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The present invention relates conpounds that 5 inhibit influenza A virus
si al i dasegoapfl, (@gfﬂ gtherefore potential anti-influenza ag%@;A}mﬁ%qund
Art Infection by iInfluenza viruses, in particular 10 type A viruses, has
had a significant inpact on human health over the centuries, I ncl udi ng
three pandemcs in the 20th century (Hortrpbt-o and Kawaoka, 2001). Vacci nes
are avail abl e agai nst influenza virus but are effective only agai nst
particular strains. Until recenthyribenetuig®Eal acefrghoi ce for the treatnent
of influenza A virus infection werée the adanant ane-based 242 i on channel
protein. inhibitors, R mantadi ne and Amant adi ne (Dougl as, 1990). However,
both drugs hav&eﬁgﬁiﬁé.p&i}&j not only to have si gnlflcant side-effects,
but also | ead to the rafhk 2Gespet gtneentafondrefiat esi cénpdundsfl khetza vi raI

strains.. 5 innibitSiAEudSAa w@ubléﬁﬁﬁaetshsnalééé SHedbeeeNZyMe
si al i dase (neura been available for treatnent and

prophyl axi s of ¥ ﬁFPhéﬁiaé%’aﬁd‘t}guﬁf‘Fﬁs 399M%feti on. The sial i dase plays a key

role in the I|fe 25 cycle of influenza viruses, facilitating the rel ease of
vi rus progeny fBaekytrbend ect ed cel | surface-by cleaving the cell-surface

virus attachment |i gandsm,gerg:lg ghtb nix?f Sur#,gﬁggé'e aaf?a\é‘tti)éu!l. gds to

cl unping o Vi r eny at ace, .resu I m ni shed
, 30 pr opaégtl HPSfH ? ¥ F4n B3 %g'§ﬂ’FPe t he rapid
anti geni c nut afiepilth evex Hé:%ucspmases: tirmlmdmgcahrwnMMS &h t he

si al i dase acti tmeskben(baituiyhqaereastaciddkavaexalbsisnt.e aadcihgs

SUppor {ing {1 agee0Lkal £5) Hasl MBELL L U0 ig D! B Vo.LONSRLLES LN 35 al

strains of infl u«,inza VITusS s ase exan ne i 4%1980s

(Varghese et aPRl¥1892jR8trRartifulay St iinaed PBtithererantdy &he @8Y$% opnent
of a nunbel5 - @f sh°§ae@ efnr dhe Sehatnénte oflinfiluensa o vinfusudénfecwisns

were the adamantane-based M2 ion channel proteln
inhibitors, Rimantadine and Amantadine (Douglas, 1990).
However, both d:ugs_havé been reported not only to have
eignificant side-effects, but algc lead to the rapid
20 emerggnce»of drug resistant influenza viral strains.
Since'1999,~inhibitors ofvthé viral surface
enzyme sialidase (neuraminidase, NA) have been available
for treatment and prophylaxis of influenza A and B virus
infection. The sialidase plays a key role in the life |

.25 "cyc1e~of'influenza viruses, facilitating the release of .,
virus progeny from the infected cell surface by cleaviné
the cell-surface virus attachment liéands. Inhibition of
the sialidase activity leads to clumping,of the virus
ptogeny'at the cell surface,>resulting in diminished

. 30. propagation of infection (Palese and. Compans, 1976) .

- Despite the rapid antigenlc mutability of the- sial;dase,

' the critical amino acids of the sialidase active site
(both those contacting the substrate and the sﬁpportiﬁg
framework residues) were found to be highly conserved in

35 all strains of influenza A and B virus sialidase examined
to the mid 1980s (Varghese et al., 1992). This
observation led to the design and devélopment 6f<a number



sialidase (Rich et al., 2007), two of which, zanamvir (von Itzstein et

al., 1993) and oseltamvir carboxylate (Kimet al., 1997), are now on the
mar ket . BaoOhoimtesi®st ors are sub-nanonol ar i nhi bitors of PootAv20fdo®AZza A
and B virus sialidases. Oseltamvir carboxylate is currently recomrended by
the WHO as the primary antiviral treatment for pharmacol ogi cal managenent
of influenza A(HLIN1l) virus infection (tr&atnment and prophyl axis) (WHO 10
Gui del i nes, August 2007), -and has been stockpiled by governnments around the
world as part o3f pbeeht &E&I@l@él&&&é PG thes ap datbianla aficpandenic

influenza. Hovever. str n"ﬁ"f %é: E111)_fl u%@ﬂ Vikdso ‘E_e‘%ﬂ@nt dmasektamvir .

car boxyl ate h&TE Bedn s o0th 1n ‘osel tam vir-.15 treated patients
(reviewed in F(é’é’@eItEEEﬂ-')n en@lrect??Iy 3¢ CPPLEREEYHY APRP¥L2FR wild bird
popul ations. Wrilk theaspeciasy)of arhendemredbedmasrketacyBottthr ough resi stance

devel opnent, QhyiBecOPSadd %iblnuseﬂo:@axalﬂn@mtbebl &f tigsh Wargh ubA¥@r ds
devel opnent of, next_geperati 9{; %agff ase I nhi, bi LOLS | s‘laq:f Iy ;oportance.
h

There are two HPPoBehitt et amlvl

Ct I’OUpS O n?? nza A VI rus

si al i dases - uaeEentlyarecopmendsd Rg) the FHE eaptée(mmmr M 1vigral No)
(Russel | et altrea2R@f}. féniphmmascloyidals managenent Nd£cinfipenzaans in t he
20th 25 cent uny ﬁ&s'sﬁr&gtﬂﬁeaﬁl&g(%&en@aﬂa ﬁ%?maaalss' alhgases
(al t hough: thereuﬁ'ave been_repart unber i nfected with
N7 viral &€rai§nige %Fﬁm%g‘%rﬁ ﬁg%gb ?’eeﬁn ?\?lf‘géheg& %K virus strain
carrying a granpwﬁnmpatadasen@haéedwvhbﬂﬁﬁsmaaéva§téb¢¥ﬁyR#ﬂmaﬁéﬁﬁasso
pandeni ¢ of t hsia2i@t Bogeah Usutlredkdot Handdnlil infDienza he marivelrew years an
avian infl Uenzé};r‘é'ﬁlgsf)?tiﬁffhéﬁz H@Muétf%li%éﬁ% hseaseitauml concern and,

more recently, an 1nf uenzag emc I nvolvin N1 strai,n has been

decl ared. The T3FPoF¥dape BIVSiRATUEERETTRfre g’?eﬁf‘l P BEEI8 *Shown
cryst al | ogisaphimsitied patbentst r Greviened yinliRaeceet 20Rib s cand grecgintl?006) .

Goup 1 siali dﬁﬁ%&r@%’!ﬁtﬁﬁﬁrﬂﬁﬂﬁ&@t 160R{ 1 Ml Bapul hexbdd ) Wikhi Bhéhe
so-called - ectr%5g§|999 d%ﬁMLJQthéfffﬂ‘%?/ t%ggpggefghighéﬂy% cl osed

conformation |sr? group Z2 sialidases st al T dases,, 1.n_the Apo
structure (no 9FHRAIPRERTor o5kt PRPE BY “ﬂ?@ FaaL1dRTe i PPANOF N t he
“open' conf or meixkorowesdbt denplapmenktae fonexqtoigemerakiont siaiisiasdi ng site

conpar ed tx@ griuHivd tica! igaseSimportance. Structure-based design of .
influenza virus sialidagg, [nhikl tQESphPRYnads£21 99! & M RegRoG8E " d£0- out
influenza A virus sialidases - group 1 (N1, N4, N5, N8)
and group 2 (N2, N3, N6, N7, N9) (Russell et al., 2006).
Influenza A virus strazns 1nfect1ng humans in the 20th
25 century carried e;ther N1 (group 1) or N2 (group 2)
' sialidases {(although there have been reports of a small
number of peopie infected with N7 viral strains) (Horimoto
and Kawaoka, 2001). An influenza A virus strain carrying
a group 1 sialidése caused the most devastating influenza
30 pandemic of the 20th century [1914-1918 (HIN1). Over the
. past few years an avian influenza virus strain of H5N1
strain‘has’been of global concern and, more recently, an
influenza pandemic involving an HIN1l strain has been ‘
declared. The two groups of sialidases have recently been
35 shown crystallographically to be structurally distinct
(Russell et al. 2006). Group 1 sialidases have
significant conformational flexibility in‘the go-qalled



using the X-ray crystal structures of sialidases from 10 influenza A virus
group 2 (N2 and N9) sialidases, and influenza B sialidase. These inhibitors
show conpaoablieoseli bi tion of both influenza A virus gr®@am/A2erdho®os

si al i dases, however none were designed to exploit binding to the structure
of group 1 sialidases with the "open' 15 conformation of the 150 | oop.
Summary of the |nvention - The Present invention relates to novel
conmpounds which bind to infl uenza A Virus group 1 sialidases with 20 the
150-1 oop in t hei50pksop ‘Gonhdcheha®mlvayssbseanteen tim this *obsssdrat i on; the

conpounds are ggh£sihaia dohbi Lous. DlasiaNtiNEDFA AVigliso0i0up 1 sial i dases.
According to a flgs%ﬁs ecGt t g %oresent Il nven ovi des a conpound

-
of general forfbfat i@nt ??%cégffvg"? rﬁﬂthPSB ToP%infl uenza A

virus group 1 sgostrate heandhcthe i BilH1lpoaciepressn dnsghe, “epert or prodrug
thereof, wheer eténfoitationSresulting inm adlarger potentiwhere Rl is hydrogen,

opt i onal Iy SUDSELLY Ay o1 00 daAllod SUDSLEN T i3 haogP! | 0nal 1Y

substituted ac or optlonal y Syl stitute X1l is
CO H, P(O)(O—I)Z NO2, SEEERCYER BGPOPRIFEFP?%P‘F&PP&E%I%“W is alkyl,

aral kyl, al kenyialmdehlbpt?madgowbstotdnml halsk Peen opai ol lopt
substituted arabkyd,tHpi-eag! J:yyéwlstdttxut:edr@é ki \Wial9Rhb88 a3 SUbsti tuted

g;ygﬁldRZ areg?tut??lnﬁ e‘gg%tlttl g?ﬁ}g%lonéﬁ#la“ 2t i1t ed a\(/:\CIere

I
optional Iy subi®fivanzs %Pftehwasem k}%ess| kwltoaswgyw copRaxARAe y
substituted al kghibigricgpifohath yirsfilhsnzhufediaikgrpup 1 and 2 .

sialidases, however none were designed to exp101t binding
to the structure of group 1 sialidases with the ‘open’
15 conformation of the 150 loop.

Summary of the Invention

‘The present invention relatea to novel compounds

which bind to influenza A virus group 1l sialidases with

20 the 150~1loop in the ‘open’ conformation. Consistent with
this observation; the compounds are selective inhibitors
of influenza A virus group 1 sialidases.
' According to a first aspect the present invention
provides a compound of general formula (I) which is a

25 selectzve inhibitor of influenza A v1rus group 1
sialidases:

30 or a pharmaceutically acceptable salt, estef or prodrug
thereof, wherein '
A is O, S or NR;;



150r R2/ is hydrogen; X3 and X3' are selected i ndependently
from hydrogen. R3, halogen, CN, OR3, NR3R31 , NHC (NR3) N (R3) 2, N3 SR3-

CH2 -C (OyO-2biRAMA208 - - CH2 - C (NH) -NR3R3- - Ca2 C ( BC/au20iRBBR®020 and
optionally substituted triazole, or X3 and X3' together are =0, =N-OR3, or
=CHR 3 where R3 and R3' are selected independently from

hydr ogen, optionally substituted acyl, Gpﬁionally substituted sul fonyl,

al kyl, aral kyl, al kenyl, alkynyl. 25 heteroal kyl, - heterocyclyl, optionally
substltuted aIkyI opt|oﬁskbyRsubsbwﬂGOQchéHQ§dqdnplmptsﬂWﬁﬂiqutyubst|tuted
alreny||| CxoﬁEMkﬁnd opti(dHal kG Substltuted ar?@?rfbé¥ﬁﬂ€}1§fEGBLE%&JG&&“
optionally su u LY SPPS ut ed al kenyl

X4 is bat4R41. §é§£ ‘t’éF?ﬁ %g}? &péd%%&%f yg%yf'CHZC (0) NRAR4.- CERANOZ
CHRACN CHR4H4 ' or CHEnHEEL CO:H. P (O) (OH zmmze R FRH4A, -G f@) NigHect ed

I ndependent$y bronehvﬂuﬂgsn optlonally substituted acyl, optionally 35,

substituted thi oacyl ORI £ su e ny al kenyl ,
% 3&11691 Q§£iﬁ}! %% su%lkﬁlh%/ed ar al kyl ,

al kynyl , option hsti e pt'i

optional Iy sub® g’faslg" "%’SL‘ ‘gﬁ‘&%{ﬁl’k gpt ?Bﬁh?‘?%l%t?é’?’??b?'éﬁeﬁet eroaryl,
and optional | y%ﬁ’dﬁfh tﬁ%d%e%)’cﬁyiﬂb}ltuted alkenyl, opti¥Ballyoptionally
substituted al aybstiopitealkynpLpUR,| usR] aRaRIY,| orOBLbORReaSUbSti tuted
al kenyl, 5 @ptipp@ldie,substituted al kynyl, optionally substituted
heteroaryl, "optionally sgbst [ tzut eg het er ocycl yl C(0) R5.

are select’:ed independently from
optionally subst:.tuted acyl, optionally substituted
sulfonyl. alkyl, alkenyl, alkynyl, Optn.onally subatltuted
» alkyl, or optionally subst:.tuted alkenyl,
15 or R;' is hydrogen;
' X3 and X; are selected indépendent:ly from
hydrogen, R;, halogem, CN, OR;, NRsRs', NHC(NR;)N(R;)z, N,
SR3, -0-CHz-C(0)-NR3R3', -O-CHz-C(NH) -NR3R;', -O-CH;-C(S)-
NR3R3' o ' o
20 and optionally substituted triazolé, '
or X; and X;' together are =0, =N- -OR3, or =CH-R;
where R; and R;' are selected 1ndepende.nt1y from
- hydrogen, optionally subst:.tuted acyl, optionally
- substituted sulfonyl, alkyl, aralkyl, alkenyl, alkynyl,-
25 heteroalkyl, heterocyclyl, optionally subst:.tuted alkyl,
opt:.onally substituted aralkyl, opticnally su.bst:.tuted
alkenyl, -C(O)Ra and -8(0) zRg, :
where R; is selected from optlonally su.bst:.tuted
‘ alkyl and optionally substituted alkenyl;
~ 30 ' . L : A
Xs is NReRs', ORy, SRy, CH.C(O)R;, CH,C(O)ORs,
CHZC(O)N&&" CHR;NO;, CHR,CN, CHR4R,', or CH:NHR,,
where R; and R,' are selected :Lndependently from
,hydrogen, optionally substituted acyl, opt:.onally
35 + substituted thioacyl, optionally substituted sulfonyl,
alkyl, alkenyl, alkynyl, optionally substituted alkyl,
optionally substituted aralkyl, optionally substituted



Cc02R5, -C(0)NR6R51, -P(0)(0R5)(ozw), -P(0)(oR5) (NR5R5.), -P(0)(N kA51)2,
CN, OR6, azide, NBE4, NR6R61, SE4, or optionally substituted triazole,
10wher e M6 20ndhoR8 ar e i ndependently sel ected from hydrogan2ommoiosal |y
substituted al kyl, optionally substituted al kenyl, optionally substituted
aryl, or heteroaryl, and R4 and R4l are independently selected from 15
optionally substituted acyl, optionally-sebstituted sul fonyl, optionally
substituted al kyl, optionally substituted aralkyl, optionally substituted

al kenyl, opti ngkéﬂyf,uaa&iik%fﬂy?«é stitQtBAORLY rod _1*)%?&2%&13&11

20According to second aspect of the present I.nvention 'S prarvi ded a
conpound whi chs&é_s"a“rﬂﬁeﬁ FERPS¥HTBEEnt ati on of the conpounds of general
formula (1) conprising &splaraticpadly cevipouitasedf alleykr adptfiomalllg (1) each
bound th_hrgugh a_umtma_{tetdoaaamﬁjy@liﬁmqaﬁytﬁm,g_tﬁ,ted a_lgen 1, According
toathir sp { [l Lon there | rovided a
phar naceut i%al gé%fh;ﬁ&ﬁlpﬁeg%ggﬁtﬁ‘?nagﬁ(%ngghp%%%ﬁon(??lgeﬁg*’ﬁf‘”f‘bﬁﬂjI a (1) and
a phar maceut i cBFFSFTadpt 8BFECRa} 1Y cfubstdputed rakerosYs1ydur tA(Qdpect of
the present i nQ@isi orC {OMNReRE'S, pHRA0) doHs)a(oBet hod-Fofo) (ORYEMRSRY JOr treati ng
I nfluenza in a-sudy sl adgbpas! o ai ubp,gct a conpound
of gener al forwﬁﬁiggggg{:d{& Q.3 fi?i}ﬂ%gpfggstk%of (_j?ﬁhse Jgrgese'nt 35
invention there s provi ded the use of >3°tBhpound of general fornula (1) in
the manuf @@ ure of a' neWPe&EfeRs aRdr Ry-harprindspendenslyt sebectms fobm
i nfluenza. - Ghydrogen, optideallylisubstatated xdIkyaspeptichalilye present
i nventi on her gub el B8kbap ISEialbnd: SOTRM QkoBPRERR] JoTmula (1) i
_ |

t he preventi on, or . treatment of” i nfl'uenza. cording to a
sevent h aspect of°11e Ypr e88ft invention there is provided a method of
preparing a conpound of Rgeifst &' fawamiinsdepphdentipraediecgethbr@teps of : 1)
provi di ng 15 coopounthlaly genstptuted Mdyd, (bpionally substituted
 sulfonyl, optionally ‘substituted alkyl, optionally
‘ substituted aralkyl; optionally substituted alkenyl,
optionally substituted aryl, heterocaryl, or heterocyclyi.

20 According to a second aspect of the present
'~ invention there is provided a compound which is a
multivalent'presentation of the compounds of general ‘
formula (I) comprising a pluralit& of compounds of generai
‘ formula (I) each bound through a linker to a multivalent .
25 template. | ' ‘ ' o
) . According to a third aspect of the present
invention there is provided a pharmaceutical composition
comprising a compound of general formula (I) and a
- pharmaceutically acceptable carrier. V_
30 o According to a fourth aspect of the present
" ‘invention there is provided a method of prevénting or
‘treating influenza in a subject comprising administering
to said subject a compound of general formula (i).
According to a fifth aspect of the present
35 dinvention there is provided the use of a compouhd'of
general formula (I) in the manufacture of a'medicament for
‘the préventipn or treatment of inﬁiuenga. - .



10wherein: X2, X3, X4 and X5 are as defined and nmay be protected by
protecting groups, X6 is X1, or a functional group that can be
nodi fi ed wo 206268, where X6 can be sel ected from but PCI/ATb1010609081 t ed
to, CHO CN, CH2OR, thiazole, and Z is a group that can be activated to
enabl e beta-eli.m nati on; 2) elimnating HZ fromthe conpound of general
formula (1V) ;- 253) converting X6 to X1~ whken it is other than Xi; 4)
optionally functionalizing X1, X2 X3, X 4 and/or Xs; and 5) opti onal | y

deprotecting X1, X2, X3AcKdraimy aro ¥5s5iR6h| mmtenitodharegfesent - Z
is a halide anﬂn@éﬁﬁ&attmgel §s ashivard Hﬂgeﬁs«?aéf% OB ”éf or

Zis a halide and eI| nat .achl eved in the presen a heavy netal
reagent; or 357°7% ;E°5>?‘;7‘ 3n I’i'}ntrl?&t Pﬁﬁv?gth%'hl%é?&'eﬁﬁﬂ%’l‘t °f ewis acidic
condi ti ons; orlnfluenza- ~ Zis alkoxy and elimination is acetolysis
conditions;sor _ ~ Z is phosphite and elimnation Lewis acidic

condi ti ons. According to a seventh aspect of the present

invention there is provided a method of preparing a
compound of general formula (I), comprising the steps of:
1l) providing a compound of general formula (IV),

10 wherein: ' .
X2, X3, X, and Xs are as def:Lned and may be protected
by’ protecting groups, -

Xs is X3, or a fu:qctional group that can be ‘modified
to form X,, where Xs; can be selected from, but is not

15 limited to, CHO, CN, CH;OR', -thiazole, and
~Z is a group that can be activated to emable beta-
elimination;
XS O x6
X4 %
X3
20
(IV)

- 2) el:.mlnatlng H-Z from the compound of general f.ormula.
(IV) : ,
25 - 3) converting X to X, when it is other than X;;
4) optionally functionalizing X;, iz, X3, X4 and/or Xs;
5) optionally deprotecting X;, X;, X3, X4 and/or Xs.

30 In an embodiment:
Z is a halide and elimination is ach:.eved under
' basic condltlons, or .
% is a halide and elimination is achieved in the
presence ‘of a heavy metal reagent; or _ :
35 ' z is_acyloxy and elimination is achieved under



achi eved under is achi eved under A compound of general formnula
|V where Z is halide can be forned by hal ogenati on of a conpound, of the
gener al fwormizooMoswhere Q can be selected from but i sPt@/Awbiodoetosed t o,
-COOR, -CN, -CH2OR . 15 According to an eighth aspect of the present

i nvention there is provided a nethod of preparing a conpound of general
formula (1), conprising the steps of: - 7 4) providing a conpound of
general formula (V):, wherein X2, X3, $4 and X5 are as defined and may be
protected by 20@wnd Qﬁ;t;.idlig gb8diSions?) ot roduci ng- XI to the conpound of

general formula On in agdigephbet ot 02kl a0 Lol LgUedhRvd3aktn Of the

l'ithiated speC|es w th S aneectrophl e and 24 may be

protected wit ha%le‘iﬂ]é‘tsé@t PREYFIRASF? #%3) optional |y functionalizing X1, X2,
X2, 24 and/or Xs; and 4% bptprrmpbiyedepd Cliotinagixt, ix2aclsievesl andeor X5.

30(\/) In an eﬂ@pgg RAGiE ton@itfgen. Typically X1 is prot ected with an
al kyl group mhlch can be renoved by hydrolysis. - 8 -

. A compound of general formula IV where Z is

hallde can be formed by halogenation of a compound of the

general formula VI where Q can be selected from, but is
©10 not limited to, -COOR', -CN, -cnzon' '

15 Accordlng to an e:l.ghth aspect of the present invent:.on
there is prov1ded a method of preparing a compound of
_general formula (I), comprising the steps of._

- 1) providing a compound of general formula (V}:, wherein
X2, X3, X4 a.nd xs are as def:.ned and ma.y be protected by

20 protect:.ng groups; . :

~ 2) introducing X, to the compound of general formula (V)
in a direct C-1 lithiation followed by reaction of the
lithiated species with EX, wherein E is an electrophlle
and X, may ‘be protected with a protectlng group,

25 3) optionally functionalizing X, X2, Xi, X and/or Xs;

. ' and ' . ) '

4) optionally de\prb‘l_:ecting Xy, X2, X3, X4 and/or Xs.

30 ‘ ’ - | v

In an embodiment E is a halogen. Typically X; is protected
- with an alkyl group, which can be removed by hydrolysis.



10 Brief Description of the Draw ngs Figure 1. A
Superinposition of influenza A virus N8 sialidase-inhibitor conpl exes of
3-allyl - NgoAeReme8 (7) (dark grey; conplex obtained af ter/AQomo0090soak)
and Neu5AcZen (white; PDB: 2htr). B. N8-(7) conplex with (7) shown in CPIC
format. C. N3-Neu5Ac2en conplex (Russell et al., 2006) with C3
unsubstituted Neu5Ac2en shown in CPK fornfit? The 3- al I yl - Neu5Ac2en conplex
mai ntai ns the 20 'open' conformation of the 150-1oop seen in the apo
structure (Russell et al., 2006L, in contrast to the conplex wth Neu5Ac2en
where the 150-loop is 'closed (Fig. 1C). 25 Figure 2.

I nfluenza A virus N8 sialidaseinhibitor conplex of 3-phenylallyl-Neu5Ac2en
(9c). The NB-(9c) conplex maintains an 'open' conformation of the 150-1oop
with the G 3 phenylallyl substituent extending 30 into the 150-cavity.
Figure 3. Isnfluenza A virus N8 sialidasei nhibitor conplex of
3-(p-tolyl)allyl-NeuS5Ac2en (9d). Left 35 panel: 3-(p-tolyl)allyl-Neu5Ac2en
(9d) in stick format; Right panel: 3-(p-tolyl)allyl-Neu5Ac2en (9d) in CNC
format. The N3-(9d) conplex nmaintains an 'open’ 9 conformation of the
150-1oop with the CG3 (p-tolyl)allyl substituent extending well into.the
150-cavity. S5Figure 4. Superinposition of influenza A virus NS X-ray
crystal styqictures: Pen 150-1oop N8/ (9d) conplex; closed 150-1oop
hB/hbuSAcfén conpl ex (PDS: 2htr) (ligands in stick format), show ng
position of Asp 151 The dlhydropyran rlng and G2, G4, C5, and C6 10
substituents. dB T \DeBeE1RE d: '-WBS|n1Iar p03|t|ons in the
active site. The phenyl Fhige Of. (%d) Shbeﬁlﬁﬁbﬁﬂﬂl&h be Paprdduka A the

open-1 oop CO”W{H?J W 811&1@£@"irﬁﬂb@%§gr58&faf&g B slgiipf Ehdiegent s
15 (7) (dark grey; complex obtained after 60 min. soak) and
Neu5Ac2en (white; PDB: 2htr). B. N8-(7) complex with (7)
shown in CPK format. C. N8-NeuS5Ac2en complex (Russell et
al., 2006) with C-3 unsubstituted NeuSAc2en shown in CPK
format. The 3-allyl-NeuSAc2en complex maintains the

20 ‘open' ccnformatlon of the 150~ 1oop seen in the ‘apo
structure (Russell et al., 2006)., in contrast to the
complex with NeuS5Ac2en where the 150-loop is 'closed!
(Fig. 1C).

25 . .

Figure 2. Influenza A virus N8 sialidase-
inhibitor complex of 3-phenylallyl-NeuS5Ac2en (9¢c).  The
N8-(9¢c) complex maintains an ‘open' conformation of the
150-loop with the C-3 phenylallyl substituent extending

30 into the 150-cavity. \ :

Figure 3. Influenza A virus N8 sialidase-
inhibitor complex of 3- (p-tolyl)allyl-NeuS5Ac2en (9d). Left
35 ©panel: 3-(p-tolyl)allyl-NeuSAc2en (9d) in stick.format;
Right panel: 3- (p-tolyl)allyl-Neu5Ac2en (9d) in CPK -
format. The N8-(9d) complex maintains an ‘'open'



The invention discloses conpounds that selectively inhibit influenza A
virus group 1 sialidases and nay therefore interrupt the infectious cycle
of infl uewo20A/005208s strains. In particular the inventi @eaTiAU220/0w06er ned
wi th conmpounds of general formula (I); or a pharnmaceutically
acceptabl e salt, ester or prodrug 25 thereof, wherein Ais 0, S or NR;
where 121 is hydrogen, optionally substrt%ted al kyl, optionally substituted
aryl, optionally substituted acyl or optionally substi t ut ed sul fonyl; 30X1
is C211, P(0)cdriiormatiohiRf Sthe 1’50303bp - {1))tHeHOH301(pt 61 idGilayl -

K2 is alkyl, aé@é@i'tueﬁkksﬁyénafwwh iRPS 1 anallsy -substy t uted al kyl,
optionally substltuted - - aral kyl, optionally substituted alkenyl
optionally substituted aIkynyI OR2, 8R2 NR2R21, or substituted trlazole
*where R2 and R2' are sel ected |ndependently fromoptionally substituted

acyl, optignally substitugese sail f eipkridpdadtion benyhelwddad W viegki onal |y

substltuted al kyl tu e S hydrogen
X3 and X3' aré&ge egg%bgepen éﬁ#ﬁ%ék %ﬁ%b%ﬁ% Ia'wc’gnﬁgﬁgx{';d)halo en, CN, -
OR3, NR3R31, W%RS? wczee (‘-'85“1’13’4!?9‘!‘-?? GEEE) -

(N11)' "NR3R3 (1Ggk2ids (8) smesfoammpshMQ yosabibnt of e@bu-rmsaz.ol e, or X3
and X3' toget hexe &fx&yﬁgopym%mgoranawz% 4, C-5, and C-6

10 substituents of (9d) and Neu5Ac2en have very similar
positions in the active site. The phenyl ring of (94)
lies adjacent to Asp-151 in the open-loop conformation.

15 Detailed Description of Preferred Embodiments

The invention discloses compounds that
selectively inhibit influenzé A virus group 1 sialidases
and may therefore interrupt the infectious cycle of '
.influenza A virus straings. In particular the invention is

20 concerned with compounds of generai formuia (I);

Xs AL Xy J
X4 x2 ‘
X3' X3
I

or a pharmaceutlcally acceptable salt, ester or prodrug
25 thereof, wherein
' A is O, S or NRl;

" where R, is hydrogen; optionally substituted
alkyl, optionally substituted aryl, optionally substituted
acyl or optiomnally substituted sulfonyl;

30 X, 18 CO.H, P(0) (OH)a, NO;, SO;H, SO3H, -C(O)NHOH '
' or tetrazole;
X, is alkyl, aralkyl, alkenyl, alkynyl,,
optionally subst;tuted alkyl, optionally substituted



15where R3 and R3' are selected independently from hydrogen, optionally
substituted acyl, optionally substituted sulfonyl, alkyl, aralkyl, alkenyl,
al kynyl, weterwmbiogl , heterocyclyl, optionally substit uPea/adl2ky0/000905

opti onal |y substitut ed aral kyl, optionally substituted 20 al kenyl, -C(0)R4
and - S(0) 2R8, " where R8 is selected from optlonal |y substltuted
al kyl" and optlonally substituted al kenyt; 101 15 N'T4 al's O R4 , S R (0)
R4, CH2C ( OR4 25 CH20(O)N R4 R4', CH FANC2, CH R4CN, CH B4 R41, or CHAILM
where R4 and Rdiablqel.se:beabedllmdsﬂ&mmey #lleenytldopgénnaply onal | y

substi tut ed acyhbsaﬁuwaahhuyﬁyb,stdﬁ:ut et WrOWPY | orophiboFddeeasubst i t ut ed
sul fonyl, al ky enyI al kynyl, optionally substituted al kyl, 30 ’

opti onal I y subs%' %u‘f ed .aral kyl, optionally substituted al kengl opt ional |y
subst it ut ed -het er oar yl , “BR&e of F‘Bﬁaﬁ y adghSeleated ndepegdprtly ; from
X5 is optianal bytmmnyt subdt htkyed a@wm,oaptiqnallhstaumtéduaécal kyI

optional l'y SUb§&iféﬂﬁd %'15‘:95])" alféaﬁpt Qﬂ?h ¥, %Hlﬁtdr{aliﬁgds%gyiwhed
optionally subs 1'ct1Ut ed het groary | onal 1y bst Ituted heterocyclyl,
-C(0)R5, - coeRSYLcY0PrEins Ylf"‘?%) ‘t’]ssi? %l p (0) (OR5) (NRS5R5' )
., -P(0) (NI't5JW 2, ONOTORA, 1&zhﬁér°m11i74 NR414 4', SR4, or optionally
substituted triazole, =Xx; and X;3' aﬂ&&iﬁeﬁﬁeanﬂn&éﬁeudﬁxﬁwndemndent |y

sel ected fyp t bsgh t u al k t |y
substi t ut ed al E%% ﬁﬁg{iﬁ&‘ge‘g‘ﬁbgﬁ. t(tsjl't"edhﬁdR i&hc}(]@? )INQRa% and

134 and R6' ar&ry’ ndé’pg gheet e From P ¥ m f g Rfher uﬂed acyl ,

optionally subBRiRslt ed sul fonyl_ optionally subst ituted al kyl, optional I y
10 substi t ut edaid adgeslonadpli saicdd tutedstici déeTke al kenyl , opti onal | y
substituted aryl, heter g@r*l andl hetl%rg%ctylggrygre =0, =N-OR;, or =CH- Ry
15 where R; and R;' are selected Lndependently from
hydrogen, optionally substituted acyl, optlonally
substituted sulfonyl, alkyl, aralkyl, alkenyl, alkynyl,
heterocalkyl, heterocyclyl, optlonally subst;tuted alkyl,
optionally substituted aralkyl, optxonally substituted
20 . alkenyl, -C(O)Rg and -8 (O) 2Rs,
' where Ry is selected from optionally substituted
“alkyl and optionally substituted alkenyl;

X, i8 NRs R¢', O R, S Ry, CH;C(O) Ry, CHyC(O)ORy,
25 CH,C(O}N Rs Ry', CH ReNOz, CH R¢CN, CH R¢ Ri', Or CH,NHR,
where Ry and Ry' are. selected 1ndependent1y from
'hydrogen optionally substituted acyl, optionally
substituted thiocacyl, optionally Bubstituted sulfonyl,
alkyl, alkenyl, alkynyl, optionally substituted alkyl,
30 optionally substituted aralkyl, optionally substituted
alkenyl, optibnally substituted heteroaryl, and optionallyv
- substltuted heterocyclyl;
Xs 18 optionally substxtuted alkyl, optionally
substituted aralkyl optlonally substituted alkenyl,
35 optionally substituted alkynyl, optionally substituted
heteroaryl; optionally substituted heterocyclyl, -C(O)Rs, -
COzRs, -C(O)NRsRs', -P(O) (ORs) (ORs'), -P(O) (ORs) (NRsRs'),



15 CHYR7CHY nvpi eti es
R7CH2YR7, where Y is 0, S, or

In an enbodi ment X5 denotes CH2YR7, CHYR7CH2YR7 or
NR71, and successive Y in an X5 group are the

sanme or dwbfers2080r where the substituent YR7 is =0, 2NTOI2010/000905CHR7,

O 20where two adjacent YR7 groups together formpart of a ring structure

whi'ch optionally includes at |east one heteroatom selected from0, S and N

and is optionally substituted; in parti'cu]I]ar, an epoxi de, aziridine,
menbered cyclic ether -group, 25and R7 and R7' are independently selec
from hydr ogen, -Bf®) OFRaREY) suBYt i PRet-cdzddgl NERet | BRKsl'y SRbsbirt ut ed

sul fonyl ,

- 5( Obﬁﬁnaﬁ@)s'\:ﬁv%leutémtdﬂ&abhy, substituted al kyl,

5 or
t ed

optional ly

6

substituted aral kyl, Qnal ky l&bﬁg.l gg&e&@&w}lugpgé%&déé/ Syhsti tut ed

30 aryl,

het er oar yl , et er

ment the

conpounds are B?’,d’@%ﬁff’é’r'appﬁ:&Pﬁﬁ}iY(?‘}k)Stl\ﬁ“Fﬂdt?M'ePé’G&ﬁﬁﬂéYry as sh
Il 5 n aubgninnhqdamﬂkényt,(bptionally substituted aryl, or

12 -

10

15

20

25°

30

. or

heteroaryl, and ,

R¢ and Rg' are independently selected from
optionally substituted acyl, optiocnally substituted
sﬁlfonyl, optionally _si:bsﬁituted alkyl, optibna.lly
substituted aralkyl, optionally substituted alkenyl,
optionally substituted aryl, heteroaryl, or heterocyclyl.

In an embod:.ment xs denotes CH;YR7, CHYR,CH,YR; or
CHYR,CHY R,;CH;YR,, .
. where Y is O, S, or NR;', and successive Y
moieties in an Xs group are the same or different, or

owh

where the ‘substituent YR; is =0, =N-ORy, or =CHR,,.

where two adjacent YR; groups together form part
of a ring structure which optionally includes at least one
heterocatom selected from O, 8 and N and is optlonally

substltuted, in partlcular, an epoxide, aziridine, 5 or 6

" membered cyclic ether group,

and R; and R;' are inde_pendéntly selected from

4 hydrogen, optionally substituted acyl » optionally

substituted sulfonyl, -8(0):0E, -P(0) (OH) a, optionally

substituted alkyl, optionally substituted aralkyl,
optionally substituted alkenyl, optionally substituted
‘aryl, heteroaryl, or heterocyclyl.

In an embodiment the compounds are of general

'formula (II), with the stereochemistry as shown;



5In an enbodinent X2 is COR or P(0)(OH) 2 or an ester thereof. The ester
W ll readily hydrolyse in vivo into the free acid. In an enbodinent X1 is
CO2H. 10Iwoantigwbmdi nent X3' is H and X3 is sel ected frecTRI20t0aloamen, CN,
OR3, NR3R3 , NNVNRONCKO2, N3, SR3 and optionally substituted triazol e,

where R3 and R3' are |ndependently sel ected from al kyl,

al kenyl, al kynyl,

optionally substituted al kyl, 15 optlonaj¥@'subst|tuted al kenyl, -C(0)11.4
or -S(0)214, where Re is selected fromoptionally substltuted

al kyl and optionally substituted alkeg (s A
is - NR4R4'. Advantageously R5 is opti onal

hydrogen, 20 typically acyl such as Ace
t he conpounds are of general formnula X

I n an enbodi nent X4

X,
substltuted acyl- and R5' is

I n an enbodi nent

X; wXeh the stereochemistry as

shown; wherein X1, X2, X3, and X4 are ag described above, - 13 - one ef

X7 and X71 is hydrogen, one of X8 and X9' g:s hydr ogen
are the sanme or

hydrogen, and X7, X7', X9, X91, X9, and X

In an embodiment A is O.

one of X9 and X9'

5 ‘ In an embodiment X, is COzH or P(O) (OH), or an
4 ester thereof. The ester will readily hydrolyse in vivo
into the free acid. In an embodiment X; is CO.H.

io . In an embodiment X;* is H and X; is selected from
Ry, halogen, CN, OR;, NR3R3', NHC(NR:)N(R;)z, N3, SR, and

optionally substltuted triazole,

where R; and R3' are independently selected from
Calkyl, alkenyl, alkynyl, optlonally substituted alkyl,
15 optionally substituted alkenyl, -C(O)R; or -S(0):Rs,
where Rg is selected from optionally substituted

alkyl and optionally substituted alkenyl.

_ In an embodiment X; ie - NR4R,'. Advantageously Rg
is optionally substituted acyl and Rg' is hydrogen,

20 typ:cally acyl such as acetyl.

: In an embodiment the compounds are of general
formula (IIX), with the stereochemistry as shown; ’

25

wherein X;, X, Xa., _an'd X; are as ﬁescfibed above,



5 different, and are selected fromH OR7, NR71171, SR7, or optionally
substituted triazole, or together X7 and X7', X9 and Xs', or X9 and X9 form
=0, or =IWORWU11/M6108 an enbodi ment the corrpounds are sel ecrad2brogmeodose gr oup
consi sting of: nmet hyl 5- acetam do-4,7,8,9-tetra-0-acetyl -2, 6-
anhydr a- 3, 5- di deoxy- 3- G- (prop- 2/ -enyl) - s- ycero s- gal act onon- 2- enonate
155- acet am do- 2, 6- anhydr o- 3, 5- di deoxy- 3~ prop _ - .

enyl) - D-gl ycer o- p- gai act o- non- .2-en-oni c acid, \ nmet hyl

5- acet ami do- 4, 7, 8, 9-t et c@eQofic¥t phd2Xg' is hydrogen,

anhydr o- 3, S—dl deoxy 3- Coln, Afdxmlaykperﬂg tpacsyeén; Dg/yrero p- gal act o- non- 2
-enonat e, 205-acet am do o@ng %g ?é fy g*g’%égé 0- én4d 4-

di met hyl pent - 2! -enyl)-z |ycero enoni ¢_aci d, methyl
5- acet am do- 4, 7, 8, 9- tetP% 0%7acety gxz x,, and X,' are the same or
anhydr o- 3, S di débﬁqréat(;— (@3id- ayelsm?eeqﬂeqonfopnzm EOB;l) NBsR;25 SR;, or

gl ycero-s- ga|a@ﬁ@i&ﬁﬁkﬁ?‘ﬂﬂ@@@i@uted trlazole, ox
5-acet am do- 2, 6- anhydro gereé)

cycl ohexyl - pr op- 2' - eny 1) °BE§PTE T OZ'B— ga’l dc?‘& l?1’3)6?1 % endhi e 5& dx’ rrgtc’ﬁ'?l
5- acet am do- 4, 798, Qrtﬂ'rod‘ve acetyl-2,6- 30
anhydr o- 3, 5- d| de9xy-3- G (3" - phenyl - prop- 2' - enyl) -'n-gl ycer os- gai act o- non- 2-e

nonat e, 10 S- aggt §H‘ Q&&iﬁe@'&hﬁﬁéocgh#ﬂ#%& §e£‘eé§ec}] flrom

phenyl - prop-2' y er Dg acto-non-Z-enoni ¢ acid,
5- acet ani do- 4, ’fﬁ% gJ'}‘f‘ﬂfra Sgé{‘ 91°7 6-

- methyl -5~ acetanu.do 4,7,8,9-tetra-0- acetyl -2, 6-
anhydro -3,5-dideoxy-3- C-(prop 2'-eny1)—n glycero p-galacto-
non-2-« enonate, -

‘15 5- acetamldo 2,6- anhydro -3,5- dldeoxy -3- C-(prop -2'-
» enyl) -p-glycero-v-galacto-non-2-en-onic acid,
methyl 5-acetamido-4,7,8,9-tetra- o- acetyl -2,6-
anhydro- 3 5« d:.deoxy-B Cc-(4,4- -dimethylpent- 2'-eny1)-D-
glycero-n-g‘alacto non-2-enonate, :
2_0 ' : 5-acetamido-2, 6-anhydro-3,5~ d:l.deoxy-3 Cc-(4,4-
dimethylpent-2*-enyl) - D—glycero D- galacto non-2-enonic
acid, .
methyl 5- acetam:.do 4,7, 8 9-tetra-o0- acetyl 2,6-
anhydro -3,5-dideoxy-3-C-(3'-cyclohexyl- -prop- 2'-eny1)-D-
25 glycero-D galacto-non-2-enocnate,
5-acetamido-2, 6-anhydro-3, 5-dideoxy-3-C- (3'-
cyclohexyl-prop 2'-eny1) -D~-glycero-D- galacto -non-2-enonic
acid, .
‘ methyl S-acetamido-4,7,8, 9-tetra-o-acety1-2 ,6-
30 anhydro-3, S-dideoi\:y-B-C- (3¢ -phenyl-propQZ_' -enyl) -b-glydero—
p-galacto-non-2-enonate, o ‘ |
, 5-acetamido-2, 6-anhydro-3, 5-dideoxy-3-C- (31-
"phenyl -prop- 2'-eny1) -D- glycero-p-galacto-non-2-enonic ac:l.d,
: methyl 5-acetamido-4,7,8,9-tetra-0- -acetyl-2,6-
35 anhydro-3,5-dideoxy-3-C~[3'-(p-tolyl) -prop-2'-enyl] -n-
A glycero-p-galacto-non-2-enonate (8d, R = 4-CH;Ph),
' ' 5-acetamido-2,6-anhydro-3,5-dideoxy-3-C-[3'- (p-



35 anhydro- 3, 5-di deoxy-3-C-f31-(p-tol yl)-prop-21-enyll-s-

gl ycer o- n-ga2act o- non- 2-enonate (8d, R = 4-CH313h),

5- acet amwo-2811806208ydr 0- 3, 5- di deoxy-3-C (3,-(p- - 14 - PCT/AU2010/000905
tolyl)-prop-2'-enyl3-nTgl yvero- D-gal act o-non-2-enoni ¢ acid,

acetam dn-4,7,8,9-tetra-0-acetyl-2, 6-

anhydr o- 3, 5-di deoxy-3-C- (3" -(4-tert- butbxly’prrenyl) pr.op- 21-

enyl | -b-g/ycero-n-gal act o- non- 2- enonat e,

55- acet am do- 2t6lphhmymrap-2,* Sedyﬂbfneylsrcé‘réao-g(aﬁlacto-non 2-enonic acid,

met hyl 5-

tert-but oxyphenyl) propm%th?ﬂyéla&&kmaste Ji\ gag A Qa08agae NG C acid,

nmet hy1l. 5- aceta
anhydr o- 3, 5- di

SR AEIAE ermrgurs pror 2

gi yver o- b- gai aE{%lﬁ gzlyéﬁﬁﬁaﬁ'galacto -non-2-enchate,
5-acet am dc 2, 6- anhydr 053 abegadiRibae, §-6nhpdro-3, 5-dideoxy-3- c [3'-(4-

napht hyl -

net hyl ~5- ggg!to a‘rgnéfjgw O)prexgtf{ gp%%?e? g%gﬁpgg]g% ecggﬁy%r%ﬁadf%n°ﬂl aeoxy -

afu"dlar?é'dthoxyphenyl ) -but -2 - en.yl] -n-glycero -D -gal

3-C-[4"' -¢¥
ac to.-non- 2 - enonat emethyl 5-acetamfdo-4CEi®A-tébra-3; &etﬂad)mro - 3,5

- di de oxy - anhydio {3 5~df ddoAy -3 - @ » Lﬂ%ﬂ%ﬂﬁrzléjm zbugny_-g) -enyl ]

-D-glycerg gD

- C (3"

~ace OXYypr opy

do-3-C- (3
-D-gal acto - nodefd,. enonic acid, 25 net hyI 5-acetam do-4, 7, 8, 9-
tetra-0-acetyl-2, 6- anh V- 3 -, Cpropyl -D-ql cero
- D gal ac E}%  non. 2 - eﬁg{:f%l Sgacetaml O - &( 7 % geg g acet %

2,

5-acet am

ni ¢ acid,

20

25

30

35

ﬂ_@éel%:-l)— ?199&: %méz gngﬂ%ga o

Fh¥ARPT o 53‘15‘1%‘?’%6‘)(3(’ 34& b ohydimeshpsrpheny Yaltatt-@' Aon- 2- eno

enyl] -p-glycero-p-galacto-non-2-enonate,
* S-acetamido-2, 6-anhydro-3, 5-dideoxy-3-C- [4'-(3,4-

dimethoxyphenyl) -but- 2'-enyl]-D-glycero D-galacto non-~2-

enonic acid,

- methyl .5-acetamido-3- c—(3’-acetoxypr0py1)—
4,7,8,9-tetra-0-acetyl-2, 6-anhydro-3,5- dldeoxy-n-glycero ~D~
galacto-non-2-en-onate, :

' 5- acetam1d0-3-c-(3'-hydroxypropy1)-2,6-anhydro- '
3,S—dideoxyan-glytero-D-galacto-non-z-enonic acid, ,

' methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-2,6-
anhydro -3, 5 -dideoxy- 3 C- propyl—n-glycero -pD~galacto-non-2-
enonate,’

5-acgtamido-2.6-anhydro-3,S—dideoxy-3¥C-pr6pf1-D-
glycero-p-galacto-non-2-enonic acid,

methyl 5-acetamido-4,7,8,9- tetra O-acetyl-2, 6-
anhydro-3,5-dideoxy-3-C- propenyl D~ glycero-n galacto -non-2-
enonate, :

methyl 5-acetamido 2,6-anhydro-3,5- dideoxy 3- C- |
(prop-2'-enyl) -p- glycero -D-galacto-non-2-enonate ,

methyl '5- acetamido-2,6- anhydro 3,5-dideoxy-8,9-0-
isopropylidene-3- C-(prop 2'-eny1) -D-glycero-p-galacto- non~
2-enonate, Co

hyl . 5- ac ‘et am de-
a-0- acetyl -2 6 -anhydro- 3, 5 -
di deoxy- D- gl ycer o- ngal = Ac2fetamisie-2.6- éﬂhY‘b‘FPa't:*ef’ dideoxy-3-C- (B - acet ani
- REPhEbIr-eppb-2 ' - @16l )-- paghyckd -p-Gadact i iAoy enbngbycero



30net hyl 5-acetam do-4,7,8,9-tetra-0O acetyl-2,6- anhydro - 3,5 - dideoxy-3
- G- propenyl -D-glycero -D -gala ¢ to -non- 2 enonate |, nmet hyl
5- acet amwo-2811806208ydr o- 3, 5- di deoxy- 3- C( pr op- 21- eny1l) - bPgradRo w/000998/ act o- n
on-2-enonat e, 35net hyl 5-acetam do-2, 6-anhydro-3, 5-di deoxy-8, 9-0-

| sopropyl i dene 3-C (prop-2'-enyl)-v- glycero p- galact o- hon2- enonate, - 15 -
met hyl 5-acet am do- 2, 6- anhydr o- 3, 5- di devXdR 4- 0-

et hyl - 8, 9- 0- |sopropyl i dene- 3- G- (prop-2' -enyl)-p-gl ycero-ngal act o- non- 2- enon
ate, nethyl 5-acetanm dométByBnbysberahitiods deoanhylr@355-dideoxy-4-0- .
ethyl-8,9-0-is \Y L -3ERY Wy r nn2enon
ate, 5-acetam ggﬁgpé éj%qqf%’-‘)&éﬂ%é%x?- E' e&ffgi %%rﬂ) ga&ﬂg&o e

C- (prop- 2, - eny9FLFEHR ~6-RP882%%1 0- non- 2- enoni ¢ acid, 2-net hyl - (et hyl
7,8,9-tri-0O acetyl- 2, 6- ;etpyl o5-ddetamido-2, 6-anhydro-3, 5-dideoxy-4-0-

3, 5- di deoxys 3- &ﬁPID@,s?-o-Q@%}oﬁynﬂd&ﬂr@ 8= {BtSp W-edyl) -p-glycero-p-

enonat e) - (4, 5- gl_bg? Ql_| 'gninit% met hyl

5-acet am do- 7, ace

anhydr o- 4- azi do- 3- C—(pr 5p“2°‘¥%‘h’5m 23%"5"1’%1%«3;5 G@i"?@ﬁ)’o“rp‘g%ﬁhé’&t‘é non- 2- e
nonat e, 15met hgt (Brome? 'aengtd) 4p gl cerbebrgalactoenph-2;-éronic acid,

gnhyd[o 3, 5-di deoxy- 3- Ozeheuié %Laﬁ 07P899-l@§it-fb-'&%€t§1 @nOi-rE%Itﬁﬁdro-?
acet ami L, deoxy. ve alact,0- non- 2- enon
ic acid, 2 t%ﬂ/? %%oe am o( P‘?‘p82 9#‘3?? Q{ iﬁ% L?t%lg 5
anhydr o- 3, 5- di EBAIE- 'OL"('?"%Z?U%’&W}P% gl ycer.o- Dgal act o- non- 2- enonatel
and. methyl S- acetamldo 7,8,9-tri-o- acetyl 2,6-

: anhydro -4-azido-3-C- (prop 2'-eny1) 3,4,5- trldeoxy -p-

glycero- D-galacto non-2-enonate,

15 - , methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-
anhydro-3, 5 -dideoxy-3-0-ethyl-p-glycero-p- galacto non-2-
enonate,

5-acetamido-2, 6-anhydro-3, 5- dldeoxy 3- O -~ethyl-p-
glycero-p- galacto non-2-enonic acid, o

20 methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-
anhydro-3,5-dideoxy-3-0- (2F-azidoethyl)-D~glycero-n-
galacto-non -2-enonate, and '

7 methyl 5-acetamido-4,7,8, 9 tetra-o- acetyl -2,6-
_ anhydro-3,5-dideoxy-3-0- [2'-(4'-1sobutyl- .
_25' [1*,2",37] triazol- -1"-yl) ethyl] -p-glycero-p-galacto-non-2-
enonate. ’

It will be appreciated that the manner of
representing substituents in the foregoing general formula
30 does not imply any particular stereochemistry or
orientation for the substituents unless that is
specifically shown. -In particular, where compounds are
optically active both (R) and (S) enantiomers or a mixture
of the two, including a racemic mlxture, are env1saged
35 unless otherwxse specxfled .
The term “alkyl” used either alone or in a
compound word such as “optionally substituted alkyl” or
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It will be appreciated that the manner of representing substituents in the
foregoi ng general fornula 30 does not inply any particular stereochemstry
or orientation for the substituents unles$ rhat is specifically shown. In
particul ar, where conpounds are optically active both (R and (S

enanti oners or“eptiodally efibshitutad cyntbalkyly alenateri stmigmre are

envi saged 35 UmhHiSS, YrRBEHkE oS R 8¢ poli] eyctic afﬁﬁlterﬂ ky] .-

deith I d t tuted
alkyl® or - 15 e Spaer oRR TR AL eRRP YO et grePod A Zt'rafgﬁt.

chai n, br anchefftrl mWFGPYér WISPPW-GI Plétlalkﬂ“@txﬂrpl gecdfutl-ai ght . chai n
and br anched G et tiatutiyc| uﬂglnﬂtdmhwlet byt -amgriopyl, 2- amatmﬂropbut,yl
'15(23b3t>’| : hSFC Pui—ycimett%&tlp?bk{:% bf]:i? 1 ‘13:‘}1a lpentyl, ”
R e (/e 3 I 0 A 207 dfmftah&e oikedr, 2,2
i met hyl butyl, isnwmwt b%li%rldim@tzyabmhyllb@t-ﬁhmeﬁhﬁlb@ydm b,beut yl,
2, 2-tri met hydjweamgiputyl, 2, i&-&&uﬁathyiﬁdﬁaw ihepgyl, 5-nethyl hexyl,
TV e AL D g 3-SR NA %"—me?hﬁmewt ipentyl
' 2,3-trinet hy ’b%’t methylpentyl, r?g?h?i"aﬁ? P‘-’rﬂi‘ﬁ(}l’ 41 = 2., 3-, 4-, 5-, 6-
r 7- 15 met hwmupylpgntyL 1,2-disetbylpentiyiyl Naptdinethyl penty3.
propyl hexyl deosdimkthy2pentdyl, 4-,2,5= trﬁnetﬂrlb%@?lg if®fdyl nonyl, 1-, 2-,
3 2:1 > of @r?ﬁé%é,%h)é&b jnd:ﬂ%] g3 21, BRIy Beptyl, qo:“@de?y'orl'? o
et hyl nonyl15 1 methylogtyl, 1 23'pr36py¥0c?§/|5 efhﬂ??l’ﬁl’le 141t PFhapt yl |
iopen%l Ihexgl ;awibpkgil ;etaﬂlz,i 3—é 8-6 3, zﬁ—., s?é 639&1-9 an@T 8—;
rreyune thylnonyl, - ,13,14- @-eth CHl-, 22 3-,
4-, 5- gpyllﬁ’nqngk p% % QL& tyI octe v Zﬁfentyl h?ptyl and
t he Ilke oF ‘Tp zifll{ i"ml nel ude cycl'oprbpyT' cycl SGBu
cycl opentyl &cl%@xwthﬁi‘?ﬁ yl' 2eycivodtyl S-eyet oyl and cycl odecyl
and the | i2ie. éuhmoewbodlﬂera-,alskyl 4f soﬁjs-Q:&o@brkyhtyil'hel-t,erzm ogl kenyl ff
roups. formed §1a 1%?*2%83%%“%. andy 2‘?;°‘f*‘5’d Vel ot Bl Eenas” L acl ydi ng
ethylenically m)n(r?- 3 : al unsa A ed 4l yI or’ cycl aI'k?F g?oups as
defined above.: Bxa@®pl éseb'FY \P/ryl ir nc?Ude"'aI 4yl , SbueerBiPropydnpayeny|
3- net hy1- 2- butlenyl2-, 3- or 4- butyloctyl, 1-2-pentylheptyl and the like.

