METHOD OF FORM NG OSELTAM VI R AND DERI VATI VES THERECF
[0001] This application nmakes reference to and cl ai ns

wao b@obessef it of priority of an application forP@r/SG2008/000473
"Method OF Forming Oseltamivir And Derivatives Thereof
filed on Decenber 19, 2007 With the United States

METHAP G RARMEE dshrs ASTARGANIFPERIV A RS P reor

application filed on is incorporated herein by
reference for all purposes, including an incorporation
of any elenent or part of the description, clains or

(037 105 3pPRGatA ok ACTORREL T B0, MERY [ bRl DGy of an

applic&{dal Broe “MEthb8VEBRTHaeifig) GBe]tamiher pmes BetivativesnThaeof” filed on

rel at.e t.he stereo ect iy ynthesis o
Decenfie 195 2007 Wil 5 EF G GEL afeal 480 TR Sl Qficgognd there duly
assigneds@Undmbes61/0l 48561 Tige sotitédie st said BASIKEIBOWMDebn IHRcorporated
. LNVENTI ON [ 0003] Gseltam vir, and in partticul rits
herein md'gigqqg}cg Ll p ses, Hgﬁhéq%pg A H99rREAtiqey of any element or part of the
descriptfod! @IHiRs $RRSw kO Mo BohtBine@ Herdih ARG $6€red %o it Rille 20.5(a) of the

Itzstein, M, Nature Reviews Drug Di scovery (2007) 6,
PCT, pppsuagip Rulo#4B afibe PE€Tcurrently the best drug anong

the currently avail able antiinfluenza treatnents due

to its good oral bioavailablity and tol erance. It acts

to mninise the fideR OBTHE NHENi ting the

protein neuram nidase that lives on the flu virus

[0002) IThe prsseht arvieution velstes ey ehe prertobsledEvie esydthSeik exfo@seltamivir and

.and jt i urrently marketed. b ffnman La Roche under
derivafiyss thersofS AT TRIIFY AIF CormoRpdTEe L e BESvBB000 -
40, 000 deat hs per year in the US alone. Additionally,
the recent spread of the avian virus strain H5NL,
found in bi r IBAGHEGREUNDR OF BHEINVENTIQN ' avi an
flu'), is causing great concern worldw de due to its
[0098Y ©sblkamivdr! hnd i@t Patibdlyr riét §hbsphtenams, @8 HVEstedO idltibitor of
According to the Wrld Health_Organization, about 200
neurangideses (Hrmntrofectingrses el ee Iizatein, dboXatvieiRpders Drug Discovery
fiCiogh |_yoad t.r iy but . Vi ok .
00 R e 2 o oy, T e Soll e Sl Ry flfible anti
influenyh dteptamntshduectol ¥s geed otahioawEiMblityi frd tolerandenitoacts to minimise the

effects of flu by inhibiting the protein neuraminidase that lives on the flu virus cells. Oseltamivir

was developed by Gilead Sciences, and it is currently marketed by Hoffman La Roche under the
tradename Tamiflu. Influenza causes 20,000 — 40,000 deaths per year in the US alone.
Additionally, the recent spread of the avian virus strain HSN1, found in birds and poultry (‘bird
flv’, or ‘avian flu’), is causing great concern worldwide due to its severity with a lethality rate in
humans of over 50 %. According to the World Health Organization, about 200 deaths around the
world since late 2003 had been officially attributed to H5SN1 as of 2007. As the virus has become
endemic in countries such as Indonesia and Vietnam there is fear that H5SN1 will turn into a

human form of influenza virus, giving rise to a pandemic.

[0004] Countries around the world have sought to stockpile Tamiflu against the possibility
of global outbreak of a form of the avian virus that could be spread by humans. In 2008 Singapore
announced it had already purchased 1.05 million courses of Tamiflu and intended to add a
further 650,000 courses, while the British government was quoted to hold sufficient quantities

of Tamiflu to treat one-quarter of its population. In the same year a British government report



human form of influenza virus, giving rise to a
pandem c. [0004] Countries around the world have
waeowghtsstd st ockpil e Tam fl u agai nst the possi PCT/EG3008H00473
gl obal outbreak of a form of .the avian virus that
coul d be spread by humans. | 4 2008 Si ngapor e announced
warned thatie atorksaeigs ibkprepasd for anQfevitableiinfucoy pagRendé. The report further

] : i nt.ended.to. add urther 650, 000 courses, )
warnelE B WHIETE 1t SR B0 Rishe i 9ok 80 o Rewsed by relaiively mild
strains of ifloerem tthemexn bhé crdd Rfve Tadtk Eéribuk @oﬁs%@ﬁ’éntc&ﬁ ﬁs’p%!i@f& it originated

year a Britis

.t opulation._In the sane
from @%@Qr %ﬁ&xﬁmglwm&@a tq HeexpansonS flednagafacturer’s production capacity
to 400rh treRtoRBR BRALLIR a1Bdal BE Viid & & Joi ! 2 Pandepic. The
report further P}rv\félr ne%l lB?\I’%ét é}%ﬁjé)ﬁ{; ﬁgﬁ%g?ﬁ?ev\“% & pitelligiice: Roche
expangs, dgewile snanufagturomsneswork] d68ch 162206) amdedhulnd some jurisdictions to

: i .1 | rai.ns. of 1nfluenza the next one
i kG s W T B g A —
Licenes fog Tamifay RochaR eipbitds wille Sashy PinYise, NovekBid 190g0h8d t o

an expansi on of the manufacturer's production capacity

[005]40iGinicnt et seibie symttiesis iy (el degaslyndey tHeBer8ehe0f10RAWmand for
ﬂﬁs‘%éﬁeﬁkgal _ mg & |n#i||l ence: Rache expands Tam fl u

menut ac PHF g RS ,SYWgP% r9Ee IDHEY and-deupeeresont complex

chemipaliréatibnd (GNRoMR L, ST AL COWR! ORLY (1998588 C45¥016) and requires o

Mar ket s Anal ysis: Authorities”in Taiwan

produetiamiine gf forg e six methseltie ey, YagJiaesRBsqourd RisestOn Producer OF
Fl i . : Q5).. 00 fficient ..

a u.lgﬁ%p?%g:gglgﬁéégg%t \52%9‘?”5‘{%%‘%2%)“[06{ ]ﬁgx&%}i% iah FIv Ras Physicians

Worrigd Qateber A3, H105b Wleunis YaNd ef alr, Jt HME ChengSocT (B006) 128 8310-6311) and

i al . ic route involves a . 10-ste rocess . . .

s SRR L L Bt RS PSR st
expensive andJofQirgiteCheditabi(ily) 98d-18Rls AIUS RS @5‘5’ SR rffo?% i

pr dquionleinﬁ flﬁ@re tha: Si X %Dntﬁéu h%ﬁﬁ%%#Yor fne single

soureeofiegned Bpy i Bdy ofdBe Gpirsee dist episer The FMpDRE g is obtained by

fermer@etir@R rcolilbaciZBQ %Iheﬂ?z?er%bf‘%fbgd E’%%&rle: R%@l&eglgen% gcgplfegsrure on flu

Avi an_Fl u Has PhéSl cians Wrrie tober
drug demagny Noyember L, 2803), Thiere isthrefomeamedddor al(2006} sfidBesis routes.

‘gﬁf0-631 1) and uses naturally occurring (-)-shikimc

[0098] Hepceanew swnthssjs meutey startingi-fevevasher(mytesils Kiame beerc ieRttensively
investibfte®XRERS Y81 -0f, B it ayail abj |t =TT

s (R8T (AR 8 Do 20, VBBl S BrERL a0 mae

carriedgpyt facgadyl by meshestrblighed sewhrch fmeouPhiof sy YaungaWivs @t al 12606, supra),
sunns SRS 60 15y PBined. bl gnab A B sl L
TetrahdgleordBert. G207 48 Ur403 AR06;) Mitd TI0et B& "R NE [RBY) 313, 259-262) and
Cong @ﬁg,%;é.s RS 23 6k e, Bobo, 2%&%38?.@12&1% ‘materials used for
forming Oseltamivir or derivatives thereof are 1,3-butadiene and acrylic acid (Yeung, Y.Y., et al.,
2006, supra), fumaryl chloride and 1-(fert.-butyldimethylsiloxy-)-1,3-butadiene (Yamatsugu et
al., 2007), L-serine (Cong, & Yao, 2006, supra), 3-amino-3-deoxy-1,2-O-isopropylidene-a.-D-
ribofuranose (Shie, J.-J., et al., J. AM. Chem. Soc. (2007) 129, 11892-11893), meso-aziridine
(Fukuta et al., 2006, supra; Mita et al., 2007, supra), pyridine (Satoh, N., et al., Angew. Chem.
Int. Ed. (2007) 46, 5734-5736) and [3aS-(3aoc,6B,7oc,7a0L)]~3a,6,7,7a—tetrahydro—6,7-dihydr0xy—
5-(hydroxymethyl)-2-benzoxazolone (abstract of Korean patent application 2007-082985). After
the priority date of the present application, Trost & Zhang (Angew. Chemie Int. Ed. Engl. (2008)
47, 3759 - 3761) furthermore presented the synthesis of Oseltamivir from racemic 6-Oxabicyc-

lo[3.2.1]oct-3-en-7-one and a group at Hoffinann-La Roche Lid disclosed a synthesis starting



[ 0006] Hence, new synthesis routes starting from other
mat eri al s have been extensively investigated (see e.g.
WO-2000/028813/. , & Brown, J.D., Angew. Chem Int. EUI/SG2008/000473
(2006) 45, 7330- 7334) carried out largely by
wel | -establ i shed research grdups of Corey (Yeung,Y. Y
from et6 mlnetho%(j)ﬂﬁ:nos l(;li% ga)gflv?gl'é@%ﬁﬁﬁiosélg&gét ro\f¥31seﬁsn?é pig [er esterase
(Z““%ft aft fﬁ a‘eglf%ﬁ%la%(a?‘)%} 13, 13.40994902),  1403- 1406 Mta,
H%@ h ga?lc Lett. (2007) 9, 2, 259-262) and
Ag (ltaﬁgfbl% of gheygresent invention trogfer Ghelterrzfl0O §yocéds of forming
Oselth®f-0p d6BVativet Mletdopd Material s used for form ng
Cseltamvir or derivatives thereof are 1, 3-butadiene
[Ofegsr?a ?ﬁﬁ)ﬁlb efég ?:f%(gvegizg}uﬁg?mtﬁes\fs rSite & deﬁne(c)iom "the aEperPded claims. The
synth ‘?Slﬂb@?{ﬁl @nmpalieyse of easily pviilaldstartng marriaéamat sugu et
al ., 2007), L-serine (Cong, & Yao, 2006, supra),

3- am no- 3- deoxy 1 SO rropylidene- a-Dribofuranose
(Shie, J.-J. §EH\%“&BYQMT&MVEI&HON2007) 129,

11892-11893), reso-aziridine (Fukuta et al., 2006,
IOQQBHrIa a Mintst aspecalthe iB0&ionS nyfbﬁlﬁi)es Db ctisd§) ﬁﬁgg%e a'\Llﬁ diamino

°Y°101'ée|2](8ne cafrboxy?a%e ester gf[gener% formula (12007) 46, 5734

[ 3aS- (3aa, 6b, 7a, 7aa)] - 3a, 6, 7, 7a-tetrahydro- 6, 7-di hydro

xy- 5-(hydroxynet hyl)-2-benzOxazol one (abstract of

Kor ean pat ent |cat| on 207- 082985). After the

priority date e _gp Eﬁ hcation, Trost &

Zhang {Angew. Chem e . . (2008) 47, 3759 -

3761) furthergQre p =d the synthesis of

GCsel tam vir fromNBcemie &‘[3

3.2.1]oct-3-en-7-pbne add a group at ?frmnn- La Roche

Ltd disclosed a syhthe{N.s sﬂ%artl ngfrom

2, 6- di met hoxyphenoal t Waf JRIYol ves an enanti osel ecti ve

hydrol ysis using pig River esterase (Zutter, U., et

al., J. Og. Chem (2008) 73, 13, 4895-4902). [0007]
orapHahnﬁ(Euﬁml@ikﬂceqitalﬂE silhgepiogsent invention to offer an

alternative process of formng Oseltamvir or

[0036} i gdrieyad Sotohelh €DF and] 18 QO fIrRhSasOlic8 fibr rrc‘R$ 0 IR\éea‘iie B'}fih gendently

nt hesis route _as defined in the appen ed cl ai
from %% zl?ﬁ sel 5o F1OB arilod ez, o @lamauy o, Izablahcychc group, an

aromat$d fdulpD @n BV RIbRAtR g MARY o5 NVENTI ON
ir gt as pSe,ctlbt he |grr§v htion pro 3§é “aZHrBe éC%oFJaY optionally
1ncludff Q,FQﬁbpglt 4 hetesoatpmsiselecteq floohie gn(mp:]ﬁ[ OpRyBatsd 85 RS ROf and R12

are indBERAERy fBBHPnbiher selected from the group H, a silyl-group, and an aliphatic,

alicyclic, aromatic, arylaliphatic or an arylalicyclic group, which may optionally include 0 to
about 3 heteroatoms selected from the group N, O, S, Se and Si.

[0011] The process of the first aspect the invention includes reacting a 3,4-dihydropyran
compound (9)

to form an aldehyde of general formula 4)



or a pharmaceutically acceptable salt thereof. [0010]

In general formula (1) and in other fornulas used
WheeehTssRL - R3 are independently from one anoR¢iE8G2008/000473

sel ected froma silyl-group, ,an aliphatic group, an

alicyclic group, an aromatic*group, an arylaliphatic

group, and an arylalicyclic group, Mhich may

optionally include 0 to about 3 heteroatons sel ected
apehSi . R4, Rl11 and R12 are

fromthe group N, O S, Se .
i ndependently from one anot KT ect®@ fromthe group
H a silyl-group, and an al c, alicycc,
aromatic, arylaliphatic or ar_z al i cyclic group,
whi ch may optionally include @ to aBB8t 3 heteroat ons
selected fromthe group N, O,=§5 Se and Si. [0011] The
process of the first aspect the invention includes
In gene@@iCorMGlaA(43, o8- wéIn ¥6l Py 9) % an
s al dehyde o?sgene#gﬁgngﬁdﬁgn?ggpﬁyggﬁéggﬁ %8@3%?%302§q”mdmﬁh’
selectefksujjable raeteefingegroniot andl the syrsle ~he éndicdREs BACthReespE@ive bond may

h kel y selected suitable protecting groups and
aveé{nﬁe%{s}gg%g{i&' i ndicates that the respective bond may

Lguratl on. 012J The ocess of the
(00 TR phoC R0 bt 'R Rt b Tl b her e dSpnidi meridenyde (4
to carbwixtbibpcid estéy (100 car boxylic acid ester (10)
Furthernore, the process includes replacing protecting
group R5 of carboxylic(%cgd ester (10) by an
N- substituted carbanoyl Broup, t hereby form ng
N-substituted cagdgnmat ed (3 gz ié1a sui tabl e
protecting group. @80 incl udes reacting
N-substituted carbang to forn1oxaéolinidone (12)
The process further gdes renovi ng ?ety -OR6 from
oxazol i nidone (12) to ™rm oxazoli nidone (13)In
general formula (13) as well as other formnulas used

FurthefiRér@] theBPodeSs iHcRﬁngé%la‘%fng%réfﬁl:%}lrxg;%?# gR’S é)?gﬂrgl’ogigﬂcaettcl'(f ester (10)

roup, an alicyclic group,

by an Ig'rs}}l)%ﬂtilfﬁﬁ stnbamgylogrpup.thereby famp@Ni sty siitined gabamate (Bﬁt
may i nclude o about 3 heteroatons selected fromthe
group N, O S, Se and Si. Fggéhernore, the process
i ncl udes reactihg oxazolini done (13) to form azido

N @) 1
car boxyl atF\%/ Y COZR
@)

R7 is a suitable protecting group. The process also includes reacting N-substituted carbamate

(3) to form oxazolinidone (12)

€)

OR®
o) CO,R!
o=<
(12)
N A
Ho E
NS

The process further includes removing moiety -ORS from oxazolinidone (12) to form oxazoli-
nidone (13)



ester (2) The process al so includes converting azido
carboxyl ate ester (2) to 4,5-diam no cycl ohexene

W@ 20000%88iat e ester (1). [0013] In some enbodi NREE/SGER08/000473
consi sts of a nethyl ene Iinksr and a noiety RO. In
such enbodi nents the nethyl erde |inker connects noiety

R10 to the oxygen at@'ntha efi Rhe 4- hydr oxy
group of 3, 4-di hydr6py™s paound (9), which nmay be
an ar abi no- di eQi=4= co ] R10 is an al i phati c,
alicyclic, aromati 3 phat i c, et lalicyclic
group, which may optNonal I ncl ude Clo fout 3

het er oat ons sel ected/from Ehe group N, O, S, Se and
Si. hi such enbodi s 3, N di hydr opyran conpound (9)

In %fg ]gr@ sent ed forrru a (9A) The

ge%er g}/?%\welé @ﬁﬁgl?h Eromgs usadh hbeiroRE &8 Hent dne @fna silyl-group,
1i3h4 r u Thus the stere el ective

e Y TR

alicyclig greupaftihat maysnhhugh Dyo ebduit GiteRdroatiils 6€lBctoE 8O XEAp!9, O, S, Se

t e e.g, the |nex sive and commerci al |

and ngﬁa‘lﬁ CRPdrey thyupesss me %ﬂ@éﬁaﬁcﬁgg ABZStnigdone (17 14 ffommazido carboxy-
late es@q@nd aspect the invention provides a conpound of the

formula (4) In formula (4) RS and R6 are independently

from one anot her selected suitable protecting groups

or H with the pr so that R R6 are not both

benzyl within thelq?a{ -Tohee %@Zﬂhe symbol W

i ndi cates that the reg ve bond may have any

configuration. RQQ1 ag/third aspect the invention

provi des a conpouni of tHe formula (18 In fornula

(10) Rl is selecte frorﬁH a silyl-group, an

al i phatic, alicycl R: ar’\'xmtl c, arylaliphatic, or an

aryl al i cycl ic group that may optionally include 0 to
The privesst al$ h‘&luﬂel o abeveptisehhed 0skbbrAMet ity q.*z)%m A dgﬁ}lin@cyclohexene
carbo Ee}t % 1 R5 and R6 are independently sel ect

it s5P(r ot ecti ng groups or H, with the proviso that

h acetyl within the sane

Iﬂiﬁé nd R6 are not bot5
1 &R §prae emboduncnisR> ponsisty, af g methylenedinkeh endontietaR 10, Tn such
embodi@¥gts A medng WnRtd Qine tp%gt;ty #{"1'0 Eoe{hlg kg‘fn a%g]{l%gjat %%nes the 4-

i nvention 5): ovi des a conpoun
hydroxy, EHPa qf 114-ddydrepwen eqagdubd o(A)H widcls i thyy -tgr @bl paraBiho-dienitol

compoﬂhﬂ PREL §5Gon ﬁllphgtycc lahgyIch%r %l(")ra ltlc arylaliphatic, or arylalicyclic group, which
may optionally include 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si. In

such embodiments 3,4-dihydropyran compound (9) can be represented by formula (%A)

% O

R1 0.\ O\\\\“' (9A)
OR®
The 3,4-dihydropyran compound (9A) can be obtained from 3,4-dihydropyran compound (5)

o)
HO

Ho™ )

OH



aryl aliphatic, or arylalicyclic group that may
optionally include O to about 3 heteroatons sel ected
WO e@aotrdses group N, O S, Se and Si. R6 is a SUPCEBGZ8/000473
protecting group or H The synbol LLL. indicates that
the bond may have any configliration.[0017] In a fifth
Thus éb,?)@élfeotsnbc?vﬁmpesa rof fhh@i\(ﬂivghﬁﬂm@or@ﬂp@f) &?ﬂge ?i}}ﬁheﬁl_(l; route which is
: oL Qr a RL is selected fromH, a
hlg]fﬂgi “ff?g@%ﬁ %%gp,cagﬂb% ‘“n‘ln%éﬁdc% Q‘Flﬁ%%/ 18- cthe nekpenbive and commercially
available glabalph atstactingmatsigl. al i cycli c group that may
optionally include O to about 3 heteroatons sel ected
[004 dldnx rgecombagpedt, thOinventiGepranideSh coxﬁgoi*nﬁ S R AR £4
protecting group or H The synbol ' V/V indicates t(hglt
the respective bond may have anyconfiguration. [0018]
In a sixth aspect the invention provides a conpound of
the formula (13) In for (1 is selected from
H a silyl-group, an ali alPcyclic, aromatic,
aryl aliphatic, or aryla ic group that includes O
to about 3 heteroatons sekegefhrd, fromthe group (8 O
S, Se and Si. R6 is a suitable gPBecting group or H.
[0019] hi a seventh aspectiyphe i nvention provides a
conmpound of the forrmula (16) wherein RO is sel ected

In forfu@M(4)NRS GHUEs Qﬁnﬁlﬂﬁéégﬁglgﬁf fr%mrsrlg{u%/ lémgth%ru Sstedica suitable protecting

aliﬁgatlc, an alicyc aro

eroupypy Wiﬂjlhfa@ ip@QVl'anﬂ]aaRSammRﬁ re ok bhUSRAUP) Wit tht B
- C{‘_- Pl 13. BRI EF DE%C‘I}%I PlTI o (]:e molecule.

.50 that RL.is. not
The syl sRRovinieat Fotabhe Toreestits dhn s ey e amechisutstion.

with.reference to the detailed description
10053536 L e siletsdng BB mct Fish s RO Tt s (160
exanpl es and the acconpanyi ng draw ngs. [0021] Figure
1 depicts the retrosynthesigrdf Gseltarnivir (1) and
derivatives thereofﬂ_j{50022] |l gure 2 depicts an
exenpl ary enmbodi mentR @ t heXyet r apytpesi s of
Cseltamivir (1). [0023] ¥ >v$ deficts a further
exenpl ary enbodi nent of rosynt hesi s
Gseltamvir (1). [0024] gure” 4 shows the synthesis
of Gseltamivir (1) and deriVatives thereof. [0025]
Figure 5 depicts an exenplary synthesis path of the

In formyle (KYeR' depicticed front 1 gefigr-aloupy Rhhasiketef afiydlic4aromatic,
arylaliphatic, or an arylalicyclic group that may optionally include 0 to about 3 heteroatoms
selected from the group N, O, S, Se and Si. RS and RS are independently selected suitable
protecting groups or H, with the proviso that RS and R6 are not both acetyl within the same

molecule. The symbol annan indicates that the bond may have any configuration.

—

[0016] In a fourth aspect the invention provides a compound of the formula (1 1)
OR®
HO 1
CO,R

(11)

In formula (11) R! is selected from H, a silyl-group, an aliphatic, alicyclic, aromatic,
arylaliphatic, or arylalicyclic group that may optionally include 0 to about 3 heteroatoms
selected from the group N, O, S, Se and Si. R6 is a suitable protecting group or H. The symbol

~nnn indicates that the bond may have any configuration.



[0026] Figure 6 depicts an exenplary schene of the
synthesis of a cycl ohexene carboxyl ate ester (1).

WO 0®2/PY88K gure 7 shows a first route, in two PCT/SG2008/000473
enbodi nents, of the I ast three steps depicted in the
general synthesis of Fig. 4. [0028] Figure 8 shows a

[09&Tolnch fifihaepect thetinventol prbivids acomPouhd 6f the Fornid) @162)
steps depicted in the general synthesis of Fig. 4.

[0029] Figure 9 depicts an eiHr
synthesis of Cseltamvir ﬁiSPCﬂ) . [0030]
Figure 10 depicts a f e (cf . al so Fig.
8) of the |ast st%4 of thg heS|s of Cseltamvir
Phosphate (1'H 3P

| NVENTI ON [ 0031] As ca efl in Fig. 1,(12)
retrosynthetic anal ysi H of t@ general synthesis route
according to the present i nveNhtl on identifies
N-substituted carbamate (3) as an inportant

In fonmuler(rlﬁ)illhlt és selecied an He £x{1@na66p! en %Egé’ctlcarahe Prchc aromatic,

| at e _ester the prototype of t

arylahl’%%“ %n?rﬁf hr?%lfco ﬁé&‘e rFQach’:aMo%ﬂan éaglede 0 1p letwb Ggheteroatoms
selectédBofmand N en®| Rl @

by I\I-confgfgdrrl)l ng hucl eo ﬁlﬁllgsisgdn 1{&?1%{19 %?tmll%jl%to ngﬁpiﬁlngﬁe symbol
e pridicaterdhat the fespessize bo mag baré gur eamifignstiab. C4, 5 can be

8& by taking advantage of the regioselectivity and
[0Q1R) 18 s tB apieet thg invenfipe proyides ticompanad of thg foperia (I) of
the aziridine. Nsubstituted carbamate (3) can be

pl ary enbodi nent of t he

derived from al dehyde (4) through vl
transformati ons. The alPaslyd 4y CaA be generated
from 3, 4-di hydr opy. enpl oyi ng a

3,3-sigmatropic rear a5 a critical step to

forma carbocycle wt tdesired chiral (13)

configurations at C2, 3H 3, 4-ZDi hydr opyran conpound (5)

nay for exanple be a glucal, Ng gal actal or an idal. As
a glucal, 3,4-dihydropyran conpound (5) is for

In forimmdéa dhi:)e Rd ofseeledtal Ifgona\H,l laahl}e -g@bups; adh @Bphdt¥, Rfcyclic, aromatic,
exenpl ary embodi ment s

0S
arylah%%aq%ch ar :i H:é(gf (yﬁéﬁ%t Plu'iesg tq about 3 heteroatoms selected from the
group N, O, S, Se and Si. R% is a suitable protecting group or H.
[0019] In a seventh aspect the invention provides a compound of the formula (16)
1
C02R
RY9—N
(16)

N3
wherein R is selected from the group consisting of a silyl-group, an aliphatic, an alicyclic, an

aromatic, an arylaliphatic, and an arylalicyclic group, with the proviso that R! is not -C-Phs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The invention will be better understood with reference to the detailed description

when considered in conjunction with the non-limiting examples and the accompanying
drawings.

