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[0006] Hence, new synthesis routes starting from other materials have been extensively

investigated (see e.g. Farina, V., & Brown, J.D,, Angew. Chem, Int. Ed. (2006) 45, 7330-7334),
carried out largely by well-established research groups of Corey (Yeung, Y.Y., et al., 2006, supra),
Shibasaki (Fukuta, Y, et al., J. AM. Chem. Soc. (2006) 128, 6312-6313; Yamatsugu, K., et al,,
Tetrahedron Lett. (2007) 48, 1403-1406; Mita, T., et al., Organic Lett (2007) 9, 2, 259-262) and
Cong (Cong, X., & Yao, Z.Y., J. Org. Chem. (2006) 71, 3565-5368). Starting 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-(tert.-butyldimethylsiloxy-)-1,3-butadiene (Yamatsugu et
al., 2007), L-serine (Cong, & Yao, 2006, supra), 3-amino-3-deoxy-1,2-O-isopropylidene-o-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., dngew. Chem.
Int. Ed. (2007) 46, 5734-5736) and [3aS-(3aa,6;3,7oc,7aoc)]~3a,6,7,7a-tetrahydro~6,7—dihydroxy—
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-
Io[3.2.1]oct-3-en-7-one and a group at Hoffinann-I.a Roche Itd disclosed a synthesis starting




[0010] In general formula (1) and in other fornulas used herein Rl -
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SUMMARY OF THE INVENTION

[0009] In a first aspect the invention provides a process of forming a 4,5-diaminc

cyclohexene carboxylate ester of general formula 0}

O
RZO//,,,, 1
" OR
3
R\N
4 =
R /N\Rm

R1 1
or a pharmaceutically acceptable salt thereof,

[0010] In general formula (1) and in other formulas used herein R! - R3 are independently
from one another selected from a silyl-group, an aliphatic group, an alicyclic group, an
aromatic group, an arylaliphatic group, and an arylalicyclic group, which may optionally
include 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si. R4, R11 and R12
are independently from one another 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




I n general rnula 4) as well as other formulas used her n
are |ndepeﬁﬁ ﬁP%V’@éPected sui tabl e protecting groups andgkﬂﬁgé@ﬁﬁgﬁgs
rk".~.t indicates that the respective bopd may have any

configuration. (0012] The process of the first aspect the

i nvention further includes oxidizing al dehyde () to carboxylic acid
ester (10) OR6 Furthernore, the process includes replacing
protecting group R5 of carboxylic acid gs O by an N-substituted
car banoyl group, thereby form ng N subs ¢d car ana&g (3) HRVN

oR6

In general formula (4) as well as other formulas used herein RS and RS are independently
selected suitable protecting groups and the symbol anan. indjcates that the respective bond may

have any configuration.

[6012] The process of the first aspect the invention further includes oxidizing aldehyde (4)

to carboxylic acid ester (10)

QR®
5
RO CO,R’
(10)

Furthermore, the process includes replacing protecting group R3 of carboxylic acid ester (1 0)
by an N-substituted carbamoyl group, thereby forming N-substituted carbamate 3)

’ OR®
R7 /N\n/o CO?_R1
O

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

(3) to form oxazolinidone (12)

CO,R!
< (12)

3

21l

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




CO2R1 (3 R7 is a suitable protecting group. The process
i ncl ud((as) r HeEIRP8 8 ubst i t ut ed carbamate (3) to form oxa‘i%T’ﬁﬁ?%?/ﬂ@‘”
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and Si. Furthernore, the proces

Ryroup, an aromatic
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and 3A ary

to form azido carboxyl ate ester
' RS N,

In general formula (13) as well as other formulas used herein RS is H or one of a silyl-group,

an aliphatic group, an alicyclic group, an aromatic group, an arylaliphatic group, and an aryl-

alicyclic group, that may include 0 to about 3 heteroatoms selected from the group N, O, S, Se

and Si. Furthermore, the process includes reacting oxazolinidone (13) to form azido carboxy-

late ester (2)

HOy,, 002R1

3
R\ @

prdi L

L

R 3

The process also includes converting azido carboxylate ester (2) to 4,5-diamino cyclohexene

carboxylate ester (1).

[0013] In some embodiments R5 consists of a methylene linker and a moiety R10, In such
embodiments the methylene linker connects moiety R10 to the oxygen atom that defines the 4-
hydroxy group of 3,4-dihydropyran compound (9), which may be an arabino-dienitol
compound. R10 is an aliphatic, alicyclic, aromatic, 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 (9A)

O
—

R1 0 O\\\\\\‘ (QA)
ORS
The 3,4-dihydropyran compound (9A) can be obtained from 3,4-dihydropyran compound (5)

@)
HO

o™ ©)

OH




The process_al so includes converting azido carboxyl ate ester %2(2%}0
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In formula (4) R5 and RS are independently from one another selected suitable Protecting

groups or H, with the proviso that RS and R6 are not both benzyl within the same molecule.

The symbol annan indicates that the respective bond may have any configuration,

[0015] In a third aspect the invention provides a compound of the formula (10)

OR®

5
RO CO,R!
(10)

In formula (10) R! is selecied from H, a silyl-group, an aliphatic, alicyclic, aromatic,
arylaliphatic, or an arylalicyclic group that may optionally include O 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 RS 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 (11)
OR®
HO, CO,R’

(1)

In formula (11) Rl is selected fiom 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. R6is a suitable protecting group or H. The symbol
annn indicates that the bond may have any configuration.
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[0014] In a

and comrer cj avai.l abl e gluycal as a starting materi al .
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OR6 OR In formula (4) V and R6 are indepgpdently from one another

with the proviso that V and

sel ected suitable protecting groups or H,
R6 are not both benzyl within the sgane npi %OTﬁ‘é synbol i ndicates
that the respective bond may have /any™g6 pfation. [0015] In a
third aspect the invention pro#¥es a | nd of the fornula (10)
N : 1
- (12)
N3

In formula (12) 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. RS is a suitable protecting group or H. The symbol

~~nn. indicates that the respective bond may have any configuration,

[0018] In a sixth aspect the invention provides a compound of the formula (13)

o CO,R'

O
:N (13)

H

I

Ny

In formula (13) Rl is selected from H, a silyl-group, an aliphatic, alicyclic, aromatic,
arylaliphatic, or arylalicyclic group that includes 0 to about 3 heteroatoms selected from the
group N, O, 8, Se and 8i. RS is a suitable protecting group or H.

[0019] In a seventh aspect the invention provides a compound of the formula (16)
1
CO,R

R9—N
(16)

Ifpreee

N
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 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.
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[0026] Figure 6 depicts an exemplary scheme of the synthesis of a cyclohexene

carboxylate ester (1).

[0027] Figure 7 shows a first route, in two embodiments, of the last three steps depicted in
the general synthesis of Fig. 4.

[0028] Figure 8 shows a second route, in two embodiments, of the last three steps
depicted in the general synthesis of Fig. 4.

[0029] Figure 9 depicts an exemplary embodiment of the synthesis of Oseltamivir
Phosphate (1¢H3POy).

[0030] Figure 10 depicts a further embodiment (cf. also Fig. 8) of the last steps of the
synthesis of Oseltamivir Phosphate (1*H;POy).

DETAILED DESCRIPTION OF THE INVENTION

[0031] As can be seen in Fig. 1, retrosynthetic analysis of the general synthesis route
according to the present invention identifies N-substituted carbamate (3) as an important
intermediate, which can be extended to azido carboxylate ester (2), the prototype of the target
4,5-diamino cyclohexene carboxylate ester (1) through the tandem inframolecular
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




RL Nr(12) N3 In formula (12) Rl is selected fromH a silyl-grou
ggzal i phc(atti O28%¥Y§8Pi c, aromatic, arylaliphatic, or aryl 5??%%‘%?’80({?‘)73
group that may optionally include O to agout 3 hg]teroat;)rnst.sel ec'ﬁgﬂp

N 0,.S .Se and Si. R6 is a suitable protecting g
I): Oﬂ‘. t?ﬁe‘%ﬂ%&?’m n@iﬂ%r iAdfBER@mdt Ratwhene thess ave |  adifferedt sapstivasee R18 (or
any conf iieratikely-RPPO18] In a sixth aspect the invention provides a
conpound of the formula (13) CO2 R1 (13) N3 In }‘prrm:fa (13)roﬁt:(s:
sel ected frmpabl 12 cad h&k L. . thfourd [§Y&! S Al . "
aryl al i phat PIC? h]]or arf/%sgﬁbi.cyclf)"gﬂg)ra{)@&a?{:g% ?nu& u{?gsls _ 5 ga%tmaf;enal (e.g. a
het er oat EHicabe gatactal or i idalhtie gr ang th, 6-Bydrexy Seupns wail B6hé $-l§droxy group of

' | . 019], |I.n sevent h_aspect, the
venti o b g p e oRBal (5 ceh PR prie i e B ebp sis delbyc methylacata
wher ei n Rd jassikyd| etiet etordyy mpédnﬁe@r@umﬁmeﬂaﬁF7)nelaeﬁg1tsiacﬁg_;%w;riﬁygan Ay be

| i phati an.alicyclic,.an aromatic, an_arylalip
aryl ali oo tJitEd gPoie aikdibydiaryiae, subpauRds (Bk1 1w exempleCbPHBIBAL-H. In ofher

I
9
embodiments 3,4-dibydropyran compound (8) can be obtained by deprotecting a respective
ether group (Du, Y., et al., J. Org. Chem. (2006) 71, 8446-8451).

[0033] The alcohol group of 3,4-dihydropyran compound (8) can be oxidized to an aldehyde
and converted to 3,4-dihydropyran compound (9) by methylenation. Aldehyde (4) can then be
obtained by Claisen rearrangement from 3,4-dihydropyran compound (9). The aldehyde (4)
can be oxidized, for instance by Dess-Martin periodinane (1,1,1-triacetoxy-1,1-dihydro-1,2-
benziodoxol-3(1H)-one) and transformed to carboxylic acid ester (10) by esterification. The
protecting group R> of carboxylic acid ester (10) can then be replaced by an N-substituted
carbamoyl group. For this purpose protecting group R3 can for example be removed by a
suitable reagent to afford hydroxy carboxylic acid ester (11). In this regard it may be
advantageous to choose the two protecting groups R? and R in such a manner that their
sequential removal can be achieved, in particular that protecting group R5 can be removed
while R6 remains intact, Hydroxy carboxylic acid ester (11) can for instance be reacted with
CDI and NH,OH.HCI, followed by e.g. tosylation to generate N-substituted carbamate (3).

[0034] Aziridination of N-substituted carbamate (3) and ring-opening, for instance by
TMSN3, can afford oxazolinidone (12), which can be treated with a Bronsted 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 CLCC(=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)
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(1. an)ahcychc group, an aromatic group, an arylaliphatic group, or an arylalicyclic group.

[0037] A respective aliphatic, alicyclic, aromatic, arylaliphatic or arylalicyclic group is
typically of a main chain length of 1 to about 10, to about 15 or to about 20 carbon atoms.
Each of R1, RZ and R3, R4, R1! and RI2 (as well as R4, RS, RS, R7 and R19, see below) may
for example include 0 to ahout 3, such as one or two, heteroatoms selected from the group N,
0O, 8, Se and Si. In typical embodiments the groups R1, R2, RS, RS, R7 and R10 (see also
below) are connected to the respective oxygen atom, and R3, R4, R1l apd R1Z to the

respective nitrogen atom, via a carbon or a silicon atom.

[0038] The term "aliphatic" means, unless otherwise stated, a straight or branched hydro-
carbon chain, which may be saturated or mono- or poly-unsaturated and include heteroatoms
(see below). An unsaturated aliphatic group contains one or more double and/or triple bonds
(alkeny! or alkinyl moieties). The branches of the hydrocarbon chain may include linear chains
as well as non-aromatic cyclic elements. The hydrocarbon chain, which may, unless otherwise
stated, be of any length, and contain any number of branches. Typically, the hydrocarbon (main)
chain includes 1 to 5, to 10, to 15 or to 20 carbon atoms. 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 n 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, 8, Se or Si or carbon




[ 0030] Figure 10 depicts a further enbodiment (cf. also Fig. 8) of
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carboxylic acid ethyl ester (CAS No. 208589-22-4), (3R,4R,55)-5-amino-4-[(1-oxopropyl)ami-
1no]-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-
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carbonyl]amino][{(1,1-dimethylethoxy)carbonylJmethylamino]methylene]amino]-3-propoxy-
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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

2
2-
2-
1-
3-




silyl)-2-buten-1-yl. cinnanyl, a-nethylcinnanyl, phenyl,
p- (et hyl rreWE’a?‘B?%%{’Bﬂényl, benzyl); substituted benzyl (e.§CT/SG2008/000473
tri phenyl net hyl, di phenyl net hyl bis(o-n#ﬁrophenyl)nethyl,

10- di oxo) ant hr ge | , 5-di benzosuberyl,

9- ant hryl hyl, 2-(9 I

1. oyt oy RAGTLGHE (A Nor PGBy (IR, 48, 58hielrgdtyfemin.s aminc.3-(methoxgmeth-
2,4, 6-tri - | -.Ni , el

et hoxy %ﬁﬁ%ﬁfﬁﬁ%x %E%%’ gy IRERT Kor PO RG50S B am 55)-4-
4- sul f obdaesfylamingyel- ylptopomiy ke 6] Gt flugropedtyl) dneingly 1 Ly clahekeakl Iydarboxylic acid

i i i h i | - i hyl si | vl

o pr on il odker EALHEY IR0 K 0. Ay PAK Y SR B¥etsflrndio) 3-(1-etylpropoxy)-5-fme-
di -tert. thyl(tyiflwetdayetyl)bino]-1ldycRmexEDReTBR ichort HeBlYl Rotef YEARMRY &5 386-

boxy! '
(CgrR 2?315 to-?%e?ﬁé?ﬁ%‘%@&ﬁtﬂ&n%mﬁ)r%m@ﬁ@wwwmw-1 -cyclohexene-1-carboxylic
1- cycl oh I i glg-ot ' :

P e S s
formul a ethoxy)cargaybpmimajineiooinathyblaminmg-F onethdrymethidxy)d - dyohubick @real -carboxy-

Ty 2S5 R ARG B SRR 480001 By, DR s acsi ey Semino s [1-
1 0 o eromaueas s Josidmias boabaru 5 s e DN -
o o TS B DS S P B SPLSh S00 o
Jar owi ckiene)cbakiandye eid ﬁeﬂﬁ;mte_steﬁggAs Iﬁ’&riszﬂﬁlﬁ!@,-l6331_,%1}?%‘??4-%%;4??“0)_5_

1589-1615; .. 1 _Chem_  Soc. Per/tin ans. 1 (2001)
Wits & GABRRS3-(GSdndhy-phytresprenoxs-beydohexemy-ganaiboxBimatid si-sthyl ester (CAS

Fourth Egid i T - 1B) 46] F _
Fourh Eaid sonoitie) Sgont s et 1 R BB SUE DSk ey paminy 1
i mited eyclohexene-i-carboxylic acid ethyl ester (CAS No. 312004-18-0), (3R 4R, 58)-3-(1-ethylprop-
(3R 4R, 58}

] s 5-.am ng;3- (2, 3- di.hyd -1- | ﬁ
vone- 1 - 7R3 GEh ARG o RO 80 b and Tt i b Kisatboxi seid ohy
2?%[3(75 0-1 lgstél) (tCﬁ%? Notél 535@}7@@“5315'(GR?-EI,3SPm(M)Syla(u?i'noi-af(ﬁééﬂrl%%}cp%nylamino)—3-(1-
- , 1- oxy), car hon m noJ - 5-
et hyi przgfbggig?%%f}}ew £ b R < e (A o 3047 BA GoR AR,
(3R 4R 5 gfs-'én}ené’.‘ﬁ? ) gfg”i’ga'tﬁu)ag?ndrr? gj;nf?g -3 {3sRropenyl): [ Hihenzimidagole-6-
ar boxy| i erBexichaaithefhyb estes ( f‘@ﬁx&yq\@ﬂ% 128), §3RAR, 53R Rylamino)-3-(1- ethyl-
5S) - 4- (& k00 - | AOr- 30 - -1
oot boxy T OREKAS TP SplgicRkac SN BRG Wi d5c6Y (CRIRATB55077.24-
(3R 4?1 [5@} (3R (B8 mtﬂemn@?f[[@(%dﬁn&ﬁ%h?&@@tﬁmﬂ?mim?ﬁb@rathx}lpropoxy)-l-
am no - hoxy) .carb. o e
2 no] - oYl B TP AR b ER R IS T Y2 AT PRSPt qoeiptsmi
(NgR 228gﬁﬂ-ﬁﬁﬁ(ﬁ)q-f'(l-eﬂ_lylPI‘OPOXY);rli*?]3601%118(}{:?118-3—ﬁzali‘boiqcf)li% aci;i t:citrgdecc %ﬁsétere %%ASI No.