25" Examples of cycloalkyl include cyclopropyl, cyclobutyl,
'cyclopentyll cyclphexyl, cycloheptyl, cyclooctyl,
cyclononyl and cyclodecyl and the like. In an embodiment
alkyl is C1-C5 alkyl. | '

The term “alkenyl” used either alone or in

di
1,
1-
1
1
0

30 compound .words -such as “alkenyloxy” denotes grbups formed

from étraight chain, branched or cyclic alkenes indluding

~_ethylenically mono-, di- or poly-unsaturated alkyl or .

. eycloalkyl groupé as defined. above} Examples of alkenyl
include allyl, butenyl, iso-butenyl, 3-methyl-2- butenyl,.

35 1l-pentenyl, cyclopentenyl, 1- methyl cyclopentenyl, 1-

hexenyl, 3~ hexenyl .cyclohexenyl, 1- heptenyl 3-heptenyl, -
‘1 octenyl,‘cyclocctenyl, l-nonenyl, 2- nonenyl, 3- nonenyl,



35 1-pentenyl, cyclopentenyl, 1-nethyl-cyclopentenyl, 1- hexenyl,
3-hexenyl, cycl ohexenyl, 1-heptenyl, 3-heptenyl, 1l-octenyl, cyclooctenyl,
1- nonenylwo2enaoewgl , 3-nonenyl, - 17 - 1-decenyl, 3-decemu2010/000905

1, 3-but adi enyl ,” 1- 4, pent adi enyl , 1, 3- cyclopentadlenyl 1, 3- hexadi enyl ,

1, 4- hexadi enyl, 1, 3- cyclohexadlenyl' 1, 4- cyclohexadlenyl 1,3- /

cycl oheptadienyl, 1,3,5 cycloheptatrlenylrhnd 1,3,5,7- 5
cyclooctatetraenyl. In an enbodi ment al kenyl is C2-05 al kenyl. The term
"acyl " used ei lhdeceadyine 3edecrngbnphdidunadienylic il -as peaghidoaayly -

substituted acy|3- Mﬁxﬁ&éﬁ&ﬂhaﬁ Isah@sthl%wp e -HaAQY bnf{ OUP, 3-
Cont ai ni ng an 10cfromat .C rllngil %qtg' ferr d.tqg as aromatic acyl, or a
err

heterocyclic ri R e eﬁg H8%%t oS c acyl, but also

i ncl udes such EIYWW%Y}geh } Saysilabentakxienydl pindr 108, 547 N=H gr oup,
and furthers i neyoliesctsteitrgeayds Tonindiehbsgifent il g 1085t #p-d5 additi onal
het er oat ons bogﬁggn}:p C(0), -C(S) or -C (N=H). According, the term acyl
envi sages -C(O) -C(S) =, -0-C¢(S)-, -0-C(N=H)-, -S-C(0)
., S QS)-, -5C(N=11)- The%ﬁ’\g 33°Y1"NFE€11571“°=I\||¢1€PRI=PEC£H FEETpRg- |
-0C(S)-o0-, - L 0- R sygh asSrepeiomlly Huber Mifedlldcylandesote2aron. | n

enbodi ment s anaBDyha tdicO A ylBYros | i anbatye éup?l%n%g;ﬁ@ﬁ?oéhatom but
nore commoyy y £§o:§£::§J ':9.'?;@" | gh;%hdés §%¥£r§ as, acet es LOf acyl
Br an %qé |

i nclude strai gg hal n or I kano such

propanoyl , but ?ﬁﬁﬁ“”f RYPSr SRR A8 ﬁ%ﬁ?ﬁ?ﬁﬂ/l“ 23211 31‘°°Y°11°

di net hyl propanwl fastarpdgb, ihebidasopluchogtoumy Iwhemopapgeh , iglecanoyl ,
undecanoyl , doﬂ@ﬁmﬁsd wilchi Qﬁﬁﬁlﬁ@b"or aﬁnhaﬁwl ,anhefafl.?ﬁépoyl

heptadecanoyl c I noyl_and, cosanay cloalkylcarbonyl
such as cycl oprﬁg’?/ Elsr%%%){ll gr&?(#@ °§‘% (’:’é%%%n ’Ith Flﬁp'é?\{ﬁyl car bonyl and

cycl ohexyl*ar b %ﬁ}yPeEﬁEﬁaﬁ%‘“’oé’ﬁi@W te OICEJ(R)I' aﬁdsha%t-rﬂ)‘}l
ar al kanoyl suc#w#ﬁmnyltabkaemylac(ya egvi sy | -aoeh v, -ploen.y,l.m(mnoyl
phenyl but anoyl ,o.ph@j)yl i sgbukyi -, RReekeant anaylc @ﬁd phgnyk Q)exangyl ) and

na hthlalkan | a I ro ancl
ntht hgl but an é/b% ar aI Eﬂ }s/ucﬁga?(sheh '@%@‘S’y F 56 Y hé’nyl pPopenoyI ,
phenyl but enoyl Héhy | m?rﬁé T 19~ pﬁeﬁ&?’p'eﬁn'erré‘}ﬂ cdﬂdﬂbhﬁhy:l edesoyl and
- 18 - nap®t hydmd Kenepbofnentaaphiakyl pgopammdy, inaphibybdtweuioyl aaad
napht hyl pent engy |darpoat QEeR b GRir0B¥nolt} GlePGKCLE EBhKANOY; B4ch as
thlenylacetyl acyl such as acetyl. Examples of acyl include straxght
chain or branched alkanoyl such as férmYl- acetyl,
propanoyl, butanoyl, 2-methylpropanoyl, pentanoyl, 2,2-
_25 dimethylpropénoyi, hexanoyl, heptanoyl, octanoyl,
nonanoyl, decanoyi; undecanoyi, dodecanoyl, tridecanoyl,
pentadecanoyl, hexadecanoyl, heptadecanoyl, octadecanoyl,
nopadecanoyl and icosanoyl; cycloalkylcarbonyl such as
cyclopropylcarbonyl cyclobutylcarbonyl,

- 30 . cyclopentylcarbonyl and cyclohexylcarbonyl, aroyl such as‘
benzoyl, toluoyl and naphthoyl; aralkanoyl such as '
phenylalkanoyl (e.g.. phenylacetyl, phenylpropanoyl,
phenylbutanoyl phenyl;sobutyl, phenylpentanoyl and

| phenylhexanoyl) and naphthylalkanoyl (e.g. naphthylacetyl,

35 "~ naphthylpropanoyl and naphthylbutanoyl);Aaralkenoyl such |
as phenylalkenoyl (e.g. phenylpropenoyl, phenylbutenoyl,
phenylmethacrylyl, phenylpentenoyi and phénylhéxenoylvand



t hi enyl propanoyl , 't hi enyl but anoyl, thi enyl pentanoyl, thienyl hexanoyl,

t hi azol yl acetyl, thiadiazolylacetyl and tetrazol yl acetyl; and

het er ocycWocaltkeswgl such as heterocycli cpropenoyl, het @ecocyebiogioestoenoyl ,
hat er ocycl i cpent enoyl and heterocycli chexenoyl. The term "sul fonyl" used
ei ther alone or in 10 conpound words such as "optionally substituted

sul fonyi" denotes one of the groups -S(0)¥Ro- wherein each R is

i ndependently H, optionally substituted al kyl or optionally substituted
aryl . Accor di nglaphthel gtkeppyiln (et §. emdphtdiyy prapeheyl f Glaphtadfibetefoyl

sul fonate estehnarnaﬁi;éeylﬂe'i’,t@ﬁeﬁﬂﬂl %@1-&%@1@9@5%;1 yisuch as -0-5(0) 2R9or

her _al one “or in conpound mnrds
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such as optlonaltla }G%slt Hgtu gr Fres as %FSH&??%‘GHSHtut ed aryl oxy"
"opti onal |y suE&EPP&%%EPPHWét' era'F‘lebWés thirpwlpentiapout) ear

conj ugat ed and thiieagl hesimyas amama&tbydrmml@iaeeeppcg&\| c aryl"

‘éianﬁfé§°§¥y'ca§e§%§%‘f’%ﬁ§r§ﬁ i éfr’%% G g leny

quat er phenyl Fmﬁ%\pt?ﬁﬂemﬁgf,’ 4 ‘b‘i Jeapht hyl , ant hracenyl ,
di hydr oant hr acbmjﬁmwﬂziamem—aeenw mdjlﬂssnzanymmagdn,oyphenant hrenyl ,
fluorenyl,, pyrenyl, indemgl teﬁdmamdmthrﬁgg@yé,_th@galmbg of ﬁpt eroaryl .

i ncl ude pyﬂJ le:oméomEﬁ' yg ! ag NS P gyl thie yI pyrry.l ,
ot L SR PR e it o
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the like. Prefg oa quatic_r stemcontalns
car bon at oy angeﬂgf:r%ﬁ%aw <?erocy & ice ?I?\‘éig% SmeEGRT aPhs2 i dep 4
het er at ons™T ndEPRFRLIRY 2 th&Q““"s‘?ﬁ"ecFéﬂhf?%m%S‘@)ahsdos afRk-8p t O 9
carbon atons ||(1°HR§ ring. The term | ' heterocyclyl" or

equi val ent terms such a&haheéﬁﬁOwlhcusué%&&éﬁ%&oﬁhogﬁoin'&@gﬁﬁ&““d
words 5 such. aSrad l%lcﬂﬁ%' ﬁé’i’cﬁa’ﬁm ed sgﬁraﬁfgd or _unsat ur at
C

het erocycl yl w denot es nonocycl ¢ or taé?&cyc
cont ai ni ng at ?‘é%%?‘%dhéﬁ'é?‘%’af"orﬁrat 99#5%%%@W#Fntedogen sul phur and
oxygen. -SIRQ abhetémizaydcy deybtes GG LienChoTendd 1, Acbh Hgded L@y cl i ¢
: fused residues of aromatic hydrocarbons (“carbocyclic
aryl” or “carboaryl”) or aromatlc'heterocycllc
(“heteroaryl”) ring systems. Examples of carbocyclxc aryl
include phenyl, biphenyl, terphenyl, quaterphenyl,

25 phenoxyphenyl, napthyl, tetrahydronaphthyl, anthracenyl,
dlhydroanthracenyl benzanthracenyl, dlbenzanthracenyl
phenanthrenyl fluorenyl, pyrenyl, 1ndeny1. azulenyl,
chrysenyl. ‘Examples of heterocaryl include pyridyl, 4-

N phenylpyridyl, 3-phenylpyridyl, thienyl, furyl, pyrryl,

30 pyrrolyl, furanyl, imadazolyl, pytrolydinyl, pyridinyl,

' piperidinyl, indolyl, pyridazinyl, pyrazolyl, pyraziuyl,'
thiazolyl, pyrimidinyl, quinolinyl, isoquinolinyl,
benzofuranyl, benzoth;enyl, purinyl, quinazolinyl,

: phena21ny1, acridinyl, benzoxazolyl, benzothiazolyl and
'35  the llke.' Preferably, a carbocyclic aromatic ring system
contains 6- 10 carbon atoms and an aromatic heterocycl;c
" ring system contains 1l to 4 heteratoms 1ndependent1y



10 groups,

such as,

containing 1 to 4 nitrogen atons, for exanple, pyrrolyl, pyrrolinyl,
i m dazol yWo 2pywveesmBy| , pyridyl, pyrimdinyl, pyrazinyl, ppyrAldawiooydos

triazol

yl or t

etrazolyl; 15saturated 3 to 6-nmenbered heterononocyclic

groups containing 1 to 4 nitrogen atons, such as, pyrrolidinyl,
I m dazol i di nyl

condensed heterocyclic groups containing 1 to 5 nitrogen atons,

i ndol ylI ,
I ndazol

, pi peridino or piperaziﬁyﬂﬁ - : unsat ur at ed

unsaturated 3 to 6 nenbered heterononocyclic groups

such as

20 i seéheloted friondsl i eiand S bedzimi tazdlgdrboguatony|in ithsqui nol yi

yI bengotgi azolyl or tetrazolopyrlda2|nyl

3 to 6- nenbered het ero

oxi ranyl ,

unsat ur at-ed

| | h
25 pyranyl o%cxc.gc“ul%ggrur 3”:%;!‘%@% %ggg%wsu%uc 2

hat er omonocycl pe ghQﬁR¥QRﬂwﬂaPﬁ|V@Fq_%%Shzrsal?%ﬂ QR difs CORRERNASORdR enyl ;
unsat ur at eds 3 bch-4&MBRAdnAEL ¢ raBEtEtutkdcsgruyterbRiraunsatudated 2 oxygen

atoms and 1 tOhétgiéé,;aeﬁn?’aeﬁaeé@,moﬂmcaic azagaﬁéyclaaozazol yl or

oxadi azol yl ;

cont ai ni'ng 1 t
inyl; unten usekestesh fden seiktrgeay o aytpher gﬁra:pxs'seeont%mrﬁ%el to 2
oxygen atons andtdrésyalyll Grogps HidiRle NU6EnESindiRHRXQZOLYEL DY

mor phol

benzoxadi
contai nin
t hi azol yl or tHP'éﬂi’%&‘tﬁ"ﬂ’c ic groups containipg il

ed 3
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35‘5{' yérﬁ%éat o &4, 3“5‘93'%‘1 = %egoh§tn§‘én93m<acycl ic - 20 -

ur atons an nltrogap at Qns, such as,

4 BOCECRRRRTWE

etﬁéononoc clic group

gr oup

het er ononocycl Eergexanploonteairrehyl 1 pyrr2léayphuimisdared ydndpiraerl¥lni t r-ogen

atons, 5 such gfu—iaiai A%Qdidiiayhyl Ayrazinyl, pyridd¥Ediil,atedatandersed
heterocycllc g

at ons,

such as

Egg Aining 1 to 2 sulphur atonms and 1 to,3 nitrogen
€enzo

|azonI or benzothladlazolyl

saturated 3 to 6-membered heteromomocyclic groups

) contalnlng 1 to 4 nitrogen atoms, such as, pyrrolidinyl,

imidézolidinyl, piperidino or piperazinyl;

unsaturated condensed heterocyclic groups

‘cohtaining 1 to 5 nitrogen atoms, such as indolyl,

- 20

25

30 .

35

isoindolyl, indolizinyl, benzimidazolyl, quinolyl,
isoquinolyl,.iﬁdaZolyl, beﬁzotriazoiyl or
tetrazolopyridazinyl:; - ' .
unsaturated 3 to 6-membered héteromonocyc;ic
group containing an oxygen atom, such as, oxiranyl,

. pyranyl or furyl:

unsaturated 3 to 6-membered heteromonocyclic
group containing 1 to 2 sulfur atoms, such as, thienyl;

unsaturated 3 to 6-membered heteromonocyclic
group containing 1 to 2 oxygen atoms and 1 to 3'nitrogen
atohs, such as, oxazolyl, 1lsoxazolyl or oxadiazolyl;

saturated 3 to 6-membered heteromonocyclic groﬁp
containing 1 to 2 oxygen atoms and 1 to 3 nltrogen atoms,
such as, morpholinyl; '

unsaturated condensed heterocyclic group 
containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms,

such as, benzoxazolyl or benzoxadiazolyl;

unsaturated 3 to 6-membered heterombnocyclic



The term "carbohydrate" denotes a carbohydrate 10 residue or a

functional i sed or deoxygenated carbohydrate residue, and includes
nonosacchasioi2damoeasd ol i gosacchari des. A carbohydrat e re®Ciua208/0008cycl i c
pol yhydr oxy- al dehyde or ketone, or one of their cyclic tautoners, and ,

i ncl udes a conpound resulting from 15 reduction of the al dehyde or keto
group such as alditols. Oxygen atons may $& Tepl aced by hydrogen or bonds
to a hal ogen, nitrogen, sulfur or carbon atoms, or carbon-oxygen bonds such
as in ethers ogrevpesentminipg n.ntoozjméld:huExanpxhesanﬂ ma:bbeh;zdtmml ncl ude

but are not zoahbmte@héma}gehﬁswﬁﬁ a}%haamwﬁnose
N- acet 'yl - Dgal act of ur anose

t.opy, acet act opyranose,
D- gl ucose, D- gl ucof uranos‘f}fet“1 ::f tfoo[ij em%?ﬁ?%l-n%esteely%J)%F yrm and
N-acet yl - Dgl uc SpyFaiiRg Dtﬁaﬁnﬁ’é%Ph‘Bi AEeRS! BRAND ko @nizsogannvpytrsanose

N acet yl - D-$ransoplir amosehiadzel abingt uraise, D- ar abi nopyranose

L-rhammopyr anose, D-ri b%%at@fié@@%%nd&nﬂ@&'ﬂ%%@ g
2- ket o- 3- deoxy- gnuloso[}. 0 agl - ket 0-3 deoxy 0 uI SsORICE aci d,
cfPofi &Y

Dgal act uroni ¢ §&f Y aSORfr aRfct a"rﬁ ¢ PHETIgeR r2kIRse,
D-gal actitol, E)ugllu%ﬂ't d?enth#aﬁmhol ,omDbgozpthiadimmbliyiiei r equi val ents,
where oxygen atonms have Theetef® pta@dhiydrs e CddibtR@sht. be‘ﬁont@’drogen

or bonds tpphalggfiue Mot M OQGﬂﬁtﬂﬁgﬂ.rseq ogaﬁg%%ﬁat\@% ca%g?h%%rf ate

oI i gosacchari des_cont al nldnﬁ"‘3 36 nol et es Sspecl

"1 optionally stB&t it &F heces enesgrgharHis® A%ay not be furt her
substituted w phigeracahapidest unktcagkmhygratpsresicivendsahiiyacyalienyl, -

21 - alkynyl, poyybydwdxy-ahabRpd&ydr Kezbaal k@ﬂyéne w Qﬁlewna}chf}.a' Oaryl
hydroxy, al koxyauﬁml e’y lééi/&&é@/’a %%HBX Oéytesua.l.t ngl g,e-% 8|

hal oal keny. xy I ox¥ -Nni't :

ni troal kyn Feyeky ‘V?/ P?oﬁ’e‘?%’ryd’@é’lrybt%rﬁ‘fﬂ}m £RP| afi atditols.

di al kyl am no ﬁ*mwlmmnllkqmdmcnd byryydmgen odi BoyEANENG,

benzyl am no, dhéBsyed,amiit@ogahy | suiducCBY agibon aAtl@H}yl Q§Yéar@c§ﬁu acyl,

acyl am no, di ag %d@c?éllgﬁ(ya gl kylsulphonyl CQ% . S‘H éul phenyl oxy,
t

het erocycl yl , et erocycl o fet erocyc am no Tocycl'yl,
al kyl sul phenyl "n'éﬁ "s"lﬂdpheﬁ??mmc%’r l’j’(faI"R‘S52?’1Y‘3:%ﬁ=*’(3?t?arly‘lﬂé)!?e etk st oot
al kyl t hi 0,2@enkifitid toadybehackogeshoPphel astehintamosiel gNgidepsa -ad the |ike,
and i ncludi ng gdtaostahoss, %ala&top%mmrqq_%gggpr ate, particularly
as 15 substi tg%%ié‘,ﬂ;l#f’ Ia.ﬁgsét I’#ICtlureS SU§ ct ones, act ans and cycl iC
i mi des, provi fone-of THE ST6St i P IEHISPTAPPR8d NoRRAF¥inPer f er es
p

with the formedtHiPEHE a&eme'PWJdecWé‘%aﬁ?emd dbmsstmd-DAny of the noieties
whose | engt h | glukdpyragoss, 20-tamus el Dthennufdianhost, CAr bon at oms present
nay.posse3§s ‘mannopyranose, N-acetyl-D-mannopyranose, D- .

arabinofuranose,'Dfarabinopyranose} L-rhamnopyranose, D-

ribose, D-fucose, N-acylneuraminic acid, 2-keto-3-deoxy-

nonulosonic acid, 2-keto-3-deoxy-octulosonic acid, D-.

galacturonic acid, D-glucuronic acid, D-muramic acid, D-

30 fructose, D-galactitol, D-glucitol, D-mannitol, D- -

1actitql( and their equivalents where oxygen atoms have

been replaced in selected positions with hydrogen or bonds

to halogen, nitrogen, sulfur or carbon, as well as

pligosaccharides'containing these moieties.

35 In this specification “optionally substituted~
:means that a group may or may not be further substituted
w1th one or more functional groups such as alkyl, alkenyl




any nunber of carbon atons within the specified range. Nevertheless, within
this range certain species will be preferred due to factors such as

avai | abi IwWopoande8st of precursors and ease of synt hesiPET/AARII0NI0AS

ef fi cacy. 25The conpounds of the i-nvention nay be prepared by mani pul ation
of carbohydrate structures to introduce the functional groups as described
in the general fornulae. An extensive ar rz&y'of met hodol ogi es has been

devel oped to mani pul ate different positions on carbohydrate tenplates 30 as
di sct osed, foraMsarydl.earih, Neailst, hddralByBi rhaloalseoyl Chiaplealkyny398; and
Stick, 2001; tﬂf@ld‘d}&tlenh§d9$x9‘\fﬂﬂlko&§(¢ améﬁﬂ%@tedrb%ﬁw B8hzyabaignce. In
particul ar, oa ko eshgL il Ioate S|t|on Qf the neuram nic
acid tenpl ate Ve ‘deve ope 73 xﬁrsc ose fort exarrpl e in Zbiral
1992; von |tzsrf3éma&mrlThBh%mﬁlkfw1 rereallmyly oRiFrearehm, 2002; the
contents ofs whitircieteirnege ot ataxd noer elkyamirref, eﬁeamnylamno, :

V02011 006208 G MAULILB0 020y %dino, azyiamino, 8iBLPPSL:RL gener al

nmet hods for t ﬁpar atlo g_a’g%onpou of nvzgntlon where X1 is
C(0) 08 are shg?/ﬁ‘f{ﬁ il fo ‘?ﬁﬁ‘zﬁ’ Reme2cY c%‘tlfﬁgﬁf‘lﬁgy ontai ni ng an al pha,
bet a- unsat urat@dwlbsmaeewlmlohyeviﬁm#mvrmhawlsmxlmt rro¥jlogam be

achi eved usi ngaldylsarphvagloxy) daylaalfresyidgd heteezeydya,i n Okanoto et

al., 1987. oRaCiLé@JrJﬁ%Wnﬂé é:fa%ykaﬁgmwd ose%egscf pyed to introduce

a carbon-1I1nke uent X2 usi ngﬁBuBS (X escrihed for exanple in

Paul sen and Mt eT’é 1. 3 EHPRERY b ¢ Wn%ﬂ’i‘l?j’r?la’thf‘ﬂe al pha
position and sefrsaptent adkyhlnia. densgylibicamdydtbipl opkesplwmysye t he
bet a- subst i t uteshtaliphiag §ebadpdinaat ¢hat edkélerdndtinéeuabhy aftodpd! sadtct i on of
a carbon- i nkegy syiast i tsueni;‘ XL V\Pf’ﬁgﬁe%% %QE—Q!E?&H gigion

' be

met al - medi_ at ed radi.cal 15 reactlon a- un aturated
car boxyl at® ( FHIFSFueRhE; £ TiRfBEFERTEEST HRETo 81 L2 BEPRP Sy A58 ams
carri ed- out i rencheycldsehpided, priovadedt that memel ofathe ymibshitireass

ceric(lV) amusiuliaedt aBbee OIntEYERFBRSHLEN it Forharias skesikedyf or

exanpl e in Li NKElehe al ., 20 2002. Acetolysis of the
al pha- net hoxy group %glgﬁe ++§’I ctdam d, acetic _acid and acetic anhydride,

such as described in Koﬁ"’ét“al"‘he rodetics Yhosee ABRSYR 14 slafdnsdt o
bet a- substatt uttexkmeE pPifa thbeembers afucarkon dayonsapresent mao peseds deri ved

fromuronic acwy dﬁhlb\é&t bfeéazafbnsu%maswmlﬁqi Qﬁﬁdsbecﬂ%d Cka%eal , 1999;

Smth et al. gg 0, ? et al 20084; e contents
of which are i ncor orat eé Wl&hn this nce arlgm’3 S 1|‘?)$n""1uh to the

car boxyl at e (p%ﬁeffeé)redf SP?O%OFW%'Fl ﬁﬁ‘?%ta}%r?v&ﬂlef‘l%@ﬁ Fhd é’ﬁﬁFo?@d to

forn1the bet a-precursors and ease of synthesis, as well as- efficacy.

25 - The compounds of the invention may be prepared- by
manlpulatlon of carbohydrate structures to lntroduce the
functional groups as described in the general formulae.

An extensive array of methodologies has been developed to
manipulate different positions on'carbbhydrate templates

30 as disclosed, for example, in Ernst, Hhrtr& Binay, 2000;
Chapleur, 1998; and Stick, 2001; the contents of which are
incorporated herein by reference. 1In particular,
methodologles to manlpulate each position of the/

neuraminic acid template have been developed as dlsclosed

35  for example in Zbiral 1992; von Itzstein and Thomson,
1997; Kiefel and von Itzstein, 2002; the contents of which
are 1ncorporated hereln by reference.



30 substituted al pha, beta-unsaturated derivati ve. In an
enbodi mnent where X2 is -CH2CE=C112, further structural elaboration can be
achi eved wbnougheieani pul ati on of the ally), group usi ngPaTrAARYEH/006905
reactions including, but not l'imted to, hydrogenation, epoxidation [such
as described for exanple in 87% Am Chem g (2003) 125, 924],

hal ogenati on [such as described for exarrpt2 |n Chem Rev. (1956)

753-901], cycloaddition [such as 10 described for exanple in J. Org ' Chem
(2008), 73, 7164], addi tA cmberhef agrnexaigasthods Eor thel erepPrbREiom

Fei ck- Peder sen cat tak. compOimds aFd thkeihverntions witkat BLSisS c(OVoH e

described in Myke and, Qlfamo%figg) gl Nixe, GEA3GuITES URIRiREAEL | ons

can be perforne u3| nggRut eni_ um ased net at 'S cat bs 1st

generation (G STyt (E@ayyd%mﬁegmiﬁaon
generation G Z(Patlhlo#éydan @mmiznddgmtﬂ broabia@giniaridie aba’ s

catal yst (G e- Yescribed for example ik No@dnctiebeei HEN] im W'Rﬁaiéafm array
of the 20 conpq g@glggr@ |é~‘hes %9{5:0""' n %tructf nt n$0dl nent the
ed fro nsn s g o bt

mul ti val ent terrp ate 1s rouB not
linited to, pol3pEPyRra %WF&P&t !&zerlaﬁm Waﬁ&:kq cﬁﬁe§‘e5§6a¥%‘él - 24
- gold particl gor éxempleiin maenraacammuyast rueslyr ehloztdatessr i ners

(as describgd oo pe¥AIRASLdd) aleoxhwafana o%q%asasanwﬁﬁée‘a%enend virus

hybrid systemns. | alent a Vi [us. alldase i nhi bitors
5 (principally zggamagl i ar%gclrsx'aeg%r d’yeg %ﬁ/a 8% 8 in W

98/ 21243, WO 2G¥9AH55YY mwgeemteﬂhéeeemm«% oPiwpeth are
i ncor porat ed byntebdnetien ctha earpon+litnked shBstivedit oy bahase upt the 10

i nfectious CyCE@hQEvéafé éthéyéiéH'ﬁ@t@iuméaﬂaééﬁ”éﬁﬁqrg are usefu' in
t he preventlgon or fieatne ’dél? % ﬂ Jf‘ nza in +: ‘i adr&)r’artlcul arly a human
subj ect when adfii n| SPBrET FR8 BhR ﬁ‘f}é é’é’l‘l"ff“ﬁ? et TRFPOIRIERE . (PR Rised
herein, the tepﬁlnpﬁg;gﬂkﬂﬁqq§§ppy to the double bond may be carried-out
in the presence of a transition metal catalyst such as
ceric(IV) ammonium nitrate or manganese triactetate, as
_ described for example in Linker, 2002; Gyollai et al.,
-20 2002, Acetolysis of the alpha-methoxy group using
‘ sulfuric acild, acetic acid and acetic anhydride,‘such as
described in Kok.et al., 1999, can be employed to form the
beta-substituted alpha,beta-unsaturated deriﬁative.
' ’ In compounds derived from uronic acid derivatives
‘25 such as disclosed in Florio et al., 1999; Smith et al.
' '1999; Florio, et al., 2000; Mann et al., 2006; the
contents of which are incorporated herein by reference,
brdmination‘alpha to the carboxylate (path C), followed by
elimination of HBr can be employed to form the beta- V
30 gubstituted alpha,beta-unsaturated derivative.



15 effective anbunt” neans an anount of a conpound of the present invention
effective to yield a desired therapeutic response, for exanple to prevent
or treat wodnsme®sby admi nistration of a pharmaceuti calPCysaRdineomgent .
The specific "therapeutically effective anount” 20 will, obviously, vary
with such factors as the particul ar conditjon being treated, the physical
condition and clinical history of the subject, the type of aninmal being
treated, the duration of §heoid eat nept ,ont he natuge of concurrent therapy
(if any), and the speci {fTFfofhul at e npl ewe t he structure of

t he conpound or its derkrativgs. Sy, AS lRerein, a

"phar maceuti cal | y -accgpt abke Carrier"if%_a phar macglti cakl y acceptabl e

sol vent, suspending agént, excipient or vehicle for delivéring the 30
conpound of gengklal EpMula (1) to the subjectu Twe carrier may be liquid
or solid, and P%I??f%@%ed_MLLD_LEe;pLanned maffrert 8 eadni ni’s % TS in

m nd. : It will be appreciated thatxpPharaaceuti caldy aggcept abl e
derivatives of thé® conpounds of general fornulax*3571 and the salts thereof,
are also within the scope and spirit of the inVention;’§uch derivatives

i ncl udes pharmaceut.ically accep gg@ﬁrs,:iigggggﬁy Solvates and - 25 -
hydrates of the conpounds or thei jal t's. ar leut'i cal | y acceptabl e
derivatives nmay include any sol ¥at €4 kydr at e X6r Yany= ot her conpound or
prodrug whi ch, upon adninistration™o a subj ect @i s capable of providing 5
(directly or indirectly) a conpound of formula I or an antivirally active
met abol i te or. resi due t ey eof embodiment wherdhm, AbarEoUCHS 2l Fyrviezept abl e

sal ts include gerfceqril iRLS2htSon RaSE rRIDELE QP AlthSughal tS Of

phar maceuti gal tabl e esters d the salfs of 10 quaternary am nes
and pyri di nlgunéxn#ﬁ‘gfg%f% éﬁfd?' ?oﬁlg}gll EEOFPUFHPIt PG SECHRPVA R Sf t he

i nvention and inphudingeRvtcaPEylimitasd Ho, chydoraenritdon: epgaidatiami d
i ncluding but rMetchias taxbcrabegdfae hxaiiple By dromANichensubBUT {£003) _
phosphor i c, e Bsnessd Ol oghEse SHuRIORL Caedi ARNF SRSULBRON Gy 20T C,
propionic, ascgpbic,gitr #% syalg G, fungﬁlc, mal el ¢, lactic,” salicyclic,
sulfamc, or tartartre -aci’dse’ Thecdmarli onBH RARELRGr v [8WFIMes and
pyri di ni unk®i nepeteiRed Fiardexamplernite 7. 689 deChaml (2008) phospianss),
net hansul f onat edditiomict baeehal feagditendbach 24k fdemrabea snlf#armi-e, and
tartate. The basgesth ldeomadal bhosNiclauie oBlba A& bHLLE: {05! S such
as sodi um . pot agsfum .&)aldgl,urr%4 Ithium nmagnesi um anmoni um ahd
al kyl ammoni um A SEHRE% R PPUYEH-TEh TR AP n 2 W BupSLRbinic cross
metathesis reactions can be performed using Ruthenium-
15 ©Dbased metathesis catalysts: Grubbs 1st generation (G-1),
Hoveyda—Grubbs 1st generation (HG-1), Grubbs 2nd
'generation (G-2), Hoveyda-Grubbs 2nd generation (HG-2),
and Grela‘’s catalyst (Gre-2). _ _ , '
In an embodiment the multivalent array of the

' 20 compounds comprises the following. structure:

= _" IMmmanmmmmeF——‘EmEI}f& o_x,
= . X.J;J:xz
7' X3’ X
In an embodiﬁent the multivalent template is
25 selected from the group consigting of, but not limited to,
polystyrene nanoparticles,vCeramic napoparticleé, coated

A}



be quaternised with such agents as | ower al kyl halides, 25 such as nethyl,
ethyl, propyl, and butyl chlorides, brom des and i odides; dialkyl sulfates
| i ke di mewbybiizooe208di et hyl sul fate; and others. The -salPC3/Atay10p00998de i n a
known manner, for exanple by treating the conpound with an appropriate acid
or base in the presence of a suitable 30 sal vent. The conpounds
of the invention may be in crystalline fordh Sither as the free conpounds or
as solvates (e.g. hydrates) and it is intended that both forms are within
the scope of tH&eist @sakdclagerdion trd5s madheekrofantehvaty ostarctuyener al |y
known in the ardnd Hemdrémerssedy alddicribed sOFTdmpll YArkep! Ho5H0ichiometry

formed by a sol {4 ddudst hh§céf‘i’%‘ 39% virus n}é?pl rﬁcgrrgegmng' ( ltt;[t}ﬁgllnvgnt i on)

and a sol vent. Such sol vents do re w
bi ol ogi cal. act i Vi3 %oP%t ABELEIRAR V‘S&Fvéﬁ??‘?ﬂﬁﬁ H@hiBytoms of exanpl e,
wat er, et harvol (:Hrla@epﬁé-lacv-@hamihrt)dsrefmaslm:.bndarby&gew al ly known

mﬁthfﬁ the art. example, in W013§Viﬁﬂa§"W60265 dfiQuﬁﬁédhﬂ its broadeﬁt
sense and enconpisso g d V. tlve t hat converted in vivo to the
conpounds -of the r{venfp’l oh. % e \7a wl?ircq"f &rfeéﬂF??W B those
skilled in the %ﬁftere&ﬁﬁ i nclude, 10 for exanpl e, conpounds where a free
hydroxyl group is converTke dompouadsest ethelamventivg Ditexrhiphgeakt rogen

atom is COF:]_\oertiQﬂEeTchaﬁsl\E%iéj%f B6RTRLAS, O VISR 0ELINAL IS | nel ude

al kyl esters, %@ ggée&ssatarl gée ormed .fromam no acl d

preferably val i ne Sy conpoimd thaf 1%"%’%”&8%3‘0’?”%?%%08% of the
i nvention is widfiltepra %’Coﬁ:)es%cé‘pl Pa¥tisfulardy avbwnim subGestewhennal
procedures for adrdngsepaedtimom (t&xetﬂpéﬁbi@]pfyotélﬂﬂg&tﬂ%%dhﬂﬁ.t o the

i nvention are described j# (&d Heoeks, ShERAS Qﬁ@}gpelgji Rhqgrugs” Ed.
R Bundgaa g Ek%%vklve %8m%1§5nwans an amount of a compound of the
: present invention effective to vyield a desired therapeutic
response, for example to prevent or treat a disease by
administration of a pharmaceutically-active agent.

The specif;c "therapeutically effective amount™

20 wull, obviously, vary with such factors as the particular
condition ‘being treated, the physlcal condition and
clinical hlstory of the subject, the type of ‘animal being

' treated, the duratlon of the treatment, the nature of
.concurrent therapy (if any), and the specific formulat;ons‘

25 employed and the structure of the compound or its
derivatives. _

As used herein, a "pharmaceutlcally acceptable
carrier" is a pharmaceutically acceptable solvent.
suspending agent, excipient or vehicle for delivering the

30  compound of ~general formula (I) to the subject. The
carrier may be liquid or solid, and is selected with the
planned manner of administration in mind.