[0021] Figure 1 depicts the retrosynthesis of Oseltamivir (1) and derivatives thereof.



are depicted in Fig. 2 and Fig. 3. As can be taken
froma conparison of these two figures
W@ b@semsibdbdi nents differ in conpound 2, where POEYGLHAYE@00473
a different substituent R18 (or alternatively R19) .
[0032] In cases where 3, 4-difydropyran conmpound (5) is
[0022) Bigaké ﬂ@piﬂﬁtaﬁrekéfh}éfaﬁl EnbRibM A he Rtr8@& Ak lof Bkelivir (1).
idal) the 5- and the 6-hydroxy group as well as the
[0823)y iguey BT Aeffictof a Fufthell kydhplay RARAHNEF 4R r6@dkynthesis of
0 ltbe. rﬁt ected, for exanple by ani'sal dehyde _
seltniy#i (i) | acetal and a silyl ether group respectively to
, _Wwhich can then be

acetal (7) (see also Fig. 4) an,
0P g kGas & SHPVRhS SOETY OF Q1Y emvic Cod deriy@ives fhgreot
| e by DIBAL-H In other enbodi nents i )
10535 Brefiyensofomain o pmnery S BEh b Gerles Hgp depicted in the
genergjegpﬁ@kﬁgb'fp%. g respective ether group (Du, Y., et al.,
J. Og. Chem (2006) 71, 8446-8451). [0033] The
062610k 2lrd" Aogld u n, b
T o1 o ettt o RO RUAL, PR e, Shthélls §8M Rclobexene
carboxylate gstey tlopyr an conpound (9) by net hyl enati on.
Al dehyde 54; can then be obtained by O aisen
[0024 Fignge relaws ¢ Grst syude, di Hyel eopgdisrentsoapibe tast (199 stapsalepicted in
the geﬁéﬁ?@ﬁ%sfs@fﬁ?rh be oxidized, for instance by
De eTi o

ss-"Martin p di nane

lmibatd iga - - di r Q- - .
ol SEBSHRL by B\ coegim. i e s
depictgd indthe general sydfhebis ofFigrdi fi cati on. The protecting
roup R5 of carboxylic acid ester (10) can then be
[0 @dléguﬁ 19y depicts- s rseiniplarne cendsdiraenty bf ghosgnthBss dfhOseltamivir

) tecting group R5 can for exanple be renoved
PhOSPB%ESPZF&F?fég’I e reagent to afford hydroxy carboxylic

| Fi - ' it,may b
0G5 IgREELs fistis, st nbobf et Pl Bl ot g steps of the
syntheatsef RBeltamsrcPhaaphse (letl;POz). their sequential renoval

can be achieved, in particular that protecting group
R5 can be renoved while R6 remains intact. Hydroxy

car boxylic j r iNst ance be reacted
Mih b andkd oSERE PESCRIERION ORI NG G080 o
generate N-substituted carbamate (3). [0034]
069l AR bE in i S UPS it A ARRL ) ~
[ ri I%g(;)ope_ni ng’eer%nr &Sﬁi%sgzﬁgg%;ﬂ/% ?%/5 g)g%a(ﬁf al f%e?gg  synthesis route
accordiiyg ¥o Ithaipersart {nveptionidentifien N-fibstitget eatbwibte @) as an important

intemggi?%gang&é%a&% l;eoex%nfd%ﬁ go A %gallr%g%)agt?teeg%% f%; g;ir}ggtotype of the target

ca can for exanplé
4,5-digainboxytlahexemst enrboylate ester (1) through the tandem intramolecular

-

aziridination, ring-opening by N-containing nucleophiles and olefin formation upon treatment
with base. The configurations at C4,5 can be set by taking advantage of the regioselectivity and
stereoselectivity in the formation and ring-opening of the aziridine. N-substituted carbamate
(3) can be derived from aldehyde (4) through novel transformations. The aldehyde (4) can be
generated from 3,4-dihydropyran compound (5), employing a 3,3-sigmatropic rearrangement
as a critical step to form a carbocycle with the desired chiral configurations at C2,3. 3,4-
Dihydropyran compound (5) may for example be a glucal, a galactal or an idal. As a glucal,
3,4-dihydropyran compound (5) is for instance commercially available or can easily be
synthesized from D-glucose. Two exemplary embodiments of the synthesis scheme of Fig. 1

are depicted in Fig. 2 and Fig. 3. As can be taken from a comparison of these two figures these



by acylating with an acyl anhydride and hydrol ysis,

e.g. by NaOwe. Protection of the 3-OH group of
wW@20000%8s8iat e ester (2), for instance with PCT/SG2008/000473

Gl 3CC(=NH) OCHEt 2, can gi ve azi do carboxyl ate ester

(14). Azido carboxyl ate est ef (14) can then be reduced

embodignehtss -differiim ccompolnd eX e RdeRARRGX 1hod & eBtgEnt Lbstituent RIS (or
alt EtOO:fS%&éﬁr general schene of the synthesis of
CIATEEY no cycl ohexene carboxyl ate ester (1) is shown
hdFH. 0. 4. entjre sequence of the synthesis
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ond aG9PE00 313k 16 D705 008 (HEet DESHLOD wtiy cn then e
reducesk tey egige §,4fdd1eyrﬂud>1?lrrgﬁrln)d8;npbhh% t(’ﬁg: mﬂaaéﬁlplf W}rf g%&%—g{. In other
i : . - .
embotgfnﬁgﬁa%]?bﬁg%%gwa% SonIpo C&S &ap ﬁ)&ﬂtalggﬂ ﬁyd%ﬂfqt@ctmg a respective
ether groopDu,aY)., arral), &l ORN Wik, @f096P71,%ﬁ46f84§¥ ylalicyclic
group. R4, R and R 2 are, independent from one

06 o o )t o B4 78 s
and co%lrvglﬁ%cf b of,4%py§l?§ﬂyazm €3repquad ¢k me’[lzyd)g,rp}iom Aldelpystet(#y ean then be
obtainad ibglClaisen rédriaagehbs, fr | ! 5"

lnar .Ipal [ cS Iélr,i C ag¥oup [ s@fthqg??gﬁldil&bé?l é@k%@ﬁﬁﬁdgﬁ(gﬁhﬁe aldehyde (4)
can bq agasd.ofor fingtancg DespMartin apmedina® (1, 1-trisdetity- RD-dihydro-1,2-

T e T

protectiig ggup Rhof wadogylioacid aster §] 0)seahthas beneplated B9 .an N-substituted
O S, Se and

lected from.the gro N, O
Cafbﬂ;ig’??’.‘ O IR ER B melPlng iy BT i et opbmplrege Tgroved by o
suitablR7reagentRb0afferkehadroe hﬁh‘lﬁbﬁbgli@rﬁ:'ﬁ QROLAUEY InOtHi i
advanth eesoglegt icée o_x%gen at (})’m .and R3, ngg, R(’thgdltnRtl}%???%ar? hlte ey b_e
PSR LY i DROTR TP JgenPtcsting aroups RhepdR%m sudki 4 ingasmer that their
dhoramdva03d] bd in 3Jaf | g S
sequen; dva03&] b hehfe®éd)in FlattRiVR tﬁ%crlgﬁéﬂeﬁggg %ﬂd& RS can be removed

hi 1%herwi se stated, a straight or 0 ca
while LETRAINg Hyteqk: Iﬁﬁ@romé carkpyylin exdd estentlig-canifor instance be reacted with

O e O e P B8 Bl O T B8 Pt .

oot of AL BASGOICBARETY] 85 b s oce o
TMSN3, fan aford joxazolingloai (82), which can be treated with a Brensted base to afford
oxazolinidone (13). The carbamate can for example be converted to azido carboxylate ester (2)
by acylating with an acyl anhydride and hydrolysis, e.g. by NaOMe. Protection of the 3-OH
group of carboxylate ester (2), for instance with Cl3,CC(=NH)OCHEt,, can give azido
carboxylate ester (14). Azido carboxylate ester (14) can then be reduced to 4,5-diamino

cyclohexene carboxylate ester (1).

[0035] A general scheme of the synthesis of 4,5-diamino cyclohexene carboxylate ester
(1) is shown in Fig. 4. An entire sequence of the synthesis starting from 3,4-dihydropyran
compound (5) is shown in Fig. 6 and in Fig. 9. It is understood that the depicted synthesis can

also be carried out with the isomers that represent mirror images of the depicted compounds.

[0036] The process of the invention provides a 4,5-diamino cyclohexene carboxylate ester

of general formula (1)



as well as non-aromatic cyclic el enents. The

hydr ocar bon chai n, which may, unless otherw se stated,
wheoooh7ssmy | engt h, and contain any number of bPERSGHHS/000473

Typically, the hydrocarbon (main) chain includes 1 to

5, to 10, to 15 or to 20 carlfon atoms. Exanpl es of

al kenyl radicals are straight- cqgln or branched

hydr ocar bon radical s mhlch contajjn one or nore double

bonds. Al kenyl rad|8a03 AR y con{aln about two to

about twenty carbon atorn

ten carbon atons, ‘and do ?y
radi cal s normally contlai n ébout t wo to abo twenty

carbon atons and one rmrNa, 1gr exanple two, triple
bonds, preferably suc R'6 ten carbon atons, and
one triple bond. Exanpl esRo al kynyl radicals are

In thi$ {Rh@RICRAIq H3 Q‘éaﬂ)ﬁgfeﬂdgﬁ gﬁ%rég%ﬁﬁ{hggl cal yi—lgk%p an aliphatic

contain ohe or nore tri

groupgam akieychic grcm;t, by layonedtivygroury an pyylalighatiy lgroupe 6 ¥ arylalicyclic group.
the n 1sonmers of

R, R RIDER oo it rByine anotist i o SiMsesygnd an aliphatic group,
an aligyetie lprtiupl, an bdhatidWylp, aﬁ@x@@ﬁ@hﬁﬂm g1%u§ S AL @‘6&1}4 leroup.

Both the main chain as wel'l as thé branches

[OOM]tzha'eﬂpﬂ‘cﬁvé: @Hp}mtll@ BREyRII0240 R8BS aryPHliph§d 8P %?yl:glllc Qic group is
¢ ﬁ 2 car bopat ons may be répl aced by th é’
ypicaffyQ rao%f%%hauf &8 ofrhdo ekovh 10&[“? &heut 1§ omsaghopt @ﬁlcaﬂs)n atoms.

E h@ﬁkbrﬂaﬁxﬁiRBaR‘eqill 2 aygki®ges {ee,
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for exgpp%gdp da84e @b@y’c suchhas ancdrltwohlyeicuoa‘@n’[smeldcmdeiqm I‘Imygrou N,

| a
0.5, 8b3id Sy LIS o AR TR, BUSROSRO G e
belowh srevebhnentedc hmithe etspasivesoxyBes 4tein aahaR® RE, RﬁlE and R12 to the
rocar. bon unl ess ot herw se
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I J ¢ and cha el enments. Typi.ca
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carbmﬁc;ha?n orhigh t’faiyl’b&siwrﬁtedfo@ Foniol of ﬁ@ly%iﬁshﬁratgé( Qxﬁ@irﬁﬁad@fheteroatoms
b% F |et|e3|n de but are not limted to,
(see 0¥ dggmi% 13 ét;@,grougyzgm@mmr%m mre(g@@bmﬁmr triple bonds
(alkenBAQdrhalitih lﬁéﬁ%{léﬁ méjﬁxﬁﬁé{gngf‘th%kﬂ{%aﬁ%g fchém n%ye%glgde linear chains

any cyclic and chain substitue
as Well:%“rﬁ"é’i“# opatie cpelicortements H@rhyldrczclad:rwe:hhln ®hich, m&g vatess otherwise

st oy Rl BB, o LPRIRER, Rty 05 avarcaton o

chain igghidesall kterﬁ,(lto o] &t 1 8orwh20rcattoat atéme. Examples of alkenyl radicals are

straight-chain or branched hydrocarbon radicals which contain one or more double bonds.

Alkenyl radicals generally contain about two to about twenty carbon atoms and one or more,
for instance two, double bonds, such as about two to about ten carbon atoms, and one double
bond. Alkynyl radicals normally contain about two to about twenty carbon atoms and one or
more, for example two, triple bonds, preferably such as two to ten carbon atoms, and one triple
bond. Examples of alkynyl radicals are straight-chain or branched hydrocarbon radicals which
contain one or more triple bonds. Examples of alkyl groups are methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, the # isomers of these radicals, isopropyl, isobutyl,
isopentyl, sec-butyl, tert-butyl, neopentyl, 3,3 dimethylbutyl. Both the main chain as well as

the branches may furthermore contain heteroatoms as for instance N, O, S, Se or Si or carbon



unsaturated cyclic hydrocarbons, which generally
contain about three to about eight ring carbon atons,
W0 ovexssnpl e five or six ring carbon atons. PCT/SG2008/000473
Cycl oal kenyl radicals typically have a double bond in
the respective ring system k&cloalkenyl radi cal s _may
atomy may be repbaced by shdst htetbatd@)40] The term "aromatic”
means, unl ess otherw se stated, a planar cyclic
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mowty(dzcamyxgatﬁdeizmbmﬂbcﬁﬁl@yﬁ&n)ch rﬁ!é)ﬁg@ﬁ sl nng"%f’“fﬁ/éf&d%drﬁgﬁ%?e fused or

exae e- -, az0Zl
covalenly lesqqﬂ;ilgs f‘Efe & %yﬁ or 452&53@ 1ifgs- Thaztalm dematiy|also includes

alkylaryh ITaplcally,2he HyBMthrbon Qi EX%’)QJh%lr gﬁﬁ@s % 8 A’} O 6(%3111 c%}n atoms in

aenyl - or_ triazaant acen -NoI €

one cycﬁﬁgyfa@mlﬁs ‘frspriamoigiigs includes bmqn notdlrhl)teﬂr tm(é‘ ?{/lg?bgtadlenyl phenyl,

naPhthﬁI@lhﬁI Y[ loﬂeﬁﬁgﬁﬁhglh( lg.ﬂg 78{ c%o:dzac%refq ﬁﬁgyflc) Tg#]&%%leﬂ}"l‘h u$lannulenyl-,

subst’i

phenalqnﬁép¢rmaphtham)l b,|9+cb]nyﬂrop,yreraﬂ smysml(w QeSenBysHeAGRARAL). An example
t wo .or groups are
of an alﬂgh??;elé‘?‘ﬁﬁ‘f\}? 83‘&3@ %P&h%wuogmﬁ%he hatecwboR msiieis mo, unless
otherwmytatednlgat dﬂfanfydén sh@B&Raia 2 hiinb YR
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anthrathiophenyl-, pyrldmyl- pyrrolyl— quinolinyl, naphthoqumohnyl- quinoxalinyl-, indolyl-,

benzindolyl-, imidazolyl-, oxazolyl-, oxoninyl-, oxepinyl-, benzoxepinyl-, azepinyl-, thiepinyl-,
selenepinyl-, thioninyl-, azecinyl- (azacyclodecapentaenyl-), diazecinyl-, azacyclododeca-
1,3,5,7,9,11-hexaene-5,9-diyl-, azozinyl-, diazocinyl-, benzazocinyl-, azecinyl-, azaundecinyl-,

thia[11]Jannulenyl-, oxacyclotrideca-2,4,6,8,10,12-hexaenyl- or triazaanthracenyl-moieties.

[0041] By the term "arylaliphatic" is meant a hydrocarbon moiety, in which one or more
aromatic moieties are substituted with one or more aliphatic groups. Thus the term "arylaliphatic"
also includes hydrocarbon moieties, in which two or more aryl groups are connected via one

or more aliphatic chain or chains of any length, for instance a methylene group. Typically, the
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protectihf sduprows @X4BEW ETHeSuse o b{dsfécti%gtg?@ups'iﬁ a WG taBilisHed technique
) of the structure: \ 15 In such a silyl ester, groups
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In such a silyl ester, groups R13 - R15 are independently selected aliphatic, alicyclic, aromatic,
arylaliphatic, or arylalicyclic groups, typically bonded to the Si-atom via a carbon atom (which
is part of the respective group). In typical embodiments the carboxylic acid protecting group
R! is connected to the oxygen atom of the ester group via a carbon or a silicon atom.
Examples of a suitable carboxylic acid protecting group include, but are not limited to, methyl,
substituted methyl (e.g. 9-fluorenylmethyl, methoxymethyl, methylthiomethyl, tetrahydro-
pyranyl, tetrahydrofuranyl, methoxyethoxymethyl, 2-(trimethylsilyl)ethoxymethyl, benzyloxy-
methyl, phenacyl, p-bromophenacyl, o-methylphenacyl, p-methoxyphenacyl, carboxamido-
methyl, N-phthalimidomethyl); ethyl, 2-substituted ethyl (2,2,2-trichloroethyl, 2-haloethyl, o-
chloroalkyl, 2-(trimethylsilyl)ethyl, 2-methylthioethyl, 1,3-dithianyl-2-methyl, 2-(p-nitrophe-
nylsulfenyl)ethyl, 2-(p-toluenesulfonyl)ethyl, 2-(2'-pyridyl)ethyl, 2-(diphenylphosphino)ethyl,
1-methyl-1-phenylethyl, tert.-butyl, cyclopentyl, cyclohexyl, allyl, 3-buten-1-yl, 4-(trimethyl-



substituted nethyl (e.g. 9-fluorenyl nethyl,
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i phenyl net h o-niI'trop
1- cyclgh@mnnflycaaf’e@mm a@d( ethyD eaieox(@hamcraa yAbsttdetd No. 196618-13-0), or

o RERBIERE s cdPHLSVATT b

2, 4 6-trinet hyl benzyl , -bronnbenzyl o- ni trobenzyl ,
p- ni trobenzyl, p methgxybenzyl, 2,6- dinethoxybenzyl,
4-(nethy|su|finy|)b 4- sulfobvnzyl pi peronyl, 4-

pi col yl, p-poly-ben yp) 0/@1 Errethylsuyl
di me

triethylsilyl, t-but
i so- propyldlnethyIS|I o2
di-tert.-butyl methy s.|yv . TY one enbodi ment
4,5-di ani no cycl ohexene 'tarboyl ate ester (1) is
(3R 4R, 5S) - 4- (acet yl am no) - 5-'anizno- 3- (I - et hyl pr opoxy) -
1-cycl ohexene-1-carboxylic acid ethyl ester (Chemi ca
IOMﬁtPﬁa@p%ng\kgrowgemsthgsmpus drnesioahk graups rdeswiihedhhersin are well

knowd §Pfe éuetntﬁ Heth s ?uncgzécp IR 6084 g( agp%%\glg\%s YWrustrative

groups for th i ous |ona groups
examifiex ef nuitabde wedtectkigogroups foih durmtibnal ngrofipe g etebdrjbeldelstein can for

ed in form ogks.and re trative
exany BE BB o Syt P iRk Sory RoMaeTiterd el Redfos: Chem.
Sect. BI(02% 955 88980 jdhedickErm RoeAsk gy ERanPLse. PP PN (1999)
1589-%?\/ %s publi shed b% Spi ve ddaf or d (Annu.

- ohem L esigt Trags( 19 )9@ 03319%) and b Wetkj & Greene

(reoRSBRELOt oeln GRED: s 39 eyl A8 e, 1)

[O(ﬂfb@ Mﬁ@ﬁé&anﬁﬂ& dh éﬁ%ﬁouﬁ‘d GF g&legal (fﬁ[rﬁ\gg ?1)%8{19& %‘ﬁ{ hréqlot limited

In Orlganl c Synthesis, Fou

to, (31%6%§S)—|4,—(@cet ylpmigg)-5- Fm@m? (zrﬁndnh‘;@rommgmekIWcﬂ@hexene—l -carboxy-
lic ac1{§ ?ﬁr?{f%iggte?f(cggﬂ%a?Abgﬁﬁéwm. &&72'0[119- P)(,j ?3 S,Qﬁ,tSS?brS%-ﬁ&cetylammo)-
6-(acetyloxy)-3-[[(1,1-dimethylethoxy)carbonyl]amino]-5-(1-ethylpropoxy)-1-cyclohexene-1-
carboxylic acid ethyl ester (CAS No. 208589-22-4), (3R,4R,58)-5-amino-4-[(1-oxopropyl)ami-
no]-3-propoxy-1-cyclohexene-1-carboxylic acid methyl ester (CAS No. 208720-65-4), (3R,4R,
58)-4-(acetylamino)-5-amino-3-[(1R)-1-methylpropoxy]-1-cyclohexene-1-carboxylic acid me-
thyl ester (CAS No. 208720-68-7), (3R,4R,58)-4-(acetylamino)-5-[[[[(1,1-dimethylethoxy)-
carbonyl]amino][[(1,1-dimethylethoxy)carbonyl]methylamino]methylene]amino]-3-propoxy-
1-cyclohexene-1-carboxylic acid methyl ester (CAS No. 208720-66-5), (3R,4R,58)-4-(acetyl-
amino)-5-amino-3-(1-ethylpropoxy)-1-cyclohexene-1-carboxylic acid methyl ester (CAS No.
208720-71-2), (3R,4R,58)-4-(acetylamino)-5-amino-3-(1,1-dimethylpropoxy)-1-carboxylic acid

lyl,
S |rrethyIS|IyI



to,
(3R 4R, 5S) - 4- (acet yl am no) - 5- am no- 3- (2, 3-di hydr oxypro
w@eooyp7481xycl ohexene-1| - carboxylic aci d met hyl PGI/&862008/000473
(Chem cal Abstracts No. 208720-12-1),
(3S, 4R, 5S, 6S) - 4- (acet yl ani ndf-
methyd -efiae €CHBANY.) 208720 (78-4); Rt 5Y)- @KW}MﬁrﬁﬁfOP g%ﬁl@?-ﬁﬂéthoxymetb

t hyl propoxy).-1 - g%clohexene | carboxyl'ic aci
.ac

oxy)-E-tc&gpﬁggepgr 5o zsten(CAS No. 208720-84-7), (3R,4R S8)4-

(acet@gggg@a@w@ SRR Ll ot i
methyl e g 2@3722@38}589,96) (@RE&M,SS) -4- (acetylammo) 3-(1- ethylpropoxy) 5-me-

thyl(té@"fﬁ AL O A% b S TERLPRRCRERINS. 21356

90- 9),1687@%52};4 Zacetylammol) -3-amino-5- (metthx ethoxy) 1- cyc}ohexene-l) carboxylic
no X
acid rf}%tﬁgléﬁsﬁr s (8 %{3@2 d0%; 2 hklds 4 TR 3 TR L dimethyt-
h
et oxy)l:ax@bﬁ}il Mirngylgﬁmﬁtﬁgﬁ%?%ﬂﬁixene @%ﬁ‘% F'—‘(:é/@l%ﬁl:}éfne-l -carboxy-
lic ache y egslt%rr (Q Npjo 241217@7&21@53&33)4R 55)-4-(acetylamino)-5-amino-3 [1-

(carbo&%eﬁﬁlcﬁﬁ?p #y&?%&{:%b%%@g)@(% ca[rboggy ie 02}%@( E}?éh}il eéglrk{gfiﬁ No. 252191-
16-5),d8RcHRyEB i (aestylemindJASarino- 2@ RYQ- (Z:irba)(ymethyl)propoxy] 1-cyclohex-

ene1 G R A LTSN BRI S 554 nestaminr .

ammol-\b[(lS)DB-éﬂﬁfl -B3rylyoxypropoxyl-1-cyclohexene-1- carbox%g:xailcrlr% l—ethxyl ester (CAS

4- | a
No. 35370, hHih AR eSSl GRseiaireinaiclIrEAVOPEEDER (1 DRBeRaminG)-1-
cycloh%Q&}Zﬂcﬁ‘ﬂmZ})hc a(:ﬁl% o {ﬁ% {JC%S f\]%C?f%dOQr'ﬂSr@% 3R, 4R!s S)-3~(1-ethylprop-

et hyl propoxy) - oroacetyl)
oxy)-4-Hph mn@ylaqne)anma@]ai%bpydpenylanmb)mecmhexmeer c4r6éSlic acid ethyl

1
sster (58 3R, 25T S0 Rl Sy g saing) 507 poehdemipo)3-0-
ethylptopoy)-1 fcydobeaeat- Faeuixghd atid @yl @ﬁ&X@‘eS N 33DOXXDOB), (3aR,4R,

7aS)- 4%%12%%@){2{? %Yggtfﬂcéma% gI]rigt yl 1- (2-propenyl) 1H-benzimidazole-6-

carboxytigiaoit &hf{l@é}C(MENBOZ?OOZW:QIC%? E@@Rej@? 4-(icERARYY-3-81- ethyl-

| t CAS No. 243
propopfyéﬁ pr@gyggmgl%g ! hgxentol -cabprylfq acid e@whﬁﬁtmce’t&bfmy?ﬁizow 24-

| t hyl
. R AL BT S TS oo
cyclohgx,gw7bcgb05yllc :((8@6%21 B8y A et ’;’/6’13?(512F&8}4)5 {MR@SS) 4 {acetylami-

no)-5- &ﬁ&g@%%ﬁgﬁﬂ&w@&yyﬂd&éﬁq{gxer%gig 0X 6«: %‘jld tgtrrad%c)j/l ester (CAS No.

371193-3R2AR, (53)411455)%@@5@&%&@) 35(~aa¢fyla,szy535{[§(h R)-dﬁneﬁl?ﬁéﬂi@%%%rbonyl]
]e J clo exene Xy

aminof7} -Gy REER e eaS iR goid o eRghester (GAS No. 518005-708), (3R, 4R, 55)-4-

[(1,1 d(rﬁ&hﬂﬁt}@@anﬁn&]a&@&)d ?fﬂéﬁﬁ-)l Oﬁamm I)opg ?y]]prcé) 1 = clohexene 1-

an no- oXyp
carboxplig a?lé&klw .e&tera@ﬁss r%eﬁﬁyazéte@& -6), (FCAB, NO 4-psRtyi1 ;5 I:I:@mﬁe)thylethyl)

amlno](sggl fﬂ%s%ﬁ):n}?%{ﬂ?l‘r&g% n%ﬂl&ﬁnﬁ? %%)él & Pcﬁxgy)((eé]ﬁ e1 carboxylic acid ethyl ester
(CAS No. 651324-07-1), (3R,4R,58)-4-[[(1,1- dlmethylethoxy)carbonyl]amlno] ~-3-(methoxy-
methoxy)-5-[[(phenylmethoxy)carbonylJamino]-1-cyclohexene-1- -carboxylic acid ethyl ester
(CAS No. 903907-89-1), (3R,4R,SS)-4-[[(1,1-dimeﬂlyleﬂloxy)carbonyl]an1ino]-3-(1-ethylprop-
oxy)-S-[[(Z—propen—l-yloxy)carbonyl]amino]-l-cyclohexene—l-carboxylic acid ethyl ester (CAS
No. 950896-07-8), (3R,4R,58)—4-(acety1amino)-3-(1-ethylpropoxy)-S-[[(Z—propen—1-yloxy)-
carbonyl]amino]-l-cyclohexene—l-carboxylic acid ethyl ester (CAS No. 950896-08-9),




1l-carboxylic acid ethyl ester (CAS No. 312904-18-0),
(3R 4R 55) - 3- (I - et hyl propoxy) - .
wa2qopjorssmy | met hyl ene) ami no] - 5- (2- propeny! an nob€1T/5G3008/000473
hexene-| - carboxylic acid et hyI ester (CAS No.
332047-19-5),
(R, 4335!%)4%%)[5(4 le(hm&mamwarwqﬁﬁmd] 32c1pét9ﬁ?ﬂ%40§m D) clohexene-

t-cartipylif o TGS NS HOMARIZ0 S, (AR, SHA-(acetylarnino)-S-(1,3-di-
hydro?BSXHdkok QHﬂﬁdlﬁdicﬂ@g}g)r?Bz@ll -ciflyifropold): f‘é‘g&@%@{lé’i%&ﬁ%gyﬁc acid ethyl

I C acl

ester (28] Naod BF1260485-No (B IRH)-Blbcttylamminc) 5-ammino.3-(Lomethylethoxy) I

cyclofEndR it I6R' A BBl Koo 1 EBE G Bl 48, 589 Ayoetstami-

no)- 5-@gm@q—3((mthmlpr<&&2@)¢l’-@éloh&)ene-1 carboxyhc acid ethyl ester (CAS No. 105

2063- §§5a4§§5%§g2-(ﬁlg(§ l am i ?Igﬂ’#’rr{j L—gthy]propoxy) -1-cyclohexene-1-carbo-

xylic ac&ﬂ I@?ﬂyﬂ) re@ﬂéﬁﬁ%)\sgg% gg&gg@zﬁﬂ? BRA 59)¥ ahfin /81 (4- e%ﬂyljopoxy) 4-[(

-oxo?rgay A@(@gi 14cy(cgg@{(9nea}rpﬁbyxyhc acid methyl este1|r (CAS No. 1052063-40-7),
ne-

(3RAR; 555““32?%%’%?‘%5{*5é&?@%&&gﬁ%g#}%ﬁg f?f e’&my¥pr0poxy) 1-cy-

clohex(eggl,g,qzﬂmgylm 3cit ethyl aswm@AsNoades&?zw)Q 6}so£ kHd Cdmﬁ’d]ﬂiﬁ of CAS

y)car bonyl ] am no]-1-cycl ohexene- 1-carboxylic
No. 165??%1@ ester (CAS No. 518003-70-8), (3R, 4R, 5S)-4-

[0‘%‘{73}”1%8 @%W(ﬂfle éfﬁ;@ %an‘lgg g;&;)prg‘ildg?&ﬁ@%g;%ﬁgcalw acceptable salt

or a mivetmxcyﬂ ithee &¢S- dlaﬁinlny|clyelshgtenétce%ﬁlad}?tl]at.@%%%4oie%e@ral formula (1).
e

Pharm %%HA' l%aSL%c&pta% X Jgﬁhclgﬁg?)b@leqd@{ 1opeipteoh Sdjgmino eyclohexene

carbo;dygifg mae(%l) fﬁﬁ&thﬁ%ﬂé asCa Bk Krildhihofeahie or Q%J\Pcid to form a salt, for

exampf% anﬁpog é)y_dzpc[hlmc peidy srdfunig| asid opbppplanrtvomyid,] meihang sﬁl—fémc acid,

i 3 S S LRSI TUMSAE RSBl i, o

cyclohexene 1- car boxy
acid, hgd;@gmmegw@ Jbenzoic acid, tartanc acid, fumaric acid, salicylic acid, mandelic acid,

and can%%%c‘h 5?15%11 ﬁ&tg (aIrhne glede t hi%)%) t% %%Ace&tﬂa?l?j acgep(table salt

I rOpo

form, 5g[ [ay Zezmtmnecrf mwmu)(wmnmka] diﬁﬂat %Jn?(h R&nlc acid, by
cid ethyl ester 5089 07-8)
conve lgﬁa %‘é;i g.n?xg%éq fg meg are further examples of acid salts that

can be &Stbﬁﬁle@ r@p%ﬁoﬁ“vh{h( ﬁl %a‘ﬂf@ Bz | opgaic ééﬁ)is acetates, (?dléjtahe}% alginates,

car bon anlno exene-
citratesp 3gpayta e@A@erM@ategmgaw@sfcsl)ate(sslﬁsvﬂm&@u@rﬁe@Ifﬂﬁllbhbrates digluco-

nates, ogho%bfﬁﬁhﬁ%'r@ﬁﬁ%g Car%&gﬂ f tes B‘]&l}l%ﬁﬂh{%{]&tg lgg¥ F%ﬁ%‘%@s elycero-

phosphates,2BerBis0lfat8y,, hep BRo4HS, Eiﬁ)(aﬂoa(t@? @it hrat8s "By dr&bromidesd hydroiodides,

X H- i soj ndol -
'hydr&é’d?fg?‘bersl'}ﬁ%%‘}s ?af %SPe W&LF@%‘ ethin%lrfﬁ%%ﬂ: nicofates, drnaphthalene-
sulfonaes| @[al&t%%aﬁi@;atésoﬁé&ﬁ&eﬁ%e%hlfates 3-phen%rlpr(?%orh gs Plﬁrates) pivalates,
(3R 4R, 5S) - 4- (acet yl am nod) am no- &
proploqawcﬁlaqg;@ elartrates, tlnocyanates tosylates, mesylates and undecanoates. In some
embodiments the pharmaceutically acceptable salt is a sulphate or a phosphate. In typical
embodiments a salt formed is pharmaceutically acceptable for administration to a mammal,

including a human.

