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WO 20091037137PCT/EP2008/061838 - 1 - Case 24218 Process from
Shilcimic acid to Oseltamivir Phosphate The present disclosure
process for the preparation of a 4,5-diamino shikimic acid
Wgﬁeiﬁiga%i%/ﬂé%f formula R3R4N. NH2 and pharmaceuticallé%%@gﬁf%! 1838
addition salts thereof 5wherein RI, RI' afe-independent of each other Fl or
allcyl, R2 is an allcyl and  R3, R4 are independent of each other H or an
aIIcanoEI, with the proviso that not both R3 and R4 are H. to4,5-diamino
igfidl&cid derivatives of formula I, especially the (3R,4R,55)-5-
amino-4-acetylamino-3-(1-ethyl-propoxy)-cyclohex-1-ene-carboxylic acid
ethyl ester and its pharmaceutically acceptable additional salts are potent
inhibitors of viraP HGra AR ecir shigttkemiviy RbmgpiBiem. 63,
1998, 4545-4550; WO 98/07685). The problem at the root of the present
disclogyre, st raq&v&g%@;@%vgs%oacaﬁégrf&%%@eméh%ﬂi@rﬁi@samm shikimic
sf&cill imic.aci rTderivatives in good quality and yield from a easily obtainable
2 PRGNS ™ icimic acid. Shilcimic acid can be easily obtained from
biotech processes, e.g. genetjc engingering, fermentation (Sunil S.
Chanclran, Jian Y1, K.M. Dré&t i%h von Daenilcen, Wolfgang Weber,
and J.W. Frost, Biotechnologie PFogress, Vol. 19, No. 3, 2003, 808-814).
20The problem is solved, accordihg to.the preSer

e preSenitiisclosure, by a
formula |

as show in scheme 1;
]
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and pharmaceutically acceptable addition salts thereof
wherein

RY, RY are indei)endent of each other H or alkyl,

R?is an alkyl and

R®, R* are independent of each other H or an alkanoyl, with the proviso that not
both R and R are H.

4,5-diamino shikimic acid derivatives of formula I, especially the (3R,4R,58)-5-
amino-4-acetylamino-3-(1-ethyl-propoxy)-cyclohex- 1-ene-carboxylic acid ethyl ester
and its pharmaceutically acceptable additional salts are potent inhibitors of viral
neuraminidase ( ]. C. Rohloff et a1, J. Org. Chem. 63, 1998, 4545-4550; WO 98/07685),

The problem at the root of the present disclosure is to provide a new process for
preparing 4,5-diamino shikimic acid derivatives in good quality and yield from a easily
obtainable starting material, shikimic acid. Shikimic acid can be easily obtained from
biotech processes, e.g. genetic engineering, fermentation (Sunil S. Chandran, Jian Yi,
K.M. Draths, Ralph von Daeniken, Wolfgang Weber, and ].W. Frost, Biotechnologie
Progress, Vol. 19, Ne. 3, 2003, 808-814).

The problem is solved, according to the present disclosure, by a process for

preparing the compounds of formula I as show in scheme 1:

1Z2/26.06.2008



WO 2009/037137PCT/EP2008/061838 - 2 - Scheme 1 This new
process has the advantage that it comprises less steps to reach
whoriageiae; shikimic acid derivatives of formula 1 comparinggwith 6oz /ns1838
process known from the art 5 (J.C.Rohloff et al., J.Org.Chem. 63, 1998,
4545-4550; WO 98/07685). In addition thé tombination of process steps
withouéct,rp%li lation and purification of the corresponding intermediates
described in"'Scheme 1 allows to further enhance the efficiency and overall
yield of the prasess The new prpcess chagagterized by 10stepa)
esterification of shikirnie acid of ¢ WO 2009/@34137PCT/ y
P2QO8/6864338 3 y OH With R0 rm a cgmpound of formula’’Q”
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This new process has the advantage that it comprises less steps to reach 4,5-diamino
shikimic acid derivatives of formula I comparing with the process known from the art
5 {J.C.Rohloff et al,, J.Org.Chem. 63, 1998, 4545-4550; WO 98/07685). In addition the
combination of process steps without the isolation and purification of the corresponding
intermediates described in Scheme 1 allows to further enhance the efficiency and overall
vield of the process

The new process characterized by
10 step a)

esterification of shikumic acid of formula



OH wherein 122 is as defined above; 5step b)  formulation of trimesylate

of formula IV by reacting compound of formula Il with methanesulfonyl
wehighide Ms0CO2R2 MsO" IV OMs wherein R2 is as defined@hpréosnsiss