It will be appreciated that pharmaceutlcally
acceptable derivatives of the compounds of general formula

35 I and the salts thereof, are also within the scope and
spirit of»the invention. Such derivatives includes
pharnaceutically acceptable esters, prodrugs, solvates and



The conpound of general formula (1) may be adm nistered in any conveni ent
formincluding orally, topically, or parenterally in dosage unit
f or mul at iwe=0Ta06m8Ni Nng conventi onal non-toxi c phar mace®Cireal2bio/@eos
acceptabl e carriers, adjuvants, .and vehicles. The conpounds can be
adm nistered, for in vivo application, parenterally by injection or by
gradual perfusion over tine independent Fyzﬁr" t oget her. Admi nistration may
be intravenously, intra-arterial, intraperitoneally, 30 intranuscularly,
subcut aneousl y hydmarag aef tthe coapodedsedy \thedrbgalwhal ati on. | nhal ati on may
36 by 3’6‘5 afdr»haemdeéuémﬁu% ,a/c?eﬁﬁiﬂl edaaiasa:iabalﬁy GindlRiael hﬂ?r as
escri be or : S
i ncor por at ed he?,gl@%p h%%eren?:’e Qé% °t|-'ﬁné}$ rﬂ,g&gﬁ& ?P %{Hﬁﬁe ag enfs may be
added or - di ssoMpPeg Pﬁ“hﬂl%ﬁﬁﬁtdﬁﬁ 5pea b?‘B?Jc?g’ltcalle R £ é’rﬁﬁfﬁéﬁ‘g and
added to a Bel [(ddretidpuer indi2eéctlyEnerainppuntiheft formuld rleaki ag"
"treatment” andnthelkakﬁyaé&lw%edehas@mé %ﬂr%ealaaé egldsupa subj ect,
tissue or cell to obtai ire col o C nd/ phys %ogl cal
effect. The effect may b g’ﬁﬁ?f“éﬁ’%’t"a Y5 3PEF ?rga% dﬁps tléﬁ? .
partially prevéﬁ‘t’-ﬁn@dﬁhﬁm st tsanbprer additient palePeAdLrs ffterns of a
partial or conpherfacetei@flijn aceepeibDs . estbraahhdgthaSsaldad olfer ei n covers
any treat mggt atQEnQ{'fvﬁﬁtﬂe%naﬂﬁ b?iﬁﬁtdi%s' N fny e&éf&”ﬁd‘iti@n”ﬁmm ,
partlc-ularlya man ﬂ eﬁJa eventln theln ection from
occurring in a® Bfeéfet ?rﬁﬁvﬁ B EebP? AR HPuBRG a® vi r us,
but has not yewPbsspacenbigridyd agsentikie e-arorsanmlwr repgardc atddtion, ie.
arresting |_ts daveuaphg byt ot einevéd o hy@rsbhDoad ¢ Nthytdiobebhes] S of the
nfection, 1€ cuihafidd fiflashon xﬁétm%s%&%sa&é U o kit s EELLLE,

The pharnaceutlc 0sI t1,0ns 0 I nvention c

phar maceut t2al %888%?&%‘?%“&ar PFEF""' REERIGREG - tﬁs‘g%l?fg"acéﬁﬁbﬁund of the
i nvention i nt omalppim stimatiice meiedenikacticat pabicyclkisulgudfanie: er
carriers, 20 exarphepis &ulsAddirhevesSuiterdiohnl bél f€Sternary amines and

Frequent |y “Seggﬁii‘fiihf&ﬁs O{néi ' ' bﬁié@faé ”‘i:'rBﬁ?dgagﬂ?eEi&&“ G Rgpat e,

titani um di oxi mann and ars, ‘talc m | k

protein, gel at PRosBPaFeh, m?ﬁbcaé‘ﬁf‘f’l?n%*e?'l (FH5EBEEN(2PE By MAIPPAES such as
25 hydr oxypﬂop)flumethyé, cetlﬁms;@,- pod yrertateuchThe base addition salts

include but are not limited to salts such as sodium,

" potassium, calcium, lithium, magnesium..ammonium and
alkylammonium. Also, basis nitrogen-contaiping groups may
be quaternised with such agents as lower alkyl halides,

25 such as methyl, ethyl, ptopyl,.and butyl chlorides,
bromides and iodides; dialkyl sulfates like dimethyl and

~diethyl sulfate; and others.'rhe'Salts'may be made in a
known manner, for example by treating the compound with an
apprbpriate acid or base in the presence of a suitable

30 -solvent. ) | _
The compounds of the invention may be in
. erystalline form either as the free compounds or as
solvates (e.g. hydrates) and 1t 15 intended that both
' forms are within the scope of the present invention.
35 Methods of solvation are generally known in the art.
_ The term “solvate” is a complex of variable
stoichiometry fo;méd by a solute (in this invention, a



pol yvi nyl pyrrol i done(PVP) and pol yet hyl ene gl ycol s, animal and vegetabl e
oils, solvents such as sterile water, alcohols, glycerol and pol yhydric
aIcohoIS\NOnDnamenBus ‘vehicles include fluid and nut r i ect/Ateploamiwiers. 30
Preservatives include antimcrobial, anti-oxidants, chelating agents and .
inert gases. O her pharmaceutically acceptable carriers include aqueous

sol utions, non-toxic excipients, includiﬁﬁ Salts, preservatives, buffers
and the like, as described, for instance, in Remngton's 35 Phar maceut i cal
Sci ences, 15trndmbodimsbmnthéhmﬂwéaﬂibn$hang £o0lvenls- 184@h Iskblivet®7 (1975)

and The Nationgle félrdﬂi Wagy bt mntwfgre%lwsiﬂéqwlgﬂogm|Mlvity '
Phar maceut i cal socCi éi t(31975)b t he conte@tgx |cht%g_,e her eby

i ncor por at ed b?/f teH’ rsgﬂ'Ag AR 8% att’ concent Fat ron o't Ne Vari ous

conponents of *E‘Heaqﬂiapﬁaééaﬁ%aﬁ“@orrpﬁgﬁ?% ‘hfréaéérFGS?’éda’é%cor ding to

routi ne skid | sgérerddiayakhowdeei tdadnhe anel. G | man' s The Phar nacol ogi cal

Basi s for Therapeutics &g& fzqn)“pr\gh §esid Gfbeldenf QEM&IA&H}% FBMsbe
ea

adapted to give sustaine Sé e active ingredie

phar maceut i cala‘&%rﬁf’(f'ﬁmb‘?iaéﬁst’é‘?%e ﬁeé:ﬁé'f’&b??s 1935 rsansﬁ’at% rﬁ“n Vd¥8red in
dosage units. Solthke dospgundsies thecindentidn et §0f=@apsai\est%#ld'°u1d

supposi t ori es. r&di 1y @@clRNto Ofhobes BRjiELEA ﬂepﬁmiamg Oandacinsidae,of the

compound, JTANNEL: LoAgRLn sbalhol, ABLU! £ AN SPUEELLY SFolf1a i sorder

age and bo ses can be used
Under certain %‘?‘P‘Eﬁ.ﬁ?ﬁdar’rt?ég a%o%@'xfé’r deRi¥Rtt Vo P SnEiREaP T WL By be
appropri ate. The cuhvexitedr tivi om Mfoxtide - daRkanplese ofarsber cderivatives bot h

by single adnm {hsiddd iaQRkyhNekitérd OpHoabhate i svtiadsddall gRSSe Lufuztmeqr el se
several smal l.ef. é’.?sa%i%%' L.f%u%? %&&J ?.Blpyvﬁ‘iﬁé al %@dgbﬂgﬁ& dit 9f

subdi vi ded dosés at raceut i cal
conposi ti ors a%clb‘f‘?ﬂ‘ﬁ’g 6’5 fheorrRrRd Pénthayipeentdrrnist vrekin dds 1y or
system cal | y iscepd erdappiritadf \thef levenvionos €Conkepbnosakf fecti ve for .25
this use wll ,pmcme%efodeas@cb&%a&aelssvgfIstﬁt%ltehsraaﬁaéwl al " infection
and the wei ght_ and L genera al a{gventlohe subaectrib'l‘;\ép ga{__ doiasges used in
vitro may provide use M g ance BhaT antunts tuset Insi‘tu -

adni ni strati on®efb tafe R?&F%c%t?m&npﬁgr tifor?“néﬁéagﬁ a‘Fﬂml%del s may
be used tedetrsssne effecti ve dosages for treatnent of-the cytotoxic Side

effects. Various consi dQﬁgtém@{deogeggﬁé;@g fce_.g,ulal fr}-aRge e SCi ence,

249:. 1527, (19 rrrulatlons for i.n_the farmof hard
gelatin capsul%‘g‘%*ﬂfear T AR %ﬁlc\?éwfglfﬁgrg erﬁncﬁé’dﬁ?ﬁeﬁrﬁoﬁm an inert
soli-d dil uent t‘?mcaé@é’rrppﬁ pRE¢RYeRRldar bﬁnﬁ?%ag%amél‘:uﬁ?ﬁﬁ%%?ﬂ?a”@ or kaolin.
They may al so eentaiding tonventiaeill ngal adiic qipamaesutically

25 acceptable. carriers. adjuvants, and vehicles. The

~compounds can be. administered, for in wvivo appl;cat;on,
parenterally by injection or by gradual perfusion over
time iﬁdependently or together. Admihistrationvmay be
- intravenously, intra-arterial, intraperitoneally,
30 intramuscularly, subcutaneously, infracavity.
transdermally or by inhalation. Inhalation may be by way
a dry powder inhaler, a metered dose inhaler or nebulizer
as described, for example, in WO99/16421, the contents of .
which are incorporated herein by reference. For in vitro
35 studies the agents may be added or dissolved in-an
appropriate biologically acceptable buffer and added to a
cell or tissue. ' o



29 - wherein the active ingredient is mxed with water or an oil nedium
such as peanut oil, liquid paraffin or olive oil. Agueous suspensions

nor mal | y wonbaimeioRe active 5 materials in adm xture w POTERDI0OOLS
suitable for the manufacture of agueous suspension. Such excipients may be
suspendi ng agents such as sodi um car boxynet hyl cellul ose, nethyl cellul ose,
hydr oxypr opyl net hyl cel | ul ose, sodi um al gi Phte, pol yvi nyl pyrrolidone, gum
tragacanth and gum 10 acaci a; dispersing or wetting agents, which may be
(a) naturally occurring qeresphdyi dehe tetrmgs "teeatingt, (bxeatoemdensat i on

prloduct ?L Fm ghkylLense £d ?ﬁe\&l hBréif dd Yedsl dffé@iix@(?ﬂ&{uﬁ ject, g o
(0] oxye en C S n r (0] e ene XI e w
pol yoxyet hyl eng, §Fss 8L el kghgpeggéna a&es%rfa gﬁgénfaa %

a long chain 1 exa | &% x cet anol ;
(d) a condensaPPBﬁl‘ﬁ}‘b%Ftﬁ"cl (ﬁfféﬁﬁyl ethe (ﬁf-feétv\ﬁ‘ﬂﬁ %f—' rPﬁOtHhéﬂlaéE%%rnHerl ved
froma fatty atedmandf hsongletedywchr apaz;ﬂ]a!dyyptévémhgsamltebeioﬂpnool eate,

or (e) a condeaaaybprh%; w%e%peﬁé% %e t%gmgxéflea \%amﬁlpaﬁ lal ester

d d f tt ¢ d
Dol yoxyet hyl enEOREHATR SFTR fhoREatbrectioh. | “Esandio s Race berate

conposi ti ons nNEPVEES|FINY Hrefagnardf ofy ﬂ%wbeenh}%t%lmfaquewgmra
ol eagi nous 25 segpensits),. alRiasmslspENMienlaRYybe Kwian)l &badia@muéﬂ Ng to

known net hogls Bskb@nsitd et 1915«:59@{&& f}gmm o\é’é‘ﬁl-*{&{ agent %B;pg e ushgndi ng

agents such as thOﬁ? m ntioned sterl preparation

nj ect a
may al so be a §f¥r eé’cteé‘BPgego'F%ﬁ”oﬁnﬁ‘“ﬁ%?)e‘ﬁsHL”&n PHEaB# M2txi ¢ 30
par ent er al | y- a¥€EpPesn éi:(ﬁgx@gmi as afflacked; iohikiting ¢heasnfeswiant,i on in
1, 3'butanedi0|1eAﬂDﬂ@kééﬁin@CQeBtdb*éidﬁﬂ&hﬁ'eSraﬁ5h£¥¥1 B% whi ch may be

enpl oyed are wahed;oRage '« sgkgéw@,o@@gel $RE QLGS 0 plggide

solution. In addition, steri are convent i onél y =5 enpl oyed

as a sol veht Fegﬁgﬁ’rﬁﬁr?gf ﬁé‘&l ghfedt afhtbeptrirRREEomany bl and fixed oil
may be enpl oyed, i ncl udiThe anwqﬂetlrmocgmpds:gtiym iofe she | tnesdti ffonon,
fatty acids - cdRpriséuclprasmabenei @il bcBdptasid dr?@eRr eparati on of
i njectables. designed to bring a compoﬁnd of the invention into a form
suitable for administration to a subject using carriers,

20 excipients and additives or auxiliaries.

Frequently used carriers or auxiliaries include
magnesium carbonate, titanium dioxide, lactose, trehalose,
mannitol and other sugars, talc, milk protein, gelatln,
starch, vitamlns, cellulose and its derivatives such as

25 hydroxypropylmethyl cellulose, polymers such as

: polyvznylpyrrolldone(PVP) and polyethylene - glycols, animal
- and vegetable oils, solvents such as sterile water,
alcohols, glycerol and polyhydric alcohols. Intravenous
"vehicles include fluid and nutrient replenlshers.

30 Preservatives include antimicrobial, anti-oxidants,
chelating agents and‘inert,gases. Other pharmaceutically
acceptable carriers include aqueous solutions, non-toxic
‘excipients, including salts, preser?atives, buffers and
the like, as descrlbed, for instance, in- Rem1ngton'

. 35 Pharmaceutical Sciences, 15th ed. Baston: Mack Publlshlng
Co., 1405-1412, 1461-1487 (1975) and The National Formulary
XIV., 14th ed. Washingtoni American Pharmaceutical .



Conmpounds of the invention nmay al so be adm nistered in the formof |iposone
delivery systens, 5 such as small unilanellar vesicles, |large unilanellar
vesi cl es,weandiwobio8| anel | ar vesicl es. Li posones can be farmatofooomoa

vari ety of phospholipids, such as chol esterol, stearylam ne, or
phosphati dyl chol i nes. Conpounds of general forml a (1) may al so be
admi ni stered 10 in conbination with cycro#@i®Xtrins for enhanced aqueous
solubility. The conpounds of the invention nmay be adm ni stered
by any of the mmhbadatﬂ@ﬂ (1780, athe nsoigpitey ed whléﬂmanﬂﬂhe&ebylntranasal

admi ni strationypIRuscloed® xgﬁ%&-akew@ AP ﬁng{ﬁdn@ya&? ATeRLSLEL&H 10 the

formof a solution.or a suspension oOf

Sol uti ons and ?&sﬁgﬁs‘l'ﬁﬁ’s" (PEGEREPET I‘§lf B:@e é&gﬁﬂ§°e'ftiﬁ°aélxanpl e prepared
from wat er al osemppPeitismmye adiupred agcqrdingehof reuting ekillerinat er and
a 20 physi obogittal hytacsepicianatoasd| eikan E0rhe xegntclbgiekl propyl ene

glycol, and polﬁgggykgper (bghgléycp,@ﬁ g7, Hin %&Peﬁokﬂ i ons or

suspenS| ons nmy additiona i%/a contaln excCl pr-en exanp | e

preservatives (CSGEHMAEIPMFAYKbAi ﬁﬂ?&?ﬁ%r‘ﬁ%@)"ve%“%‘iﬂjﬁlﬁq F-’giﬁgse of

agent s/ sur f act &hesastitve abngreldientbat es (e..g. Tween 80, Span. 80,

benzal koni um chl ori de), #ud bBEERAScAAANI, cb8BbeN Lide) w24 YsbEanpgent s (for
exanpl e sodju e hancer s and. d SC t. nhancers.
Suspensi ongbnanyé%gg%g Qm} gég gl&r}e‘g{}s SRarAg WotHs %6’& éo °8B3& Tl e

m crocrystal | i ¥81E 1"’&1”(%%" t@&?ﬁ‘éﬁynﬁml‘a@e# I%%EP%GI"HH*?S- For -

Sol utions or s@sp_shmemhsoiaraesappéped dbpesciing b0 ddtciviagabfcanety by
co?venéI I gnal MedRgouh@) x@a@i@% fef%?;k&tﬁéir&&%{: RARGEL %ngf sé%fe%l y Yt
netered dose iph e or at 1 ons oV e Ln single or

mul ti-dose fashl %nﬁi?o;r{) e et Ee‘?nycas‘i ngﬁs gf@tbe Iggkeri ng i s
desirably b?ovf’ﬂéﬁer?ﬂttqﬂe‘-lgaﬁsﬁ? %F‘Hr‘%?pb‘elador Ydan (certaig] - this may be
achi eved by theipeatherdnadyi hogteet NhigheappEOPsvear Alaifedobes Mmaiedhey 0l ume

of the sol uti ORpREOSHEAGS| GRe h8nidstGAt808  of S G aogéycat}? chi eved
for exanpl e by caeans o‘_fma n@%ﬁgl ng atloemr‘?ég‘%g:L € ‘Pu.rIg*S %ranas
admi ni stration ey a1 so- b& SehPEvErS o} ol zﬁa Pes b Ik i on i n
whi ch the conp&&nxn‘i’%"‘rﬂ% degei wast rﬂres?é-ﬁlel swemmltlnradem turdlts
pr opel | ant2¢uchkndsabsc honoflitipl e cadion stChC€ionfof sb@ipided doses at
di Chl orod| fl uoggggif@aelngerﬂvgﬁ!gorofl uor onet hane or
The pharmaceut1cal compositions accordlng to the
invention may be administered locally or systemically in a
therapedtically effective dose. Amounts effective for
.25 this use will, of course, depend on the éeverity of the
' microbial infection and the weight and_genérai state of
the subject. Typically, dosages used in vitro may providé
useful‘gpidance-in the amounts useful for in situ
administration of the pharmaceutical composition, and
30 animal models may be used to determine effective dosages
for treatment of-the cytotoxic side effects. Various
considerations are described, eg,; inwLanger, Science,
249: 1527, (1990). Formulations for oral use may be in
' the form of hard gelatin'capsﬁles wherein the active
'35 ingredient is mixed with an inert solid diluent, for
example, calcium carbonate, calcium phosphate or kaolin.
They may also be.in the form of soft gelatin capsules



10 dichl orotetrafl uororoethane, carbon dioxide or other suitable gas. The
aerosol may conveniently also contain a -surfactant such as lecithin. The
dose of dwogomnopeime control |l ed by provision of .a neteredTaal20/000905

Al ternatively the conpounds nmay be provided in 15 the formof a dry powder,

for exanple a powder mix of the conpound jp a suitable powder base such as
| act ose, starch,- Starch derivatives suct as hydroxypropyl net hyl cell ul ose
and pol yvi nyl pyrrol idine (17P).. In an enbodi ment the powder carrier wll

forma gel in: wherﬁm&heeaﬁttlye Pngmediendnder mEBeH IS EH sRteRYOHADr esent ed
in unit dose foLl médiweXaeheabnpeantiilods, OLligaid rpaigETial o. grigel atin or
blister packs fgpm which the powder nmay be admi nistered by. neans of an
inhaler. In the intranasal fornulations the conI)ound wil.l 25 generally have
a small particle size, PYPeBREnBYEPYSLRE BPERI I AHA¢PoRE® PSS, ~ such
a particle 5i zmaheyigpks cint aidrdgtiye neldin ekadpherys tsitable for wxanpl e by
throni sat i on. mBRESGYEt hY IS aqheblie ﬁmﬂmumdnof SIEFIE e iipReibb anaid Hd ) gf

the present in a 0PL to about
20mg per kil og%g%%g%'%ége%t%g LL%(%% erre%igkgﬁg’gRII tq&ange %waeen about
0. 05ny to abouletbydly %%‘rl%qsagramwwaﬂﬁtwcﬂéyﬂmﬁonﬁaﬂbm 0.1g to
about 3g per palgtmateerpalyyinyTherericidoneof g@6. tcddacmnithgaedi gmt whi ch nay
be conbi nego W LBatig; C&id’ﬂe@fsing”@ie&ééﬂl%gt QgQﬁ@dP%ﬁ:hS g Bedespge Wil |
s AN et RO S A0REshg PELRRRNSE 0 LS AR, Anfe Of 32

- adm ni stration. £ on° I 8f a

admi ni strati on®P® WW°S&ﬁFa‘P% am adkyLape t oxidp ofitdnaage¥se conpound
with an appropacide £owl examplei cpolyonysthybéne astesratst dedak, whi ch may
vary from aboutoRaéfsax ¥ @»%aaee &F diig1batabx LMAYIH 1200 onPOSKEEG, UN t
forms wl Ilgeneial 1Iui/ti:‘_:ont af:'o?w? geen fro? about 5ng to 500ng of active.

I ngredi ent". all’t f6od, however, that the specific

dose | evel forbhapyadegagtdylgropaeeeanrolsi () dép@?ﬁﬂ%l&n product of

. ethylene oxide with a partial ester derived from a fatty

acid and hexitol such as polyoxyethylene sorbitol
monooleate, or (e) a condensatlon product of ethylene

20 oxide with a partial ester derived from fatty ‘acids and
hexitol anhydrides, for example polyoxyethylene sorbitan
monooleate. ' : )
’ The pharmaceut1cal compositions may be in the
form of a sterlle injectable aqueous or oleaginous

25 suspension. This suspension may be formulated according
to known methods using suitable dispersing or wetting
agents and suspending agents such as those mentioned
above. The sterile injectable preparation may alsoc be a
sterile injectable solution or suspension in a non-toxic

30 parenterally-acceptable diluent or solvent, for example,
as a solﬁtion in 1.3-butanedi§1. Among the acéeptable
vehicles and solvents which may be empioYed afe’water,
Ringer's solution, and isotonic sodium chloride solution.
In addition, sterile, fixed oils are conventionally .

35 employed as a solvent or suspending medium. For this

' vpurpose,_any bland fixed oil may be employed, including a
synthetic mono-or diglycerldes. In addition, fatty acids



10 variety of factors including the activity of the specific conpound

enpl oyed, the age, body wei ght, general health, sex, diet, tine of

adm ni st raDi2ony006m8t e of adm nistration, rate of excrePCOmMU200LY0905

conbi nati on and the severity of the partlcul ar di sease undergoi ng therapy.
15The conpounds of the invention may add| 4onal |y be combined with ot her
conpounds to provide an operative conbination Is intended to include
any chemically conpatible combination of phar maceut i cally-active agents, as
| ong as t he coffBfhats cteiGedchdt fnd Haeatia the rxepagabtion0osf the corrpound
of general formljec{dnieaf. this invention. In an enbodi ment are used in

conbi nati on with other lRgrapead ! q:gleeng_ﬁ Lgioxe)&g%plﬁsgtger anti-infective
agents. In part i,cul ar_the %ﬁneoun S e 1 nvent| € enployed with

ot her antivir aPaRHRHeTresk PRVERTTY S tlﬁﬁgs‘b‘?%\ﬂ'e&éé’eﬂ gYPt®Rher aspect a
combi nat i on> coRPFR st Prrldonpbdlamelolar yesirdesl)largea upiaametba i cal |y,
accept abl e ‘sal vestcrs,i \uaid Mﬁlthﬁzeaflatxoget;beiea\d t Rs %BQBR@E chengpeutical ly

active agent, gg-Ray e ar vgplgf%l Ve 5% gg?%%“f Hhe conbi nati ons

referredtoaove?m?/ conveni en PR the formof a
phar maceut i cal P8t %nsﬁﬁﬂqq'ﬂi%m?ucﬁrf EW%&W’&Y&CBBW%* ng a
conbi nati on asCempowsts Fogenevgktiremudat HIR ndarammecbei aahlyi st abl e

carrier therrefs}ﬁec&mm{a!t&%nawﬁéz faydipRlexespRs et énl?;%nb@&eg&nixé)ﬁ; :
Sui t abl e therag .q_qrents for use in such conbinatiaons inC e ot her

anti-infective agent S, "in particul ar anti - bacterial ‘and anti-viral
agents such as those usBf ?‘B‘R‘?"é’é’@ Pésphe atnieptiigherey k. For exanpl e,
ot her conpoundsdeidigtiened hgaamestofl thleurathods rdire TormUlBt fSngmant adi ne,

ri mant adi ne an&nﬁlckyea &hntheﬁé{réwfdw%ieﬁsﬂaéai %ﬂi&?s%?ﬁ@i&@“

The i ndi vi NGALS 9f Suc nat ni stered elther
sequenti-alTy o?gé)%mrm tar?egﬁtg N én(? a?’ﬁt% ﬁeanp B¢ s ctc 2l

fornul ati ons. s%i%ercénﬁww PRea m/e?hm mwaee used 10 with a
second therapeutic agenSoeticies apdi BEspéelGATWILL génetdirdeee of each

conpound May eighefudle solCeRiE AR a%&fﬁfout fv&@eﬁrhé%oﬁgplé’é’ed when each
conpound i s used al one A;ﬂ)éoz[l at% eggggevm tlS rea appreciated by.
thoseskllledlnanf% pyrog e water), or water and a

physlologically acceptable co-solvent (for example
ethanol, propylene glycol, and polyethylene glycols such
as PEG 400). Such solutions or suspensions may
additionally contain other excipients for example
preservatives (such as benzalkonium,chloride),

25 solubilising agents/surfactants such as polysorbates (e.g.
Tween 80, Span 80, ‘benzalkonium chloride), bufferlng
agents, 1seton1c1ty-adjust1ng agents (for example sodium
chloride), absorption enhancers and viscosity enhancers.
Suspensions may additionally contain suspending agents

30 _(for example microcrystalline cellulose, carboxymethyl
cellulose sodium). ‘ N

Solutions or suspensione are applied-dlrectly to
- the nasal cavity by conventzonal means, for example with a-
dropper, pipette or spray, or metered dose inhaler. The

35 formulations may be provided in single or multi-dose
fashion. In the latter case a means of dose metering is
desirably provided. In the case of a dropper or pipette



15 Modes for Perform ng the Invention Exanpl es of synthetic
schenes that can be enployed to prepare conpounds in accordance with

pref erredw@Qommoemsment s of the invention are now descr PbEchtizonompo®@sdet ai | .
The nethods described are intended to illustrate the nature of such
preparations and are not intended to limt the scope of the invention or of
the applicable nethods. Detailed descript?bn of the methods is found in 25
t he Experinental section bel ow. An exenplary nethod of preparing the
conpounds: of t kdienwentbemchileyed MY tlse Ipatiedtt hdoimfstearilhgnaho t he

scaffold, is sIagw&ow;@e@,erﬁeaebekﬂﬁécﬂwmﬁegfIEnéosﬁ?i?émheé 1-4).
I nt roduct i on of garbg bon- li nI% d subst |%uent can ge per f rred bZ r adi cal
reaction on an g??yfzshrom 6. FnERpoufu§PE8Nt KPhT rfbaya e Gchidve

al pha, bet a- uns &°ar SFE’GP%%rl{YoWP&Pe“ aneterdag atonisinel wecdybpumpt o t he 35
car boxyl at est hr ough hal aintthanasabramiinistrhOfof Xkep | £ #eS | bagach:.eved

N-br onpsucci ni mydﬁeaﬁ§ &@Seﬁf 'a@%gséi’rfc?ﬁﬁﬁgltﬁohn Wéqo b @%;

Radi cal reactiqgn o ‘%) é ri n - _can .oyed roduce a
car bon- | i nked sﬁbgfﬂ't%h ’*Zau FRESBRSY Pég wéEho%s%’ﬁtB@&ef or exarrpl ein
Paul sen and MaP¥ehealbaat 1%__eae30¢hmf190ERanplb@ 1YCFCThe £hy dexamplegr oup
al pha to the caibnxytedefivwrohesnans)y airietl1boolSot&mtiHagedbpup Suitable to

bl e bet I | ud t t f
the posi ti ?;‘%eal"g’;g%%?‘“%nﬁgég poriier EakBRRL S AL B PENEC o7 i th

hal ogen, phospf 5ed T RANpFERTPRIRR LY, atsocfontain & (O g.

Chem (2004) 69“‘865"-@7‘9]8'@#1 20 hecithia. Thd dobserfueitugbebp-ti ni nati on;

for an al pha- habhéeolmete by @sbéisDsulide @Naetasedoafrdded for exanple in

Bl att ner (1980) Rye (2 | es 3 22 and 24) or for an
QH%%-C}QI%%(;{# 3;%@ £ H%iunrg) g PEO0HII° dRder

acetate or ‘L: gLas Lew s
aci di ¢ con tI 9 . powder, for example a powder nix of the
compound in a sultable powder base such as lactose,

starch," starch derivatives such as hydroxypropylmethyl
cellulose and pplyv1nylpyrr011d1ne (PVP). In an embodiment
. the powder carrier will form a gel in the nasal cavity.

20 The powder composition may be presented in unit dose form,
for example in capsules or cartrldges of e.g. gelatin or
blister packs from which the powder may be administered by

. meang of an inhaler,
In the intranasal formulations the compound will

‘25 generally have a small particle size, for example of the
order of 5 mlcrons or.less. Such a particle size may be
obtained by means: known in the art, for example by

-micronisation.
Dosage levels of the compound of general formula

30 ° (I) of the present invention will usually be of the order
of about 0.05mg to about 20mg per kilogram body weight,
with a prefer:ed-dogage range between about O;OSmg to
about 10mg per kilogram body weight pef day (ﬁromlabout

‘ 0.1g to about 3g per patxent per day). The amodnt of

35 active ingredient which may be combined with the carrier

' materials to produce a single dosage will vary, depending
uponlthe host to be treated and'the particular mode of



OAc OAc H OAc

conditions: (a) Ms, DMsO/1120, -30 C, 2 h; (b) Bu3SnAll, AIBN\Tol uene,
C, 8 h; (wp200120620Ryridine, rt, 16 h; (d) AcCl, dry MORCTAUZp10480905 (e)

CO2CH3 oAc AcHN i H QAc 20 Schenme |. Reagents and

100

DBU, dry, CH2Cl12 O C-rt, 16 h; (f) NaOH (1N), MeOH H20 (1:1), 5 '0, 12 h.
Exenpl ary nmethods for_varying the substituent X2, are

- -35 -

shown in Schemes 2 to 5 (described in Exalfles 5-24). 5 In an enbodi ment
where X2 is -CH2CH=CH2, further manipulation of the allyl group can be
achi eved usi ngadmiahgeratfiongagBat sexdmplegx anpbenuisatipnGinbbadedt tdzyst  as

exenplified in
as exenplified

10

15

oPaesBnnid12aeE bReko Imﬁ&@m&gc&a@@n a@,@qtbﬁgneo rgpgent s

o!fna§ Carzlcet]:?ve cggngggglé b\%ﬂ:h r;n appro Se ]?a%daggmzregi n%:C heme 2:

amount of carrier material, which may vary from about 5 to
95 percent of the total composition. Dosage unit forms ‘
will'generally contain between from about 5mg to 500mg of
active ingredieqt.l

It will be understood, however, that the speclfxc
dose 1evel for any part;cular patient will depend upon a
variety of factors 1nc1ud1ng the activity of the speczfic
compound employed, the age, body weight, general health,
gex, diet, time of admlnlstratlon, route of
administration, rate of excretion, drug combination and
the severity of the particular disease undergoing'therepy.

The compounds of the invention may additionally
be combined with other compounds to provide7anvoperative

) combination. It is intended to include any chemically

20

25

compatible combination of pharmaceutically-active agents,
as long as the combination does not eliminate the activity
of the compound of geheral(formula-(I) of this invention.
In an embodiment are used in combination with other
therapeutic agents, for example other anti-infective
agents. In particular the compounds of the invention may
be employed with other antiviral agents.

The invention thus provides in a further aspect
a combination comprising a compound of formula (I) or a

"pharmaceutically acceptable salt or derivative thereof

30

35

together with another therapeut:cally active agent, in
partlcular an antiviral agent.

The combinations referred to above may
conveniently be presented for use in the form of a
pharmaceutical formulation and thus such formulations
comprising a combination as defined above together with a
pharmaceut:cally acceptable ‘carrier therefore comprise a

further aspect of the invention.

- Suitable therapeutic agents for use in such

-combinatiohs include other anti-infective agemts, in



Scheme 2. Reagents and conditions: (a) G ubbs catalyst (1-15 nol %, al kene
(CH2=CH2- 10, alcir DCM N6, 20-60 'C, 12- 60 h; (b) 1 Mag. NaOH MeOH, 5
'C to rt,wo-2ndi/dec208cheme 3: Scheme 3. Reagents and con@iCTiAaRe10/00edos
9-BBN-H, THF, 50 C, 12 h; (h) 11202, NaCH, 20 C, 30 min.; (c) Ac20, MeCN,
rt, 24 h;-(d) NaOH,(1IN), MeOH H20 (1:1), .5 C 16 h. Scheme 4: Scheme 4. -
Reagents and conditions: (a) Pd/C (10%; .%\?eO'H, AcOH, 112, 40 psi, rt, 24 hi
(b) "Le:IdCl, dry MH, 0 Crt, 48 h; (c) DB1J, dry DOM 0 Crt, 16 h; (d)
NaOMe (1 N), dpgrticwkDHamdicbactesidd and) apprvizalNagenseHsuahi 28 0 C-rt,
3 h. Schene 5 tRse WaetD bl Q06208 iAERELY 90BN ons SFor ERamE¥,OAc OAc H
QAcH COOCH3 a’o@héﬁ‘ OJ%aﬂﬁgAceffectlve against influenza viruses, such
as amantadine, rimantadine and r1bav1r1n, may be included
S ifn such combinationms. ,
The individual componeants of such combinations
may be administered either sequentially Or‘simultaneously
.in separate or combined pharmaceutical formulations.
' When the compounds of the invention are used.
10 with a second therapeutic agent active against the same
vi:us, the dose of each compound may either be the same as
or differ from that emﬁloyed when each compound is used
alone. ‘Appropriate doses will be readily appreciated by
those skilled in the art. :
1s

Modes for Perform;gg the Invention

Examples of synthetic schemes that can be

employed to prepare compounds in accordance with preferred
20 embodiments of the invention are now described in more

detail. ' The methods described are 1ntended to illustrate

the nature of such preparatlons and are not intended to

limit. the scope of the invention or of the appllcable

methods. Detailed description of the methods is found in
25 the Experimental section below.

An exemplary method of preparing the compound5~ef
the invention, where X; is linked through carbon to the
scaffold, is shown in Scheme 1 below (described in

30 Examples 1-4). . V
' Introduction of a carbon linked substituent can
be performed by radical reaction on an alkyl bromide. In
compodnds containing an alpha,beta-unsaturated
carboxylate, halide can be introduced beta to the
35 carboxylate through halohydrin foimation, for example
using N-broﬁosuccinimide; as described for'example in
Okamoto et al., 1987. Radicel reaction of the bromohydrin



" H..,. 0Ac45Ac 4 Schene 5. Reagents and conditions: (a) AcBr, dry MO011,
dry CH2C12, 0C-rt, 8 h; (b) DBU, dry CH2Cl2, 0C-rt, 2 h. 5

Exenpl ar ywoebhaws2080r varyi ng the subs tituent X3 are siroEAU201080b@FES 6 tO
8 (described in Exanples 25-30). Schene 6: selective alkylation of the C4
10 hydroxyl group of a suitably protected precursor can be achieved using
an alkyl halide in the presence O Ag20 8% a hydri de reagent (as
exenplified in Scheme 6) [as described for .exanple in Tindal, D.J. et al.

Bi oorg. Med. Ghembe etploy2@07) ihtro8G68-d6&8cbdacddaketl. sﬁst&ﬁltueneaxbohydr

1|5kR|es (2001)u3§£§ ﬁésﬁ@iz)(dgscaégﬁquea Exa 1?e‘5 1%18)PauI|B@n'fmdl EdgcedK
al kyl group ¢ e i e esgri a in_l keda

et al., Car boﬂﬁyﬁsc estt ;E)gil) { % g‘fﬁn‘é‘@hé‘ﬁé %ﬁ g cgtc‘ﬁ?

Reagents and cHFRHR |9&ﬁ§a Ea)tlmmbexywteww then\copvept &l rto agh, (b)

2, 2- Di met haxy ptexpsaing, giohprsuitatlle £30ehkdle aﬁuh-eaﬁhyﬂﬁemaw::mes rt, 15

h; (c) ethyl s¢3R¢a- eu@ﬂm@tﬁ@cynleﬁhaxdswfva&@a gwtﬁgo&sﬁdt (g)zaﬂ c

Acetic acid (800

Schenes 7 and ¥ 4%%%&8#%?“&#1&528? fiae bbgtiﬁeéﬁbﬁhé tpted £ateri de and
the G4 posit |‘0¥F1( dalogenp| piosrhiite Sshcdesciibmdd £8y ekampbe swbsequent

i ntroducti on odtarsulest le*cue:nl (K. DrgSUeherS ﬁa?do@@ Gas éasﬁéﬁwdrf ied in

Wat el e S B ikt deqtil hdedtal P fp ot |testen
. de under bas:tc onditions [as escrlbed for example in
- Blattner (1980); Rye (2002)] (described in Examples 3, 22
and 24) or for an acetate or phosphite [as described for
example in Stolz ('2‘004)]_ under Lewis acidic conditions.
15 ‘ , » ,
Scheme 1:

OAc OAc OAc QAc OAc OAc

H o OH H . OH '
- cocH; a . 04 -colH, b , 0 _cO,CH,
Oac l T OhAc ' S Oac |
AcHN® Y AcHN® Y TBr T AN YRR
OAc Oac OAc
1 2 . ) : .8
OAc OA . ' :
c c OAc OAc OAc OAc OAc ‘
COCH,q cochB :
— - Ohc Shc OAc ,
AcHN ACHN AcHN :
OAc . :
OH OH _
: ‘ Ho COH
' OH I
e -

20 Scheme 1. Reagents and condJ.tJ.ons. (a) NBS, DMSO/H,0, -30
*C, 2 h; (b) Bu;SnAll, AIBN, Tolueme, 100 °C. 8 h; (c)
Ac;0, Pyridine, rt, 16 h; (d) AcCl, dry MeOH, 0 °C, 48 h;
" (e) DBU, dry, CH,Cl; 0 °"C-rt, 16 h; (£f) NaOH (1N), MeOH/H,O
(1:1), 5 'c, 12 h. '



Exanpl es 29 and 30). The introduced azide group can be further nodified [as
described for exanple in: Chandler, 15 M et al. J. Chem Soc. Perkin
Trans. | W020H)y00d233-1180; Lu and CGervay- Hague, Carbohy@CT/AR2810/0@087) 342,
163616501. Schene 7: Schenme 7. Reagents and conditions: (a) BF3.Et20, dry
CH2C12, rt, 48 h. Schenme 8. QAc OAc CO2CHS3 6M6ACc AcHN 6Ac OM O t

CORCH3l . OcO2CH3 Ac Act-IN N3 2324 - 397-33\eOH, dry CH2C12, rt, 20 114 (b)
Azi dotri met hyl sil ane, anhydrous tBuOM 80 .C, 24 h.

Exemplary methods for varying the substituent X,
‘are shown in Schemes 2 to 5 (described in Examples 5-24).
5 1In an embodiment where X, is -CH,CH=CH;, further
manipulation of the allyl group can be achieved using a
range of reagents, for example using Grubbs catalyst as
. exemplified in Scheme 2 (described in Examples 5-18), and.
_borane reagents as exemplified :I.n Scheme 3 (descrlbed in
10 Examples 19 and 20)

Scheme 2:

oA OAc OAc Oac OH OH
o oozcua M o _co,oh, . ¥ o _con
OAc I R — ™ ©H L R -
Y = AcHN™ = Sy
hc OH .

8asa '—(gi’m Be/2e _O—O)vcus
’ . HC CH,

= <0 |

we —C) ()

e __<:>_cHa 8og /«T::[Ocm

OCH,
15 v
Scheme 2. Reagents and conditions: (a) Grubbs .catalyst
"(1-15 mol%), alkene (CH2=CH;- R), dry DCM, N, 20-60 °C, '12_-
60 h; (b) 1 M aq. NaCH, MeOH, 5 'C to rt, 0-24 h.
20

Scheme 3:



5Exenpl ary met hods of preparing the conpounds of the invention, where X2 is
| i nked t hrough oxygen to the scaffold, are shown in Schenmes 9 and 10
(descri bewtoizn1iBoeavpl es 31-43). Schenme 9: a hydroxyl groepTeanrotenodsesr oduced
beta 10 to a carboxyl ate by mani pul ati on of an al pha-beta unsaturated ester
functionality (as exenplified in Scheme 9% t hrough reaction of the

al pha-beta unsaturated ester with a di hél B [as described for exanple in
kanoto, K et al., BulgAb &hem  Soc. Mhac(dac 987) 60, 631-636] (Exanple 15
31), selective hydrolys]s o ot N&o. A pha bro & Ofopbie so-formed di brom de
(for exanple as described | anpl e_81) , ioarra[(l on of an epoxide fromthe
so-fornmed bronmohydrin [agﬁ‘: 5 for e to et al. (1987)]
(described in Exanpl e 32), amé ri ng- openi ngﬂ ofa® he epOXNde by attack 20 at
the position alpha to the® carboxyl ate [as described for exanple in Ckanoto
et al. (1987)] (described in Exanple 33). The e OXI de may be opened to

i ntroduce an al kyl group [asoﬂ &% ribed for exa m)to et al.

(1987)] or an acyl groupe§usi °' %64 such asy 25 for exanple
in Timers, CM et al., J. Q%:E m. (1984 #871. The

bet a- hydr oxy] gr oup can be alkyl agoed usi ng an al kyl 611.a| ide in the presence
of Ag20 or a hydride reagent (‘Yescribed in Exarrpl Bs 34 and 39). The
substituent alpha to the carboxylate is then converted to 30 a leaving
group suitabl e Schemrabl e Rragentisi ahdaconrditigmen t k2l SBARN-B-u&HF. | 80

p- met hoxybenzyl @gy;zthe (et hnpybawoy, gooup, o dia. r-emeyedczfoornmnpl e by
oxi dative ck ea\‘%g% e AR tr Qfy

2, 6-dichloro-5 |cyano%§nﬂzoqw noﬁgﬂgin}#)(d?se?rglg’@ab(lln :;;5 Exanpl es 35 and
40) Conversion of the al pha hydroxyl group to a leaving group can be
performed as descri bed above (Schenme 1). Introduction of brom ne al pha to
the - 40 - cardamesbase can be performed for exanple through conversion of
t he hydroxyl group to an acetate and subsequent reaction with a brom nating
reagent such as HBrARH (descrl bed dah okexanpl es 37) obAcTcMsBr (described in
5 Exanpl es 43). Bet cgn of o laam t he be h¥ amted

al pha- bet a- car boxyl ag: _tlgnaﬁlaty &anl_bdg perfopf’rmd l&;@ or _exanple a

OAc OAc OAc
3 13 14
OAc OAc OH 'H ‘
o OLH, O, COH -
C d, -] : l
OAc OH
AcHN® Y AcHN’
OAc ] , OH
.10 : 1 _ 16

Scheme 4. Reagents and conditions: (a) Pd/C {10%), MeOH,
AcOH, H;, 40 psi, rt, 24 h; (b) AcCl, dry MeOH, 0 "C-rt, 48
h; (c) DBU, dry DCM, 0O °‘C-rt, 16 h; (d) NaOMe (1 N}, dry

15 MeOH, 0 °C-rt, 5 h; (e) NaOH (1 N), MeOH, H;0, 0 ‘c-rt, 3
h. :

. Scheme 5:
20



10 Schene 9: Schene 9. Reagents and conditions: (a) Br2, dry CH2Cl12,
0 15C, 0.2 h; (b) Na2CO3, dry. CH2C12, 0 C, 0.25 h, rt,0.5 h; (c) DW, dry
MeCN, /42yor011/0688 h; (d) p-nethoxybenzyl al cohol, CSApcurav2Qda@I®s Er2, O
C, 0.25 h, rt, 1 h; (e) Ag20, Ms 4 A dry DW, N2, rt, 16 h; (f) DDQ,
CH2C12 1(20, rt, 54 h; (g) Ac20, DVAP, pygzdl ne, rt, 16 h; (h) 20 HBr-AcCH
(33%, dry CH2C1CH2C1 Nr2, 0C 1h, rt .41 - (i) DBU, dry
CH2C10H2C1, O .0 -rt, 12 h; A<(Jo)c NaCH (114), l\/gpcszo (1: 1) 5 C 12 h.

5Exenpl ary met hods for var 5] " tltuen H @r eosdmwn in Schemes 10
and 11. Schenme 10: the side h | n mtrod@de.d aty, &3 fan be further nodified
according to known procedure«suu npl e, V\/ﬂ@d’H& > 0- CH2CN, further

mani pul ati on of the 10 cyano roB‘ﬁ can be achi ey, d°Afor exanmpl e, through
reduction to the am ne (descrl bed i n Exanpl e 42) and subsequent conversion
of the amine to an azide (described in Exanple 42). Were X2 is
- 0- CH2CH2NH2 [ fshemeahpl eR€BBINESst Redarenvdl toizamshe f(a) t heBr nottiyf MeQHby
acyl ati on underardb cateéngabdccendig itgnIb) SoBEadkP cH,01f, @c-rt, 2 h.
5 L | - : :
Exeméiéry methods for'vdrying the substituent X,
are shown in Schemes 6 to 8 (described in Examples 25-30).
Scheme 6: selective alky;ation of the C-4-
10 hydroxyl group of a suitably protéqted precursor can be
achieved using an alkyl halide in the presence of Ag;0 or a
hydrlde reagent (as exemplified in Scheme 6) las descrlbed i
for example in Tindal, D.J. et al., Bioorg. Med. Chem.
Lett. (2007) 17, 1655-1658; Ikeda, K. et al., Carbohydr.
15 Res. (2001) 330, 31-41) (described in Examples 25-28).
The introduced alkyl group can be further modified [as'.'
~described for exémple in Ikada,’k. et al., Carbohydr. Res.
(2001) 330, 31-41]. : ‘

20 Scheme 6:

OAc- OAc ) . OH OH

Yo,_cocH, o CO.CHs o o CO,CH,
Il L L
- OH (o)
AcHN Y > ~ )[/AcHN
OAc
)
OH OH OH oH_

AcHN

' OH
_ H o _coLcH, COCHs o COH
] 0 Y I d e
AcHN' Y =
& .
20

4

- Scheme 6. Reagents and conditions: (a) NaOMe (1 N),.dry
25 MeOH, 0 °C-rt, 4.h; (b) 2,2- -Dimethoxypropane, Amberllte ,
IR-120 (H') resin, anhydrous acetone, rt, 16 h; (c) ethyl



co" 'OPMB 6Ac ACHN QCAc (QAc QAc 1.10Ac OAc AcHNO-'-"' NH2 OAc 38 20
Schene 10. Reagents and conditions: (a) BrCH2CN, Ag20 TBA/, M5 4 A, dry
CH2012, rwo 208/d06208b) . DDC), CN2Cl12 1120, rt. 54 h; (c) ACZAU2DMEBY%0dry Pyr.
Rt, 16 h; (d) Pd/0 (10%, HCL (1M, 112, psi 40, rt, 16 h; (e) TfN2, CuSO4,
Et &g, 25 pyridine 5C, 0.2 h, rt, 16 h; _(f;B.TIVBBr, dry CH2C12, N2, - 42 -

iodide, sodium hydride, dry DMF, 0 'C, 2 h; (d)aq Acetic
acid (80%), 80 ‘C, 1 h; (e) NaOH (0.1 N), MeOH, H,0, 0 °‘C-
rt, 12 h. ‘

Schemes 7 and 8: formation of an oxazoline
between the C-5 acetamide end the C-4 position (as '
exemplified in Schemes 7 and 8) allows subsequent
intioductioﬁ\of,a substituent (X;) such as azide (as

10 exemplified in Scheme 8) or thiolacetate at C-4 [as
described for example in von Itzstein, M. et al.,
Carbohydr. Res. (1993) 244, 181-185] {described in
Examples 29 and 30). The introduced azide group can be-

 further modified [as described for example in: Chandler,

15 M. et al. J. Chem. Soc. Perkin Trans. I (1995) 1173-1180;
Lu and Gervay-Hague, Carbohydr. Res. (2007) 342, 1636-
16501.

Scheme 7; . ) : o

20 : .
OAc OAc OAc OAc
QAc H
o O.__.CO,CH
Oac J — O
AcHN® Y R C N N
Sac . }o0
4 HSC 23
Scheme 7. Reagents and conditions: (a) BF;.Et;0, diy
CH.Cl,, rt, 48 h. ’
25 )
Scheme 8:
) OAc OAc - Ohe oac ‘ . oac Oac
- ‘OA¢ " dac - oa '
' AcHN® Y L ) N N acHN” Y
 OAc . -)\-‘o Ne
8 HsC 23 22

30 | | |
" Scheme 8. Reagents and conditions: (a) BF3;.Et;0, dry



0Crt, 56 h; (g) DBU CH2C1CH2Cl, N2, 0C-rt, 16 h. Schene 11: an exenplary
met hod for manipulation 5 of the side-chain X2 through el aboration of an
azi do growp2wn/mem8bstituted triazole is shown in SchemeCTAwzorawodobed in
Exanpl es 44 and 45). In-a 1, 3-di polar cycloaddition reaction an azide can
be reacted with a substltuted al kyne to produce a substituted triazole [as
described for 10 exanple in Lu and Gervay* ?—lague Car bohydr. Res. (2007)
342, 1636-1650; and reviewed in Bock, V.D. et al., Rur. J. Og. Chem
(2006) 51-68.] P‘?SEheﬂ@fl%zClz: @ @Ach: MCMGOSGMﬁehﬂ181MQents and
conditions: (apnBy8kbhyl-duopengy me;, @¢884. 5H20, sodi um ascorbate, | PA/ H20

(1:1), 50 20 C, 4 h; (b) AcBr, MOH, CH201CH2Cl1, 0 C, 1 h, rt, 56.1.4 (c)
DB17, CH2C1CH2Cl, N2s OC-rt, 16 h. An exenplary nmethod for producing a
di vai ent 25 array of an inhibitor of the invention, where X5 is a glycerol
si de-chain $such as des®@xeppllary ndtiddsabd, pfegafingeithal comptinds GOb.
Agent s Chenot hene {.2’9&@1&]&3 whefé- }@54.%311!:1)&&%\1 B é@ Ljoz'the
Meni pul ati on OLCLPFOQAyC re°'eh§v‘v9eixgktalhnem%s Soa gu:{'lo ((dAéSScrtigegri(.)zg ect the C-8
.Examples 31-43).
Scheme 9: a hydroxyl group can be introduced beta '
10 to a carboxylate by manipulation of an alpha- beta
unsaturated estgr functionality (as exemplified in Scheme
~ 9) through reaction of the alpha-beta unsaturated ester
with-a'dihélide [as described for_example in Okamoto, K.
et.al., Bull. Chem. Soc. Jpm. (1987) 60, 631-636] (Example
15 - 31), selective hydrolysis of the alpha bromide of the so-

- formed dibromide (for example as described in Example 31),
formation of an epoxide from the so-formed bromohydrin [as
described for'example in Okamoto et al. (1987)] (described
in Example 32), and ring-opening of the epoxide by attack

20 at the position alpha to the éa:boxylate [as described
for example in Okamoto et al. (1987)] (described in ’
Example 33). The epoxide may be opened to introduce an
:alkyl group [as described for example in Okamoto et al.

(1987)] or anm acyl group [using a method such as described
25 for example in- Timmers, C.M. et al., J. Carbohydr. Cbem
(1998) 17, 471-4871. The beta- -hydroxyl group can be
alkylated using an alkyl halide in the presence of Ag,0 or
a hydride reagent (described in Examples 34 and 39). The
substituent alpha to the carboxylate is then converted to
30 a leaving group sultable to enable beta-elimination. when :
thig substituent is p- methoxybenzyloxy, the p-
- methoxybenzyl group can be removed for example by
oxidative cleavage with ceric ammonlum nitrate (CAN) or
- 2,6-dichloro-5, 6- dlcyanobenzoqulnone (DDQ) (described in
35 Examples 35 and 40). Conversion of the alpha hydroxyl
- group to a leaving group can be performed as described
" above (Scheme 1). Introduction of bromine alpha to the



- 43 - and G 9 hydroxyl groups as a cyclic carbonate (46) [as described for
exanple in: Andrews, DM et al., Sur. 7. Med. Chem (1999) 34, 563-574;
MacDonal awet20ul006308004) ; Lu and Gervay- Hague, Car bohydr PCR&A31200020®05 342,
1636-1650.], 5 followed by sel ective acyl ation of the G4 hydroxyl group
giving (47), exposes the C 7 hydroxyl gr ogB to reaction. Functionalisation
fromthe C7 hydroxyl group as a carbanmaté either through direct reaction
with a diisocyanate [as described for exanple in MacDonald et al. 10
(2004)] or vi a SRTPRXHLEESFAMIC Peréprredl tamhsxqophe threddlon with a

di am ne [as desemviegdiborofxtarhydraxphcdiig do Snlafetfte @ang J. Med.