[0048] The term "pharmaceutically acceptable" as used herein refers to the property of
matter to be administered, e.g. compositions, carriers, diluents or active compounds, as being

capable of administration to or upon a human at least essentially without giving rise to



1 -carboxylic acid ethyl ester (CAS No. 1052063-36-1),
(3R 4R, 5S) - 4- (acet yl am no) -
W®G2@a0788138- (| - net hyl propoxy) -1 -cycl ohexene-  PCT/SG2008/000473
1-carboxylic acid ethyl ester (CAS No. 105 2063-37-2),
(3S, 4R 5R) - 4- (acet yl am no) - 36- ani no- 5- (
undesirablehyhysicipgizal) effebtsc ydhobenanes, &zzqaésb%rxg/e{strfc 8fdef in the dose or

st er. No. . 1052063- 39- 4
mou?é‘ﬁ%ﬂﬁg@ﬁ Q%Fn{%f‘?dlsgd emowatipy|depey h mpttet does not cause such effects
toa dégf ee(mﬁf ‘2?{13 énﬁmﬂﬁﬁ’idﬂnhfs{%{é%?gﬁggo osﬁﬁ)ﬁnbg)%aﬁﬁaceuﬁcally acceptable
salt IS(@WP? e gell g Bapimaatibeig-Bppiel dharmoaniinoysapmreidhyphlentrations
empl no] - 3- (| -et hyl propoxy) -1 -cycl ohexene- 1 -carboxylic

acid ethyl ester (CAS No. 1058728-99-6) or the

[0049YP DS 6dss FATudG -rea%aﬁgzgg‘n%hgdmgﬁgﬁ EbmpBa LIRSS
of the invention may al So provi ar ce aIIy
acceptable salt or a solvate of the 4 5-di am no
cycl ohexene carbo r of general formula (1).
Pharmaceutical |y acceptpbl e salts include those
obt ai ned by reacting 4, i no cycl ohexene
carboxyl ate ester &Q§§° |on|%? as a base with an
I norganic or organic acid a salt, for exanple,
salts of hydrochloric aC|dW¥%quur|c aC|d phosphori c

Thr §19f'rd nmet hape sul fonic acid, citric acid, canphor
oughgut th speciiication tag well sialilished| widge acprasersationi iniused to define the

stereo&fénﬁcal%ohﬁ}g&raﬁ@ﬁ df tHeQlom 6{3% %% %fenhe\éqg ifé? geggeaﬁpaiﬁpxiltetlon defines

benZO| c acid , tartaric mar |
one ongntafionfrrieutistitugst wlativedo @aothensubstticst anthe:ldtiveao %mxﬁge structure

f | |
(see e. gafmgeH?rr?nﬁ%gs& o E]glgin?odﬁr ﬁceut I ga »A yiﬁqﬁ%ﬁpﬂﬁeﬁh edition,
1981 png@s @5r-|9a>t& 1|1|5or1gam|3y déﬁr@ﬁ%e isBp @ﬁhﬁosamé Iﬁﬂfb\f%f?%%émﬁ!e absolute

ds known .in the art | owm ng are

stereodf e AR ety BF ¢ VeH ffore e et ader Iepresentation. The R,S
systeny @faﬁ;tmama\m& Rah REHEAY if aHunP B b&se?ﬁbtda}? &%Fa"téig %F gpplied to the

ates, alginates, citrates, aspart
deplctegle % J b

GorpEads. sHisa s sysiers is bascon theutagkiag e sulestitgenes; aloe I<C<N<O
e
o O P S ARG L ABRE L ERBRE ke 31 syt agmenclature a

dode sul fat
compogng, @@M;n phmg hatodimertie tirmed that @5S)- BePinanad 8fbodiments the (R,R)-
des, . hydr oj odi des,

a drohro
enantl(gﬁcﬁy ﬁ% { hlffgageﬁ?c?%s&{l}étéme ts,@ %gg@l fiGgmbodiment. As an illustrative
examplwetthamzald tompbws] ofi CldniBat ABstracts NoI 208720-39-2 has an absolute

confi lf)ﬁt ha e es&ionat es, oxal ates, pal npates,
g‘B %t&? ‘ﬂR’gBé’sW qe%@ﬂwﬁpc;}@nmwanés pf Chemical Abstracts
Nos 22108 M—&Q%ndmogﬁi@h@-% have an absolute configuration described as ( 1R,58,6R), as

can also be taken from the examples of compound (14) below. Regardless of this difference in

nomenclature, the absolute configuration of these compounds is the same.

[0050] It is nevertheless noted that 4,5-diamino cyclohexene carboxylate ester (1) typically
has an absolute configuration that can be defined as (3R,4R,58). The stereochemistry of the
reactants and reaction products may be analysed according to any method known in the art,
such as for instance 2D-NMR based on homo- or heteronuclear J-coupling values (Riccio, R.,
et al., Pure Appl. Chem. (2003) 75, 2-3, 295-308), electron ionisation mass spectrometry,
polarimetry, circular dichroism spectroscopy (e.g. using the split Cotton-effect based on the
Davydov splitting, see e.g. Allemark, S.G., Nat. Prod. Rep. (2000) 17, 145-155), enantio-

selective chromatography, derivatisation in combination with standard analytical techniques



propi onates, succinates, tartrates, thiocyanates,
tosyl ates, nesyl ates and undecanoates. hi sone
wepivosiasent s t he pharnaceutically acceptabl e seCT/SGH08000473

sul phate or a phosphate. In typical enbodinments a salt
formed is pharmaceutically aklceptable for

such a¢lINMR s idcRidifh ahy sﬁtaﬁmNMRn&l:MH%ﬁ@ & @:&é@ﬂe bh A48 the nuclear
The term "pharnmaceutically acceptabl & as used herein

Overhausgr effech aspeelhasoRany yrystallograpky ox solidestatd NMRg(sexr @g, Harper, J.K.,

et al. Bk @rg.cgms(hb@%r@, 45@_56%ps, di luents or active
as

conpounds, el hg capabl’e of administration to or

[00SENImtHisi revardthd 8asiol SSRRMhiRhMY 1 ttfi‘@ﬁés SNl A8y have any
t oundesj rabl e physi ol ogi cal effects suc gs nausea,
confighration, Ay F5EPeEyE sfegeoigomer or @ mixeurd of sudr stersoisnmerssiachny desired

tio HayPRY ddcaUb AR of . such matter. L
i iy s s BRI & w5, SRS i in i
comppyrshilioney furexanpte tised imthe folioviagpabodingmts: A

eacting a i hydr opyr ound (9)
otygho t he o T lon th fN\_est'abl i she N
Rg\/;é\ge repres’enté?qe\\on i § used tR%G%\Q?i nefthe I%O\\\

i cal configu®gbi on of the cqygeunds referred
to. The wedge representation defines one orientation
of a substituent relative to another substituent and

[0082]aR T \emdt RS 2are i indepshderalyusdedie® Q;yﬁrcici::arl Pré@eting groups. In typical
embo ndgﬁl,&_%k'so% %am. Hammond: Organi.c emstry,

ﬁ@‘g‘tﬁn FICPIPOX Y AERPEGteRne 1 Bigur R dyeanngeted tgthegoxygsn atom of the

ester drb@) viaBy c#Bbn B A GilBEAN HMREH | i hg si
e éarbg% Ivbat ec stereoc helm' str ﬁﬁ{:‘%@ﬁ%@%ﬁ%‘f {/ég%%&lgg %?@‘é’g & silyl ether
groupspgine RE theestBistire desopd abewsploe setiyhestani.e Tineluly groups R13 - R15

unber_of. .

o SR AHR DSl DB A bt ey
ethers;: gwiprtitnied methylcethersi(e. gs yetlenxynetysmethyithiohetiyan kN Gutylthiome-

tlhtuents, .e. g. N<O .or - < CH5- <

thy!, Qg e me iSRSt i, RemRbedpRrdarRetyl, (4
methorgplenok pimutieyl A gosiatudunethylTedérti-Butd Ry e@yh olhdRa 3ot @hdBA. siloxy-
0 ng (S5S) - and itﬂéﬂsome enbodi rren?jsmt hgb RER)- Fody ARy, siloxy
methy, 'mﬁﬁzﬂ%zé@‘ehoaié@s » ep-orii¢Herosdos pnethyk hy2 chlpsprthoxsmethyl, 2-
(trimeth bthbeyReBod idmRLa 3 bldmdib ! iopy-
azyilssiglJl ggc 0 n’p}ggn d9lgf Ch% rﬂp@:{fiﬁzbst ract é@ﬂ}r\ﬂ%@%@gﬁ égwi&gl%p thiopy

ranyl, pymnethpxxypedohaxal, 4-methoxytetrahydropyranyl, 4-methoxytetrahydrothiopyranyl,
4-methoxytetrahydropthiopyranyl S,S-dioxido, 1-[(2-chloro-4-methyl)phenyl]-4-methoxypiperi-
din-4-yl, 1,4-dioxan-2-yl, tetrahydrofuranyl, tetrahydrothiofuranyl, 2,3,3a,4,5,6,7,7a-octahy-
dro-7,8,8-trimethyl-4,7-methanobenzofuran-2-y1)); substituted ethyl ethers (1-ethoxyethyl, 1-
(2-chloroethoxy)ethyl, 1-methyl-1-methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-methyl-1-

benzyloxy-2-fluoroethyl, 2,2,2-trichloroethyl, 2-trimethylsilylethyl, 2-(phenylselenyl)ethyl,
tert.-butyl, allyl, p-chlorophenyl, p-methoxyphenyl, 2,4-dinitrophenyl, benzyl); substituted
benzyl bthers (p-methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, p-halo-
benzyl, 2,6-dichlorobenzyl, p-cyanobenzyl, p-phenylbenzyl, 2- and 4-picolyl, 3-methyl-2-
picolyl N-oxido, diphenylmethyl, p,p'-dinitrobenzhydryl, S-dibenzosuberyl, triphenylmethyl,
o-naphthyldiphenylmethyl, p-methoxyphenyldiphenylmethyl, di(p-methoxyphenyl)phenyl-
methyl, tri(p-methoxyphenyl)methyl, 4-(4'-bromophenacyloxy)phenyldiphenylmethyl, 4,4' 4"-
tris(4,5-dichlorophthalimidophenyl)methyl, 4,4, 4"-tris(levulinoyloxyphenyl)methyl, 4,4'4"-



configuration described as (3S54R, 5R), whereas the

azi do conpounds of Chem cal Abstracts Nos 221386-82-9
W@rwIABTR0- 40-5 have an absol ute confi gurati oPCT/SG2008/000473

descri bed as (1R 5S,6R), as can also be taken fromthe

exanpl es of conpound (14) bel8w. Regardl ess of this

tﬁs(bmymmmyi)meﬂmmihﬁaaﬂom-ﬂzh@th?iggigg%vegﬁ%gﬁ&%ﬁ&hﬁ)?&thyl, 1,1-

0 ounds_i s the sane.

. f th I
blS(4-H&91ax§'ﬁ§?r§§gpré(fe@dlmﬁayl, 49-gndrdm %&-p&@iyb}hwthﬂefl, 9~(9-phenyl-10-
oxo)aﬁﬁﬁﬁg))iyﬂ-Bé&oﬁﬁhr%[an(-igl,tl%egbfégtlfhia%gg/?zsgﬁ?%%? l, é}g?l ethers (trimethyl-

.. . configuration that can I'n
silyl, drighhalstlile nirdsapyomsityhe dinsetleylisopmopaisilyl, ediethiylisopp6®A4BL Sdimethyl-

L T e IR VT RENIT S—

silyl, Wigthenyimethydsityl,) +-botyhhéthgxypabuasiyifR GebSy iR ostedd (Bhmaf, benzoyl-
295- 305/) , _electron

ur.e pl,. Chem ( 3) 75, 2-3 .
fonnau%_o ﬁu‘"’%@% girrpacétate ﬁﬁ%ﬁ? 5, trighloseacetate; {riflusiroanctate, methoxyace-
tate, taplednfyh&HyBRQEMhID §E&R)Y(y£c%t@ebge%%pﬁ%ﬁﬁcﬁﬁe%atgt?, ps-%oely—é)_hax_lylacetate,

Cotton-effect based on'the ovV' S

3-phewlp1@ﬁg)‘nﬁ‘ge, $-exopenianoate(bevuliRets), 4.2qabylefedithic)peritaiate, pivaloate,
[ [ aph erjvatisation i :
S P T BN ) b BemiPtraEiey e Gerimethyl-

benzopfeRmesitedte)li narbemates (rnéthpl, &-idrbiifRuie@SNNHAS 2, %, Rhrichloroethyl, 2-
as

; ; h | Qverh ffect,
(?mewggﬂ’?@fggp%?’y@@ﬁﬂ&@%9-@%@3%5@%@%% fsobutyl, vinyl,
19 { hia ,a'b 1-, -metBd - M1 -ni -
j ly ﬁggrg}a 46 }g) .enz%og 1 hi X}?E}ilzg 1’f3é4 gflgeﬂt’%g%ghz n%gp&l%g%g% Fgrutroben
zyl, Srbengyk OF@@%%%t’Pai Vieethod | -waphthdy enethyl vai’tﬂlfdcgthoaaﬁebngroups with

assisteﬁrb}’eaﬁlﬁé@@Cﬁdﬁﬁ_exfzbgtre,e@-iﬁﬁﬂﬁﬁtgﬁrfe Q.—ﬁﬂ)f%-&&@gt%&lé}%ﬁt%ﬁoate, o-(dibromo-

stereoisoners in any desired ratio na
memy@bwmtay%f@mwwmmg, eettmiibiontettions)otyt calbondt, 4-(methyl-
. no-.dieny o1t or,_exa e use .
ARGl SOTRA B BB 25 0
chlorot4efhyinhenox yacetetlee Qitedichigaby 4Ky, 1,3 3r GhefiettytbulyIPhRRox yabetate, 2,4-
bis(1 lt_&iglieﬁlakfen@)@%nent S tpe %gr boxylic acid _protecting A
group- REPERISANDECE e & ’F?éhlgs?%lé?ﬁt%?o A§OSELYHeE, wmepuccinoate,
(E)-2-1gethyp2-butensaaThasatey, oAnikldxeRbed kel ! o-naph-
b t I%@( r ei\ﬂgc&'i v'ee( gr)out%; .0 a(A Si IX)? | et h}gjrﬁegg%héé $n%0§/y-@gﬁ%)P Pe, o-naph
thoate, gyl N, NN N -teleamethilohosphetdiamidats, sNippengdsarbamate, 2,4-dinitro-
henylsWlednts; SR ; ) 23 o1
P 8oy AP (et AL s R oo, oo 1
desired; gne pf thiesubstiteentsB: ayd Ré tiivgrbe; resladesit byt atotttbr BEbsiYilent, for example
: t : t hyl. t hyl.t hi t hyl ,
?n ordi&iedﬁtef.’)l_ﬁgé t%y bﬁﬁ@‘?}@‘? %ﬁe a IEl)és1ir(=,dn11r?eacﬁ/\flEy Iatotrﬁ% re%pective position. As an
illustrative example, Chen & Du (Carbohydrate Research (2007) 342, 1405-1411) have

described exchanging a (ferz-butyldimethyl)silyl group as RO for H and for a methyl group.

{0053] In some embodiments R5 and RS hydroxyl protecting groups include substituted
methyl ethers, substituted benzyl ethers, silyl ethers, and esters including sulfonic acid esters,

such as trialkylsilyl ethers, tosylates, mesylates and acetates.

[0054] 3,4-Dihydropyran compound (9) may for example be obtained from penteno-
pyranoside (20)




(phenyl di net hyl si | yl') met hoxymet hyl , benzyl oxynet hyl ,

p- met hoxybenzyl oxynet hyl , (4- net hoxyphenoxy) net hyl ,
wQ@eaoatssiaret hyl , tert. -butoxymnethyl, PCT/SG2008/000473

4- pent enyl oxynet hyl, sil oxynet hyl,

2- net hoxyet hoxymet hyl , 2, 2, 29tr|chloroethoxynethyl

In pehteﬁb]?yrﬁﬁliﬂ@ d)Og%ﬁMMyis a %‘ydroxtylr gﬁo;%crt%lgy%rgug (see above) that is

trlneth | sil oxynet h te
1ndepg1q9pgwp %@pgﬁ{)p@x I%gtsymbyur\om rageimy raarﬂynloughout the entire
SP301é€aﬁ%12ig§%b§t§ lrtlgaﬁ?l? elzék’gggﬁagx%(ﬁ 9thra@9¥1q§ BNH gﬁl@y’udn (see above). The
conversipye toff q;e}atmpp)a’hymdmﬂmpp&uc&nydn Be Sbthiimxi om the respectlve glucal,

galact%l' L)f 1&’%%?) i Gy g %ﬁ%)ﬂé@@hﬂg%% %‘igi), to 3,4- -dihydropyran

compdnﬁidr (@D,ydhmhhnzgf etgabkybn a&bﬁm?dl&lﬂ)l 501§p3ur7@in%ltﬁf‘¥%ﬂple be carried

net hanobenzof ur an- 2-y

out o 3enbed UM GGkl Sitc of Hisis et Mgk, as1in Sther embodiments 3.4-
dihvdf |&Mﬁﬁaﬂi hoxyet hyl ,
Y O%’yﬁamh |- beggz%ﬁ%%ée?fh P%g%“%ﬁ% i
benzyloxy 2-fluoroethyl, 2,2,2-trichloroethyl,
2-trimethyl I, 2. (phenyl sel enyl ) et
tert.-butyt, p- chl orophenyl , p-ne
2, 4- d|n|trophe yl, BPenzyl); substituted benzyl | bt heffs

(p- mgg! ei?b 4 ~4- di oxybenzyl,, 0o nltro
alobeﬁ§§V£HQC§ di &% obendy

p- nltrobenzyl
p- cyanobenzyl , enyl benzyl, 2- and 4- plcolyl

6
3- nethyl 2- piconI N- oxi do, di phenyl net hyl OR

In em@o gﬂgy f{n%f Eﬁnﬁrﬁ% ar%otn%pq%hg i@%ﬁ%ﬁeﬁ% yciompound can be represented

by forpw;}m(%),; Pteengai dhgzﬂaﬁnydtlmlngglammatw arylaliphatic, or arylalicyclic group,
whlchq'hag}p 1nn?u({é &5&9@%%%&%&5%@5 sgl%cted from the group N, O, S, Se and Si. In

such eﬂrbbdimém@ﬁ@ p&wﬂﬂwﬂ DAhee mhﬁe%a nvé Aty R0 451 mdhylenc linker
oroe@thalln1do met hyl’, 4, 4",

connegfs mto‘gc?tgg?fl ﬁlolg,y RXHEEHD pf qq y ropyran compound ).
tris(bgnzoyl oxyphenyl ) net hy
r00sf ot tame ool RRER A BRaopyYar c%ﬁ@@mﬁdﬁ@ ierptained by reacting
acetal pHet hyl, 1, 1- bi s(4- et hoxyphenyl)-r-pyrenyl net hyl,
9- anthryl 9- (9 rhenyl ) xant henyl, 9~(9-phenyl - 10-

oxo) ant h B; benzodi t hi ol an- 2- yl, benzisa

S, S-di ©%i do)¥ | ethers (trlnethyIS|IyI()
triethylsilyl, trfjisopropylsilyl,

di pEHYN gop :

Si | 'y] whighetdyyd. g sepr opx{ oW

di met hyl thexyl ¢ilyl, tert.-butyldinethylsilyl;
t-butyl di phenypydd yl, tribenzylsilyl, ORS
tri-p-xylylsilyl, triphenylsilyl, dlphenylnethyIS|IyI
t - but yl met hoxyphenyl silyl); carboxylic esters
(formate, benzoyl fornate, acetate, choroacetate,
di chl oroacetate, trichloroacetate, trifluoroacetate,
net hgxyacetate, triphenyl net hoxyacet at e,

to formyp4rikidfenyran ompousdl (8) ophenoxyacet at e,
p- pol y- phenyl acet at e,

o)
HO o)
[ HO

10 W . .
R o , including e.g. R10 /\O =

OR®

ORS®

and removing the hydroxy group of 3,4-dihydropyran compound (8) to form 3,4-dihydropyran



3- phenyl rropi onat e, 4-oxopentanoate (Levulinate),
4, 4- (et hyl enedi t hi 0) pent anoat e, pival oate,
wa@omaarssoat e, crotonate, 4-nethoxycrotonate, bRCHOGL08$/000473
p- phenyl benzoate, 2,4,6-trinmethyl benzoate
(mesitoate)); carbonates (nettyl, 9-fluorenyl nethyl,
competind/(9A)2, 2, 2-trichloroethyl, 2- (trinmethylsilyl)ethyl,
%—(phenyl sul fonyl)ethyl, 2-(trirhenyl phosphoni o) et hyl,
[0056h Lt scime etibodimeds|ayd 4-dityRkdpy A Y L btai
by 2 BBl hoxgb nzyl, 3, 4-di n&yﬁgxybenmgwougﬁjﬁ}ﬁ% famnedfrom acetal (7)
y E‘ fYasrsty IX%IIO% ghighnmgy be ttagiesr Giriataeonespat dyathesis-asalescribed by
AgniHonti g | Migie J -5 ) 4 jth assisted .
& cl eavage (g%%%%gg%»z %g;?%?%g@%@l ‘%%I?S;%ts g A corresponding reaction
may bg rgprgpentedibyiet hyl pent anoat e, o- ( di br ononet hyl )
benzoate, 2-fornyl bepzenesul fonat e, o
2- (et hyl t hi thyl carbong
4- (et hyl t hy onet hjoxy) [butyrate,
2-(meth LOnet QXy hyM)berzoat e) 5 m-scel |
esters %IZOI 6- AN ore” 4- net hyl phen ?ﬁa\{iget a
2,6-dichloro-4-(1,I 83,3 6
t et ramet hyl but yl ) ph@RSxyacet ate, 2, 4- OR
bi s(l,I-di met hyI(%I)opyI ) phenoxyacet ate, (8)
hor odi phenyl acetate, isobutyrate, nmonosucci noate,
In Suc%‘E?mIZQ‘IIﬁleﬁS?I 11 3dibyidaperag Tiogipoahé X8) group R10 may also be H or be

identic%? E]ng%t éﬁfg’[@gficﬁa? ?’ﬂz Rq‘tesepecg\_fg %LII)&I)G%Q Ii%l%éreds in acetal (7) need not

be progemt M ﬁN—dﬂl@rﬂr@Myd)rﬁﬁ@ﬁﬂh@)QQio@éﬂIr?y fede rd]gstilg)d_ group R> may be

. b , 2,4-dinit h I
S NI T

I I t t Late). .If _desi d, f th
OSBRSS

substituent, for exanple in order to place a
substituy wit@.a desired reactivity at the o
respddOi ve ppsitign. As an illustraty ex e,
& Du {Carbohydrat ¢ Research (2007) S’ijg 140 -1411
have des'_cl e i

han@ﬂ;),r@cﬂaﬁe. but yl di met A NSi r
group as fordH and for a nethyl groubID\ 005B] In’

sonme enbodi mrentd4R5 and R6 hydr oxyl protectingagroups
i ncl ude substituted nmethyl ethers, substitute enzyl

to fornEl silyl ethers, and esters including sulfonic

00 achggﬂrlz@ters, such as trial kylsilyl ethers, tosyl ates,
es anpsl acetates. [0054] 3, 4-Di hydropyr
con@dun ) y for exanple be obtai

pen{ enopyf anosffde (20) 1 n pent enopyran
RmGJ\L @ hydroxyl protecting grou 0()&

i ndependent sel ectﬁglﬁﬁlrngrg 5 a R6.

again, as t rl_Pughout the entire

neous

OH

Any suitable acetalisation reaction known in the art may be used. Suitable examples are the
reaction with an alkyl-, alkenyl- or aryl halide, with a diazoalkane, -alkene or aryl compound,
with an ether or an acetal (“transetherification”), with an alkyne. As an illustrative example,

the procedure described by Tsunoda et al. (Tetrahedron Letters (1980) 21, 1357-1358) may be
employed.

[0058] In the process of the invention 3,4-dihydropyran compound (9) is reacted to form
an aldehyde of general formula (4):



specification, indicates that the respective bond may

have any configuration (see above). The conversion of
wWEeewersspy/r anosi de (20), which can be obt ai nedPET/8G2008/800473

respective glucal, galactal or idal (Du5 Y., et al.

J. Org. Chem (2006) 71, 8448-8451), to

3, 4-di hydroryran conpound (9), which nay e.g. be an

ar abi no-di eni tol conpound, nay for exanple be carried

out as described by Du et al. (ibid.). In some of

t hese as [ i n other enbodi nents 3, 4-

di hydr und (9) may be of gen Qr mul a
(9A) , including g. In enbodi nents \O

3, 4-di hydr opyr an npound—9—wker e qonmpound can
be reprﬁggﬂfe fornmula (9A), RI10 al i phati c,
alicycllc, aromatic, (@)ylaliphatic, oryarylagr§clic

group, which nma®Réncl ude 0 to about 3 5Eet§roatorrs (4)
selected fromthe group N, O S, Se an®RSi. In such

[rents R5 consists of a methylene |inker and the
[Oﬁrr?ii gﬁ*;?rpgf%w.n “ﬁ%ﬁ’ﬁ&‘ﬂwl@ﬁ% seme gEpodimenisdegeprosanted RIOIlows:
to the 4-hydroxy group of 3,4-dihydropyran epnpound

(9). [0055] In_some enbodi nents 3, 4-di hydrogyran
conpo Ps_obt ai ned by reacting 7)
which may ejg. b¢f to form 3, 4-di hyd T cor@ound
(8) R, i i e.g. RI and renov e hydroxy
gr oup N ydr opyran conpound

3, 4-di hydr opyrn
enbodi nents a QR
obtai ned fromacetal (7) by a cl eavage-acetyl ation
whi ch may be (Bhrned out in a one-pot sygapesis as
ordescribqgﬁgé Agnigg ri & Msra (Tetrahedron Letters
) SraPpAIBeR agEIOWS: A corr espondi ng reacti on may be
represented by: (7) (8) In such enbodi nents,
3, 4-di hydrop c ound (8) group R10O may a
or be = o

R1 0 /\ O\\\\\\'

éonpound (9A). [0056]
- di hydropyran conpouig,48) is

6 H
OR fgg/\\a
(9)

(4)

[0060] Generally, thf: reaction is based on a so called Claisen rearrangement. The term
“Claisen rearrangement” is accordingly understood under its broader use, referring to a —
typically concerted — pericyclic [3,3] sigmatropic rearrangement, rather than merely the
rearrangement of an o-allylphenol. This conversion may for instance be carried out by

exposing 3,4-dihydropyran compound (9) to an elevated temperature.
[0061] Aldehyde (4) is oxidized to carboxylic acid ester (10)
OR®
R°0 CO,R'

(10),

which may in some embodiments be represented by



identical to the group RLO of acetal (7). A respective

nmet hyl ene |linker as in acetal (7) need not be present
WO 2003/0788al8 hydr opyr an conpound (8). Accordi ngl yP@r/sG2008/000473

desired group R5 may be introduced into the

3, 4-di hydr opyran conpound (8%2 at this stage. [0057]

Acetal (7) nay be obtained by reacting

3, 4-di hydr opyran conpound (5) including e.g. Any

suit@ﬁ;&&e acetalisation reaction known in the art nmay

be used. Suitable exanples are the reaction with an
| kyl:-, al @13#1 or aryl halide, with a diazoal kane,

- C conmpound, with an ether or an acetal
¢t herification"), with an al kyne. As an
ati ve exanpl e, the proceduprtdescri bed by
Tsundla et al. (TetrahggreglLetters (1980) 21,
1357- 1358) maybe enpl &yed. [O&58] t he cess of
the invention 3, 4-di hydropyran jconpoynd (9) is reacted
and intsonfeamtbodimentd®hyde of general [formuja (4):[0059] The
reaction may for exanple in someg¥0di nents be
represented as follows: (9) (4) or in sone enbodi nents
as follows: (9) (4) [0060] Generally, the reaction is
The oxidatian way he schicedd dcdtatiag aldebodd @D SRR oxidiBB ot -BEM which is a
compdlug quﬁen' = rrangemsnt " 1s accqrdingly underst ogda_ ’
W Shatigpins gles s i Agedos graghion. Adustrgiige examyplesced @ guitable oxidizing
agent frwheief batlare peY Gl ks, 4 InBlitss LEHRLT QR i -
ohl %earra ement, rather than neeﬁély'ts{ﬁgewﬁlggrﬁhéoﬁg’n%m% orite, a

Ora%n 2 PeHINQIR{sn @rRsrmangsnatesualy @8 ptassivmypetmangansteanitéc heid, nitrous
oxide, GRfrin teQBidBY TEIROSINS:3 drdi-indiopyhan comound (9)

e R T RS et (s OB D ERR, P el Aromonium
CenuméW)dm?@tFa tcbrwmyy] D:uda,ca @hﬁ&taﬁeﬁ, E( aﬁhl’dﬁﬁﬁt@ f&nﬂ%rﬂdﬁnum chloro-
chrom&@Me enbodi nents be represented byThe oxidation may be

achi eved by contacting al dehyde (4) with an oxidi zi ng

0039ERY i | oppound that gains electrons in a )
1% egox S(r)}gagct&?gg‘ﬁml%flﬁug}tnpé% \?@rb8§%l?f‘p|a@‘§ gtera ()i inglydes forming 2
carboxpli¢ agid (HA)agent include, but are not linmited to, a
chlorite such as sodi umoc':qrg orite, a hypochlorite, a

R°0

5
R°O CO,H
(104),

which may in some embodiments also be represented by
ORS® 6
= OR

5 =
R0, :
CO,H R0 CO.H
and in some embodiments by 2 .

il

Carboxylic acid (10A) may be converted to carboxylic acid ester (10) by any means including
a standard esterification reaction well established in the art.

