwg t &S Aihse duuseep toefs ¢ lhee of

ribitol or Rbo5P. Mass spectrometry evid
of the | abelled glycans would be requir
i ncorporated tag. No acti-addtyy lwatse do brsiebri
deri vasQwadaich is expected to be due to
mammal i an cel |l s. Examples in the I|literat
with ribitol, at significantly higher cor
amountUDGf detected, presumably idueaceol |iu

concentrati©on$TIWései i st dl es were not con:
use of HEK293T cells but do suggest that
mechanism for ribitol upt ake. Due to the

used in the |l iterature and thehavai mhabil
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