Chem (2005)- 4&ub33§4ep@9;édcb(l%d,%€ﬁ_£*}?:&[119Ja‘§§£ dy %é{%erguc%oggound (48).
Renoval of the}&rr(}&egﬁl ng_groyps, proyvides the dival ent .conpound (49).
Scheme 12: Scheimg’ 19 R&gﬁ%rﬁlg’%d( g}‘ BEPIRARA 3471 A B, (descrdhedrin e,
DCM (b) Ac20, B¥pmPdefiel3) c)BetRCel rdhatiOCIDREP, tOCHra{ (heNadbk, MeOH,
(e) Et3N, DCM skibBituR€d alphdbeta-carboxylate/uleefdidEdyahauepthere are

a nunber of geneLab-iE4 Nalhd Forl DRI APA 3LLAN,QL, LS, conpounds “of the
invention. In %e' ) pr ecur sor's PoPUthd r far ati on of ’

_ agﬁ)fct, gener al ] [
conpounds of geREPEPYIYPIRA L5PFP af cdepsrdhssuasEsrmpikaw3dl andredl a (IV) -,
where Z is a group that, in conjunction with the hydrogen beta to X6, is
renoved from (BYhehe $o0rm an al pha; bet a-unsaturated conmpound (VI1), in
which X6 is Xi, or is a functional group that can be subsequently nodified
to obtain Xl. loasr odkO exanpl e, whep @ is a functiogal,group that can be

nodi fied to forkn)(i‘ “[:ofﬁod;@ be sél 8 but s hato fipited to, CHO
CH2OR , CN, or aathi akol e, pwﬁer eéjl\g;;%@'c%%ge&—i ng‘]\é,/&g"%a’gener al, CHO
and CH2OR can BeiNCofiverted to Xl a 3 eBX2 is a cak 7dtte functi on,

usi ng oxi dation 16 néfhods. In gengg al®*° CN can be conyerted to Xi., where
XI is a carboxylate function, by reaction under acidic or basic conditions.
In general, a thia accan be converdaedat 0 c%éc%‘g, wher e o oksS @ _carboxyl ate
function, by a seri‘ss g% @t ons shc thamsequert LAl o§Sai  met hyl
trif late, 20 sodi umabgt g ri de;—andé 12 CuO (&S deferli bgd for exanple
in Dondoni, A et al®™Teirahedron (1998Y 4,919859- 98749\ THeé are a range
of methods for the gemeration of the akgphd, beta-unsaturgt e*compound (V1)

from conpounds of type (1V), a nunber of which are described and

exenplified 25 in PAq Metdiods sectioffe 94 on OAc Qe
LY COLCH; ¢ . OJ.cocH; .  WCOCHg
OAc N - OAc & . (:)Ac . :
~ AacHN Y o ‘ AN’ Y o AN Y oS
OAc _ OAc OAc
1 32
OAc QAo ‘ OH OH
AN OI COCH | AL o._coH
— Oac. ' —  OH |
AN’ YO AN’ Y o™
OAc : 6H

Scheme 9. Reagents and condi_t:i_ons:' (a) Br;, dry CI{zCig, 0
15 °C, 0.2 h; (b) Na,CO;, dry CH,Cl,, 0 °C, 0.25 h, rt, 0.5 h;
(c) DBU, dry MeCN, N, rt, 0.25 h; (d) p-methoxybenzyl
alcohol, C8a, dry CH:Cl., Nz, 0 °C, 0.25 h, rt, 1 h; (e)
CzHsI, Ag;0, MS 4 A, dry DMF, N, rt, 16 h; (£) DDQ, CH,Cl,
H:0, rt, 54 h; (g) Ac,0, DMAP, pyridine, rt, 16 h; (h)
20 HBr-AcOH (33%), dry CH,CI1CH,Cl, N;, 0 ‘C, 1 h, rt, 2 h;



Formation of (VII) from(l1V) when Z is halide can be perforned, for

exanpl e, by the use of a base [as 35 described for exanple in Blattner, R
et al., JwoCGhemoes®ec. Perkin 1 (1980) 1535-1539; Rye anaCWaUzerozods O g.
Chem (2002) 67, 4505-45121, or by the use of a heavy - 45 - netal reagent
such as a silver or nmercury conpound [as described for exanple in Tokuyana
and Kenji, Tetrahedron Lett. (1969)'2383-f§85; Sonmsak, L. Caxbohydr. Res.
(1989) 195, cl-c2]. Formation of (VIlI) from(lV) when Z is 5 acyl oxy can be
performed, for EXafilVe, dby €¥eElGHeClf Oa "Cewnkb: al? i <) d¥sOHI B for
exanpl e i n Kok,M¢&HFH,@t (Bi1),, Garbohyslrn. Res. (1996) 289, 67-75]. Fornation
of (M1) from(I1V) when-Z is al koxy can be perfornmed, for exanple, under
acetolysis condition's [as described for exanple in 10 Kok, G B. et al.,
Chem Comun. (1996) 2017]. Formation of (VIl) from (IV) when Z is
phosphite can be. perf or nBsentlaryerebpdds for tvacyiee tihe ssdtatiizuantdxf,as
descri bed for exaRhowhnNiSt$dHemds 10t agd-11J. Og. Chem (2004) 69, 665679)
15Conpounds of general f a .l where Z.is a. halide can be forned, as
descri bed and exenplifi 'e%éllm#et_ﬁg'V\\%?ﬁo%lsf%ec’(?ta’llgn.lngﬁ?g‘b‘iﬁ%‘§t01c”aeﬁ%?aI
formula (1.V) whS urtper medifigd agrozfing o faewedppycedirrpenafoon of a
conpound of thexgpapdeal wherenH.aié\Vig-aheNe fhomermadlpathesdechd @@  but
is not |inibed dy@no- §E6Hp , carfMe abHiev&IARp beLS recting group,
to give (1V) wher fibs & f‘@ll_dE.gaS gescr,l bed .for exanplein Blattner, R
et al., J. Chem 90C. Perkima {1880f9235Prsz4> ByamRimy 48vherd, J. Org.
Chem (2002) 6PUPEsgyYeRtsquvexrsigy of the amine toGampawiiitls (desgehbed|

ff)r rru: a ]/c may é.lnicxbappeemridmbyedk{e@ -bi-t:h%c@tzﬁﬁ{‘ Eﬁozaeﬁaﬁp§gb§5h§)t]3t ed

gl ycal of generdle ghiHet #4:8 He {4 ém!e in 35 Schm dt,
RR et al,gTetrahadraon Le&itﬁi\:)i%%%@%‘?@%%fﬁg&ﬁ | ton ‘,m%er. .

con 8.

Scheme 10:

0 o, S0:0H, e %, cocm, ‘ OH
- WOPMB 5 N\ . .OPMB b P 0J..co,cH,
BAc - Bac - OAc
o ' ,

OAc ‘OAc OAc OAc
. H
AHNY Y AcHN” Y Mo e Achn? Y Yo 6N
' OAc : Oac OAc
28 35 . - - e
-OAc QA
° o, 9k Ohc OAc o 9k QAc A opc
c ; COLH, 4 ~ | wCOLCH, e OJ..cocH,
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20
Scheme 10. Reagents and conditions: (a) BrCHZCN, Ag.0,
TBAI, MS 4 &, dry CH,Cl,, rt, 16 h; (b) .DDQ, - CH,Cl, H,0, rt,
‘54 h; (c) Acz0, DMAP, dry Pyr. Rt, 16 h; (d) Pd/C (10%),
HCl (1M), Hz, psi 40, rt, 16 h; (e) TEN;, CuSO., Et;N,

25 pyridine 5°C, 0.2 h, rt, 16 h; (f) TMSBr, dry CH;Cl,, N,



- 46 - X: yx,xi y x, (1) Exanples 10The follow ng exanples refer to the
schenes above. Al new conpounds gave the expected spectroscopic data.
Gener al mEDRod/d0608base- cat al ysed ester hydrol ysis: 15APSDIALRD B00aH0S
conmpound (0.05 mmol) in aqueous MeOH (50% 4 nlL) at 5 C or roomtenperature
Is adjusted to pH 13 using ag. NaOH (1 74). The solution is stirred at a
tenperature of .5 C or roomtenperature ant“the progress of reaction is
nonitored by TLC anal ysis (Et OAc/ MeOH H20, 20 7:2:1). After 2-24 h -
Anberlit: |1R-180Crt. re&ily i(g)aBBBd CExCAGH K, Phl 30°Chet,r aschi.on nmi xture is
filtered, the resin is washed with MeOH/ E20 1:1 (25 nlL) and the filtrate is
concentrated to dryness under vacuum The crude product is dissolved in
water, the pH of the sol utlon is adjusted 25 to pH 7 using aq. NaOH (1M,
and the solution is |yofifePEedl: TH SEBRARLY CAPEIRA fori mAREPBlAtiarer se
phase HPLC.5 Gerér bhe nsidwod-badr ¥s ddsromghathalsésatrieac bif0aa: aa{ldd groupl Uti on

of the allyl dealaaswa::(t@,)tealaglmlé) lwsmh)iﬁ%md&‘iuﬁdesc ibed

di chl or onet han %épo ‘Mnder M’)Z was a dﬁd 10~,P c&ao ycl.i.¢c al kene)

(1.94 mol ) fo GlihBEsEebhd e fetadt SRR YSEopEda i) 0y, and

the reaction nF?‘PﬁF’ePW §tzllPPeEa’atbe2(}'~°GG(€efioWIE@ HEWHEthtuthd sUhwent was

renpved under teaceredunwl & ebst Lithet ¢l atiakzolas [@sirdddcadlen eetum

chr omat 0gr aphy eRimsid i G ﬂ&ﬂ&ccgp@l@aﬁg ybﬂﬂoﬂﬁ-& Suyhsti wa@.p) ol efl n as

a white 342, 1636-1650; and reviewed in Bock, V.D. et al., Bur. J.
O.r.‘g. Chem. (2006) 51-68.].

/Scheme' 11:
‘15 -
OAc OAc - . OAc OAc '
H o OAc H o QAc .
Y .COCHy a v wCOLHy
OAc N T OhAc o -
AcHN Yo~ . AcHNT Y o’\/"\)\a :
OAc Oac
$9 . . - 42
.. QAc OAﬁ : ) OAc OAc
b T wOOLHy ¢ o‘ 00:LH
OAc OAc ~
ACHN O/\’N\)\R AcHN ONN\%R
OAc ' A OAc
43 : 43

Scheme 11. Reégénta and conditions: (a) 2—Methy1-§-"
pem:yne, CuSO¢.5HzO,‘sodium ascorbate, IPA/H,0 (1l:1), 50

20 °C, 4 h; (b) AcBr, MeOH, CH,CICH,Cl, 0 °C, 1 h, rt, 56 h.
(c) DBU, CHyClCH,Cl, N, 0°C-rt, 16 h.

An exemplary method for producing a dlvalent
.25 array of an inhibitor of the invention, where Xs is a
" glycerol side-chain [such as described in MacDon.ald,
S.J.F. et al., Antimicrob. Agents Chemother. (200a) 48,
4542-4549), is shown in Scheme 12. M'anipulationb of the
glycerol side-chain of compound (45) to protect the C-8



- 47 - foam Example 1 Met hyl

5-acetam do-4,7,8,9-tetra-0-acetyl-3,5- 5

di deoxy- wWGQ20mwwoop208' - enyl) 7D er yt hr o- E- L- gluco, non- 2- ulPopiangoomse. ( 3) :
To a solution of bromohydrin (2).(1.55 g, 2.71 mml ) [prepared from (1)
according to the.nmethod of Okanoto et al.,_1987] in dry toluene (25 nL) was
added 10 allyltributyltin (4.33 g, 13.11 ﬁ'?mT) and azo-bi si sobutyronitrile
(AIM (44 ng, 0.271 m\/bl) at roomtenperature under N2. The reaction m xture
was stirred at 2PGofiif eh&ramldr STOHBEr 2% & WYPlAST catbonake (46)| dwed by
reaction mi xt udesgribed i exafiphe( Lonmirewd snpmeaéﬁratg_e JAmgef starting

mat eri-al by TLﬁeaDabuéﬁlS)(wBﬁ E’.QaCEJs?rb'ﬁ' XWEB?X‘Q % Ca‘al{“ r(g g)t%er

vacuum t he re%!nﬁg sso vg m cetoni tri :
sol ution was washe vvl?’ﬁ aeqfutedl AP Resx 90 ’)34ﬁ1e1e§éér6ﬁWrHe
extract was®cof@dmheyreddey Lﬁﬂi@FtF-'EﬁummQfethﬂﬂd:-the:ym'o&ymdgrwp')duct
was purified bgikiagh(£hrorepogeaptie mﬁm&uganglggﬁﬁftfooggagg% o2l | VI

i O bt SR DI T

2.06, 2.10 (4$° hrough plirecs HSQ"-'MBG%F did14, - H 3), 3.80
(s, 3 H COOCHRPOCBangtq (kps Jeactibei frdekiample Hn ma&):pnalmeeou;, J=7.2
e 1H He), iéomxdﬁdmj s $0nferdhid ga cdtdd. agadls%s E(dd \(J:H >
4.99 (dd, J = ?L—Etﬂs‘?"h %) zﬁ ’tellg 88‘@’%‘6‘3% fl"?‘%‘am 81% 4 Hz, 1 H
11-8), 5.28 (d¥ec °“”6d'6 z” T rﬁt 3l JHlffd SRR 5 (@905 48, 296N, - CH=).
LU S (+ ve nodé?"llﬂzrmez [:Iiewt;ed@ean’ﬂieaﬂenﬁfd\ﬁipbﬁhd (48) .

5-acet ani do- 2, Renove D-dE tha- 91‘6@&56’1%93950ups provides the divalent
1s compound (49) .

Scheme 12:

»—o :
AcHN AcHN
0 ooi,cn-ra H o
0 0
- AcHN . AcHN

OAcyl
48 eg. n= 246

.o o

. OJLH/\/\/\(.,)/\/\HJLO .
: H n H

O .

. . AcHN H = A » AOCHHN H \ A
OH OH
" 49eg.n=248

.20 |
Scheme 12. Reagents: (a) carbonyl diixﬁidazog;e,
acetonitrile, DCM; (b) Ac;0, pyridine; (c) ONC- (CH;) n-CNO,

DMAP, DCM; (d) NaOMe, MecOH; (e) Et;N, DCM, MeOH, H,0.



di deoxy 3-Q (prop-2'-enyl)-D-erythro-a-L-gluco-non-2- ul opyranosonate (4):
48 To a solution of allyl derivative (3) (700 ng, 1.31
rrm)l) i n wohlydrooespyridine (16 m.) was added acetic ambydi20®/00®08L) and
4- (di met hyl am no)pyridine (1.5 ng, 1 no]. % at roomtenperature under N2.

The reaction mxture was stirred at roomterrperature for 16 h (conplete

di sappearance of starting material by TLA%nal ysis). The reaction m xture
was evaporated to dryness, taken up in ethyl acetate (50 mL) and w shed
successively with 0. 1 NApCdesquited abgvsathexr) angeal nuther wHasnerphase 'was
dried 10 (anhy;déﬂwaé\l&%‘&oéhe ﬁréﬁﬁwioandfeuﬁ@afoﬁpbdmuadef tisluced

ressure, and u R on silica gel
E)Et OAc/ gfexanes{g %é’?i(?do%ﬁzgw %%Lt éggif%P@TE§§§T§?$30| id 7%0 ny,
95 ¢ 0.4 RpAat ’E‘%ﬁ‘ 1. 95, 151 97,
2. 07/() 2.1156 zo@owd-lomeBﬁmmlv?Z)wh@eoz- ig. §5gxfomp 1 H.
-CH2-), 2. }2 (Ehatl, Hn Hodfjunde 86k i3 ¢He Hydkogddi®ele 807%,(3s 3 H

o1 o Tepdihe ] me Sré’ & g pp Mol HoralphBatifavey™ 122 00
2.4 20Hz, chrg"andzt 1) 4 B yhich3 X 1is Xa119¢% i%%)funstéenwoqrcmrt 10. 5,
10.5 Hz, 1 H, thal) cdn 3 EdbdsequentiyOmodiFidd, tdl dﬂtalﬂn?):l Fo9 (m 1 H,

28‘5)(030?:%1\?/)Vex&n eg %éx@ﬁNxHé]- i3 a f‘wm é-il&ﬂ'(\:/:% é éhgélzcaczp%@ l\ghlf§e3?6)7
53.1 25( 000012 ;‘g t ?"d%“)“e%frim c?“!f‘) “72&’2& ?é‘“ﬁte‘tt% 99. 3
(C-2), 115.7 (< 2)CHz be 30N m:ft tl}i;sz@e('cv@)erelm 85 (AHTOCAEFing 70. 2,
170.6, 170.9, gidur. (@BOGEh8ral 5)CHOLRNE EGRK!135N0Bd] cdrivate eidoBomRe)

(mz): 595.9 [MM% 53%&:&:& a@plfwgttlon, using omlcn

5-acet am

anhydr o- 3, dllﬁéét n( ﬁ?%?)ra? ]tiﬁﬁffn be | SRANF B kP akroABRTS- Endifat e
(6): 35Anhydro%§m3ts Fenciique ] ryackions updey adédtc dropwsie to AcCl
(10 'm_, 0.14 nedddinildhecowhi Gendralanai eRidedBs dual be CERVEiMH tBhixs,

reaction is exgidief @ .Cig a carboxylate function, by a series of
reactions such as the sequential use of methyl triflate,
20 sodium borohydride, and CuCl:;-Cu0O (as described for example
in Dondoni, A. et al. Tetrahedron (1998) 54, 9859-9874).
There are a range of methods for the generation of the
alpha,beta-unsaturated compound (VII) £from compounds of
type (IV), a number of whlch are described and exemplified
25 in the Methods section.

muu

30 _ ' , (xv) (VII)

Formation of (VII) from (IV) when Z is halide can
be performed, for example, by the use of a base [as
35 described for example in Blattner, R. et é.l., J. Chemn,
Soc. Perkin I (1980) 1535-1539; Rye and Withers, J. Org.
Chem. (2002) 67, 4505-4512], or by the use of a heavy



- 49 - and rapid addition of nethanol can result in violent rel ease of HC .
gas). The resulting solution was added to a cold solution of glycosyl
acetate (WP2DZH6HF, 0.39 mmol) in a mixture of anhydr oBETERZOPL0PS i)
and AcCl (10 nlL, 5 0.14 nol). The reaction m xture was then stirred at room
tenperature in a seal ed (gl ass-stoppered), gound bottomflask for 48 h. The
reaction m xture was concentrated under reduced pressure and azeotroped
with toluene (3 x 20 nL) to yield gl ycos‘y chloride (5) as an off-white
foam 10 The cMfF@lchradenrfe Shed pgkansth'sh °Fr PeIPRRY of PRAMd2E 10 m), to
whi ch DBU (232 deiserdbed 1£&5 ewanipledinvfekuypmiay ahdwhan jitld etk t rahedy be ‘

reaction was | gfletl 0 (256$) i3 d30056b ¢ MBGHAIRI &. uadesoiz\ydlf orxe% h.(198¢)

reaction mxtur ey ed L9 dr r formand
washed 15 succe?ssl'veﬂ'y %Oth Satq $°n ﬁm@%anggﬂagg" % 9 The

or gani ¢ pha8e mleWeewabmwéewﬂazaﬁm exappl gy eHYa‘h‘EP é’ﬁ?p@lfa?ed under

reduced pressumwxandciae[ases-.ledmelpadlfcbzecé:&a;upﬁbash Kok OratBogeapay. on

silica gel (BtQ@AchBRyanesy 2)(17996i‘f§9§d éﬁ@)sﬁltlﬁommmfasvﬁxﬁo whi t e
solid (93 ny, |so ated yield 4 (igrrecte el d over 2 steps 91%based on

recovered star (508 FEVEr Y295 2 OFE TR PENRRT ESTB IO CSERBPieg 1. 85,
2.00, 2.02, 2.(0@&de2. 8%etslysis c@dﬁimdemdqul) example(dd, J =
15.0, 6.9 o, ko, eCbi2-¢tc ai 32cﬁ:dﬁl domﬂ:ﬂ 0,(1696) Hzo171] 2Fddmat £6R- &f 3.74

(s, 3 H COOCHY Ld heh? ) dd = 9.6,
3.3 Hz, 1 H, H)VII44}g ‘P’Sgﬁ‘g ek 3 %B aéi‘é‘t% %“%gﬁeriff%g atey | (dd. J
=12.3, . 2.7 8 e “zfeg? (?idLe"f]"a-af%dS ag deggribed for 5117)
5.22 (m 1 H, gmplesinmr(@@ F.-e§ d4l. 3.3 K@zg. 1Ch¢m11uno4)3@5 506%d, J =
9.9 Hz, 1 H, Nghp3.5.55 (d, J = 7.8 Hz, 1 H H4), 562-5.76 (m 1 H,

(NHCOCH%?C e o M%%% g%g ‘%1 %%é\féﬁi P ot %Lgfzis%s 2 (C7),
70.4 (C-4), 71h¢ 1(16 85 by, f?‘("ede) as 1‘1%5051@”61425“1 3’2‘6“5211(%331) injgheg (-
35CH=), 141.4 Methpds]18eci@®.l) ComfOwids bA) gepetdD. Porntyih JIV] 7whére
(NL! COCH3, OCOGH3 sX adhalid®/RdrCa36823d Ofatindat byChh DogdRtion oz a 536. 2
[ MeNar, ~476. 2, c%%%o&nd%% f.gne general formula (VI) where Q can be
20 selected from, but is not limited to, -COOR', -CN, and -
'CH;OR', where R' is a protecting group, to give (IV) where
Z is a halide (as described for example in Blattner, R. et
al., J. Chem. Soc. Perkin I (1980) 1535-1539; Rye and
Withers, J. Org. Chem. (2002) 67, 4505-4512].

'xoo' L;t
x.

(VI) o (IV)

25

30

Compounds of general fomﬁla I may also be _
prepared by direct lithiation of a C-2 substituted glycal
of ‘general structure (V) (as described for example in '

35 Schmidt, R.R. et al. Tetrahedron Lett. (1987) 28, 6591-
6594) . - ' '



- 50 - Exanple 4

5- Anet am do- 2, 6- anhydr o- 3, 5- di deoxy- 3- C- ( pr op-
enyl) - D- gvoreeriaok2ogal act o- non-2-en-onic acid (7): 5Conpeamu26)o/006m3
deprotected according to the general procedure at 5 C. for 12 h. The crude
product was purified by reverse phase HPLC and then | yophilized to give the
title conpound as a white solid (32 ny,~i%lated yield 51 % corrected
yield 60 % based on recovered 10 starting material). Rf 0.1

( Et OAc/ MeOH H20, 7:2:1); IHNWVR.(300 MHz, D20): 8 2.03 (s, 3H, NHCOC b),
3.07 (dd, J = 15.3, 6.9 Hz, 1 H - .CH2-), 3.31 (dd, a = 15.3, 5.1 Hz, 1 H,
-Cr12-), 3.58-3.66 (m 2 H, Hx{ _d+9), 3.82?%&”1 2 H H8 H9), 4.09-

154.18 (m 2 H, H5, H6), 4.31j(dli, J =—6.6, Hz, 1 H H4), 5.03-5.14
(m 2 H =CH2), 5.79-5.93 (m C -HE) R%( 75.5 MHz, D20): 8 22.0
(NHCOCH2) , . 80.2 (-CH2-). 50.5 (C%), 62.9.(C9¥ 68.1 (C7), 68.9 (C4),
69.8 (C8), 75.4 (C6), 115.7 (=COHO, 119.9 (CG3X)135.9 (-CH), 20

174. 6Mt 110 (C- 1 and C 2 nof™ o‘b‘served) LRVS[ C2Z4HZZNO8] mz (+ ve ion m)de)
: 354 Dol +Nar; (- ve nmobde) 330 (M1)+; HRMS (FAB): Calm for C241122N08 -
330. 119441. Found: m z 330.118000. 25 Exanple 5. Met hyl

5- acet am do- 4, Exdndtdect r a- 0- acet yl- 2, 6-

hydr o- 3,535 di'd - 3- I tb 2
S SO G AT Sy S B0 1

-enonate (Bam‘rg? béﬁ%‘f

30 ng, 0.23 TVen PBUCCRRPNAS, SA¥EhERR E(’SR?CﬁEF BRBSFTAECORYEs added
3, 3-di met hyl- 198%gene (0.29 n_, 2.33 mmol) followed by G ubbs second
generation catal yst (28 ng, 15 nol%, and the reaction m xture was stirred

2t 40C Tor 24 Sendli SUSH IPSLATRIT VDU o AG UDRRL L I, O LTS 35
product was. c- Hexane) to
yield the 13 t | e conpoun®t BRLytigR é’fwﬁP‘PB“’I“Ba?ﬂ -O32mRgL) 3y BRMECt ed yi el d
599% based on rl'ée,Qﬂ:eﬁ@ds 4 mL) at 5 'C or room temperature is adJusted

/ to pH 13 using aqg. NaOH (1 M). The solution is stirred at

a a temperature of 5 C ©or room temperature and the progress

_ of reaction is monltored by TLC analysis (EtOCAc/MeOH/H0,

20 7:2:1). After 2-24 h Amberlite’ IR-120 (H') resin is added

' to adjust pH 3, the reaction mixture is filtered, the

resin is washed with MeOH/H,O 1:1 (25 mL) and the filtrate
is concentrated to dryness under vacuun. The crude product
is dissolved in water, the pH of the solutionm is adjusted

25 to pH 7 using aq. NaOH (1 M), and the solution is
lyophilised. The product can be purified by reverse'phese
HPLC.

fGeneral method for cross metathesis reactidns:.

30 : To a solution of the allyl.derivative (6) (100
mg, 0.19 mmol) in anhydrous dichloromethane (19.5 mL)
under N;, was added olefin (acyclic alkene) (1.94 mmol)
followed by Grubbs second generation catalyst (1-15 mol%),

and the reaction mixture was stirred at 20-60°C for 12-60
'35 h. The solvent was removed under vacuun and the crude
' product was‘purified by column chromatography on silica’
(EtOAc-Hexane) to yield the substituted olefin as a white



51 - starting material). Rf 0.7 (EtOAc); 11.1 NWR (300 MHz, CDC13): 8

0.94 (s, 9 H C(0413)3, 1.87 (s, 3 H, NHO00113), 2.02, 2.04, 2.05, 2.09 (4
X s, 12 HyoQODOm@Ms 2.78 (dd, J = 14.7, 7.8 Hz, 1 H, - CELZ:ABY10/@0BS (ci d,
J =14.7,6.9 Hz, 1 H -012-), 3.76 (s, 3 H 000C/13), 4.12 (dd, J = 12.3,
7.2 Hz, 1 H H9), 4.17 (dd, J 9.6, 3.3 Hz, 1 H, 0-6), 4.41 (ddd, J = 9.8,
81, 7.8 Hz. 1 H 0-5), 4.62 (dd, J = 12.% 3.0 Hz, 1 H, 0-9'), 517 (m 1
H =CH), 5.25 (m 1 H H8), 5.33(d, J= 9 9 Hz, 1 10 H NM), 5.44-5.47
(m 2 H H7, €8O 5.55(d J=0909H, 1H H4); LRVS [C271139N0R2) (+

ve ion node) mz : 592.2 [MrNa]+ Exarrple 6

155- Acet am do-%x6 anbydr o- 3, 5-di deoxy-3-C (4, 4-*
di et hyl pent-Z_eng-gg—g}- ycero- n-galact o-non-2-enonic acid (9a, R =
t-butyl): Ad 5S¢ agctanidorpdy §t 9- Rl ardhrsetEl edr Srcor di ng

to the genesal dpﬂeonylusecatpxro@em't-exmb)r-at—amhm -24.-gd ubo-Atwe-Z+ ude product
was purified byibgyess gLC and then lyophilized to give title

compound (9a) as a m'tgrso"d géw@g%ggmtg%ﬁ & &iapd o, 52’0% 3H

7:2.5:0.5); 114 NKR& M 596
NHCD013), 2. 83mngd) lppepaped from (f) acqqrdigppty the methed of = 15.0, 5.7
Hz, 1 H, - CH2- pkaRods- &t 561.,( mes2] Hin Ok, t018pne 3(H8-1k)74abMaddedl, H * 8,

09, 3,98 it (b5, Sl ol @8 e b0l LK 00
RH;TAEO§S) ngz&s& utyrogltrlle (QIBN) (44 mg, 0. 27%'mm01) MR (75.5

temperature under N,. The reaction mixture was stirred at
room temperature under vacuum for 20 mins, followed by
reaction mixture at 100 °C for 8 h {(complete disappearance

15 of sfarting material by TLC analysis). The reaction '
mixture was concentrated under vacuum, the residue was
dissolved in acetonitrile (30 mL), and the solution was
washed with petroieum ether (3 x 20 mL). The adetonitrile

. extract was concentrated under reduced pressure and the .

20 crude product was purified by flash chromatography on.'
silica gel to afford the allyl derivative (3) (Paulsen and
Matschulat, 1991) as a white solid (825 mg, 57%).
Re 0.5 (EtOAc); 'H NMR (300 MHz, CDCl;): § 1.85 (NHCOCH;),
1.98, 1.99, 2.06, 2.10 (4s, 14 H, OCOCH; x 4, -CHz-), 2.48-

25 2.56 (m, 1 H, H-3), 3.80 (s, 3 H, COOCH;), 3.97 (44, J =

~ 12.3, 6.9 Hz, 1 H, H-9), 4.07 (dd, J = 7.2 Hz, 1 H, H-6),
4.20 (ddd, J = 10.2, 9.9 Hz, 1 H, H-5), 4.32 (dd, J =
12.6, 2.4 Hz, 1 H, H-9'), 4.37 (8, 1 H, 2-0OH), 4.87-4.93 _
(m, 2 H, =CH,}, 4.99 (dd, J = 9.9 Hz, 1 H, H-4), 5.18 (ddd,

30 J=7.8, 5.4, 2.4 Hz, 1 H, H-8), 5.28 (dd, J = 6.6, 2.1

' Hz, 1 H, H-7), 5.51-5.65 (m, 2 H, NH, -CH=). LRMS (+ ve
mode): m/z 554.2 [M+Nal]”’. ‘ v '

Example 2 S ‘ , o
35 ' Methyl 5-acetamido-2,4,7,8,9-penta-O-acetyl-3,5-
' dideoxy-3-C-(prop-2'-enyl) -p-exrythro-a-L-gluco-non-2-
ulopyranosonate (4): * '



30(
(G
(G

C181129N308Nal

Met

anhydr o- 3, 5- di deoxy- 3-C (3' - cycl ohexyl

NH00013) ,
9), 70.

31.24 (C(CH3)3), 31.(-CE2-), 34.6 (C(CH3)3), 53.0 (c-5)
5(CG7), 71.1 (G4), 72.3 (G 8), 77.9 (CG6), 123.7 (=CH

65. 3
125.0

3 146.7 (-CHe). 170.0 (C-1), 177.0 (N
|0101291é§§%0g° g%os ve ion(rmdeg . 386, 1([|v+?u " HRNS((E%?@& or 35

(+1) : 410.178538. Found: mz 410.179200. Exanple 7

hyl 5-acetam do-4,7,8,9-tetra-0-acetyl -2, 6-

52: -

-prop-2'-enyl)-Dgl yrero- D gal/ act o- non

-2-enonate (8h, R = cyclohexyl): To a solution of the allyl derivative (6)

(100 5 ny,

add

ed vinyl

cycl ohexane (0.26 nL, 1.94

0.19 mmol ) in anhydrous dichl oronethane (19.5 nlL) under N2, was
rrr]%l) foll oned by G ubbs second
generation catalyst (19 ng, 0.023 nmol, mol %9, and the reaction mxture

was stirred at 40C for 48 h.. The sol vent was renoved under vacuum and 10
the crude prodict was p@Pi#i&eluhioRoPinAltrt sleriggriphy(Bn o vg-

( Et OAc- Hexane) 1tm1ymﬁ1d tiheathydwewo pyoidiing 8006 a@-) avadi dadddoamets2 ny,

i sol at ed vyi eI d Qe I Qc;,g d yieldd (@éhéééﬁ Bshi3d EQ&ﬂ@duStsaEntgl ng

mat

H, cycl ohexyl )
H, NHCOCH3,5 omss&irzredcyél 5mw%qfat2r¢7f%d6 9 £<=<1!aplc?te7 8 Hz,
-CH2-),

(dd,

4.41 (ddd, J

erial).

? (EtOAc 31H NTR (300

=1.27 5 15
i, Fbatiinre ndal ncige cobdbigy askfuddl ° 12

1 H
3. 35 (dilsapgpearkhcé, ob. dtdftink hatefH&: hy 3‘L@5aﬁ$lys&d‘)| @ReCHA, 4. 12

J =12 31r§aékf3h g%x@urg+égs é%%kzrgggd éb'ﬂf%n@ss Iﬁb h H HB6),

1H,

H9'), 5.22-5. EghYJma"ftﬁtelis% m’f"cﬁé B’aﬁbe% feﬁsé"%ﬂﬁu"’“‘f‘ Q- Hb 5. 46
2'H H 4, HCH )H:05, 88d(satd) ag.gNaCly The Qrompic RIS @RSHATIEX022] nl z
ve ion n@de)gai;hﬁ&ub iiddn) +. f‘:?:Btd:‘eamaha 8vaporated under reduced ‘

(m
(+

15

20

25

30

35

pressure, and the residue purified by flash chromatography
on silica gel (EtOAc/hexanes 4:1) to afford the title
compound as a white solid (720 mg, 95 %).

‘Re 0.4 (EtOAc); 'H NMR (300 MHz, CDCl;): § 1.78, 1.93, 1.95,

1.97, 2.07, 2.11 (6 x s, 18 H, NHCOCH;, OCOCH; x 5), 2.01-
2.05 (m, 1 H, -CHz-), 2.12 (m, 1 H, H-3), 2.30-2.39 (m, 1
H, -CH:;-), 3.73 (s, 3 H, COOCH;), 3.88 (dd, J = 10.5, 2.1

Hz, 1 H, H-6), 4.05 (d4d, 0 = 12.3, 7.2 Hz, 1 H, H-9), 4.12

(app. @, J = 10.5 Hz, 1 H, H-5), 4.52 (dd, J = 12.3, 2.4
Hz, 1 H, H-9'), 4.81-4.89 (m, 3 H, =CH,-, H-8), 5.06 (dd, J
= 10.5, 10.5 Hz, 1 H, H-4), 5.30 (dd, J = 6.0, 2.7 Hz, 1
H, ‘H-7), 5.59 (m; 1 H, -CH=), 5.72 (d, J = 9.9 Hz, 1 H,
NH): C NMR (75.5 MHz, CDCl;): & 20.7, 20.9 (OCOCH; x 4),
22.9 (NHCOCH;), 30.9 (-CHs-), 45.6 (C-5), 49.2 (C-6), 53.1
(COOCH;), 62.0 (C-9), 68.0 (C-8), 72.2 (C-4), 72.4 (C-3, C-
7), 99.3 (C-2), 115.7 (=CHz), 135.3 (-CH=), 165.6 (C-1),
167.8 (NHCOCH;), 170.2, 170.6, 170.9, 171.1 (OCOCH; x 5);
LRMS [CpsH3sNOij4] (+ ve ion mode) (m/z): 595.9 [M+Nal®, .
533.8.

. Example 3

'~ Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-

- anhydro-3, 5-dideoxy-3-C- (prop 2'—enyl) -D- glycero p-galacto-

non-2-enonate (6):

Anhydrous MeOH (3.6 mL, 0.08 mol) was slowly
édded_dropwise to AcCl (10 mL, 0.14 mol) with cooling in
an ice—wéter-bath, (Caution! This reaction is exothermic



5- Acet am do- 2, 6- anhydr o- 3, 5- di deoxy-3-C- (3" -

cycl ohexyl - prop-2' -enyl) - p-g/ ycer o- p- gal act o-non-2-enonic acid (9b, R =

cycl ohexyy ound (8b, R = cycl ohexyl) was depr ot HofRbdsNg to
f) pro%ei(c ?E BT gjz 09

t he genera edure at roomtenperature for 24 h. The crude product was
purified by reverse phase HPLC and then |yophilized to give title conpound
(9b) as white solid (12 ng, isolated yield 33%9. 35 Rf 0.2 (EtO0Ac/ MeOH H20,
7:2:1); NMR (300 WMHz, D20): 8 0.82-1.15 (m 5 H, cyclohexyl), 1.41-1.52 (m
5 H, cyclohexyl), 1.76-1.78 (m 1 H, cyclohexyl-CH), 1.88 (s, 3 - 53 - H,
NHCOCI 6), 2.72 (dd, J= 14.7, 7.5 Hz, 1 H, -Cl12-), 2.97 (dd, J =14.7, 5.4
Hz, 1 H, -CH2-), 3.41-3.49 (m 2 H H7,4+9), 3.67-3.73 (m 2 H HS8,
H-9)395397(m2HH5H—6)4104(d', J =6.6, 2.4 Hz, 1 H HA4),
5195285(m1H 40(dd J =15.6, 6.3 Hz, 2 H =CH); "C NWR
(75.5 Mz, DROpP™ 8r2111<§ Weeeﬂzy marhanojscam (ReRAY ReX§PIen®y. 1 (- CH2-),
32.4 (C cycl ohex}base 3% FQL- GHeYc| Tirexesnlti0g 7Ts¢imtion GaAs8ddddéd T)o a68. 2
(1 g-l g)g 068 4 (Cuoe&aa s6Puthi driCo8) %%52%:( Q‘c@):atélﬁic)g ((2@'5?}11 , 18432 n()m%‘rLR?VS

- no v,
[ C201133. N08] mf’ §(+i’\£/)te1(r|%onj°)frm dr°‘%§mﬁvl+ﬁgr“gé dzq“%i (‘;9 Bhe 6,
179. 4, 133.8; fr24(zole Te ﬁsae ion sixture\waf thepps¢irped. &t mom 9,
164.1; HRMB (FAB#tpeﬁatuxefmracaeaﬂécsl\aoahlalstdﬂ@ered%ﬁoihﬁ&ﬂ&tdiound m z

15436. 194188. Elagﬁ|fbé)48 h. The reactlonwgigyﬁre was concentrated
5- acet ani'do- 4, - acet

ra- ,
anhydr o- 3, 5- di H‘hoxy %‘e‘% PERER, %f parngpaﬁeyéﬁ?ﬂ?d itk EoIBSRe (3 x 20 °
D- galact o- non- ELénB?\aX’éﬂ@SglyRmHthlOnde (5} as appoffswhité dfrawf. t he
allyl deri%ati ¥bhe(&)yudel @hlogide.¥Hs reaken up bmhyr @ishdbsbheorionrt hage (19.5

m) under N2. w@s, a&d%%&.ybsae(wz %ac%x,, 1, 9% IRy) 1‘40 é’é@'e% » @ ubbs

second generatijon c$ 2512 1o reaction

was stirred at "2 (%gﬁnpi%qt\}é’ﬁt %si?%trrﬁ\?edtﬁlﬁd% X¥REUum and the

crude pr oduct temperature under N, for 8 h. The reaction mixture was
evaporated to dryness, taken up in chloroform and washed
15 successlvely wn.th satd ag. NH.Cl, H;O0, and satd aq. Nacl
" The organic phase was dried (anhydrous Na2804), flltered
and’ evaporated under reduced pressure,,and the re51due
purlfzed by £flash chromatography on silica gel |
A (EtOAc/hexanes 3:2) to afford the title compound as a
20 white solid (93 mg, 1golated yield 46%, corrected yield
over 2 steps 91% based on recovered starting material).
Re 0.6 (EtOAc); 'H NMR (300 MHz, CDCls): & 1.85, 2.00, 2.02,
2.03, 2.07 (5 x s, 15 H, NHCOCH;, OCOCH; x 4), 2.91 (dd, J
= 15.0, 6.9 Hz, 1 H, -CH;-), 3.32 (dd, J = 15.0, 6.0 Hz, 1
25 H, -CHz-), 3.74 (s, 3 H, COOCH;), 4.10 (dd, J = 12.3, 7.2
' Hz, 1 H, H-9), 4,18 (dd, J = 9.6, 3.3 Hz, 1 H, H-6), 4.38
(ddd; J = 9.6, 8.1, 8.4 Hz, 1 H, H-5), 4.59 (dd, J = 12.3,
2.7 Hz, 1 H, H-9'), 4.97 (dd, J = 13.5, 2.1 Hz, 2 H, =CHy),
5.22 (m, 1 H, H-8), 5.44 (44, J = 5.1, 3.3 Hz, 1 H, H-7),
30 5.50 (d, J = 9.9 Hz, 1 H, NH), 5.55 (d, J = 7.8 Hz, 1 H,
H-4), 5.62-5.76 (m, 1 H, -CH=); *’C NMR (75.5 MHz, CDCl,): &
20.7, 20.8 (OCOCH; x 4), 23.0 (NHCOCH;), 31.5 (-CH;-), 47.5
(C-5), 52.2 (coocH;), 62.0 (C-9), 68.2 (C-7), 70.4 (C-4),
71.0 (C-8), 76.2 (C-6), 116.3 (=CH;), 120.2 (C-3), 134.9 (-
35 CH=), 141.4 (c-2), 162.2.(C-1), 169.9, 170.1, 170.2,
170.5, 171.1 (NHCOCH;, OCOCH; x 4). LRMS [C;3H3;NOy»] (+ ve
fon mode) m/z : 536.2 [M+Nal®, 476.2, 416.1, 231.9.



was purified by colum chromatography on silica (EtOAcHexane) to yield the
title conpound (8c) as a white foam (30 ng, isolated yield 26% corrected

yi el d 649 30 recovered starting material). Rf E@% 1111
NVR (300W§ﬁ%6%%§ 8 1.86, 2.02, 2.03, 2.04, 2.10 (SSC%/i\(SlE ?—1

OCOCH3 x 4), 312(dd 15.0, 7.2 Hz, 1H, -CH2-), 3.44 (dd, J = 15.3, 69
Hz, 1 H -CH-), 3.78 (s, 3 H, COOCH3), 4.08-4.22 (m 2 H 11-6, H 359'),
4.43 (ddd, J =9.3, 7.8, 1.5 Hz, 1 H HJ5), 4.61 (dd, J = 12.3, 2.7 Hz, 1
H 11-9), 5.24-5.29 (m 1 H, 11-8), 5.45-5.48 (m 2 H, H4, H7), 561 (d,
J=7.5H, 1 H 54 - N4, 6.04-6.14 (m 1 H =CH), 6.34 (d, J = 15.9 Hz,
1 H Ph-CH=.), 7.15-7.31 (m 5 H, Ph) 13C NTIR (75.5 MHz, CDC13): 45 20.7,
20.8, 20.9 (OCOCH3 x 4), 23.1 (NHOOCEIr2)%®31.0 (- CH2-), 47.6 (C-5), 52.3
(coocH3), 62.0 (CG9), 67.3 (CG7), 570.4 (G 4), 70.8 (C8), 76.2 (C6),
120.3 (C-3), 126.1 (=CH), 126.5, 127.2, 128.5 (Arc), 131.7 (ArCHs), 137.1
(G 2), 141.4 (Asafprardon), 162.3 (C1), 170.0, 170.1, 170.6, 171.1

NEUXX. 1113, 000013.): Rl D¢ oL 2,2
EM141204" % EXﬂ I)e %ON@L%W -2hnPfo (3 8LQ: h0 PRI (p Qb22

5- Acet ami do- 2, 82¥hhiRiSdYsesoth WadRrte-eopR-en-onic acid (7):

phenyl - prop52, -enyl) p- Foppennd p Ga/vact deppot etenbriccoading (8¢ ,thHe = Ph):
15Conpound (8cgeReraPrardmuéepwtfctchoecsgrldlt Rih el er{lasf BRI wWasocedure
at room t enper T e.cru odu ur Y. J everse
phase HPLCrrIa)deJti1 fed aZ ‘l—lebergg phaﬁevgl’? ?t?’é&ctohen i 8P%§ £ white
solid (8 nmy, |§Eﬂ"at zfe%le opmpguns As( EtU%??\/ERBJV’-HZ(ﬁz?mQr 1i)solrrde|vR (300
Miz, D20): 8 1y86ldE1 3, NHEOSHEG ydeld(dd, s basdl5od, rdchveed 1 H - M2-),
3.3 (dd, Jis 14tzrt§194da&er'1atb 3.45-3.51 (m 2 H, H7, H9), 3.68-3.75 (m

1
2P0 b ETR ol 30y S ekt 55,0 015
7.09-7.21 (m PP m3H'1§ECRWR’(7B 87M3&d 926) 1533016 P MHRHODCHL3Y 29.5
31.0 (-CH2-), &825.(G-B}, (2. 97 (<C18) 3, 68.0 HzC- 1) H, 69cH)-(C- 4) 5860.65 (C 8),
75.4 (C6),. 12Qnp 4G, u-7, H-9), 3.82-3.89 (m, 2 H, H-8, H-9'), 4.09-
15 4.18 (m, 2 H, H-5, H-6), 4.31 (dd, J = 6.6, 2.4 Hz, 1 H,
H-4), 5.03-5.14 (m, 2 H, =CH;), 5.79-5.93 (m, 1 H, -CH=);
C.NMR (75.5 MHz, D;0): § 22.0 (NHCOCH;), 30.2 (-CHy-),
50.5 (C-5), 62.9 (C-9), 68.1 (C-7), 68.9 (C-4), 69.8 (C-
8), 75.4 (C-6), 115.7 (=CH,), 119.9 (C-3) 135.9 (-CH=),
20 174.6 (NHCOCH;) (C-1 and C-2 not observed); LRMS [Ci4Hz1NOg]
m/z (+ ve ion mode) : 354 [M+Nal*; (- ve mode) 330 [M-1]*;
HRMS (FAB): Calc. for Ci;H;NOg : 330.119441. Found: m/z
330.118000. ' ' o '

25 Example 5 , . )
o Methyl S5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-
' anhydro-3,5-dideoxy-3-c-(4,4-dimethylpent—2'—enyl)-D-
'glycero-D-galactq-non-z—enonate (8a, R = t—butyl):
To a solution of the allyl derivative (6) (120
.30 mg, 0.23 mmol) in anhydrous dichloromethane (20 mL) under
. N;, was added 3, 3-dimethyl-1- butene (0.29 mL, 2.33 mmol)
followed by Grubbs second generation catalyst (28 mg, 15
mol%), and the reaction mixture was stirred at 40°C for 24
h. The solvent was removed under vacuum and the crude
35 'product was purified by column chromatography on silica
(EtOAc-Hexane) to yield the title compound (8a) as a white .
foam (52 mg, 39%:; corrected yield 59% based on recovered



3), 125.9 (=CH), 127.3, 128.0, 128.8 (ArC), 130.7 (hr- 30 CHs), 137.3
(G2), 174.6 (14HCQ OCH3) JC-1 not observed). LRMS(C20H25N08) nizve ion
node) ]+, 368.1, 276.9, 237. 8 m zve ion [ 14- 1r,
362. 1, 3?)‘3%3'@%% 235.9. 168.9. 140.9.; HRMS (TAB): "RER AUz fitRoshs
C201125N308Na] . (+1): 430.147238. Found: mfz 430.148173. 35 Exanple 11

Met hyl 5-acetam do-4,7,8,9-tetra-0-acetyl-2,6- - 55 -

anhydr o- 3, 5- di deoxy-3-C-[ 3, -(p-tolyl)-prop-21-enyl]-pgl ycero-p-gai act o- non-
2-enonate (8d, R = 4-CH3Ph): To a solution of the allyl
derivative (6) (93 ng, 0.18, mml) in anhydrous dichl oromethane (18 ni)
under Nr2, was added 4-nethyl styrene (O. 2§ m., 1.80 nmol) foll owed by

G ubbs second generatl on catal yst (22 ng, b.027 mol, 15 nol % and the
reaction was stirred at 40C for 22 h. The sol vent was renoved under vacuum
and the crude Ptogtérywateriml?i-ed by col unm chromat ography on silica

(Et OAc- 10 Hexamied.1 o(Bticaled ;t Tre NMRt (800 ampouCBCi Bdk) a6 . 24 Whe .t & fmam (75 ny,

i solated yieldg %%% y CORT ggt ¥ @, dnﬁ coepased. 99, '£eaVeneds stardd

material). Rf 0AC) . 1 N )Hz, 3) 0 2. 03,
2.09 (4. X s, &I%—B[?( s S "zg‘DCi §€<%’ H?to%{ff

3.09 (dd, J3= 14 ? 3? 2d<Hz T ME -7 CHR-9 Hz3, ZH(dTFsz)n- 344 ,(=5. 8 Rz, 1 H,
-CH2-), 3.78 (xoo08nl),, GOACHIAA, 47 12 12dd, 3. F HZ. 3. 36 B-9¥z, 4l b, (Hd9)5‘ 4.19

dd, J = 9.6, 3. 1 1 adeft3 4.ddd, 3

(11-5), 4.61 (dd, §JE|E313H‘Z’ T A édgd' S50 11 %17%245 ‘(m 1
H 11-7), 5. 54’( 9%%“?#1%2 35 0 n‘]b“ }3'7 8oy Y4 11-4),
6.04 (m 1 H -@m=}, He H)d, 5125 8, O By, H18H S@AAE, 7.669(YH) 2 8. 1

Hz, 2 H Aap, & 18u(¢d, s keB4v Ida, 2 &) pAv); -d83 N¥Rs567%a5 HHz,9.6DCL3): 8

20.7, 20.8; 20. 1,1 2 t oLyl 310
(-Cli2) . 47 5“%(; £1n] é%ﬁ fégvn”?«ou]%%é(wmodey Ay Q.. 3

Example 6 _ B . :
1s 5-Acetamido-2, 6-anhydro-3,5-dideoxy-3-C- (4,4~ -
dimethylpent-2* -enyi) -p-glycero-p-galacto-non-2-enonic acid
(9a, R = t-butyl): | | |
Compound {8a, R = t-butyl) was deprotected
according to the'general procedure at room temperature for
20 24 h. The crude product was purified by reverse phase
' HPLC and then lyophilized to give title compound (Qa) as a
white solid (9 mg, 53%). ' -
Re 0.1 (BtOAc/MeOH/H,0, 7:2.5:0.5); 'H NMR (300 MHz, D;0): &
0.82 (s, 9 H, C(CH;)3, 1.89 (s, 3H, NHCOCH;), 2.83 (dd, J =
25 14.7, 7.5 Hz, 1 H, -CH;-), 3.17 (dd, J = 15.0, 5.7 Hz, 1 H,
-CH;-), 3.45-3.51 (m, 2 H, H-7, H-9), 3.68-3.74 (m, 2 H, H-
8, H-9'), 3.99- 4.01 (m, 2 H, H-5, H-6), 4.16 (dd, J =
6.3, 3.0 Hz, 1 H, H-4), 5.17-5.27 (m, 1 H, -CH=), 5.49 (d,
J = 15.6 Hz, 1 H, =CH-); 2°C NMR (75.5 MHz, D;0): & 24.4
30 (NHCOCH;), 31.24 (C(CHs)3), 31.6 (-CHz-), 34.6 (C(CH3)3),
53.0 (Cc-5), 65.3 (C-9), 70.5 (C-7), 71.1 (C-4), 72.3 (C-
8), 77.9 (c-6), 123.7 (=CH-), 125.0 (Cc-3), 142.9 (C-2),
146.7 (-CH=), 170.0 (C-1), 177.0 (NHCOCH3;). LRMS [CjgH;sNOs]
m/z (- ve ion mode) : 386.1 [M-1]*; HRMS (FAB): Calc. for
35 C1gH29N;0sNa; (+1) : 410.178538. Found: m/z 410.179200.