10step c) Regioselective SN2-substitution of the 3-mesylate-group of

the trimesylate IV by an azide reagent to form an azide of formula CO2R2

OMs wherein R2 is as deflnedﬁg?’\'/, . _COH

HO™
OH

with R2OH to form a compound of formula

HO., . _-COR®

\\‘. " g

HO™ ™Y
OH

wherein R? is as defined above;

5 step b}

formulation of trimesylate of formula IV by reacting compound of formula III with

methanesulfonyl chloride

MsO,,, CO,R*

MsO™ v
OMs

wherein R” is as defined above,

10 step c)

Regioselective Sn2-substitution of the 3-mesylate-group of the trimesylate [V by an

azide reagent to form an azide of formula

Ny

MsO™ v
OMs

wherein R? is as defined above,

15 step d)



-4 - Reduction of the azide of formula V with trialkylphosphite to form
aziridine of formula 0 O 11 Ni/eOR2 R50-1- OR OMs wherein R2 is as

wistined aboyve, RS and 116, independently of each other areP%Jﬁ%QH%!, 61938
of fo qa

step e) opening of the aziridine of formula Vito form compoun rmu

RiR1' 0 R50 /IVIl -6-Ney R 0 H OMs wterein R1, RF, R2, 123 and 116

are as E@%Q;E?‘%Sagoég ’a%i(aStgﬁ’%%&:ﬁiagZ&O&%?Qggk% I?)%gggg {g‘ olign(:i\ giridine of

o
formula poundo

formula

Wi

Ms

wherein R is as defined above, R and R®, independently of each other are Ci¢
5 allkyt,

step e}

opening of the aziridine of formula VI to form compound of formula

M S
wherein R/, Rll, R% R’ and R® are as defined aboife,

10 step )

transformation of phosphoramide of formula VII inte compound of formula

RL_R"
O
X
wherein R}, RY, R%, R® and R? are as defined above,
step g)
15 reduction of azide of formula IX to form compound of formula I and if necessary,

formation of a pharmaceutically acceptable addition salt.



IXx R3R4N. wherein 141, Rr, R2, R3 and 124 are as defined above, step g)
15reduction of azide of formula IX to form compound of formula | and if
rmation of a pharmaceutically acceptable addition salt WO

PG, io
A2 47P CT/EP 20081061835 - 5 - There are two alternativEWEJEs1838
for perform step f) I. step f) comprises theSsteps of fl), f2) and f3: step fl )

hydrolysis of phosphoramide of formula VIl to form compound of formula
RtiRt %E‘?Vﬁ%—ﬁf”@éﬁé%ﬁ‘éer&ﬁyf OERLRERIHY as defined above, step

f2) acylation of compound of formula VIII-1 for form compound of formula
1. step f) comprises the steps of f1}, £2) and £3:

step f1)

hydrolysis of phosphoramide of formula V11 to form compound of formula

1

Y

H,N®
5 OMs

wherein R}, RY and R? are as defined above,

step 2)

acylation of compound of formula VIII-1 for form compound of formula

2
VIl-2
Ms
10 wherein RY, RY, R%, R? and R* are as defined above,

step £3)

substitution of 5-mesylate-group of compound of formula VII1-2 to an azido to

form the compound of formula

15 wherein R', R, R?, R? and R* are as defined above,



OMs 10wherein R, Ftr, R2, R3 and R4 are as defined above, step {3)
substitution of 5-mesylate-group of compound of formula VI 1-2 to an

wadgeiafprm the compound of formula 0 )LOR2 IX R3RANr$¥iEp 061538
alternatively 2. 1, step f) comprises the _sgeps of 1), 2) and 3: step 1)

substitution of 5-mesylate-group of compound of formula VII to form the 5
compgyggeplgg{;wla 0 00 OR2 R50 Il X R60 HE

2. 1. step ) comprises the steps of £1), £2) and £3:
step 1)

substitution of 5-mesylate-group of compound of formuia VII to form the

5 compound of formula

wherein R RY, R? R® and R* are as defined above,
step £°2)

hydrolysis of compound of formula X to form compound of formula

P

R: R
Y 0

N

Z”"-.

wherein R', R" and R? are as defined above,
step £'3)

acylation of compound of formula XI to form compound of formula




where RI, Rti, R2, R3 and le are as defined above, step 2) hydrolysis of
compound of formula X to form compound of o u a 0 OR- H2Nte\p--"XI
wherein RI, ftr and R2 are as defined above, step 3) acylation of
compound of formula Xl to form compound of formula RiV 1l IX R3R4N. -
7 - whesein R, Rl IRBR3end R4 avdefiscdefingd, above,  In a first
aspect, there.is provided a.process for the-preparation .of a compound of
formula VIl useful for the preparation of oseltamivir wherein: VII IHRJ R