[0063] In the process of the invention carboxylic acid ester (10) is reacted to form N-
substituted carbamate (3):



chl orate, a perchlorate, a permanganate such as
pot assi um per manganate, nitric acid, nitrous oxide,
wW@200pmstet r oxi de, Tol | ens' reagent PCT/SG2008/000473
(di amm nesilver(l)), a copper(ll) salt, amoni um C
cerium(1V) nitrate, chrom ud3Vl) oxide, a chromate, a
di chromate and pyri di ni um chl orochromate. [0062] In
some enbodi nents form ng carboxylic acid ester (10)
i ncl udesgher m ng a carboxylic acid (10A): which may in
sone enbedi nents al so be represented by and i nogfe
idi nek cEarboxylic acid (104) may be corv
acfd ester (10) v/sm ne i N
erification reactifon wel | Jestabl
the a 0063] In the process of theA nvent
carboxylic acid ester (10) is reacted to formm
Nsubsti {10)ed carbamate (3):(10) (3) [0064] The
reaction may for exanple in some enbodi nel@)s be
represented as follows: (10) (3) or in sone
enbodi nents as follows: (10) (3) CGenerally, in this
reaction protecting group R5 of carboxylic acid ester
(10) is replaced by an N-substituted carbanoyl group
R 5 is a suitable am no protecting group. In typica
enbodi nents the am no protecting group RS (as well as
am no protecting groups R3 and R4, see below) is
connected to the nitrogen atom of the am no group via
bon or a silicon atom(which is part of the
[06%43 gré’rf’tr PRALOg MY eppraple }‘an(ﬁ?%%b(?ﬁéylgbfé bgfreprpgented as follows:

structure de

i,ncl ude gro
I%Qﬁ\a@le a

ri bed above for a silyl ester, i.e.
s R13 - R15 (supra). Exgﬁnpl es of a OR®

de, bL6 ar eé not

j no pr {1 ng group inc
limted &%ﬁae'gs (et hyl gne” | COZR1
9-fl uore hyl, 9(2- sul fo)fluoroenyj et hyl
9-(2, 7- dKE p) fi uorenyl methyl 5 0]
2, 7-di-tert-buthyl-[9-(] 0, 10-di oxo- 10

10, 10, 1Q1Dﬁt r ahydr ot hi oxant hyl )] net hyl , 3)
4- met hoxyphenacyl ); substituted ethyl

. (2,2,2-trjchoroethyl,
or in some embodiments as follows:

R6

WO
“liQ
A
D

RO\ A CO,R

| H
: 1
Rr/N\”/O CO,R
0

(10) (3)

Generally, in this reaction protecting group R> of carboxylic acid ester (10) is replaced by an
N-substituted carbamoyl group. R5 is a suitable amino protecting group. In typical
embodiments the amino protecting group RS (as well as amino protecting groups R3 and R4,

see below) is connected to the nitrogen atom of the amino group via a carbon or a silicon atom



2-trinmethylsilylethyl, 2-phenylethyl,
| - (I -adamantyl)-1-nethylethyl, 1,1-dinethyl-

wQ2mwabzssthyl , |, -di met hyl -2, 2-di bronoet hyl, PCT/SG2008/000473
I I-dlnethyl 2,2, 2 trichloroethyl, 1- nethyl- 1-(4-
bi rhenyl yl Yethyl, I-(3,5-di-4%rt-butyl
(whighhie mrﬁﬂ)oflthermlbacheé @ydup) 2A (sAyt gr@ﬁﬁi nthy HeYd i tHY Eﬁ'l%t'd})é'des%bed above

& % cyclo[l yl car hoxam do) et hyl , tert - but
ora gt }gc? kerttSy e Rﬁ(@?upseﬁ yIR! iSIFIig@p E@WP]&B I0§B SUI(tﬁhMquo protecting
groupdinielide OBt e Ml hrrﬁfeﬁ% n@alrb{%%x %Q}é%ﬁéﬁ% %Ifi{( : 19 iﬁ]lyogél?ylmethyl 92-

16 kyl di t hi o, benz obe
sulfo)flugrosnylmstbyl 9-@- ﬂtbr@be)ﬂzlsbtqnyﬁnethyit cﬂﬂ-dr-muehnaﬂyl [9-(10,10-dioxo-

t.h
10, 141076 nMwa?r‘z KRB ety AT eyl splgfiruted othyl (2,22-ti-
c oro@@yh@f&mqthylmgﬂ?hyl, Zﬁ)hﬁﬁylhmlyﬁgl- ( lodﬁﬁinghﬂtidr? -methyleth¥1 1.1-dimethyl-
0 i £ hi an

-haa%ﬂ%;g,[;1 @gﬁ grgy&% Jzn %1@,5 ﬂ'qy bRRehiic oroethyl l-methyl 1-(4-
bipheRylpheth h (DS tdwtrt-

iphedylph ﬂp ony lS_d“,tCrt gﬁtgglgﬂheﬁf?l?ﬂ%h% 1}@{3@[ g'c ;g % Bzﬁypdyl)ethyl 2.
(N, N—élcgyalio 9}5& %@Wﬂg)@@\y},yqert -butyb rﬂ:ad;mmt;dj ylnybt zﬁWl,, 1-1sopropyla11y1
cmnazﬁ%rﬂ Wtﬁlfrbéiﬁﬁeﬁﬁﬁt gy anw eﬁly?/n}q allgylglﬂ?ls Céanzy p-methoxy—

hotol ytic c
benzyg @nmqb@md,xyqunzm - d:hombimnzyl 2,4-dichlorobenzyl, 4—methylsulﬁny1—

b nit hen I(o ni t rophen
enzyi-)’ ot 'ﬁﬂHﬁﬁl cﬁ hegy%ré&ﬁ{/)ét gr\q Hﬁéﬁﬁ?tﬁﬁ é%qaﬁg,ga {q-methylthmethyl
—methp)ls@ﬁmydmlyyl_ Np—pﬂﬁeﬂeblﬁ l)le&?ﬂy[?m ﬁ@ﬁﬁfaﬁﬂ%eﬁhyl -methylthlo-
hen {\r Qa[r}g}r_%l aml not hi qc rbony m scel I'aneous” Car
phenyl, 2,2dim T%Jéw B@&Pbcam@'l @mmm?honnowomopyl 1,1-
dimetig-efubythyl, @ﬂt@lh&h ¥dvloGBEhAR
1 }&%{C| o opyr X gﬁe%){;/})iﬁoxyb:[ﬂgdi#ydroxyboryl)benzyl 5-benzisoxazol-
ylmet i/rp chgorgomlmgthybxmpb oapabld afyphotolytic cleavage (m-
nitr lib' N3N:‘ @i
oplfeny 3> 6! Iﬁgﬁltlhy ‘t.’%?.b%’%r}ﬂ BB E e imethory Grisispenayi, phenyl(omnitro-
phenyl jmgﬂm)mrhyt}mﬁoémmltwgsj I((olienoﬂmizuﬁiyll() U}E‘l&dwdnyl " N'-pl-toluenesulfonyl-
n 0 i sqpor ny i sobuty
amlnoI so(?ﬁ}go%q ﬁﬁ }X%’hl(lathl Otf‘ﬂ’g};:)y Fﬁ?ﬁgm Y zgwtes (t-amyl, S-benzyl
tluocarbanntet‘lpl-cg/ﬂﬁdmhﬂﬂy bycldbd’t?lt B#wﬂéﬂyp h§¥bentyl, cyclopropylmethyl, p-de-
cyloxy%e?@fﬁ h }1soPrc(1é' @yﬁegﬁﬁgﬁﬂ@ﬁwafmmnyl 0-(N,N-dimethylcarboxami-
do)ben;tynel hydmieth( 3RNeRYdi ﬁ%ﬂﬁik%ﬂ%
v Rt gﬁyl . hyll i Jx%uﬁﬁ«#l% rXp ¢ bl qulggp@qropynyl di(2-
pyndy&weﬂw , 2 ellmdmh z"éilb@ezlwlﬂ Kot nsabutmﬁtswhnbﬁﬂw p-(p™- meth-
héhryfdzb H&FE y & Y
oXyp. I’}T,l( e)s N{l’f o rm%%ﬂillkg@clgl?ur{yy - 8}’]%}’ E@}th “nethel -cyclopropyl-
methylN- 1-;rmqthyif]oéﬁcéﬁyheﬂmk)tphbﬁjdm]ii}qaCquwthyIN @%&ﬁ%@ﬁﬁéhyl)ethyl 1-
pr,0 i.col i noy
methyl - B0 SN0 R B | v Srthido phpsidn i hemazolbenzyl, 2,4,6-trict
butylpténbke n&%etﬁ#lﬂnﬁbﬁﬁﬁﬁ)@@ﬁh@ﬁyb)ﬁl,6-tr1methylbenzyl), amides (N-formyl, N-
acetyl, N-choroacetyl, N-trichoroacetyl, N-trifluoroacetyl, N-phenylacetyl, N-3-phenylpropio-
nyl, N-picolinoyl, N-3-pyridylcarboxamide, N-benzoylphenylalanyl, N-benzoyl, N-p-phenyl-
benzoyl); amides with assisted cleavage (N-o-nitrophenylacetyl, N-o-nitrophenoxyacetyl, N-
acetoacetyl, (N'-dithiobenzyloxycarbonylamino)acetyl, N-3-(p-hydroxyphenyl)propionyl, N-3-
(o-nitrophenyl)propionyl, N-2-methyl-2-(o-nitrophenoxy)propionyl, N-2-methyl-2-(o-phenyl-
azophenoxy)propionyl, N-4-chlorobutyryl, N-3-methyl-3-nitrobutyryl, N-o-nitrocinnamoyl,
N-acetylmethionine, N-o-nitrobenzoyl, N-o-(benzoyloxymethyl)benzoyl, 4,5-diphenyl-3-
oxazolin-2-one); cyclic imide derivatives (N-phthalimide, N-dithiasuccinoyl, N-2,3-diphenyl-



am des with assisted cl eavage (N-o0-nitrophenyl acetyl,
N- o- ni t rophenoxyacetyl, Nacetoacetyl,
W@ p09Ta8Id obenzyl oxycar bonyl am no) acetyl , PCT/SG2008/000473
N- 3- (p- hydr oxyphenyl ) propi onyl , N 3-
(o-nitrophenyl) propionyl,
maleok{ ZN@tSDMhTeaTﬁﬁyrﬁHW °Ph?nw}é?faﬁ'gy&gfrl%ihli}g%zacydopentane adduct, 5-

i henylazopheno
substlmteqi bB,-|d(1mgtﬂ;m- ,6;; tnaxacafcmbx%d-z—@nmﬁt msumuyady]l 3-dibenzyl-1,3-5-triaza-

iSRRI S AR Ot o s (1
thyl, Maﬁyldeﬂie(lmyﬂnethylsdyBEthbxﬂmEﬂ@’UGN—S aeytokyropyl] N€(1—1sopropy1 4-nitro-2-

0xo- 3%&%‘ Lt I @%@%{2%@}@% galtp :%gl o gyﬁ rd:;@ifyqne’choxyphenyl)methyl
N-5- dfsehzdsuﬂerﬁr tl&tmgﬁa{}lhiﬁ%@lyﬁ' Ny@aﬁaﬁaﬁq)héﬁﬁjﬁﬂ?en%ﬁ&ﬁﬁ ﬁp-phenyl-

subst i t uf ed dinme 5-triazacycl ohexan-

fluoremylg gy 7-gighloao-0- fbmmﬂwélﬁzt;wlene,s Nsferrocemdogbib hEx?apwolylamme N

0x1de)2 i o démr%lﬁ%é .ﬁég fﬂ $: d?rﬁgfihglitlh of f.igyf b 420 tia e NCY methoxy-

benyhdpr[ezN dlmhﬂaﬂmﬁﬂwidnw Ne[(hpmdﬁ)méwﬂyllm&H&l@eﬁN;(Nle’-dméthylammo-

methygL é’t erlﬁ'qgéﬁ)rgr (}?Pﬁnﬁg%ﬂt@i’e Elgﬁj}%])}i\&-sﬁlcyﬂdeney Il\? 5-chlorosalicylide-
ne, N-t$-6hlodo- H&iyﬁﬂ)%ﬁhﬁf}&dph&@ﬂﬂﬂﬂ %lleﬂe 5Nfﬂybl%ﬁéﬁﬂiél€ﬁé)%/ |enamme derivatives

hen di phen

(N-(5, &{ Iﬁtﬁgﬁg%/olp(ge L}gg@:}@)}exeny%)) N-meta denvatlves -borane denvatlves N-di-
phenyModnit a‘i‘:hc?ﬁ@:rﬁfaﬁvgs' fNL Hﬂkﬁﬁ SRBcHoR %hromlum- or Jutggsten?&carbenyl N-

N-ferrocenyl neth I colylam ne N -
COPPeld%Terq t@eNJ ¢¢r1va11vq$| (Menitrp) Nehityosst, Hﬂfbmde) N-P derivatives (N-

dlphen%@x%gﬁ ?ﬁmyhﬁfﬂ%%ﬁ%?glggf;% éﬁyﬁ‘s‘é m‘é 193%3%1{1%)” eﬁjéalkyl phos-
phorleNechc:lNyl phmwhhwb Lavdipherylphoeptenrylly, W Si idsvatiopy, IN-Sedivatives; N-
i dene

sulfenﬂ gielewtbvregggﬁ %l(?%e'na%@nyls alkf- C}/ntro%enzenesulfenyl N-2,4-dinitrobenzene-

sulfenﬂ- (Pﬁ-p@hﬂa@lﬁl@rc%eﬁzéﬁ@é@iéﬁ?h eNyl ﬁmﬁﬂﬁieﬁﬁﬁx?yér&&%sulfenyl N-triphenyl-
cI ohexyl i dene); enam ne derivatives

methy NS SN TRy PO e BREIND L e Shesony] frivai i olunesins
N—ben%%éﬁlﬁﬁx‘y}’ eR-4 %b@lhﬁﬂ%fl di%b?ﬁ?ﬂfﬁ/&%enegl%l% eﬁu YL ﬂri%e‘fhoxybenze—
heny on m um  or

acid derivatives, pent aca

nesulfanin @é@&ﬁlp@dn@émymthomp@msdfomﬂ,z Napergdrebthylbynzeedilfonyl, N-
2,3,5, 6d‘?é't}a¥1’?ett]5 %m%k%ggﬁél%e?%ﬁbn 105§: 4-met?10x3%e}126ne-sulfonyl N-2,4,6-tri-

derivat inyl

methylNentiemesuifpinyh) N l6ediptethogly- 4-Meﬂlyw'eﬂmﬂetslhfdm@l] Q&Qm ,5Y)8-pentamethyl-

RCTT N

sulfonyig fN—YlE(H‘ w%rneﬂmyﬁa?ﬁmlyhﬂ&hym@énh&fe%ul(fw eNZﬁé?ﬁﬁ@mff&ﬂbr' N-trifluo-
-ni trobenzenes
romeﬂwlszlfannlp and Ndﬁ@ﬁé@ﬁ@%@pﬂénw

0% ent achl or obenzenesul f en
[0 thﬁ@tp@ emhqgtrﬁg;@ bamiag é\gﬁnlqsgw;;qd carbamate (3) from carboxylic acid

ester (1'%)9156119&1%% F@lﬁhﬁ%&fc%%kghd(\lﬁ% ( 1gf opyridi nesul fenyl);

and N-sul fony erivative 1 uenesul f onyl ,
OR6 QR6
1 H
HO CO,R HO, CO,R!
»Such as e.g. U .
(1

Removing group R’ from carboxylic acid ester (10) in the presence of group R may be



N- benzenesul fonyl, N-2,3
, 6-trinmethyl -4-net hoxybenzenesul f onyl ,
WOR@IATHB13 ri met hoxybenzenesul f onyl PCT/SG2008/000473
N- 2, 6- di net hyl - 4- net hoxybenzenesul fonyl,
N- pent amret hyl benzenesul f onyl26
carried, oht acédrdingtté anP khvdbi
d o rre%hox;g/beﬁfzigne i él?l%ﬁ;chp)ﬁé?%ﬁ; BOEON [t H) be desired to select the
two guupuReapd Rfe tmyqlwemz é‘wesalﬂd arope). As an illustrative example RS may be

select%a Zto6b€ ﬂ;ﬁ%&%@gt h %ﬁg@ﬁg&%ﬁgig{y&@q in such embodiments for

instaride foet daariegisault fo@rbp:n%acﬁh c&ﬂbbﬂﬁi&éﬂl& bdtdetl b?ﬁ@ﬁ%eﬁ@ Wmonium nitrate,
racene u ony

h
2,3, ds@?or&i@ quﬁ;pqa@q )(&QQ)e neBuy fimnipethanol, or NaBH;(CN)/
BF; LN—@enzyI sul fonyl N-trifluoronethylsul fonyl, and
N3 phenacyl sul fonyl ). [0065] In sone enbodi nents
0086 memhb%ﬁ%d Lizom gaf
[ am]c}1 est er hl?lg%tﬁ%c?& %)&gr m n@‘lgc) &79, 5 a lgg%yl ?O@"emd to N-

substifiged c(albp;natq |-€)3 Rehwoitagting dlgr?rd%& ﬁﬂb%}dﬁtf Iaagy kdter Qtld)d with 1,1'-
e ence o may becarrie
carbofiitpidel, (DT Feab RERE AP Bt Dbl . For thi o

purpose it may be desired to sel ect the two groups R5

and R6 in advance (see al so abﬁXFé@. As an illustrative
exanpl e R5 eI ecte to be p- net hox1y benzyl -
Renovi ng m)| ; s for

i nstance be rri Wy c il ng car bo>8ll ic acid
ester (10) wit | epamMmoni [ rate,

2,3,-dichloro-5, 6- d| cyano- |, Qerfzoqui none (DDQ), CBr4

i n met hanol, or NaBH3(CN)/ BF3 Et 20. [0066] In sone
[086iH] cthisrembambiy @B Ax yarciarsbnme\ehito diagdds Bstepreséritdd ad: s

converted to Nsubstituted carbamate (3) by contacting

hydroxy carboxylic acid esterORPl) with 1,1 -

car bonyl di i m ol e (CDI : ther eby form ng carbamate

(3A) [0067] FHis Réone
enbodi nents Qe repre ent ed 68] Car bamat e (3A)
may further b act pound (15) of general

fornmula R7-X, wherein Xis group sel ected from
hal ogen, a cyano, an isocyano and a thi ocyano group.

(00683 r(é&nlyam&ts (A} maytfedhadbdraete vsﬁt%)a tSmpOndEd5) bPP&Rkal formula
R7XASh er illustrati exanp carbamat e (3A) may
Ao nglﬁsgrlf Sd85HP NIFAFS Sx%‘?fﬁ f@iq@pea Cyano, an isocyano and a thlocyano
group. Thereby N-substituted carbamate (3) is formed.

[0069] As a further illustrative example, carbamate (3A) may be converted to N-
hydroxycarbamate (17):

OY \Q‘COZR:_» ~ /N\ﬂ/ \QCW

(3A) (17)

[0070] N-hydroxycarbamate (17) may then be converted to N-substituted carbamate 3). A
suitable synthesis path in this regard has for example been described by Liu et al. (J. Org.
Chem. (2007) 72, 5587-5591).

[0071] In the process of the invention N-substituted carbamate (3) is reacted to form



(17): (3A) (17) [0070] N-hydroxycarbamate (17) may
then be converted to N-substituted carbamate (3). A
W@ iovamses synt hesis path in this regard has foPCESGINOS/@00473
been described by Liu et al. (J. Og. Chem (2007) 72,
5587-5591). [0071] In the prdcess of the invention
oxazdinsddmst(i2)t ed carbamate (3) is reacted to
f ormoxazol i ni done (12): The reaction may for exanple
in sone enbodi nent s be represented as fol |l owspH®0072]
| nysone enbodi PEnts reacting N-substituted cagbamate ;
(33 to fopm oxgdzol i nidong (12) includes @gntaei ng,CO,R
R7AC sU ?9 axbafiete(3) wth a_net e in >
t he pilesence sui t abl e—catalys
|, 3-b0s(2, 6-d pr opyl phenyl )i m dazol ig horide
(Chemi cal Abstydacts No. 250285-32-6). Redcting
N-substit It)ed carbamate (3) to form oxazolinigpne (12)
may furth i ncl ude addi ng an azi do conpou ,P%uﬁder
suitabl e conditions. Any azido conmpound na? e used
The rddafibn bty TBPSRND WA | :
car bamaty e (3) 0|rl %ﬁﬁ%@gﬁ@%@gbﬁe}g@ﬁ{eﬁ é% gcglrogvr%i n
the reaction of form ng oxazolinidone (12) depppied
above. An illust@RPve exanple of a suitable ag do

compbund is an aZ dotrial kyl silane. A respectiye azigdg, Rr!
3 her with an f 2

0 Dead pe added {C@ee rgam
Iﬁri dgfsal t ui t abl e condi t® . [0G
sone e di men qubst i t ored—Tar bamat &\ nybe
formed via theYXQrmation of a bicyclic rpyng system as

descri bed % Liu et al. (supra). [0074] From =
oxazol i ni ddfd (12) the noiety OR6 is renoved t¥3form

oxazol i nidone (13):R8 is H or one of a sil{12)group, an
al i phatic group, an alicyclic group, an aromatic
(0920 Jp some earypidahénthedactng) ll\bufbstimmgl @gbmaté gﬂ)i t@fghﬁ ®xazolinidone
12) TR coEI RO 18] I8 Dt SO0 S, presnce o

et eroat ons,
a suitgmfy datalysxanh| as b@-ﬁis(2%-d§sop§?)y%hedﬁ§1})itnﬁaiégﬁﬁn{3 %hloride (Chemical
| rr SLru ure .o roauc , e
Abstra S8 20 A5t b §eretins RlghomiShschrbtomasy (D ke Foremovamplinitone (12)
may fatthed iifidledy aB8ingWi GRidBoRPoh WA sBfiaC CRARARLS I Any azido

by .a
compou%d may be used that is capable of reacting with N-substituted carbamate (3) or an

intermediate formed therefrom in the reaction of forming oxazolinidone (12) depicted above.
An illustrative example of a suitable azido compound is an azidotrialkylsilane. A respective
azido compound may be added together with an organic fluoride salt under suitable

conditions.

[0073] In some embodiments N-substituted carbamate (3) may be formed via the

formation of a bicyclic ring system as described by Liu et al. (supra).

[0074] From oxazolinidone (12) the moiety ORS is removed to form oxazolinidone (13):

e C02R1
o~ 1T
}\j . (13).