Example 7



(COOCHA, 62. 0 (C—9) 67.3 (C7), 70.5 (C4), 70.8 (CG8), 76.2 (C—6), 120.5

(G3), 125.4 (- 126.0 (hr), 129.2 (Ar), 131.5 (=CH Ar), 134.4 (Ar q

car bon), g carbon), 141.4 (C2), 162.3 (C1),

170. 5, 30 ?ﬁﬁ/‘{”%ﬁuxtcm ococH3 x 4): LRVB [ C301- 137%%%%‘%?10%?%0 e ion
node) : 626.2 RWNar, 588.2, 536.0, 440.0, 262.0 Exanple 12

5-Acetanido-2,6-anhydro-3,5-dideoxyL3-C—13'-(p35

tolyl)-prop-2' -enyl]-p-glycero-p-galacto-non-2-enonic acid (9d, R =

4- CH3Ph) : Conpound (8d, R = 4-CH3Ph) was deprotected - 56 - according to

the general procedure at roomtenperature for 24 h. The crude product was

purified by reverse phase HPLC and then |yophilized to give title conpound

(9d) as a white solid (45 ng, isolated O - 5 Rf 0.3 (EtO0Ac/ MeOH H20,

7:2:1); 111 NVR (300 MHz, D20): 8 1.98 (s, 3 H, NHCOCH3), 2.25 (p-tolyl

CH3), 3.15 (dd,. J = 15. BetRy® -’r+zegce$aH,id°€}+27-:)8,,‘93#49r§d@-,at=7==£¥14.27§-6. 0 Hz, 1

E,liczrié,(3 54nﬁy&ﬂo(3ﬂ5-31550ﬂ§r%?0m3349¢ycfbﬁ%t¥12§§oﬁnﬁ ibﬂ#l)Hgi H9),
.11-4. m 5.

6.17-6.26 (m %H’e S H%gg% ?Abd‘g Qﬁgn%JeHZ(s% 1k uéhl]"%g“’%; d, J =

8.1 Hz, 2 H Ar), 7.30 (8, 2j5elutipn pf ?4&1/&2!)1 deri KjRL Y<75 63 |\(/H2 D20): 8

20.0 (p toly1 ®Hi3)0 . 181 agrol NHODGHBY dr2@s4d{ ciichdmethBfe 4 (IG-HML)62. 8 (C-9),

67.9 (C7), 68ufaéfd). who. Jddé& %)l.nyi5c1’rgc](&ex35@) (0 126l nft,( . 82, miD)r O (AI’)

acarbon) 1410110 by, Shled Susiecibtblaniol chealyd (A WED . 1376 (4

LRVB[ C21. 1127N88¥ W%L ¢+é rohthoded tﬁazaealcmnlmxm yasaBEiresfic. for
C2111221110eNaat 4el4C ¥s2888. h FoThwl salivenOwas) & ci®4éd5undoma malcaui3and

Met hyl. 57aggt aEhQOchJe %r%dh@é f@a@ﬁﬁ%}réa% “column chromatogra.phy on
anhydr o- 3, 5-di dep X2 é%d;% Hg t buto égggny % gro ‘f ) as
aI% i & oxy ﬁﬁf

enyl] - n- glycero n- 0- non- norate
a whlte foam (52 mg, isolate y:.eld 45%, corrected yield

OUU

64% based on recovered starting material).

R: 0.65 (BtOAc); 'H NMR (300 MHz, CDCl;): 8 1.00-1.27 (m, 5
15 H, cyclohexyl), 1.65 .(m, 5 H, cyclohexyl), 1.86, 2.02,

 2.04, 2.08 (58, 16 H, NHCOCH;, OCOCH; x 4, cyclohexyl-CH),

2.77 (dd, J = 15.0, 7.8 Hz, 1 H, -CHz-), 3.35 (dd; J =

14.7, 5.1 Hz, 1 H, -CH,-), 3.75 (s, 3 H, COOCH;), 4.12

(dd, J = 12.3, 6.9 Hz, 1 H, H-9), 4.17 (dd, J = 9.6, 3.3
20 Hz, 1 H, H-6), 4.41 (ddd, J = 15.9, 6.3 Hz, 1 H, H-5),

4.62 (dd, J = 12.3, 3.0 Hz, 1 H, H-9'), 5.22-5.28 (m, 2 H,

H-8, -CH=), 5.30 (d, J = 6.6 Hz, 1 H, H-7), 5.40-5.46 (m,

2 H, H-4, =CH-), 5.53 (d, J = 8.1 Hz, 1 H, NH);

LRMS [C25H,1NO 2] m/z (+ ve ion mode) : 618.1 [M+Nal".

25
Example 8 _
| 5-Acetamido-2, 6-anhydro-3, 5-dideoxy-3-C- (37 -
cyclohexyl-propfz ' -enyl) -D-glycero-_n-galacto—non-‘2 -enonic
acid (b, R = cyclohexyl): L '
30 Compound (8b, R = cyclohexyl) was deprotected

according to the-general procedure at room temperature for
24 h. The crude product was purified by reverse phase
HPLC and then lyophilized to give title compound (9b) as
white solid (12 mg, isolated yield 33%).

35 Re 0.2 (BtOAc/MeOH/H,0, 7:2:1); 'H NMR (300 MHz, D;O)}): &
0.82-1.15 (m, 5 H, cyclohexyl), 1.41-:1.52 (m, 5 H,
cyclohexyl), 1.76-1.78 (m, 1.H, cyclohexyl-CH), 1.88 (s, 3



To a solution

of the allyl derivative (6) (75 ng, 0.14 mol) in anhydrous

di chl oronet hane (18 nlL) under N2, was added 4-(tert-but oxy)styrene (0.

m., 1.46 m&?”ﬁgﬁo&/&)l | owed by Grubbs second generation i,gtr %}/0()?192) 8 ng,

0. 021 mmol

and the reaction was stirred at 40

27

sol vent was renoved under vacuum and the crude product was pu_rlfled by
col um chr omat ogr aphy on silica (EtOAc-Hexane) to.yield the title conpound
(Be) as 35 a white foam (30 ng, isolated yield 31% corrected yield 59%

based on recovered starting material).

8 1.30 (s, 9

J14.4, 6.9 Hz,
Hz, 1 E HO9),
7.8, 7.8 Hz,

H - 57 - C(M42)3), 1.87, 2.02, 2.04, 2.10 (5 x s, 15 H,
NHCOCHS, Ocoarbx4) 3.06 (dd, J = 14.4, 7.2 Hz, 1 H, -072-), 3.46 (dd,

- CH2-), 378(3 3 A 5%0007/3), 4.12 (dd, J = 12.6, 6.

419 = 9.3, 53.3 Hz, 1 H H6), 4.43 (ddd, J =
184 Nﬁcéﬁfﬁsm 6@7€dé|ddd Z =1 2467, 37(5 M=, 1 H, HFR-), B.9%

9.6,
(n,

H 11-8), 5. 37 ((d#r Jd = 4 37 H5-418H, 51 46, (de,-), 3.32113. 393“&? 2 ]H Hu-%1-7),
750z, 31ls7l3 H'34)(m,52919 (rme Auds )C".‘; 95 930 ({nd 4u &5 ° HZ’

5.61 (d, J =
1 H =CHAr),

ArH): LRVB ot BaiRoott ('+ v i nzo&egl Lifh, C’PWNQ)”

5- Acet ani do=2, §PanhyHir o=F=9-/di5d48x ydd- & E3'15(4. 45 Hz, 1 H, =CH-); *°C

tert-but oxyphew;@) {ps op-MBiz.emyd) = 15 ghyee(mcccggj acjs) g],orzsz-y gaonani ¢ aci d

(9e, R = 4-(t-

deprotected acg

h. The crude

10

15

20

25

o EQ&M&:%PJ)), 250'11)?“81@ h8esaRy = cé} Phs]s Aas
ener procedure
prgauc{;‘g%@ 3?0'92 %&, %746 e 682 (c 7), 68.4 (C-
4), 69.6 (c8), 752 (C-6), 115.9 (C-3), 124.2 (=CH-),
139.0 (-CH=), 169.0 (C-1), 174.4 (NHCOCH;) (C-2 not
observed) . LRMS [C2¢H3:N03) m/z (+ ve ion mode) : 436.2
[M+Nal®, 396.2, 319.2, 218.6, 179.4, 133.8; m/z (- ve ion
mode) : 412.2 [M-HI*, 340.0, 269.0, 199.9, 164.1; HRMS
(FAB) : Calc. for CaoH;N;OpNa; (+1) :. 436.195178. Found: m/z
436.194188. - :

Example 9
» Methyl 5-acetamido-4,7,8, 9 tetra-0O-acetyl-2, 6-

E(%\%ple 14

S Ur S or 24

anhydro 3,5- dldeoxy 3- C-(3'-phenyl -prop-2'-enyl) -op-glycero-

p-galacto-non- 2- -enonate (8c, R = Ph) :

To a solution of the allyl derivative (6) (100
mg, 0.19 mmol) in anhydrous dichloromethane (19.5 mL)
under N, was added styrene (0.22 mL, 1.94 mmol) f£ollowed
by Grubbs second generation catalyst (19 mg, 0.023 mmol,

~ 12 mol%) and the reactign was stirred at 40°C for 22 h.

The solvent was removed under vacuum'and the crude product

- was purified by column chromatography on silica (EtOAc-

30

35

Hexane) to yield the title compound (8c) as a white foam
{30 mg, isolated yield 26%, corrected yield 64% based on
recovered starting material). :
"Ry 0.7 (EtOAc); 'H NMR (300 MHz, CDCl;): & 1.86, 2,02, 2.03,
©2.04, 2.10 (5s, i5 H, NHCOCH;, OCOCH, x 4), 3.12 (dd, J =
15.6, 7.2 Hz, 1H, -CHz-), 3.44 (dd, J = 15.3, 6.9 Hz, 1 H,
-CHz-), 3.78 (s, 3 H, COOCH;), 4.08-4.22 (m, 2 H, H-6, H-

9'), 4.43 (add, J = 9.3, 7.8, 1.5 Hz, 1 H, H-5), 4.61 (dd,

J = 12.3, 2.7 Bz, 1 H, H-9), 5.24-5.29 (m, 1 H, H-8),
5.45-5.48 (m, 2 H, H-4, H-7), 5.61 (d, J = 7.5 Hz, 1 H,

1

Rf 0.7 (EtOAc); NR (300 MHz, CDCL3):

9



20 reverse phase HPLC and then |yophilized to give title conpound (9e) as a
white solid (11 ng, isolated 61%. Rf 0.3 (EtO0Ac/ MeOH H20, 6:3.5:0.5); NMR
(300 MHz, 11 (s, 9 H C(CH3) 3, 281(s 3H, N (dd, J
= 15.6, 8w§%ﬁé1/oo§zo§ “a2t). 3.11 (dd, J . 15.0, 5.7 HZHE?;E%]ZO@O%
3.35-3.44 On, 2 H H7, 11-9), 3.62-3.69 (m 2 H H3, H9), 392395(|n,
2 H H5, 11-6), 4.08 (dd, J =6.6, 2.4 Hz, 111, 11-4), 6.02 (m 1 H,
-CH), 6.28 (d, J =15.9 Hz, 1 H =CHAr), 6.83 (d, J =8.4 Hz, 2 H ArH),
7.18 (d, J =8.7 Hz, 2 H ArH); LRVS(C241331409) nmlz (- ve ion node) 30
477.8 (M114; HRMS (FAB): Calc. for C241133N109Nal (+1) : 502.204753.

Found: m z 502.207250. Exanple 15 Met hyI :

5-acetam do-4,7,8,9-tetra-0-acetyl-2, 6- 3% -

anhydr o- 3, 5- di deoxy- 3- G- ( 3' - napht hyl - prop-2' - enyl) - p-

gl ycer o- D- ga/ 88D a- fepd 26 eioria-e 1( Bf , =F¥2 .n&pReh{f-. | =Td5a%sBFutl dfr of the
ally]. derivatinent$) 11007 80 26114 GD6208 PCTCANER 107 00905 , - CBE15) ny, 0. 19

mmol ) in anhydsoyg, 5" cm%row Balascééz? 20 d)za‘”id%négcﬂg")’assi‘d@e@-z vi nyl
napht hal ene (0. 29 94 fol'|l owed bﬁ% xbbﬁ &mgd (g:e ration
catal yst (24. &5y’ 0470‘f9 (ﬁ'nﬁ? i% 3f’rD‘Iq?cf’cgi’\)d't a0 85¢ fifted at 40C
for 26 h. Bhe olydAtahas?T-Aded) unter2 Vvigcgim 2. 3 h‘é—‘-ér)udézf)fbduct ‘was
purified by cojagmm)chisems oaranhy ome s | (aae) ( ELOACT Heeame) ,t03yiel d the

(Tol uene Bt oA D) 2#%“%1%88%2 et 5;' ooy %B‘éjf"?“ o)
%

.02, 2.03, 2.398-62 111} QECOCHy, |9COSHa 13)E 12J *0Y%6.9 Hz, 1
H -Cl12-). 3.i4% @dde) J: 61520 [MeN8IHz, 1 H, - -), 3.80 (s, 3 H
COOCTI 3), 14 13 (dd, J12.3, 7.2 Hz, 1 H H9), 4.22 (dd, J = 9.3, 3.6 Hz, 1
H H6), 4.46 1eJ1 9.6, 7.8, 7.8 Hz, 1'H 'H-5), 154.61 (dd, J = 12.3,
3.0 Hz, 1 H HF9% 7 (m 1H,

5-Acetamido- 5+6 -anhydro-3,5- dldeoxy -3-C-{3'-
phenyl prop- 2'-eny1) -pD-glycero-p-galacto- -non-2-enonic acxd
(9¢, R = Ph):
.15 Compound (8c, R = Ph) was deprotected according
' to the general procedure at room temperature for 24 h.
The crude product was purified by reverse bhase HPLC and
then lyophilized to give title compound (9c) as a white
solid (8 mg, isolated 40%). ' ‘ . |
20 Re 0.2 (EtOAc/MeOH/H,0, 7:2:1); 'HB NMR (300 MHz, D;0): 8
1.88 (s, 3H, NHCOCH;), 3.1 (dd, J =.15.3, 7.5 Hz, 1 H, -
CH;-), 3.3 (dd, J = 14.7, 5.4 Hz, 1 H, -CHz-), 3.45-3.51
(m, 2 H, H-7., H-9), 3.68-3.75 (m, 2 H;, H-8, H-9'), 4.01-
4.03 (m, 2 H, H-5, H-6), 4.21 (dd, J = 6.0, 3.0 Hz, 1 H,
25 H-4), 6.12-6.22 (m, 1 H, =CH-), 6.38 (d, J = 15.9 Hz, 1 H,
Ar-CH=), 7.09-7.21 (m, 5 H, ArH); '>C NMR (75.5 MHz, D,0): &
21.9 (NHCOCH;), 29.5 31.0 (-CHp-), 50.5 (C-5), 62.9 (C-9),
68.0 (C-7), 69.0 (Cc-4), 69.8 (c-8), 75.4 (C-6), 120.6 (C-
3), 125.9 (=CH-), 127.3, 128.0, 128.8 (ArC), 130.7 (Ar-
30 CH=), 137.3 (C-2), 174.6 (NHCOCH;) (C-1 not observed).
LRMS [C20H2sNOg) m/z (+ ve ion mode) : 430.1 [M+Nal®, 368.1,
. 276.9, 237.8; m/z (- ve ion mode) : 406.1 [M-11%, 362.1,
308.1, 284.1, 235.9, 168.9, 140.9.; HRMS (FAB): Calc. for
‘ CaoHpsNiOsNa; (+1) : 430.147238. Found: m/z 430.148173.
35
Example 11
Methyl S-acetamlido-4,7,8,9-tetra-o- acetyl 2,6-



8), 5.40 (d 6

,J = 1 H NH, 5.48 (dd, J = 5.1, 3.6 Hz, 1 H HT7),
565(d J:78 J =

9.6 Hz,
Hz, 1 H H4), 6.23 (m 1 H -CHs), 6.51 (d, 1 :
7.43 (m 2 H ArH), 7.53 (dd, J = 8. ,

ArH) 2 6‘?6) g‘%H ArH), 7.74-7.77 (m 3 H ArH; .1%8%6%0 ‘.)% MHz,
CDC13): 8 20. 7 20.8, 20.9 (OCOCH3 x 4), 23.1 (14HCOCH3), 31.21 (-CH2-),
47.5 (C-5), 52.3 (MX7113), 61.9 (C-9), 67.3 (CG-7), 70.5 (C-4), 70.8 (C-8),
76.2 (C-6), 120.3. (C-3), 123.4 (-01=), 125.6, 125.8, 126.1, 126.9, 127.86,
127.8, 25 128.1 (ArC), 131.7 (=CHAr), 132.7, 133.5, 134.5 (Ar q carbon),
141.4 (G2), 162.3 (C1), 170.0, 170.1, 170.5, 171.1(NHCOCH3, OCOCH3 X 4):
LRVS [C2131137NX22] mz (+ ve ion m)de) . 662.2 DfiauVv, 630.3, 602.2. .30
Exanmpl e 16 5-‘Acet ani do- 2, 6-aRPydr o- 3, 5- di deoxy- 3- C- (3" -
napht hyl - prop-2' -eny1)- Dglycero Dga/ acto-non-2-enonic acid [9f, R =
napht hyl ]: ComARiydre88 5 ridapaphBhgt §3 Vva@-dtepYblﬁu;!t@d-ZBSeamDﬂd-l ng to the
gener al procedylycairornayalaxtpenah iz addilatdb (Ba, Td’l& Qr.u,-d?pﬁ)roduct was

h { und
Fgg;f;gdaby_revers\zhp gs-g%r#”sgg%goﬁ’ | sé?éogp‘%{’% vﬁtql Ve(H | £, compoun

( Et 0Ac/ MeOH/ FR @97 0218 FR%s)). i Rpfy n% hlemmhm; Zlélm%NHBIMP,)
3.33 (dd, J5= &h4 ¥p& added 4omethylsEySened(0J23 md,01HE) mmdl) Holllowdd65

(dd, J :41(1)64 H'yld;\rbbbs lsdddndg@herst il %a&ali,gt @2Himgtt 8. ok Qnml_?llHHél)
60232. %m 1 H 64158€\§g% %zd_'tgx% ?‘ﬁ%tt c).brhwascﬁ_zjt r%df?: -} g Fz?rf %2 |1"1 ArH) . '
7.60 (dd, J= sThe o%v?_&t ‘\:P.SHreRPFEd undeg vacuym @nd jhpe) crqdqurpdig:t(m 3
H ArH); "C NVWas purified by column chromatography on silica (EtOAc-
10  Hexane) to yield the title compound (8d) as a white foam
(75 mg, isolated yield 69%, corrected yield 77% based on
recovered starting materlal)
Ry 0.7 (EtOAc); 'H NMR (300 MHz, CDCl,): & 1.85, 2. 02, 2.03,
' 2.09 (4 x 8, 15 H, NHCOCH3, OCOCH; x 4), 2.28 (s, 3 H, p-
15  tolyl CHi), 3.09 (dd, J = 14.7, 7.2 Hz, 1 H, -CH2-), 3.42
(dd, J = 14.4, 6.6 Hz, 1 H, -CH.-)}, 3.78 (s, 3 H, COOCH;).
4.12 (dd, J = 12.3, 6.9 Hz, 1 H, H-9), 4.19 (dd, J = 9.6,
3.3 Hz, 1 H, H-6), 4.43 (ddd, J = 9.6, 9.3, 8.1 Hz, 1 H,
H-5), 4.61 (dd, J = 12.3, 2.7 Hz, 1 H, H-9'), 5.25 (m, 1
20 H, H-8), 5.46 (m, 1 H, H-7), 5.54 (d, J = 9.6 Hz, 1 H,
NH), 5.60 (d, J = 7.8 Hz, 1 H, H-4), 6.04 (m, 1 H, -CH=),
6.30 (d, J = 15.9 Hz, 1 H, =CHAr), 7.06 (d, J = 8.1 Hz, 2
H, Ar), 7.18 (d, J = 8.1 Hz, 2 H, Ar); “c NMR (75.5 MHz,
CDCl3): 8 20.7, 20.8, 20.9, 21.1 (OCOCH; x 4), 23.1
25  (NHCOCH;, p-tolyl CHy), 31.0 (-CH;-), 47.5 (C-5), 52.2
(COOCH;), 62.0 (C-9), 67.3 (C-7). 70.5 (C-4), 70.8 (C-8),
76.2 (C-6), 120.5 (C-3), 125.4 (-CH=), 126.0 (Ar), 129.2
(Ar), 131.5 (=CH-Ar), 134.4 (Ar q carbon), 137.0 (Ar q
carbon), 141.4 (c-2), 162.3 (C-1), 170.0, 170.1, 170.5,
30 171.1 (NHCOCH;, OCOCH; X 4); LRMS [CyHyNO;;) m/z (+ ve ion
mode) : 626.2 [M+Nal*, 588.2, 536.0, 440.0, 262.0 ‘

Eicamgle 12 : o
5-Acetamido-2,6-anhydro-3,5-dideoxy>3-C-[3" - (p-
35 tolyl)-prop-2'-enyl] -D-glycero-D—galacto-non'~2—ehonic acid
(9d, R = 4-CH,Ph): ' _ o
Compound (8d, R = 4-CH;Ph) was deprotécted



10(75.5 MHz, CD30D): 8 21.2 (NHCOCH2), 29.4 (-CH2-), 51.4 (C 5), 63.3
(C—9) 68.4 (C-7), 68.7 (C4), 69.8 (C8), 76.0 (C6), 122.3 (C3), 123.4
8, 127.1, 127.4, 127.6, 127.9 (ArQ), . = r),
{35 8, 1:13,%5?81 bty (Ar g carbon), 162.3 (C-1). 173.5 (ﬁﬁ%@m@@
LRVS[ C24H27NO8] m z (+ ve ion node) : 480.1 p4+Nir, 440.17 ve ion
node) 456.1 DI -Hr, 412.1, 334.0, 304.0, 236.9. Exanple 17 20Met hyl
5-acetam do-4,7,8,9-tetra-0-acetyl-2, 6-
anhydr o- 3, 5- di deoxy-3-C-14' - (3, 4-di met hoxyphenyl) - but - 2, -
enyl) - D-gl yvero- D-ga/ act o- non- 2- enonat eR = 3, 4- di met hoxybenzyl|: To a
solution of the allyl derivative (6) (200 25 ng, 0.38 mmol) in anhydrous
di chl oronet hane (39 nL) under ‘N2, was atddtf -4- al l'yl-1, 2-di net hoxybenzene
(0.66 nm., 3.89 mmol) followed by G ubbs second generation catalyst (39 ng,
0.046 mol, 122ssPsginghd-q ltvder gareFdh Presedutre ratl mpoml 6Enperatdfeh f£oFhe
sol vent was remaved urkiercsndeuppodidt st beri:ﬂtdfb@r auetsdasdue | fied by

col um chromat ggggpgydqghey hi6R g‘fg%p%cyl eég@g Ne R NC-1N ?{é%g H \ %278 bound

(8g) as a white foam g IS corre ased
on recovered sFAMEFN ]rf'aqe Pafty - bAc) 1H. NNR (300 MHz, 03C13):
5 1.86, 1.98, 8% @ :‘UZ(EtQAQZMQQHMQQ, 'Z|.52=H-) ,Nm (30C0EHR2, x00) : &. 87 (dd,

I'Cli' I 1_4T7 1521H98 is H3 H)18mtocs;)23.69. (pi t01§16chH?,, 3 .Hs 1a&Hdr)- 3. 3’482
ggs(omsxz) h“’Zé{d’lv’rHCH‘"?”AQ’esE) ((sdfl-IJH-g?42(9?a’d§)J'—87
5.1 Hz, 1 H, Hﬁﬁ’r 4 &05€dad61J‘mv ¢ B B '9 Hr93,18-79-34 864 (g, 24HG1H{ dd, =
12.3, 2.7. Hz, 8 HI-HX )4.13-2518n{m,] 2HH, H18Y, K-636 @d30J(ad 9.6 Ha,.s51 H,
NH), 5.42- 50524(12(11{8 H o f-4) O 1762k, R, 50 r, -cH=), 6.45 (4, o =

15.9 Hz, 1H, =CH-Ar), 7.16 (d, J = 8.1 Hz, 2 H, Ar), 7.30

(d, J = 8.4 Hz, 2 H, Ar); *C NMR (75.5 MHz., D,0): 5 20.0

(p—t’olyl CH3), 21.9 (NHCOCH3), 29.4 (-CH,-), 50.4 (C-5),

62.8 (C-9), 67.9 (C-7), 68.9 (C-4), 69.7 (c-8), 75.3 (C-

- 15 6), 121.4 (C-3), 125.9 (Ar), 126.8 (-CHy-CH=), 129.3 (Ar).

130.5 (=CHAr), 134.4 (Ar q carbon), 137.6 (Ar g carbon),

141.0 (C-2), 174.5 (NHCOCH;) (C-1 mot observed). _

LRMS [C;H27NOg]l m/z (- ve ion mode) : 420.1 [M-1]*; HRMS

(FAB) : Calc. for CgH,;N1OgNa;: 444.162888. Found: m/z

20 444.164115. -

Example 13
Methyl 5- acetam:.do 4,7,8,9-tetra-0O-acetyl- 2 6- -

anhydro 3.5- dldeoxy 3-C-[3'-(a- tert -butoxyphenyl) -prop-2"'-
25 enyl] -pb- glycero p-galacto-non-2-enonate [8e, R = 4-(t-
butoxy) Ph] : ‘
To a solution of the allyl derlvatlve {6) (75 mg,
0.14 mmol) in anhydrous dichloromethane (18 mL) under N,,
was added 4- (tert-butoxy) styrene (0.27 mL, 1.46 mmol)
30 followed by Grubbs second generation catalyst (17.8 mg,
0.021 mmol, 15 mol%) and the reaction was stirred ‘at 40°C
- for 24 h. The solvent was removed under vacuum and the
crude product was purified by column chromatography on
- gilica (EtOAc-Hexane) to .yield the title compound (8e) as
35 a white foam (30Amg,visolated yvield 31%, corrected yield
59% based on recovered starting material). b .
Re 0.7 (BtOAc); 'H NMR. (300 MHz, CDCl;): & 1.30 (s, 9 H,



(d, J =7.8 Hz, | H 11-4); "C NWR (75.5 MHz, CDC13): 8 20.6, 20.7, 20.8
(000CH3 x 4), 23.0 (NHCOCH3), 30.3 (-CH2- ), 38.4 (-CH2-), 47.4 (C5), 52.1
( COCCH3) ,We308/006889 ((OCH3.x 2), 62.0 (C9), 67.4 (C 7)PCTALRRO0QINS 71.0
(&8), 10 76.2 (C-6), 111.2, 111.8, 120.2 (ArO, 120.6 (C3), 127.4
(-CH=CH), 131.4 (-CH. CH), 133.0 (Ar g carbon), 141.1 (C2), 147.2, 148.8
(Ar q carbon), 162.3 (C1), 169.9, 170.0, 170.1, 170.2, 170.5 (OCOCH3 x 4,
NHCOCH3) ; LRMS (C321141NG3.4] mz ve ion node) : 686.2 [ MtNal f. 15 Exanpl e
18
5- Acet am do- 2, 6- anhydr o- 3, 5-di deoxy-3-C-r4, - (3, 4-
d| nmet hoxyphenyl) but-2' -enyl7-u-gl ycerq- gngal act o-non-2- enonic acid (99, R
= 3, 4-di met hoxybenzyl]: 20Conpound (8g, R =.3,4- d| met hoxybenzyl ) was

deprotected ac ng to_the_gener prqQc r t I ure for

h. The crude p cd%&i Bﬂr?fﬁ;'d 2;;) egéig H%lsé %gn%etgg c{cﬁ}é -

| yophi | i zed t PfGFHe Fl‘%)l'e @pdddd {9y)1%ad ' 3-3hf2e & i dCFLD ng - 46sol at ed
86% . 25 RE 0. pad,EwOACAMBOH E40 H26: 3: &) ; -5 - NKRs (BOQWHB, HD26YoCHSS , 1 84
(NWEOCHA, 2. 86, (i g =512 5.6, @ 5medh 0 O3}, 490 15 (my. 3 M
-CH2-, - CH2- Argz 4673751 (m b, 54 H, Olve) ,
3.67-3.71 %ZHéHHg“)G"s%f 3(6‘*}‘i rﬁ-29H H llé‘) 24, 67421(m 1
H H 30 4) HE0 (460 HId=@H) 1256533(¢nnz1. A, H, GBE9') 6.5636(dm,J1= 8.1 Hz,
| H ArH), 6.7 (ds)) 5. 271(<HZ,J|— bi 6 B4, (d.H. ublz, 5 ladd, (dﬁrE)T =" 421 NVR

(75.5 MHz, D2 219 9 (-C 0.5 (C5)
55.6. 55,7 (203 X (@-9é s32tg (‘%:-7)]71%65 iéﬁ@?x é 52 -8),
75.3 (CG-6), 11901 Ho- ‘z‘H“’lfch O APe)d 179 @z 134.5
(C-3), 14602, (U480~ 858 Bez( & Hy daHbon], 2017(41 5-7( chcm (zcnl AGI}Z. not
observed); Qa8 1EQR6ARRACH AUAGL0L0009Gmae)6) sad RVEM.GIHE3, NO20) i z
(- veion node) : 480.1 [MH], 439.1, 394.2, 277.0; HVS (FAB): Calc. for
C23H31N1OLONal (+1): 504.184017. Found: -miz 504.185864. 5 Exanple 19
Example 14 e

5-Acetamido-2, 6-anhydro-3,5-dideoxy-3-C-[3'-(4-
15 tert-butoxyphenyl)—?ropfz'fenyllaD-glycero-D—galacto—non-2-
enonanic acid [9e, R = 4-(t-butoxy)Ph]:

Conpound [8e, R = 4-(t-butoxy)Ph] was
deproteCted’according to the general procedure at room
temperature for 24 h. The crude product was purified by

20 ‘reverse phase HPLC and then lyophlllzed to give title
compound (9e) as a white solid (11 mg, isolated 61%).
R: 0.3 (EtOAc/MeOH/H;O, 6:3.5:0.5); 'H NMR (300 MHz, D0):
1.11 (s, 9 H, C(CHs3)3, 2.81 (s, 3H, NHCOCH;), 2.91 (dd, J =
15.6, 8.4 Hz, 1 H, -CH;-), 3.11 (dd, J = 15.0, 5.7 Hz, 1 H,

25 -CHz~), 3.35-3.44 (m, 2 H, H-7, H-9), 3.62-3.69 (m, 2 H, H-
8, H-9'), 3.92-3.95 (m, 2 H, H-5, H-6), 4.08 (dd, J = 6.6,
2.4 Hz, 1 'H, H-4), 6.02 (m, 1 H, -CH=), 6.28 (d, J = 15.9
Hz, 1 H, =CHAr), 6.83 (d, J = 8.4 Hz, 2 H, ArH), 7.18 (d,
J = 8.7 Hz, 2 H, ArH); LRMSI[C;H33NOg;] m/z (- ve ion mode) 1

30 477.8 [M-1]*; HRMS (FAB): Calc. for CHisM;0sNal (+1)
502.204753. Found: m/z 502.207250.

Example 15 _ :
Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-

35 anhydro-3,5-dideoxy-3—c-(3'-naphthyl-prop-z'-enyl)-D-
glycero-p-galacto-non-2-enonate ([8f, R = naphthyl]:
To a solution of the allyl derivative (6) (100



Met hyl 5-acetam do-3-C-(3' -acet oxypropyl)-
4,7,8,9-tetra-0-acetyl -2, 6-anhydr o- 3, 5- di deoxy- D-gi ycer o- Dgalacto non 2-en-

onate(l lution of the allyl derivative (6) (3¢

nmol ) |nl%llry ﬂ‘/lﬁlé—z%?zo mL) under N2, was added 9- BEN sol ut| on ?ﬁ%ﬁl?—i% (0.5 M
(1.54 nL, 0.77 mmol ). The reaction m xture was stirred at 50 C for 12 h.
The crude boronic acid (10) was treated with hydrogen peroxide (2 niL) and
ag. NaOH solution (0.2 nL, 1 NI at 0 C and the 15 reaction m xture was
stirred at roomtenperature for 30 mn. The reaction mxture is diluted
with ethyl acetate and washed with ag. NaCl . The organi c phase was dried
(Na2EK4), filtered and evaporated under reduced pressure. The crude product
was dissolved in dry acetonitrile under 288N2 and to it was added acetic
anhydride (1 nL) followed by DVAP (5 ng). The reaction mixture was stirred
at room for 24 »gaf%-d® wapth in aphydrowe chiqhdioadmghbane r PudSedLpr essur e.
The resi due wasurmlieasalyechd madelyb - aﬁqimhaphwshe@b Wd.Roagflg, Na@4 dried
(mk2$04), [t Ghiefly 38915med AP UALEY y&doeﬁd GRAUERH: Bl CARUIG s T, 08 U

product was purlfl%d % | ash chrorra ogn on silicato he title
conpound (11) . &'a P ™ FOEm P2 F°My %'iﬂ?elreﬁﬁ%‘éns‘faespﬂt“RFdoaB

(H 0AC); . 118 NWR 'C3GQxMRE, h ikl solgent Mhg memdvild @deGHI-acuub. 88d 2 01,
2.02, 2.03, 2.0fhd Beudé Sprbad¥diCeEsp um 2biugn 2oiromatolth

O, o e e S AR S
0

H!

3.6 1 H HB" 1& 380 P2 Fa- igokaterd yigld 74%)- 35 11- 5) 4.61 (dd, J
= 12.0, 2.4 Hz Re10B H:cghjeneaEng@maomlnmmap nﬁchr(dd) :J53.875, 2.7
Hz, 1 H H18), &.,59 fi¢l, nHeoos,) 8 02,1 2Hozt 4)e4 5. 26811(% x & '1 1A,

20,7, 20 301%%%88’881%%2859’&%%%% 0.5 5334 Gh G 3' 3(:@12 T 8
(C-5), 52.1 (CAC18P; 9620 F (HE-o}, B3 CHy-)« 2:89- ac)P, H67Cq°<(fe)7)4 ¥9.5 (G
4), 70.9 (C 8),(df6. 0 ¢C1B)3, M2 Bz(CQ 3, H-41,34(D2 2)dd,5162. 8.6 -4)6 170 1
170.2, 170.6, kel.1, n]l7-& (MHEeCkBaa OQPCLL36X Hls, LRB L Yeyuogea),)
596. 2 [ Mg, P W& 5 - 12.3, 3.0 mz, 1B, H-9'), 5.27 (m, 1H, H-
8), 5.40 (4, J = 9.6 Hz, 1 H, NH), 5.48 (dd, J = 5.1, 3.6
Hz, 1 H, H-7), 5.65 (d, J = 7.8 Hz, 1 H, H-4), 6.23 (m, 1
H, -CH=), 6.51 (d, J = 15.9 Hz, 1 H, =CH-Ar), 7.39-7.43
(m, 2 H, ArH), 7:53 (dd, J = 8.7, 1.8 Hz, 1 H, ArH), 7.64
20 (s, 1 H, ArH), 7.74-7.77 (m, 3 H, ArH); ¢ NMR (75.5 MHz,
CDCl3): & 20.7, 20.8, 20.9 (OCOCH; x 4), 23.1 (NHCOCH;),
31.21 (-CH,-), 47.5 (C-5), 52.3 (COOCH;), 61.9 (C-9), 67.3
(C-7), 70.5 (C-4), 70.8 (C-8), 76.2 (C-6), 120.3. (C-3),
123.4 (-cH=), 125.6, 125.8, 126.1, 126.9, 127.6, 127.8,
25 128.1 (ArC), 131.7 (=CH-Ar), 132.7, 133.5, 134.5 (Ar q
carbon), 141.4 (C-2), 162.3 (c-1), 170.0, 170.1, 170.5,
- 171.1(NHCOCH;, OCOCH; x 4); LRMS [C33HyNO;,] m/z (+ ve ion
mode) : 662.2 [M+Nal®, 630.3; 602.2. |

.30 Example 16
5-Acetamido-2, 6-anhydro-3, S—dideoxy-BF-C-. (3'-

: naphthyl -prop-2'-enyl) -p-glycero-p-galacto-non-2-enonic’
acid [9£, R = naphthyl]:
‘ Compound (8f, R = naphthyl) was deprotected

35 according to the 'ger'z.eral procedure at room temperature for
16 h. The crude prbduct was purified by reverse phase
HPLC and then lyophilized to give title compound (9f) as a



Exanpl e 20 105- Acet am do- 3- C- ( 31- hydr oxypropyl) -2, 6- an3ydro- 3,

5-di deoxy-D-4./ycero- D gai act o-non-2-enonic acid (12): Conpound
(11) was d according to the general procedure The
crude pr o\gﬁc%?ﬁ\%\(g?ogurlfled by reverse phase HPLC and thgﬁTﬁJﬁ{?{Oﬂ@zogd to 15

give title conpound (12) as white solid (42%. Rf 0.2 (EtOAc/ NEOH/ 1120,
7:2:1); 118 NWR (300 MHz, D20): 8 1.47-%.68 tm 2 H, -CH2-), 1.91 (s, 3 H,
NHCOM T3), 2.21- 2.28 (m 1 H, -CH2-), 2.42-2.52 (m 1 H, -CH2-), 3.43-3.51

(M 4 E H7 Hadee 9@2;9%&473.‘, sdoldubdloytl H8 HO), 20398400 (m
;234? 1|+D|5 A;_t6) 4 25 513_0Ac/Me0 /gzO. 7 zHél\@t?&/‘I #ﬁ)ﬂk k’:ﬂ)vsbg{zv,ecm D)>

5-acet am do-4, B 8 91t EVHEOQH:dceBydd (B, g5= 8.4 Hz, 1 H, -CHz-), 3.56
i: Fleloxy 3-C p(rjony,l Jp=eeybhro; & lx,gkvep; hn:onss’e (ad, opg/&angsones.e; (:&3) 1 '

yl conpoun 3 s qi v, L tQ. 1t a acetic
acid (4 rrL)lé PF )H%l g §0§ 10(32} gETﬁeaI?ceHac#gn filaﬁ V\(ﬁ%g t()zleg]gsgé;d usi ng

d/ C
vacuum and 30 t?‘fé‘r‘? h‘Wr ﬁna‘fl%n"rééct?oﬁ 7 Wiy dafrfed Bt din .
appar at us unders t#tdrimgen (140-%)) &t 6Bobda tEnpESadule, THe prasgness of
reacti oln was nmllatvaﬁedszmTLﬁ%afAtrﬁD gﬁmvd eta, cqnlauapﬂ of, Pfuest ar i, ng
mat erial reacti m xt upe celit € esi s
washed with 35 Acmp )6 FB égvas]ld_* ;}h;gu,gh,éc,d of 3 19 dA ngel%gu&a

Concent rat &8 untfér- W@Hﬁceﬂ”{ﬂ"éssﬁ ‘t'~’0 GEECH ea?@ - ger‘r%’l)veﬂTﬁe(%T ude
product was purgf.i &3.by (€+ash 68M@ 2011} DOSR2OBRCTAN264 08 00D30S 7668 -

chi’ogaE ggraphy aﬁe‘sltl hed.gelcip, aflfzgrﬁl tr@qiltgllascwmwgde(hgzh .3 a white
SOl 1 , e

CDC12) : 0 ’(szto) 4 ‘lzé.g, %’9’% A‘“EP:FB? £§ @% iﬁi N\Qjé %@N’fm ),
1.82 (8, 3 H 5131\'5Heo¢ﬁ5)q qaxpwn)y 362.3 (B;1)2. 373¢§ éNH‘M'-'IH)'COVI x 4),
2.30-2.37 (U5 ILENS [d:3%;NR]188/%S(+ SreHiobCublle) 3: 9480l.d, [B+Nall2. 340722 Hz, 1

H, H'9) 4.11- 4u 7((”kre2ktm|‘nh§ie)|"‘6)156413 -(Iﬁd 412.11 3@4 % 43big, 01 H
H 99, 4.96 (t, -,10.5, 79, , .15 (m 1'H, H—8§ 5. 27

(dd, 3 =

Example 17 :
20 Methyl 5- acetam;do 4,7,8,9-tetra-0O-acetyl- 2 6-

‘anhydro-3,5-dideoxy-3-C- [¢'- (3, 4- -dimethoxyphenyl) - -but-2'-
enyl] -p-glycero-D- galacto—non-z encnate . [8g, R = 3,4-
dlmethoxybenzyll‘
To a solution of the allyl derivative (6) (200
25 mg, 0.38 mmoi) in anhydrous dichloromethane (39 mL) under
' N;, was added 4-allyl-1,2-dimethoxybenzene (0.66 mL, 3.89
mmol) followed by Grubbs second generation catalyst (39
mg, 0.046 mmol, 12 mol%) and the reaction was_étirred at
40°C for 48 h. The solvent was removed under vacuum and
30 the crude product was purified by column chromatography on’
' silica (EtOAc- Hexane) to yield the titlebcompound (8g) as
a white foam (30 mg, isolated yield 12%, corrected yleld
47% based on recovered starting material).
_ Re 0.35 (BtOAc): H NMR (300 MHz, CDCl;): & 1.86, 1.98,
35 2.02, 2.03 (4 x 8, 15 H, NHCOCH;, OCOCH; x 4), 2.87 (dd, J
= 14.7, 7.2 Hz, 1 H, -CHz-), 3.23 (d, J = 6.6 Hz, 2 H, -
CH;-), 3.34 (dd, J = 15.3, 5.7 Hz, 1 H, -CHz-), 3.7¢ (s, 3



106.3, 5.7 Hz, 1 H H7), 6.05(d, J=9.3H, 1H Nf, 631 (bs, 1H
OH); 231.: NMR (75.5 MHz, CDC13): 8 14.2 (- CH3), 20.7, 20.7, 20.8, 20 9,

2 (NHCOCH3), 30.3 (-CH2-072-), 44.0 (C—
85 5 co&éﬁ)"“%éﬁg’% (C-9), 67.9 (C-7), 70.4 ¢(C-6), 70.9 %’ 810?)365@ (C
154), 96.9 (C 2), 170.0, 170.3, 170.6, 170.7, 170.8, 171.6 (NHCOCH3, OCOCH3
x 4, COOCH3) . C231133N(B83: LRWV5 (- ve iroR%nede): nmfz 531.5 U4-Hr. Exarrpl'e
22 20Met hyl 5-acetam do-4,7,8,9-tetra-0-acetyl-2, 6- :
$nhydr oI 3t5 di g?ox:lploafz@) promsd,- B @byg)ecz%é& gbactxpmowcﬁ aeﬂomatf (6159)hI y
o a solution a esy Vot e oride
(10 nl) at 0.0 Was a deg “ Zg\b éan"?)l (d&g’z %Li Hﬁ‘h e’agﬁ% %n?ﬁure was
stirred at roo %’rp gy At %r‘é' i 83 §eﬁl o (hiasE-8 op‘be?’edsdq"od'nd Bettom
flask for 48 h.2.Th8zpedcEi dir i) xt Gk 35w, CoGeH-Bat ebl. 3nder, wedused
presfs]tcjrﬁhand azrqt uoaedzﬁm,trs laol-geBe (,g; X3 J,Mg)l 7t O &lﬁ_e| g_cqpl orgdg6(14) as
an o ite 3 o] ude 0 a9 s_t aken
di chl or onet hance)( ('59?11; ? !H (1 FIICDE “( %W()”V\%GFM‘F Lkﬂ/és %dded The
reaction was | &% 028t7r %#- %d@ﬁp%rﬁ%ﬂét:u?é Qmﬂ@icqqusforwl-@ H.-CEhe
reacti on m xtune wBas4evVaP~aled7tio (raymessz. 1ak<@asb¢mg);n5§m orsaf.@r m and
washed 35 w th (gahyrated ag. oN d,sat ni c
phase was (,_1 |eq6(§la%$ ) {1 %H‘}%v@ gvggo?gﬁ reducg&a r%éure
and the resrdud®pdritrey by ?c?ﬂFodéE@épcﬁ?%@dfoPéeo 5-4 64 -
chr omat ogr aphy (0fEsfHtta Jg%‘l -4t §-EHFOR O 4 HS3t-0t (AT congrothwa) ( 1531 as ecwhite
solid (75 ny, 236l ased2yiried 883%F. gREarkbdn)(ELGACY; (d1)], N¥R, 63007 M,

(s, 3 1 s oty B0 Figys ogalik 4 %&éﬁb(Wml
2.09-2.20 (m 1% ‘Uﬁe)“"zm&’&eé 50° ?%2 1[MHNa G712-), 3.75 3.82 (s, 3 H,

C00013), 4130 (dd, J = 6.9, 2.4 Hz, 1 H H9), 4.19 (dd, J = 9.6, 3.3 Hz, 1.
H H6), 4.34-#xd@pfenid H H5), 4.61 (dd, J = 12.3, 2.7 Hz, 1 H H9'), -

5.22-5.27 10(m 1 H H‘@-ncgtél&iéo-‘g,6(-%;2@:"'&:-ﬁngiw;'oLng-gz(&hﬁn(%e.%]-)’-
dimethoxyphenyl) -but-2'-enyl] _-D-glycerc-n—galacto-n‘on—2;
enonic acid [9g, R = 3,4-dimethoxybenzyl]:
20 ' Compound (8g, R = 3,4-dimethoxybenz§1) was
" deprotected according to the general procedure at room
temperature for 24 h. The crude product 'was pui'ified by
‘reverse phase HPLC and then lyophilized to give title
- compound (9g) as 'a white solid (18 mg, isolated 86%).
25 Re 0.2 (EtOAc./MeOH/HZO, 6:3:1); H NMR (300 MHzZ, D30): &
1.84 (NHCOCH;), 2.86 (dd, J = 15.6, 6.6 Hz, 1 H, -CHz-).
'3.10-3.15 (m, 3 H, -CHz-, -CH;-Ar), 3.46-3.51 (m, 2 H, H-7,
H-9), 3.65 (s, 6 H, 2 x OMe), 3.67-3.71 (m, 2 H, H-8, H-
9'), 3.91-3.97 (m, 2 E, H-5, H-6), ¢.07-4.21 (m, 1 H, H-
30 4), 5.38 (m, 1 H, =CH-), 5.53 (m, 1 H, -CH=), 6.65 (d, J =
8.1 Hz, 1H, ArH), 6.76 (d, J = 2.1 Hz, 1 H, ArH), 6. 81
(4, J-= 8.1 Hz, 1 H, ArH); ¢ NMR (75.5 MHZ, D;O): & 21 9 -
- (NHCOCH3) , 28.9 (-CH,- ), 37.5 (-CHz-), 50.5 (C-5), 55.6,
. 55.7 (2x0Me), 62.8 (Cc-9), 68.1 (c-7), 68.8 (C-4), 69.8
35 (Cc- 8). 75. 3 (c-6), 112.0, 112.2, 120.7 (Axrc), 128.3 (=CH-
. ). 130.9 (CH—), 134.5 (Cc-3), 146.2, 148.0, 158.0 (Ar g ,
. carbon), 174.5 (NHCOCH;), (C-1, C-2 not observed) ; S ‘