Tn a first aspect, there is provided a process for the preparation of a compound of formula

VIl useful for the preparation of oseltamivir wherein:

VII

R'and R" are independently hydrogen or Cy.¢ alkyl,

R?is an Cy alkyl and |

R’ and R%are independently C; alkyl and OMs is mesylate

which process comprises the steps of:

step Imconfacting an alkyl (3R,48,5R) 3.4,5-trihydroxy-1-cyclohexene-1-carboxylate (11}
wherein R? is as defined above with methanesulfony! chloride in the presence of an aprotic
organic solvent and an triethylamine to afford the tris-mesylate to afford the tris-mesylate of
formula IV,

HO!’),' ) COI R_2

o™

41

MsOy,, _CO,R?

0
o
MsG

Ms
v

step 2—contacting IV with an azide in an organic solvent, optionally in the presence of water and
a phase transfer catalyst, to displace the C-3 mesyloxy-group and form V wherein R?is as defined

above,



0 1--IN1.77 R60 H OMs RI and le are independently hydrogen or C1.6
alkyl, R2 is an C14, alkyl and R5 and R6 are independently C1.6 alkyl and
OMs is mesylate which process comprises the steps of: step Icontacting
an alkyl (3R,4S,5R) 3,4,5-trihydroxy-1%cyclohexene-1-carboxylate (lI1)
wherein R2 is as defined above with methanesulfonyl chloride in the
presence of an aprotic organic sgyent and.an triethyjamine to afford the
tris-mesylate to afford the tris-mesylateof fortydfa IV; CO2R2 OH OMs
IV step 2-contad¥ng Tv-with an azide in an organic solvent, optionally in
the presence of water and a pf@g@«h‘é
mesyloxy-group and form V wherein R2 is as defined above; 7 a
N3.002R2 - OMs

step 3—contacting V with a trialkylphosphite in an organic solvent to reduce the azide and form
the aziridine of formula VI wherein R is as defined above and R® and R®are independently C.

aikeyl;

_CO,R?

Ms
Vi

step 4—contacting VI with a first alcohol solvent and boron trifluoride ethyl etherate to open the

aziridine and form VI wherein Rl, R, Rz, R’ and R® are as defined above.

In a second aspect, there is provided a process for the preparation of oseltamivir (I)

according to the first aspect, which process further comprises the steps of:

step Sa-—contacting the phosphoramide of formula VII with a second alcohol solvent and a strong

acid to hydrolyze the phosphoramide and form a compound of formula VIII-1 wherein:



OMs step 3contacting V with a trialkylphosphite in an organic solvent to
reduce the azide and form the aziridine of formula VI wherein R2 is as
defined above and R5 and R6 are independently C1 6 alkyl; V R50-1N
OR6 co02R2 OMs VI step 4-contacting VI with a first alcohol solvent and
boron trifluoride ethyl etherate to open the aziridine and form VII wherein
RI, R, fe, R5 and R6 are as defined ab6%&'R" In a second aspect, there
is provided a process for the preparatign of oseltamlvw&% gcording to the
first aspect, which process further comprises leps ofr 11-IRIR 04,0C

R'and R are independently hydrogen or C.5 alkyl and Ris an C,galkyl;

step 6a—-contacting VII-1 in ethy! acetate with an acylating agent and triethylamine to form a
compound of formula V-2 wherein R’ is Cy¢alkanoyl and R*is hydrogen, R' and R are
independently hydrogen or C ¢ alkyl and R is an Cygalkyl;

_ Neley: o

VIII-1 g

OMis

V-2

step 7a—contacting VIII-2 with an azide in a second organic solvent and ethanol under

conditions sufficient to displace the mesylate and produce a compound of formula IX;

CHRIRY

O,,!‘E o

Vili-2 e

R-3 R4N = 4

step 8—contacting IX with a reducing agent to form 1 and optionally contacting I with

pharmaceutically acceptable acid to form an acid addition salt.