3

ZHine

RB



renoval of the oxygen atom In some enbodi nents the

formati on of oxazolinidone (13) nay be carried out via
w@eooglo7ssihat i on reaction. Any suitabl e reagent PEGIISG2088/000473

a base may be used in this regard. Accordingly, an

agent that is suitable of réﬁDV|ng a respective

8 is $1BSéhd SN bilFErans AMIRUSHE gxfo'ilgt adl i d@}d{& %H:luﬁb&&’ bromatic group, an

renpvi ng the oxygen atom nma
arylalmfé@emém ané ga aaglehpymyepep,fwhwh boizh opmﬂyandudd\ﬁ to about 3

I r r
el 45 S o PR D B BP0, W o
As caflheoinifetesd ﬁnmatlne rtruttuad of prosiuct €ll3) ethbGemoesIOVE Meiedy ORS may be

th t table t
inducid, kY h¥ PR a0t ilieich 8O iy oy be ollowed or acompanied by o
remoxtaEbf theroxdyigtry bRMITAIsUMel dnttdtiehts {ﬁ%ﬁhaﬁwp&ﬁ@!a&éfhmdone (13) may
zol i ni done (13) has_ an absol ute stereochemstry

be carpﬁ OUt Y3 ag e @gp@tﬁ@orea@mpggnn Ruitable rqagentistigh as a base may be used in

i O D0 Ll AR R O e o

n
an agegt thet @Quﬁgx}@fqmgmb‘eng ﬂ@cbxtygen atom mapabhsedoin suphe emb(mﬁments one

t.hat | eave zol i ni done
sgent Fla QARSOEL AN, 5 B TREFRER sembley wabioks & a sit grou, i
may ferr‘mxdmpmﬁbs refnoval ubigg ady acll ages Wuoke U2 Agdv |kt @as%?table for
r to facilitate elimnation. Suitable exanple

or
removfg g STBUR 2nd thah & ati thesarag) tips, suable 4o ansiuey cliowsiends the mild
baset&t&ﬁb@@l&n&o&hﬁ%ﬁ@éﬁw o[ 4.3.0]non-5-ene, a
di azabi cycl eundecene such as

[00753 Z".[@lgﬁféﬁ? o1l dond (pj)llﬁg & absb1RE Sterdchemistry that can be defined as

di a i cycl ooct ane such as

(38,48,59). di Oﬁ@éﬂﬂ exerobipione Al 31 frame oxazadinidoopr(@y nwykinchde nevntacting
| |
T S WA —

tetra-
achievinrgl elamrmhkmlandhiaw ledveess oxctzobinsidemed ( 18)) dyidist de .an[ &R&fhble amount
reaction

ntact 1 U3 B Dy T o A eSS o Al s gty fucilitate
eliminbttort. Suiteble dxathphs 'inflddg, tul AeASotirhitedO®), @Qﬁé’é’aﬁfb&clbﬁoﬁéﬁ% such as
san regardless of the stereochen1str of
L5-diRioRd Pk ImE B cen o HBIco el uadeons gy EarkazEbicHglels.4 Olun-
dec-7-80Y, &f WiakEbiBycl@d ey suddy ‘P)ﬁycilaid?) %g%[ﬁ Q%ﬁ&{b%h%b A Ehhsopropylalkyl-

oxazol i ni done (12), t he product
amine §p¢h astNNedidsopraryiaih ﬂbmuw, a mltaaafﬂdylggarydme,rpysldnm an alkali-alcohola-

te and %E"Q&gh ﬂ?@ﬁ&’e M&ﬁ ab g@(ﬁﬁhq{}dﬁgg be represented as:

[0076] Thus, in some embodiments the reaction of oxazolinidone (12) in forming oxazo-

linidone (13) may be represented as:
R6

1
C02R1 o) COZR
< 0=
N v

(12) - (19)

Z e
w
;J S—
oo
Z i



(12) (13) Nevertheless, certain configurations in the
reactant (12) may favour the reaction of formng
wW@2@20748ms done (13). Further, since R6 is bei nRCT/BGUNE 000473
during the present reaction, this noiety may be freely
sel ect ed upon optim zing thé9 eaction conditions of a
As wilEBé I ] [ yegi id
B O e R led PRt rR IO e ARyl SR carbory
containylg geety eandathe exyvsortpining nyoety @ odkomnthydtdisy) in the reacting

oA (L SRS ARSI LS i e 55304 ks gy, i

some smbedintenésthe raytiltemianbe echserttedAssubst i t uent at the
respective am de nitrogen atom nay al so be introduced

at a later @&p if desired (see below). [0078] Thus,
in some endi nents at the sane tine a noiety R8 is 1
5 f COZR

intraduced it hat diffets fromH This noj®
I NS¥a %;625 (see e.g. Fié. .
o= sone |enbodijments the reaction
asN 12 the procesS may 1n sone e
pr O\Cj\é{éd vigan internmedi ate of oxazolini
sho above& and thus, at |least theoretidally 3%
representedN-as: (13B) In other enbodi meR®s th Process

may, ag %gast theoretically, be represented as: (1 2 )
(12A) [ 6 ] Oxazolinidone (13) is reacted (IB)f orm

zido carboxylate ester (2). In (s formula (2) R18
O ST Y AL CNE RN e—
oxazoKnidyghe ng?._lerthaﬂ sick RI%aE béing eV dddiFink the ABsc BARLGE this moiety
a%ﬁa{}y%lﬁ%# phatic, .or an arylalicyclic group. |In sone
may bg Aisety Srevted UReB optimizes theagactiop cruditions ofi desived embodiment.
odi nment 9 is identical. to R4 , In songe .
(0GF O et g s sabotiments s oamation pewpelinidone (13) may
be reptedentbd a@l . [ 0080] Typically azido carboxyl ate ester
(2) has an absolute stereochem stry that can be
defined as ( 4R 5S). Illustrative exanples of azido
car boxyl ate er (2) are (3R 4R 5S)-4-

1
0= O=<
N T N v
H

: H

Z it

3

Z i
w

(12) (13)
However, in some embodiments the moiety R3 (see above) differs from H. Accordingly, during
the formation of oxazolinidone (13) a further substituent may be introduced. A substituent at
the respective amide nitrogen atom may also be introduced at a later step if desired (see
below).
[0078] Thus, in some embodiments at the same time a moiety RS is introduced that differs
from H. This moiety may, for instance, be R® or R* (see e.g. Fig. 8). Accordingly, in some

embodiments the reaction may be represented as:



(acetyl am no) - 5- azi do- 3 - hydr oxy-
1-cycl ohexene-1-carboxylic acid ethyl ester (Chem cal
wWOoREPOZES1LE No. 949908-51-4), PCT/SG2008/000473
(3S, 4R, 5R) - 4- (acet yl am no) - 3- azi do- 5- hydr oxy-
1-cycl ohexenssl carboxyl i c adl0d phenyl net hyl ester
(CAS. - Nos 21386-80-7 and 220290-36-8), (3R 4R 5S)-4
' Qéédﬁqs-hydroxy-l-cyclohg ene; g
] 2er (CAS.-No. 208720-48-3
cting| oxazdl i ni done (13) to for | do c4

ni dese (13) with a nol ecul e of gepleral Eornul a
R3- AFR 3 urgler suitable conditions. In this foEmul aA
may be O $l, Se, P or N.As noted above, g% sonb3
enbodigzgis:%a is an acyl group. In sonme of these
enmbodi s the nol ecul e of general formul @3P-A-R 3
is a carboxylic acid anhydride. The group R4 may be

The pkdﬁeé@ﬁﬁgeﬁi sbifte lehifboBARENYBcedd 134 ofll ifdefrhSdikite WP oazdifhidone (13) as
R4 may f be

sonme enmpodi ments the group or exanpl e
shown shavisand depsp gt Iash theorsttically be feprestted ds, a di azo
conpound or any other nmethod known in the art. [0081]
In some ent@BPment s reacti ng oxazolinidone (13) to
form azi do garboxyl ate ester (Z)Q*nclunes focqjm& an
: r of gen of M 19fln this
from one

0 NN
R2 1 ar ndepe
| -group, an aN ph dup, an
aryl al i phatTx

groupy or ah arylalicyclic groupH In séne enbodi ments
R2 1 is ideptical to R3 and in sone enhigdi nrents R8 is
identical t03R4 . In sonme enbodi nents 1 and R3 as
wel | as (®8)and R4 are identical. Az{i@A)arboxyl ate
ester (19) may then be further converted to azido
carboxyl ate ester (2). In sonme enbodi nents converting

azi do carboxylate ester (19) to_azido carboxyl ate

ester (2) may be caOpl edoUut i m ng an azi do

carboxyl ate ester/(21 s formula R22 may be H, a
ﬁ=§ﬂ

silyl-arqup, @ phat bup, an alicyclic group
an aromati c group, R phati c group or an
arylalicyclic group;y In spnme enbodi ments R22 is
identical to R20. i do cgrboxylate ester (21) may
then, i.e. in enbog®rents¥shere it is forned, A
conveniently be converted to azido carboxyl ate ester
(2) by renoving substi(d3B)t R22. It may

In other embodiments the process may, at least theoretically, be represented as:

OR6 ORG
0 CO,R' 0 COR!
0{ o
N —_—
H H T i
N3 RS NS



in some enbodi nents al so be converted to aziridino
carboxyl ate ester (16)in a manner as descri bed for
W@200d07888F boxyl ate ester (2) bel ow. [0082] AziROI/SG2008/000473

carboxyl ate ester (2) is converted to 4,5-di am no

cycl ohexene carboxyl ate este¥l (1). The reacti on may

for exanple be carried out as described by Shie et al.
(2007, supra), i.e. using 2,2,2-tri cql oro-et hanimdic
acid | -ethyl propyl egpgr aad tri€u6 onet hanesul fonic

acid. In sone enbogf nen o0 car boxyl ate ester (2)
Is reacted. to azid
formula (14) the su '

oxyl ate ester (14)In this
i ndependent from ongééZ not her H a gé)yl group, an
[

s R23 and R24 are
al i phati c group, |cyc c grou an aromatic
group, an arylaliph c gr p or an arylalicyclic
group. In sone enbodi ments R23 is identical to R2 1

Ogggh n? %lnents R24 is identical to R8. In
[ Jeaa (53 iprragted twform azidogsrhoxylatRoster{@l RS
are i dentl cal. In sone enbodinments R23 is identical to

R3 and in sone elgbodl ments R24 is iqdentical to R4 .
[0083] Exanpl es '0M7gn aazido Bkl ate ester of
general formula (14)" , but are not limted to,
(3R 4R, 59) - 4- (acetyl 3 5-azi do- 3- net ho

cy-1l-cycl ohexR efic acid maehyl ester (CAS
No 187226-65-9), i-{,QR,4R,gSS)-4-(acetyIam'no)-5-azido-3-

rropoxy-1|-cycl ohexgge- carboxylic acid nethyl ester
(CAS No 187226-65M9), (3SB54R,5S)-4-(acetyl am no)-5-
azi do-3-[ (I R) -1 - net hyl propoxy] - I -cycl ohexene-1 - car boxy

In thlblforr&ﬁllad(ZIERWyhnd%Hlé raré Gﬂ&p%ﬁdé@@oxﬁﬁmédfax@ther(ﬁl{a sﬂyl -group, an
linh R, 5S) - 4- &acegglan1no) 5-azido-3 -(1 -prop butoxy -
alip ail% | Py 2 AR AR Pi‘cyleamhah%e@mn aglabieyqlicagonp. In some

embodlﬁl%ﬁ%ﬁRﬁﬂis %ent c 3 19 4
(S 3R 4R 59) - 1 2(1:1 et? R aar%dnl(r)l s_omeaeérllb dlrgerttiR 1sp1dentlca1 to R4. In some
embodiments, RS and RS ya@mé@ and ardidenticat aci d net hyl
est er (CAS No 208720-33-6), (3R 4R, 5S)-4-(acetylam
[008]_Bypigally szmlo| sarkaxyjatp eslign £3)) has-anyatisohuex stereobhanaistop tyat can be

deﬁneh'a% g%' ﬁg{R@)hl'lb%s?é 19% ei%seg\gf %23 ?asrpgy%llj]ft)efstegg)d%e (3R,4R,58)-4-

(acet amymbdh@xmé-hyﬂromimmemml dabopbed et eyl 8tk QiChemical
Abstra(@ﬁ[ﬁ(% NosckioR S on e, hydroxy-1-cycl

P h@i ﬁlér(mﬁwin}lmo&ﬁfg}q% -hydroxy-1-cyclohexene-1-
carboxyliR, 2053, fifdhyMndiiad ebiet EOABONS 2273 S408(R7 [aﬁ&i QE@@(MGT?} MR, 58)-4-

gy 3- c cl ohexen- |-yl ester S

(acety%ggg%o 4@1] g - ydroxy-l cyclohexene-1-carboxylic ac1d methyl ester (CAS.-No.
20872231?35‘5@5&111% &ASSIMERE (19) 10 Tdthd 89d0 chrbokyide 'E@Eewi)%%? in some
embodiments include contacting oxazolinidone (13) with a molecule of general formula
R3~A-R3 under suitable conditions. In this formula A may be O, S, Se, P or N. As noted above,
in some embodiments R3 is an acyl group. In some of these embodiments the molecule of
general formula R3-A-R3 is a carboxylic acid anhydride. The group R4 may be introduced in
the same way if R# differs from H. In some embodiments the group R4 may for example be
introduced by means of an alkyl halide, a diazo compound or any other method known in the
art.

[0081] In some embodiments reacting oxazolinidone (13) to form azido carboxylate ester

(2) includes forming an azido carboxylate ester of general formula (19)



| -cycl ohexene- 1-carboxylic acid nmethyl ester (CAS No
208720-72-3), N[ (I,I]-dinmethyl ethoxy) carbonyl]

WO 2009/0788¢3 PCT/SG2008/000473
(I R 5S, 6R) - 6- (acetyl am no) - 5-azi do- 3-[ ( phenyl met hoxy) c
arbonyl ]- 3-cycl ohexen-| -yl st er (CAS No
221386-82-9), (3R44/, 5S)-4- (aced.aRl no) - 5- azi do-

3- (2- hydr oxypr opoxy) * Q exerfe- 1- car boxylic acid

met hyl ester (CAS No 221386-64-7),
(3R 4R, 5S) - 4- (j:gat yl gpa [ 2- (acetyl oxy) et hoxy] - 5-a
zi do-1 - cycl ohex®na=N-car Boxyl i c aci(q STEt hyl ester (CAS
No 221386-85-2), | H - 9

(3R, 4R, 59) - 4- (acet ngm' ndYz 5- azi do-3-[ (I R) -1 - et hyl - 3-
phenyl propoxy] -1 -cycl ohexene- 1-carboxylic aci dnet hyl

.est er 221387-40-2), (3R

In thlﬁ_%ggﬂlgﬁmgtowé&%loymsmﬁzp%e@; fromryng aeathed H3-aosibybrgroup, an
allphéﬁ%émll\llgl Zaélgiigiﬂggi(%i‘@p,l'aﬁa%mik' Erodp) %newglip‘ﬁgttice rgroup, or an
arylahfcg 1y groyR) Ingomecanlyddiments R2b isdidentivaBtd R 2ambinysoateambyddiments RS
is idertfeh] gg%ggﬁggﬁgﬁﬁgbﬁgl@%?ggf’% RE a8Gfl oS R a R SF idetionl. Azido
carboxylqta cetey (1) may HRn(tackitibostvefiedtd 803 cabokABRXERE-(R). In some
emboofiﬁ\gf”( | g déﬁt hyl E?ftt er (g:AS No 518003-69-5).

0584] "IN LU FPAdm b oAt epten £ g azidoderrbomle ehiar €2) may be

O

carrieesiiteria {Ghinih@ah 0£i8d darboBaBeqter @1§! ohexene carboxyl ate
ester (1) includes formng a
5-azi do- 7- azabi,gycl o[ 4. 1. O] hept - 2- ene- 3- carboxylic
acid ester ofR& o1 al formul @%1,:@‘) ;1 n azabicyclo
conpound (16) the™%. efit may be a silyl-group,
an aliphatic, an ali , an aromatic, an
aryl aliphaticopr a gl i cyclic group. [0085] In
sone enbodi MntsN®eactyfig azi do carboxyl ate ester (2)
to form azabicycllo conpound (16)(2|1is i ncluded in the

synthesis of aziH8 carmé)xyl ate ester (14), as for
instance illustrated in"Fig. 7. In such enbodi nents

In this #&@R118 »e? .S YTRP %ﬁl] irectl onverted to ,
s 3T do car %ggyl at’e%rbglgg I F%?lﬂﬁggé %%i‘ﬁp%g%ﬁwc YOG Yeromatic
group, arl_cﬂéﬁéllphamegm?v m;afpmythllingclia:l gohaﬁnl Inneihe dﬁindﬁg@lﬂs Rro2 tis identical
2010 - Q ecyl e. .One or noje subsequent
T LN LT -
convengertlytbe crvestedRb anidb BAboXISeteber (D BCkhRvi ; ﬁ%tuleﬁ{ R22 It may

. SO reactjons within a process according to
in som&%ﬁ%q,ﬁmpa@eqqfq glﬁ cgnyeitedt toazatidino carboxylate ester (16)in a manner as

described for azido carboxylate ester (2) below.

[0082] Azido carboxylate ester (2) is converted to 4,5-diamino cyclohexene carboxylate
ester (1). The reaction may for example be carried out as described by Shie et al. (2007,
supra), i.e. using 2,2,2-trichloro-ethanimidic acid 1-ethylpropyl ester and trifluoromethane-
sulfonic acid. In some embodiments azido carboxylate ester (2) is reacted to form azido

carboxylate ester (14)

2
R, COR’
23
R™—N _
| H (14)
R24 N,



group is introduced into the nolecule of interest. An
exanple is the conversion of azabicyclo conmpound (16)

W@ 2008078803 car boxyl ate ester (14). In such caseRCT/B&2008/000473
reactant, which may be considered the first reactant
used nay be a nolecul e that38ornms a covalent link with

In ﬂn@fo?ﬁlﬁl:d%fla?fhe‘%fubhﬂﬁeﬂ@geen R ar (ﬁ%@ﬁ&éﬁt E]Bhisone another H, a silyl-

precursor orne In~a previou
groupy ameliphatic @rouh anpligydsgrofip, tanearomeatia giamp, aleagflahphatlc group or an

oSSRy Y REASIARKE 35580 EoRLE b TPLE Scimens

R24 isvidenttdabtor K%xldnusomeceﬁntmdtmms Rahaid B? bwspwﬁm a R84 bhd RB are identical.
r t ant a nol et SucC as
n Somﬁfglﬁ%%ﬁ@sﬂg For s frleb et e lafsomﬁtyearb@étmemﬁﬁge&ﬁu«ime@l to R%.
BB S oA e RSP hefla ) o, bt v no

11m1tedub;3((BIR,efR!m0 zat&etw@mha) 5-a9id6- etk §- 1364 dHeRBRL 1 -carboxylic acid
Such additional functiona

methYE; ggcR@ﬁéyoﬁégﬁ%ﬁﬁa*@&ﬁﬁeﬁS)r‘é&%,qet}d@mylonrﬁw@rd%%@rOpoxy-l cyclo-
hexené-qsd&%)dyﬁg al’:ﬁ%éth?lnes?e‘i’ rﬁ? 'T@({HS’LM%S&@F dr. ﬁﬁ%s@ Qlaﬂag?tylammo) 5-

.grou that forns a coval ent rchr
azido E@ﬂiyéproﬁoxsﬂtlecmhexm bioarbbkylst mi methydestap(GAS No 1872

26-74-*%)21 B §s()9t'%hc%§5?5t { ty_g @8' agrr?%g]&ygﬁ)éﬁt}r?i-cg/%éexene—l ~carboxy-

lic aclganeml bstelp(:GASSN(; ﬁszn%ﬁnsl 9)N€(5R[4ea|5$)l ?—(&c}ét}llﬁﬁﬁoz B&izido-3-(2-pro-
ILona I orng_ a coval en LN

pen- 1y S FLoUEReL FEPREIRERE DL FEET (CANe POSEIO33-6), GRAR,

5S)-4-{468B14BN 8b)- H20idPS - ﬂ'L 1Brop8RPLi- Myéla(he%emwcamoﬁ%d%@ alili%thyl ester

functi onal orns a covalent lin

(CAS N dUB606D. ou&ﬁceﬁéc%(?é@@hlﬁlﬂ@)eﬁé@ﬁW)ﬁe&m@ceﬂ Saslohexene.1-
carboﬁ)‘ﬁ%r!icﬂf &'12}1%1 H efh 1 QG@ASeﬁoSiO%?Z@ ?9?&' ﬁr[i | on lﬁagvxy)carbo-

he over process o
nyl]- gbfglmeed(ﬂdhds 6Ré\6e(rac¢t§!1|aﬁmm) 5 é21d(ea¢(<hpﬂ1myhmdﬂno)@l)miﬂbonyl] 3-cyclohe-

s 190k 0984 NSEKE AN, 1 BR B0 S8 05 B o et

propo;qt)mqtomnemgp g-l’cmﬂbpSyhcv\/adnG hnd:tﬁylaes’tﬁ| dcmu\abhmmedn 3), N-[(1,1-di-
i.n e art bove) .. Using

t ho |
methy oS ratttony [\Gerfite (T B SSOm e ing) 5 dggo- Kphenylmethoxy)car-
bonyl]sshb 1@1ﬁekeﬁf10§m Rk ((CAISPRY '299386182 bﬁ (BRAK 594 %g{ Qfﬁo) 5-azido-

of protecting groups, are Vel
3- (2-hf¢¥e§3aor9mw)eld cyﬂohﬁ@naflrcarbogyhv acuiamﬂeylfe@ter @ASdﬂm221386 64-7),

I | 0
(3R, 4K S’S‘f& (g 2 |1§g{‘ﬁzgg[§éﬁet@tg @é@l@?ﬁS I%he{cg%mv cartb8xyhc acid
methy]anStQS(@ﬁS NMIZIZé?:%@‘SIi-@X),(BRgM?QiB)SA (mytyfamﬁlnb}-ls-ta@ﬂOQ [§€R)-1-ethyl-3-
phenylpropoxy]-1-cyclohexene-1-carboxylic acidmethyl ester (CAS No 221387-40-2), (3R,

4R,5S)-4-(acetylamino)-5-azido-3-[(1R)-1-ethyl-3-oxopropoxy]-1-cyclohexene-1 -carboxylic
acid ethyl ester (CAS No 252191-23-4), (3R,4R,58)-4-(acetylamino)-5-azido-3-[(ethoxycarbo-
nyl)oxy]-1-cyclohexene-1- carboxylic acid ethyl ester (CAS No 289669-84-7) and (3R,4R,5S)-
4-(acetylamino)-3-(acetyloxy)-5-azido-1-cyclohexene-1-carboxylic acid methyl ester (CAS
No 518003-69-5).

[0084] In some embodiments reacting azido carboxylate ester (2) to form 4,5-diamino

cyclohexene carboxylate ester (1) includes forming a 5-azido-7-azabicyclo[4.1.0]hept-2-ene-3-

carboxylic acid ester of general formula (16):



protected by an isopropylidene group. Such protecting
groups may be renoved after the reaction has been
w@a00pess1dut . For exanpl e, the isopropylidene PCT/SG2008/000473
protecting group shielding a hydroxyl group nay be
renmoved by acid treatment. BHose skilled in the art

wi Il furthernore be aware that éécééprot ecting groups
[ sel LAYH2advance during the

eactant. [0088] Azido

car boxyl at e est'@r—('1'4 e converted to 4,5-diam no
cycl ohexene carboxyl at € =r (1). Afyeyeduction
reaction known in the artzmay for instance be used to
convert the 5-azido grouginto an anmino group. In
enbodi nents where R11 is and R12 is -C(=NH)-NH2, a

In aziﬂ?%}ﬁ:‘rl)‘(? Q%s hy 1%)/ ?%@M%%?%éﬁg ; a?ﬁ’ay' g% ogﬁl@ d%%gé an aliphatic, an
duamEgcggyonmgqgmnmﬂahmnmporamkg&ﬂngdsn@memts used in the

i ndi vi dual reactions of the process of the invention
Ipesogag enthodinants if@ﬁcﬁgg tagidohearboxylats p@tmn @y to form azabicyclo

comp&@ﬁl ﬁ‘ '68 s n{cjl deﬁar tth? gsE% é? g%‘l‘ggdc%?no%&la Fﬁgeélsélﬁ,v% s, for instance

illustratad lneErg, i ann: ench tenmommmtsaralzamdel@rcomhﬁm c@o} :rr@zip be directly
ndar d. pr ot ocol known e art. ui. t abl sol vent s
convefh T L 2HBE8Y i BT Lot P B oGy o Mkshol The
correspiiing | adohoh Ghasd entfsdhiv€the rhbisly aDR2 NRIY BRCHOY@uNd8ke or more
the selected reaction conditions as well as solvents

subsequigat reAcHoOPS AR {hen briEFAUINE Welnotuee pebstituests RS and R* into the
molecGRNdi tions. Neverthel ess, the pure fact that certain
solvents may thensel ves be able to react with a

[008@@1 %Bine%h&féﬁls Sifh@d H@%de@s iderdngw Ql'ésprés%ﬁf:fdvgﬁh&f a functional
pr.ocess, be taken into conSideration for th

group é%%“é‘@fiP%ﬁﬁl igho theenalsrufe At interests bireexembls r?hfnt:@\fetsmmqf azabicyclo
comp&l‘ﬁdi(?% § 1§ 180 ('ia‘i’b(ﬁ@mé Cstef rgyégnusegw Q?s%s tﬂg\?éact mt, h_‘ch may be

reactivity than t eact ant
considgeeds thfef ﬁmt enactany uged may dlevemoledula tha‘.tV\ﬁxrms a covalent link with a

prn 4P LB LG SR NS LSRRLE 5 ERTBRYRE: SELES' 5 rovins

reactionr (ﬂsthatprome of ﬂmnnvmtlbngagyc@npﬁmuqai ma# td @tBed a38ebnd reactant
htforward to.cul m nate in a stereosel ective
molecéjﬁ s %n

synthesis of t re

qrmgkion, oi SdFa\ﬁ%l?fE ]aw WXB‘?] g@chieved via the reaction of a

functional group of the first reactant molecule. Thereby a moiety such as R2Z may be
introduced into the molecule of interest. As explained above, such a moiety may include one
or more functional groups. Accordingly, the first reactant molecule may also contain one or

more additional functional groups.

[0087] Such additional functional groups may have a much lower reactivity under the
respective reaction conditions than the functional group that forms a covalent link with a
precursor of the molecule of interest. As an illustrative example, halogen or CHO-substituents
in an ortho- or para position to a hydroxyl group on an aromatic ring generally possess a much
lower reactivity than the functional group that forms a covalent link with a precursor of the
molecule of interest. Additional functional groups with a reactivity comparable to the
functional group that forms a covalent link with a precursor of the molecule of interest may
however as such give rise to undesired side reactions. Thereby the overall yield of the process
of the invention may be reduced. Nevertheless, if reactants with such additional functional

groups are desired to be used in the present invention, this can be achieved by the use of



carboxyl ate ester or a pharnmaceutically acceptable
salt thereof, such as oseltimvir phosphate. Al the
W@ e@psfsstdrat i ons in the synthesis proceed in hP@hSG2008/000473
yields. Sonme internediates are straightly carried over
to the next step without purd¥ication, and some ot her

proteétﬁfgeg:tﬂﬁ %Flﬁéh ¢RR wREl é‘sEa‘BﬁE}ﬂe‘dl héBda W Eﬁkoéﬁ &&9 aqove) Using this

chromato ap ic processes. nexpenS|ve an
approgefdhe edégisional ﬂiﬂéﬁmé@muns ateeshigided ﬁsmspmhclpbﬂng in the reaction. A

s SRARR 0l G408 i TR SRR 05 RUEa80 g a,

avallablesﬁ»r abtiowsfuhetianad frges. fAsrmtex@ﬂ@ld Zabboyliodtoaps d%%@feophﬂes may

| oh
e 3] PR 5 S W LSS0 o e
protecﬁedé Iblyi 4R \i$dpr@1fmki@1§b|%§o [ @Q&i]pr&t@ctﬂ{éd g{]og bOahay IB@ removed after the

i on may be readi Yy un der st oo put I nt
feactl?}} g}é@ geh C@rlﬁéaut Foar exaaiplon the isppipyidens vamtebtm@wdw shielding a

hydroﬁ‘ﬁsé‘rf)hlp %Y%@N%)SV%H %gkg%}rg%ﬂr@\a% g%log 3ki I%ecfn in then Skt will furthermore be

aware[ih@tl-);u@i mq;bct(ngog@ugs n6§ hmveltp wnihtfoduesd selld@hyance during the
th&i By 5% (r 102 mmol) in dry DMF (150 ni),
Re %Sn%( l(g ﬁcn‘lrrg' S:ac(g PPTS was added. The m xture was

a re u der redu pressure to
l"ﬁ*ﬂovéﬂae%aerﬁs%?ﬁ“ cEEn o] I 8 e confiaiefo e 4 SrlaRiRg Lslohexene
carboxydatetdstem (€A ey réductiow ReacBOPD Rﬁ@\bﬂ i thés_ﬁﬁ\&ﬁ fdﬁ%stance be used to
nd t he, resi due was dlssolved in The

d
"Om’e‘étotgD Elefgﬁ NFOURSHL BN AP QPR Bt &1 %’q%@f@swmﬁﬂ@” iHHgmnd R12 is
-C(=ND)INBL | & thiohBE d& SRRk tndyDbalseRSintbiGS tﬁféegf%&;{?%%’és&nbed by Shie

filtefed, and then concéntrated In vacuo
etal. (4897, 54PTMi ed by flash col umm chromat ogr aphy on silica

el EtOAc/_hexane = 1: 2) to afford .
IO&S @ﬂfikthii*éat iReiRdivaselyentd eses inphe indivjiea atactionnpitha grocess of

the m@enti]cﬂﬁ ?n nge% eg Xﬁ}ﬁo}(ﬁ%gs E;JJ Ag C%H*)e%dégjfc‘e&cn%n _It 813 within the

knowlp&ge offthe l&rgm Qldﬂed it a;t . dhddxe add IopﬁmEelth@ sblllv,enib Hhnd reaction

condlt?qq? st&ﬁjg)@ %ﬁlﬂ 4:}5‘% f?(r_lb‘l Staﬁld%t’g ;(ragacol?zlq@mm IPOthS aﬁz Sugtil;lg solvents

that may b us¢dn, tha r@d&tl()ﬁs of3hi ggiézrﬁ 3nvenfion ﬁﬁﬁlu&’é@olve%ts“tﬁat( aﬁie nf;nreactlve
13C. NVR( 3, 100MHz): 6160.

under ﬁygsa%ect%izrpag{)loq i(gldytlo@@g gl qsoq)lv;entsg@lat; are@gacglveagdgr the selected

reactlcglgtsgﬂglstg%s We%e@ﬁ%é pur@ e tHaP Certatdt GO RN MR ves be able to
found
react with a reactant molecule formed in the previous reaction of the process, may be taken

into consideration for the selection of the solvent. In some embodiments it may be sufficient to
choose solvents with a lower reactivity than the reactants used. It may for example be
sufficient to use a solvent of a lower nucleophilicity than a nucleophilic compound selected as

a reactant.

[0090] The synthetic route of the present invention is highly practical, efficient and
straightforward to culminate in a stereoselective synthesis of a 4,5-diamino cyclohexene
carboxylate ester or a pharmaceutically acceptable salt thereof, such as oseltimivir phosphate.
All the transformations in the synthesis proceed in high yields. Some intermediates are
straightly carried over to the next step without purification, and some other intermediates can
be crystallized without column chromatographic processes. Inexpensive and commonly used
reagents are used in the synthesis of the invention, in particular a monosaccharide such as

glucose as the starting material. The synthetic scheme also allows late-stage functionalization,



287.0888. [0093] To a solution of

4,6-D - O (4- et hoxybenzyl i dene)-D-(-)-glucal (conpound
W®@2009/0788¢3 29.1 nmmol) in DMF (40 nlL), there WPET/8G2o81000473

i mdazole (3.96 g, 58.2 mmlg TBDVBCA (5.26 g, 34.9

mol ) and a catal ytic anount ®f DVAP at rt under

whiclni iteepg ethie allotes phear @0 ke 4, Bliadting O IHERBRS %%Bﬁ%;ma{eh €sters and

reacti on xt ure. was dil'utéd with CH2Cl 2, washed
derivatiyes thgreef, figueseltupivinanalogagsd dri ed over Na2SOX.

t.he organi c sol vent under reduced
[@ﬁiﬁ@hp@%ﬁ@ he igy e spaabe readiky vadersiaed pud ot iath practical effect,
particul R ethtfea]nkéhis Wil 19(5@'59 QEQ}H‘BX? P{l] W%S/lo'fﬁ’?e #Bfbwing non-limiting examples.