, 4R, 55).-4 - 5- -3-(1- xy) - 1- xehe-
oo boxy T 1O B e AR SSH& Geesamies e ) (1 1-dimethylethoxy)oarbons )
3R, 4R, i R4 ] 5 =i R )70l
i(c aci dS@z/l\D %go /%%&8@3?2%%'?%0 083? %%%&@gﬂﬁéﬂ%t i3>Tle'r ester)?og?%%%}gs)'4'
208720- A%l 4 ydimethylethyl)amino]-5-(di-2-propen-1-ylamino)-3-(1-ethylpropoxy)-1-cyclohexene-1-

3R, 4R, . P ' Rl -1- h =
oar boxg SRR ARl (eAST B T OB ISR 2 it dasetieiny-
(ac elt yl mg}s‘@‘@"l’&ﬂwylpﬁﬁwygl'5h¥1ﬁfogbmkﬂ@ﬁﬂiﬁﬂ§iéﬁggn%mbxﬁi@aﬁéﬂ ahester
ene-1-c¢ | : -89-6), .

(3R 4R, @ﬁ&a?ﬁé?g%ﬁg’) @Sﬁﬁgﬁﬁyﬁf@p %BW%%&’H&%%@PWW@@HE@@WXY"
' -rhety henvimetd, ' ' t . <
88[719;1?] ( e1 Zg)gﬁ%g;% é}: net b{@?ﬁﬂbgg 1?%11910-]@ F¥loheddnel] Ea%@x%?c add jeﬁﬁ@ ester
- ani no- 4-%?11% Ho>?§ ROk ) R4 drledimethydetherasatanyHeingnate (1yéthylprop-
ester (@a%)-5a[(24fafeirt-Ixfearbonyl] amino]-1-cyclohexene-1-carboxylic acid ethyl ester (CAS
No. 950896-07-8), (3R,4R,5S)—4-(acetylamino)-3-(1-ethylpropoxy)-5~[[(2-propen—1-yloxy)-
carbonyl]amino]-1-cyclohexene-1-carboxylic acid ethyl ester (CAS No. 950896-08-9),




[ 0047] The process of the invention may al so provide a

phar maceut i¥aRP0p/038d&pt abl e salt or a solvate of the 4, 5- BEHRAGHGE/000473
cycl ohexene carboxyl ate ester of general fornula (1).

Pharmaceutically acceptable salts inclu t hose obtai ned by reacting

4, ?h di ari (38,4 _)o‘hévbéﬂﬁ(lda@ibmﬂwlah?cmlmnyﬂhﬁrﬁ?o‘]ngl;irstﬁglbgtg:oiﬁ?-ﬁ-gglatggexene-
Wi an i y C i X ,

U an | DOLGBINS s S5O0 ERLA AR B By bR S
o ont ¢ il Sl ariseseokmp . afiopot PELdap B Ao i e
acid, be r?‘f%f (s e ﬁggféﬁi’*@*ébi @R AR -Gacablamingxb1anyine-3-(danethylethoxy)-1-
mandel i ¢ @mbﬂexeaadnmé;@ﬁb%cﬁ%tﬂy%ﬁ@r (;d&@N%ﬂ &ﬁ(@?&rﬁg&@gﬁkﬁyﬁ%ﬁtﬂm@

t he pharnaceutically accCeptable s orm e.(g.

conpound 1CP-ainer3t (emetby 4x3-4-dynloherene d -arbmeytianicidd @kylcstddYCAS No. 105
convent i _3aBhh 0 .aht. The | ow ng are further

exanpl es%?? : 32? a"%lg’%t at dag%t%ﬂ%é&(}ﬁ{g{lﬁgag-g{]e&%g?gogﬁ)-wctyﬁlohexene-1-carbo-
i nor gani &ybe aeidgdingl estec i(GAS Hoel @i2063-3a4d), aR%H{,sgj-giaﬁﬁﬁ@@(;{Séitﬁ}ﬂﬁ{)ﬁ&y)_él_[(
aspart at §S; ogﬁ)nzﬁat es, 1ben% nesulLongéﬁa, i sul f at es, butér at €s
canphor at'eZ PRI HeEI L a8y cIhrE PR kAo AR a5 sresind ester (A Wi {I052065540-7),
et hanes u(IRAR}SI-4-GlousBhenb RETRcosoasH %@h“ “hem sul f at es

hept anoa’lt(le , E?(an% tes, fu%af[ggcgs, kg%ﬂr)g%irﬂ(e)%% S, %I?IO r%f{?&@%@&poxﬁ-l-cy—
2- hydr ox J°8E¥RAdseArPeAicersid ethyl auters(CARMNatl@58728IME) o5 td cmp@sd of CAS
ni coti natgsiomappthal enesul f onat es, oxal ates, pal noat es,

pecti nates, persulfates, 3-phenyl propionates, picrates, pivalates,

propi onat e | 3 ' S,. L,osyl at es

Mooyl at s ancAroerBgss s kilfon Il SRS ARNAR o DS RHE U socapieble sat
accept abPe asalvatpsof thaydphdiamine cyclohesphatasboxyiatt yaster abf eResli Al (1.
a salt f | S | cal l. table for adm nistration to a
el | R TicRP nHRGEN SR ol BR RRe Pettnedor i g cyclohexens
accept abtaboxydate seer (19 fanctiomheasa bate Whe iAGREAY RlbrgBid £hd IPRE 2 salt. for
adm ni st greg I ons,. car di 'uents or active ’

conpounds, rxga%e,ﬁs‘gﬁ%ﬁ@%ﬁ%} o1yt aﬁéﬁ%ﬁ@?ﬁ%’ﬁ@scﬁh@@iﬁc ggidnmgthanergnlfetic acid,

| east essiitt acd,| damipition Sblfordb Wofdd ok ARt mMQe2R00/ 4. citric acid. formi
PCT/ SG2008( 000473 16 indost T anT o Py st ole Ségﬁgf%%%g“é’bdcﬁl%‘% acid, formic
nausea, W%AYHESL0BIC agith thengoig peidt tarteria #nid,doweriomckipmalivyliciseid, minmdelic acid,
parti cul 814 cathhid' a6H. RRYHRE Ain tter . does not cause

such effects to a deg_rleig t hat V\gg?gb%ﬁl?)ﬁl %lhfo adt?%e hapyageptigaligacgpiable salt
conposi tioFR. &4 phaeauivoued cahbgundcdpptitibihe apptdpriase TR 6r bzahfteacid, by

cell or nect] | d.there at,. t he. dosages and .

concent rcg)t?li ons ngfr%g %ﬁgéc(lgg‘%%ﬁ&% alﬂ’éof&g(}ceﬁ‘%mﬁﬁé? T cgaaplen gf agid salts that

3, 4- di hyandpy nbinined ripo readtif®)wit ifdbgnic or organic acids: acetates, adipates, alginates,
citrates, aspartates, benzoates, benzenesulfonates, bisulfates, butyrates, camphorates, digluco-

nates, cyclopeantanepropionates, dodecylsulfates, ethanesulfonates, glucoheptanoates, glycero-
phosphates, hemisulfates, heptanoates, hexanoates, fumarates, hydrobromides, hydroiodides,
2-hydroxy-ethanesulfonates, lactates, maleates, methanesulfonates, nicotinates, 2-naphthalene-
sulfonates, oxalates, palmoates, pectinates, persulfates, 3-phenylpropionates, picrates, pivalates,
propionates, succinates, tartrates, thiocyanates, 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




(9). OR6 Throughout the specification the well established wedge

repr esent atWo@i00997883¢d t o defi ne the stereochem cal confi BUFa&20980WH73

t he conpounds referred to. The wedge rep{ sentati on defines one
orientation of a substituent relative toanother substituent and

rel ati ve ungegirable ghysielogicalr éft(cztseeucél s nilises,, d1kﬁﬂéb‘sld‘rk§&ﬂm thRMin the dose or

Hamond w- H1l, 4th ion, 1981, pages 97
S99 & 1@&’?‘%@3&@2‘@&% mlﬁdlsﬁ ADRPRL G fose Ué iRatten Logsgg sauselsach effects
absol ut e teadegee I:Imtrwsﬁhd)prmiﬁhlt adiniidhiafigh ¥ e cafpduts, Egt%uncallg acceptable
respectiv senfation. The RS system of norenc

wed
however |ﬁlt &N rt)% CERL 8% n’fi’@%mﬁﬂﬁﬂlﬁﬁ}ﬁpaﬁeéltbel‘b@ o it d@dgﬂ;scmﬁrmncentraﬁons
depi ct ed eapipridnds, since this systemis based on the ranking of
substituents, e.g. HKC<N<O or CH3- < C2H5- < CH2=CH-. As an exanpl e,
accordi ng t[tﬂOtlﬁ]eT& oSy tietndds remRBGh at n sonme
enbodi nents terned ?he (S,S- and |% Sgéﬂ%@%ﬁ?g%ﬁ@ﬂtﬁ%’%
enanti oner, depending on the sel ected substituents of a speC|f|c
embodi ment. As an illustrativ ~J he azi do compound of
Chemi cal Abstracts No 208720-39-2 has an]/absol ute configuration
described as (3S, 4R 5R), whereas th azido conpounds of Chem cal
Abstracts Nos 221386-82-9 andlzﬁqg\?‘ 0-40-5 haye an absol ute
configuration described as (1 6R) can al so be taken fromthe
exanpl es of conpound (14) bel ow. RegalQR ss of this difference in

I t b fi t f th d th
cane el 3R Ao ABe gﬁr%@bﬁ&qﬁwmdg?épé?&’ﬁp& sk leee the
car boxy| stemoelsdrgicall dohfigifatiea ok Yhé% Ifgdecoc'?ﬂ% Wﬁé@}éggn F%t%ﬁ‘%n defines

can be defined as (3R 4R, 58). The ster eoc em str
and reactHof gt B‘ERIE pka sulstienirelativedd aaother euhsgtutem aniyreteivead akiivgytracture

in the afsk ¢ (@RRe hono-

het er onlejl{:SI Zgr%uf %%ﬁlgﬁ%cglds%l ues [-%IEC%:)\A% @gglé? eﬁ? WUP%%WTHIHCFI@rﬁdmOﬂ
( 2|oo3) 759812 pages 055- 308)115e! o) 1oy defiming abmpemmp@sasmﬁﬁf@hﬁﬁhgésl .the absolute
pol ari ILGHE 04 S ect.r . g. usmgt e split

Cot t onmaé‘% et aasH%ééonn&t llalrt%}f/g]ﬁgg“ t? %eé'f vewgd gwepgqsﬁ}tp(ﬁon The R,S
S. G, Natystepr oﬁnorﬂenlat@rﬁﬂﬁﬁhoﬁ;@verhﬂ&ﬂ@@et of 6@5@5 h%ﬁip?ﬁﬁﬂa\(ﬂy be applied to the

chromato h derivatisatjon in copbination with sta
anal yti c‘gﬁp?‘{%e%‘?ﬁﬂ’ Qs %eé%'égyﬁﬁsaéﬁefrpsdzmm@imbsmmn gab<C<N<O

NVR, in Q:lrL(CﬁIW @O 55 i CRBkEH2 %%)faﬁfplfg‘ 'agt,;%? %/H{;trh%)si? &elgao%rxllymgpciamre a

t he nucl ear rhauser effect, as wel ograp

sol i d stCSP&’ mMayeig semg embadisaents fermed e (Se8)- andin @mge eithedimeh2GAS]R,R)-
68, 460%ndficher dep e[naﬁ’iég?h thé seﬂ@ét@d §lﬁ)9t:1lt§1gnt% 0 P%PTC chem%ﬁsmpréfsgg a{],lgtrauve

that the resPect’l ve ave any con
st er eoi s?éiﬁ@i) corthg awida @pmpoﬁnd; wcfhcmcemelom@um§ N1 29872018812r 88k LAt Afdolute

may be r ound for instance be an

ar abi no rﬁnﬁ Qeé&ﬁgé%gé/ ?%14]%&@#8 er&ésaﬁ‘ﬁ aé}/dﬁéoﬁﬁ@é!niiﬁof frliemical Abstracts
fo: | 0}[/\,1 g@ﬁeﬁ?ﬂaﬂﬁmérﬁ ad 20t3720-40 im&%laﬁ%iae@oﬁﬁglﬁ%ﬂdd& : tgﬁi{%s 6R), as
sel ecte XY, i groups. In cal” embodi nent's

car boxy[© F%X’gﬁ'% tf}feg'tfg %}ff'ge gRrompo Eié&b@ldwt Begirdlesx pfjthis difforence in
of the @aix@ﬁclaﬁﬁ@mle/moﬁu&@cr&fgﬂra@fon%fﬁ&ésé 8&13]%&[11@ tﬁ@' el s part of

the respective group) A sil et her group fHE®structure

descri bed [@BS&]eItﬁmne‘&rthelbsel zmai Bt 4,5-08amind %ﬂfél@l‘i‘ex%@b‘ﬁﬁmgﬁﬁe es@lﬁg typically
(supra)h nB 43 of ﬁ .tahl e hygrox% QFgrotectln group 1 nc

but ar e Rt PPFRTRIS Fopfgutation fhat cah be slelinehag (FRARISHeEle sterspttensstry of the
(e.qg. Wlﬁabﬁﬁté”ﬁid"ﬁébcﬁd]?%ﬁﬂﬁét? h%eh%\{ %sﬁeﬁ a{:cor&'tﬂkyc%) %&%LQJ hnrown in the art,

oxyne

(phenyl di | silypme nethy

p- met hoi‘inzﬂﬁzfé}' yisiange A a&@étondwgzmq @n hﬁtyquﬂtlbgm J-comaingoaluee (Rickio, R

tert - bugoxynp, t y. oxynet h

2 et hooy o ho%zfy&yA 1[3'[4 d%gz gf%dBS %ﬁ?{%r %9&-%%%23/ CHEQR ?fomsatlon mass spectrometxy,
polarimetry, cn'cular 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




WD 2009/ 078813PCT/ S&2008/ 000473 18 tri s(benzoyl oxyphenyOnet hyl ,

3- (i mi dazolWe2009a881§ Cbi s( 41, 4" - di met hoxyphenyOnet hyl, 1, BCT/SG2068/000473

bi s(4- met hoxyphenyl) - 11- pyrenyl net hyl, 9- anthryl

9- (9- phenyOxant henyl , 9-(9-phenyl - 10- o;(o) anthryl

1, 3- benz culich ek VMR, anhhdmgany seitdbls 2DaVIR ﬁcﬁndﬂé}&bﬂ@)&mﬁé bb¥$ededh BleShuclear
trlrreth(ls) E‘ Eth%/lL #IY trnsopropylsu{ﬁjgSt

G ety QURBRISYT L S L B spieip BB o g MM (Fescg meRpaper, TX

tert. - bute;tlacumﬂgyb&eﬁ:yﬂzno?ﬁmm@gim nylsilyl, tribenzylsilyl,

tri-p-xylylsilyl, triphenylsilyl, enylnethyIS|IyI

t - but yl met h{ﬂ@ﬁﬂhémj&hs |rbga.t<) “ch&:sgniﬂmlym miicafes ﬂﬁzftQhéméspectwe bond may bave any

benzoyl forg%%&]ia 18 15.11 %{-}’ roacet.ate, dichl| oroacet at e,
trichl or o8 Ol A 7Y THBrYE Sfeteqisomasion aadwe Hf such stereoisomers in any desired
tri phenylrags hoxyse esedt o A-DisAgpy e Alyfound }9}111{&5;%9%%}5@%@3% &abino-dienitol

p- pol y- phenyl ac tate phenyl propi onate ‘oxopent anoat
(Levul i naFPE&’ ALy i %Mﬁ%@?é@hﬂ@ﬁd@nmgﬁmaﬁm@ adanant oat e,

crot onat e, " et hoxycr ot onat e, benzoate, p-phenyl benzoat e,
246tr|rre te (nmesi ~. car bon S t hyl , O
9-fl uor enylet hy ethyl, 272, 2- or oetHyl ,

(trimethylsilyDeghyl, |j2- (phenyls Cet hyl
2-(triphenyl ph@sp ) et hyls PN |, vi)rﬁg Wwa 7 p-gai tropheh
benzyl, p- net @ h})xyb zyl, 3, %%I met oxybéenz C)\o- nigr ober?gyl K

p- nltrobenzyl S—b@p@'l t hi ocar bon@RE, 4- et hoxy- | -®gpht hyl , nethyl QRS
di t hi ocar bonat e); groups with assisted cleavage (2- iodobenzoate,

4- azi dobutyrate 4-ni ot r o- 4- et hyl pent anoat e,
o- (di br on‘on{ﬂoﬁ% rendaR8, ar- indeprpiibrtlyz sclected fhyldab@'l protecting groups In typical

2 th | | t hi
AR AT S P PR Y S e
E 2t 6- di flﬂﬁfer grolp Vit dnyérbhe noxyiceh atoen (vhibh i bl cthe feshdotive Frdup). A silyl ether
etrane

bi s(1, 1- e Y%ESSE‘F Fistisey e%fé’%aé aboer dillghesisn gcingude groups R13 - R15
i sobut yr éstl@ra) 6§¢ﬂmﬁﬁblcﬁ1§&mﬁylrﬁbfé¥ﬂmgt2gr9% AR Efﬁ%d??llﬁ'fﬂef! to, methyl

o- ( met hoxycar bo nzoat e p pol y-"benzoa napht oate

N, N, 191, fHEfSeSH %Wﬁ EBPI8 e Enierthaxymetiphempthyithioarethyd, fers. -butylthwme-

d
gy e R o,

subst i t ugiethoxmBhenedyRaeethyly gﬂ@lﬂﬁ@meﬂwédteuybmouymemys u%pénten@éﬁutymétbyl sﬂoxy-
exarrpl e h{éﬂﬂ; dg 'inétﬂ )@G&%ﬁ@eﬁl&?i,?,&gﬁ@g?ﬁos b)é;%gd r e%ﬂ &ﬁf el ox met_hy] 2.