5.59 (d, J =8.1 Hz, 1 H H4); 13C NVR (75.5 Mz, CDC13): 14.0 (-CH2),
20.7, 20.8 (OCOCH3 x 4), 22.0 (-CH2-), 23.1 (HHCOCHA, 29.1 (-CH2-), 47.6

C5), 5 . 62.0 (C-9), 67.4 (C-4), 70.6 (C7 76.1
Ec- 6%, 1&25‘@56&5%%3%; 16,2-3((0- )2), 170. g Do (NHg:wl)‘)gTZ‘%E?%ﬂgsaog)
Q00C1{ 3). C23HB3NOR2! LRME (+ ye ion mode): niz 537.8 [MNa] 455.8 ,

(M COOCHA; LRMS (- we ion node): nfz 513-6620- Exanple 23 .
5- Acet ami do- 2, 6- anhydr o- 3, 5- di deoxy- 3- C- pr opyl - DgI ycer o- Dga/ act o- non- 2- eno

nic acid (16): LRMS [c23n31N01@oweumd $d Sod %dgg : 04d@. 1Mt was4;py Ssol ved‘ ‘

i n anhydr ous netzanel OlbhdeON ql.ed to e bat h.
Sodi um net hoxi des'@? E/é u°t$| on vvag %g%%eg"%to refggtlﬁg ﬁﬁé’fﬁ?b ‘afﬂ' *after 10
v}

mins reaction nirY WERGRt 2B Frh8S88Ber ature. The reaction mxture
was stirred at rt for 5 h The progress of reaction WAS nonitored by TLC

anal ysis. The ra&aﬁppg wxture was .30 acidified to pH 6 using Anberlite
| R-120 (Hr) resin an ?1' Htgon V@s f|| ere throu h cotton plug. The
resin was washed with vvater And> T HE conmm :I’tr%ﬁ Tap¥phbiated to
dryness to gi ve?rhe8dRzk5A-2regepy bR~ %@Yﬁ°03f5m¢@webfﬂll@ﬂ'an‘g

i sol ated yiel d §808¢toTkm-25edeanaty| atvd conpound was deprot ect ed

according to the general -I{g,rgcggﬁ@l&; Jet tggr iijr}lrrhze;;}qv%:s\%g Pg)od&q)t was

purified by verse se PLC and then 0
2011/ 00620813%/ %20‘10%(5‘6‘&?3% g”’ Jﬂ?# 36 gF&e Wil va8)added\di-BENS o | d
(29 ny, isol at e@°YyPeter ARYTHFR00S M) E&l@Aé/ REOH HPD muip12:.1) ThéH NMVR (300

EI\SA;:ZEZ Dzo)2 6 58 Or8dction hixthrb, wils 2stiarred Hr 56198)gorl 126n]. SR éiu7
S l'avid '
SEa ) 2 (m (223%3‘9; 2t égff sfég%t%’%?ef%ighl—w‘&?“(l%%@mﬁe &5 14 (m
2 H 11-5, H6) 3sobutiag, ( 12H“LH-J4)N BSCONVR 7, ez,
CDC12): 8 130 :E'g&q_@on mxj_:u(:egﬂ@s)stzz:ze@ fUUcHin DempaZaBuge Gitdr )30 50.5 (G
105), 62.9 (C 9inb8rke (réaétiofiSnfktifretlis 8918t Een &2h gl(g:emate]ﬁz 3
_(C' 1), 174.6 (Wheé Q:.zha&g (l“la%ant TRQS rVedi)c’ pgaLéEZwas erRNS (
! O_” mode) 1 m'z %l%azs% J » filtered and evaporated under reduced pressure.
_ The crude product was d:.ssolved in dry acetonitrile under.
20 N, and to it was added acetic anhydr:.de {1 mL) followed by
~ DMAP (5 mg). The reactlon m:.xtu.re was stirred at room for.
24 h after which it was concentrated under reduced
‘pressure. The residue was dissolved in ethyl acetate,
‘'washed with aq. NaCl, dried (Na,S0,), filtered, and _
25 evaporated under reduced pressure. The crude product was
purified by flash chromatography on silica to afford the
title compound (11) as a white foam (20 mg, 9 % over three
steps) .
Re 0.5 (EtOAc); “H NMR (300 MHz, CDCls): & 1.74 (m, 2 H, -
30 CHp-), 1.88, 2.01, 2.02, 2.03, 2.08 (5s, 18 H, NHCOCH;,
' OCOCH;.x 5), 2.25-2.31 (m, 1 H, -C'Hz-),"2.'43'-2.53 (m, 1 H,A
~CHz-), 3.74 (s, 3 H, COOCH;), 4.00-4.03 (m, 2 H, -CH,-
OAc), 4.12 (dd, J = 12.3, 6.9 Hz, 1.H, H-9), 24.23 (dd, J =
9.3, 3.6 Hz, 1 H, H-6), 4.38 (ddd, J = 16.8, 9.3 Hz, 1 H,
- 35 H-5), 4.61 (dd, J = 12.0, 2.4 Hz, 1 H, H-9'), 5.22-5.27
' (m, 1 H, H-8), 5.47 (d4, J = 7.5, 2.7 Hz, 1 H, H-7), 5.59
(d, J = 7.8 Hz, 1 H, H-4), 5.68 (d, J = 9.3 Hz, 1 H, NH);



Hr. 15 ' Exanple 24
Met hyl. 5- acetam do-4,7,8,9-tetra-0-acetyl72, 6-

anhydr o- - di - 3- Cpropenyl -p-TTircero-i 3-gai act o-n te (17):
Anhydr ousvﬁ/@gh%?% 0.06 nol) was slowy added 20 dr o%&?é&lzﬁ@%@@%gtlon of
gl ycosyl acetate (4) (128 ng, 0.22 mmol) in AcBr (10 nL, 0,14 nol) wth

cooling in an ice- water bath. (Cautions-Tée2s-reaction j S exotherm c and
rapid addition of nethanol can result in Violent release of 11Cl gas) The

reaction. m xtuft waR t(he€Ns Sims J @Bcdl) § P25, t 8 ﬂp@r afHige (beoa%seal

(gl ass-stoppere d tgo | as o] reactlon ATt O € ‘was
concent r at ed ung}'l nggdcgg %)rg]s%%’rg aﬁ%i ézgo(ﬁzobed‘*?/m§ hQ-&uefid-+3 x 20 ni)
to yield the gl yE88GHs)br §Ri Be (Gs9)an &3-B- WhFle CBcam 6The (cmle lToosi de- wai
taken up in dry4dicho o9 oeishanes(s 0d)6) 3&2&04\Mocc§1) DElql( g9 (BLsjoL, O. 66
mol , 3 nol es equky. i ad an nS?Ck |o stlr at room

terrper ature und e reactl on

dryness, taken ug (’:‘h?’(’)t’o{"%!f'?n Qnarewagﬁeh ch‘"es@ﬁvél )“W\F%h vséﬁdraq
NE4C1, 1120, an@ %atd aq. NaC . 35 The organi c phase was dried (anhydrous
Na2804), filtered and evaporated under reduced pressure, and the residue

purified by fla Ot ography on silica gel - 66.- (Acetone/Hexanes
30:70) to or%%%‘rr‘r‘le conmpound (17) as a white solid (64 ng, isolated

yiel'd 56% a%({/er 2 steps) >AREEPHATEGALY ! - PAATNAEI00L M2 ; 6 GDEHRK0-8 1. 75
(dd, J. = 6.6, 1% dLeaxyHp-glANrotp9fal MNAINGEAR -eRofife 0B, (12)04, 2.08
(4 x s, 12 H_ 000073 x AFonoiia (@1)3vds SOLRRoeel Leedrdfhd Mo 45 M6,
H9), 4. 43 (dddgerieralg'p:i‘b é &r 6583'3_%‘ 1E HS ruad o 3 3.0
e 1R He) SBPRTE TR B2 fHel—P‘?°“9I'=7T;'35566
y ‘reverse phase HPLC and then lyophilized to
15 give tltle compound (12) as white solid (42%).
Re 0.2 (EtOAc/MeOH/H,0, 7:2:1); 'H NMR (300 MHz, D,0): &
- 1.47-1.62 {(m, 2 H, -CH;-), 1.91 (s, 3 H, NHCOC'H3). 2. 21-
2.28 (m, 1 H, -CH;-), 2.42-2.52 (m, 1 H, -CHz~), 3.43-3,51
(m, 4 H, H-7, H-9, -CH;-OH), 3.68-3.74 (m, 2H,H8,H9),
20 3.98-4.00 (m, 2 H, H-5, H-6), 4.22 (dd J = 6.6, 2.4 Hz, 1
H, H-4). LRMS (-ve mode) : m/z 348.1 [M-1]°. |

'ExamEIe 21 :
Methyl 5- acetamido 4,7,8,9-tetra-o- -acetyl-3,5-

25 dideoxy-3-C- propyl D-erythro-f- L-gluco -non- 2--
ulopyranosonate (13). '
Allyl compound (3) was dlssolved 1n methancl (4
mL) and to it added acetic acid (4 mL), followed by Pd/C
(10%) . The reaction flask was degassed using vacuum and
30 then hydrogenation reaction was carried out using Parr
apparatus under hydrogen (40 psi) at room temperature. Tﬁe
progress of reaction was monitored by TLC, after complete
consumption of starting material reaction mixture was '
filtered through celite bed, residue was washed w1th
35 methanol (3 x 10 mL) and combined oxganic pPhase was
‘concentrated under reduced pressure to give alkane
- derivative. The crude product was purified by flash



10(d, J 93Hz lH, NU), 5.79 (d,= 6.0 Hz, 1 H H4), 6.88 (dd, J= 16.2,

1.5 He, "C NnR (75.5 nEz, CDCL3): 8(19.2(CH3) 20.7, 20.8
3 NEMOC26), 48.0 (C-5), 52.3 (COOCH3

Ecéoo %Er ‘%?Oé}”(‘é?%%"% (70 3 (C 23),. 76. o((c- 6), 119.5 (C 3) )"Cf% g“’g"g?s’%%kp

128.8 (=CH), 140.8 (C-2), 162.3 (C-1), 169.9, 170.1, 170.6, 170.9 -

( Nai nonb oconb X 4). LRWVSB [ C231131N012] - ves i-on m)de) mz ; 536.1 UK+Na] +-
Exanpl e 25 20Met hyl 5-acet am do- 2, 6- anhydr o- 3, 5- di deoxy- 3- C-

(prop-2'-enyl) - PRBbNLESSE: éaCLPIM 9%1698@%@0{&%3 gggggfgﬂnéﬂoglnd( 127

, 0.24 mol dISSO| r ous net hano s cool ed
[rg 0 C using |)CWil t?‘fs 88(3%1 fh‘g {jd;emgol 1EPhAEed Mitedds °88bed 25 to
reaction mi xtur8 ghd a(ﬂﬁ:@hc)lof MHNYMR e 630 @Mzni LDOLO WlsO0bYBulht &t & 06m
tenperature. ThazfeRda, oeHy) X110 MA39Sth) r€di,at-cibed2h , 41082 The, By @Qr ess

of reaction re T, ngl 4 gac
acidified to!wi)1 6 uszl}ﬂ ing%rli_gaax ?8 é\]rt{l (regl n&gn %&ﬁ% EV\?& I on was
filtered.through ?:%'t% IT“ne“r:‘e?sn A -#4s (fashdlr GOPREat & 94ndddeondi ned
filtrates was evapdrat éld2t 62dr yriessi-t%,gnve1deat:7et(yd,auad HospaHe) .( 18) as
an off white sokishreag GELOM:MEOH . AEL), 1 K £.4)., Ihgscggderjq%ugt was

used wi'thout fugther, p rgfi)ggggons Iﬂ"tsgﬁa g%tsju{)sqm%e% 5954 ds(gpropyl | dene

derivative. A crude % was o
2011/ 006208FCT/ AtR0 E /"06‘6905 H. 67-7) .Efafip| £4267 = 9.3 Hz, 1 H, NH),
6.31 (bs, 1 H, OH); ¥C NMR (75.5 MHz, CDCl;): & 14.2 (-

CH;), 20.7, 20.7, 20.8, 20.9, (OCOCH; x 4), 22.9 (NHCOCH,) ,
30.3 (-CH;-CH;-), 44.0 (C-3), 49.6 (C-5), 53.5 (COOCH;),
| 62.6 (C-9), 67.9 (C-7), 70.4 (C-6), 70.S {C-8), 74.4 (C-
15 4), 96.9 (C-2), 170.0, 170.3, 170.6, 170.7, 170.8, 171.6
(NHCOCH;, OCOCH; x 4, COOCH;). Ca3HysNOis: LRMS (- ve ion
mode): m/z 531.5 [M-H]®,

Examgle 22
20 Methyl S5-acetamido-4,7, 8 9- tetra O-acetyl-2,6-

anhydro-3, 5-dideoxy-3-C-propyl-p-glycero-p- galacto -non-2-
enonate (15) :
To a solutlon of allyl derlvatlve (13) (95 mg,
0.17 mmol) in acetyl chloride (10 mL) at 0°C was added dry
25 methanol (0.2 mL). The reactiom mixture was stirred at
room temperaturefin_a sealed (glass-stoppered) round
~bottom flask for 48 h. The reaction mixture was -
concentrated under reduced pressure and azeotroped with
toluene (3 x 5 mlL) to yield chloride (14) as an off-white
30 foam. The crude chloride (98 mg) was taken up in dry
' dlchloromethane (5 mL), to which DBU (92 microL, 0.61
mmol) was added. The reaction was left to stir at room
temperature under N2, for 16 h. The reactlon mixture was
evaporated to dryness, taken up in chloroform and washed
35 with saturated ad. NH,Cl, H,0, and satd aqg. NaCl. The -
organic phase was dried (Na,SO;), filtered and evaporated
under reduced pressure, and the residue purified by flash



Met hyl 5-acet am do- 2, 6- anhydr o- 3, 5- di deoxy- 8, 9- 0-

i sopropylidene-3-C (prop-2'-enyl)-p-glycero-p-gslact o-non2-enonate (19):
Conmpound issolved in mxture of dry acetone (

2, 2-di net‘&ég’yﬁv@g?ge (1 nL) at roomtenperature under aﬁcmgﬁﬁg%ﬁof
argon. This was followed by the addition of Anberlitee 1E-120 (H ) resin

and the reaction.was stirred at rt for 16 és -After the 10 renoval of the
resin by filtration, and evaporation of the solvent, subsequent treatnent

with dry NEt3 aaﬁ:amwyoan%lim rg%iULBaQEféﬁ'&léet%E %Mé’:h AQ%’ the
product (19) as i tat antit n'gl? /() 15
RE 0.3 (EtOAC): (5 Lot BT R ‘Iﬁrﬁ?zl 18niety %‘i)‘%elﬂoéii’ MENar: (- ve
i on node): 384. Rfﬂaﬁl]‘zt%ﬁhhplg BIMR 300 MHz, CDC1;):\Btby$7 (t, J = 7 2
5- acet am do- 2, 6Eanhy dt.0-TH5) dideaxy- 430{m2® H, -cnz ), 1.88 (s, 3 H,

eth18905s Edvrt,h depe ro to on2enon
at ey(20) omg : oﬁaog Qﬁqoneoa c%%%n‘? %i[Q?E Up&%&g 2ol ) in

dry DMF was addad etzny?1 ’(2'(5”{?11 mTh IF*ea‘t,C{*“izoh' M xt%ure was
stirred at 0.C #0o%2 1@'m3n§tv e§°%)254th@n(®)d|JUm Bysrizlet (#.mg, BO. 86 ol )
was added. The 9ract.iien (@dxtare &S stbrﬁepl _@tHOHCGf)or 423;1 4 e (@, 0qr ess of

reacti on was | tpread Ry gL nal ys Th ctlo ure vvasthen
quenched Wlthm)@ é)sq Q sl Egé & I,léa?fe? ,;e,? g CBnéI)S‘tISrT 25 - 27

evapor ati on Jof BR/F rﬁj goagqu%oﬂs'seff’r é@tl%rf*' t"hé’ +cNHAED1R @eh&banmél),,
chromat ogr aphed® 1A% rig,571 =8 OAdIzhetaHesHas) el e o 7gi. sembibe ¢nsi,jeds
product (20) ast4so of-icagwh) tz f70aﬁb(25(d@3ca§7,(t)4) Rf220.97 ((_gﬁo,é)c) 23,

LRYS( Caol | "NOe Lokt {45 o ICHPS) 47 43%c o] MR cbiocd . 8 o0

412.1 Emil4. 3
5- Acet armi d]o 2, 6?0% dPd-$, gcd%’de&?ysﬂe Thhy0.3. (Cyp) . 76.1 (C-6),

2011/ 006208I5CT/];@32-(710F-'6©®90562 %dc-2), 170.1, 170.5 (NHCOCH;, OCOCH3 x
%(paop 2't-e[1y14) m@ﬁf@z?ﬁ%ﬁ'stmnﬁzv@nggh% ]sltﬁ.%) id

e deprotectio ) ny0 rennva & b rop i ene
group protecti nﬂd tﬁ?q %5‘5 5 éﬁc&é "lhhf?bfoxy g? oJﬁslf’Bl‘P‘Eﬁ%’d By %t Fd3- §
de-esterificati Haf the C-1 carboxylic acid. De-isopropylidination of (20)
was carried-out by the use of 80%.A cOH at 80C for 1 hr. After evaporation

of the AcCelp d ei pgcation of (21) was carried -out according to the

general procedure at ézggétamido 2,6-anhydro-3, 5- -dideoxy-3-C-propyl-D-

glycero-p-galacto-non-2-enonic acid (16):
Cbmppund (15) (65 mg, 0.12 mmol) was dissolved in
anhydrous methanol and solution was cooled to 0 °C using
25 ice bath. Sodium- methoxide (1M) solution was added to
reaction mixture and after 10 mins reaction mixture was
brought to room .temperature. The reaction mixture wasg
stirred at rt for 5 h. The progress of reaction was
monitored by TLC analys;s, The reaction mixture was
30 acidified to pH 6 using Amberlite’ IR-120 (H*) resin‘and
the solution was flltered through cotton plug. The resin
was washed with water and the combined filtrate was
evaporated to dryness to give the deacetylated product as
an off 'white solid (43 mg, isolated yield 100%) . The
. 35, deacetylated compound was deprotected according to the
' ' general procedure at rt for 3 h. The c¢crude product was
purified by reverse phase HPLC and then lyophilized to -



10 12 h. The crude product was purified by reverse phase HPLC and then

| yophilized to give the title conmpound (22) as a white solid (18 ng, 83%.
Rf' 0. 2. ( H20, 72505) H NVR (300 MHz, D20 4. 7" =
7.2, 6. 9%%@@%/ ), 1.99 (s, 3 H 15 NHCOCH2), )"582‘(%81]"?"3690515.0,
7.2 Hz, 1 H, C|-|2)326(dd "J =15.1, 5.2 Hz, 1 H -CH2-), 3.53-3.68 (i,
4 H )11-7,H9, -Cs2- CH3),-'3.7'8-3.83 (m- &BsH- H-8, H9 ), 4.11-4.21 (m 2
H11-5,116)430(de 8.4, 1.8 Hz, 1 H 11-4),.- 5.01-5.122 (m 2 H,

-C712-), 5.80 (giv o . 3 CEQ
o (?\IHCOc76)(§1 d ttr C@g:)a &é@ N\é(?c%%?wﬁaég '\éﬂnd Q% )ng2 %é%l_l%teg_lz)

68.5 (C-7), 70.%'% -41*’76 (C—8) 76.8 (C6), 116 4 (-CH2-), 116.8 (C 3),
136. 4 (-CH=), 184032 63291\6(@%*/&&:9' NHEGAIE 1 {NEh S@0Pe iz, LR : &

[ CL6H25N08] : nla.§7 ¢e ioe mosg)7.2 308, 3] i 2&1#; 41,3441 159 248 2, H?Og 9m
177.9; HEMS  F Calcqato CJ!W + 4723 ou z
382. 147911 E(Ex';&ﬁ ) 55805 021%%3‘% }H' e &
7.8,9-tri-0- ace?ylc'ﬁq%’anﬁy%ﬁc?:?(fs (n, 2 H, H- I H 9),. -.84- 3 87 (m, 2 H,

3, 5- di deoxy- 3- H{®r 92 ~efyl3-o-1f yger 8- By tBiD- M16)2- 4.35'(dd, T =

gnonat e)- (4( 2) dg - 2 Gacalzalozl ne4ﬁ23ﬁ -4); B¢ nMr (7305 &n&): Wocq)) ofs 3kl !5'0 )
erivative rou C

under N2, was a d’ed Egron éLCrYI]If dor dde dﬁﬁaﬁg tszn7dr9ape8%’217 % So&é 35 1 74
mol ) and tHe rPact§%od WGs98tifee & e F%f 44°14) ,TRE - Br 69T ®ss 78f-3r eact i on
was nonitored b{CTHIC &6l 3si(€-1Ihel 7.6t UNBCORH;) {, h€¢0-3| swd YoEomwbed on to a

stirring ice -o¥éerved):5Sc erpivs 5-nyk Bt cont i Ef,0Ac (25
nm.) and NaZCCBSZ Orvrrg) Tﬂ%ﬁﬁﬁﬁeous Ig(yer vvashew‘fvﬁ) hmfsg?g?%t Eebg NaCl
n1_

solution (3 x and subsequently dried over anhydrous Na2E04.
Evaporati on of the or'gani c filtrate 5 afforded crude product which was
purified bytScol Exampdier @dnt ogr aphy on silica (Acetone-Hexane, 30:70) to

yield the ti t | e conpounduég@l e§-a%e‘ﬂ’9.h &o.f.p, ,3(,48tggra6g(@ce,§a 9. Z_(Et OAC) ;
1H NVR (300 MHz 9%13%), 2ad, 3 94, 2. C LiLaeXs.
and oxazol i ne ; 3 5‘”?0 8’ ‘.’Lp %’HZFDFIZ TeEP -2 EALECFO-BOBTR | dd -J
= 10. 5, 24I—|Z°‘E”¥"‘|'te|-l-(6 £3.68 (dd, J = 14.4, 6.6 Hz, 1H_CHZ-),377
(s, 3 H COOCH3), 3.93 (aullydrbus %ebH 02 GoL,2.07 0bzmoi) Waﬂs‘i)owlé 38aédd, J
12.6, 6.3 o laddpuied) colsbPulslih of dZyfosys doftacd o) Mifle me? 47240
9.0 Hz, 1H, H'mn}dl) 1916A<:Br (10 mL, 0.14 mol) with cooling in an ice-
‘"water bath. (Caution! This reaction is exotherm:.c and
rapid addition of methanol can result in v:Lolent releasge
of HC1 gas) The react:.on mixture was then stirred at room .
25 temperature in a sealed (glass-stoppered) round bottom
flask for 8 h. The reaction mixture was concentrated under
reduced pressure and azeotroped with toluene (3 x 20 mL)
to yield the glycosyl bromide as an off-white foam. The
crude bromide was taken up in dry dichloromethane (5 mL) ,
30 to which DBU (99 microL, 0.66 mmol, 3 mole equiv.) was
added, and the reaction was left to stir at room
temperature under N> for 2 h, 'l'he reaction mixture was -
evaporated to dryness, taken up in chloroform ‘and washed
successively w1th satd aq. NH.Cl, H,0, and satd aqg. NaCl,
'35 The orga.nlc phase was dried (a.nhydrous Na,804), filtered
- and evaporated under reduced pressure, and the. residue
purified by flash chromatography on' silica gel



15 5.18 (m 2 H, =CEr2), 5.41 (ddd, J = 6.3, 2.7, 2.4 Hz, 1 H H8), 5.62
(dd, J =6.0, 2.4 Hz, 1 H H7). 5.85 (m 1H, -CH=); "C NWR (75.5 Mz,
CMC23) : zoline -CH3). 20.6, 20.8, 20.9 (OCOCE
(-042-),8@.6312‘( PR3). 62.0 (C-9), 62.2 (C.5), 68.6 (C—%T),g%l.oéﬁ%&ga), |
74.7 (G 204), 76.4 (CG6), 117 (=CH2), 121.5 (C3), 134.6 (=CH). 142.2
(CG2), 162.3 (C 1), 166.8 (oxazoline CO; 469 6, 169..8, 170.7 (OCOCH3 x
3). C22H27NCO20: LRMB (+ ye ion node): niz 476.4 [MH'. 25 Exanple 30 _
Meth hxd/I 5;1ace_t gmgo;izﬂemézzne@- acery) 2?0 Gfford the title compound (17) )
anhydr o- 4- azi doa3- & -e138NYLEL -  Qidar oxy-Pygiyger o-s-gal act o- non- 2-
enonate (24): Tg.a g)oﬁ%onlég gf?y‘ﬁg'de%ot/lg{tlg\ﬁ/ei%%g(% Myer30 0.73 mol)
i n anhydrous di ERFB?biet hane (10 mL) under N2, was added anhydrous
methanol(23 ni, Re.0r4 fsPRct ol HoWME K509 M (aDCAlLo de7Hi eadyla et herate .
(916 microL,57. 8.6m0l )5 & Bha,reag)i,on,gbxtm@agglsﬁjdg,?q.%érg.g,g’r 20 h. -
The m xture wasat hgnegl Y 1PONI € t stigting ice (1.5 35 g)-water
(4.5 nL) m xtur? ggn‘é%,ﬁ:%gl tgﬁc%%’ng)‘*ah?'l\-{aéé& %8%0 MPHthe aqueous
| ayer washed wi th1a %@ Ur@red Radi-SoMnd ont¢ 43 x(BIdi Y, =apd3 subsequnt | y
dried over W?2824/DG62EBECT/ ARD1GIDN0GOB512.3) 3. |anzydaows Mag804. ‘
Evaporation of shesorgan &,fhléy ot s fs0kdeqdycrige g{_qgug&(;ls)s_( 3 ny,

759, whichygvas gsed wig ho furth purification in the subsequent .
reaction. 'Inlﬁod\'lg §§1 u‘tﬂi_ongt'%f'ﬁ%kaiz:lol%’l ggemdersi‘%‘ tl?éb 4 73)5-03¥8 n}y, BEQ0.®Fmol ) in
anhydrous tert-But&n@9.(F ALY vhdet- NEZ, haB. addied ;a2iTovRi 1B hy | M ane
(764 microL, 5 .9%Ckasl§ R t(reHspacd.an wasssiocda] at4B0 43 for 24 h. The
reaction m xtur enyescsd) | uieh Wd.B)et Byl sa 3)§5&0.rg‘)(c§'32 tpe Qrganic
| ayer was \A/asheg)vmg.;13hygr_gghl,%|3c &m? (9.1 N -4 10 nL)” anfl water'(2 x 5
m.). The canbined a idnds Fhy et viaste r alf el (681 efthPt S akEtRe 123-8 5
m.). The combi nEFFirgani®-Bxit@t)s Wdle 8t KEr2Xir ils .Ganbyty oussNa2804), and -
evapor at ed unde¥7¢8dudad.pr eSHOUE (NECOCHS, Qdodsr, b QUCLRMEI ¢8, Waxopyri fi ed

by col um chr ONBi Qg 3BRYmBAeSid/ L4 § géc?&pﬁ%-ﬁexane; 30:70) to yield the
title conpound (24) as a white foam f ny, 319 . Rz 0.8 (EtOA0); 111 NMWR
(300 MHz, CDC13): 8 1.84 (dd, J =6.6, 1.5 Hz, 3 H -CEW 1.97, 2.02, 2.03,
2.12 (4 s, 12 H=x= , OOOCH3 x 3), 3.77 (s, 3 H COOCH3), 4:10-4.17 (m
2 20 H . H 20 H9), 4.29 hechyl) 5=a8edamBid 2/%-ahnblarbt §)s - Aadbxbds-d. = 6.9
H, 1 H H4), b bddendsoldi3cedol Bhnbh % Jancaa?d (k1 H 11-8),
5.46 (m 1 H 11-7), 5.-8§}1£d '%:§§e4°g'|i?’f’#?°1’???d_ﬁﬁ?“é‘géhg%bd], 5.95
(m 1 H =Cll1-.), 6,99 (F"BPwRd {64 (327 mq) 0.@4-pmo}hwagdisepsvedmz, 25
CDC13): 8 19.2 ¥2 eM3ydrops metiangl( @@dCHELWE ) was. dooled to 0 °C
: ‘using ice bath. Sgdium methoxide solution (1M) was added
25 to reaction mixture and after 10 mins reaction mixture was
- brought to room temperature. The reaction mixture was
stirred at rt for 4 h. The progress of :eaction was
mqnitored by TLC analysis. The reaction mixture was
| acidified to pH 6 using Ambe;lite° IR-120 (H') resin and
_30‘ the solution was filtered‘through cotton-plug; The resin
' was washed with water and combined filtrates was _
evaporated to dryness to give deacetylated compound (18)
as an off white s0lid [TLC (BtOAc/MeOH, 4:1) : Ry 0.2]. The
‘crude product was used without further purification in the
© 35 supsequent 8,9-0-isopropylidene derivative. A crude yield
of 98% was obtained. V



(NHCOCMA), 49.9 (C-5), 52.3 (COOCH3), 58.4 (C-4), 61.7 (09), 67.6 (C7),
70.0 (C-8),.75.4 (C6), 119.7 (C-3), 123.9 (-CH=), 130.4 (=CH CE), 140.8

(C2), 169. 170.2, 170.3, 170.6 (NHCOCHS
QlHZeWG\gOLEE%‘%}Bve |on mode): iz 518.8 CM HP, 490.97 ’@993%
306.8, 257.9. Exanple 31 ‘ Met hyl

5- Acet ami do-4,7,8,9-tetra-0-acetyl-3,5- 3%7 - :
di deoxy- 3- br ono- n- er yt hr o- S- L- manno- non- 2- ulopyranosonate (26): - 71 -

nmmol) | preparede 6 accor di ng to the method of Okanpto et al., 19871

i n anhydr ous dichl ororrethlg m‘ﬁ d si.|l ver car bonate
(215 ng, 0.78 npol) and SI|V erc a%trigge &@%ﬁj& 78" BT Pnd-Rixt ure
5 was stirred, pf "eﬁﬁyeld'dFPﬁn?r yiRzom-gf -euvh TP'&tlYGeTQZ-athawftaPnber 30
mn at roomten%ﬁmm (Lo mxture was filtered through Celite and the

filtrate comcentrated Unggmpdaed Uils) Thes Cé lp;egdg_gt m\:\%&_gurl ied by
chr omat ogr aphy t{s&l % &;?xan / etone 6:4 0 give corrpound
(26) (Okanot o e 198 argbhe ’?Pe“r?g (1gmag moongs% Rf
0.36 (EtOAc); 1 ammt(moumer @@P@)Dspse&egﬁ (aMdOBCERRis 2wdX3, 2. 08, 2. 09,
2.16 (4s, 12 H, f@0CHI3) by3tB6 4dditibh, o EQRHINL i4e? 21k ho 1) J&&nB 2 He,

(79.9. =125 Hana Jthe%eaaélén%?m A3ckly & He o 1690 ep d5 ﬁzH’

473,4 = 3.7 4z, _11-3 A
11-99, 5. 251L éf"‘ﬂ’)l i’% ih" 5‘%%‘“( %er fglFFatJiP"a apds epgponatEien EGthe
11-7), -5.41 (dd5°1fq‘}t'0? segquentitrearest -wiltth @riz NEti)and. 95 (s, 1 H,

O), '6.10 (d, Irédusplensisnbof2He reblltand 4dd¥aueRSh) beill #1 &%t tn@94 4

W4+Nar Exa
aptvel Lm . Zp_/;?to’gxct I;;%; Oasacae wyi.tgb%p&]upltate in quantitative yield

anhydr o- 5-di deoS(y- B9y 0- B- L- gl uco- non- 2- ul opyranosonate 25(27):
Accor di ng t'8 t He Red hbBEPFc)GlhabBMS [@iHANO]( @vanmikovet ich .mdded8%), a

sol ution of (26)08.42GMANal Q. 415 #8Dign inbaddy ¥ aset Pnpdr4y+e (4 ) under EN at
roomtenperature, was treated with DBU (140 mcroL, 0.90 mmol). 30 The

m xture was’ stlgred for_15 min at roomtenperature and then the solution
was applied to gel colum and chronmat ographed (tol uene/ acet one

3:2) to give the title Mshhing-a2¥janikaznboanhydlo 3,23 MebR}oe 1B 85%
yi QI d) as aowhidtaylloapy-o-isopropylidene-3-c- (prop-2'-enyl) -p-glycero-p-
galacto-non-2-enonate (20):
, To a solution of compound (19) (50 mg, 0.12 mmol)
in dry DMF was added ethyl iodide (20 nmL, 0.25 mmol). The
reaction mixture was stirred at 0 °C for 10 minutes and |
25 then sodium hydride (4 mg, 0.16 mmol) was acided The
'react:.on mixture was stirred at 0 °C for 2 h. The pPrograss
of reaction was monitored by TLC analysis. The reaction
mixture was then quenched with 0.1 mL of dry MeOH and,
after a workup consisting of evaporation of DMF and
30 'aque'ous extraction, the crude product was chromatogréphed
- using 5:1 EtOAc/hexanes as eluent to give the desired
product (20) as an off-white foam (25 mg, 47%) .
Re 0.7 (BtOAc); LRMS [conuNog] m/z (+ ve ion mode) : 436.1
_ [M+Nal*; (- ve ion mode): 412.1 [m- 1]* : |
35 :
Example 28
5-Acetamido-2,6-anhydro-3, 5-dideoxy-4-0-ethyl-3-



35 Rf 0.53 (EtOAc); 311 NVR (300 MHz, CDC13): 8 1.91.(s, 3 H, NH COCH3),
2 03, 2.05, 2.11, 2.12 (4s, 12 H OCOCTI3), 3.59 (s, 1 H 11-3), 3.83 (s, 3

v 15 1o R 6 & a0 e S Ta s e, Ho), 4 BETLIMNY) )

4.51 (dd, 1 H 47.9.03 :3.0H2155:125Hz 11-9'), 5.19 (d, 1
H J4,5 = 7.5 Hz, 11-4), 5.25 (m 1 H H-8§8 5.40 (dd., 1 11, J7,6= 3.7
5Hz, J7,8= 5.1 Hz, 11-7), 5.51 (d, 1 H O11E 5 = 9.9 Hz,_ NB): LRMS (HSI):
nz 513. 4 [ MrNap4lpré&paamlenyd3 -n-glycero-p-galactdMHonYb -enonic acid

(41- net hoxybenzg p: Acetam do-4,7,8,9- 10 ,
tetra-0-acetyl ?h deoxy- Derythro a- L- gl uco- non- 2- ul opyr anosi de)onat e
(28): To a SOSufiPBFCERcYirn st5BD *@V°1I’eﬁ4t§'ﬁollﬂ-t1# dry

di chl or oet hane E&mAYal xf b6 drdpropPPlidme gdded proveitiaygybrezy!s almphol
(3. m) and thiencconpp@iosl 4eBugs Lo Blkiwbd B3t ei:e_lta&-)estéfﬁﬁ céu_[é:ﬁ] L for 15
mnat 0 G thecrgagtonfosyhel parm to nogm Lemperatyre

chl orinated sol VeRt “vas Fermavattnaetdy X RCRRPY %ﬁﬂﬂa?foﬁ?/’ s?‘fﬂ"‘utlon
was purified byCPFELPA MR SBR aPFS TEEEOACALPE R8T amelghadiAfitterl: 1 to
8:2) 20 to yiel dvaber{iam (cﬁBGha'gAc@L%deaSsae_h\bfi&hﬁwnl de, (B Ovad® (EtOAC);

111 NIVR (300 Migarfd¥d Jue &clofBitd ¢ c;]-tlizleg ﬁc@ﬁgrég i.’ 0208 écag)

(4s, 69 (d. 111, 411

3. 80 (s 31%82’1‘ q(a' §aPFqdyct J‘?%P"rg 4Py FEwesse phasqpHPLL. 3) |

254,04 (dd, 111anctBen lyophijizeddtwm givelphe Hztlelmpoundzozzn @8a(m 2H,
11-5, H9'), 4. ﬁnltd scllil (@HZB@/B)sm 58 O d, 111, J6,2= 2.1 Hz, J5,5

10.8 Hz, 11-6),r4:0/% ((ﬁcoik'/n 35 (odg 1’%}% (3 °3‘%§ ? 25 Hz,
11-4), 5.26 (dd, :H_"(t & 65,1,8 fiy ‘]793 g4 &z ésg(s. 3%3& |
15 NHCOCHs), 2.86 (d4, J = 15.0, 7.2 Hz, 1 H, -CHz-), 3.26
(dd, 7 = 15.1, 5.2 Hz, 1 H, -CH;-), 3.53-3.68 (m, 4 H, H-7,
' H-9, -CH;-CH3), 3.78-3.83 (m, 2 H, H-8, H-9'), 4.11-4.21
- {m, 2 H, H-5, H-6), 4.30 (dd, J = 8.4, 1.8 Hz, 1 H, H-4),.
© 5.01-5.12 (m, 2 H, -CH;-), 5.80 (m, 1 H, -CH:); %¢ NMR
20, (75.5 MHz, CDCl3): & 15.1 (-CH3), 22.4 (NHCOCH;), 31.0 (-
CHz-), 47.7 (C-5), 63.8 (C-9), 65.2 (-CH,-CH;), 68.5 (C-7),
70.3 (C-4), 76.1 (C-8), 76.8 (C-6), 116.4 (-CH.-), 116.8.
(C-3), 136.4 (-CH=), 144.9 (C-2), (C-1 and NHCOCH; not
observed) . LRMS [C4H,sNOg]l: m/z (- ve ion mode) : 358.1[M-
25. H]*, 314.1, 248.7, 207.9, 177.9; HRMS (FAB): Calc for
) Ci¢HzsN10gNa; (+1) : 382.147238. Found: m/z 382,147911.

Example 29 . _
2-Methyl- (methyl 7,8,9-tri-o- acetyl-2,6-anhydro-
-30 3,5- dldeoxy 3-C-(prop-2'-enyl) -pD-glycero-p-talo-non- -2-
enonate) - [4 5-4] -2- oxazollne (23)
_ To a solution of allyl derivative (4) (100 mg,
‘0. 174 mmol) in anhydrous dichloromethane (10 mL) under N,
-was added boron trifluoride diethyl etherate (217 microl,
35° 1.74 mmol) and the reaction was stirred at rt‘for.48 h.
The progress of reaction was monitored by TLC analysis.
The mixture was then slowly poured on to a stirring ice



30 2H, H8, NH), 6.86 (d, 211, Ph), 7.31 (d, 211, Ph); LRMVB (ESI): mz

650. 2 [M+Na4+1 Exanpl e 34 Met hyl
(4' - et hqy Acet am do-4, 7, 8, 9- PCT/AU2 10/000905
tetra-0- acet 36/{1%? c?gdeoxy 3-0-et hyI z-arythro-a-L-g/uco- nonf opyranosi de) o

nate (29): Conpound (28) (0.882g, 1.41 mml) was dissolved WO ‘
2011/ 006208PCT/ AU2010/ 000905 - 73 - in amhgsirous DMF (40 nl) under N2 at
roomtenperature, and activated Ms 4 A, (1 g) were added. After stirring

703 mol 5 (a '3?-**2%’ SOu T o7l il e LBERLL SRERC %82'%’“ pee
9i9] , and tetra g nlﬁ?ﬁl‘?ﬁil'd%‘gzﬁﬁuﬁﬂf‘s Y55 Yfﬁﬁ’f‘?‘_ivx‘ﬂr Zdded. . Al ter
conpl eti on of aGGFtlr-%med tlh?éllr eadukdon ik uSemivhis and raudbequentiytddidd om

lOie?ht fo:ﬂ 3_6 o e u eg éil‘.%é rcl‘eglu'?'ﬁg I‘E‘SI due
t n e
e oo BeRbEaLs SRnfeRLbaber! il Dagl LRAERCy BhPoRilE, ‘

was purified by chroma on srlica ane 6:4
yield (29) (444°H§°’“ﬁ‘8‘%ra§§‘1’a°ﬁhﬂ%’-%lﬁ“d“’FB&ﬁfHRE’“e'O 3P3 70kt bRcyie q NM(
(300 MHz, CDCl3kheS8titIH dcmpodnH, (23N 20w :3WhileOfo4s, (4B kg, NSIDOC/73), 2. 03,

a 03\8\/\/2 g6802 18, IP(Axsrdbiel; EOMIR 335 zh-l’Q %DH13)1-1 2. 99"2531443) 2 ?578 (8,
S

111,179,9 = ( ZHS Fﬂw’fa ?:Z% g Feé&ﬁ é‘% ?rtg"icf’if‘?g??ﬁ] ”2 H31-?-°5 ‘%gr g%y,

4.52 (d 2 H’ chPMa) 84 &3 A Hg ($Hz2-2. HB - 29 - Gd.c1 F2PRBY ?641312(dél 1 H

1741, 5 = 474, 3=H208-€) HA.6BL(4)}, 5.254.dd, 616Haz 477 1B= -Lug- Hz,3 477 (8, =

He, H 7). 5. 333(f) dodds il $)o3 Sechidt, (¢ 1o b, Jsa?o 53'\/%032 "?H,NQSF)G ﬁf (d

2 H J=11.4 H&z@@% 311§d6, 2%6H we,” 1|véfh 197, 4 5)2 (@B (k z)

677.8 (MNa)].
5- acet ani do- 4, 728495§et]r£'01‘aééiy|48775 4, 7 = 9 ¢ Hz, 1 H, H-4), 5.06-

di deoxy- 3- Or gt hgl1p- enythin- Scitz)gi Be@1neadd; ur apyw.3nos0mat 2.4 ), 1 u,
H-8), 5.62 (dd, J = 6.0, 2.4 Hz, 1 H, H-7), 5.85 (m, 1 H,
-CH=); 3C NMR (75.5 MHz, CDCl;}: & 14.2 (oxazoline -CH,),
20.6, 20.8, 20.9 (OCOCH; x 3), 32.8 (-CH,-), 52.2 (COOCH;),
~ 62.0 (c-8), 62.2 (C-5), 68.6 (C-7), 70.3 (C-8), 74.7 (C-
20 4), 76.4 (C-6), 117 (=CHy), 121.5 (C-3), 134.6 (=CH-),
142.2 (C-2), 162.3 (C-1), 166.8 (oxazoline CO), 169.6,
169.8, 170.7 (OCOCH; x 3). cnnamom. LRMS (+ ve ion mode):
m/z 476.4 [M-H]*.

25 Example 30 - '
- Methyl S5-acetamido-7,8,9-tri-O-acetyl-2,6-
anhydro-4-azido-3-C- (prop-2'-enyl)-3,4,5-trideoxy-bn-
glycero p-galacto-non-2-enonate (24): .
To a solution of allyl derivative (6) (375 mg,
30 0.73 mmol) in anhydrous dichloromethane (10 mL) under N,
was added anhydrous methanol {23 mL, 0.74 mmol) followed by
boron trifluoride diethyl etherate (916 microL, 7.3 mmol)
and the _reaction,niixtﬁre was stirred at rt for 20 h. The
mixture was then slowly poured on to a stirzing ice (1.5
35 g)-water (4.5 mL) mixture containing EtOAc (25 mL) and
Na,CO;. (850 mg). The aqueous layer washed with a saturated
NaCl solution (3 x 5 mL), and subs‘eqﬁentvly'dried over



To a solution of (29) (300 ng, 0.46 mmol) in a 30 m xture of
di chloronet hane (45 nlL) and 1120 (5 niL), was added DDQ (229 ng, 1.01 mol).

The ' rea%b%h‘/\ﬁt?zﬁt' rred for 54 h at roomtenperature. El}g zﬁﬁa@%g
)

m xture was then washed w th. saturated NaHCO3, bri ne, rle

filtered, and the filtrate concentrated under vacuum The 35 resi due was:
purified by chronat ography on silica (Et-0RA8/dichl oronethane 7:3) to yield
(30) (193 mg, 79%. RE = 0.56 (BtOAc); 111 NNE (300 MHz, CDC13): 6 1.04 (t,

3 H - 74 - OQBGdd3hs ﬁafs@¢(sxv atiBEOM , eile Vgadi@3ei e e 2. 10 (4s.

12 H, COC. H3 % 99

(s, 3 H, OCH%%) st %fg? ﬁ’s’“?é POG%"" )(§3§I—I-&g133 (7%23 hic %éﬁgH H-4
11-8), 5.58-5. ithgyt fusther pprigicatignjn the subss*melrtz regepions 95 ((,
1 H Jims = 9.8Ha shithtibRME (dESkp1inkzd&bifa ivki{38) | (3Exanp| ©.86
(I;/Ffjggl(y%?g Ea?h 21% th &&Fsmt@r@ Qﬁg%ﬂér 3ﬁ45mnr;gﬁ'ggeﬂal¥2é waﬁ gdd%‘iorrpound
(30) (160 iy, 73"0{] F‘?tf)\?é%s I%ga %"Eﬁ‘y |5’y df‘“ﬂ%f%? §f' d acetic
anhydr| de (2 nineamtdop\Vi@s (&titvred At APrDLmtﬁow\@l‘lehadﬂbd reaqtheon eacti on 15
m >O<|t urg Af t er ﬁtxawengaéomﬂftéa Wiehr 86E$1 QitetateC QB0 anly airyl tuweder .
reduced pressurg, ot p. lgg, s\ ilica
(Et OAc/ di c%oronﬁgnemgyég | el (?l\gf%%d g&g&( hi%gg:ii%%jz;é %%s Et 0Ac) ;
111 NKR (3 , 3 ) : CFS)

NHCOM) | (2 00; Zemacze%mt?h mnyz. 2getste (5 #H5 GOM), The Sudised(m 2 H
oCH2CH3) ,  3- 67 drank cHexB872ctd ware bRenldriBa Rn8Patsus IddsofOMna 3. 95

(dd., 1 H,

65 = 10,8 v, e et cressen, PIITREG ) SN R PIEOEE 70,
3.0 Hz, 479,9, whifk 3’32512&1‘“1113% YRR (FHTORRogFRRRY o Wildca 1 H. J4, 3
= J4,5 = 919 Hz(AcklLohp-E&x&de ( dd,:701 Hp YielHthe. l;xblte Jompckind- (242 Hz, H-

as a white foam (105 mg, 31%).
R: 0.8 (BtOAc); 'H NMR (300 MHz, CDCly): & 1.84 (dd, J =
6.6, 1.5 Hz, 3 K, -CHs), 1.97, 2.02, 2.03, 2.12 (4 s, 12 H,
| NHCOCHs, OCOCH; x 3), 3.77 (s, 3 H, COOCH;), 4.10-4.17 (m, 2
20 H, H-5, H-9), 4.29 (dd, J = 8.4, 3.9 Hz, 1 H, H-6), 4.37
(4, ¥ = 6.9 Hz, 1 H, H-4), 4.51 (dd, J = 12.3, 3.0 Hz, 1
H, H-9'), 5.30 (m, 1 H, H-8), 5.46 (m, 1 H, H-7), 5.82 (d,
'J = 8.4 Hz, 1 H, NH) [D;0 exchanged]l, 5.95 (m, 1 H, =CH-),
6.99 (d, J = 15.9 Hz, 1 H, -CH=); 3C NMR (75.5 MHz,
25 CDCls): & 19.2 (-CHs;), 20.7, 20.8 (OCOCH; x 3), 23.4
- (NHCOCH;), 49.9 (C-5), 52.3 (COOCH;), 58.4 (C-4), 61.7 (C-
9), 67.6 (C-7), 70.0 (C-8), 75.4 (C-6), 119.7 (C-3), 123.9
(-CH=), 130.4 (=CH-CH;), 140.8 (C-2), 162.4 (C-1), 169.8,
. 170.2, 170.3, 170. 5 (NHCOCH3;, OCOCH; x 3). Cz1Hng010 LRMS
30 (+ ve ion mode): m/z 518.8 De-H]*, 490.9, 430. 8,.370.8,
306.8, 257.9.