( Et OAc/ hexane =
3-ter?-butyl di net hyI silyl-4,6-D -0-(4-met hoxybenzyl i de

ne)- D-(-)-glucal (corrpoEXgMPLE@g 90 %9 as a
col orl ess 0|I IR (neat) vmax = 2932, 2858, 1640,

[@5%@%; éZSA(') thIl %@68 eal (]I % O%‘ 6? d@&%ﬂé%mﬁé&%@yﬁe dln(zetylacetal

(20 mfi., 202 ﬁdﬂol) ih d?ry:DIGIFJ(Ib‘Qm @g ga 4nﬁl;ol) bﬁPTg “%? aééegg The mixture

67 J1 6.
was sk ﬁ]Ded @H;oona qsggpeg;atglgp W‘ﬁer rqq}lcedg,plggs@e uﬁre(mqve@dmra@:dgﬂhanol for 3 h.
Th é t 6
e refo {oﬁrﬁlixé‘{%el\?as(l)g%ﬁg&gae @rooﬁgér@\é%%qgoﬁffat} Wz’ls rgtldoged and the
remdugg;W@ digsolged g7 CBlL,Chs The S@Eltl&n W Rashed. whith sdmﬁa,tétRZd}@ous NH,CI,

HO0, é&g'b%lgg ai‘l?e?%rféglﬁff (I"ar}éo'elfﬂ\;\@ag i' gfyioég g'ﬁteredf and dhen concentrated in

vacuo- Bhe ydsituetdsyusifiey Iby4126h a)luﬁin(c‘lardﬁizitb gps;my Bﬁ )ﬁh‘cg %rglg(;ﬁt@Ac/hexane

_ | d 7, 10Q.
L: 2&;%@%@24@5 é—&:ﬁ ; nxﬁpil)zyhﬁnﬁip - glquai Wompmé l4g, 78%) asa
white8dtid. niL, 31.7 mmol) was slowy added at -15 OC under

1 nitrogen. The reaction mxture was stirred at -15 0C
HNMBr(CigCIm H0MHzY© HZ fdo/ =28.1 Hz BH), 6.90 (dad%%ﬂrhzdzﬂg @84 (dd, J;

=61 86 AN, (5, 95 R PR 5,0 2 ), a0
(m, 1I5);|ﬁei§ @i, Jloomltoéhﬁﬁ;msm@HzThId) , L0 (8f Z?_H)!;/@S%SB 751ed3a9r2.44 (d, J
~ 42 PSS ASHRICHER! PO B30, TR A LA 51005, 101,

80.6, 6R:8y 6SNA2G05,753.8.r HRIMS (BSK) caled FoF @qmoma (NENSY: %%895 found:
2870 der reduced pressure gave a crude product, whi
rified by flash col unm chromat ography on sili ca geI

[0093] & SUTEER of 7.6-Di O (d-Defhonsbenzlidency DY)-ghied] (ampound 6, 7.7
g, 29.1 mmol) in DMF (40 mL), there were added imidazole (3.96 g, 58.2 mmol), TBDMSCI
(5.26 g, 34.9 mmol) and a catalytic amount of DMAP at rt under nitrogen atmosphere. After
3h at room temperature, the reaction mixture was diluted with CH,Cl,, washed with saturated
NH4CI solution and dried over NaySO,. Evaporation of the organic solvent under reduced
pressure gave a crude product, which was purified by flash column chromatography on silica
gel (EtOAc/hexane = 1: 15) to afford 3-tert-butyldimethylsilyl-4,6-Di-O-(4-methoxybenzyli-
dene)-D-(-)-glucal (compound 7, 10 g, 90 %) as a colorless oil.
IR (neat) v,y = 2932, 2858, 1640, 1520, 1249, 1103, 868 cm™!; 1H NMR(CDCl;, 400 MHz):
0742 (d, J=8.7 Hz, 2H), 6.89 (d, J = 8.7 Hz, 2H), 6.29 (dd, Ji12=06.1Hz, J; 3=1.4Hz, 1H),
5.56 (s, 1H), 4.67 (dd, J1,2=6.1 Hz, J1 3 = 1.9 Hz, 1H), 4.51-4.49 (m, 1H), 4.35-4.31 (m, 1H),
3.88-3.76 (m, 6H), 0.90 (s, 9H), 0.10-0.08 (d, 6H); 13C NMR(CDCl;, 100MHz): § 159.9,
1433, 129.9, 127.3, 113.5, 105.4, 101.2, 80.5, 68.8, 68.3, 67.3, 55.2, 25.8, 18.2, -4.4, -4.8;



1H NVR(CDO 3 400MHz) : d 7.28 (d, J = 8.6 Hz, 2H),
6.88 (d, J = 8.6 Hz5 2H), 6.33 (d, J 1 2 = 6.0 Hz,

WO B09/0zssTH (d, J = 11 Hz, IH), 4.67 (dd, JI 2 BCHSG2008/000473
J2,3 =2.9 Hz I H, 4.63(d, J=11H, IH, 4 35-4.33

(m IH), 3.96-3.92 (m IH, 3.82-3.80 (m B5H),

HR/MB £6d €68 C L H),0s v+ t379~:!9¥16f§nd‘§79 t938.0. 92 (s,
9H)®§Ig012 f? %136 5[%(: 'y MR( CDC 3710 0 M): d 159. 9,

[0098. Bo alsamti@n ofzgzeﬁ,bulﬂ&n%thﬂﬁ%zlfh 6- w(ﬂ@ Kt%ﬂ@xy@&z?gdene) -D-(-)-

ESI) cal cul

glucafépmég 20!5@8 %2? W]) in tf@ghlygﬁsﬂlleél&}hﬂl@@ md)2DIBAL-H (1M
in tol{l&{?ﬁ 3h.7Deg 5 3lYeyr hinﬁblp%é Qﬂﬂvﬂ?taﬁd%ﬂ 4t 95 49 iR dite g@%%)The reaction

ded to a soiution of 3, ropyran compoun
mlxtu(e7 Veasgstied mitollp PG fr 2l a:qcm@ nrifor THe thes pienwaomooled to

o r der,
0°C HEENEUI (L) Naetled kAT RETRSIAH M5 48 S et
(20 %{H5D,n30 mb) evaeddeded Iao\nbgmtteniphﬁtdrealrhb QRixtied t WA stirtB€ for 1 h,

eV AP RS 1y SRS e S b s
dried dfréreNajS@{ Fiar2§6h fahd fe%}%‘ﬂaﬁdﬁr @MQ@ s@lv@ﬁﬁm?({c?r (gi kg gf’&gure gave a

silica gel, evaporated to afford crude al dehy
crude Pgpdfho¥hichi was perifieds b flasks icohmat chromatography on silica gel (BtOA/

hexangetlhﬁgw hﬂ?&%@ﬁ@%ﬁ&%&moﬁf ije (9.44 g, 26.4 mmol)

i n anhydr ous was a edasolutlon of

H NMRYGPELs, [400MHmn: U218 , Vrr 816)HméH) B189(MU,= 28.18, 78] §.33 (d, J 12

- 60 08 680 P 2091 DL BETRLPLASy 055508 LB PR 0 -

11 Hzt hid) 403)3;1466 (h 1H}$.9623.93he1) 161)83313146'f,«a)r(rrfastH\:A)IIa 31%2;60&) (m, 1H), 2.10
S

20
& 7 -8 P 152 R Al Go el OO RGP iy 108 MBa1a #59.9, 143.3,
1300a129 67$1§39ar1@314 yeaf, 795§ BIMRSRALILE, 1saétezf4ﬁ‘1} ’ihH S (ESD

quenched wi f h saturated aquedus anmmoni um’
Calc‘ﬂ@%qi fﬂfl %Hm%sﬁiar [Mﬂlﬂa Wi 403. ]&1ﬁyf0uad d021802.The sol ut | on
was separat ed and the aqueous | ayer was extracted with
[0 Peserddartinperivppisaiedibizn 48 ronghnvas dddgéts aweh@omrse@dlhydm-

pyran 3\6 eoe\,‘r(]i;ﬁt(% g)ﬁ‘@% 86 g‘nglgolﬁé%gur | 2?9%@ tO%nHr sus 508 was stirred for
2hat ammrbamglmaphwnda mgogen|Satiraes aﬁﬁio@@laﬁ@@lﬂﬁ) ml):and NaHCO;

(50 m]g) ‘%v é@gcfl qgvlgr ?ﬁh%:wlﬁ:r}gﬁ%u%n%e Z’klg@ I‘Rﬁl&t)lﬁg @ﬁbﬁl%weﬂsepgrated The

organie 18ych \#lZs wathed Wit Ea&lﬁatedJ NaH® E&utl&gﬂzamg biide, ( @medJ over NaySOy,

6. I H) .
ﬁlterecﬁth:yqug}x q-)pact ﬁ{%glpi)e an s@ga gel(gqva@ﬁfatqq_}p afford crude a{gehyde as colorless
oil. To a suspension of methyltriphenylphosphonium bromide (9.44 g, 26.4 mmol) in

anhydrous THF (60 mL) was added a solution of n-butyl lithium (1.6 M in hexane, 14.9 mL,
23.8 mmol). After the additional completed, the resulting orange solution was stirred at room
temperature for 2 h and then cooled to -78 °C. Then a solution of aldehyde (5.0 g, 13.2 mmol)
in 20 mL anhydrous THF was added via a cannula. The suspension was stirred for 30 min at -
78 °C and 1 h at room temperature, after which it was quenched with saturated aqueous
ammonium chloride solution and diluted with ethyl acetate. The solution was separated and
the aqueous layer was extracted with ethyl acetate. The combined organic layers were washed
with water and dried over NaySOy4. After removing the solvent, the residue was purified by
flash chromatography on neutral Al,04 (EtOAc/ hexane = 1: 40) to afford the alkene 9 (B4g,
60 %) as a colorless oil.

IH NMR (CDCls, 400 MHz): § 7.26 (d, /= 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 6.33 (d, J1»



4.28 (t, J = 7.6 Hz, IH, 3.80 (s, 3H), 3.42 (dd, J

1,2 6.2 Hz, J1>3 8.6 Hz, IH), 0.92 (s, 9H), 0.1 (s,
W@RH09/0IBCNVR( CDCl 3, 100 MHz): d 159. 3, 143. 2, PABEGBH8/000473

130.2, 129.6, 118.1, 113.7, 103.9, 80.1, 78.1, 73.8,

69.1, 55.3, 25.8, 18.0, -4.3%3 -4.6; HR/M5 (ESI)

= 6.1 ﬂ@l @Hb a. @asfwr(mm%%@éﬁzé\l@ mwaﬁdl 4%99(1111%@12' 458WHl (m, 1H),
0096] A’sol ution o dro
4.28 (%e'np'bélﬂ:? A5, 380 £ 3D, B4 (ddad11)2 TﬁQdeJ"JemVIS ethzetH),%.92 (s, 9H),

0.1 (s, Bh); PENNIRFEDEL] Q08 MArky: £1Kh $ks. E,ﬁ%zﬂé”l?g 5536%1114/0913.7, 103.9,

ni t¥ 0gen
80.1, Bobl BB, 169. 1, F6d tZérﬂodeﬂ; b4, et HRJ/MS (BSD) hylcﬁkatddrmr Cy1H:,048iNa

veNgg) SIS BRSBTS 52 0 66 oy as Qeﬁiﬂnirrei; 0.5?
[0@@% 'A_&c‘h%?% 01?’ %,4é§1%(q§g/lla_lz nc%m%mgéi ég[% %_I)s, %é ngng 11% mphenyl ether

5 mLX H)as a4 t6 @d0 °g %ncﬂstn‘reﬂhnga i’éélethﬂlbé% ﬁﬂe& z\u@x nggggd'DAfter 2 h, the
mlxturc:rwas Lpgq))ijedég %&pzlgst%pe(rﬁqurq apd puzqﬁgg by (@bgr{np,f; Fpato gyag;xy on silica gel

(EtOA@ﬁhex%ﬁQ T 1O I@Yto( %W 51&1?72%3&2@% @g@b)l%sa %%)rl%%}; 77.3,

H NM]@(@CIBMQO 1\/552)26 9572 (3, 1B 724 (22] 2 8.68z2H), 6.89,(d; A=$.6 Hz, 2H),

5.85-5?%@@&%@811)4938% b @gg@&{ 6}@97%’7%%%;@'3412%3%{ b 452 B2, Jia =

7.6 He, 21D, $83-3.80 (mpm),anm -2.66inh ¥ 5,22 B3-0e306(nf, L), 0.838(s59H), 0.07 (4,

orD; ‘R Ene g MR S8 S 1583, Traaaidedi adni g3, 73,

70.5, 7(021 6)$ 29,52820 2613, 92,0238 1, M@l 'y 9 H}@MB K31y Galvaiatedtbf LEW:,0,SiNa
enperaturefor emxture was

[M+Ni‘)flsr3tq9tfi9&3eﬁ>uﬁét3\%éﬁ5h OAC and brine. The aqueous |ayer
was extracted with Et OAc. The conbi ned organic | ayers

(0GR} & o Sobian (4N B 7.7 Fipeld padi 2-nagtaylchhetene Comdgs 4 mmol) in
z‘-BuOHﬁT miftudd {6@ @B, §91p¢ lv'?é’é a8l N%gzﬁs %oﬁ dﬁnanol) and sodium

ound obt ai ned abo In
chlontﬁ(ﬂ:@@a & 806vtgY, 2_3_ 15’3m¢ftbo The amutua Waﬁ m;nzed nﬂ_l;ooﬁ'ﬁtemperature for 2 h.

he O L8, S . RPTLSIRESE Wittt wi

EtOAd1dBe c'ﬁhﬂnmﬂumgamcllay&w wwbs ded 6o tNg, S04 filtetedOand Béncentrated in
were_dried agver Na2SH

vacuo £ B S LoTCH Gind By FAEUAT SRS =Rl Aptie i RMF (30 mL)
were ddied ®,00Y N6 @Al oG ARY) & Sl (198 88 15.4 mmol). The mixture was
stirred at room temperature for 3 h. The mixture was partitioned between EtyO and H,0. The
aqueous layer was extracted with EtyO. The combined organic layers were dried over Na,SOy,
filtered, and concentrated. The residue was purified by column chromatography on silica gel
(EtOAc/ hexane = 1: 15) give (10) (2.82g, 87 %) as a colorless oil

| NMR(CDCI3, 400 MHz): & 7.26 (d, J = 8.4 Hz, 2H), 6.86 (d, J = 8.4 Hz, 2H), 5.75-5.65
(m, 2H), 4.51 (dd, J12 = 11.2 Hz, J13 = 21.4 Hz, 2H), 4.15-4.06 (m, 3H), 3.90 (s, 1H) 3.80 (s,
3H), 2.79-2.72 (m, 1H), 2.41-2.25 (m, 2H), 1.24 (t, J= 7.1 Hz, 3H), 0.84 (s, 9H), 0.05 (d, 6H);
13¢ NMR(CDCl5, 100MHz): & 173.6, 158.9, 130.6, 129.2, 127.3, 125.5, 113.6, 79.9, 72.1,
70.2, 60.5, 55.2, 47.3, 28.0, 25.8, 18.1, 14.0, -4.0, -5.3; HR/MS (ESI) calculated for
Ca3H3605SiNa [M+Na'], 443.2230, found 443.2219.

[0098] DDQ (2.36 g, 10.4 mmol) was added to a solution of 10 (2.8 g, 6.9 mmol) in
CH,Cly/H,O (40 mL, 1:1v/v). The mixture was stirred at room temperature. After 6 h,
NaySy03 (40 mL) was added to the mixture. The suspension was filtered. The filtrate was



(Et OAc/ hexane 1: 15) give (10) (2.82g, 87 % as a
colorless oil 1H NWMR(CDA 3, 400 WHz): d 7.26 (d, J =
W@2009028812H) , 6.86 (d, J = 8.4 Hz, 2H), 5. 75- 5PGBESGIN8/000473
2H), 4.51 (dd, J1 2 = 11.2 Hz, J1 3 = 21.4 Hz, 2H),

4.15-4.06 (m 3H), 3.90 (s, 3%ﬁ 3.80 (s, 3H),

extraé’ce&’ 9&*131 (2] c?4 "I'hb')orsﬁué1 iaa%r hﬁ'@vxth %S&%M Hgg% sctution and

brine fweﬁﬁlﬁﬁly’ émldmves 412§Q49ﬁ1t§_13és @1d aapomted] THe Besidi@5whs punﬁed by

colun%ilgh&ma g%gphf én %1110 %e? (’E_ﬁ}fvg h(e%%fe) ok 7@3‘1%%‘2‘8(1# o(ﬁ.S g, 87 %) as
colorlce,gsscﬂbﬁosa Na[ M1 -Na |, 443.2230, fougd 343 2219. N

i ol u
s ABERBCEDRA Rt 85,710 & o ISP 0T 56l B2 8o, 55
(dd, g %)6.5 IHIzeJm XD 6rTEz D 231:4 (drdeyl] at 7 RAPNA ?anfsaﬁwﬁ{e) 2.35-2.33 (m,

added to the mxt

21, FPA R g“sﬁ%ﬂiﬁa%%“ Vet & HorRED1 .86 (08D viabé ks, BEDS @E7 (s, 3H);
13¢ WRK\CI@@%G 12)01Vﬂﬂ)e M@@G' 04, Y% 309 g5 3ed, w \E}E 28.3, 25.8, 18.1,

saturate sol ut’ion dnd brine’sucecessi
14.0, d412ed5&;eHRM§sCESI) dajquiasecs dor ﬁid{g(bﬂxmlaaEMdNaﬁ]beSB 1655, found
323.16£861 due was purified by colum chromat ography on

?}lsl ca gel (EtOAc/ hexane = 1: 8) to glve 11 (1.8 g,

[0859%%%@%@8%&101'1' ﬁl) ﬁmgﬂilgza 'dlss%{R g:c??to g, ‘tenzg_q)ratmzp %)Gdl(:]éloromethane
(40 mu{)(;arbo@ﬁd(lmﬂdazdlel,(l Bl65g, HZO mhi@lﬁ Was ad@edHZl ode"%ogﬁoﬂ 4nd the solution

was St%lg‘jgd %_Dzlﬁ Zfltﬁsoaélon\]w}vas ygasiledﬁmth q_ﬁaturfteg@"ob{tlon pfﬂﬁ4¢42(2 X 30 mL).
The o¥ahhic layéiﬁve(sé‘dneﬂ oer IQaZB@a; ﬁltet%&")a.nd Qo&zntga?ted 3I‘H)e %bid% was dissolved

in pyr%?%&%g@ gaf @éggtl\eﬁ_n%gragne 28d gJH;ig{ 1HC1L@ &}5 g, MZ @mmdl) &as added in
N Lt e e e TN ——

the resyiisg) solwiongvasseshetiwith 10 36 mlu‘mrp(ﬁisatphUﬁc acid (3 x 50 mL) The organic
layer \gésctﬂjiéi)i W N}L Iy al‘ﬂger?d Lr%l anﬁ%}%iap‘%ln&igﬁﬁ] Z(?)lglg % was purified
by ﬂashaﬂlrmhatolgmphy@n sdida.gelT(ROPQ) Hésta00 —V\BQQ W%ﬁg@ Whitdsolid (1.87 g, 87

o saturated solution ONH O (2 x 30 ni). organic
%)- | ayer was dried over Na2SO4, filtered and

g Nmnr(cmmg mm?%g%b] ? gwe?r gu Slggaggnlgcss ?Hm”(ﬁygd F"H}elH) 5.56 (d,
J= 1011519@ 1,#}0@1 6ubbS R, A20-4-11 (m, 3H), 2.83-2.77 (m. 1H), 2372 36 (m, 1H),
1.26 (t, 7= 7.1 Hz, 3H), 0.83 (s, 9H), 0.06 (s, 3H), 0.05 (5, 3H); 13C NMR (CDCls, 100 MHz):
51733, 158.6, 129.0, 124.3, 71.0, 60.8, 46.9, 27.7, 25.6, 1.0, 14.0, 4.4, -5.2; HR/MS (ESI)
calculated for C;H,sNOgSiNa [M+Na'], 382.1662, found 323.1660.

[0100] To a solution of N-hydroxycarbamate (1.87 g, 5.2 mmol) in Et,O (30 mL) at 0 °C,
was added p-toluenesulfony! chloride (1.09 g, 5.7 mmol). Triethylamine (0.80 mL, 5.7 mmol)
was then added slowly and the resulting white suspension was stirred for 12 h at room
temperature. The mixture was washed with water and brine, and dried over NaySO,. The solvent
was removed under reduced pressure and the residue was purified by column chromatography
on silica gel (EtOAc/ hexane = 1: 4) to give the N-tosyloxycarbamate (3) (2.18 g, 82 %) as a
white solid.

IH NMR (CDCl3, 400 MHz): & 8.03 (s, 1H), 7.87 (d, J= 8.2 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H)
5.70 (d, /= 5 Hz, 1H), 5.18 (d, J= 9.6 Hz, 1H), 5.01 -4.99 (m, 1H), 4.17-4.08 (m, 2H), 4.01
(dd, J12=7.1 Hz, J1 3= 10.3 Hz, 1H), 2.75-2.68 (m, 1H), 2.44 (s, 1H), 2.31-2.28 (m, 2H), 1.26



one portion. The solution was stirred for 4 h.
Di chl oromet hane (50 nL) was then added and the
Wo e®alrdsny sol uti on was washed with 10 % sol ut PGHSGE008/000473
sul phuric acid (3 x 50 nL). The organic |ayer was
dried over Na2SO4, filtered 4hd concentrated. The

h
T et ot oy an ar e G40y ! B g SRSTCNMR (£DCy, 109 Moy 3

1731 9] 2 3002 128 (1290, 198.98 12947, 189NN (601473, 284)9@56 21.8,
179, '\MZO 453| 323%{{1@&13'@91)18@&&}%8 @FD'@%@@@Q §§%gaf |_b,’536.1750,

found453@ol741011 (m 3H) 2 83-2.77 (m |H, 2.37-2.36 (m
(t, 1 Hz, 3H), 0.83 (s, 9H), 0.06 (s,
[05531 The b‘stoexloxz H)arbam@ (VA1 {41222, b)), MO, €15 %, 31.1 mumol)

and (@@@T@ztol@e?reqo 015% % llzljingl‘ﬁ})ﬁ)%er(eéjéfsﬁvggl% &pgtpg@nlp(ﬁio mL) at room
tempquqqz.gﬂ@ gumetl I\?E-lﬁd'am]xtur:éfiﬁas]sﬁﬁr%d Vi go06k1y3 £o3- 1@?@ gl“he suspension was
ﬁltereéoépoqn%%l-r?eﬁtesm Ba? Oﬁ{ %}El % Ca&ggtgg\t@@epe (goncentrgted The crude

produpt wad dleme@arﬂl ihOTTYF. T ihey éc%iﬂloﬁljmﬁx%tlﬂ»lsﬂ?l ZﬁHE’Pd 7mL, 4.44 mmol) and
TBAF 2 [ h Frﬁ@gge\gqptaﬂﬂgl i ‘i(”eulsdg petnegeonThamisthter wadwarmed to

room feﬂ{peilé%ul'% ﬁfd st hEARE AL W Qture-:r R8s Bk ﬁgéé@\i’\%ﬁ ﬁﬁg gefjand washed

with water and brine, and r| ed over
with Eé@ﬁ\?eﬁhe {id{zate m@womtd@and Bdiftedbyptodsahl cBroaiido grﬁ!(ﬁly on silica gel

(BtOA ﬁ%kc s Yasg, t@% ;Jf%ggéﬁ%ne 2‘51(0415.I rg,? @a %’S 3% y E gﬁt yellow oil.
'H Nﬁ%}(g?dlgmw%g% 2. (B e P2 o 58013, Wig G g7 6.7 1z,

J13= §GHz g1 H), 4.1 (4z/ =) Hz728)4 3043 91 ém,SIH.), BIB3-2%) (i, 17@) edis (dd, Ji2

=49 Hz X *'é 7411{1,{071}5)58@% 3 ﬁ‘z% TH) b%ﬁgg 18,087 (e g 1 Hy, 31,

0.85 (3931)10 15 (siz3H), re)0’5(3231215 lécastcDH)3, 508- l\ﬁﬂz%% 1128, 158.7, 80.4,

71.0, %]]-515%1’036 %nlB g:?g 0; 2% 17(95 14@%‘%13@%9@ calgalated for

C6H Si [T, 385. 190%, Bund4651904.30. 2, 129.7, 129.6,
16292)65’?59[129,’7 78.9. 70.7. 60.8, 47.1. 28.0, 25.6.

[0182] &0 2![3019’;10114)f@),xazc4115d0n65(12) uH&HySlz( @3l Ly aB&éébag(ﬁQ mL, 1.76

mmo)! g@ﬁ(&?ﬁ%'}ﬁﬁg T“Hgfw giRedy 758@1;1-%2;?@@121@ 14.3 mg, 0.12

mmol) mmé PoquisREADB; 4dicB3TiL reﬂdltlﬂg mRle was stirred for 2 h at room temperature.
The reaction mixture was washed with saturated NH,4C1 solution (2 x 20 mL). The organic

layer was dried over Na,SQy, filtered, and concentrated. The crude solid was dissolved in dry
THF. To the solution tetra-n-butylammonium fluoride (TBAF, 2.34 mL, 1 M in THF) was
added at 0 °C. The mixture was warmed to room temperature and stirred for 3 h. The solvent
was removed under reduced pressure. The residue was purified by column chromatography on
silica gel (EtOAc/hexane = 1: 2) to give oxazolinidone 13B (0.28 g, 69 %) as a white solid.

H NMR (CDCl3, 400 MHz): § 6.86 (t, J = 1.9 Hz, 1H), 5.09 (dd, J = 3.9 Hz, J = 7.2Hz,
1H) 4.38 (t, J=17.3 Hz, 1H), 4.25 (g, /= 7.1 Hz, 2H), 4.1 (4, J= 4.2 Hz, J= 7.2 H, 1H)
2.79 (dd, Ji2 = 4.1 Hz, Ji3 = 18 Hz, 1H), 2.51 (dd, 12 = 7.2 Hz, Ji3 = 18 Hz, 1H), 1.55 (s,
9H), 1.31 (t, /= 7.1 Hz, 3H), 13C NMR (CDCls, 100 MHz): § 164.8, 150.9, 149.4, 132.7,129.7,
85.0, 69.8, 61.6, 57.5, 56.1, 27.8, 26.1, 14.1; HR/MS (ESI) calculated for CysHagN,OcNa
[M+Na*], 375.1281, found 375.1279.

[0103] Cs,CO5 (31 mg, 0.094 mmol) was added to a solution of oxazolinidone 13B (0.33
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solutiayg g/aggggarat\e@)u'ﬂ@p g%mpg@mse p@g@@}shéﬁow&hd\d}d}ﬂﬁ@p solafion (20 mL) and

brine Wﬁweﬁ%% fgx%z %4 gg&gﬁ%tgd jh %«3 prgﬁld Qo uiSkb vt i dry THE

and addemdmcmvad: o miumgar R I IMBR) ; (14M3nMHE, Q. Z12miol) mmol) in THF

00 Y B IS oS A o v 2.

Saturaied NE, €1 Mﬁtld&ﬁ%@ daddd to GRheH ﬁiee@acﬂdndl“hé %&@1@& Wés femoved by
The organic | ayer was dried over

ﬁltra“PPl‘g’éP&B a chlie Pathc B fidtrate was rxtreptod evido CHyClptiree times, and the

combidb® %%eiﬁ%j ldy@r a4 \;;Eﬁed;ﬁ’lg}) Ir%lﬁgé %%&Ftck%'a gveg Lg\Iarﬁ_SOﬁ Tlae s‘,(])lvent was

tetra-n-but'yl anmoni um
removq:ﬂp:pdwargdwdéﬁeﬁtlre({) alid thEtresidiix mas pusified b colachnt dlrdim@tﬁigraphy on

i SSTBES SLHE DL B A, 400 o 0 A S8 750 o v
solid. puri fi ed by coI um chrormt ography on silica gel
RGN i . oA s B ks s T 439 G
1H), 4218@, {t 7.9 He, 2HY, 367-3161(m, 31093 469,407t 30)92!93.(dd, =52 Hz, 7=
17.5 }172 %ll-_lif 2.44-2.36 (m, 1H), 1.46 (s, 9H), 1.29 (t, /= 7.1 Hz, 3H), 13C NMR (CDCl3, 100
MHz): § 165.7, 157.1, 138.5, 127.6, 81.1, 71.4, 61.1, 58.1, 57.9, 29.6, 28.2, 14.1; HR/MS
(ESI) calculated for C;4H,N4OsNa [M+Na'], 349.1488, found 349.1492.