the respective p05|

(Carbo hy(inatedl}%b/b)aﬁmhylﬁlﬁﬂl@lz}et&&?droﬂﬁ%yll%ﬂdmtﬁt@f{ﬁ?/gr ldng d(ietrahydmpﬂ:uopy—

exchangi n tert - but t

met hyl gglfaglyg e %i ﬁ‘?%‘ng %%1‘%%}@5@@%& -reethoRyigrakydrothiopyranyl,
rotectifgn ah?&bMﬁ)pjd;&ﬁ gty r i

Benzyl lat he?lé et her s, a%gs?ét@}ggs i %lc}}g{rﬁﬁ ‘ﬁ@thflzﬁ‘%wgl’* Iggthoxyplpen"

esters, @Ht‘hyfas i‘?di‘a‘laﬂﬁ“lélp Itetrahyerpdirgnyl; d@;ﬂhélﬂ@ﬂuomw,aﬁéﬁaaﬂ‘)ﬁtﬁ 7,7Ta-octahy-
Corhroca TP AR APYAS0. OMONRSy Al I G TS5,
PCT/ SG20@s¢dowsttexy)ethyl, 1-methyl-1-methoxyethyl, I-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, 5-dibenzosuberyl, triphenylmethyl,
a-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"-




19 I n pentenogpyranoside (20) group R16 is a hydroxyl protectin rou
(see agove)wp%qgfq"%sl?ndependent ly selected fromR5 and %?C?ﬁgg@gjﬂ%l%
rut'," again, as throughout the entire spgecification, indicates that

t he respectijve bond y have any configuration (see above). The
conver SPOWS@FHW SRBEERERYlH & (fmighzolikilnathyhistd, 4bidfméthed phemyhntdieyl, 1,1-

(50be) 71 QAT S B o ey By ic D gpens-o.
e.g. be gmcoaarnélwhol,aibemrcuhtﬂl}ogmiﬂmnﬁnzmgﬂﬁm]{yl&%gtﬂgbsgcswﬁ\;\esfl i gagﬁ?sn?&ﬁ'&neﬂlyk
orher  emiadenartSreiSh, Sanhruim oBoRiEtRroia S hag Shulberroiatal dmetyl
2 5 D8t ot A By s, g
by 1 or muPHVL SRR, e e EHeR gy Dicsaho et sears (formate, beazoyl
aryl al i ptathfte, REtald, ¥helohEistk] &icﬂl%fﬂé@etat%@fr%ﬂlo%@é’ce?ﬁ% lngﬁﬁorgﬁéeg%%ﬁge o::c)’yac&
het eroatons selected fromthe group N, O] 'S, Se. .
enbodi mer#s Kehewharlosyasriate, mb@mnﬂyematé,im kldzr_@hd:dﬁfcﬂftgﬁ%ﬁglﬁ-'hﬂxenﬂb@etate,
TP o RN OIREEL ik £ Ml o, o,
3, 4- di hy @dwpgntaatecoryponate] 4Mthoxycadrks) Esknyate,c 3 HANbAERRR] A ¥-trimethyl-
to form %eﬁz_o%. eh n(%er:s(i)t%Xtréﬁ? cg%%ggtgg ?mg%)yl, 9-fluorenylmethyl, ethyl, 2,2,2-trichloroethyl, 2-
(trimethylsilyl)ethyl, 2-(phenylsulfonyl)ethyl, 2-~(triphenylphosphonio)ethyl, isobutyl, vinyl,
allyl, p-nitrophenyl, benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl, p-nitroben-
zyl, S-benzyl thiocarbonate, 4-ethoxy-1-naphthyl, methyl dithiocarbonate); groups with
assisted cleavage (2-iodobenzoate, 4-azidobutyrate, 4-niotro-4-methylpentanoate, o-(dibromo-
methyl)benzoate, 2-formylbenzenesulfonate, 2-(methylthiomethoxy)ethyl carbonate, 4-(methyl-
thiomethoxy)butyrate, 2-(methylthiomethoxymethyl)benzoate); miscellaneous esters 2,6-di-
chloro-4-methylphenoxyacetate, 2,6-dichlore-4-(1,1,3,3 tetramethylbutyl)phenoxyacetate, 2,4-
bis(1,1-dimethylpropyl)phenoxyacetate, chorodiphenylacetate, isobutyrate, monosuccinoate,
(E)-2-methyl-2-butenoate (Tigloate), o-(methoxycarbonyl)benzoate, p-poly-benzoate, o-naph-
thoate, alkyl N,N,N, “tetramethylphosphorodiamidate, N-phenylcarbamate, 2,4-dinitro-
phenylsulfenate); and sulfonates (methanesulfonate (mesylate), benzylsulfonate, tosylate). If
desired, one of the substituents RS and R6 may be replaced by another substituent, for example
in order to place a substituent with a desired reactivity at the respective position. As an
illustrative example, Chen & Du (Carbohydrate Research (2007) 342, 1405-1411) have
described exchanging a (ters-butyldimethyl)silyl group as R6 for H and for a methyl group.

{0053] In some embodiments R> and R 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)
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conpound
compound (9), which may e.g. be an arabino-dienitol compound, may for example be carried
out as described by Du et al. (ibid.). In some of these as well as in other embodiments 3,4~

dihydropyran compound (9) may be of general formula (9A)

F © 0

10 i -
RT S0 ,includinge.g.  RIN\ N

OR® OR®

In embodiments of 3,4-dihydropyran compound (9) where this compound can be represented
by formula (9A), R10 is an aliphatic, alicyclic, aromatic, arylaliphatic, or arylalicyclic group,
which may include 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si. In
such embodiments R7 consists of a methylene linker and the moiety R10. The methyzlene linker
connects moiety R10 to the 4-hydroxy group of 3,4-dihydropyran compound (9).

[0055] In some embodiments 3,4-dihydropyran compound (9A) is obtained by reacting
acetal (7)

to form 3,4-dihydropyran compound (8)

O
HO l HO O

1 D A . .
RO ow Jincludinge.g. 10~ oW ’

6
OR ORE

and removing the hydroxy group of 3,4-dihydropyran compound (8) to form 3,4-dihydropyran
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mund (dk r at i ve exanpl e, the procedure descri bed by

Tsunoda. et [%@5%} etrahedron Letters (1980) 21, 1357-1358) may be
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W0 2008/ 0o i’%‘%m%”“’%%‘?@“’a%o%@ B8y Bec5¥e ot ip sy ponstitie s seberihed by

for exanph@ihqiris&milissart(Felralenisn esee (RESHNME B 633-F638). A%rorresponding reaction

may be represented by:
0.
O HO
P — I
RO ow R°OW
ORS
) (8)

In such embodiments, in 3,4-dihydropyran compound (8) group R10 may also be H or be
identical to the group R10 of acetal (7). A respective methylene linker as in acetal (7) need not
be present in 3,4-dihydropyran compound (8). Accordingly a desired group RS may be
introduced into the 3,4-dihydropyran compound (8) at this stage.

[0057} Acetal (7) may be obtained by reacting 3,4-dihydropyran compound (5)

@
HO ,
W (5), such as e.g. o
HO Ho\\ ’
OH
to form acetal (6)
O o

0 I 's)
R1 D)\ o\\\\\\‘ R'] 0 /I\O\\\\\\‘

, including e.g,
OH 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):




R50\ OR6 (9) or in some enbodiments as foll ows: (9)(4) [ 0060]
General |y, Waalo®d#idon i s based on a so called C aisen PCT/S5G2008/000473
rearrangenent. The term " ai sen rearrangenent” is accordingly

under st ood under its broader use, referring to a - typically
concerted - pericyclic [3,3] sigmatropic rearrangenent, rather than

merely the rearrangenent of an o-allyl phenol. This conversion may for
i nstance be carried out by exposing 3, 4-di hydropyran conpédund (9) to

an el evated tenperatu [0061] Al dehyde (4) is oxidized fto

carboxylic acid es (- 2
0O
——————-
o
RPOY (9) ~ "OR®
OR6 é
SRS (4)
[0059] The reaction may for example in some embodiments be represented as follows:
H
O
Yt
Y OR®
OR®
(9) (4)
or in some embodiments as follows:
H
O
R-]g /\O ~
8o ' i OR®
R R1 O/z\ 8
(9 (4)

[0060] Generally, th'e 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 metely 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®
5
RO 1
CO,R
(10),

which may in some embodiments be represented by
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conpound that gains electrons in a redo§%%eaction. Il lTustrative
exanpl es of a suitabl e oxidizing agent i“ffclude, but are not |imted
to, a chlorite such as sodiumchlorite, a hypochlorite, a chlorate, a
perchl orate, a pennanganate such as potassi um permanganate, nitric
acid, nitrous oxi osmumtetroxide, Toliens' reagent

(di ammi nesilver(I§), a copper(ll) salt, amonium ceriunm(lV) nitrate,
chr om umRYQ oxi dge te, a dichromate and pyridi ni um

chl orochromat & ) 2'In sone enbodi ments formng carboxylic acid
ester (10) inc form ng a carboxylic acid (10A): OR6

Car boxylic acid 0A) may be converted to carﬁwﬁylic acid ester (10)
by any neans including a standard_gs | £i catigon reactiqgn wel |
established in the art. F£ LEKL6 CC@RS

and in some embodiments by

The oxidation may be achieved by contacting aldehyde (4) with an oxidizing agent, which is a

compound that gains electrons in a redox reaction. Illustrative examples of a suitable oxidizing

agent include, but are not limited to, a chlorite such as sodium chlorite, a hypochlorite, a

chlorate, a perchlorate, a permanganate such as potassium permanganate, nitric acid, nitrous

oxide, osmium tetroxide, Tollens' reagent (diamminesilver(l)), a copper(1l} salt, ammonium
cerium(IV) nitrate, chromium(VI) oxide, a chromate, a dichromate and pyridinium chloro-

chromate.

[0062] In some embodiments forming carboxylic acid ester (10) includes forming a

carboxylic acid (10A):
QRS
R°0 CO,H
(104),
which may in some embodiments also be represented by
gRG OR®
R50 R C 02 H R‘l 0~ 0

- CO,H
and in some embodiments by .

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):




[0063] In the process of the invention carboxylic acid ester (10) is
react ed to WOrz9¥¢78818st i t ut ed carbamate (3): WO PCT/SG2008/000473
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(10)(3) [00641 The reaction nmay
for exanple in sone enbodi nents be repr nted as foll ows: (10) or
in sone enbodi nents as foll ows:

OR®

1 H ORf
CO,R
2 o RT/NYO COZR1
O
(10)
(3)

RO,

[0064] The reaction may for example in some embodiments be represented as follows:
QRS

8
1 H g 1
CO,R R7 /NYO CO,R
o)
(10) (3)

or in some embodiments as follows:

R1'(}/\\O

O
3,

RG
R%O

H
T 1
O
(3

1
CO,R

T ®!

(10)

Generally, in this reaction protecting group R? of carboxylic acid ester (10) is replaced by an
N-substituted carbamoyl group. R is a suitable amino protecting group. In typical
embodiments the amino protecting group R (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




OR6 (10 CGener al | in this reaction protecting group RS of ’
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group. R5 is a suitable am no protecti ngR%‘group. I'n typical
t.he am no protecting group (as well as am no
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Cnyhne hyy o2 7o ety b ey, MLERI 100 i
0.1 0 df ShgEosy st gi‘.fv%laﬂwh@ym}eamﬂwianﬂhgdammlhwmeﬁnldethyl, 1,1-imetyl-
201 et ol st Ty T erho s abheny S hy v ST ERL 2R ARGy} domgiyt1-o
1, 1-di me 1y I)ﬁﬂwi;etlf@uS;dlﬁm-bmsdphﬂwll)-lzmtwidﬂnsdn@my land  4'-pyridyl)ethyl, 2-
1, 1- di meihydfesBlohekfibABbRER80 DAy e 8hY 1-A8atnantyl, vingl, allyl, 1-isopropylallyl,
cinnamyl, 4-nitrocinnamyl, 8-quinolyl, N-hydroxypiperidinyl, alkyldithio, benzyl, p-methoxy-
benzyl, p-nitrobenzyl, p-bromobenzyl, p-chorobenzyl, 2,4-dichlorobenzyl, 4-methylsulfinyl-
benzyl, 9-anthrylmethyl, diphenylmethyl); groups with assisted cleavage (2-methylthioethyl,
2-methylsulfonylethyl, 2-(p-toluenesulfonyl)ethyl, [2-(1,3-dithianyl)Jmethyl, 4-methylthio-
phenyl, 2.4-dimethylthiophenyl, 2-phosphonioethyl, 2-triphenylphosphornioisopropyl, 1,1-
dimethyl-2-cyanoethyl, m-choro-p-acyloxybenzyl, p-(dihiydroxyboryl)benzyl, 5-benzisoxazol-
ylmethyl, 2-(triftuoromethyl)-6-chromonylmethyl); groups capable of photolytic cleavage (m-
nitrophenyl, 3,5-dimethoxybenzyl, o-nitrobenzyl, 3,4-dimethoxy-6-nitrobenzyl, phenyl{o-nitro-
phenyl)methyl); urea-type derivatives (phenothiazinyl-(10)-carbonyl, N'-p-toluenesulfonyl-
aminocarbonyl, N'-phenylaminothiocarbonyl); miscellaneous carbamates (t-amyl, S-benzyl
thiocarbamate, p-cyanobenzyl, cyclobutyl, cyclohexyl, cyclopentyl, cyclopropyimethyl, p-de-
cyloxybenzyl, diisopropylmethyl, 2,2-dimethoxycarbonylvinyl, o-(N,N-dimethylcarboxami-
do)benzyl, 1,1-dimethyl-3-(N, -dimethylcarboxamido)propyl, 1,1-dimethylpropynyl, di(2-
pyridyDmethyl, 2-furanylmethyl, 2-Iodoethyl, isobornyl, isobutyl, isonicotinyl, p-(p"- meth-
oxyphenylazo)benzyl, 1-methylcyclobutyl, 1-methylcyclohexyl, 1-methyl-1-cyclopropyl-
methyl, 1-methyl-1-(3,5-dimethoxyphenyl)ethyl, 1-methyl-1-(p-phenylazophenyl)ethyl, 1-
methyl-1-phenylethyl, 1-methyl-1-(4-pyridyl)ethyl, phenyl, p-(phenylazo)benzyl, 2,4,6-tri-t-
butylphenyl, 4-(trimethylammonium)benzyl, 2,4,6-trimethylbenzyl); 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)acety, 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-
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Removing group R from carboxylic acid ester (10) in the presence of group RS may be
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[0066] In some embodiments hydroxy carboxylic acid ester (11) is converted to N-
substituted carbamate (3) by contacting hydroxy carboxylic acid ester (11) with 1,1'-
carbonyldiimidazole (CDI), thereby forming carbamate (3A)

OR®
J N C CO,R’
Y

[0067] This carbamate (3A) can in some embodiments be represented as:

OR?

QT Ucozw

[0068] Carbamate (3A) may further be reacted with a compound (15) of general formula
R7-X, wherein X is a group selected from halogen, a cyano, an isocyano and a thiocyano
group. Thereby N-substituted carbamate (3) is formed.

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

hydroxycarbamate (17):
6
1
CO,R N 1
(Y \Q” Y ﬁ
(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, (. Org.
Chem. (2007) 72, 5587-5591).

[0071] In the process of the invention N-substituted carbamate (3) is reacted to form
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exanpl e been described by Liu et al. (J. g. Chem (2007) 72,
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oxazol i ni done (12): (12) The reaction may for exanple iorll__iesorre

enbodi nents be represent edd}fs follows: OR6 Tr. R7N
H 1
0 CO,R
N O CO,R’ 2
Y T o
O d
(3)

N
H

Zhiue
'

(12)
The reaction may for example in some embodiments be represented as follows:
OR®
OaL_~ CO,R’

H
O N
(3)

R6

)]

QO

H

b= || (128
453

(12)

[0072] In some embodiments reacting N-substituted carbamate (3) to form oxazolinidone
(12) includes contacting N-substituted carbamate (3) with a metal carbonate in the presence of
a suitable catalyst such as 1,3-bis(2,6-diisopropylphenyl)imidazolium chloride (Chemical
Abstracts No. 250285-32-6). Reacting N-substituted carbamate (3) to form oxazolinidone (12)
may further include adding an azido compound under suitable conditions. Any azido
compound may be used that is capable of reacting with N-substituted carbamate (3) or an
intermedijate formed therefrom in the reaction of forming oxazolinidone (12) depicted above.
An illustrative example of a suvitable 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):
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[0076] Thus
in formng o]




(12) (13) WO 2009/ 078813PCT/ S&008/ 000473 29 As will be aB arent to

t he skill edVerPP&98813 1 egar dl ess of the stereochenistry of EF@GE@?IBWF
contai ning nmoi ety and the oxy contai ni nngm)l ety (e.g. al koxy,

hydroxy) in the reacting oxazolini done (“t2 the product (13) will be

of the stAuvilibe appprent & thwbshlded Adisar, degajﬂlyss ohtleostereecieaditie of thel Bgboxy

react'on res d as 7.3CO2R1 R1 2)(13) . .
oo 1 hocabtidiy xFBESS B St B35 donvaitig Tt o HRoh 1R e seacting
t he reactoxerolofiddner(12))ghepaankt (13 Jame be Ja$)the ﬁwchb@rd ?1%1:6'&%0% Aécon?mgly,

y may be freely

bei ng renoved dur rﬁg the present reaction, this noie
sel ect ed SOPEFISLIHATET ff’%oﬁgﬁléfthedﬁpréﬁﬁﬁéﬁdtﬁsons of a desired
enbodi nent . [ 0077] As I ndi cat ed above, in sone enbodi nents the

formati on of oxazoli ni @R@ (13) nmay be represented as:

. CO,R
Oa._— CO,R! : 2
O{ —_—

N
H

il

= e
e

RS
(12) (13)

Nevertheless, certain configurations in the reactant (12) may favour the reaction of forming

Zlte-
(4%

oxazolinidone (13). Further, since R9 is being removed during the present reaction, this moiety

may be freely selected upon optimizing the reaction conditions of a desired embodiment.