Example 31 N |
Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-
© 35 dideoxy-3-bromo-p-erythro-8-L-manno-non-2-ulopyranosonate
(26) : | ’ -
' To a solution of 2,3-dibromide (25j (330 mg, 0.52



7), 5.55 (d, 1 H Jam 5 = 9.9 Hz, NH); LRVS (ESI): mz 599.8 (M+rNa)1l 30
Exanpl e 37 Met hyl 5-acetam do-4,7,8,9-tetra-0-acetyl-2,6-"'

anhydr o- -4 3-0-et hyl - D- gl ycer o- D- gai act 0- non- 25 ):
Oorrpoundg‘?’gf?h?@%x 0.128 mmol) was dissolve in 35 anth%}Mﬂ@fo%oééﬁg’

1, 2-dichl oroethane (1 nL) under N2 and the solution cool ed to 0 C, when
HElr-AcOH (33 % 2 nlL) was added dropw se71The reaction was stirred for 1 h
at 0-C, - 75 - and then for another 2 h at roomtenperature. The sol ution

was diluted wi tut?acﬁ.'yhxgi'eﬂ§ré@lﬂ%ﬂle(i?da@é’cﬁm&@t ed. Hﬂd%eél%&"&d pressure.
ol yoosyl 5 br oEsrs 0E 485 ERY £8 Bomaclie o2 bt cESnechahe dah Frfhout
gl ycosy ro as ¥ W

purification f@t t°hecel ¥a® neddesh sidxeri errbanatge (233)mgp. Q.78 meFl) was

di ssol ved i n 1,ahdlisdhiret opéheitraReni() 621n6Er 0N38aﬂﬁlolhe SrHd/igRugeol ed to
0.C uhen DRU (/e GhEOka, GortiJBIl brdfi L AAHCT eofNes RACIAON WeSaihi 1 ed

10 overnight at roomterrgera ure then concentrate reduced pressure.
e

The residue wa? FPEE8FTed? i P EATACCRdEFRIFAF IR h §h§d’t"cﬁ%ﬂr€dwaﬁueous
sol uti on of NHAGLtewmtethuenblhdeldtedandkHeN£AICthtef cohosmctared t he .

fih Itrate conﬁew&wdaaﬁ&er \a&wo '/cujﬁhﬁ%r Jcﬁﬁ::d%s ﬁrPflIécil by 15 "
chr omat ogr aphy c/ di.chl or.one co oun
(33) (37 60%}0%%8%5 amll Ohr ae’fe % gr’rg) '%7@ 8l so
recover ed. ﬂfotéﬁ"l(aEf’B’ﬁE?“W k’s‘do (REpmeygiet @ l 2% ?'f’ aF 13 “@EHEC H3), 1.94
(s, 1 H NECOCH®Rid2 (286 Bg0D).4B. kdel2. 93%)20(40, 12 H, coci b) 3.71- 3 76
Sme814H18m('_|2Chﬁ)0 367531;(&%@)3 T%%&l’ 0 M chel )(58n8 (11 4. 9 13
m =
3.0 Hz, J9,9, 2.5, 32H‘%8'H2-99°95 E'3‘54“tnn ’?EHQSQ Hslg 2 %?m‘siHﬂ* H 7).
5.70 (d, 1 H, FOPCHy) , H-B2 (§9931K( Jolis F, 8§ BHD5 K,s3 wlzwz."@-m (75.5"
MHz, CDCL3)L5 5 413834(€BNEh2C21iG) H-80. 525) 2@. 59, (ao BGH, 26, 93" 647XHEPOCHS) ,
23. 07 (NBCOCH3)g-347. 8704 Ci&d, 1% Jr4 X¥ X9 g, §3 Pzgs) ’Hzg7 52g- {CC‘27)
24285 (. 5), T5d5s #O‘:@?%E%)ma%z G2 e A B
T Hz, H-7), 5.41 (dd, 1 H, J¢,3 = 3.7 Hz, Je,s = 10.0 Hz, H-
4), 5.95 (s, 1 H, OH), 6.10 (d, 1 H, Jgg,s = 6.02 Hz, NH);
20 LRMS (ESI): m/z 592.4, 594.4 [M+Na)'l. '

Examgle 32
‘Methyl S5-Acetamido-4,7,8,9-tetra-oO- acetyl -2,3- .

anhydro-5-dideoxy-p-erythro--L- gluco non -2~ ulopyranosonate
25  (27): :
According to the method of Okamoto et al.
(Okamoto et al., 1987), a solution of (26) (426 mg, 0.75
mmol) in dry acetonitrile (4 mL) under N; at room
temperature, was treated with DBU (140 microL, 0.90 mmol).
30 The mixture was stirred for 15 min at room temperature and
then ‘the ‘solution was applied to a silica-gel column and
chromatographed (toluene/acetone 3:2) to give the title
compound (27) (Okamoto et al., 1987) (315 mg, 85% yield)
as a white foam ' : : -
35 R: 0.53 (EtOAc); ‘H NMR (300 MHz, CDCl;): & 1.91 (s, 3 H,
NH COCH3;), 2.03, 2.05, 2.11, 2.12 (4s, 12 H, OCOCH;), 3.59
(s, 1 H, H-3), 3.83 (s, 3 H, COOCH;), 4.06 (dd, 1 H, Je.7 =



30 LRVS (ESI) mz 539.8 [ MENA) 11. Exanpl e 38
5- Acet am do , 6- anhydr o- 3, 5- di deoxy- 3- 0- et hyl - ngl ycer o- p- gal act o- non- 2- enon

ic acid (@4 ound (33) was deprotected according

pr ocedure at g@%gp 12 h (19 ny, 88% | E NMR (300 Mﬂpb%foléaﬁlogﬁ%gG (t,

H OCH2CH3), 1.84 (s, 1 - 76'- H NHCOCH3), 3.36-3.44 (m 2 H H7, HO9)),
3.62-3.76 (m- 3H, OCH2CH3 H-8,. 11-9), 3.-8824-02 (m 3 H OCH2CH3 H-5, o
11-6). 4.38 (m 1 H H4); 13C NWR (75.5 M1z, D20): 514.13 (OCH2CH3), 21.94
( NHCOCHO, 50. 414 (sCifz),, JB2. 859(401&),, H66) 9024 . 15 (@) 1 B/. 86, cCe(y, HHS. 46

(W20 12). 69, 94 [CaBl I %0u(00) 414200 60y, i %4 ) 1 14 45

(Nni axab), (C2 ’hot o served Exarrpl e 39
10Met hyl . (4' - rré{ﬁ*hdxyb%r?zﬁz's et H12d5 B 7’!{99" 9 (d, 1 H,
t etra- 0- acet y1-5-dé@xyH34D- &0t r 1| 8, pHe&)y:t t%r-d40a4{dg/ Ut &3 neh- 62-u-’vd7pyr anos

i de) onat e ( 35) rafompQuads (P8, ( 578) Us.$h 94, mok) yAs di §solied wd) ;.

anhydr ous di chl%{ym(tgggpe ‘Ugd.#j)d ]ch P‘eka .at. room 15 t.enperature and

activated Ms 4 were a T owe by bronoacetonitrile (245
mcrolL, 3.68 mml). After stirring for 1 h freshly prepared Ag20 (854 ny,.
3.68 mmol ), andexBmbile( 330 ngy, 0.92 nmol) were added. After conplete’

addi tion, the reaction rwﬁ:wle oaxasma&hég?%nagﬁoseﬁé@@utfm429 i ght, for 16
h at room tenmperature. g} n_was én_redth%lg‘%h Cel'ite and the
filtrate concentrate uc eSS TR T H R B Raé "purifi ed by
chr omat ogr aphy ‘Ht?Pé’FPPEEi??\)@% a(éé dne 6:4) to yield (35) (485 ngy, 791)
as a white solid foam 2B RE=210t&8n(&t 0); (;BISION&R (B Mro))cpsldyy 6
1.86 (s, 3 H NE&4PE8Ltn&nd s 212212007 wnddS: N 3 §§d§é5 H, CDCH?’)

?éo%ﬂg? }1 33 (IE%’ °i‘¥?en6‘]?g "g“’%?% 83H£1"( fS“’g tﬂenlﬁ *r%f sYyld mﬂ 21 (dd 1

H 4,03 =15 4_qqu (thaﬁy%gg)lz after stirring for 15 min at 0 C the

reaction was let warm to room temperature for 1 h. The -
chlqr1nated solvent was remove under vacuum and the -

residual oily solution was purified by flash _
chromatography (EtOAc/dichloromethane gradient 1: i to 8:2)

20_ -to yield the (28) (580 mg, 81%) as a white solid. ‘

' "Re 0.39 (BtOAc); 'H NMR (300 MHz, CDCl3;): & 1.86 (s, 1 H,
NHCOCH3) 2.01, 2. 03, 2.06 2.08 (4s, 12 H, OCOCH;), 2.69 (d,
1H, Jom,s = 4.8 Hz, OH), 3.79 (s, 3H, OCH;), 3.80 (s, 3H,
COOCH3) , 3. 82(dd, 1H, J3,4 = 9.6 Hz, Jon,3 = 4.8 Hz, H-3),

25 4.04 (dd, 1H, Jg,s = 6.0 Hz, Jg,9- = 12.6 Hz, H-9), 4.20-

4.28 (m, 2H, E-5, H-97), 4.51 (d, 1H, CH,PMB), 4.58 (dd,
1H, Js,7 = 2.1 Hz, Je,5 = 10.8 Hz, H-6), 4.78 (d, 1H,
CH,PMB), 5.13 (dd, 1H, J¢s = Jes = 10.2 Hz, H-4), 5.26

_ (dd, 1H, J7,¢ = 1.8 Hz, J7,0 = 8.4 Hz, H-7), 5.32-5.41 (m,

30 2H, H-8, NH), 6.86 (4, 2H, Ph), 7.31 (d, 2H, Ph); LRMS
(ESI): m/2 650.2 [M+Na)'l. ‘ ' : , -

Example 34
_ Methyl (4'-methoxybenzy1 -5-Acetamido-4,7,8,9-
35 tetra-oO- -acetyl-5-dideoxy-3-0-ethyl-p- ezythro -a-L-gluco-non-
2-ulopyranoside)onate (29): : -
,'COmpouhd (28) (0.882g, 1.41 mmol) was dissolved



30Hz, 11-9'), 4.29 (n] 1 H 11-5), 4.43 (d, 2 H CH2C21), 4.51 (d, 1 H
CH2P1B), 4.68-4.71-4.79 (n] 2 H 11-6, CH2P143), 5.13 (dd, 1 11, 474,5 =

341, 3 = 26 (dd, 1 11, J7,6= 2.1 Hz, 477.8= 11-7),
5.34-5. 3%‘9?% F—f]ogll 8, NH) 6.86 (d, 2 H J = 11.4 Hz%zE%%??mg).Obz_%s(d, 2
H J = 35 11.4 Hz, PNB): LRVB (ESI): miz 688.9 (14-14U)1. Exanple 40 - 77

I\/bthyl 5-acet ani do- 4, 7, 8, 9-8t ra-0- acet yl - 3, 5-
dodeoxy 3-0-acetonitril e-p-erythro-S-L-gluco-non-2- ul opyranosonate (36)

To a sol ution ofn a’z&.)yd&é% nmr0(4?)3mmrohr)d¢fl ¥ $t ot tenpbraiwid Oram@et hane
(30 mi,) and M0, (& ¥kl & k2R Tadlla 2. heQUOLLs iy 1RACHI OD vas
errper at ure

C
stlrred for 5471 room e react |on m xture was then washed

with istaturat et I%E@éismﬂi‘iiﬂe(orfr"l Bl (Tl dmel)ri freFRly %ﬁﬁ}’aﬁ?& fQrate
concentrat ed untier625gcudnrd3 Timeol)0 Cempdigneamd leiSuerd @ygahiconat ogr aphy on

glll8l &%R(?%g,n%q&tz%%@s%éntg(wﬁ)d @364141306111@@2;%};&%:&;5& (Et gAgg
2.14 (5s, 15 H* 39253 BY: 97(5"%( I{sﬂmﬁ%@% ég g epagle

4.12 (d, 1 15H, oﬂ@dwismt the 6’-‘%%)"'1'3’!! DRXGITID WaR 521FF°‘-1'1 Broteckpd 4. 39
(d, 2'H, CH2CN)frch 48ghtd, £drHe 18 at Eodml'ﬁem;f%t,u&e-r 1Phé ddautiiod’ ), 4.95

(s, 1 H O, 5««454:(1 eveld tﬂnﬂwﬁg o) te Sarkd €1} ¢batd /dofiinkAckE J7,4=
5.1 H, E-7),

.0 LR148_( ESI Z 56
Exanpl e 4117 Casdtedd ’ed“r\’/ﬁf‘h?ﬁ"ﬂ%"‘ﬁ‘c?et aﬁf‘ﬁo %51 P g3 BBﬁ%g‘?LjJ’aé’é)etyl 3.5-
di deoxy- 3- 0- aceshprmatiogaaphyr9n WWNLIEF%WWEI%PEBW%rﬁ)ﬁn&Pe (37):
25Conpound ( 36)yiaR) (79) Q454 uﬂgmlq)a%maasdaSﬂQIﬁeedolld foam.

Re = 0.73 (EtOAc); 'H NMR (300 MHz, CDCl3): § 1.05 (t, 3 H,
OCH,CH3), 2.03 (s, 1 H, NHCOCH;), 2.03, 2.04, 2.06, 2.10

15  (4s, 12 H, COCH;), 3.56 (m, 2 H, H-3, OCH;CH3;}, 3.78 (s, 3
H, OCHs;), 3.80 (s, 3 H, COOCH;), 3.80-3.84 (m, 1 H,
OCH,CH:), 4.03 (dd, 1H, Js,s = 6.0 Hz, Jy,5- = 12.6 Hz, H-9),
4.20-4.35 (m, 2 H, H-5, H-97), 4.52 (d, 1 H, CH,PMB), 4.68-
4.78 (m, 2 H, H-6, CH;PMB), 5.13 (dd, 1 H, Jos = Ja3 = -

20 9.0 Hz, H-4), 5.25 (dd, 1 H, Jy,6 = 1.8 Hz, J7,0 = 8.4 Hz, H-

7), 5.33 (m, 1 H, H-8), 5.43 (d, 1 H, Jm,s = 10.2 Hz, NH),
. 6.86 (d, 2 H, J = 11.4 Hz, PMB), 7.31 (d, 2 H, J = 11.4
Hz, PMB); LRMS (ESI): m/z 677.8 [M+Na)'].

25 . Example 35 .
' ' Methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-3,5-
dideoxy-3-0O-ethyl-p-erythro-f-L-gluco-non-2- ulopyranosonate
(30): : i .
To a solution of (29) (300 mg, 0.46 mmol) in a
30 mixture of ‘dichloromethane (45 mL) and H;O (5 mL), was
' added DDQ (229 mg, 1.01 mmol). The reaction was stirred
for 54 h at room temperature. The reaction mixture was
then washed with.saturated NaHCO3;, brine, dried (Na,S0,).,
filtered, and the filtrate concentrated under vacuum. The
35 residue was purified by chromatography on silica
{EtOAc/dichloromethane 7:3) to yield (30) (193 mg, 79%).
Re = 0.56 (EtOAc); ‘H NMR (300 MHZ, CDCl;): § 1.04 (t, 3 H,



in dry pyridine (3 nL) and acetic anhydride (2 nL) and DVAP (catal ytic
anount) were added to the reaction mxture. After stirring for 16 h the
reaction m r s concentrated and the residue was purifi

chr omat og%éht}”@ﬁ%gi | ica (hexane/ acetone 5:5) yielding ?g%‘“%g]f%??ég 97%
Rf = 0.48 (EtOAc); 111NMR (300 MHz, CDC13): 8.1.86 (s, 3 H, NH COCH3),
2.01, 2.04, 2.06, 2.09, 2.11, 2.14 (6s,1874, -COCH3), 3.81 (s, 3 H, COOCH3),

4.02 (dd, 1 H, J9,8= 6.6 Hz. 35a79,. = 12.3 Hz, 11-9), 4.12 (d, 1 H, 11-3,
J3,4= 9.6 Hz D = 16.8 .
Hz), 4.42 (dé &*E%Hé?gsl g’@ ‘% L # daL )'41?9% ‘2 0%1%9634 o) = 4. 49

(d, 1 H CR12100%8" F#2-¥y5CQCHy 35 ’5 1% B0 2W3’Hé)8553 949(%%

474,5 = 174, 3= HA H-3HZE-BR 4)3: &. B2 @d@r OCHy) J268114843Hz(m.) B, @= H-5. Hz,

E"X7) |6 gg (d, t}i-ef'i, 51@91)? 59:(Ljﬂ-$‘|222 Ni), ; 2 HLR?E! gliﬁs)) Ef.gsgilai {cM’rNa)]
anpl e ac pe Y

di deoxy- 3- Ogvg'}?az‘{’d‘oet €r’g B- &7t ﬁr Eii PUZ)O' n%lrﬁﬁtz <]dul opyranﬁSonate

(39): 10To a mi%tUr# o 37)%%0(%}) '0’"42 ﬂ%rbl% RtFapad ¢ (10% 125 nm)

in.methanol. (3 mM.) was added 1 M HC]. soluti-on (0.3 nL, 0.3 mmol ).  The

m Xxture was Stigf 1a,n(§5$haken for 16 h at roomterrperature under a
pressure of 40

The {i ) Xt yre | red.l
through Celite and t he flfggﬁe{]es c"“(ﬁzr‘le(t::g'm?rgatzg(fl lr?rf?ér g\(lz\gﬁnﬁg eet % §
product (38)° (Rtideqxys3- PEEDIAY} MG ItREo 78 X ﬂpcmeoenﬁ%r\mnpﬁaaete
further purificetiln for the next reaction. A solution of triflic azide in
pyridine was 20 preparedg )0 (486 thp(éoofnm&i‘ﬁ whe alisddiveBal Yan

0. 445 ﬁf{aﬁirxﬁ.“%éitm&gagrﬁge %w%eo 25 sfsﬁ% 2Py R 2 8, 400 (T g,
0.011 mmol ) ancP¥AR etdarednihe MPuptl weae, added tanthe RepetieRied and the
15 mixture. After stirring for 16 h the reaction was
concentrated under reduced pressure and the residueAwas

purified by chromatdgraphy on sgilica '
(EtOAc/dichloromethane 7:3) yielding (31) (173 mg, 95%).
Re = 0.43 (BEtOAc); 'H NMR (300 MHz, CDCly): & 1.05 (t, 3 H,
20 OCH,CH3), 1.84 (s, 1 H, NHCOCH;), 2.00, 2.02, 2.08, 2.14,
2.19 (5s, 15 H, COCHs), 3.52-3.57 (m, 2 H, OCHCH;), 3.67
(d, 1 H, Ja,4= 9.6 Hz, H-3), 3.80 (s, 3 H, COOCH;), 3.95
(a4, 1 H, J¢,7= 2.4 Hz, Jg,5 = 10.8 Hz, H-6), 4.06-4.29 (m,
2 H, H-5, H-9), 4.48 (dd, 1 H, Js:,5s = 3.0 Hz, Js,5 = 12.3 "
25 Hz, H-9‘), 4.96 (m, 1 H, H-8), 5.16 (t, 1 H, Jq3= J¢.5 =
" 9.9 Hz, H-4), 5.31 (dd, 1 H, Js,6 = 2.1 Hz, J7.s = 4.2 Hz, H-
7)), 5.55 (d, 1 H, Jgs,s = 9.9 Hz, NH); LRMS (ESI): m/z
599.8 [M+Na)‘]. '

30 Example 37 } _
Methyl 5-acetamido-4,7,8,9-tetra-0- acetyl-2,6--

anhydro-3,5-dideoxy-3-0- ethyl n-glycero-n galacto non-2-
enonate (33):
COmpound {(31) (74 mg 0.128 mmol) was dissolve in
35 anhydrous 1,2-dichloroethane (1 mL) under N; and the
solution cooled to 0 °C, when HBr-AcOH (33 %, 2 mL) was
added dropwise. The reaction was stirred for 1 h at 0 °'C,



25 solution was cooled to 5 C The solution of TfN3 (0.8 nL, 0.534 muvl) in
anhydrous pyridine was added to the reaction m xture dropw se. After

stirring @b 211%0 %ﬁg 10 mn, the reaction was allowed toppgfshR/dofRR

tenperature . stirred for a further 16 h. The solvent was renoved 30
under vacuum aad t he crude. product was purlfled by chromat ography on silica
(hexane/ acetone 6:5) yielding (39) (357 #§,-77%. Rf = 0.45 (Et0Ac); 211
NVR (300 MHz, CpCl3): 8 1.85 (s, 3 H NH COCH3), 2.01, 2.03, 2.06, 2.09,.

210, 2 15 (00,51f o380 er0 & 20 ot Lesbliide 1230 5 053,70 i
m OOR? _

Hz), 4.02-4. 10 ‘("#\3“?% :) “'ﬁ? 3“111‘-3‘9%3 w3 % %3%%° o %QFF&" "knd*ebapttdeda
WO2011/ 006208PEH & gedroed ymRasure . . F¥$9°r84=14>e Figh golpene ¥§s513 = 2. 7
Hz, 479',9 = 1ZdpddtedHalfdrtie0Q- bifids (ty glivd, tue8¢:u5e IRl edaiyll H,

67415 49J?=d <l isglt 0 Joldeldibadalt b 23 liras) o3 5.1 H,

Z 641 1 +Na) 1.
Exanpl e 43 l\/Et‘H;Hh%‘taEBFéﬂ‘éﬂf’ﬁ’W fgrgt%%t?ﬁ“&g’% %’91 gion. ebist
anhydr o- 3, 5- di d&2y-(3-02p 20l keet A Bpotved y&eﬂezp@c’g%ﬂ’mtéiﬂw&n-(z- enonat e
(41): : mL) QeRlkeURs HndkntbPongridh @Bé18U0ty oex diwvneal pBU (75

anhydr ous DCM (@Bapdﬁ u_na!ss Mﬁ;dﬁn@a%hsdégéut 9 £aghefod Gudk Qti\ef@ga TMBBr

(64 mcrol. reaction m xture %‘; owed to warm
B f

to room terﬁ?er a?‘(ﬁréu?zﬁ af‘tv\ﬁ?% LEBRGERELTT SR RRBCEREFR ®%56 h. The
reacti on was coreswedapedsawtier \Theuurpigue|whindishelved dir FtPdesprdbr omi de
(40) as white- weddrug %Ehda(édﬂumt@d48qﬁ§ﬁl%®dlut€6ﬁpeﬂnﬂh4€!40) wiesr used :

Wi t hout purifi I tyi O d 0. 097 mmol)
was 20 di ssol ve%}dl (r%’r}ag}% d?%ﬁ%‘?lhg gec)hl griggtgﬁ %‘ i%li r2 and t he
sol uti on cool eFMFHEFE ﬁﬁeﬁ“ versuR; crHe X$E 8B, The
reaction was stehraghtogernhyten allnoem(smwmerphehhmﬁ?t3ﬁat &d under

vacuum The re mgac\modhaspjy)ed(ghnma Od¢s)andt washedeWeddina saturated 25
aqueous sol uti o ré‘ac@H%CJ(aﬂ?/agg ”d1t?§;$ n‘gmrﬂnaqL % ggggg\e/%%r Na2804, and

concentrat ed under vac was puri omat ograigh on
S

silica (hexane/Becat 8nES 6EEMC)g é'l Wcé?rﬁ%m ( FPFL5 fyl- ite
foam troxeact edtcK,883) { 49 94y (5 82%)H MABICACED) + eCOFr @08, 2. 10, 2.14 :

20 (48, 12 H, COCH;}, 3.71-3.76 (m, 1 H, OCH,CH;), 3.75 (s, 3
H, COOCH;), 3.92-3.97 (m, 1 H, OCH;CH;), 4.08-4.18 (m, 2 H,
H-6, H-9), 4.38 (m, 1 H, H-5), 4.58 (dd, 1 H, Jo.,s = 3.0
Hz, Js,9 = 12.3 Hz, H-9'),; 5.24 (m, 1 H, H-8), 5.46 (m, 1.
H, H-7), 5.70 (4, 1 H, 7.2 Hz, H-4), 5.93 (d, 1 H, Jus,s =

25 9.3 Hz, NH); °C NMR (75.5 MHz, CDCl;): & 15.3 (OCH:CH3),

' 20.72, 20.79, 20:86, 20.93 (4 x OCOCH;), 23.07 (NHCOCH;),
47.87 (C-5), 52.14 (COOCH;), 61.96 (C-9), 67.25 (C-7), -
68.65 (C-4), 70.11, (OCHZCH;), 70.92 (C-8), 76.33 (C-6),
'136'.'76 (Cc-2), 142.85 (C-3), 169.57-170.56 (5 x COCH;3, C-1);
30 LRMS (ESI): m/z 539.8 [M+Na)'l. ' '

- Example 38 :

5-Acetamido-2, 6~anhydro-3,5- dideoxy -3-0- ethyl D-
glycero p-galacto-non-2-enonic acid (34): :

35 : Compound (33) was deprotected according to the
general procedure at 5 °C for 12 h (19 mg, 88%). _
lE NMR (300 MHz, D;0): & 1.06 (t, 3 H, OCH;CH;), 1.84 (s, 1



30 Rf = 0.46 (HtOAc); 11i NVR (300 MHz, CDC12): 8 2.04 (s, 3 H, NH COCH3),
2.06, 2.08, 2.10, 2.12 (4s, 12 H, COCH2), 3.40- 3.53 (in, 2H OCH2CH21, 12),

B T e L

4.36-4.45 35(n, 1 H H5), 4.54 (dd, 1 H, 478,,8 = 3.0 Hz,= 12.6 Hz, H9'),
5.25-5.31 (m (1 H, H8), , 5.48 (dd, 1 H7&77.6= 3.9 Hz, 477,8= 5.4 Hz,.
H7), 569 (d 1 H 471113,5= 9.3 Hz, - 80 - NH); 5.79 (d, 1K, J4,3 = 6.9

EL 13 4)d LENﬁ ( RRboeriy, 5%183 5'\%*4\18{);1;1, 2Exanple, 44-9)5MBLBYL3.76 (m,

acet am do- -

di deoxy- 3-0-[2; H('4g98%c3"d[}% SS y% %rsﬁ é’zzol( I'rryl t%cquH eryt%ro a-L-glu
co- non- 2- ul opyr#ad8sémat® *(42* 4P2 =S HURh{T Hrio Bgizy ( B9 5C6Frp6§|nd (39) (100
ng, 0.162 nmol )(oeagcr,3- M2l hyd - (NEToHpENtSME1( 2¢- H‘)Cr&‘ﬂ_.,8$ (€94) e y92wer e
dissol ved ig aqueqys bopE opang), 5Lk Renkaapl, coglr eeaH) AL @) A1

nol ar sol ution oOf cog sulfate MELP 32 .mol )
y

2
was added, fol %3wed? °?h&°a{’dd| PFBng%)f&'l so&7ﬁrﬁ‘35g NivHEre sd%ﬁ 64
mcrolL, 0.065 misleyvedhe IERMSAESLOA Bée Weddéd 3430 C for 4 h. The
m xture was evaporated under. reduced pressure, and the residue was dil uted

w th ethyl 'aceﬁég iEd gvashed with water and brine, dried (Na2304),
filtered, and te evaporated under vacuum The residue was
purified by%20 chronat odfeldy da" s‘f‘??rtﬁ‘yﬁ‘?@ﬁﬁﬁef“ﬁ%‘?ﬁéd&'éy7y?e?'di ng

conpound (42; Retra-geahgtpl-Cpdepxyid0mpetdndyrate soarvtérootie: R = 0.07
gELOAg—l;s 1JH ’:"\%1%%%(231)&4{% mb%)rangsﬂwﬁbx(di:e 33b) OB, J = 6.6 Hz), 09912(28
(5s, 15 H, ©OCK,), 1. g5 & j;; %hN&&%Og?is) 2% 8‘%"%’% s § g«§°lcﬂzez%4)
3.77 (s, 3 H, GEOeAbydraus M 1°I°Pﬁf¥é13e AL} gupd ‘FE L % FP 08 (m 4 H
OCH2CH2N, 1%- 6,tehpeatipre JaiD-abtiVategd MS 4§ AlZKéSy) 149128 afided €glkpwed
%}EC::EN H-H;j; )by $r3§b§c9€o:(iml_r_|}%.engh‘b mileron, 3.68 fash) 1 Heedsd, 5 —9173 31
5 Rl Lilind delferd oy P i, By
: and TBAI (340 mg, 0.92 mmo ol] were added. After complete _
addition, the reaction mixture_was stirred, protected from
. 20 light, for 16 h at room témperature. The solution was
.flltered through Celite and the flltrate concentrated - '
under reduced pressure. The res:.due wag purified by
chromatography on silica (hexane/acetone 6:4) to y:.eld
(35) (485 mg, 79%) as a white solid foam. _
25 Re = 0.68 (EtOAc); 'H NMR (300 MHz, CDCl;}: & 1.86 (s, 3 H,
>NH COCH3), 2.00, 2.02, 2.07, 2.08, 2.13 (5s, 15 H, COCH3),
3.67 (4, 1 H, H-3, Jy,4 = 10.6 Hz), 3.80 (s, 3 H, OCHs).
3.82 (s, 3 H, COOCHs), 4.03 (dd, 1H, Jg,3 = 6.0 Hz, Jg,3r =
. 12.3 Hz, H-9), 4.21 (dd, 1 H, Jgr,g = 2.4 Hz, Jgr,3 = 12.3
30 Hz, H-9‘), &.29>(m, 1 H, H-5), 4.43 (d, 2 H, CH:CN), 4.51
S (@, 1 H, CH,PMB), 4.68-4.71-4.79 (m, 2 H, H-6, CH,PMB),
' 5.13 (dd, 1 H, Js,s = Ja,3= 10.6 Hz, H-4), 5.26 (dd, 1 H,
. J7,6 = 2.1 Hz, Jy,8 = 9.0 Hz, H-7), 5.34-5.39 (m, 2 H, H-8,
'NH), 6.86 (4, 2 H, J = 11.4 Hz, PMB), 7.29 (d, 2 H, J =
35 11.4 Hz, PMB); LRMS (ESI): m/z 688.9 [M+Na)'l.

Exa_.l_ugie 40



. 35 Exanple 45 Methyl 5-acetam do-4,7,8,9-tetra-0-acetyl-?2, 6-
anhydr o- 3, 5-di deoxy-3-0-(21-(4"-isobutyl, W) 2011/006208PCT/ AU2010/ 000905

- 81 - X y gazol-lu-Yl)ethYll-n /ycer o- p- ga/ act g; Y@t ate
(44: R Uyozy %ﬁao}spropyl) (44)) Conpound (42) (71 g 0. 1851.?}%%?30/0&@6@9

di ssol ved i n anhydrous 1, 2-di chloroethane (2 nL) under N2 and the sol ution
cooled to 0 C, then Aciar (300 microL, 4. 87nmaol) was added dropw se. MeOH,
(80 microL, 2 mml) was added slowy to the solution and the m xture was
stirred for 1 h at 0 C agdehyens Jaetanidslider, 56 - I&eakaroométfymar gture. The

sol ution was dlé‘{ ng\gtp gf dﬂ'ﬁ:‘ﬁlkola bg,gd 19ffﬁ?‘ﬁ %eq under reduced
at10

pressure. Evapor: u ne was repeated tfinmes to give.
the crude gl ycd&ﬁPYEPGﬁ‘Faéa%ﬂSS“&s a yell ow solid. Corrpound (43) was used
wi t hout purification forTéhe slliuripat oHN{IVaciBESNRgCr GdZ3 (1) (@rl81 Mol )

wals ?' ssol V%? 'nﬁ:@bﬁzz%nQ\fﬁ&?&ﬁlﬁ&é@hﬁhéoﬁwtmn%ﬁznﬁ)(ﬂmrwygdé‘&@eci he
eacti on vas StTHS odo0, B8 AT ARG FRTETEIFE HRE PHARr S e8P ar ed
under vacuum Thet é‘S’PauéemerQﬁ%l vEHe| FeIRtgRn mAstwee Herr \fhem a v
saturated 20 aGesHesd wakht smﬁtmcommnanddﬁemema;soad ( Nal 2804),
buri 11 od by chr e h8d ORE HLic2pd w‘?‘%’t CEATUUTUndRE VRS MBS Ve
Fhe corrpouﬁt? mailﬁ“% ?gﬁé’ %rdipg’ )s’gﬁ%‘" 88 & i\‘#‘ﬁe f oam g
Unr eacted 25 (4@)6?(%/#5%29%5\/@5 tol s'eel@cbiﬁér d3d06Rhg= T7W) { Et OAC) ; NVMR
(300 I\/Hz CDC19¢ =800590(HKttbadh ;H, ‘ihidr 13606b£6zJ-|2313c11) 908 (13.363 (e, BHi,
COCH3) , 1. 97, Zf%oc%ﬁf’&l ?99095(% 5%5044 L & H
CH(CH3) 2) 2.54 La §%
(dd, "1 H J9,8 “ég" 3 ‘Tvglgf‘ H-$ é) '4098‘:”34'32 -t (%
OCH2C. E2N, 151- 6, Bt331 4441 On6 1HE) . H B1-4438410%, 5D H.3 B45, OBHQCH2N39
11-9'), 5.23-5.89 (@, 1cthu'bl 8).485(d&, (:ddz bHy 479.6uATE,55 4. 52]':2, L
;Fgé (g 65 (d, gy Hu904,54708 & Ha atém, B9 (@, 24 aYlseel, 3 Hz. NH),
‘ 5.31 (dd, 1 H, J7,¢ = 1.5 Hz, Jy,3 = 5.1 Hz, H-7), 6.05 (d, 1
H, NH); ©LRMS (ESI): m/z 569.1 [M+Na)'].
o ' ad | ta)
Example 41 :
Methyl 5-acetamido-2,4.,7.8,9-penta-O-acetyl-3,5-
' dldeoxy 3-0O-acetonitrile-p-erythro-p- L-gluco non-2- ‘
ulopyranosonate (37) : : ,
25 Compound (36) (300 mg, 0.55 mmol) was dissolved
' in dry pyr1d1ne (3 mL) and acetic anhydride (2 mL) and
"DMAP'(catalytié amount) weré added to the reaction
migture. .After stirring for 16 h the reaction'mixture'was
concentrated and the residue was purified by ,
30 chromatography on silica (hexéne/acetone;sés) yielding
(37) (314 mg, 97%). - -
Re = 0.48 (EtOAc); 'H NMR (300 MHz, CDCl3): & 1.86 (s; 3 H,
NH COCH;), 2.01, 2.04, 2.06, 2.09, 2.11, 2.14 (6s, 18 H, -
. COCH;), 3.81 (s, 3 H, COOCH;), 4.02 (dd, 1 H, Js,3 = 6.6 Hz,
35 Je,e- = 12.3 Hz, H-9), 4.12 (d, 1 H, H-3, Jy¢= 9.6 Hz),
. . 4,12-4.23 (m, 2 H, H-5, H-6), 4.29 (4, 1 H, CH,CN, J = 16.8
Hz), 4.42 (dd, 1 H, Jss,3 = 2.7 Hz, Jo.,9 = 12.3 Hz, H-9°),



351 H CHC); LRVMS (ESI): mz 663.4 (1141-nol. - 82 - Biological data
Exanpl e 46 Enzyme inhibition: Inhibition data agai nst

i nfl uenzayh Hifddds8i and N2 sialidases for conpounds (7¥gglﬁA§}32@0§I@%? (21),

conpared to parent tenplate Neu5Ac2en, is described in al i dase

I nhi bition assays were carried-out on MES-P-dodecyl -p-nualtoside cell : '
extracts 10 prepared from 293T cells tran%ently expressing the viral
enzyne according to the known nethod (Ranei x-Welti et al., 2006). Enzymatic

gcgilvih;y \ﬁs rr?ﬁsllgr@-g,r;lgir?,g c&i}@nﬂlﬂ@?glﬁ"@i gzspbﬂd:atsa_lg (m, 1 H, H-8),
nown et hod 18- E8otPar hFalsls Tordys “roteLotl H s E (BOR BB N0
conpounds, cel Ws.ewerk Si&E ndulbat &t O 2. 38nhy &- 22789 n1tBe PEestnté of
vari abl e concemzr,aiNippp; of LrM®e (@8Tpounds. 6lille 2KilMwis) dal cul ated by fitting
the data to.the appropriate Mchaelis. Menten equations. The conpounds 20
with the C-g side-chain_ (X2), (7), (9b-d) and (21), show sel ective
i nhibition of : si alidases; in' contrast the parent conpound
NeuS5Ac2en (X2 = H). showsNe’emrJvé'?keﬁPtM#ﬂ%%ri‘bﬁrGfr9bB?‘Ht%i°a'laicG§g’Es3'5'O-I OH
NeuS5Ac2en Tabl @ilieokip-¥ib+ (2 i -afzikdbet Byl Div-edbHeaz@- 1A glivcos nbh-2nd N2
SNleﬁlfalAggZﬁs Ely ?‘%@%E}?gﬁéﬁaté%gwb- d) and (21) _- corrpag ed to parent tenplate
' 10 To a mixture of (37) (130 mg, 0.22 mmol) and Pd/C
(10%, 125 mg) in methanol (3 nL) was added 1 M HCl
" solution (0.3 mL, 0.3 mmol). The mixture was stirred and
shaken for 16 h at room temperature under a pressﬁ:e of 40
psi of hydiogen. . The reaction mixture w#s filtexed
-15' .through Célite and the filtraté_copcentrated under vacuun.
The crude product (38) [Re = 0.42 (EtOAc/MeOH/H,0 7:2:1)]
was employed without further pu:ifidation for the next
reaction. - . , . ‘
A solution of triflic azide in pyridine was
20 prepafed according to the method of Yan et al. [Ri-Bai Yan
et al. Tetrahedron Lett. (2005) 46, 8993-8995]. Compound
(38) (0.28 mg, 0.445 mmol) was dissolved in anhydrous
pyridine (1.5 mL), then CuSO; (3 mg, 0.011 mmol) and
triethylamine (124 microL, 0.89 mmol) were added and the
25 solution was cooled to 5 °C. The solution of T£Ny (0.8 mL,
0.534 mmol) in anhydrous pyridine was added to the -
reaction mixture dropwise. After stirring at 5 °C for 10
min, the reaction waa_aliowed to warm to room temperature
and stirred for a further 16 h. The solvent was removed
30 under vacuum and the crude product was purified by
Chromatogréphy on silica'(hekane/acefone'Gés)_yielding
(39) (357 mg, 77%). ' I
Re = 0.45 (EtOAc); ‘B NMR (300 MHz, CDClj): § 1.85 (s, 3 H,
NH COCH;), 2.01, 2.03, 2.06, 2.09, 2.10, 2.15 (68, 18 H,
35  COCH;), 3.20-3.26 (m, 2 H, OCH,CH;N;), 3.65-3.76 (m, 2 H,
OCH,CH,N3) , 3.79 (s, 3 H, COOCH3;), 3.85 (d, 1 H, H-3, J3,4 =
9.6 Hz), 4.02-4.10 (m, 2 H, H-6, H-9), 4.19—4.3; (m, 1 H,



Compound DC21I bl N2 1d] (7) (allyl) 222 17 3629 + 2130 (9b)
[cycl ohexyl -allyl] 243 21(c3 > 5000 - 83 - (9c) [phenyl-allyl]52.1 +

0.2[c]1020 t 4 ) (p-Me-phenylallyl]7.3 + 0.8219 t 3

[ 4- E)E][ 32‘2{P|2911?"§§%9§+ 308. > 5000 Neu5Ac2en0. 97 + 0. 151. Z%CS@OI[%OPO%SUI ts
are given as means j SD for at |east three mdependent determ nations for
duplicate sanples. - 79 -

H-5), 4.46 (dd, 1 H, Js.,s = 2.7 Hz, Jg-,o = 12.6 Hz, H-97),

5.00-5.04 (m, 1 H, H-8), 5.18 (dd, 1 H, Jas = Ja3= 9.9

Hz, H-4), 5.32 (dd, 1 H, J7,= 2.1 Hz, Jy,53 = 5.1 Hz, H-7),

5.49 (d, 1 H, Jyu,s = 9.9 Hz, NH);); LRMS (ESI): m/z 641.1
5 [M+Na)*l.

Example 43 )
‘ Methyl 5- acetamldo 4, 7,8,9-tetra-0O-acetyl-2, 6-

-anhydro-3,5-dideoxy-3-0- (2'-a21doethy1) -p-glycero-p-
- 10 galacto-non- 2-enonate (41): .
' © Compound (39) (60 mg, 0.097 mmol) was dissolved
in anhydrous DCM'(i mL) under N; and the solution cooled to
0 °‘C, when TMSBr (64 m;croL 0.48 mmol) was added. The
reaction mixture was allowed to warm to room temperature
15 at which temperature it was stirred for 56 h. The
. reaction was concentrated under vacuum, yleldlng the crude
glycosyl bromide (40) as ‘white- -yellow solid [Rf = 0.48
(EtOAc)]. Compound (40) was used without purification for
the elimination reaction. Crude (40) (0.097 mmol) was
20 ' dissolved in anhydrous 1,2-dichloroethane (2 mL) under N,
and the solution cooled to 0 °C when DBU (75 microL, 0 480
mmol) was added. The ‘reaction was stirred overnight at
room temperature then concentrated under vacuum. The _
. residue was dissolved in EtOAc and washed with a saturated
25 aqueous golution of NHAﬂq water and brine and dried over
Na;80,, and: concentrated under vacuum. The residue was
purified by chromatography on silica (hexane/acetone
65:35) to give compound (41) (5 mg, 9%) as a white foam.
, ‘Unreected (39) (49 mg, 82%) was also recovered.
30, Re = 0.46 (EtOAc); " 'H NMR (300 MHz, CDCly): & 2.04 (s, 3 H,
~ NH COCH;), 2.06, 2.08, 2.10, 2.12 (4s, 12 H, COCH;), 3.40-
3.53 (m, 2 H, OCHzC'HzN:i): 3.79 (s, 3 H, COOCH;), 3.86-3.96
(m, 1 H, OCH,CH;N;), 4.06-4.18 (m, 2 H, OCH,CH,N;, H-9),
~ 4.28(dd, 1 H, Je7 = 3.6 Hz, J5,5 = 8.7 Hz H-6), 4.36-4.45
35 (m, 1 H, H-5), 4.54 (dd, 1 H, J5.,6 = 3.0 Hz, Jyi,s = 12.6
~ Hz, H-9'), 5.25-5.31 (m, "1 H, H-8), , 5.48 (dd, 1 H, Jy¢ =
3.9 Hz, J7,8 = 5:4 Hz, H-7), 5.69 (d, 1 H, Jyr,s = 9.3 Hz,

bl



(137 Ni [ A/HongKong/ 156/ 97 (H5N1) rcl N [ A/ Canbodi a/ 408/05 (H5N1)] 5 "I
N2 [ A/ Paris/908/97 (H3N2) Exanple 47 Enzynme inhibition:

Xnhi bi ti qp- ild type and nutant (H274Y, N294S and QL infl a A
virus N O‘?B%Pﬁ%@ﬁses by (7) and (9d) conpared to par eﬁ%@&ﬁ"é‘%ﬂ@%
Neu5Ac2eni s described in Table 2. The H274Y, N294S and 0136K nut ati ons were

each introduced into a.plasmdic clone enggding the NI of A/ Hong
Kong/ 156/ 97, according to the known rret hod (Raneix Velti et al., 2006).

Si alidase 15 inhibition assays re d-o anple 46.
Mut at i ons H274¥ ¥ inPch’ s ‘b'm]fr'{é tlsy r asu%gé ﬁgftw (It%gqéntl- nfl uenza
drug osel t ami viS8lear BSx¥yaXtle [ Ckonp- Adhi anbo et al. Antiviral Res. (2010)
85, 38].] and 20 N294S, both of which affect binding interactions in the
mai n active si ahifegf simlarly sensitivity to inhibition by (7), (9d),
and par ent te Ac2en. The Q136K nutation, which reduces
sensitivitySto the anti ’F?ﬁl}yl}eﬁzécﬂ?ﬂb"dfaﬁaﬁrvr? ?‘@&ﬁﬁ?'ﬂdﬁf"ﬁﬁﬂ)’%‘ts
Antiviral 25 Reddep29i9)08ER'-I3F} isebgryX- BankMy3t herimmds 18ensiti vi ty to

corrpoundeI(7) %ﬁd;&ﬁg)i] -D- ez;%mle a-nigmgbt?g?wr%ﬁzﬁgyg;moeanwté 3‘%%” and
nutant I n uenza VvV | ases Yy an conpar e to
parent tenplaté& RcRERRBIR s“a“bg oM_raj VO 2011/ 006208°CT/ AUZ010/ 000905
- 84 - N1 si al i dase nutaggmqpppd (39) (100 mg, 0.162 mmol) and. 2-methyl-

10 4-pentyne. (24 microL, 0.194 mm91) were dissolved in
aqueous isopropanol solution (3 mL, isopropanol/H.0 1:1).
‘A 1 molar solution 6f‘copper(II) sulfate pentahydrate (32
microL, 0.032 mmol) was added, followed by the addition of
1M sodium ascorbate solution (64 microL, 0.065 mmol). The
_15. reaction was heated at 50 ‘C for 4 h. The mixture was
evaporated under reduced pressure, and the residue was
diluted with ethyl acetate and washed with water and
brine, dried (Na,S0,), filtered, and the filtrate .
) evaporated under vacuum. The residue was purified by
20 - chromatography on silica (hexane/acetone 4:6) yielding
- compound (42; R = 2-methy1propyl) (103 mg, 91%) as a white
solid.
Re = 0.07 (EtOAc); H NMR (300 MHz, CDCly): & 0.90 (d, 3 H,
CH;, J = 6.6 Hz), 0.91 (4, 3 H, CH;, J = 6.6 Hz) 1.84 (s, 3
25 H, NH COCH;), 1.87, 2.00, 2.03, 2.09, 2.18 (5s, 15 H,
COCHs), 1.85-1.92 (m, 1 H, CH(CH:)z2), 2.54 (m, 2 H, CH:CH),
3.77 (s, 3 H, COOCHs), 3.84 (d, 1 H, H-3, Js,e = 9.6 Hz),
3.86-4.08 (m, ¢4 H, OCH,CH;N, H-6, H-9, ), 4.09-4.19 (m, 1
H, H-5), 4.23-4.48 (3 H, OCH,CH,N, H-9’), 4.98-5.04 (m, 1
30 H, H-8), 5.12 (dd, 1 H, Js,5 = Je3= 13.5 Hz, H-4), 5.32
o (dd, 1 H, J7,6= 2.1 Hz, J7,3 = 5.1 Hz, H-7), 5.49 (4, 1 H,
 Jym,s = 9.6 Hz, NH), 7.25 (s, 1 H, CHC); LRMS (ESI): m/z
723.3 [M+Na)'l. ' o

35 Example 45 .
' Methyl 5 acetamido-4,7,8, 9-tetra-O-acetyl-2,6-
anhydro-3,5-dideoxy-3-0- [2'-(4“-1sobuty1-

J : ’ - . )



(9d) Neub5Ac2en (A HongKong/156/97 222 17 7.3 + 0.8 0.97 t 0.15 (H5N1)]
Wld type (A/ Honglong/ 156/ 97 459 92 11

WO 2011/006208 PCT/AU2010/000905
-.81 -

{1iv,2", 3"]triézol—1"4y1)ethyl]—D-glycero-D-galacto-non-z-
enonate (44; R = 2- methylpropyl) (44): '
Compound (42) (71 mg 0.101 mmol) was dissolved in

anhydrous 1,2-dichloroethane (2 mL) under N and the

.5 solution cooled to 0 ‘C,-then AcBr (300 microL, 4.0 mmol)
was added dropwise. MeOH, (80 microL, 2 mmol) was added
slowly to the solution and the mixture was stirred for 1 h
at 0 °C and then for a further 56 h at room temperature.
The solution was diluted with anhydrous toluene and

10 evaporated under reduced pressure. Evaporatlon with

‘ toluene was repeated a further 2 times to give the crude
glycosyl bromide (43) as a yellow solid. Compound (43)
was used without purification for the elimination
reaction. Crude (43) (0.101 mmol) was dissolved in

15 anhydrous 1,2-dichloroethane (2 mL) under N; and the
solution cooled to 0 °C when DBU (61 microL, 0.404 mmol)
was added. The reaction was stirred overnight at room
temperature and then'concentrgted under vacuum. The
residue was dissolved in EtOAc and washed with a saturated

20 aqueous solution of NH.Cl, water and brine, dried (Na:80;),
filtered, and the filtrate concentrated under vacuum. The
residué was purified by chromatography on silica '
(EtOAc/dichloromethane 65:35) to give the compound (44; R
= 2-methylpropyl) (46 mg, 66%) as a white foam. Unreacted

25  (42) (15 mg, 20%) was also recovered. '
Re = 0.1 (EtOAc); 'H NMR (300 MHz, CDCl;): & 0.90 (d, 6 H,
CH;, J = 6.6 Hz), 1.90 (s, 3 H, NH COCH;), 1.97, 2.02,
2.03, 2.09 (4s, 15 H, COCH;)»,‘ 1.86-1.95 (m, 1 H, CH{CHj)z),
2.54 (d, 2 H, J = 7.2 Hz CH,CH), 3.72 (s, 3 H, COOCH;),

30 4.14 (44, 1 H, Js.s = 6.9 Hz, Js,s» = 12.3 Hz, H-9), 4.20-
4.32 (m, 3 H, OCH,CH,N, H-6), 4.31-4.41 (m, 1 H, H-5),
4.54-4.59 (3 H, OCH,CHN, H-97), 5.23-5.29 (m, 1 H, H-8),
5.46 (dd, 1 B, Jy,6= J7,8 = 4.5 Hz, H-7), 5.65 (d, 1 H, Ju5

. = 6.6 Hz, H-4), 5.97 (d, 1 H, Jms'= 9.3 Hz, NH), 7.36 (s,

35 1 H, CHC); LRMS (ESI): m/z 663.4 [M+Na)'l.