[0105] To a solution of PPhj (0.204 g, 0.78 mmol) and azido carboxylate ester 2B (0.101
mg, 0.31mmol) in THF (10 mL), DEAD (0.123 mL, 0.78 mmol) in THF (1 mL) was added
and the resulting mixture was stirred at 0 °C. After 3 h, mixture was concentrated, and purified
by column chromatography on silica gel (EtOAc/hexane = 1: 7) to give azabicyclo carboxylate
ester 16 (0.079 g, 83 %) as colorless oil.

IR (neat) vmax = 3420, 3019, 2982, 2110, 1701, 1260, 1215, 1153, 756 cml; TH NMR (CDCls,
400 MHz): 6 7.19 (dd, J12 = 3.3 Hz, Ji3 = 4.6 Hz, 1H), 4.32-4.30 (m, 1H), 4.21 (dq, J = 2.1
Hz, J=17.1 Hz, 2H), 3.13-3.05 (m, 2H), 2.91 (dt, /= 2.0 Hz, J= 17.5 Hz, 1H) 2.37 (ddd, J =
3.2 Hz,J=5.4Hz,J=17.5 Hz, 1H), 1.46 (s, 9H), 1.29 (t, /= 7.1 Hz, 3H), 13C NMR (CDCl5,



5(q, J=7.1 He,

IH 4.38 (t, J = Hz, I1H), 4.2
Hz, IH) 2.79 (dd, Ji,?2

7.3 Hz,

2H), 4.1 (dt, J 42 Hz, J 2

we200907483 Ji, 3 = 1 2.51 (dd, J1>2 =PQT/2G2408/000473
Ji,3 =18 Hz, IH), , 1.31 (t, J =7.1 Hz,
3H), 13C NWR (CDC 3 , 100 d 164.8, 150.9, 149.4,

1 5
oo i st bt ik ke

(ESD) pmmatcd]for @mslzom&Na{Mch*}s 7311333 fougil§83} 13662C08 (31
was added to_a solution of

098] 78‘? f ﬁP’a‘&HB Of %ﬂb(l@ChB@arb@YMe &8N 36 (33 meHhhdmmothin 3-pentanol
.5 n{E)XBFE D305V 8% dn o?’ oy 2Ll 08B haRH SRl Pﬁgd drgaywxse and the

[veAt was renove the resi due was’puri
reSUltl@slmmﬁlfé h’{aﬁnﬁn‘@graipﬁ@ °6nA§l|er 2du sg@iatédo@eond BeBiGO~whs added to

I e R R L R —

orgamd: lzyél‘ wlasHinedl der I\'fa,2$@4 (The sblwent whs Memovdd) undér ggdg(lcédz p%essure and

the rePﬁ?Jé 12‘&%-51 éy fglu(r}ﬂ }_ﬁxpylato‘greggly (%té)ggshexq_ﬁegﬁ 1¢16) to give azido

carboiylateléaterm §571 é/gragla ‘@nte]sgﬁdl\/l-k) d 165.8, 155.9,
136, 1, 130. 1, 61.2, 56.8, 53.4, 29.6,

NMg @D%, £00 wm YE {5, dEDc 4192t F0.2 Gz HEDNAGENG, J = 4.3 Hz,

- 148 486. 5
1H) iﬂgﬁgﬂ 1%4})9 1A8%7 100, 315k 44804 04090 DI 690, 1), 2.01
(dd, J1c2a=r B&xiit.ah e =elst EHz BH)Y 02229, (o). 151), h5Bi1)50 (o, 1Y), CHECh,DH), 1.29

7439 Bp)SER S A 8 S SR B 0 oo

[M+Nat], 4¥9.9270, ¥ound 4s2dded porti onwi se. The resul ting
sol uti on was separated. The organi c phase was washed

[01A4A A meEHOGBoE atidie lcmhm()ﬂﬁte rekfer 2l (B9 iz 0(0) ad TFAr(0gd mlL, 1.46

ove S centrat rude rodu
memolhECHTES O ) SHr el Tondod bt Bprisie dgpubep vashed by
saturat@fl LNAHEI(G@ lUIru’Bloﬁ JI hivl bfgaiﬂdehéseNvaﬁLdnéH et MR, B0 N filtered and
The m xture was allowed ' to

m.) . at
concenicd, e GNSBF 41 Gssahepdo oy doHzel Baeis BaBGEMe ] L, 0.11

mmol)SaidUtd; Nn(0/essmad ded ﬁlﬁlogusa% hatibe ’I“h%%ﬁ;hﬁ@ wamﬁrred d for. 3 1 at room
reC|p|tate Wwas renove filtration t roug a

tempeliﬁaae angh heny washed éy\/D&E&k&o{lmne Erhworgan@—ﬁ(ase Wah Idaed over NazSO4,

I,ABS s he
filtered ralﬂﬁ ecoallﬁ gl%dah |&g dﬁ%\%!ﬁ&ﬁ%g&g %ﬁlclrel S oI vvas r goﬁaphy (EtOAC/
hexanemdet) erslice gelpo eteurzilo arbxiyhe essaaemldBe(Z\‘ng B84%4) fak @ Gvhite solid.

I NV @DAT460 VB! S AP 18T 6.03 (4, 7= 7.4 Hz, 11), 4.54 d, J=8.7 Hz,
1H), 4. 28-4.17 (m, 3H), 3.37-3.31 (m, 2H), 2.91 (dd, J; 2 =5.6 Hz, J; 3 = 17.6 Hz, 1H)
2.26-2.17 (m, 1H), 2.02 (s, 1H), 1.53-1.45 (m, 4H), 1.28 (t, /= 7.1 Hz, 3H), 0.91-0.86 (dt, J =
4.2 Hz, J = 7.4 Hz, 3H), 13C NMR (CDCl3, 100 MHz): § 171.1, 165.8, 137.9, 128.1, 82.0,
73.4, 61.0, 57.9, 57.2, 30.5, 26.2, 25.6, 23.5, 14.1, 9.5, 9.2; HR/MS (ESI) calculated for
C16H26N4OsNa [M+Na'], 361.1852, found 361.1843.

[0108] PPh3 was added to a solution of azide 14B (23 mg, 0.068 mmol) in THF/water (0.25

mL, 4:1 v/v) at room temperature. The mixture was refluxed for 3 h. The reaction mixture was

o~
—~

cooled to room temperature. The solvent was removed under reduced pressure. The residue was
diluted with CH,Cly and washed with brine (10 mL). The organic layer was dried over
NaySQy, filtered and concentrated. The residue was purified by column chromatography
(CH,Cl,/MeOH = 5:1) on silica gel to give amine 1 (19 mg, 90 %) as colorless oil.

IH NMR (CDCl3, 400 MHz): 6 6.76 (s, 1H), 5.95 (d, J = 8.0 Hz, 1H), 4.18 (q, J = 6.8 Hz,



silica gel (EtOAc/hexane = 1: 1) to give azido _
carboxyl ate ester 2B (0.145 g, 78 %9 as a white solid.

WARVOMRRS(ICDC 3, 400 MHz): d 6.81 (t, IH), 5.08PCTSGA08/000473
4.8 Hz, IH), 4.54 (s, IH, 4.39 (s, IH, 4.21 (q, J =
7.1 Hz, 2H), 367361(m 43), 3.46-3.40 (m IH),

3H), # .Eé.?%déf% 8k Hz,gﬁ) 1 g, z‘fflj” 2559 f&?&}{)éﬁé‘ Gadons B4 Hz, Jis =
10.0 gD} 2, 731(&31, VHz )= 5d) Hﬁ,&flz 137.Hz, m3)82 56-21®7<Nng 11$ 2102 (s, 1H),

1515 B B sl B ERadedind R b, S e S 100 Vo),
5 17134964.49237.6,0005], 876 64%05@18'%‘8 ng’sz.v,% &? &§9§69239 17431 9.5,9.3;

|)_and azido car [ ate est’er 2B
HR/Nga%ﬁ)%Mﬂlﬁu Iatgd fqnﬂlélml\hé 319.2128 fmmd I)l372312mml )
m xture wa

10 or Sguipn O bty ﬁ&dﬁg, GO il & chianod Gk prasadded slowly fo
a hot ggud° (pwdlﬁticmdoﬂapho@pwmﬂa&@ (8357% qgfs%gyo 881 %hh%lg g&ﬁnol (0.2 mL).

(Et OAc/ hexane = 1. 7) to give azabicyclo car
The r@g{tg},g migtyrg Wepgtiged §3 3 I ¢odlngd teds°@ithe pteRlp@ﬁa'@atv&)ere collected

by ﬁltYa[fR%iCa%é %le%&:'@itﬁ'c?%%%%?n% i%g Shélg)gd %&% %}Bﬂ%ﬁ% \g%l S Crystal (21 meg,

85%)3.3 Hz, J 1>3 = 4.6 Hz, IH), 4.32-4.30 (m |H), 4.21

ARt Aty g ey S Bl s -

7.2 HA. %I)L—m 07Xde, 5 =40 bialz, Iy = 117. 152 H&{'\)hb%lﬂ%iﬂz 98), 3 63-3.54 (m,

1H), 21%72 (9d§(312605 4 f?@i@ 3 173?5% =71H)8225@2 1 1H22.61 (smha 1.58-1.47 (m,

8H 2 ESI d
D, L e RS, 8]74(‘1?'3#?8/1385& R P8 ?@29_3&% D0, 100
MHz):rg 135. %ol@%i*olr{ﬁl%& 187 4hi88\3 176.1c 62 B0 §3.6 8% 1 228.65 2916, 156, 22.3, 13.3,

85,8 IE\l/% igl,r? Igl\/%@%t ano?_I 182@;3%5‘331‘?%(#83@%1? %Lg%ggaoé%‘sﬁzg&oo‘l [MH"),

313 2k?r7oﬁ!mdé,13@ﬂ1212the resulting mixture was stirred at -20
0C. After 2 h, saturated aqueous NaHCO was added to
[0H0 Fxoreesiag serrdingrio anrﬁétema@m synthesis wwte (a:f,teagl Rigthand Fig. 10),

Oxazo%g 8%2?&%%%% \%Q%{s&ﬁv gro%% %ée% (%@r W48 mixture was

stirredrvgtnight 3p resmuemperatite tin ﬁler mseﬂme oRBBP YR inhr6l. BYwas then diluted

. I hromat oqgr [ Et OAc/hexane = 1. 6) tq give i
it SR SIS SOLREDH R4 AT g ok Sefin s drid v
Na,ySGxofiltered and evaporated under reduced pressure. Oxazolinidone (13A) was purified by
flashing column chromatography.

[0111] To a stirring solution of oxazolinidone (13A) (1 mmol) in acetonitrile (30 mL)
under argon, Et;N (2 mmol), acetic anhydride (1 mmol), and 4-dimethylaminopyridine (DMAP,
2 mmol) were sequentially added. The resulting mixture was warmed to 70 °C and further
portions of EtzN (6 mmol), acetic anhydride (3 mmol), and DMAP (6 mmol) were added.
After 24 h, the reaction mixture was quenched with saturated NH,4C1 solution, diluted with
distilled water and extracted with CH,Cl, (3 x 20 mL). The combined organic layers were
dried over Na,SOy, filtered, and concentrated. After flash chromatographic purification (EtOAc/
hexane) pure acetylated lactam was obtained and dissolved in methanol (20 mL). To which
was added sodium methoxide (0.3 mmol) at room temperature. The mixture was stirred at
room temperature for 30 min followed by treatment with Amberlyst 15 ion-exchange resin for
5 min. The mixture was diluted with methanol and filtered through Celite and silica gel. The

filter pad was rinsed with methanol after filtration. The combined filtrates were concentrated



H, 4.92 (d, J

d6.77 (s, |
H, 4.22 (dgq, J =
4.
8

0 M) :
J = 4.3 He,

1H NMR (CDA 3, 40 "

= 5.2 Hz, IH), 4.49
wa22@9mz8813) = 5.7 Hz, 2H), 3. 34 (t, J 4 Hz, PCEHG2008/000473

3.12-3.10 (m IH), 2.91 (dd, J1>2 = 5.8 Hz, J 1>3 =

14.1 Hz, IH 2.22-2.16 (m |44) 1.53-1.50 (m 4H),

under]rcdl&e(ifp,r%%ﬁﬁe t|0—| gf‘él\’/lg EEZ‘[iEdSOI ghr‘tgoﬁéagle gtﬁee C@P% w@gﬁt&%&%ﬁ%caﬂon

[0 KAINA+ polutiare. 02237~@enfﬁm1ndl ﬁirﬁog%ﬁ7anﬂ>@i<g§]3Eédnéef§U%i) Ofas added
dropx?%é g)oNﬁﬁr(%olx Lah ; ehﬂ%éﬁk Sl{S@eIgiqu_l’l (3 mik) endler nitrogen.

The rhigturg \Masattlrrelbfﬁrtlﬁmﬁﬁ‘ﬁ At ¥6&n ARRpLRAGRe Wad I'iﬁ& died dropw1se over a

t ed NaHCO 3 saol ution. T1e organi ¢ pha
Pe’“o‘ng 20 T8l radtuton Offtmhletioe@pt@mml@cﬁhéenmoh)t detZIDhe mL) at -5 °C

under rrﬁﬁ%%ﬁ{le 'I‘H@%eé?dt%ﬁ%l ﬁ'dztgl l‘égmnfﬁl%tgrla%gaw itlrred for 2 h.

After %@%vabgﬁ §@1ven'1th’d§1e rxcsxduﬁr ‘&aS/\HEtumteldhmﬂdeOJI-lI/B?ﬁn@th%ﬁgbrous stirring
h ution

to givk ?}P&f’@é gﬁgg’&é@&?\ﬁg&éﬂ% tglgﬁ q%glan%géﬂg@ W? i qold hexepngn dhe filtrate was

evapommer acdnded Plessuresd give Wity Hﬁbﬁlbl%@c@ﬂmﬁ e Uk frr:shtl% prepared
pr.on 3l E c/ hexane = 1. 3 on silica ge

—pentg tlér@ %86 B‘gl?ég% - @l an d1gBs: % rtg.078 4%mod)s ware added to a

solutioshdf &16@|ch1fﬂ)ox§{'ﬁ'te%r ZE@%:I(O% %g) ’\@%%0122(5 mg?ﬁig nitrogen. The
| 6.03 (d,

react1qn,t%nxtgre was gthqd gmoog‘H;emI&raurerd% L4(Im) iz, wElcﬁ]méﬂéCimldate and

CF, Sd H %0207_’5 ﬁmjﬁ) wr%regggid' é;:keg eblff\Hf)4 h}_% r%z ?’{162 re\%iZu(glngs guenched with

5% aqy.q)ous agj_C©3 861u(1d11 The aqleieoixs Hayer Jwas éxtthclda, Wfﬂ}%%H%@lg (2 %). The

combn&%ﬁ%ﬁgﬁ?@ ﬁha 1006€M\;V|é%h lt?-meS(lgigg 8%% 3\?@5@ eandzgorgtentrated in
vacuo. 1PhelresRiub, w43, @ﬁﬁd@ﬁ%ﬂﬁﬁ%&u@ﬁ'cﬁfﬂlﬁé n% %t%rl(%?g)féc/hexane) to afford

361.1852, f
the prﬂ?g@?ﬁ'ﬁ%}g@ &é'\/g)\lgéa nbg canegstedito ggmwf(lhzs %Cﬂ‘d@} dhd3e.
[0179] Tﬂe Q@ﬁn d}scﬁssxpﬁsFrﬁmS{eS/{Oél %hré%qdu@n;/eg’;/ zrg‘fllw specification

room tenp ure
should Fieg ne@amlp be akeh L @nREnOWRH S & thA YRR &&mfr’e&l@i%a‘%: of the state
noved under reduced pressure

| vent was
Ofthearpgr%ggr\{%%ﬁ“m‘[g%o%e@%? CH d 2 and MShedN\émzts&b“ ne

| i ed, over
[OlﬂfTer n e-Blﬁgn g%g ?)g:n ed\/\ﬁré) 8]&3% &eRrisally, rhe;gq%dEggh of the
narrowendpgaies ahd wbgeng‘((ag’oypmgs falling within the generic disclosure also form part

of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

[0115] One skilled in the art would readily appreciate that the present invention is well
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. Further, it will be readily apparent to one skilled in the art that varying
substitutions and modifications may be made to the invention disclosed herein without
departing from the scope and spirit of the invention. The molecular complexes and the
methods, procedures, treatments, molecules, specific compounds described herein are
presently representative of preferred embodiments are exemplary and are not intended as
limitations on the scope of the invention. Changes therein and other uses will occur to those
skilled in the art which are encompassed within the spirit of the invention are defined by the

scope of the claims.



(CH2A 2ZMeOH = 5:1) on silica gel to give amne 1 (19

nmy, 90 %9 as colorless oil. 1H NWR (CDCl 3 , 400 MHz):
weI2@9p®8(3, |IH), 5.95 (d, J = 8.0 Hz, IH), 4. 1BCT/8G2098/600473

6.8 Hz,3H), 3.52 (dd, J = 8.6 Hz, J = 18.4 Hz, IH),

3.34-3.29 (m IH), 3.19 (dt. 49 i 2 = 5.4 Hz, J1>3 =

[0486DThe de:ﬁ:,onZﬂRlBtre(tﬁlXély &eécnge& ﬁr&n '% tab]l% Iéiy gxyae%:ed in the

absenzﬁ:_l)ofl %‘l)@ glingent Jor_ }(pn@ntqz mgpgﬂonoo@@mﬁtaasn( rwhlﬂH)ls nb8Gpecifically

discl bR '3y Semk
isc él@i?g ghusl(fﬂr Mﬂ%ﬂgﬂe ‘%n]e?iéhlﬂlstap%l@g hérf it a1y %%thg%e% ‘gromprising”,
cons&s&mg ‘esgentially of” aup engigSig) ofabtcukiadiede fread g 9SO without

11m1tahm’f Fﬁe},:ld a%lgotz il?nzigd %igﬂxﬁﬁ% l}s# p O%}%% 1@1&??&1&?&&}? nret%frence but

includgcrisq) otheowloy-spwﬁedh @bmp6REnE) of Elekcnan A sl
0.061 ol )e in et hasnoﬁqﬁﬁhg{ kic_t}e exchanged

5
with G Sl A M i xmeo<biond obichvatian employed are sed
as termoof degriptiod aﬁd nbh6f Rifgtig taﬁflgﬁ erd&d fo ?rﬁ%x%%glttﬁ%) mTtBe use of such

filltratiqon and rinsed with acet one

terms &Pq] Sxpressions of, excludipg ray eayiyalghts(FlthadeatBiles %’showﬂ. fdnﬂ\“\eﬁscnbed or
portloﬁ%e%f IﬁQQt M’f@ogn‘?zeﬁéﬁ%z\(a%\?us }ﬁ!)fdtélc’qgonég)e po&s1b}5z v(lggn ‘the scope

Oftheyw%n@()mclmzned; = 11.7 Hz, IH), 3.74 (t, J = 6.5 Hz,

63-3.54 (m IH), 2.97 (dd, J 12 5.4 H, J 1 3
[011’?} P‘éefri‘én badinents e withiy thenfollawing 2lars.(Is, adtlitlon, Wwhere features or

aspectsl oﬁ&eln%tl()ﬁ]aréfﬁgscnl}e@x% t%ttn%s %Maéﬂ% bz 3 e(sbgéd in dfee art will
recognqut)hat glelmy,erglonlls 7als4> thm}'p'y desckidéd Gn t&ﬁlsi’of a?@' 1i|1d1v§ﬁlaf'member or

groRg ofme Jé%“ﬁ/ﬁﬁfmb%%}‘%‘%?es HR/ M (ESI ) Cal bul R ed
for CL6H29N2O4 [ M+H+], 313. 2127, found 313.2122.
[0110] Proceedi ng according to an alternative
synthesis route (cf. e.g. Fig. 2 and Fig. 10),
Oxazolinidone (12) ( 1 nmmol) was dissolved in
anhydrous CH3CN (5 nL). The m xture was stirred
overni ght at roomtenperature in the presence of DBU
(2 mol). It was then diluted with CHd (20 nL) and
washed with brine (2 x 20 nL). The organic | ayer was
dried over Na2Sqg 4, filtered and evaporated under
reduced pressure. Oxazolinidone (13A) was purified by
flashi ng col um chromat ogr aphy.



[0111] To a stirring solution of oxazolinidone (13A) (
1 mol) in acetonitrile (30 nL) under argon, Et3N (2
worev)7ssateti ¢ anhydride ( 1 mmol ), and PCT/SG2008/000473
4-di met hyl am nopyri dine (DVAP, 2 mmol) were
sequentially added. The reswaing m xture was war ned
t CIamOC and further portions of Et3N (6 nmol), acetic
anhydride (3 mmol ), and DVAP (6 mol ) were added.
f:1 ef,: , the reaction mxture was quenched with
Whéé% glraglt%éﬂdﬂNl-MCI solution, diluted with distilled water
and extracted with CH2A 2 (3 x 20 nL). The conbi ned
or danAgrbeepeoffonaing 44,5 atlarpimercybloB&@he chibbkAaRGsteRBflgeneral
£ qon]éintrat ed. After flash chromatographic purification
ormylg{lgnc/  hexane) pure acetylated | actam was obt ai ned
920 nL). To which was added
at room tenperature. The
m xture was stirred ORperature for 30 nin
fol |l owed by ftgreat th Anmberlyst 15 ion-exchange
resin for 5. ¢ ture was gjluted wi t h et hanol
and filtered thfough:iCelite and s(l ica gel. The filter
pad was rinsed Wsth fethanol after filtration. The
conbi ned filtraRes rtdncent r at edunder reduced
pressure to afford RY%i do carboxyl ate ester (2A)
i t hout,. fyrther rification. [0112] A solution of
orap %ﬁ?‘ﬂ?&ﬂy@wfmﬂ%ﬁahitﬁ“ﬁ%ydr ous Et20 (0.2 nilL) was
wheret#éd ROr ' ' Yokt |5i194-
e pende e P R i the OB Lo R 19 brbu, an
aliphafig greum, e elicycdie g1@ipprim aminatio grope ap enddliphetiagduphaid an arylali-
. ' ver riod of 20 mi.n to a solytjon
eyelicJOGE SRBAMED 4w D REP0uR sebreTiim Podripii) Sate and s,
whereitPROR UNGER Wiatd a8 ndditB RREd Rin megérﬁﬁ}? /c&‘}ﬁ‘t%%tl\ﬁ@ oFBd a silyl-
. er

to roomtenperature, and'stirred for
group, apApsalinhatic; gligyalic, aromatie,csyldliphatigsand drylatiqycdid g comprising 0
j Vi qor, hN I ROLO._give
fo abog?gg%%ﬁ%g({}g%%%dc% wél?éégf) ?ﬁg;[\{ép ég’ g?fm(gﬁ]d washed w th
the pro@kslcdiepading: The filtrate was evaporated under reduced
pressure to give 3-pentyl trichloroacetimdate. The
(a) reacting B ByA-grhygreprunzopwaryd (Dr i chl or oaceti mi date (0. 75
mol ) and CF3SO3H (0.075 mmol ) were added to a
sol ution of azido b te ester (2A) (0.6 nmol) in
CH2A 2 (5 L) un The reaction m xture was
stirred at roomtenpergturelfor 24 h, during which
nore imdate and CF%g\ (0075 ffbl) were added 5
times every 4 h pd&tQd. The reaction was quenched wth

ORS®

and di ssol ved i n net hanol
sodi um net hoxég,, (0.

wherein R5 and R are independently selected suitable protecting groups, and wherein the
symbol ~nan indicates that the bond may have any configuration,

to form an aldehyde of general formula (4)

H
)

4
OR®
R5

Ol

(b) oxidizing aldehyde (4) to carboxylic acid ester (10)



5 % aqueous NaHCO3 sol ution. The aqueous | ayer was
extracted with CH2A 2 (2 x). The conbi ned organic
W@bmwee7stas washed with brine, dried over Na2Sqpa@r/sGzos/000473

concentrated in vacuo. The residue was purified by

flash col um chromat ogr aphy 47Et OAc/ hexane) to afford

the product (14B). Azide (14B) can then be converted

to amne (1) as described above. [0113] The listing or

di scussion of a previoyshy published document in this
specification should nad necessarily be taken as an
acknowl edgerment RIQ3 docmrﬁg is part of the state

of the art or is comgdn ganeralZknow Qﬁlg’e [0114] The

i nventi on has been d¢ Hed broadly and genetically
herein. Each of the ns er speci es and subgeneric
groupings falling within the generic disclosure al so
formpart of the invention. This includes the generic

(c) replacing pratecsing@rouhS pheeelmivtin avidtdsten (10)dyi MN-Qibstituted carbamoyl

| L_IT] ion.r Vi any_subject matter from
gr@ﬁg%één s%onﬁéfaﬁggflg%ﬁgé)cﬁﬁgpﬁt@ﬁ r not the excised
material is specifically recited herein. [0115] One
skilled in the art woul d readiiby appreciate that the
present inventi is well adgpted to cagrry out the
obj ects and Mt dq : ] ges nentioned,
as well as those inlfferent . Further@)it will be
readi |y apparent tocpne skiJled[in the art that
varyi ng substitutions and megiAf1 cations may be made to
the invention disclosed herein without departing from
the scope and spirit of the invention. The nol ecul ar
Wh@fﬁr%Rék%& sgiteble pretesindhgudsp, procedures, treatnents,
S, cific c oynds desgcr.i bed herein are
O reag?éé@ﬁ%q%ﬁﬁ?lzegﬁ@%b@m%? 0 g?’“‘p‘?"é‘?%’i“?"@@lee@@bdi ments are
exenplary and are not intended as linmtations on the
scope of the invention. Qm%nges therein and ot her uses
will occur to those skilded in the,art which are
enconpassed w t hi pOj A | O.(Dzﬁihe i nvention are
defined by the ope p clainms.[0116] The
i nvention il [Fustxative dscri bed herein suitably nmay
be practiced int ab>epce of any el epent or
el ements, limtatitdn or Jimtations Wdch is not
specifically disclosed Ipgrein. Thus, for exanple, in
each instance herein any bf the terns "conprising",

(e) removing moiety OR® from oxazolinidone (12) to form oxazolinidone (13)
1

N : (13)

/

RS

2Z e

3

wherein R8 is H or one of a silyl-group, an aliphatic group, an alicyclic group, an aromatic
group, an arylaliphatic group, and an arylalicyclic group, comprising 0 to about 3
heteroatoms selected from the group N, O, S, Se and Si,

(D) reacting oxazolinidone (13) to form azido carboxylate ester (2)



"consisting essentially of and "consisting of etc.

shall be read expansively and without |imtation, and
wWae@nms1d i mted to only the |isted conponent SPETBG2008/000473

directly reference, but include al so other

non- speci fi ed conponents or 48l enents. As such they may

be exchanged with @ach ot her. A@Ot bnally, the termns

and expressi ons whi ctf~hax oned are used as
ternms of description arjd no
is no intention j{hat ipn the

of Ilmtatlon and there
se of such ternms and
expressi ons of Bxeln® ng ey equi val ent@)of the
features shown and descrifed or portions thereof, but
it is recognized thRﬂgvarNgus nodi fi cations are
POSSi bI e Wt h| n the scope Bf the invention clained.
Wl[lquil!!ﬂ anh & m@¢pmd¢mlyasebcwdtﬂ'unm tHehgrofiwtdmisting of a silyl-group,

d|t|o eatures 0 spects of the
oDl atbosPE bl e it e el GvtoRirel S spRtsmng 0 t0
abbbiss RetetobdohRhel sdtelTRora kife ghbhp NI @C QU8d &£y &ihadq t he
invention is also thereby described in tefms of any

(8) conygsting azide cabakdatewstes (Hdo duhpdiemintecyotntexafe dattoxylate ester (1).
Mar kush group Caims Wat \is claimed is: 1. A process

of f m n cI ohexene carboxyl ate ester

of ge rpg Ce[Sg Pf,-aﬁ ?:Eurtglp gmqg@aplqa%naceutmally acceptable
salt oo S-Apindilb ey&8ahdxehb 85:86% lat‘é'@@t'éle{l'j Rl - R3 are

i ndependent |y sel ect ed fromthe group consisting of a

silyl-group, an aliphatic group, an alicyclic group,

an3-ar"181¢alr®®sg obelpimsahon?, yiakréip tted pharngacauficalBratoanable salt is a

ic group, conprising O to about 3

phOSpﬁ&;{e %%?% selected fromthe group N, O S, Se and

Si, wherein R4, R1L and R12 are independently sel ect ed

fr@m"ltﬂé%)r&e%@f &gﬁ%ﬁie%ﬂc%nﬁ B, wﬂex%F a?ﬁ e uundsagﬂ C@)"and (10

al iphatic, alicy aromati c, ary

R, angyiy p@mp@lygis@), ?4)@(1%)a (1@&)&411} (12) R@ afe mdepdndeﬁtl}aselected from the group
consw@lg’é Sf %gitl)gr%o& $ a8 % E}Rge}t Ca calcﬂ% d')? %tg% laf)ﬂglpgaﬁc, and arﬁahcychc

group,Jofnpitisingd) RRiboan3 aeeratiik sefkted from the group N, O, S, Se and Si.