[0077] As indicated above, in some embodiments the formation of oxazolinidone (13) may

be represented as:

OR® )
o COR CO,R
~ <Y
N . z
H H =
N, 3
(12) (13)

However, in some embodiments the moiety R8 (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 R3 or R* (see e.g. Fig. 8). Accordingly, in some

embodiments the reaction may be represented as:




(12) (13) However, in sone enbodi nents the noiety R8 (see above)
di ffers frowoR009Ac8sa8di ngly, during the formati on of o0oxazBCTRGHWAMLI473

(13) a further substituent may be introduced. A substituent at the

respective am de nltrog@ﬁeatom may al so ¥k introduced at a later step
if desired (see bel ow). [0078] Thus, in some enbodi ments at the
same time a noiety R 8 |s int gEd that differs fropH Ais -e

may, for instan o-R3™E A e e.g. Fig. 8).
somne enbodlg%the react| on nmay be represent

2009/ 078813PCT/ASG2001 3 OR630 T (I2r(13) The in

sonme enbodi rrentsﬁ via an internmedi ate of oxaz@lini dene (13) as

shown above and us a; | east theoretically be repr OR6
N, R3 N3

The process may in some embodiments proceed via an intermediate of oxazolinidone (13) as

shown above and thus, at least theoretically be represented as:

1
ﬁ C02R1 CozR

(12) (13A)

—

RB

H

| [/100F
o

(13B)

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

ORB ORG
O COzR‘I o COZR1
O=< O%
N s
N3 R® Na




(13B) I n other enbodinents the process may, at |east theoretically,
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Oxazolinidone (13) is reacted to form azi do carboxyl ate ester (2).

HO CO2R1 R19 In this fornula (2) R18 3nd R19 are i ndependent from
one another H, a silyl-group, an aliphatic, an alicyclic, an
aromatic, an arylaliphatic, or an arylalicyclic group. In sone

enbodi nents R18 is identical to } ggabodinents R19 is
identical to R4. I n sonme enpodiAgrent gnd R3 as well as R19 and R4
are identical. J0080] T |y agido garboxylate ester (2) has an
absol ute stereochem stry that c ed as (3R 4R 5S).
II'lustrative exanpl es of azido c7rboxyLate est?g)(Z) are

(3R 4R, 5S)-4- (acetylam no)-5-azido-3 dr oxy- -cycl ohexene-1
-carboxylic acid ethyl ester (Chem cal stracts No. 949908-51-4),
(3S,4R 5R) - 4- (acet yl am no) - 3- azi do- 5- hydr oxy- 1- cycl ohexene- | car boxyl i
c acid phenﬁl LE%P?%&W? %E@ -Nos 221386-80-7 and_220290- 36-8),

(3R, 4R 59) ‘ﬁ? G laiqaat?ﬂéo Eray apidn sarkgrsialn exten(@). 1
-carboxylic acid nmethyl ester (CAS.-No. 208720-48-3). Reacting
oxazol i ni done (13) to forn1aﬁ 0 carboxyl ég} ter (2) may in sone
enbodi nents i nclude contacti 2?@3) with a nol ecul e of
general formula R3-A-R3 under SUI! conditions. In this fornula A
may be 0, S, Se, Por N As noted ¢, in sonme enbodinents R3 is an
acyl group. In some of thgdd emeGaigents the nol e@il e of general
formula R3-A-R3 is a carboxylw aci @ anhydride. The group R4 may be
introduced in the sane way if #4 ditfers fromH In sonme enbodi nents
the group R4 may for exanple i nt uced by neans of an al kyl
hal i de, a diazo conpound or any other nethod known in the art.

In this formula (2) R13 and R19 are independent from ome another H, a silyl-group, an

aliphatic, an alicyclic, an aromatic, an arylaliphatic, or an arylalicyclic group. In some

embodiments R!8 is identical to R3 and in some embodiments R1® is identical to R4. In some

embodiments R18 and R3 as well as R1? and R4 are identical.

[0080] Typically azido carboxylate ester (2) has an absolute stereochemistry that can be
defined as (3R,4R,58). llustrative examples of azido carboxylate ester (2) are (3R,4R,58)-4-
(acetylamino)-5-azido-3-hydroxy-1-cyclohexene-1-carboxylic acid ethyl ester (Chemical
Abstracts No. 949908-51-4), (35,4R,5R)-4-(acetylamino)-3-azido-5-hydroxy-1-cyclohexene-1-
carboxylic acid phenylmethyl ester (CAS.-Nos 221386-80-7 and 220290-36-8), (3R,4R,58)-4-
(acetylamino)-5-azido-3-hydroxy-1-cyclohexene-1-carboxylic acid methyl ester (CAS.-No.

208720-48-3). Reacting oxazolinidone (13) to form azido carboxylate ester (2) may 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)




WO 2009/ 078813PCT/ SG2008/ 000473 In this forrmula (19) R20 and R21 are
I ndependentW® eegi0388@3 anot her H, a silyl-group, an ali phatPCl/8GW00§000473
alicyclic group, an aromatic group, an g,r%lzal | phati c group, or an
arylalicyclic group. In sonme enbodi nent 1 is jdentical to R3 and
in some enbodinents R8 is i dgfPpcal tq R4 Im@gﬁﬁe enbodi ments R21 and
R3 as well as R8 and R4 are ident™s A#»1"do car boxyl ate ester (19)
may then be further converted to az ar boxyl ate ester (2). In sone

enbodi ments converting azi dg2rtar Re* o' ester (19) to azido
carboxyl ate ester (2) may calri ed Put via fagnging an azido
carboxyl ate ester (21) In this forZul a R22 ﬂag)be H a
silyl-group, an aliphatic groupRan dﬂécyclic group, an aronatic
group, an arylaliphatic group or an arylalicyclic group. In sone

enbodi ne EQZfZ i [ jqal t 0.. Azido carboxylate ester (21) nma

then, i .gi. ﬁu”n 8%@& ﬂég&ﬁvﬁ@r ngiz‘mi indepsndad ﬂe@ng@wa@thmyHb@( Sily)l-grou)ilz, an
t edlipimtiaz | b : ' kL 2.

conver t edlifiatiaz gebapg aimb @K iyclce gRah £ lan( Zdonfi¥ic' gl(r)égg’lzi%rgi %ﬁggﬁ‘ﬁ%@%@ an

It may in fﬂﬁma embodi nents al so be converted
ester (1BYTaNCYcRarosp. Mssomasambasanents R21 3 identisal oo/ hmt i sostessmbodiments RS

bel ow. ig iHOER] 4 t%%@g be i onyert to .. . .
4, 5-di am no ¢ c} gﬁ%xg%ggggr ox&ﬁ%&ésgstgenré%%?s. %?lﬁgs ﬁgﬁﬁﬂg@rﬂﬁ%ﬁnﬁfﬂl' Azido
exanpl e pabe; &fﬁ@ét%tﬁﬁ‘)amyiémﬁrbm&_ dthbry ctvieste® to aihido (c&@@i#aﬁ:bﬁéfe@)@). én some
i .e. usi 2 2t ro-ethanj m di.c acid 1-ethy] propyl ester an

t df | uor o&nglt"ﬁdéﬁlgﬁtss‘gﬂnfq’g‘lﬁu & a&&:‘f"d‘?m""??‘yg%ﬁﬁg‘&ﬁg’c?éitw 49 S arylaia eBlox {Davay be
est er (2dariied owiais Sainting honzieziBoxyaskaxyfas e ester (14) WO

2009/ 078813PCT/ SG2008/ 000473

22
RO, COR'
21
R™—N ;
[, = (21)
RE N,

In this formula R22 may be H, a silyl-group, an aliphatic group, an alicyclic group, an aromatic
group, an arylaliphatic group or an arylalicyclic group. In some embodiments R22 is identical
to R?0. Azido carboxylate ester (21) may then, i.e. in embodiments where it is formed,
conveniently be converted to azido carboxylate ester (2) by removing substituent R22 Tt may
in some embodiments also be converted to aziridino 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)
R%0 1
Y, CO,R
23
R —
1, % (19
R24 N3
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group, an aromatic group. , an arylali pgngc group or an
arylalicyclic group. In some embodi ment 3 is identical to R21 and
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car boxyl ) e
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N3 I n azabi cycl o compound (16) the substituent R 9 nmay be a

si |yl - grouQ08h Imlsnpi&ad:mbndlmﬂmalmmtmglamdoaﬁar%}@ﬂ%l &tera(ﬂ) to form 4,5-diamino
arylali phaigllﬁﬁt or arié]tal | cyil JC rog 57]
enbodi mERCEFEHE ﬂﬂ%ﬁ’xé{ et AL bipelidss ormined 5- 6%}101 oaaabwwla!‘z'labpﬂmypﬂ Grene-3-

carboxylic acid ester of general formula (16):




WO 2009/ 078813PCT/ SG2008/ 000473 35 protecting groups, which is a well
est abl i shedwOe08d98818 t he art (see al so above). Using thi BCESERQEHOM473
the additional functional groups are shielded fromparticipating in
the reaction. A |arge nunber of protectidg groups, which are wel
known to those skilled in the art, is availéegfgfor vari ous
functional groups. As an exanple, caryexyl: ups as nucl eophil es
may be protected by converting T o{an ester, while hydroxyl
groups may for instance be 'prof cwig an i sopropyl i dene group. Such
protecting groups nay be renoved af rhe reacti@g) has been carried
out. For exanple, the isopropylidene grotecting group shielding a
hydroxyl group may be renoved by aci dZtreatnent. Those skilled in the

art will furthernore be aware that su'éjﬁ protecting groups nay have to
be i ntroduCadhitRtlo EmpEHANGS) AHE a8ttt SN RS be PlilbNSohsS B CHphE:
react ant. [%888] Azi do cgr %oxylsatse estepr( lbcaa(rjl Sggpgrgn@er&t?e%ippghc’ an

4, 5- di ami2Heydige ipposatie, vrareliphaticer s rerlalicyrlic groppr educt i on reacti on
known in the art_may for instance be used to convert the 5-azido

group into msﬁ}rﬁhéO@Po@@Odﬂlﬁe@ﬁﬁWn@W%ﬁ@Xﬁﬂ@ pterH(Ante E@I_m pzabicyclo
o =N - ; TR ; ; .
C(=NH) Niglgoﬁné mﬁglﬁfg?ﬁ%g@éd ﬂl%'&‘@%?ﬁ%%g ?}? aZifo c%r?oi}r'fhtté %gtgggﬁ),rh% for instance

group, as _described hie et al: supra
condi t i ohdustiated idlifig Follvencs astedinents ezabioyelvi chnapoundadit) omsy dfe directly

t he proc the inyenti.on be sel ected accordi.ng t.q, the

correspo(r?f |¥133{efi eg%t?zéno. G0 ﬁgﬁyt?ﬁeﬁ ﬁﬁj’g’ lfﬁlbvﬁxgﬁé’ée &ﬁtaﬁamﬁelagoﬁlwhd' The
skill ed korredpending slocldiomay iamciuept thei meictheOR| MeNtite atledu®RCOLO DT more
condi tion starting. for instan]c)e fraom st andard protocol s known IBH

Che art . SEICRUET SeARIUPEREY e DrasTHEd, Beitiadush eubsimantoRs B1 Rinto fhe
present mvighdd on i nclude solvents that are nonreactive under the

sel ected reaction conditions as well as solvents that are reactive

under the sg@DBE] BOsoneadabivhs Gafth hipRbsess BEvvedihped efSpretdhe ifiéhBod 8Finctional
that certain solve t hengel ves be able to react with a reactant

ts. . { . :
mol ecul e SFBPHEHT SR I A oyle of intgiesio Ant sramplerisdlie conwgysion of arabieyclo
into congb@ghaid PIB)Lt@razﬁdlﬁ_cé‘_ﬁb)%%tb%teﬁf(lﬂﬁ%ssfﬁlcﬂ%%es dhtg hrégél?gmhich may be

enbodi mrents it m e sufficient to choose solvents w
react i vi eonsidesed die fretarenetanisuspdomay |he paypoleonlectheinfirmsbe couslentc fisktwith a

to use a,3RLMERLF e MolURS ofqﬁﬁ?érgs‘i’.p?ﬂi% i?ggch}lso%hh%ﬂjcﬁn% 3%3?12 Q?%{lﬁidgino? previous

conpound” sel ected as a reactant. e sy
t he preseaactivmobtlte mocess ofi ittgphinyertioms ige abmpedfd b4, ey bertbrmed a second reactant

straightf d 1,0 cul m.nate.i,n a sterepselectiye synthesi.s of a |

4, 5-di amm%%é’&g{?m@??e UL, %fo@T SP%AIE g?n(erﬁ’ ﬁa@%ﬁé’@&‘%éﬁ?ﬁeaoﬁon of a
accept abfimctiandl gloapeef thestfiet wactagehioldduld. ITHAGSPBakBietPshck M8 R2 may be
transforpations in thtlae synt hezls proceed {n hi%h yi el ds.” Sone ]

i nter _rred{%rt"g ceg-miastheanglieeyly of rterede A aplamsdiabevh sueh 8 wagietmayinclude one
purifi cagi fidre ISRITErOERE A cbOUIRTE LR ARl SnAbNIL ﬂ{cilly'c%ﬁﬂg%rftgm one or

wi t hout col unm_chromatogriaphi c processes. |nexpensive an

used r o addifienal, Smgtippal igr@ipsynt hesi s of the invention, in

particular a monosaccharide such as glucose as the starting material.
The synt hetlP88d cHisherdditional, finstignal ;greuns By havac myehilpwet repstivity\onder the

2009/ 07 8@33R6T6 FEX A8/ &%ﬂﬂjgs WaleChink86RS %@E} dg{r%.?rfo R &% ¥Yipk with a

4, 5-di am no cycl ohexene carboxyl ate esters vatives thereor,

e.g. osebriepyser of the mademudesof interdso (9x1gn Tthustvatilerexainple, hile gemueGHIOosubsHEents

be readily, unger ng into practical effect, particul ar

enbodi rrpfr?jtaél W %I %%g\%%&’e Slglgggé F%‘S‘i"’ﬁ?f%{&}l’ 8t a{lﬁ’émi‘agﬁclrﬂfﬁ gp&eraﬂy possess a much

non- | i miTowreg rexcinity ¢isan HXAMRItIEal grolip G2 ]forkRs 8 coPAlBRt 1@k ®ith a precursor of the
p- ani sal dehyde di netyl acetal (20

AR r‘ﬁﬁfﬂlc‘;ﬂ%% RF 3@%&%%&%8&@2@% GEFORES Wl TeastvibPTempagble 10 the
added. Ti@ctinal upVhat foink aGvalent RREWHETP BfelhdbLot BlGhole6 A ©8nterest 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




LH NVR (CDGL3, 40014tp): 5 7.42 (d, .1= 8.7 hz, 211), 690_&/ 1=
8.7 Hz, 2HWO @"%"197?% 11,2 = 6.1 Hz, J1,3 = 1.3 Hz, 1H) PCH/SER008g00473
11-1), 4.77 (dd, = 6.1 Hz, .72,3 =

3 rg 111), 4.50-4.47 (in, 1H),
4.36 (dd, J1 2 =10.3 Hz, Jo = %.80 (s, 3H), 3.93-3.75 (m
311), 2. 4@rofedting-grbups,Hahichikh a W@CeiWsHK.‘ﬁﬁtho&iGﬁMrﬁ)m (bekbAls? aboke) . Using this

(1) cal PaTesh Be/adgheRaR b g i daided s posisiabin s tie reaction. A
[ 0093] Tda@esmim‘ﬂaerOdSIf pfotélctﬁngroﬁpé dyieh wwﬁmw%%g (;kx)le@ iHGRE art, is
(conpound 6 DVF ( m.), there were added

i m dazol éY a%%%ﬁg"a‘s“é“% ““" g’-’ﬁmﬁ)m ‘%X@Ha:@e garbgpaykic gronpy asazmlea)phﬂes may

catal yti cheapftiRtedoby BMNRrg 'tﬁ ! BEtS anNdskerO %{-,Jagﬁ&‘i'
roomt errper%tgur e, t}lt]e reeact | one m xt Uaf’ne SV\BrSgJﬁﬂFU e %E‘I(ﬁleﬁ%?%or mStance be
washed winrptestad i e dsoumapylidsoe arpum Such oteeting \geoupNa@SDbe removed after the