0.9 1.43 0.17 (HS5NL)] H274Y ( A/ HongKong/ 156/ 97 980 50 25 3.1 3.9
0.5 (H5N1))N294S

WO 2011/006208 PCT/AU2010/000905

- 82 -

Biological data

Example 46 ‘
5 Enzyme inhibition: Inhibition data against
_influenza A virus N1 and N2 sialidases for éompounds (7).,
" (9b-d) and (21); compared to parent template NeuSAc2en, is
describéd in Table 1. Sialidase inhibition assays were '
carried-out on MES-B—dodecyl-n—maltoside cell extracts
10 prepared from 293T cells transiently expressing the viral
enzyme according to the known method (Rameix-Welti et al;}
2006) . Enzymatic activity was measured using the
fluorogenic substrate 2-{lpha- (4'-methylumbelliferyl)-N=
S acetylneuraminic ac;d accordzng to the known method
15 (Potier et al., 1979) To measure the inhibitory effects
' of compounds, cells were preincubated for 30min at 37°C in
the presence of variable concentrations of the compounds.
The K; was calculated by £itting the data to the '
appropriate Michaelis Menten equations. The compounds
20 with the C-3 side-chain (Xz), (7), (9b-d) and (21), show
selective inhibition of N1 over N2 gialidases; in contrast
the parent compound NeuSAc2en (X:; = H) shows'equivalent
inhibition of both sialidases. |

25 . .  NeuSAc2en

.Table 1. Ia vitro inhibition of influenza A virus N1 and
N2 sialidases by compounds (7) and (9b- d) and (21)
compared to parent template NeuSAc2en.

Ky (micropM) !

Compound  [X;] ' _ | N1 N2

(7) [allyl] 222 3+ 17 - - 3629 2130
(9b) [cyclohexyl-allyl] 243 ¢ 21 > 5000



(A/ HongRong/ 156/ 97 16.8 2.5 2.6 0.4 1.37 0.15 (H5N1)1QL36R La
Results are given as neans t SD for at |east three independent

det erm naypGff dopfosdup! i cate sanpl es. Exanple 48 PCT/AU2010/000905
- 83 -
/. . - . (9¢c) [phenyl-allyll 52.1 &+ 0.2 1020 & 40
, '(9d) [p-Me-phenyl-allyl] 7.3 % 0.8 219 £ 30
(21) ' [4-OEt-3-allyl] 810 + 308 > 5000
: NeuSAc2en [H]. ' 0.97 & 0.15 1.24 % 0.23

al pesults are given as means i SD for at least three
independent determinations for duplicate samples.
] N1 [A/HongRong/156/97 (HSN1)] -
el N1 [A/Cambodia/408/05 (H5N1)]
5 ' N2 [A/Paris/908/97 (H3N2)]

Example 47 » .
J Enzyme inhibition: Inhibition of wild type and

mutant (H274Y, N2948 and Q136K) influenza A virus N1
10 sialidases by (7) and (9d) compared tc parent template
' NeuSAc2en is described in Table 2. The H274Y, N294S and
Q136K mutations were each introduced into a.plaémidic
clone encoding the N1 of A/Hong Kong/156/97, according to
. the known method (Rameix-Welti et al., 2006). Sialidase
15 inhibition assays were carried-out as described in Example
46. i ’ |
Mutations H274Y (which significantly reduces
sensitivity to anti-influenza drug oseltamivir-carboxyiate
[Okomo-Adhiambo et al. Antiviral Res. (2010) 85, 381] and
20 'N2948, both of which affect binding interactioms in the
main active site, affectVsimilarly'sensitivity to
 inhibition by.(75,”(9d).'énd parent template NeuS5Ac2en.
The Q136K mutation, which reduces seﬁsitiviﬁy to the anti-
_ influenza drug zanamivir [Okomo-Adhiambo et al. Antiviral
25. Res. (2010) 85, 381]1 significantly increases sénsitivity
to compounds (7) and (9d). ' ' '
‘Table 2. In vitro inhibition of wild type and mutant
yinfluenza‘A\virus N1 sialidases by (7) and (92d) compared

- 30 . to parent template NeuSAc2en.

- K; (microm) ™!



Cel | -based virus inhibition assay (Pl aque Reduction Assay): In vitro
sensitivity of influenza virus isolates to (7) and (9d), in conparison to
parent t I, 5Ac2en, is shown in Table 3. The pla of the
i ndi cat e?i&gl r%lsé)g%\?vas assayed on MDCR- SI AT cel ls 10 (Natg?g@g{/}?cﬁhwag

2003) in the presence of serial dilutions of (7) (500 nMto 5 nm\), (9d) (10
nMto 1 mM), or NeuS5Ac2en (10 nMto 1 m\W 84using a plaque assay protocol
adapted from a published procedure (Matrosovich et al, 2006). Cells were
stained with crxﬁt %'m‘i&ﬁk@é @_{gaglr 15 72 bnof |ncuba§apn at quuQAcEgﬁ each

i nhibitor, the -av ret-e s 3 bi t-or
concentrat i ons. m{@@@mewwﬂﬁe con@@ﬁt gal?on ’(833%)0 “Ras dd@fernf nk¥
graphl cally. as tdm;.mqncamiaa@w of i'nhibitor that i nduced a 50% r eduction
in the average 20 /pl aque di anet e rori ng the results_ for
si al i dase i nhi bj & &?DQE?B%}%%”% and 4#7) ¥ Phe cdﬁp&uﬂd wilt#3t B 2B

si de-chain (X2) (H?s)naﬂdn(md? sel ectively inhi b| t growth of the influenza

viruses that exp gﬂg /iltfﬁg,,dase g_sq)NJtho o e%ngaéeg to tt;e

N2- expressing vi contrast oun :
unsubstituted Ne(SAE2¢nNgRES= E), WO 2011/ OQ6ZO8PCT/ AU2010/ 000905 - 85 -
shows equi val entm?rng\gtggohamg%}d?on of, ghgt |7§ usgse daplee 3. shnivpt{H.

sensitivity of 1 nza_virus isolates to and (96), in conparison to
standar d Neu5SAc2EIPNLIECOA36%i cr oM i al Vi rus(7) (9d) NenSAc2en

Al Pari s/ 0497/ 200’7118&&3&&20a6:8| Nvenlla%74\)eﬂsltAél%ﬂdﬁ/a.]:li@é.ﬂﬂ&]taﬂﬂmo 8
(HINL, Y274)14 independent determinatlons for duplicate samples

Example 48 .- 1
5 Cell-based virus inhibition assay (Plaque
Reduction Assay): In vitro sensitivity of influenza virus

isolates to (7) and (9d), in comparison to parent template
NeuSAcZeu) is shown in Table 3. The plagque phenotype of
the indicated viruses was assayed on MDCK-SIAT celle
10 (Matrosovich et al, 2003) in the presence of serial
dilutions of (7) (500 nM to 5 mM), (9d) (10 nM to 1 mM),
or NeuSAc2en (10 nM to 1 mM), using a plaque assay
protocol adapted from a published procedure (Matrosovich
et al, 2006). Cells were stained with crystal violet after
15 72 h of incubation at 35 °C. For each inhibitor, the
average plaque diameters were plotted ‘against the
inhibitor concentrations. The 50% effective concentratlon
(ECsp) was determined graphically ag the concentration of
inhibitor that induced a 50% reduction in the average
20 plaque diameter. :
Mirroring the results for sialidase inhibition
(Examples 46 and 47), the compounds with the C-3 side-
chain (X;) (7) and (9d) selectively inhibit growth of the
influenza viruses that express an N1 ‘sialidase (HIN1),
25 compared to the N2-expressing virus (H3N2). In contrast,
' the parent compound, C-3 unsubstituted NeuS5aAc2en (X; = H),



"A/ Paris/908/ 97> 5000> 100020 (E3N2) 5ECoo val ues were determ ned as the
concentrations which induced a 50 % reduction of the average pl aque

di aneter i e plaque reduction assay experinment. i

i sol ate o\klatzﬁ]eﬁ(]?g%%-% season sensitive to oseltamvir Egﬁ_f\gﬂ? f otoﬁe]s{og

| el HLN1 clinical isolate of the 2007-08 season naturally resistant to
oseltam vir carboxyl ate. | n gB8&wh of A/'Pari s/ 0497/007 (RINI )
virus, conmpound (96) produced significant decrease in plaque size 15 noving
from1l to 10 togHQfl Hgwh ol 60N CHUWR iaRibl BidOE ®okh YDrgsesd h of

Al Pari s/ 908/ 97 (E3N2) virus, conpound (9d) produced little or no visible
difference in plaque size at 1, 10, or 100 m croM concentration. Neu5Ac2en
showed a simil af Bead8 VHERP RARFISAYALY P ARHIYER=F FiEEs HXEYRHvi ng
from1l to 10 t otdO07)miagioVbdbn cimtaaipash sobt talcttangdarBaNeugscFeormnpl e 49
X-Ray crystallographic study of influenza Apdru Ui o im N8

si al i dase-i nhibitor conmplex: A group 1 (N8) ifitl Uenza ,Virus sialidase
crystal, preparedrmas previously descri lail. (RusseI(ISdet al .Ne@deRep Was
soaked in 1mM sorITi on or und (7). 10r 60 m nyutes. The (7) 5 conpl ex
(Figures | A and M/Bpragé® ?l—é?zn‘gop?en comtf%ati on of%he 150: :\% p, in
contrast to the (aiNenBR2%) W th C-3 | ax: substituted Neu5Ac2en (Figure 1C)

where the 150- lq’p,ﬁ“is 1548 (F{usse.‘_L.‘lq £t al. A 06). The

3-al Iyl - Neu5Ac2e corrp nt ains the " open' conformation of the 150- | oop
10 seen in the affgSrr 4é ﬁ)re(RusseII et al., 2006), with the C-3 allyl
si de-chain of (‘4@ t@@&ag/pagpg-i he 150- gayodoy as antiiggiopat ed. 29

. (H3N2) _

5 [ gcg values ﬁe:e'determined as the concentrations which -
induced a 50 % reduction of the average plaque diameter in
a single plagque reduction asaay experiment.
] HIN1 clinical isolate of the 2007-08 season sensitive to
ogseltamivir carboxylate. ' .

10 ' HIN1 clinical isolate of the 2007 08 season naturally
' resistant to oseltamivir carboxylate.

In growth of A/Par18/0497/2007 (H1N1) virus,
.¢ompound (9d) produced significant decrease in plaque size
15 moving from 1 to 10 to 100 microM concentration. 1In
contrast, in growth of A/Paris/908/97 (H3N2) virus,
compound (9d) produced little or novviSibie difference in
rlague size at 1, 10, or 100 microM concentration.
NeuS5Ac2en showed'a similar decrease in plaque'size for
20 both viruses size moving from 1 to 10 to 100 microM
concentration.

. Structural Data
. 25 ’ '

Example 49 _ _ -
'~ X-Ray crystallographic study of influenza A virus



15 Exanpl e 50 X-Ray crystall ographic study of influenza A
virus N8 sialidase-inhibitor conplex: A group 1 (N8) influenza A virus

si al i das r prepared as previously described (Ru I 2006) ,
was soakg\gﬁﬁﬁ%@dzosm corrpound (9c) for 60 m nutes. The§§§hU3§§0/0?g9r%l ex
(Figure 2) has the 'open' conformation of the 150-1ocop with the C3

phenyl al 'yl substjtuent extending into t-h@6150- cavi ty. 25 Exanple 51

X- Ray crystal | ographi ¢ study of influenza A virus N8 sialidase-inhibitor
conpl ex: A groyg Jslcawﬁhagaiim&zﬁaé ubﬁgﬁeﬁi ala @%aepcww@l inH1eRared as

previously descri bed (Rus et, al aked..in IraM 30 conpound
(9d) for 60 ni (r\?ht es *ThE® ik‘} Y ra’StaFéfo%? gureag pfeﬁ YHY right panel s)

has the 'open' <|ffEdbest |(Bhsﬁﬁ1 e 230 | 3P Wi st Feaked Y-t y| Y al |yl
substituent extssditignwekl c¢rli§cﬁ1dd’lﬂ715ﬁeﬁaﬂo tminubeper | ThoN&A () of

influenza Agvi rdig, (FRYuses Gl 3hdl 18 rhed L{_fh%sno Qﬁ“ é&?ﬁ&ﬁ%’h@ﬁ/ 6gd)
and the cl osed - | oogﬂl n N8/ Neu5Ac2en ‘%bvm In Figure 4.

5 t J
The di hydr opyr &% it7 gPc P ERFragtst ga"n"be @%w pé?" W] Ftuents of
(9d) and Neu5Amva&v@uVe¢W%q5ﬁq2&p |éasgu@ril§)| wheke thke | 150 -diocop. ifhe

phenyl ring of {Adsedds pREebsénnad adj.aceobsi o At i5illﬁlimm|&nl5o_ | oop
conf ormation |rgy,&q_te gamgy%g %tel a Lgr S & ‘%%E(hjgg g\&tg}eS tgy si due .

by suitable functi ext en from ppsition o uS5Ac2en

0

or the corrt QSpCﬁﬁﬁ”na“p %%ﬁ“&t"’ﬁé‘? B‘ﬁ%]t i®n8Llof $¢S)nFdth §Re - 88
- References C-3 allyl sffieqttmim of. (Chrbowmdrate Whei T30-dAvidy- WEH, '
Wi nheim 1998.addawdlbate® G J. N Engl. J. Med. (1990) 322, 443- 450 _
Ernst, B.; Hart, G W; Sinay, P. (Eds), Carbohydrates in Chem stry and

Bi ol ogy, WIley-1TCH Winheim 2000, Vols 1 - 4. 10Fal ck-Pedersen, ML.;
Undhelrn K. Tetrahedron,

1s Example 50 . . :
X-Ray. crystallographxc study of influemza A virus

N8 gialidase-inhibitor complex: A group 1 (N8) influenza
A virus sialidase crystal; prepared as previously
described (Russell et al., 2006), was soaked in 1mM

20 compound (9c) for 60 minutes. The N8/ (9¢c) complex (Figure
2) has the 'open' conformation of the 150-lcop with the C-
3 phenylallyl substituent extending into the 150-cavity.

25 Example 51 .
- X-Ray cfystallographic study of influenza A virus

N8 sialidase-inhibitor complex: A group 1 (N8) influenza
A virus sialidase crystal, prepared as prev;ously
described (Russell et al., 2006), was soaked in 1mM

30 compound- (9d) for 60 minutes. The N8/ (9d) complex (Figure
3, left and right panels) has the 'open' conformation of
the 150-loop with the C-3 (p-tolyl)allyl substituent
extending well into the 150-cavity. '
. Superimposition of influenza A virus N8 X- -ray

.35 . crystal structures, open 150-loop N8/(9d), and the closed
150-lcop in N8/NeuSAc2en (PDB: 2htr), is shown in Figure .
4. The dihydropyran ring and C-2, C-4, C-5, and C-6
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X1 is C2H, P(0) (OH)2, N2, SGH SOH, -C(0O)NHOH or tetrazole; X2 is

al kyl, aral kyl, alkenyl al kynyl, optionally substituted al kyl, optionally
substituty | ky optional Iy substituted al kenyl

substi t ut eg ﬁ%o@io? 0?2 gRZ NR2>I£>21 or substitut edyt ?Fg}z%()lizgﬂ?d\/\k

and Hal are sel ect ed i ndependent ly fromoptionally substituted acyl,
optionally substituted 25 sul fonyl, al kyl 8%kkenyl, al kynyl, opti onal |y
substituted al kyl, or optionally substituted al kenyl, or R2' is hydrogen;
X3 and X3' are sed ectD@drsbﬁde@md;emﬂny iar onphylr agen,; Biytha) agan,; CN, OR3,

NR3R31, NHC(N SR3 - w NR3 p-C (NH)
-NR3R3 ' - CHe- é(%%)%r FNI523 P?iﬂd 5p wl gna su%)stl tutgg ltl??%zoﬁg-' - 92 -
or X3 and X3 tRXAR h &~ M7 e Wapds — ] - Bgfheld @ C.; Hotham, Vithdro R3 and

R3' are sel ect eChnemtanedd¥nt | Berix,0Q. mdeegene O9%3dndbBy 4$1®st3x.ut ed acyl,
ﬁptl ona: IkyI SsulQSEI tut edI subipiugll E. a'"'syhthﬁéﬂ,t@f't ,séahlksnaém add@mglluesS

et eroa ete G ion ubstituted a i ona
substi t ut )e/d ar a?tf(é %%1:%’%8%;3 1’°ur stl é% aefrkémﬁs °¥Cfb§‘)%llc T dé( 0) 04,
where R6 is sel‘é?:’*'t"ét?lﬁsb‘rrﬁﬁ t’i*mquﬂtéebgtﬁi&af &W}Peﬁﬁﬂ %‘p‘t’i‘ﬁ’r‘i‘al ly
substituted al kemydarbobdrates. Synthet(ié metRddER&nd afRllic8i¥ansCHAC (0) 124,
CH2C (0) OR4,  GRREHDNRABALm: SHANGRrur SHMECN. ndJdARA, . a0] SHRNRr

10. (Bds); VCH, Weinheim; 1992, pp 304-339.



where R4 and R4' are selected independently from hydrogen optionally
substituted acyl, optionally 15 substituted thioacyl, optionally
substitutyg , al kyl, alkenyl, alkynyl, optional d
al kyl , tﬁonyvqy substltuted aralkyl optionally subst?%ggggﬁﬁnﬁgﬁg
optionally substituted heteroaryl, and optionally substituted beterocyclyl
20X5 is optionally substituted aIkyI optPdnal |y substituted aral kyl,
optionally substituted al kenyl, optionally substituted al kynyl, optlonally
substituted heteroaryl, optlonally substituted heterocyclyl, -C(O)RS, -
CO2R5, -C (0) NR3RpL. -P(O) (OR5) (ORS' ) -P(Q (OR5) (NRSR5' ) , 25
-P(0) (NRSR51) 2,77 CN,—OR4, azide, NRDR4, NR4R41l, SR4, or optionally
substituted triazol e, where Ra and R are independently
sel ect ed fron1ﬁydrogen ~bpmwuﬂﬁhﬁy°§LﬂﬁnqnﬂQtéaruukylSIkuﬁhuyhaFFya
substi t ut edsal lgRnyktiopt imndivorsvbsinflicitkaanyviras ghodietier oaryl, and
R4 and R4' arg l@gggggdently sel ected fromoptionally substltuted acyl ,
optional ly substituted sul fonyl, optionally substituted alkyl, optlonally
substituted aral kyl, optionally substituted al kenyl, 35 optlonally .
substituted aryl, heteroaryl, or hetekacydlyLXx, - 93 - 3. A conpound as
claimed in either one of clains 1 or 2 in X2 is CO2H or P(0) (OH)2 or
an ester thereof.. 5 4. A conmpound as C% i claim3 wherein Xi is CO2H
5. A conpound as clained in any one o ins “| to 4 wherein X2 is al kyl ,
aral kyl, al kenyl, optionally 10 substltu¥% 3al kyl, optionally substituted
ar al kyl or optionally substi tuted al kenyl .1 -

10 or a pharmaceutlcally accepta.ble salt, ester or prodrug
thereof, wherein
) A is O, S or NRi; .
) . where R, is hydrogen, optionally substituted
alkyl, optiomally substituted aryl, 0ptionally substituted
15 acyl or optionally subst:.tuted sulfonyl, :
X; is cozn, P(0) (OH)z, NO:;, SO.H, 3031-1, -C{0) NHOH
or tetrazole;
X2 is alkyl, aralkyl, alkenyl, alkynyl,
_ optlonally substituted alkyl, optionally substituted
20 aralkyl_, optionally substituted alkenyl, optionally
" substituted alkynyl, OR;, SR;, NRzR,', or substituted
triazole, ' .
A where R; and Rz' ‘are selected independently from
» opt:.onally substituted acyl, optionally substituted
25 sulfonyl, alkyl, alkenyl, alkynyl, optionally substituted
alkyl, or optionally substituted alkenyl, -
or R»' is hydrogen; |
X3 and X,' are selectedf.tndependently from
' hydrogen, Ra, halogen, CN, ORi:, NR3R3;', NHC(NR3;)N(R;3);, N3, -
30 SR;, -0-CH,-C(0)- -NR3R3', -0O-CH;-C(NH) -NR3R;', -0O-CH-C(8) -
NR;R, " | . ‘
and optiomnally substituted triaéole,



6. A conpound as clainmed in any one of clainms 1 to 4 wherein X2 is OR2,
8R2, brEt2lt21. 15 7. A conpound as clained in any one of clains 1 to 6

wherein ‘o ogen and X3 is selected fromR3, OR3 ,

NHC( NR3) ﬁ%ﬂé@/"%@? 8R3, and optional |y substituted 20 {"F&J@gﬁ“{““w&e R3
and R3' are independently selected fromal kyl, alkenyl, alkynyl, optionally
substituted al kyl, optionally substitutedsoa kenyl, -C(0)F4 or -5(0)214,
where R is selected fromopti onal |y substituted 25 al kyl and optional ly

substituted al kenyl. 8. A.c d _ al lto7
wherein X4 is --NR4R4l, BF | R |6n§1%e ?i'?u{a&]e)é 3“2% ‘% fﬁsn

hydrogen. 30 O. AcorrpoUHBrasRR:Ia&Firrﬁd' |aﬁecP8}ﬁ?‘B°4/\Hé’id€PﬁnﬂﬂnF%Ya%‘iﬂm 35
10. A conpound hgdrdgsniedpithicaaylp mbeftitbtedsadyl,0 optionhklei n Xs denot es.

S:§Y§7C$I§7mzxms@£%%3§b¥& 52\@?@;{1 aa?élkyl"\hgl?:ei{yls 91k1§x 1Or NR71
u i | u
where the s stP?gD’Fﬂ W?‘ gegﬁmc %DOB YRR [{%;9 ﬁﬁ%?% a(dj acent

YR7 groups toge?lqéq:ozfq;rlm ﬁa.pptltuted aralkyl. optlonally substltuted
' alkenyl, -C(O)Rg; and -S(0Q)2Rg,

where Rg is selected ffoﬁ optionally substituted
alkyl and optionally substituted alkenyl;- '
10 SR | o

Xy is NR4Rs', ORy, SRs, CHoC(O)R4, CH,C(O)OR.,
CH:.C(O)NR4R,', CHR4NO;, CHR,CN, CHR(R,;', or CH:NHR,

where R; and R;' are selected independent}y from
. hydrogen optionally substituted acyl, optionally
15 substituted thioacyl, optionally substituted sulfonyl,

- alkyl, alkenyl, alkynyl, optionally substituted alkyl,
opt’ioﬁally substituted aralkyl, optionally substituted
alkenyl, optionally substituted heteroaryl, and optidnally
substituted 'heterocyclyl :

20 Xs is optionally substituted alkyl, opt:.onally
substituted aralkyl optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
‘heteroaryl, optionally substituted heterocyclyl, -C(O)Rs,
COzR;, -C(O)NRsRs', -P(O) (ORs) (ORs'), -P(O) (ORs) (NRsRs'),

25 -P(O) (NRsRs*)2, CN, OR¢, azide, NHRg;, NRsR¢;', SRy, or

" optionally substituted triazole, o

where Rs and Rs;: are independently selected from.
hydrogen, optionally substituted alkyl, optionally
. substituted alkenyl, optionally substituted aryl, or
\ .30 heterocaryl, and ' o .
Rs and R¢' are independently selected from
- optionally substituted -Vacyl, optionally substituted
sulfonyl, optionally substituted alkyl, optionally
gubstituted aralkyl, optionally substituted alkenyl,
35 optionally substituted aryl, heterocaryl, or heterocyclyl.

2. A compound as claimed in claim 1 wherein A is O. .



of aring structure which optionally includes at | east one heteroatom
selected fromO0O, S and N and is optionally substituted; in particular, an
epoxi de, irdi 5 or 6 nmenbered cyclic ether group, R 7,
are indeﬂgﬁ&ghﬂwgﬁﬁelected from hydrogen, optionally suﬁigﬁ@g9£%m§@gl,
optionally substituted sulfonyl, -S(0)203, -P(0)(011)2, optionally
substituted al kyl, optionally substitutedgsaral kyl, optionally substituted
al kenyl, optionally substituted 15 aral kyl, and optionally substituted
al kenyl . 11. A conmpound of general formula (I1) which is a sel ective
i nhibitor of influenza A virus group 1 20 sialidases: 25 wherein X2, X2,
X3, X4 and X5 @re as deff meaPPHRdNgs gHaigedcini pkther enrpofzglaingg . 12 A
conpound of geper al wheréid &,(1s|¢omhbehrie) oMl ect avesstd)i ltheoeoH!
influenza A virus group 1 sialidases: wherein 81, X2, X3, and X4 are as
defined in any one of 10 clains & to %p“ ogg.of X7, and X7' i.s derogen, one
of Xe and X@ i§‘hydrogerﬁ compqun as claimed in claim wherein : 18

CO;H: ‘

5. . A coméou.nd as claimed in any one of claims 1 to 4
) wherein X; is alkyl, aralkyl, alkényl, optionally '
10 substituted alkyl, optionally substituted aralkyl or
- optionally substituted alkenyl. o

6. A compound as claimed in any one of claims 1 to 4
wherein X, is OR:;, SRa, NR:Rp'. -
15 '

7. A compoﬁnd-as claimed in any one of claims 1 tb 6
wh;ei‘ein X3' is hydrogen and X; is selected from R;, OR;,
NR3R;', NHC (NR;)N(Rs)z, N3, SRs, and optionally substituted
20 triazole, ) ' o
_ where R; and R;' are independently selected from
alkyl, alkenyl, alkynyl, optionally substituted alkyl,
'optiona]_.-ly substitiztéd alkenyl, -C(O)Rg or -5(0)iRs,
_ ~ where Ry is selected from optionally substituted
25 alkyl and optionally substituted alkenyl.

8. A compound as claimed in any one of claims 1 to
7 wherein X, is -NR4R;', R4 is optionally substituted acyl
and Ry' is hydrogen. : '

30 .
9. A compound as claimed in claim 8 wherein R; is
acyl. '
35 | o
- 10. . A compound as claimed in any one of claims 1 to 9

wherein X; denotes. CH;YRy, CHYR'7CH2YR7 or CPIYR-,CHYRyCHgYR-,,"



one of X9 and X9' is hydrogen, and X7, X7', X8, 24', X9, and X9' are the
sanme or 15 different, and are selected fromH, ORL7, NI\/L7F41 SR7, or
optional | ted triazol e, or together X7 and X7’ or X9
and X9' f%?%uﬂg(fokiog =N- OR7. 20 13. A conpound sel ected frPgm lﬁgﬁé@%B

consi sting of: met hyl 5-acetam do-4,7,8,9-tetra-0-acetyl-2, 6-
anhydr o- 3, 5- di deoxy- 3-C- (prop-2' -enyl) - B ghy(—:ero- b- gal act onon- 2- enonat e,
255- acet am do- 2, 6- anhydr o- 3, 5- di deoxy- 3- C- ( prop-2' -

enyl) - D-gl ycero-n-ga/ aCtﬁ:&‘H‘YZ:.%”oonsc ACINR, ', and successiBLMY!
5-acetam do-4,7,13,.9-tetra-0-

cet
anhydr o- 3, 5- di g@&fﬂ‘fﬁsd 43%- %‘F‘R/Iatfe%ttbf SBny19= 58 h- 3’él act o- non- 2
-enonat e, 305-acet ani do- ‘Zhﬂeaﬁhfdﬁﬁbet%m!ﬁﬁeé'ﬁy IJiC°(4-1F-OR7. or =CHR,,

di met hyl pent - 2'oxeny1) - p- gl ycer o- n- ga/ act-o- non-2-enoni ¢ - 96 - acid, nmethyl
5-acet am dog4, 7, 8, 9-t et r@hé)reaq:%y d aﬁ@ent YRy grou s to ether form

anhydr o- 3, 5- di deoxy 3- C- clo r op- E%l ycer Q- n- acto non-
2- enonat e, rJ'“5‘75 %‘rﬁedU hich ‘g‘?ﬁﬁf’dﬁa& Snﬂ} P pBleagsone

cycl ohexyl - pr ojheXeropydin- pelgoted Grbmgm aﬂ:ta@muna@den@mmtmaa,ly
met hyl 5-acet aguilat4cdétap- irﬁtﬂa&'tgcﬁﬁﬁi‘.yla!z,eémxide, aziridine, 5 or 6
anhydr o- 3, 5-di %%rgd cyéf,lc eq__%g¥l - '-enyl)-p-gl ycero- -
10 and R; and R;' are. 1ndependent1y selected from
' hydrogen, optionally substituted acyl, optionally
substituted sulfonyl, -S(0).0H, -P(O) (OH),, optionally
 substituted alkyl, optionally substituted aralkyl,
‘ optionally substituted alkenyl, optionally sub‘sti-tuted
15 aralkyl, and optioné.lly substituted alkenyl.

11. - A compound of general formula (II) which is a
‘gelective inhibitor of influenza A virus group 1
20 silalidases:

25
’ where1n X1, X2, X3, X, and X; are as deflned in any one of
cla:uns 1 to 10.

30



10 n-gai act o- non- 2- enonat e,

5-acet am do- 2, 6- anhydr o- 3, 5- di deoxy-3-C-(3' -

phenyl - pr ) - b- gl ycer o- b- gal act o- non-2-enonic a

5-acet am‘gg Zﬁ 19&52% tetra-0-acetyl -2, 6- BedaUTE ofbbboos
anhydr o- 3, 5- di deoxy-3-C (3" -(p-tol yl) prop-2'-enyl)-h- 15

gl ycer o- n- gal act o- non- 2-enonate (8d, R = 45CH3Ph),

5-acet am do- 2, 6- anhydr o- 3, 5-di deoxy-3-C-[3' -(ptol yl)-prop-2' -enyl]-p-glyver
0- p- gal act o- non- 2- enoni ¢ aci d, met hyl

5-acetam do-4, 7,8, 9-tetra-0-acet

anhydr o- 3, 5- di dfoxy- 3- G-} FOREPUR \érf’gb%?rb%fd'héﬁﬂflﬁr&)uz)l w%h is a

enyl1] - p- g/ycerc&d)eg:&uaetmizprenénapéluenza A virus group 1

5- acet am do- 2, Gialwdees 3, 5- di deoxy-3-C-[3' - (4-

tert-but oxyghenyl) prop-2'-enyl] -D7gl ycer o- p- galact o- non-2- enonani ¢ aci d,
nmethyl 5 - &cet amdo-4, 7, 8, 9 -tetra-0- acetyl -2, 6- 25

anhydr o- 3, 5- di deoxy- 3- C- (3, - napht-hyl - prop-r-enyl) - pg/ycero p- ga/ act o- non- 2-
enonat e, 5-acetam do- 2, 6- anhydr o- 3, 5-Xi é -3-CG (3 -

napht hyl - pr op- 21- eny1) - n- g/ ycer o- n- 2-ghoni ¢ acid, 30nethyl
5-acetam do-4,7,8,9-tetra-0-acetyl -2, 64~ - 3, 5 - dideoxy- 3 -C [4&4
- (3, 4 -dimethoxyphenyl ) -but-2 - ¥3y%3 ycero-n- galacto -non-2 -
enonate , 5-acet am do- 2, 6- an , 54i deoxy- 3-C- (4' - (3, 4-

di met hoxypheny1) - but - 2' - eny1] - p- gl yr er o- n- gal écto ‘non- 2- 35 enonic acid,
nmet hyl 5-acetam do- 3-C (31-acet oxypropyl) - I

,4,7,8,9-tetra-0-acetyl -2, 6-anhydro- 3, 5-di- deoxy- p-glycero-p- - 97 -

wherein X, Xa, Xas and X are as defined in any one of
10 claims 1 to 10, '
v \ one of X; and X,' is hydrogen,
one of xa and X' is hydrogen,
one of X, and x,' is hydrogen, énd
X;, X2', Xg, Xg', Xy, and X' ‘are the same or
15 different, and are selected from H, OR;. NR;R;', SR;, or
' optionally substituted triazole, or
‘together Xy and X,', Xg and X', or X, and X;' form
=0, or =N-ORj. ’ ‘

20 13. A compound. selected from the group consisting of:

- methyl 5-acetamido44,7,3.9-tetra-o~acety1—2,6-
anhydro-3,5- dideoxy-B—C-(pfopeZ'genyl)—D-glycero-n-galacto-
non-2-enonate, ' : 4

25 : 5-acetamido-2,6- anhydro -3,5-dideoxy-3-C- (prop 21 -
enyi)-n glycero-p-galacto-non-2-en-onic. acid,
methyl S5-acetamido-4,7,8,9- tetra-oO- acetyl -2,6~-
anhydro-3, 5-dideoxy-3-C- (4, 4- -dimethylpent- 2'-eny1)-n—
glycero p-galacto-non-2- enonate, ‘ :
30 . 5-acetamido-2,6-anhydro-3, 5 dldeoxy 3 Cc-(4,4-
dimethylpent - 2'-ényl) -p-glycero-p-galacto-non-2-enonic



gal/ act o- non- 2- en- onat e,
5-acet am do- 3- G- (3' - hydroxypropyl) - 2, 6- anhydr 03, 57di deoxy- c- g/ ycer o- Dgal ac

t 0- non- 2\282@1&?{){9%@ met hyl 5-acetamido-4,7,8,9-tetra- Qg‘i"fi\%)ﬂ()/o%o&s

an2i ydro- 3, eoxy- 3- C- propyl - z- glycero Dgal act o- non- enonat

5- acet ami do- 2, 6- anhydr o- 3, 5- di deoxy- 3- C- pr opyl - cgl yver o- p- gal act o- non- 2-eno
nic acid, nethyl 5-acetam do-4,7,8,9-tetr&6C acetyl-2,6- 10

anhydr o- 3, 5- di deoxy 3- C—propenyl p- gl ycer o- n-ga/ acto non 2- ~enonate net hyl
5- acet am do- 2, Ggagd)ydr o- 3, 5- di deoxy- 3- C-

(prop-2' -enyl)-z-g/ycera ; » _
5- acet ani do- 2, 6- an%__ﬁr :gégﬁ@. g‘gtggﬁegﬂl&e@o’gq’ /9- teH?&fW acetyl-2,6

i sopr opyl i dene-2RRY 32dideRMM gfgce?%g][fbgeéﬁyécf’?ﬂoﬁ ef‘yléanl t ei
met hyl 5-acet arylicnezoenagm-ym@-@@— dredropatel- 0- :
et hyl - 8, 9- 0g sopr opy1i degeaae&n(,mbop 8- atiyydno- -gLaieé@xlzga-lcaqbo non- 2-enon

20 hyl 5- 6-.anhydr
ate, met ny AGE e% %péilnéﬁ 92§ 5ln|€é q.%(:-éyi;algcto Lr)lg -2 -enonic

et hy1- 8, 9-0- |soT}F grycero- acto non- 2- enon
ate; 5-acetani d%F 1e6- anhydro 3, 5 di deoxy 4-0- et hyl- 3-

C (prop-2'-enyl)- Dgl yvemetp;]gesl-acboambde%mmmtacral o-ze&&mt—layb (et hyl
7,8,9-tri-0-acefply cﬁBa@hﬁg&ébxy-3 c- (3'—pheny1 prop- 2'-eny1)-n-glycero-

3, 5-di deoxy 3- C— g% yzl) gl ycero-n -t ai o-non- 2-

enonat e) - (4%- di~ f&?of‘?ﬁ enon net hyl

5-acet am do- 7, 8, 9-tri - 0- Acaesamide-2, 6-anhydro-3,5-dideoxy-3-C- (3"~

anhydr o- 4- azi do;&’erﬁr](—@rmp-ﬁ - @iyiD)-p3gdySetsirdgaiget3fnon-2-enonic acid,

gl ycero7D-gal'act 0- non- 2- gneR &_gcetamido-4,7,8,9-tetra-O-acetyl-2,6-
anhyd:o-B,S—dideoxy53-c-[3'-(p-toiyl)-prop-Z'-enyl]-D-
15 ‘glycero-n galacto-non-2-enonate (8d, R = 4-CHsPh),
' 5-acetamido-2, 6-anhydro-3, 5-dideoxy-3-C-[3'- (p-
tolyl) -prop- -2'-enyl] -p- glycero-p-galacto-non-2-enonic acld,
' ‘ methyl 5-acetamido-4,7,8,9-tetra-0O-acetyl-2,6-
‘anhydro-3, 5-dideoxy-3-C-[3'- (4-tert-butoxyphenyl) -prop-2"'-
20 enyl]-n-glycero—n-gglacto-non—z—enonate,

5-acetamido-2, 6-anhydro-3,5-dideoxy-3-C-[3'- (4~
tert- butoxyphenyl) -prop- 2'-enyl] -o- glycero-b-galacto- non- 2-
enonanic acid, :

.methyl 5- acetamido 4,7,8,9-tetra-0- acetyl -2,6-
25 anhydro-3,5-dideoxy-3-C- (3'-naphthy1-prop 2'-enyl) -p-
glycero-p- galacto -non-2-enonate,

5- -acetamido-~2, 6-anhydro-3,5-dideoxy-3-C-(37-
naphth&l-prbp-z'-enyl)-D-leCero-D-galacto-non-z-enonic
acid, _ : ' . '

30 methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-
anhydro-3,5-dideoxy-3-C-[4' - (3,4-dimethoxyphenyl) -but-2"*-
'enyll-n-glycero-n -galacto- -non-2-enonate,
5-acetamido-2, 6-anhydro-3,5-dideoxy-3-C-[4'-(3,4-
dimethoxyphenyl) -but- 2'-eny1]-n-glycero p-galacto- non- 2-
35 enonic acid, '
: methyl 5- acetamldo .3-C- (3'-acetoxypropy1)-
4 7.8,9-tetra-0-acetyl-2,6- anhydro -3,5-dideoxy-p-glycero-p-



met hyl 5-acetam do-4,7,8,9-tetra-0-acetyl-2,6- anhydro
-3, 5-di deoxy 3-0-ethyl-c-g/yo ero -Dgal act o- non- 2- enonat e,

5- acet ar aL ey AvfdARNYdr o- 3, 5- di deoxy-3-0-ethyl -D 35  prq/au2010/000905
glycero-D-ga P act o- non- 2-enoni ¢ aci d, met hyl g

-acetaraido-4,7,8,9 -tetra-0- acetyl - 2,6 - anhydro-3, 5-di deoxy-3-0- (2
-azi doet hyl) Dgl ycero-D- - WD 2011/ 006208FICF AU2010/ 000905 98 _

gal act o- non- 2- enonat e, and ' net hyl

5-acet am do-4,7 51&&&&{&«-@ agesyded, 6-

anhydr o- 3, 5- di deoxy 2' 4W—J ORut Yl 61 s fgrashS 0 hyll-s-g
| ycer o- s- ga/ act o- non- 2- é 8RBRAT “§ l%&f (g %ﬂﬁer%Piﬁ 5 (ﬁoval ent

presentation of3a$1yd-’tﬂ?é”%fr°cﬁ¥mﬁﬂt§ g8l ‘E‘F%RTFER? |2ne&ﬁ9~16n%°’d"r claims 1 to
, 10 13 conprising a plur akthyl os- g temd AopOLN OB, Datetdat-br acetylx 2 ierker to a

mul ti val ent 4 eMphRb&ro-3, slﬁldébﬁpasfawbw% FIPTRY-bL Qlé‘&‘mfdo%' BY. a

conpound of as clained in any one of clalns to 14 an

phar maceut i cal I?n“é?:'ceefpt able carrier. 16. A met hod of prevent| ng or
treating influenza in a SubFeeamkdam?-iésPREYEE hrisstdddenyyt - SuPryibPect a
conpound as cl agriceddl ragiladeo alo-2ried®nictacid,. 20 17.- Use of .a conpound

as clainmed in any one of gh {n;5 l?geq: abDg [ e rgargéftq.gt Brg?ggyla 2rrPsdl canment
tne 25

for the preventlon or trea 0 uenza, i conpound as
clai med in Hhy BRYGOA- ﬁ%d$°i‘%'?1tf" |3¥°Pﬁ§ybr’é\ﬂel|¥t"ie(ﬁ'ﬁ Brodiastonene - 61
I nfl uenza. 19 Aependtel of preparing a conmpound of gener al formula (1)
as claimed in any one of meka{ 155 laddtak@do3D, CcUAHYENG, bhaisdans 0L-
(prop-2'-enyl) -p-glycero-p-galacto-non-2-enonate ,
' methyl S5-acetamido-2,6-anhydro-3,5-dideoxy-8,9-0-
15 isoprppylidene-B-C-(prop-2'-eny1)-D-glycero-D-galagto-non?
2-enonate, : h o : '
o methyl S5-acetamido-2,6-anhydro-3,5-dideoxy-4-0-
‘ethyl-s,9-O+isoptopy1idene-3-c—(prop-2'4enyl)-D-glycero—n—
- galacto-non-z-eﬁohate, _ ’
20 ' methyl 5-acetamido-2,6-anhydro-3,5-dideoxy-4-0-
' ethyl-8,9-0- isopropylidene-3-C- (prop-2'-enyl) -p-glycero-n-
galacto non-2- -enonate, '
5-acetamido-2, 6-anhydro-3,5-dideoxy-4-0- ethyl 3—
C- (prop-2'-~-enyl) -p-glycero-bp-galacto-non- 2.enonlc acid,
25 - 2-methyl- (methyl 7,8,9-tri-O-acetyl-2,6-anhydro-
' 3,5-dideoxy-3-C- (prop-2'-enyl) -p-glycero-p-talo-non-2- '
enonate) - [4,5-d] -2-oxazoline, ‘
ﬁethyl 5>acetam1do 7,8,9- trl-o'acetyl 2,6~
anhydro- -4-azido-3-C- {prop- 2'—eny1) -3,4,5- tr:deoxy D-
30 glycero D- galacto-non-2- enonate, :
o methyl S5-acetamido-4,7,8,9-tetra-oO- acetyl -2,6-
anhydro-3,5-dideoxy-3-0-ethyl-p-glycero-p-galacto-non-2-
enonate, c o ’ ; _
5-acetamido-2,6-anhydro-3,5-dideoxy-3-0-ethyl-p-
35 . glycero p-galacto-non-2-enonic acxd
' methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2,6-
aphydro-3 5- d;deoxy-3 -0-(2'-azidoethyl) -p-glycero-p-



1) providing a conpound of general formula (1V), wherein: X2, X2, X4 and
Xsaxe as defined in any one of clains 1 to 10, 35and nmay be protected by

protecti ro X6 is X2, or a functional group that i ed to
form X1, %gplel%ﬁgzoéan be selected from but |g nof - g%&t{%ﬁp}?ﬁ@ﬂ%

CN, CH2OR, thiazole, and and Z is a group that can be activated to enabl e
beta- elimnation; xs 5(1V) 2) elininaggng HZ fromthe conpound of
general formula (1V) ; . 3) convertlng X6 to X2 when it is other than Xi,
104) optionally functi onal 4 ngﬁ7l X2 X3, X4 and/or X5; and 5) optionally

deprot ecti ng Xqal3gto-pom-¢reag 915 20. A method as clained in claim
19 wherein: Z is a hal i cethud é’r??ﬁ’-‘r?&t#den‘*rg Bichi R -Inaertphs? S

condi tions; Or anhydro-3,5-dideoxy-3-0-12'-(4"-iscbutyl-
[1",2",3"]triazol-1"-yl)ethyl) -p-glycero-p-galacto-non-2-

5 enonate.

14. A coﬁpouﬁd which is.a multivalent preéentation of
any one or compounds as claimed in any one of claxms 1 to

\10  13 comprlslng a plurality of said compounds bound through
a linker to a multlvalent_tqmplate. ‘

15. A pharmaceutical composition comprising a
compound of as claimed in any one of clalms 1 to 14 and a
15 pharmaceut;cally acceptable carrler.

16. A method of preventing or treating influenza in a
subject comprising administering to said subject a
compound as claimed in any one of claims 1 to 14.

20
17. : Use of .a compound as claimed in any one of claims
"1 to 14 in the manufacture of a medicament for the
- prevention or treatment of influenza. '
25.- 18.7' Use of a compound as claimed in any one of claims

‘1 to 14 in the prevention or treatment of influenza.

1s8. ' A method of preparing a compound of general
formula (I) as claimed in any one of claims 1 to 10,
30 comprising the steps of:
1) providing a compound of general formula (IV),
wherein: v '
X;, X3, X, and X5 are as defined in any one of claims 1 -
to 10, ) ' '
35 '  and may be protected by protecting groups,
Xs is X;, or a funcfional group that cén be modified
to form X,, where X; can be selected from, but is not



Zis a halide and elimnation is achieved in the 20 presence of a heavy
netal reagent; or Z is acyloxy and elimnation is achieved

under Lewj idic conditions; or Z is al ko el impation
i s achi e\\%ﬁ zﬁﬁﬂ)g?zogcet olysis conditions; or 25Z is phos?ﬁ?@gg}%oggog

elimnation is achieved under Lewis acidic conditions. 21. A nethod of
prepari ng a conpound of general formula-(99 -as clained in any one of clains
1 to 10, conprising the steps of: 301) providing a conpound of general

formila (V). whergin )G X3 c¥d, Al X 8kE, Ansdebhaedagqd my be

prot ected by protectln%%groups; I ntroducing X, to the~cong§gnd of
general formula (V)% % 1H Re8FOLR 1t13Y 520 PE2F b YRS 0y SPaRETI on of the
lithiated speci es vhetnEXlimihatiém; E is an el ectrophile and X1 may be

protected with a protecting 10group; 3} ogﬁigpally functionalizing X1, X2 s
X3 X4 and/or ‘Xs; and 4) optionally depr§E$§E|ng X, X2, X3, X4 and/or XS.
H

X4 Xz

Xs

s | o o Iv)

2) eliminating H-Z from the compound of general formula
(V) ;
_ 3) converting Xs to X; when it is other than X,;
10 ' 4)optiqna11y fgnctionalizing X3, X2, X3, X3 and/or Xs;
5) optionally deprotecting X;, X:, X, X; and/or Xs.

~

15 : ' o
20. . A method as claimed in claim 19 wherein:
Z is a halide and elimination is achieved under
basic conditions; or ,
_ Z is a halide and elimination is achieved in the
20 presencé of a heavy metal reagent; or '
Z is acyloxy and elimination is achieved under
Lewis acidic conditions; or v '
. % is alkoxy and elimination is achieved under
acetolysis conditions; or _ |
25 .z is phosphite and elimination is achieved under
Lewis acidic conditions. »
21. A method of preparing a compound of general
' formula (I) as claimed in any one of claims 1 to 10, -
comprising the steps of: ‘
30 1) providing a compound>of general formula (V),
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wherein X,, X;, X4 and Xs are as defined and may be
5 protected by protecting groups;

2) int:oducing X; to the compound of general formula (V)
in a direct C-1 1ithiation followed by reaction of
the lithiated "species with EX; wherein E is an
electrophile and X, may be protected with a protecting

10 group; ‘ : f

3) optionally -functionalizing_xl; X;, X3, X, and/or Xs;
and. S ' _

4) optionally deprotecting X1, X2, X3, X4 and/or X5.