5. The process of any one of claims 1 - 4, wherein in compound (1) R3 and in

compound (2) R18 are an independently selected acyl group.

6. The process of any one of claims 1 - 5, wherein in compounds (4), (9) and (10)
R3, in compounds (3), (4), (9), (10) and (12) RS, and in N-substituted carbamate (B)R7, are
independently selected from the group consisting of methyl-, ethyl-, n-propyl, iso-propyl-,
acetyl-, benzyl-, benzoyl-, p-methoxy-benzyl-, 2,6-dimethoxybenzyl-, tosyl-, tetrahydro-
pyranyl-, methoxymethyl-, B-methoxyethoxymethyl-, triphenylmethyl-, allyl-, 1,1,1,3,3.3-
hexafluoroisopropyl-, trimethylsilyl-, triethylsilyl-, tri-isopropyl-silyl-, di-isopropyl-methyl-
silyl-, zertiary-butyl-dimethyl-silyl-, tertiary-butyl-diphenyl-silyl-, (tris(trimethylsilyl)silyl)-,
trifluorosulfonyl-, toluenesulfonyl-, p-methoxybenzyl-, tertiary-butyl-, methylsulfonyl-,
allylsulfonyl-, allyl-, allylsilyl-, pivaloyl-, methylthiomethyl- and 2-(dimethyl(2-naphthyl-
methyl)silyl)ethoxycarbanoyl-.

7. The process of any one of claims 1 - 6, wherein in compounds (4), (9) and (10)R>

consists of a methylene linker and a moiety R19, the methylene linker connecting moiety R10



wherein R5 and R6 are independently selected suitable
protecting groups, and wherein the synbol <w.
WO pooses t hat the bond may have any confi gurBE€T/86G2008/000473

form an al dehyde of general formula (4) (b) oxidizing
al dehyde (4) to carboxylic &% d ester (10)(c)

to therdePY @6k ardip AF8CL dif boxylic acid ester
(1?)] byﬁgrn substi ?%I?ggﬂdggﬁb%ggn{éw:@a’r oup, thereby

whergip R proone-of b sliphatice aliayaltib et atid, 3)ylaliphiage, anRaniadylalicyclic

S . y cLi rQup, (.d acting N-substitute
groupg Eorh e O S 56 781Hh 85 o0 Fhed B b Bioupa, Goctsviong i,
such thei R433i1Bo i

0X a%ol [ %o%%%%ﬁmﬁg I‘(gjl %ﬂg% & él% %—?nt(géra %ﬁfé)@lol]}llaé9A)

silyl-group, an aliphatig @

an aromatic group, a

arylalicyclic group, conprfisin Q @gpout 3

het er oat ons sel gg ed\ﬂtgmf egroup N, O S, Se and

Si, (f) reacting oxazollnidoge (13) to form azido

carboxyl ate ester (2)wherein 8 and R19 are

i ndependent |y sel ect ed fron19 e group consisting of a
and whéreinl thg Bgligihydopsian pbaipbaad BIA)GY 6btahed ByONBLI C,

. arylaliphatic, and arylalicyclic group, conprising O
(i) reagtinganstal (B het er oat ons sel ected fromthe group N, O

S, Se and Si, and (g) conv-bti ng azi do carboxyl ate

ester (2) to 4,5-dpe A~ ohexene carboxyl ate ester

(1). 2. The procesg of c , further conprising

1
formng a phar npgely i ca\\l\‘ ept abl €7sal t of
4, 5-di am no cyBI ohex¥d® caxtoxyl ate ester (1). 3. The
process of clainms 1 or 2, wq{ein t he pharmaceutically
acceptable salt is a phosp c acid salt. 4. The

. one _of ims 1 - 3, wherein in
to fgéﬂnggﬁﬁlé‘gﬁr(’ﬁ%nﬁﬁ?’P%%&QO) R5, and in conpounds (3),
(4), (9), (10) and (12) R6 are independently sel ected
fromthe group consist a silyl-group, an
aliphatic, ali cychc, , arylaliphatic, and
arylalicyclic group, con g0 out 3
het er oat ons seRg&%§$@w% grodggﬁagcz S, Se and
Si. 5. The process of any ¢ne of clainms 1 - 4, wherein
in conpound (1) R3 and in QR®

an alicyclic group,
tic group, and an

(ii) removing the hydroxy group of 3,4-dihydropyran compound (8) to form 3,4-dihydropyran
compound (9A).

8. The process of claim 7, wherein the acetal (7) is obtained by:

(i) reacting 3,4-dihydropyran compound (5)

to form acetal (6)

(6), and




conmpound (2) R18 are an independently sel ected acyl

group. 6. The process of any one of clains 1 - 5,
wob@pe7es13 n conpounds (4), (9) and (10) R5, i nPCT/SG2008/000473

compounds (3), (4), (9), (10) and (12) R6, and in

N-substituted carbamate (3) , are independently

(ii) shielded o ﬁhﬁﬁbiﬁ@mﬁf) OURcEA6) 5! fog,gn@f aclR gwtherelﬁ&ﬂyl "
" n-propyl, iso-propyl-, acetyl-, benzyl-, bénzoyl-,
p- met hoxy- benzyl -, 2, 6-di net hoxybenzyl -, tosyl -,
t et afipeippyssariyphy pneref Haixsriet $ywherein converting azido carboxylate
~ et hoxyet hox thyl -, triphenylnethyl-, allyl-,
ester @,) fo %%‘ﬁémé“" SsLher s rtolaser () sammsisesi o | yi -
i) redcfih@hindb ¢ 184 5
® di -?sop?o?ﬁs ksr’rlg%e}ﬁ{ﬂte;:@??pf&m/ézru?}d Eéuft ?/)f}fl%ffr?%tt(a ’h§/1|4-) silyl-,
r ry-butyl -dibphenyl -silyl -,
(tris(trinmeBRh Vsi 1 yLAsilyI@ R'ri 1 uorosul fonyl -,
t ol uenesul f onyl =" sthoxybenzyl -, tertiary-butyl-,
met hyl sul f onyl -, sul fonyl -, allyl-, allylsilyl-,
pi val oyl - ,_sget hyh et hyl - an
2- (di net h?l (2Nhar ht hyl net hyl ) sictlliﬂ )alé(tihoxycar banoyl - .
7. The procesd of ag one of claims 1 - 6, wherein in
conmpounds (4) R2(19) (10) R5 consists of a nethyl ene
_linker and a noiety 5t he net hyl ene |i nker
(if) convertieg aiidg carhioaylateRister t{14) té 4[Sydiemino @fclulRxée carboxylate ester (D).
3, 4-di hydr opyran conpound (9), wherein RL0 is one of
an_al i phatic, alicyclic, aromatic, arylaliphatic, and

an1%rTheproesss of anyypra s claiwgdri % whgrain fescting ud-Bhydropyran
compQIdROP &S a%e%&?ﬁﬁ/glg ﬁi;) &?fg%{‘}g«% &@g%g% ?ﬁla%-g(ﬁbgglﬁn %grglpound ) to

Si'5 such that ran
an elevepd tapergdredby fornmul a (9A) and wherein the
3, 4-di hydropyran conpound (9A) is obtained by: (i)
re ft1L ng acetal (7) to form 3, 4-di hydropyran conpound
(a3 L (Hebrpgess of Ry enrcoTisiadius Ly 1s Blgreit oxidizing aidehyde (4) to

A- di . - di_ hv. n
B S O R
acetal (7) is obtained by: (i) reacting
3, 12.diteymtocgsy phelaitw ipowdidein He oxidizing agent is one of sodium chlorite,

potassium permanganate, nitric acid, Tollens' reagent (diamminesilver(l)), a copper(Il) salt,

and chromium(VT) oxide.

13. The process of any one of claims 1 - 12, wherein oxidizing aldehyde 4) to

carboxylic acid ester (10) comprises forming a carboxylic acid (10A):
ORS

5
RO CO,H
(10A).

14. The process of claim 13, wherein carboxylic acid (10A) is converted to carboxylic
acid ester (10).

15. The process of any one of claims 1 - 14, wherein replacing protecting group R5 of
carboxylic acid ester (10) by an N-substituted carbamoyl group comprises converting

carboxylic acid ester (10) to hydroxy carboxylic acid ester (11)



to formacetal (6)(ii) shielding the 3-hydroxy group

of acetal (6) by formng acetal (7) therefrom 9. The
wee@eews1df any one of clains 1 - 8, wherein CRC/EG008/000473

azi do carboxyl ate ester (2) to 4,5-diam no cycl ohexene

carboxyl ate ester (1) conpri%%s: (i) reacting azido

carboxyl ate ester (2) to H azi do carboxyl ate ester

(14) (ii) converting azidg@'tarboxylate ester (14) to

4, 5-di am no cycl oheygpe c‘rboxykﬁégaester (1). 10. The
process of any one of mherﬁiy reacting
to form an é'dehyde (4)

3, 4-di hydr opyran conpo
conpri ses exposing 3, 4- jopyran conpound (9) to an
el evated tenperature. 11. e process of any one of

claims 1 - 10, wherein oxidizing al dehyde (4) to

can j [ rises contactin
o DI oS of oBRN S, WS R Rk Beian, 20 pogwin
convedﬁng:d:&lbmyht acidhestee I(IO)tth hydmx_d IcZﬂbBﬂylﬁQeﬁﬁkl edtér @PEchprises
un1c%€§ rite € un1pernan ganate, nitric acid,

remour,lag fné)hﬁgy Y fontactt 7@@@, q%@s(qr)(; 0) \alt}@; eppel c(enp)ammonlum

nitrat& %lej ggﬁg&gﬁ-qmygﬁ% Yld)-l\alﬁfébgtﬁn %%Dﬁ@f ﬁrg? ﬁ‘ﬁth%g ? &\g(d

NﬁBEBGSNXBEbﬂbeC acid ester (10) conprises forn1ng a
carboxyl ic acid (10A): 14. The process of claim 13,

n carbox |IC ag 0A) i.s_converted to
c a?{?eb%ﬁ Rf8°ee?%P c é’é’%sef ‘efl’gﬁ} wherpin frydrogy s@régrsylm acighgstasi(el) is
conveftbd ¢ MisWBstiuted b4rbawfafy @) Nhé @(ﬂlv%&tggco%nﬁf@g%%&?al g ﬂgdroxy

R5. of carboxylic acid eSter (10
carboxsdiciagitbsster g Dupitle bﬂpparbetsyld:mmdemla GGDEa thenebyl formmgicdrbamate
(3A) ester (10) to hydroxy carboxylic acid ester (11)16.
The process of claim15, wherein 55 IS
p- met hoxy- benzyl -, and wherei n @BAverti ng carboxylic
acid ester (10 Nhydr oXyy carbpxylic acid ester (11)
conpri ses rengli S b bRy car boxylic
acid ester (1 ] ger i mroni um ni t (34,
2,3,-dichloro- ' 4 benzqw none (DDQ, CBr4
i n met hanol, and NaBH3(CN)/ BF

18. The process of claim 17, wherein carbamate (34) is further reacted with a
compound (15) of general formula R7-X, wherein X is a group selected from halogen, a cyano

2

an isocyano and a thiocyano group, thereby forming N-substituted carbamate (3).

19. The process of any one of claims 1 - 18, wherein reacting N-substituted
carbamate (3) to form oxazolinidone (12) comprises contacting N-substituted carbamate (3)

with a metal carbonate in the presence of a suitable catalyst.

20. The process of claim 19, wherein the catalyst is 1,3-bis(2,6-diisopropylphenyl)-
imidazolium chloride.

21. The process of claims 19 or 20, wherein reacting N-substituted carbamate (3) to

form oxazolinidone (12) further comprises adding an azido compound under suitable

conditions.

22. The process of claim 21, wherein the azido compound is an azidotrialkylsilane,



17. The process of clains 15 or 16, wherein hydroxy
carboxylic acid ester ( 11) is converted to
WOR®IOFBIZ ut ed carbamate (3), the conversion cREPBGHISE00473
contacting hydroxy carboxylic acid ester (11) with
| A - carbonyl di i mi dazol e (CDI% thereby forning
ca2Bafhb@rdcd4) ofldaimkl?e @ROCRHSeR] the !aﬁﬁmc&%gox\iﬁhefs gﬁ?e]%t)o gether
a

ih LA barra&.lgl(i A) is further reacted wt conpoun
with afl-orgame flupride, jalt ymderguiteblegoadisions.X is a group sel ect ed

from hal ogen, a cyano, an isocyano and a thi ocyano

gr rm ng. N-.substjtuted carbamate (3).

9% PTG HEEERU LAY BLOG QNS Whedicarbanml e () e o
oxazolip@ione OIR) kb ot dzuoligdowa(18R6&hprided koht@otYy &gzol_inidone G(12) with a

zol i ni done (12) conprises contacting N-substitute
ansﬁ%r%ﬁ‘?‘mte (3) with a netal carbonate in the presence

of a suitable catalyst. 20. The process of claim19,
wh ' I [ . . . .
35l s B Bl 3\ Fhoreinhs Bramsied ks ise ohe dapalieyclo-
noneng.la dizrebigychnmdscent, £diazdbicytodfand( diNdBF Bl I SAR:] %‘aa a-
sgbst itut.ed carbamate (3) to form oxazolini done 15

N- uf.
alkylgpani Wgrpgﬁﬁ’&?’iag%(@%ihﬁ’énﬁﬁ azi do conmpound under

sui tabl e conditions. 22. The process of claim 21,
wh i ' nd s .an . . ..
o o s ret i SRR UL |5 2 wheeisreaptine pxezotivigane (13) to
form azizio eatterglate ester (2y tatnprivePOMACtingSASNAHd4RATS PGt Wnldlecule of
or i C fé{guorl de .salt under s ! table conditi ons. _
gener@%’.”“‘l"%ﬁpr‘%— Sundgr suifghle sandifipns RA ibring pne o @silykigeous, an aliphatic
' &t L] 2 f .
eroup SN, 0061 R B0 AR b Sl oue

oxazol i nidone (13) c
comprisig) 0 {4 abeuh3 Betertatunbesdeted2Bom Thegpup dE S SoKe ah@Bm 24,

) rein t rnsted . base is one of a
Wherelg{iqaisa ecﬁdﬁ&ﬁ:ﬁé’?d -di azabi cycl oundecene, a
di azabi cycl ooct ane, a dii sopropyl al kl am ne, a

t et et kydce i Al ri.di pe. i um i de.. 26.
The pr ogesséﬁycgdﬁ@ezgﬁg% g#eq%?aflsn%p %y§g%)§p’ WI%VV §rHin the molecule

of gengralformnlg Rixdr-®3iis anlenteyd(ida) t o

28. The process of any one of claims 1 - 27, wherein reacting oxazolinidone (2) to
form 4,5-diamino cyclohexene carboxylate ester (1) comprises forming an azabicyclo

carboxylate ester of the formula (16)
CO,R!
2
R%—N
(16)

N3
wherein R? is selected from the group consisting of a silyl-group, an aliphatic, an alicyclic, an

aromatic, an arylaliphatic, and an arylalicyclic group.

29. The process of claim 28, wherein azabicyclo carboxylate ester (16) is reacted to

form azido carboxylate ester (14).

30. A compound of the formula (4)



form azi do carboxylate ester (2) conprises contacting
oxazol inidone (13) with a nol ecul e of general fornula
WOR0M0F8B under suitabl e conditions, R3 being PCESG1008/000473

silyl-group, an aliphatic group, an alicyclic group,
an aromatic group, an aryl al33phatic group, and an
arylalicyclic group conprising O to about 3
het er oat ons sel ect ed fromthengoup N, O S, Se and Si
wherein Ais one of O S, Se, N and P. 27. The process
of claim 26, wherein R3 is anfacyl group, and wherein
t he nol ecul e of generga S -A-R 3 is an
anhydri de. 28. The pr of any one of clainms 1 -
27, wherein reacting Q ohini done (2W)to form
4, 5-di am no cycl ohexeneYCar boggéat e ester (1)
conprises formng an az yclo carboxyl ate ester of
the forrmula (16) wherei QR%S is selected fromthe group
consisting of a silyl-group, an aliphatic, an

wherei Réqul RE aramdepadabt L seletedouythiblle ippbtagting gratiyh i'H, and wherein the

ryl a cI [ 9. The rocess of cl aim 28,
Symb(\g/a\lln)(g’?"é'lL %B%éﬁ?)g%ﬁz 3](9‘?"& YESPEEUIRHE), i s react ed
with th@pfo@fsmtagtlwbalﬁw%%@t%%éﬁz%ﬁ (14). 30. A conpound

the formula erern R5 and R6 are
i ndependent |y selected sui tabl e protecting groups or

H, Sb,riEhwdmmmrundbﬁelaﬁy BOpWhéreinRA aall RE arke hiddepbh®entl ?@Qlected from
with the provi so t ha

th n onfi gur ation
© gf%‘fgc%lsﬁ% Oﬁ&? 2 SUyIRerRuR A aliphafic grawp.cBrAbisYRits SpuRaaiapmmatic
3
group34h ar‘ﬂ%ﬁf)ﬁdt{b groupd R aﬁl%dygﬁg Eﬁﬂ? o%ns?r?éaﬁ ‘E&a:?r)cé) E ?E@groatoms

the group consisting of” H,
Select@ir@%thegroap%@ls Segnd $, an ar omatl c group, an
aryl al i phatic group, and an arylalicyclic group,

or g Rpgpind 1 Bty (182" °R Compound of the

fornula (10)

OR®

5
R°Q CO,R!
(10)

wherein R! is selected from the group consisting of H, a silyl-group, an aliphatic group, an
alicyclic group, an aromatic group, an arylaliphatic group, and an arylalicyclic group,

comprising 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si,
R and RS are independently selected suitable protecting groups or H, and
wherein the symbol anan indicates that the bond may have any configuration,

with the proviso that R3 and R6 are not both acetyl.

33. The compound of claim 32, wherein R> and R are independently selected from
the group consisting of H, a silyl-group, an aliphatic group, an alicyclic group, an aromatic
group, an arylaliphatic group, and an arylalicyclic group, comprising 0 to about 3 heteroatoms
selected from the group N, O, S, Se and Si.

34. A compound of the formula (11)



wherein Rl is selected fromthe group consisting of H,

a silyl-group, an aliphatic group, an alicyclic group,
W@rooaoTeset i c group, an arylaliphatic group, aanH&G2008/000473

arylalicyclic group, conprising O to about 3

het er oat ons sel ect ed fron1tH%‘group N, O S, Se and

Si, R5 and R are independently selected suitable

protecting groups or HORAd wherein the synbol W.

i ndi cates that the bondgnmay have any configuration,

with the proviso at BB.a B@ZRG not both acetyl.
33. The conpound of B2, wherein R5 and R6 are
i ndependent|y sel ect ¢ the groupligonsi sting of H,

a silyl-group, an aliphaitrc group, an alicyclic group,
an aromatic group, an arylaliphatic group, and an

| b 3
e st ohied Sl By B3RotRs 8 b s S ihaiserou, an
ahcych grcﬁ@a aﬁ\anomn]uo lgﬁdlpoﬁn bRgal{pheid bRup %%%Waﬂcﬁhc' group,
compSS ﬁtte grgg group “consi st ng
pij P% 9 ‘b(n’ﬁ Wf%t?laﬁa%lp‘ate@fr@whe arDU@IN,c@,oﬂi,l&e addip,

| al i phat , d
RE 3o S B RTROIEd 8800 5P 30 sl b 0 Lo about 3
wherehethe SPRALOITEASE iRBER8k thaQm B&ﬁi 1915.8 Hgvé\hnggoﬂﬁgué? an d

Si, R6 is a suitable protecting group
V\,herel n the synmbol windicates that the bond may have

35. ddwfcomppand @fnlalﬁs?a4 ,Wieerein hlﬁﬁabl selettd Eba the 3fbup c}pnsl,_llstmg of
sel ecte t he group consisting o
H Sl?“i%“?*ﬁ ARG, A pl g o afpraicayown engndastatic
group,amdarydahxtychc gropPeordpriahig/ b &) LRG| 'h%te%ago ts s%@c(éed from the group

aligcyclic group, conprising O to a
N, O, ﬁe%l lons selected fromthe group N, O S, Se and

Si. 36. A conpound of the formula (12) wherein Rl is
S 0 nsisting of H a

siejl6e oﬂo%ﬁﬁ“gﬁtha gllai@ group, an alicyclic group,
an aronatlc group, an arylaliphatic group, and an
arylalicyclic group, conprPsing Oto about 3

het eroatons selected frojnthe group N, O S, Se and
Si, R6is asuita ogRﬂ)up or H, and

0

(12)

wherein R1 is selected from the group consisting of H, a silyl-group, an aliphatic group, an
alicyclic group, an aromatic group, an arylaliphatic group, and an arylalicyclic group,
comprising 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si,

R is a suitable protecting group or H, and

wherein the symbol ~~an indicates that the bond may have any configuration.

37. The compound of claim 36, wherein R6 is selected from the group consisting of
‘H, asilyl-group, an aliphatic group, an alicyclic group, an aromatic group, an arylaliphatic
group, and an arylalicyclic group, comprising 0 to about 3 heteroatoms selected from the
group N, O, S, Se and Si.

38. A compound of the formula (13)



wherein the synbol indicates that the bond may have
any configuration. 37. The conpound of cl ai m 36,
WoL@PeT881R6 i s sel ected fromthe group consi stPEEySGL0084)00473
a silyl-group, an aliphatic group, an alicyclic group,
an aromatic group, an arylaﬁgphatic group, and an
arylalicyclic group, conprising G o about 3
het er oat ons sel ected fromthe group N, O S, Se and
Si. 38. A conpound of the formula (X3pwRérein RL is
sel ected fromthe grou A g~ of #, a silyl-
group, an ali phati oup, §p yclic group, an
aromati c group, an aryal iph gr oup, and af13)
arylalicyclic group, comrisimg 0 to about 3
het er oat ons sel ect ed frémthe Froup N, O S, Se and

Si, REis a suitable prggecting,group or H and R8 is
H or one of a silyl-grodp, an aliphatic, alicyclic,
aromatic, arylaliphatic, and arylalicyclic group,
wheregoibisi soleatgd Grano thetgratp Sotsistieg 04 psilglegrenp,en dipbatict dreup, an
. roup N, O S. Se and Si, .39..The conpound .of cl.aim
ey 8 fipin. fthmalic By . RlplPPasic PRUSGROH SLORLmels Rpvsr
compriiing0 $6 hbBut §hetéPoatdils SdleRbRirbm tHE S MDA, iSe)al iSE
group, an aromatic group, an arylaliphatic group, ‘and
RS is msuitabld mbtiecting grougooHpandonpri sing 0 to about 3
g het er oat ons sel ected fromthe Pr oup N, O S, Se and .
R€ is Kjor ong)of ailyd-apim: pe pliphasiepdiinyaliofarehatic, eryialinhaiia.end arylalicyclic
o : st ag.of .
sroup R Fisthe o boie) REERRHO LG Ml GOBINT L) BO5Phad'si
an arylaliphatic, and an arylalicyclic group, with the
pr 39 THe@oinpaind=3f ¢18in188, wKeréth B3.is 4dlectdd o B ebg Bhsisting of
claim40, wherein RO is the group -CO-R 13 , wherein }
H, a sipyl-growp, 3p gliphatigrgrayn, g alipyclicgiow, jsg weamatic sipum e sl aliphatic
i [ a I Lal | 4
sroup MAAIEAALRS Rfoue? Wiyl ¥ b3 Holip AR seléed fom tre
group dahGx Pk andSest er of general fornula (1)or a
phar maceutical ly acceptable salt thereof, wherein Rl -
R3 are independently selected fromthe group

colkiAn 4z3gicyslo gomppynd g g fornypa (16)

1
CO,R
R2—N
(16)

Z .

3

wherein R? is selected from the group consisting of a silyl-group, an aliphatic, an alicyclic, an
aromatic, an arylaliphatic, and an arylalicyclic group,

with the provisio that R1 is not -C-Phs.

41. The compound of claim 40, wherein R? is the group -CO-R13, wherein R13 is one

of an aliphatic, an alicyclic, an aromatic, an arylaliphatic, and an arylalicyclic group.

42. A process of forming a 4,5-diamino cyclohexene carboxylate ester of general

formula (1)



al i phatic group, an alicyclic group, an aromatic
group, an arylaliphatic group, and an arylalicyclic
wW@e@a788¢dONPri sing 0 to about 3 heteroatons sePEDS@L08/000473
fromthe group N, O S, Se and Si, wherein R4, R11 and
R12 are independently select@ﬁ fromthe group
consisting of H a silylgrgup, and an aliphatic group
an alicyclic gggup ati ¢ group, an
aryl al i phatic &Ly alicyclic group,
conprising O to ab het e tons selected fromthe
group N, O Se , the process conprising: (a)
reacting a 3, 4~gFhydwepyran conpound (9) wherein R5
and R6 are independed |y sel ected sui{Bbl e protecting
groups, and mheRéln Nie gynbol windicates that the
bond may have any c p{iéﬁration, to forman al dehyde
of general fornula T4) (b) oxidizing aldehyde (4) to
carboxylic acid ester (10)(c) replacing protecting
OTaPBW@HﬁﬂRSHBVa@%wbbkymﬁdhamoﬂ ester (10) by an

e R AT SL88  BE R S -so,
ahphq:lroogreup,l AQaliPyolip grduh) ah @ﬁﬁﬁétﬁggﬂb"usﬁ Uﬁ%ghﬂ'%ﬁ@n& g{o*ﬁ?n%igean

to form oxazol i ni done
arylalf 61|’ﬁ GRUPAMHTEHIED toabput B ¢t©m¢t<m§mwdﬂctad|fctmdle( ddhp N D, S, Se
and Sf,eacting oxazolinidone (13) to form azido carboxyl ate
ester (2) (g) converting azido carboxyl ate ester (2)

whereitoR4, Rl dind R 1A areciyidéehaxtieselatdadioth MeEardp E5nsfslihg of H, a silyl-

group, and an aliphatic group, an alicyclic group, an aromatic group, an arylaliphatic group,

and an arylalicyclic group, comprising 0 to about 3 heteroatoms selected from the group N, O
S, Se and Si,

2

the process comprising:

(a) reacting a 3,4-dihydropyran compound (9)

wherein R5 and RS are independently selected suitable protecting groups, and wherein the
symbol ~nnn indicates that the bond may have any configuration,

to form an aldehyde of general formula (4)
H
o
(4)

OR®
R5

(@] ([

(b) oxidizing aldehyde (4) to carboxylic acid ester (10)
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ORS®
5
R0 co,R’
2 (10)

(c) replacing protecting group R of carboxylic acid ester (10) by an N-substituted carbamoyl

group, thereby forming N-substituted carbamate (3)
6

H OR
1
R7 _~N 0 CO,R
3)
0

wherein R7 is a suitable protecting group,
(d) reacting N-substituted carbamate (3) to form oxazolinidone (12)

OR®
0 CO,R’
o{
N
H : (12)

3

Z |l

(e) removing moiety OR® from oxazolinidone (12) to form oxazolinidone (13)

1
o CO,R
(13)

X

(f) reacting oxazolinidone (13) to form azido carboxylate ester (2)

HOy,, CO,R
R?’\ (2) and
N
bR
(g) converting azido carboxylate ester (2) to 4,5-diamino cyclohexene carboxylate ester (1).

Zllme