Evapor at i I reduced pressure .gave

crude pr o %C?B %%eﬁﬁ%ﬂ@e@uﬁf ?gﬂé’b"’@ﬁ?ﬁa‘%ﬁ RO ‘é‘?ﬁBﬁ’?ﬁf&‘;BgEW elding a
silica gélyd{®yDgmtihenanise reribved by atid tahfoine Those skilled in the arthll furthennore be
3-tert-butyl dirnethyl sil 1 4, 6-Di - 0- (4- met hoxybenzyl i dene) - %

al (conpd\REF fhat Fychy rrefs t%g BEoups v hPESte be rotrqdiced ryeedk n gdvan
2932, 2855§nthé§§@fﬂ1é58@ect%actﬂ03 868 cm1; 1H NVR({ CDC13, 400 |sz)
67.42 (d, 8.7 Hz, 211), 6.89 (d, il= 8.7 Hz, 2H), 6.29 (dd. J1,2 =

6.1 Hz, .)1[od d o J 1
0,11 o omae Asiepeaniidiacs o (39 Wi fieldtso M shidnfy ofiphocee

(m 611)° Owatesest@l@? Agy I@é tiop re@norarlgwwms@ thwm:tomﬁor beeheE be uSed to

67,3, 55 30 Bo5 > g Ehosh ipko dy Ui gty B RS O bR 12

37 HR/ M5 @E&me%ea ﬂﬂloure@ldaﬁgﬁére[wbe] ysed 1®int@dice thinmouR 29 J&Q8Bed by Shie
[0094] Tq @@byt%ﬁa
3-tert- bu yl di'met s)llyl 4, 6-Di - 0- (4- et hoxybenzyll dene)-D(-)-

glucal (co reshly..distilled

(50 ni), ”@RW% 1 ‘%1 ‘&éﬁ‘gf‘l%“?}‘ %‘P@ %Y‘F“@H?%‘PB% dERsgss of

at -15 Cthmitsention nn@elbe S'Eﬂzmtef(baeddrdmg rtb Xtheir & zﬁﬁng k@dtioh, Tl @ﬂhm the
at .rt for it was, cooled to C.and,  MeOH (1

: .
) vas SAGERIES obfiebSse sANed 36 taLjr Hnaharsaietimap pHLs Harfoluenis aaereaction

(20 % H2Q@ondory| stavirie frddaandd foR0RAAd BB IsClnotIe il it
stirred for 1 h., extgraact ed with Et OACWQ;’?% : ).0 Thiel{%ﬁrégﬁ];%c\f?ﬁalﬁesplvems

wer e was HEMAY DS Used Huthezesetigps ﬁi‘)hemeﬁrm@!lﬁ@véndmmntﬁhht aramporeactive
and evapgpdd 'tﬁé‘sélécté@?eaéﬁbf{ %ﬁﬁdﬂflfﬁgse:{f FH&C ?cﬁv falee %3 t%re%n%ef %e sglected

product, which was purified um c roma ograp y on's
gel (Et Om?ﬁﬁmmwmwlNe@rthe&safth@pute 87ac(t thad cg'tauﬁééhreﬂs nmgd thethmjelable to

1H NI\/R 0 J=.8.6

Hz, | CR%%%‘ tﬁg‘ %@“ 3]k B%ﬁ?{mi‘hjn thy’ Pf‘?"‘f"EF m?zlﬁ%ogﬁw 1?59&6;88 magbe taken
(dd, 111,1120 corzmﬁ:rdﬁnn fnﬂ'ﬂ;e&ei%cﬁoﬂ)of&xe 331nt. Bh ot @nboliimédis Hzma:?ﬂw sufﬁment to
435433}10% ﬂHzﬁ 6-3.92 (m 111) 3 82-3.80 (m 511 .
(m 111)hepsq gopvents Wit g Ippyen faactivigy élzfm( the tepghantsqused. (it ma@lﬁ)}r ex@smle be

NVR( CDClguffidiofk tyhigd a sol
76. El 73.5, 68.6, 43 3, V%%’% lofes, nade%‘ﬁﬁl?&t-yﬁ%‘?a%‘ﬁ%@?@%ﬁ;’gﬁwﬁd selected as

cal cul at @EaFigRt. C20H3205Si Na [I\/HrNaI] 403.1917, found 403.1902.
[ 0095] Dess-Martin perjodinate (17 g, 40 m m)l) was added to a
sol ution ofl 0800 Thensmtiicr epnte armeqeay igvengony,is 20ghiyopractical,defficient and

Cli2cC12 txja?@] 1} S

t enper atfjr e lﬁ%‘)é[?rdn:ﬂf FEIS’Z‘%% %nt rat ec f&ﬁg‘%%gﬁ%&aﬂ%ﬁ (1%81@.}51110 r?éfdo}lexene
NaHC|CB (Gabonylatewester oxial phara‘laovﬁitécaﬂp ﬁcdwptabbmitl tfm'em’ stith &5 OS-EEE%IVII phosphate.
resutlns rate The orga s _washed w

sat ur at € I\@ﬁ%ﬂfJ gor}%’éﬁo © SPpthests d’ﬁ’%&g e@%&ﬂﬁlga PinPtlé‘Feé’aeélates are
through sirajghtlyafariel dted tamigk Sdxtisted witlout paiaitiah eshd Snd SBEinfdrihdSiates 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,




=6 1 Hz, 111), 6.06-5.97 (in, 1H), 5.42-5.26 (m 211), 4.71-4.57 (m
311), 4.36-WMO290Aps1IH), 4.28 (t, J= 7.6 Hz, 111), 3.80 (BCT/SER00S/S00473
(dd, J1,2 = 6.2 He, 43 -=8.6 H, 111), 0. 92 (s, 911) 0.1 (s, 6H);
13C NVR(CDC13, 100 MHz): 8 159.3, 143.2,3434.6, 130.2, 129.6, 118.1,

113. 7, 108high B@zp?‘. the8ddor BBerB,to 6@ady B5-dmidb. Sycldixbhe cérb@xyra& @sters and
HRI VG ( ES|). e for 1113204s| Na [ MtNa] . 399. 1968, found
399. 1976. Vaﬁw Treg\ §&t Bt Wb‘f"mﬁ %—”8? hydr opyran conpound (9) (3.25

8.6 | t h ted to 210 _C and st d
" o seal cdl WL % BRERY T i ed ey bafendiy sofrsiond and puLnD petioal ffec,

cool ed t gartixafar Bt RENME enlaﬁdwwdbédrﬁ@dla &E@ ﬁ:ﬂ%‘%@gm
silica gel (EtOAc/ hexane = 1: 15) to gi VZ dﬁhi xg%r ples.
as a colorless oil. 111 NI\/R( CDClS 400 M—Iz) 8 9 72 (s, 7.24

(d, J= 8.6 Hz, 211), 6.87 (d, J—86EM§ﬂEs585569(n 211)
4.49 (dd, .11,2 = 11.3 Hz, 43 = 17.6 Hz, 211), 4.23 (dd, ./1,2 = 5.2

a3 20 e gt BT R 9y of% £hh ot e oy

Miz): 8 #22nd, 103 9}1131;)1)11321‘2)'3%1\41"2(9 58 mIJ)ZG 38g (3L2 5[1113@ ng/éitﬁpi‘s u7a)z added! The mixture

70.4, 55.2 2. 18

cal cul at &85 gpeéﬂ I&%‘Ed%%??{d—’u fM“I‘éF re@g@d 2%811"3 F‘btﬁ%ﬁ‘mﬂﬂ?&ﬂ ethanol for 3 h.
0097] TQhe readtitnl ixtef 053{6@4 éﬁgr

E4 rrL] 38.5. mml) int eBﬁVéOa—Vﬂ{l;%O&r%%ﬁ??rgo Q‘rﬁ' @‘SE?&%&Y\B\”&%eIQa ggelgand the

NaH2PO4 (esidue yas dissalvadn CHakle. Shei a@hutmm was washed. ®ith gatu&@ed/vaqﬁ@us NH,CL,

23.1 mmo b&l;ln_ét r r .

m xt ure v%g Eggt Pt oﬁ%ﬁo C%#réﬁ%A@egné(}%gﬁaﬁ Tfﬂt' %&g@&m %?xﬂrated in

was extr fa;@md The tésidueonss. pxﬁﬁeddaorrﬁad sh Gdluﬁng:&momaﬂogijaphﬁ oml@ﬂil?aa @lel GBﬂOQ‘éﬁfexane

Na2SO4, te n e as colorless o

To a sol u![ﬂl tgﬁtﬁ?gﬂ- ggﬁgﬁ 2@ I eﬁ%ﬁ@%@’%@%@%ﬁé%&é&) as a

K2CO3 ( 1whitgsolid.. 55 rrm)l) and EII (1 23 mL, 15.4 mmol). The m xture

was stir t e e for 3 h. The mxture was partitioned

bet ween Eﬁ%‘%ﬁ%ﬁw&% 6%&‘{ Vay%? Hia 2Hxa- 9% dor &7 e, BHR (0. 3476, J1 2

conbi ned=w. @ g, J ay@rﬁzvm)esgswﬁcm\/@v -~=6f 1 ﬁ%g ﬂg;i-o ;}%1}1&“4 50-4.47

concentrated, The residue vvasHpurl i"ed
VA

silica gém {Iéi #9 (Hewans 0.3 Hz) B) b HZ, Qlﬂﬁl)3 5(02(38213), BDB. 75:{@3}1), 244 (4, J

coport oss 2 ks, IEAMROGRGERICAR0 Mk o102 1, 178 o2 3 gas, 101,

Hz, J1, 38&62Q8a $8.2, 84.5) 55.2. HBRMS @BS) realcd by clﬂIl@OsN@gMJ:mﬂ @88@895 found:

311) %%ggg (m 111), 2.41-2.25 (m 211), 1.24 (t
0.8 11), 0.05 (d, 6H); 13C NNR( CDC13, 100M—|z) 5 173 6

158 9, 130. 127, . 6. 79.9,.. 72 70,2, 60.5,
55.2, 47.3, [6(?5'(2;?0 %ﬁ"%‘%"’ig’f 4]‘5’2%1%6(41 ipthoxybegizilidane)- bsQE@f'j‘l (oinpound 6, 7.7
cal cul at g% bmrmsmm mmmwﬁxeﬂe]mrééadaﬁ{’nﬂdazfowmgdg%ﬁ %fﬁnol) oTBDMSCI
[ 0098] 6$] (i‘g 115-8 vvas added to a sol ution of g,

6.9 m"m%g% ?:%?P dnﬁéoc ytiojamqun of D APty un@r\mfgom atmesptme After
room t enpig bedoeheterdek RlireSthR. redxﬁ3§%9§tlﬁé9m§?ﬂ?t‘é@%ﬁ@ﬁ%fz%ﬁﬁ%d with saturated

m Xture. The suspension was filtered. The trate
2009/ 07¥H3ELyrigton GBiohzd 75/es N 29ROy aBvaratianhofOMe Gir2ani@ helvenigauder reduced

e I L I
L esi due g@éz{E@m:dmmebyi(i mfptmafﬁjrgmplgltﬁﬂh?etﬁ?lsﬂylm 6?)1qsillg4&@tﬂﬁ§/benzyh-
exane = as C orli ess ol

NVR (CDéf&e)'?O@ﬂl%‘l 5%‘“85'#@8%91%» é%@)zﬂff)co gleggolly, J= 7.1 Hz, 2H),

?dgel g s, IR1¢rikat) 3,,93=(0d2, 2933215406152042136@111%3—3@} &1&*%11{%@1@(@{)&033 4?0 MHz):

J= 6.4 &/ 4%(98 J3 182761{%=t2?f'1)a 6.82 (¢, /= B Hzi3H), @286&1 125160} HzoJﬂafl—(ls‘% Hz, 1H),
311), 0.5 (SiHFMUS7 (3% MR CRELA , 19906 1B) 4513, 29 (. O 1385 % 31 (m, 15,
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;




[ 0099] The al cohol 11 (1 mml) was dissolved at roomtenperature in

di chl or onetWerr@oyesi1al) Car bonyl di nni dazole (1.46 g, 9.0 RODISH2608900473
added in one portion and the solution was stirred for 2 h. The

sol ution was washed with a saturated solition of NH4CL (2 x 30 m).

The or garlR/MayES)wakddor €gH@IMNERFAY9. Tadh | Ruad 3amdosoncent r at ed.
The residue was dissolved in pyridine (20 nL) at roomtenperature and

NI - 120H - HCJ009d] 86 @olﬂtﬂ)rﬂoﬂﬂ%b—bﬂt@lﬂﬂﬁdﬁﬁl@lﬂm 6 - (predumesﬁibxt Egl%ygdenea -D-(-)-
was

h
" R Thdpie 0D B oo S0 moh s (1M
aci d (3 »nS6luthe, 3MTE nflT, ORI Enrhaly Has Wi dd86a QY €15 B@iﬁg)él Hfttlolghx? "Bk reaction

and concentrated. The N-h dr oxycar banmaté was purif
chr orat ogRXBHS Was §PPF@aﬂtge15 (’ét c20 Heltaped at1rt Ry 2 ch, gthﬁﬂ it Wast@oled to

o455t 0 ) PO P8 51 kg B
5. 16- 5. 15{2Q?ﬁrH1@,1)30 ) Owdreldddedn at 3bhm %n&ﬁragﬁ? Th& mfl;afd)r,e &gﬁn&eg@% 1h
(o 311 exiae b g AEL g Al e OighticRiess Tiks wospd ot b2 SO mE) and

71.0, 60 d&,ed 43@3191\1 agoz Flﬂﬁtﬁn ah8.Rapckdtich of thesolvent %ndéf'%&{ﬁegﬁﬁegsure gave a
cal cul at ed N(HBSl Na [.M+Na], 382. 1662, found 323
[0100] T& esl%}P Wo %b‘f N yPaFiESd O3 r fashegolun | csmngatoga];zhmm)hqangﬁt(mm

(30 nm) g&x&eglmqoaﬁgﬁﬁg W@%lé}*@/;ﬁa%%c)?c?ﬂéo?hl oride (1.09 g, 5.7

was t hen added slowy and

mol ) . Trleth | am'ne
the resul HW&%M&Z@) :on7.88.6d, st 8.6z, 20), 6.88 kd,at= 8.6z, 2H), 6.33 (d, J 12

Lempe 2L o MPSHTL Y 1231 HBEIES, 61 B 0. DEL 0% 0 RO el o -

resi due \adzuH)f4.36-483 @ol HN3.O630PQIFHPHB2 BEBinh,i ISQ-? g@hd@ g}ﬁ‘CiH) 2.10
hexane =ly=15.6'z Y20 58 %, b8 YD BINSR Bh A2 100 s 130551433,

a white g
130.0, 129.6, 1139, 103.4, 76.4, 73.5, 68.6, 55.3, 25.8, 18.0, -4.4, -4.7; HR/MS (ESI)

calculated for CyoH3,058iNa[M+Nat], 403.1917, found 403.1902.

[0095] Dess-Martin periodinate (17 g, 40 mmol) was added to a solution of 3,4-dihydro-
pyran compound (8) (7.6 g, 20 mmol) in dry CH,Cl, (120 mL). The suspension was stirred for
2 h at room temperature under nitrogen. Saturated agueous Na;5,0;3 (50 mL) and NaHCO,
(50 mL) were added slowly to the reaction mixture. The resulting solution was separated. The
organic layer was washed with saturated NaHCO; solution and brine, dried over NayS0y,
filtered through a pad of Celite and silica gel, evaporated to afford crude aldehyde as colorless
ofl. To a suspension of methyltriphenylphosphonium bromide (9.44 g, 26.4 mmol) in
anhydrous THF (60 mL) was added a solution of n-buty! 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 mimol)
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 NaySOy. After removing the solvent, the residue was purified by
flash chromatography on neutral AlyO3 (EtOAc/ hexane = 1: 40) to afford the alkene 9 (34g,
60 %) as a colorless oil,

IH NMR (CDCls, 400 MHz): § 7.26 (d, J= 8.6 Hz, 2H), 6.87 (d, /= 8.6 Hz, 2H), 6.33 (d, Ji2




NVR (CDC13, 400 MHz): 5 8.03 (s, 111), 7.87 (d, .1= 8.2 Hz, 211),

7.34 (d, JVO200947881311) 5.70 (d, .1= 5 Hz, 111), 5.18 (dPCTEGHLE/0HET3
1H), 5.01 -4.99 (m 1H), 4.17-4.08 (m 231), 4.01 (dd, 4,2 = 7.1 Hz,

43 = 10.3 Hz, 111), 2.75-2.68 (m 111), °2.44 (s, 111), 2.31-2.28 (m

2H), 1. 2&6W720991608&1£P@jﬂ@@0&1ﬁa64ﬂ132ﬂ@ 4.71-4)57 (11313}&;’1;4331434 (m, 1H),

0 79 (S 492381& J07%2H§ TH), %%(s 39{)9%4&?&& ?3'1)2 63§H'§Nﬁ3( CD%% IH) 092 (s, 9H),
0.1 (s, 6H); 13CNMR (CDCl3, 100 MHz):  159.3, 143.2, 134.6, 130.2, 129.6, 118.1, 113.7, 103.9,
80.1, 78.1, 73.8, 69.1, 55.3, 25.8, 18.0, -4.4, -4.6; HR/MS (ESI) calculated for Cz;H3,0,SiNa
[M+Nat], 399.1968, found 399.1976.

[0096] A solution of 3,4-dihydropyran compound (9) (3.25 g, 8.6 mmol) in diphenyl ether
(5 mL) was heated to 210 °C and stirred in a sealed tube filled with nitrogen. After 2 h, the
mixture was cooled to room temperature and purified by column chromatography on silica gel
(EtOAc/ hexane = 1: 15) to give aldehyde 4 (2.84 g, 88 %) as a colorless oil.
1H NMR(CDCl3, 400 MHz): 8 9.72 (s, 1H), 7.24 (d, J= 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H),
5.85-5.69 (m, 2H), 4.49 (dd, Ji2 = 11.3 Hz, J13 = 17.6 Hz, 2H), 4.23 (dd, /12 = 5.2 Hz, /13 =
7.6 Hz, 1H), 3.83-3.80 (m, 4H), 2.71-2.66 (m, 1H), 2.43-2.20 (m, 2H), 0.86 (s, 9H), 0.07 (d,
6H); 13C NMR(CDCl;, 100 MHz): § 202.1, 159.1, 130.3, 129.3, 127.9, 125.3, 113.7, 77.3,
70.5, 70.4, 55.2, 52.2, 25.8, 22.2, 18.1, -4.3, -4.9; HR/MS (ESI) calculated for Cp;H3,048iNa
[M+Na"}, 399.1968, found 399.1957

[0097] To a solution of (4) (2.9 g, 7.7 mmol) and 2-methyl-2-butene (4 mL, 38.5 mamol) in
t-BuOH/H,0 mixture (60 mL, 5:1 v/v) were added NaH,PO, (2.77 g, 23.1 ramol) and sodium
chlorite (2.61 g, 80 wt %, 23.1 mmol). The mixture was stirred at room temperature for 2 h.
The mixture was partitioned between EtOAc and brine. The aqueous layer was extracted with
EtOAc. The combined organic layers were dried over Na,SQy, filtered, and concentrated in
vacuo to give as colorless oil. To a solution of compound obtained above in DMF (30 mL)
were added KyCO4 (1.6 g, 11.55 mmol) and EtI (1.23 mL, 15.4 mmol). The mixture was
stirred at room temperature for 3 h. The mixture was partitioned between Et,O and H,O. The
aqueous layer was extracted with Et;O. The combined organic layers were dried over NaySQy,
filtered, and concentrated. The residue was purified by column chromatography on silica gel
(EtOAc/ hexane = 1: 15) give (10) (2.82g, 87 %) as a colozrless oil
19 NMR(CDCls, 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, /12 = 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, /= 7.1 Hz, 3H), 0.84 (s, 9H), 0.05 (d, 6H);
3¢ NMR(CDCl,, 100MHz): 5 173.6, 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
CzaH36058iNa [M+Nat1, 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
CHyCly/HyO (40 mL, 1:1v/v). The mixture was stirred at room temperature. After 6 h,
NaySo0; (40 mL) was added to the mixture. The suspension was filtered. The filtrate was




173.1, 154.9, 146.1, 130.2, 129.7, 129.6, 128.9, 123.7, 78.9, 70.7,
60. 8, 47.1,Wog0p9/078836, 21.8, 17.9, 14.0, -4.5, -5.2; BR REISEH0S/000473
cal cul ated for C23H35NOB8SS1Na [ MtNal |, 55‘,5? 1750, found 536.1740.
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sol ution i id i 15 i 0020 (0
1776 mmlﬁs SRR, 245 208 b Wl Slifeln )2 e R on B a2 x 30 m).
Tt e s i oo o) prote e BT e addetirafBcTicARMLLE s dissolved
s washoa Byt (6 hidtes oot Seab SR FOMTE0H - ot M e REO srgabieas sdded in
llayer waondmposibnoTee sHRABMyas stirfe@feel4 ha DicHIORERMAB ISP mI I RPasCihbi Sdded and

amonli um

solid wag, di slﬁglllvefg .n dry THF, “T'ﬁ% the sol ution tetra-n-but

fl uori de “eHEREHDSSaytion wag whghed w0 Shaelutign efisulphunic@cid(B & SOimE ) Tae organic

was war i orag @8 b9 r ' - ;
Metet Gra e94,80)! 811480 aid bdlc8Stde&]. The %1{41‘@%\)%8%/13%&% %ﬁ%&? purified

renmoved under reduced pressure. The residue was pur

chr omat o§¥ AlgAly clrmatograzhyqn silica ZrACEKM Mexanets 12)) to givgi arwhite solid (1,87 g, 87
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1.31 (t,1R6 (EJE T, , .8C(I\BR), (X E33HLA0 Z310); 833 6B, . 9 .
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375.1279 200y 9435med t | uti
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0.94 nmol ) [01003{Temeblutidh of Nihyidks6cudemsitel (11890, f507 ndud) ﬁtEt'erQggg mL) at 0 °C
terrperature?]qﬂglvet was.remved and the residue was puriffe y ’
col um cHfd aéﬁ’fé’gwe f@ﬁf&é%@%@&%é&m&é@e@@aﬂ%@ mgly®7 mmol)
(L3, 300 Mgy uee By gnd TneSeditl witho it o St p 1o room
4. 47 (s, temppratuye SEhemixtgre was washed vifl) water 61 rine, @tidried 2verINE, ST, T solvent

i oo el gl prd o Wb e il Gl plingdy By Eymthichh i rapny

56. 8, 53m4siligDgd, (EROAS/ hddnd = 1HR) Mpg{veShe Nowkfluk platithnls 53) (2.18 g, 82 %) as a
C141122|\£}?}ﬁNa [.M-Na] , 349.1488, found 349.1486. [ 0104] "DwP (gé. 54
g, 0.85n eo§0)11 s added to a solution of azido carboxylate ester 19

TH NMR (CDCl, 400 MHz): & 8.03 (s, 1H), 7.87 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.1 Hz, 28)
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, J13=10.3 Hz, 1H), 2.75-2.68 (m, 1H), 2.4 (s, 1H), 2.31-2.28 (m, 2H), 1.26




111 NMR (CDC13, 400 MHz): 5 6.81 (t, 111), 5.08 (d, J= 4.8 Hz, 1113
4.54 (s, 1H)/02&09§1§8f(1 , 1H), 4.21 (q, J= 7.1 Hz, 2H), 3. 67P§T/§§2({0MO 0473
111), 3.46-3.40 (m 111), 2.92 (dd, J= 5,2 Hz, 1= 17.5 Hz, 111),
2.44-2.36 (m 111), 1.46 (s, 911), 1.29 ¥4, J= 7.1 Hz, 311), 13C NMWR

(CDC13, 160 #Hiz) Hz53H5 9. 7D, (s19H), 1.02LG831), - DI, @, 38} 1i¢ I\YMR“(CIﬁé{?,,li 00 MHz): 8
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THE (1 ni and the resultlng m xture was stirred at
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13C NMR 78813PCT/,SGE2008/ 00 473 42 100 Mz
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ol ut + ort o dp sol O e R B e ma B o, Borsp R £ 256 Enbd] Addn THE) was
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66. 77

28- 4. 1(7%%1?31‘ iﬁh%%/%&a%e 31 ?) Hzg}m@a?"%r? ‘%ngiﬂﬁfo% ¢ &y %FQ e golid.

17.6 Hz,lm 2 1 1) ..
17,6 te, NMR( @@3%4?10](-11/!]{2)9?608%%@34 $0 ﬁf')lz{{)lsﬁéad“?i %‘fﬁ% Y= 700z,

He
%121 6§§)N|<}F378( @Dé_n;;? 1%:@ 1425 Eq,y?f 2! H_ZﬁBH% ANQR, 9= 42814 J B7.20Hz, 1H)
(B51) caroufdd Jip 730 %%ﬁ%@%ﬁ‘%ﬁ%?f@e& =4 g dsdes g
[0108] PHI3L.3h, Sededy,GH), S NMRICDCLa rO0RE}5 {62608,150.9914068 1900, 1207,

85.0, 69.8, 61.6, 57.5, 56.1, 27.8, 26.1, 14.1; HR/MS (BSI) calculated for CysHyoN;OeNa
[M+Na*], 375.1281, found 375.1279.

[0103] Cs,CO3 (31 mg, 0.094 mmol) was added to a solution of oxazolinidone 13B (0.33




43 3H), 3.52 (dd, J= 8.6 Hz, J= 18.4 Hz, 111), 3.34-3.29 (m 1H),

3.19 (dt, APO200/18§8 31 3 = 10.0 Hz, 1H), 2.73 (dd, 42 BCEHSG2098/000473
J1.3 = 17.7 Hz, 1H) 2.16-2.09 (m 1H). 2.02 (s, IH), 1.51-1.46 (m

AH), 1.26 (t, J= 7.1 Hz, 3H), 0.90-0.85 $im 611), 13C NIVIR (CDC13,
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scope of the clainms. W) 2009/ 078813PCT/ SG2008/ 000473 45 [0116]

The i nvent i W@ 3009/¢78%18at i vel y descri bed herein suitably nmayChEeG2008/000473
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expr essi QRgn&f ﬂﬁxﬁhéﬁiﬂrﬁ@{‘h%gﬁo&% 'Wa@le?i%&e@fwﬂlhé}f ? 11?120 W 89%ombined

descri bed or portions ther but it 1s recog ni 2 rrous
modi f i catorgasc taver pes stipd ever Nm&@& A&e solypat \Mais Jtehmveahuadﬁrlreduaaﬂ ir¢sedke, and

0117 wit hin,the foll.0 cl.ai ms.
ndi 11 on, DR BT BREReEH5 il dnigiSaenapR) AR AR RRRe 7L preaivereido
terms of chokgiathestard4AS(S7hNSBO ‘%}(addd wHité ft,)bliélhe art will recogm ze
that th e escribed in terns of
' ndi vi dua fmé&@&s@@%{?ﬂ BBl B 402 (el wé@kﬂéhl%} &Lﬁ? (A, 4= 4.3 Hz,
dams Viah, 492qtglRd 0 8z, /= 270055395 (. 9 AGA 1123 HAN O, 1), 2.91
cycl ohexene car bOX}{I ate ester of géneral a (1)
d, 12=58Hz, S13=14.1 Hz, 1H) 2.22-2. 16(m IH), 1 53-1.50 (m, 4H), 1.45 (s, 9H), 1.29
(t, J = 5.7 Hz, 3H), 0.91 (t, /= 5.9 Hz, 3H), HR/MS (ESI) calculated for C;sHs;N4OsNa

[M+Nat], 419.2270, found 419.2267.

[0107] A mixture of azido carboxylate ester 14A (29 mg, 0.073) and TFA (0.11 mL, 1.46
mumol) in CHyCly (0.5 mL) was stirred for 2 h at room temperature and then washed by
saturated NéHCOg solution. The organic phase was dried over NaySO,, filtered and
concentrated. The residue was dissolved in dry CH,Cl,. Acetic anhydride (0.011 mL, 0.11
mmol) and EtsN (0.03 mL, 0.22 mmol) were added. The mixture was stirred for 3 h at room
temperature and then washed by NH,CI solution. The organic phase was dried over NaySOy,
filtered and concentrated. The residue was purified by column chromatography (EtOAc/
hexane = 1: 1) on silica gel to give azido carboxylate ester 14B (21 mg, 84%) as a white solid.
TH NMR (CDCls, 400 MHz): § 6.77 (s, 1H), 6.03 d, J= 174 Hz, 1H), 4.54 (d, J = 8.7 Hz,
1H), 4. 28-4.17 (m, 3H), 3.37-3.31 (m, 2H), 2.91 (dd, /1 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 (ESD) calculated for
Ci6Hz6N4O4Na [M+Na'], 361.1852, found 361.1843.

[0108] PPhs 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
cooled to room temperature. The solvent was removed under reduced pressure, The residue was
diluted with CHyCly and washed with brine (10 ml). The organic layer was dried over
Na,80;,, filtered and concentrated. The residue was purified by column chromatography
(CH,Cly/MeOH = 5:1) on silica gel to give amine 1 (19 mg, 90 %) as colorless oil.

TH NMR (CDCls, 400 MHz): § 6.76 (s, 1H), 5.95 (4, /= 8.0 Hz, 1H), 4.18 (¢, J = 6.8 Hz,




or a pharniaceutically acceptable salt thereof, wherein Rl -are

i ndependentW{ 2084/®8818d from the group consisting of a sil JCTGHEBHF00%H3
aliphatic gronp, an alicyclic group, an aromatic group, an

aryl ali phatic group, and an arylalicycli43group, conprising O to

about 3 hayypnEess @5/ se8.6HALY < OMEA QY PHR.3! 9@& 1%9 §.E193(g€’ HDErLL Ry, 1y =
R4, R | _and S. 12 are independently sélected frdm he "grodp
consi sti nf-8#1a4158, 317 (fd.gheups, S-QAEE, dns &l i7phakz ¢H) Al16e3:69 i(m, 1H), 2.02 (s, 1H),

o N 08D, st g e R o v

process cohph.0siog, 182, i20e18InG 7.8,60-X15BBI1OPYI RO TN BSG] 26X, 14.1, B, 9.3;
HR/MS (ESI) calculated for C1¢HaoN,O,4 [M+HT], 313.2127, found 313.2126.

[0109] A solution of amine 1 (19 mg, 0.061 mmol) in ethanol (1 mL) was added slowly to

a hot (60 °C) solution of phosphoric acid (85 %, 11.5 mg, 0.061 mmol) in ethanol (0.2 mL).
The resulting mixture was stirred for 3h. After cooling to 0 °C, the precipitates were collected
by filtration and rinsed with cold acetone (2 x 5 mL) to give tamiflu as a white crystal (21 mg,
85 %).
TH NMR (CDCl, 400 MHz): 8 6.86 (s, 1H), 4.34 (d, J = 8.9 Hz, 1H), 4.25 (dq, J=1.5 Hz, ] =
7.2 Hz, 2H), 4.07 (dd, /= 9.0 Hz, J = 11.7 Hz, 1H), 3.74 (t, J = 6.5 Hz, 1H), 3.63-3.54 (m,
1H), 2.97 (dd, /12 = 5.4 Hz, J13 = 17.3 Hz, 1H) 2.56-2.49 (m, 1H), 2.01 (s, 1H), 1.58-1.47 (m,
4H), 1.29 (t, /= 7.1 Hz, 3H), 0.87 (dt, /12 = 7.4 Hz, J14 = 17.6 Hz, 6H), 13C NMR (D,0, 100
MHz): 175.2, 167.4, 137.8, 127.6, 84.3, 75.1, 62.4, 52.6, 49.1, 28.1, 25.4, 25.0, 22.3, 13.3,
8.5, 8.4; 3P NMR (162 MHz, D,0) & 0.65; HR/MS (ESI) calculated for C;6H;5N,04 [M+H™],
313.2127, found 313.2122.

[0110] Proceeding according to an alternative synthesis route (cf. e.g. Fig. 2 and Fig. 10),
Oxazolinidone (12) (1 mmol) was dissolved in anhydrous CH;CN (5 mL). The mixture was
stitred overnight at room temperature in the presence of DBU (2 mmol). It was then diluted
with CH,Cl, (20 mL) and washed with brine (2 x 20 mL). The organic layer was dried over
Nay SOy, filtered and evaporated under reduced pressure. Oxazolinidone (13A) was purified by
flashing colummn 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 EtsN (6 mmol), acetic anhydride (3 mmol), and DMAP (6 mmol) were added.
After 24 h, the reaction mixture was quenched with saturated NH,C] solution, diluted with
distilled water and extracted with CH,Cl, (3 x 20 mL). The combined organic layers were
dried over Nay8Qy, filtered, and concentrated. After flash chromato graphic 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 filirates were concentrated




in RS and R6 arc independently selected suitable protectin
\é\?gtrjglsn andVREYPA 818 he sylrorbol ""An. indicates that the bBﬁHSﬁ&‘ﬁ’sﬂ%‘@

any configuration, to form an al dehyde o£4égeneral formula (4) 47

cid ester (10) OR6 (10)

dehyde (4) t boxyl it
e e o e iy o s o B
N- substi t ut egq r bamoy| qup, t hereby form ng N-substituted
18&2* ﬁﬁ@%{lng{/ r@ﬂﬁngh (1 abmelpinpahydrags Fa0.2 ml) was added

carbamate (

dropwise to NaH (0.1 mmol; 60% in mineral oil) suspended in EtyO (! mL) under nitrogen.
The mixture was stirred for 10 min at room temperature and then added dropwise over a
period of 20 min to a solution of trichloroacetonifrile (1.5 mmol) in Et,0 (1 mL) at -5 °C
under nitrogen. The reaction mixture was warmed to room temperature, and stirred for 2 h.
After removal of solvent, the residue was ttiturated with MeOH/hexane with vigorous stirring
to give precipitates, which were filtered off and washed with cold hexane. The filtrate was
evaporated under reduced pressure to give 3-pentyl trichloroacetimidate. The freshly prepared
3-pentyl trichloroacetimidate (0.75 mmol) and CF3SO3H (0.075 mmol) were added to a
solution of azido carboxylate ester (2A) (0.6 mmol) in CH,Cl, (5 mL) under nitrogen. The
reaction mixture was stirred at room temperature for 24 h, during which more imidate and
CF3503H (0.075 mmol) were added 5 times every 4 h period. The reaction was quenched with
5% aqueous NaHCOj; solution. The aqueous layer was extracted with CHCly (2x). The
combined organic phase was washed with brine, dried over NayS0O4 and concentrated in
vacuo. The residue was purified by flash column chromatography (BtOAc/hexane) to afford
the product (14B). Azide (14B) can then be converted to amine (1) as described above,

[0113] The listing or discussion of a previously published document in this specification
should not necessarily be taken as an acknowledgement that the document is part of the state

of the art or is common general knowledge.

[0114] The invention has been described broadly and generically herein. Bach of the
narrower species and subgeneric groupings 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 spitit of the invention are defined by the

scope of the claims.
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ting N-substituted carbamate (3) to form oxazolinicione 73
Eceig r(ra‘rGrgl\(ii Ing‘%ﬁ’ﬁ0 8% from oxazolinidone (12) to form oxSEHSFﬁ?‘)%@H%

[ [ [ - i phatic
48 wherein 128 is Hor one of a silyl-group, an aliphat
érlgsz an aF' l.i,C. group, an aromatic g_%up, an aryl al i phatic gr.oup,.
and an ar yl Jbﬁc/ﬁjjl}ecmé’ﬁm ilhshptivey nigs@itted hdvemt sitabBt efagab®WBacticed in the
0 ad. Sk, (f),.reacting . . )
oxazol | ni G 15y cUPobht S et B ion, e Jitalions "Weish isastespecifcally

RUOLTLIS acrrhcin, Ssrite cumpleniionehingbls 1R8e Shede MR Somyrisng,
g ; S:ng Fgggﬂtolﬁ%btﬂ%]ggsgﬁtﬁ% ¥t’y%{ﬂgﬁpﬁﬂﬁg O IFfsT isgélhd)eoreg@ expansively and without
het eroat dimitatizing eind durk rem lihiged) € RlyNiheOlistan c%p@ﬂ&tssltheya@igecﬂy reference, but
include also other non-specified components or elements. As such they may be exchanged
with each other. Additionally, the terms and expressions which have been employed are used
as terms of description and not of limitation, and there is no intention that in the use of such
terms and expressions of excluding any equivalents of the features shown and described or
portions thereof, but it is recognized that various modifications are possible within the scope

of the invention claimed.

[(0117] Other embodiments are within the following claims. In addition, where features or
aspects of the invention are described in terms of Markush groups, those skilled in the art will
recognize that the invention is also thereby described in terms of any individual member or
subgroup of members of the Markush group.




(g) converting azido.carboxyl ate ester (2) to 4;5-diamno cycl ohexene
cat hoxyl ate ester (1). 2. The-process of claimkindlier
conprising form ng a pharnaceurically acceptable salt of 4,5-dianino
cycl ohexene carboxyl ate ester (1). 3. The 'process of clains 1
or 2, wherein the pharmaceutically accepggable salt is a phosphoric
acid.salt, = - ‘4. The process of any One cif clainms 1 -3, wherein
in conpounds {(4), (9) and oy R5, and in conpounds (3), (4), (9);
(10) and (12) R6 gre independently seleated fromthe group conai sti ng
of a silyl-grouf™® aliphatic, ali cycl ic, aromatiec, arylaliphatic,
‘and arylalicyclic group, conprising O to about 3 heteroatons selected
fromthe groﬁ}.‘]""ﬂfcﬂme@s Sc and Si. S. The proecess of any -one of
clains. 1 - 4, wherein in conpound (1) R3 and in conpound (2) R18 are
an i ndependent | y 1s & moteesodt foping g A definmino cyclohegene Thrboxylrraswi ginemhipralie
of claims 1y 5, wherein in conpounds (4), (9) and ( 0) RS, in
conpounds (3)., (4), (9) (10) and (18 R6, and in N-substituted

ear bamate (3). R7,, an. ﬁeﬁgendently sel ected finna the group

consi sting. of nethyl-, 2 sy 2ofo] orl so- propyl , acetyl:

benzyl -, benzoyl -, p- rret Xy- -, 2,6-dithet hcetybenzyl , tosyl-
t et rahydr opyr anyl -, net hoXy, <, 13- et hgyyet hoxynet hyl - :
triphenyl nethyl -, allyl- 1”. 1, 5 3 3-hexal I uoro- - i sopropyl
triraethylsilyl-, trieri tylal I y} g2 - i sopropyl -silyl -

di -i sopropyl - rrethyl S|tyl , teMary- 49 but yl - di rrethyl silyk,

tertiary- bu §c'ce]énY%re
oris(tri mét uorosul fonyl -
t ol uenesul f ¥ ?m R mesclmdeﬁom L\ 4 z;rmmﬁpwstms efacilylyarengano nyI

gl I( él sul 1;]0 :’la)dlphanc %}cxlhy,lnn alic¥Eicheydup @n@fﬂﬂ-fabc}’éroupaﬁﬁirylahphatm group, and an ary]almychfc
I net ny t 0] Ccess 0

any one. of é’? &{‘?a?nt}&lm(é gﬁ: V\%‘R 3 h&é%&l}s 38%&95 @%{‘8{ v 1619? 58 d:B:(i%b) RS

consi sts of waereinpdi, iyl wd &'t quilnéqpelahmyaﬁe]nmde%ﬂyl 1R groupt dwwwes biH, @ryayl-group,

19,' Zkgr thnnﬁﬁtah RphiR| @kychRIaQrﬁaec ta%hﬁhahyd.ﬁd)éi-}‘lal QR fp complilsmg r? to about
i hydropyran con I's one of an aliphatic,
elicyclic, gl\r{%rrr% crte %Ef”l%%%?‘fp\éw ﬁu&éﬁ%rw alicyclie group, -
conpri sing @epmcmapnﬁmet eroatons ‘selected-fromthe group N, 0, S,
Se and Si, ? ng%@hﬁ,hg}drgdm%lg%@@)corrpound (9) can be represented
9A)’

byforrmla

wherein RS and RS arc indcpéndcntly selected suitable protecting groups, and wherein the '
symbol ann indicates that the bond may have any conﬁgumnan, "
) form an aldehyde of general formula (4)




(9A) and ﬁherein t he 3, 4-di hydrapyran conpound (9A) i s-obt ai ned by:
to form 3, 4-di hydropyran conpound (8)

(i) reacting acetal (7)

(8), and (ii) renoving the hydroxy -group of 3, 4-dihydropyran conpound
(8) 'to form 3,4-clihydropyran conpound (9A). . 8. The process of
claim7, wherein the acetal (7) is obtagped by: (i) reacting

3, 4- dlhydropyran conpound (5) 50

(b) Odelzmg aldchyde (4) to cnrbox}rlm acid ester ( 10)

a0 -

{c) i*eplacing protecting group RS of carboxylic acid ester (10) by an N—subsﬁmte‘ri carbamoyl .

group, thereby forming N-substituted carbamate (3)

wherein R7 is a suitable protecting group, -
(d) reacting N-subsntutcd carbamate (3) 1o form oxazolinidone ( 12)

(12)

(e)'renioving moiety ORS from oiazoihﬁdonc (12) to form oxazolinidone (13)

. COR'

N ™ : (13)




to form-acetal (6)OH O 1 (6), and OH.(ii) shielding the 3-hydroxy
group of acetal (6) by forming acetal (7) therefrom . 9. The
process of- any one of clains! -8, wherein converting azido
carboxyl ate ester. (2). to 415-di am no cycl ohexene carboxyl ate ester
(1) conprises: (i) reactlng azi do carboxyyl ate ester- (2) to forn1a2|do
carboxyl ate ester (14) R20/002R1 R23-N.(14) and 1 R24F-13 (ii)
converting azido- carboxyl ate ester (14) to 4,5-diarnino.cycl ohexene
car boxyl at e esYisreiyRYis Hygnerest A sii)-grospan Ripkaticiovpy il @RYRAERARRUPS FGHITRRTE
another H, " a sjrbupl angir@aliphatia Rrodp, api & drglal3yedid Rrouf Robpristig Ohd sbo@raoup, an

aromati.c groubye ARl YA AR hCordlp WD, 8'sefa 47 Y1 2l | CVC' ¢ group.

(f) reacting oxazolinidone (13) to form azido carboxylate ester (2)
CoR’

@

Lo i
R1® N,

wherein R18 and R19 are indepéndeﬁﬂy selected from the group conéi_sﬁng of a'silyl-g’éup, an.

 aliphatic, alicyclic, aromati¢, arylaliphatic, and ary]alfcyciic group, comprising 0 o about 3
hctcroatoms selected from the group N, O, S, Se and Si, and =
(g) converting azido cﬂ.rboxylatc esfer (2) to 4,5-diamino cyclohcxcnc carboxylatc ester (1)

2, The process of claim 1,_i'urther comprising forming a phannaceutically acceptable
salt of 4,5-diamino cyelohexene carboxylate ester (1). : '

3. The process of clﬁims 1 or 2, wherein the phanngccuticaliy acceptable saltis a

phosphoric acid salt,

4. The process of any one of ¢laims'] - 3, wherein in compounds (4), (9) and (10) RS,
and in compounds (3}, @, 9 (10) and (12) R® are independently selected fmm the group
_consisting of a s1lyl group, an sl:phatw, alicyclic, aromatic, arylahphatxc, and arylalicyclic group.
. comprising 0 to about 3 heteroatoms selected from the group N, 0. 3, Se and Si,

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

compound (2) R'8 are an independently selected acyl group.

6. The process of any ohe of clmms 1 - §, wherein in cdmpounds %, (9)'m1d (ib) RS, in
compounds (3), (4), (9), (10) and (12) RS, and in N-substituted carbamate (3)R7, are
mdcpendcntly selected from the group consisting.of methyl-, ethyl-, n—pmpy] :so~propyl— acetyl- '
benzyl-, benzoyl-, p -n}cthoxy-bcnzyl-, 2,6-dithethoxybenzyl-, tqsyl , tetrahydropyranyls,

methoxymethyl-, ﬁ-methoxyethoxymethyl— triphenylmethyl-, allyl-, 1,1,1,3, 3 3~hexa'ﬁuor0#
© isopropyl-, trimethylsilyl-, methylsdyl- -lsopmpyl-sﬂyl- d:—lsopropyl-methyl-sﬂyl- ter:iary-



10.. The:process of any one of clainms 1 -9, wherein reacting

3, 4-di hydr opyran conpound (9)M f'orm-an al dehyde (4) conprises

exposi ng 3, 4-di hydropyran conpound (9) to an el evated tenperature.
.11. The process of any one of clains 1 - 10, wherein oxidizing

al dehyde (4) to carboxylic acid ester (490) conpri ses contacting

al dehyde (4) Wi th an oxi di zi ng agent 12. The process.of claim
11, wherein the oxidizing agent is one of sodiumchlorite, potassium
per manganattyl-dimethybsibyb; reh; ﬂaf?tﬁﬂbfédﬁshmrlsdge itris((Fotictiaisitylsdyl)-vefliorgsplfongl-,
copper (11) t§1@!:ﬂesuli%ﬁ‘ﬁ pghjethﬁ lurfér}ﬂz b9t§1 qﬁeﬂxylsulfonyl- aillglsul H}? Qﬁﬁcess

of any one ere|n OX/, |2|ng

car boxyl ic “gélf“g"deg‘f' ?y“('TG g‘&ﬂﬁ?ﬂyﬁé’é‘i aanl}ewwﬁwf!bd)a&qwafm
OR6 . 14. . The process of claim 13, vvherel n Carboxylic . acid
(10A) is converted to carboxylic acid ester (10). " 15. The

process of any Of‘eTI?Jpr&Jcﬁ'o yhné of]cfanmwed’ Ghdeil %@ﬁ&uﬂ (tgf g}) (E@
group RS of car 08, ﬁ\‘? acg& ester an N-su car m)yl
group conpriPEEE LamtIR E‘éF‘b"b??‘Fiy &e@%@lee&h%iwwwmw
car boxyl i ¢ tacd-blydesdy groug de)4~ﬁR@ropyran compound (9), _
‘wherem R19 is one of an aliphatic, alicyclic, aromanc arylahphanc and ao a:ylahcychc group, -
. comprising 0 to about 3 hpteroatoms selected from the group N, O, S, Se and Si,
sueh that 3,4-dihydrdpj,vran compound (9) can be represented by formula (9A)

" . and wherein the 3,4- drhvdronvrnn compound (9A) is obtained by: -

{i) rc&ctmg acetal (7}

-0
R1 0 )\ 0\\\\\" \

(7
| ‘ ORr®
to form 3,4-dihydropyran compound (8)
" (8), and
ORE -
(i) removing the hydroxy group of 3 4—d1hydropymn compound (8) to form: 3 4—dlhydropyran

compound (5A).

8. The process of claim 7, wherem the aceral (7) is obtamed by:

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




16., The-process of claim 15, wherein RS is 'p r aet hoxy- benzyl , and
wher ei n conveni ng carboxyllc acid ester (10) to hydroxy carboxylic
acid ester (11) conprises rempving noiety R5 by contacting carboxylic
acid ester (10) with one of eerie amonium nitrate,
2,3,-clichloro-5,6- dicyano-1,4- benzoqugdqone (DDQ, CBr4 in mnet hanol
and Na81-.13( CN)/ EF3. Et 20. - 17. The process of claims 15 or 16,
wher ei n. hydroxy carboxylic acid ester (11) is converted to
‘N-substituted caber:tate (3),- & orRker si on corrpri sing contacting
hydroexy carboxylic acid esteHO( 11) - | 5) o
1' - car bdnyl di i m dazol e. (CDI'), ther@Q or m ng carbamate (3A) OR6 52 e
18. The process of claim17, N@%rel carbamate (3A). is further -
"reacted with a conpound (15)"° of genegyy formula R 7-X wherein Xis a
group sel ect dedformeseishéd ogen,. a cyan, an isocyano and a thiocyano
group, thereby form ng N-substituted garbatnate (3). 19. The
process of -any one of clains- 1o rein reacting N-substituted
carbamate (3) to formoxazoIéWLgone (12 g@npréses contacting :
N-substituted carbamate (B)R‘i tbonate. in the presence of
a suitable catal yst. . 20. ?he ‘ocesi of ‘claim 19, wherein the
catalyst is |, 3-bis(2,6-diisopropyl ph@Hyl1)- inidazoliumchloride. .
21. The process of clains 19 or 20, wherein reacting N-substituted .
car bamat e - (8% sh’ﬂd‘Pﬁ)th@'@%‘Hﬁﬁﬁﬂ?W@Bﬁé‘a’(@Wf?WW@ﬂ*ﬂléBrﬁﬂﬁ@@s addi ng an.
azi-do conpound under suitable conditions. 22. The procces of
claim 21, whereit Thuasmssab@axm@ﬁﬂm“s-sawhm kv Extifig dﬁ;ﬂbsu‘nw}ate ester

(2) to 4,5-diamino cyciohexene carboxylate ester (1) comprises:

(1) reacting azido carboxylate ester (2} to form azido carboxylate ester (14)

Z.
R0y, co,R! .

R%_ N (14). and |
|
R24 N3

(ii) converting azido cm‘boxylatc ester {14) to 4, S-diamino cyclohexene carboxylate ester (1),

llu

- wherein R? and R* are independent fromi one another H, a s1ly1-group. an aliphatic group, an
ahcychc group, an Aromatic group, an arylahphauc group or an ar;ylahcyclic group.

10. The process of any one cf claims’ l 9, wherem reactmg 3 4-d|hydropyrau compound
(9) to form an aldchyde (4) compnses exposmg 3 4-d:hydropyran compound (9) to an elevated
temperatu:e

11. The process of &py'oue of claims 1 - 10, wherein oxidizing aldehyde (4) to carboxylic
acic} ester (10) comprises contacting aldehyde (4) with an oxidizing agent.

12. The process of claim 11, wherein the oxjdizing agent is one of sodivm chlorite,
potassium permanganate, nitric acid, Tollens' reagent (diamminesilver(l)), a copper(l) salt, and




23. . The 'process of clains 21 or 22, wherein the azido conpound is
added together  with an organic fluori'de salt under suitable

condi tions. 24. The process of any one of clains 1 - 23,
wherein removing noiety OR6 from oxazolinidone (12) to-form
oxazol i ni done (13) conprises contacting sgxazolinidone (12) with a
Bnanst ed base. - - 25. The process of claim 24, wherein the
Bronsted base i s aone of a di azabi cycl ononene, a di azabi cycl oundecene,
a diazabicyé“B@EF§H@°xﬂ°cl||sopropylalklanlne a -

tetra-al kyl guartidine, pyridine,.and sodium hydride. : 26. The
process of any orid. Te podoess nfarif onedf slaindselr-aywireehaixidivingaldainyalk (4) tdiﬂﬂﬁxyhc
(13) to for I |ses contacting
oxazollp|doﬁga%%%$uﬁg&ﬁgé*ég%g%g%&%&?&ééwg ‘formul a R3- A-R3 under . -
sui‘tabl'e conditions, R3 bei ng one of aCEﬁIyI group, an aliphatic
group, an alicyclic group, an ar arylallphatlc group,
and an arylalicyclic group conpri SI™g ) P R t-er oat ons
selected fromthe group N. 0, S. Se & mhereln( s one of 0, S
Se, N and P. 27. The process -ai m 26, wherein R3 is an
acyl group, and wherein the nol ecul e o 53 general -formula R3-A-R3

i s an anhydride.. ess .0 0 f, cl ai “27,.
wherei n reacting 138 f“s 6%%“?%) mefbrﬁgﬁx§“gﬁﬂ 1ﬁ%mgvpﬁgﬁﬁﬁﬁﬁ%w
car boxyl at e3@&estr (101) conprises forning -an azabi cycl o carboxyl ate
ester of .the formila (16) C 0z (16) ‘R3 wherein RP is selected from
the group consi stbrMhepfocds Sfizhy bre@i Clbighs 1314,34beRIAAHIRing Pidbtaatingl¥@lpiRS of AN -

ar‘omat I_ C, a@ar?o&y/ﬁ@!lcidpégt@# (ﬁ&’byglplq -:{'i‘é}u%{e)i g'{vﬁng%'f;én!mp cgmpnsgs convamng carboxylic ‘

acid estcr (10) to hydroxy carboxylic acid ester (11)
' ' OR®

HON _ ~CORY.
(.

16. The process of claijn 15, wherein R5 is p-mcthoxy-beniylﬁ, and wherein com;ferting .
. carboxylic acid ester {10) to hyélroxy c’arbo:iylic acid ester (11)-comprises removing moiety R® by
contacting carbw_c‘yi'ic acid ester (10) with one oi‘_ ceric ammoqiﬁm nit;‘a't.e, 2,3,-dichloi'6—5,5-. |
dicyano-1,4-benzogquinone (DDQ), CBry in methanel, and NaBH;(CN)/BF+ Et,0.

17. ’I‘he process of clainis 15 or 16, wherein hydroxy carboxylic acid ester (1 1 ié
© converted to N—subsntuted carbamate (3), the conversion comprising contacting hydroxy
_ carboxyhc acid ester (11) with 1,1 -ca:bonyldumldazole (CDI), thereby forming carbamate (3A) &

ORS

| @'YO@/O%F{‘ o |




29.. The ‘process of claim 28 wher ei n azabi cycl o carboxyl ate ester
(16) is reacted to form azido carboxyl ate ester (14). 30. A conpound
of the fornmula (4) wherein R5 and R6 are independently sel ected

sui tabl e protecting groups or H, and wherein the synbol An.a.n.

indi cates that the bond may have any cogfiguration, with the proviso
that R5 and R6 are nqt both benzVYl. 31. The conpound of -cl ai.m
30, wherein RS an R6 are independent|y selected fromthe group

consi sting-of H,* @f???esb?fégﬁ“l'éﬁ’h%{‘r"f‘ﬁﬁ%"fa&“(%H&B’“h%{ﬁ“&‘le‘i‘w!b??@wmd
group, an atlé)nftgmaragfonumm ahgrtiaXKiiphghipGelgdta@iifom laligerg A cyane, an isocyang
arylalicycl atons selected -
f rgm t he gr%)nﬁlp%%% %&%érgwnéﬁﬁﬁg%%néﬁ%hg el ected fromthe
group consi'sting of H .a silyl-group, an aliphatic gr ‘
alicyclic group, 1%1@%1?’8??&%@6“@?’885"1“‘%?11 aFEyWQPTF’ﬁFF&FWESIr%BSﬁ‘““’é‘ﬁE"WW
aryl al i cycl {3 todermitzazotinitiei( £) BEmQisésQomintitg N3uliehiRd cabaiik (HetitGintsh]

fromthe grg and qand R6.are i ndependent | y
sel ected sul %Bi{}'eem%%‘?eesg ?Hg g'r%:ﬂepcg H, and wherein.the.synbol W%

i ndi cates that' thé bond may have. any confl quratl on, with the proviso .
that R5 and R6 af®THORMIER H claily) phérein the caalysis 1fhis(p érAwpmpyidend: ai m

32, wher ei ninfRhzdie chlorigs.e | ndependent 'y sel ected fromthe group o
consisting of H a silyl-group, an aliphatic group, an alicyclic

‘group, an aromathg T%ﬂb%ss ¢ @laﬁﬁsﬁb 3l i(?@ﬂéréﬁregéuﬁgﬁzmﬁﬂgteﬁ @arbania'a'te: (?) tq form

arylalicyclic %Nou)% Lg_%rlsm 0 to about t eroat ons
from t he gr B8 & ARRnsgs 2dding an aeidosAmpRREuer seipblecopditinng (11)
OR6- Werein Rl is sel ected fromthe group consisting of H a
silyl-group, an 2 Thwmbdess afrclbinp?], whereih the yaidd wmgeund i3 2n azidariakpdle.
group, an aryraliphatic group, and an arylalicyclic group, conprisihg
0 to'about 3 het g3, ORE PBess 6 BGheM &m%&bﬁ:&rﬁuoad}bpo&dl&ddaﬂo&mr%&
R6is aswtableﬂegg,ts“lgg_%gpp Qr. and

jotetsd stitable conditi vna

[rryies

24. The process of any one of clmms 1 - 23, wherein removing moiery ORS# from*
oxazolinidone (12) to form oxazolinidone (13) compnses comactmg oxazolinidone (12) with a
anstcd base.

25. The process of claim 24, wherein the Brensted base is one of a diazabicyclononena; a
d_iazﬁbicycloundecenc,,a diaz}f;tbicycfooctane, a diisopropylalklamine, a fﬂﬁ'ﬂ-MlgU_ﬁﬂidiﬂc,
pyridine, and sodium hydﬁdc. ‘

26. 'l‘he process of any one of claims 1 - 25, wherein reacting oxazclmldone (13) to furm N

_azido carboxylate ester (2) comprises contacting oxas'ohmdone {13) witha ‘molecule of general
formula R3-A~R3 under suitable conditions, R3 being one of a silyl-group, an athauc group, an
alicyclic group, an aromatic group, an arylahphatxc group, and an arylahcyclxc group compnsmg
0 to about 3 heteroatoms selected from the group N, O, S, Se and Si

‘wherein A is oric of O, S, S, N and P,

27. The process of claim 26, wherein R3 is an acyl group, and wherein the molecule of




wherein the synbol n"An. i.ndicates that the bond.may have any
configuration: 55 . ~35. The conpound of claim 34, wherein R6 is
selected fromthe group consisting of H a silyl-group, an aliphatic
group, an alicyclic group, an aromatic group, an arylaliphatic group,
and arylalicyclic group, conprising O tazabout 3 heteroatons selected
fromthe group N, 0, S, Sc and Si.. 36. A conpound of t'he fornul a (12)
OR6 Na wherein Rl glected fromthe group consisting of H &
silyl- groupF“&Fﬂﬁ§PP$ﬁaﬂ13-ﬁﬁﬁﬁﬂlmﬁﬁ alicyclic group, an aronmati c.
group, -an arylaliphatic group, and.an arylalicyclic-group, conprising
0 to about 3. het a‘so“ﬁtecpmessefﬂgbﬁmbffcrammlt-he vgfcauﬂeduungbxaﬁ;uﬁﬁﬁmm)doﬁm

R6 is a sui in '
i ndi cates t tﬁ(’a%?d lémﬁ% %IS “%BW 2 er 1 @ @IB gﬂe?/got o) mﬁc}’c}a °ar%g"7¥a\{\éal"ﬁt§r
conpound of°§¢5ﬁﬁ@§6“5%hereln R6 is selected fromthe group :
consisting of H, silyl-group, an aliphatic group, an alicyclic group,:
an aromatic .group, an-aryl aliphatie group,C an arylalicyaic group,:
conprising O to about 3 hercrpnors ed fromthe group N, 0, S,

Sc and Si. 38. A cdtpoiiag e formuta (13) :

(16)

wherein R? is selected from the group consisting of a silyi-grou_p, an aliphatic, an alicyclic, an .
aromatic, an arylaliphatic, and an arjlalicyc]ic group.

29.The process of claim 28, wherein azahlcyclo carboxylate ester (16) is reacted to form

azado carboxylate ester (14)

C30.A compound.oi' the formuia (4).

O.

ORS ®
R®

Qlitire--

wherein R? and R6 are mdcpendcntly sclectcd suxtablc proteeting groups or H and whcrem the
symbol nnnn indicates that the bond may havc any conﬁgurauon,
with the proviso that. R5 and R6 are not both benryl

~ 31.The c_omp‘oﬂnd of claim 30, wherein RS and RS are independently selected from the
group consisting of H, a silyl-group, an a]ipﬁatic groﬁp', an alicyclic group, an aromatic group, an
arylaliphatic group, and an arylalicyclic group, compn'sihg 0 to about 3 heteroatoms selected from
the group N, O, 8, Se.and §j,




wher ei n- Rl i s selected fromthe: group conS|st|ng of H a silyl-group,
an aliphatic group, an 56 alicyclic group, an aromati’c group, an
aryl aliphatic group, and an arylalicyclic group, .conprising O to
about 3 heteroathns selected fromthe group N, 0, S, Se and Si, R6
isn suitable protecting group or- H, and is Htone of a _
silyl-groun, an'aliphatic alicyclic, aromatic, arylaliphatic, and
arylalicyclic group, conprising O to about 3 heteNhtonB sel ected from
the group N, 0, $2-ASwempenddsfthe formula(1089. The conpound of claim 38 '
wherein:1t6 is sel ected fromthe groqf consisting of  H a
silyl,-group, an aliphatic group, arfPfl i cyelic. groilp,  an aronatlc
group, an arylaliphatic grougrio
conprising O to about 3 heteroatyfis -Setect®d fromthe group N, O, S
Sc and Si.. 40. An azabie gonpound of tﬁ@)fqrnula (16)
1":13 wherein 1(9 is the group -CORT3, wherein R13 is one .of an
aliphatic, an alicyclic, an aromatic, an arylaliphatic, and an
arylalicyclic group. : .

nd 2an agyl@l.icyclic group,

wherein R1 is-selected from the group consisting of H,, Q siiyi-group, an aliphatic group, an
alicyclic group, an aromatic group, an arylaliphauc group, and an aryla]xcychc group. comprising -
0to about 3 heteroatoms selected from the group N, O, §, Se and Si,

RS and R are mdependently selected suitable protecting groups or H, and

wherein the symbol rwm indicates that the bond may have any conﬁgnrauon

withthe proviso that RS and R are not both acetyl,

»33. The compound of claim 32, whe:_'ein R# and R are independently selected from the -
" group conéisti.ng of H, a silyl-group, an'aliphaﬁc. Broup, an a]icycl.ic g,rt.)up, an aromatic group, an
arylallphanc group, and an arylahcychc group, comprising 0 to ahout 3 heteroatoms selected from
thegroupN 0,8, Scand 8i, ' '

‘34, A compound of'the formula (11)

ORS

CO,R’
A1)

wherein R! is selected from the group c@nsisting of H, a silyl-group, an aliphatic'gmup, an
alicyclic group, an nromnﬁc group, an arytaliphatic group, and an arylalieyclic éroup, compri;sing

| Cto about 3 heteroatoms sclectcd from the group N, O, S, Se and Si, o
RS is a:suitable protecting group or H, and '

wherein the symbol ~nan indicates that the bond may have any configuration




41.. A process of formng a 4,5-di amino cycl ohexene carboxyl ate ester
of general formula (1) or a pharnmaceutically acceptable salt thereof,
wherein RL - 1(3 are i ndependent|ly_.sel ected fromthe group conS|st|ng
of a silyl-group, an 57 aliphatic group, an ali.cyclic group, an
aromatic -group, an arylaliphatic group,ssnd -an arylalicyclic group,
conprising O to about 3 heteroatons sel ected fron1the group N, 0, S,

he- aroup consi SE4 B PP 3P, B S i Pamhan b cogigg Lty
-alicyclic- gidlgkgpupam dipimnia gioep, gi dicmhcamumy hranbtjs gadvipeangydaliphatia pehum and
arylalicycl] (ﬁauﬁklafd%m %%Béhs%{ﬁ?qs %&Q@d&bﬁﬁ&&%‘&a} J% %& %Cé%@ana

fromthe gr € process conprisi
reacting ay 4 di hydr opyr an conpound (9)" Rso\(:9) OR6 mhereln R6 and

R6 are |ndependently sel ected suitable protecting groups; and wherein
t he synbol i ndi caxcé&obhmunﬂbﬁhebibnﬂamay) have any configuration, to form.
~an aldehyde of general fornula (4). . :

whercin R! is-sclected from the group éonsisziﬁg ofH, a silyl—gmup‘, an aliphatié group, an

ahcychc group, an aromatic group, an arylahphauc group, and an arylalieyelic group, compnsmg
. 0to about 3 heteroatoms selected from the group N, O, 8, Se and S:,

RG isa sr.u‘rab‘c protecting group or H, and

" wherein the symbol fvvv\. indicates that the bond may have any confi gumﬁnn.

.37.The compound of claim 36, whcrem RS is sclected from thc group consisting of H, a
sulyl-group, an ahphauc group, an ahcychc group, an aromatic gmup, an arylaliphatic group, and
an arylalzcycilc group, comprising 0 to about 3 hctcroatoms selected from the groupl\‘ 0,8, Se
and Si. : ' '

38. A compound of the formula (13)

:‘/002R1 ._ »
(13)

3

lelltl

RS

wherein R1 is selected from the group consisting of H, a silyl-group, an aliphatic gInup, an




(b). oxidizing al dehyde (4) to carboxylic acid ester (10) .0R6 (10)
repl acing protecting group R5 of - carbeoxylic acid ester (10)
group, thereby form ng N-substituted

58 (c)
by an 14-substituted car bam)yl
| (3) -

carbamatc (3). OR6 CO2R1-
o L 56
ahcychc group, an nmmatw groug, an arylaliphatic group, and an arylallcychc gmup, compnsmg

0 to about 3 heteroatoms selected from the group N; O, S Se and 8i,

Réisa smtable protecting group or H, and
R8 is H or.one of  silyl-group, an aliphatic, alicyclic, aromatic, arylaliphatic, and arylalicyclic

- group, comprising 0 to about 3 heteroatoms selected from the group N, O, 8, Seand Sl

39, The compound of claun 38, wherein RS is selected fiom the group cons1stmg ofH, a

szlyl-group, an ahphauc group, an alicyelic gmup, an aromatic. group, an 3ry]ahphatw group, and
an arylalicyclic group, compnsmg 0 to about 3 heteroatoms selected from the group N, 0 S, Se

-. and Si.
0. An azabicyclo compound of the formula (16)

CO,R'

BN
' (16)

Z g

3

i . )
wherein R? is the group -CO-R13, whcrem R13 is one'of an ahphanc, an ahcychc an aromattc an

arylatiphatic, and an arylahcychc group )
41. A process of forming a 4,5 diamino cyclohexene carboxylate ester of general formula

(1)

, £
R4 /E\R12 . -
R11

ora pharmaceuucally acceptable salt thereof,
Wherem R! - R3 are independently selected from the group consxsung ofa sﬂyl-group.




wherein'R7 Is a suitable protect| ng group, (d) reacting N-substituted
carbamatc (3) to form oxazolini done (12) OR (e) renoving noiety
OR6 from oxai ol inidone (12) to form oxazol i ni done (13) C2R1 (13) (g)
converting azi do carboxyl ate ester (2) to 4,5- d| am. no cycl ohexene

car boxyl ate ester (1) . 57

aliphatic group, an alicyclic group, an aromafic groﬁp. an arylaliphatic grouj), and an .
arylalicyciic group, comprizing 0 to about 3 heteroatoms sclected from the group N, O, 8, Se and
si, . I '

" wherein R4, R1 and R12 are indqpéndentiy selected from the group consisting of H, 2 silyl-groub, ‘
and an aliphatic group, an alicyclic group, an aromatic group, an arylaliphatic group, and an
anr_lalicjrciic group, compﬁsing 0 to about 3 heteroatoms selected frﬁm the group N, 0, S, Se and
S, ' : -

the process comprising: .

(a) reacting a 3,4-dihydropyran compound (3)

®

wherein RS and RS are independently selected suitable protecting groups; and ‘wherein the -

symbol ~nen indicates that the bond may have any configuration,

to form an aldehyde of general formula (4) .
. . .

OR5 @

ERS .

(b) oxidizing aldehyde (4) to carboxylic acid ester (10)
' " "ORE
R0 ‘ 002R1

(10




58
) replacmg pmtectmg group R5 of carboxylic acid ester (10) by an N-substituted carbamoyl

group, thereby forming N—substltutcd c&rbamatc 3y
6

RT/ Y @MC%R‘

‘ wherem R? isa suxtable pmtecnng group,
_ {d) rencting N-substztutcd carbamatc 3)to fo:m oxazohmdonc (12)

o

(12),

N3

(e) removing moiety ORS from oxazolinidone (12) to form oxazolinidozne (13)

COR'
T

N3

p-dl 1

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

3 7) and
R (2) an
Y | o

(g) converting azido carboxylate ester (2) 10 4,5-diamino cyclohexene carboxylate ester (1)