CHRIRIPt. OMs VIiI- I Rl and RI' are independently hydrogen or C1.6

alkyl and R2 is an C1.6 alkyl; step 6a?ontacting VIII-1 in ethyl acetate with

an acylating agent and triethylarnine t6~form a compound of formula VI1II-2

wherein R3 is C1_6 alkanoyl and R4 is hydrogen, fe and Rrare

independenty hyshageirreriChoateyl andot2? iHamhe febatdkyl; 04 os@dsivir (T)

step. 7acontacting VILU-2. with an azide. i rganicesolvent and
a%%éﬁglt%ﬁg aef?rsé{;%%ﬁ%kéﬁgl g% ﬁ%?g%’?%%ﬁﬂg?g‘c%ﬁ%g ?%é%%/{lgastg and produce a
stmﬁhpmm@@ﬁf@ﬁﬁiu}ém)@pm inG: second organic solvent and ethanol under conditions

sufficient to displace the mesylate and produce a compound of formula X

CHRIRY
Ou,, .CO,R?
0 "
VI RSO-M_H}!
]\ o
RSo H
N

wherein R, R are independently hydrogen or Cy.qalkyl, Rlisan Cpg alkyl and R, R‘? are
independently hydrogen or Calkanoyi;
step 6b—contacting the phosphoramide of formula X with a second alcohol solvent and a strong
acid to hydrolyze the phosphoramide and forim a compound of formula XI wherein R, R are
independently hydrogen or Cs alkyl, R*is an Cpgalkyl

CHRIRY

} .

On, A

H2 N &

N;
X1

step 7Tb—contacting XI in ethyl acetate with an acylating agent and triethylamine {o form a
compound of formula IX wherein R'and R" are independently hydrogen or Csalkyl, R?isan C).

¢ alkyl, R3is Cygalkanoyl and R*is hydrogen;

I e

X

step 8—contacting IX with a reducing agent to form [ and optionally contacting I with a

pharmaceutically acceptable acid to form an acid addition salt.



N3 IX step 8-contacting IX with a reducing agent to form | and optionally

contacting | with pharmaceutically acegptable acid to form an acid addition

salt. 7c In a third aspect, there is provided a process for the

preparaficnfOFE<ERGh I0RT7 15 Sreorfairycernnati seespaetofnohlipMoeds

further comprises the steps ogoﬁgep 5Sh-contagting V1| with ag,azide in a

second organic sofverit arg ethanol under condt gfficient to displace

the mesylate and pr¢ a compound of formyla X X wherein RI, R are

independently hysitogenor Cl, alkyl, R2 is ®fC 1..6falkyl and R3, 12..4

are independently hydrggen or Ci_6alkanoyl; step 6Bseontacting the

phosphoramide of formyja X with a second alcohol selvent and a strong

acid to hydrolyze the phosphoramide’and form a compound of formula XI
whwhereinRl,aRgare independently hydrogen or C1-6 alkyl, R2 is an CI-6

alkyl yHRIRV N3 XI step 7b-contacting Xl in ethyl acetate with an

acylating:age ! pRatrigthylaming é@ﬁ%ﬁ@iﬁl@@ﬁ%ﬂ%@ﬁéﬁﬁf&%&l %%I.Sgg%ug of 1

. ' ; ,

R T B TNyt At s RO GRS of S0 4l s s ety
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, tert. butyl, pentyl and its isomers, hexyl and its
isorners, heptyl and its isomers, octyl and its isorners, nony! and its isomers, decyl and its

somers, undecyl and its isomers and dodecyl and its isomers.

This alky! group can be substituted with one or more substituents as defined in e.g.
WO 98/07685. Suitable substituents are Cy_¢-alkyl (as defined above), Ci¢-alkenyl,
Cs-¢-cycloalkyl, hydroxy, Cis- alkoxy, Cy.¢-alkoxycarbonyl, F, Cl, Brand 1.

The term alkyl in RY, R* has the mearing of a straight chained or branched alkyl
group of 1 to 12 C-atoms, expediently of 1 to 6 C-atoms.

Preferred meaning for R’ is ethyl, for R' is ethyl.

R’ is a straight chained or branched alkyl group of 1 to 12 C-atoms, expediently of |

to 6 C-atoms as exemplified above.
Preferred meaning for R? is ethyl.

R® and R* have the meaning of alkanoyl groups, more preferably Cy.¢-alkanoyl such
as hexanoyl, pentanoyl, butanoyl (butyryl), propanoy! (propionyl}, ethanoyl (acetyl) and
methanoyl (formyl).

Preferred meaning for R® is acetyl and for R* is H.

R’ and R® are straight chained or branched alkyl group of 1 to 12 C-atoms,

expediently of 1 to 6 C-atoms as exemplified above.
Preferred meaning for R” and R® are are ethyl.

The term “pharmaceutically acceptable acid addition salts™ embraces salts with
inorganic and organic acids, such as hydrochloric acid, hydrebromic acid, nitric acid,
sulfuric acid, phosphoric acid, citric acid, formic acid, fumaric acid, maleic acid, acetic
acid, succinic acid, tartaric acid, methanesulfonic acid, p-toluenesulfonic acid,

benzenesulfonic acid and the like.

The salt formation is effected with methods which are known per se and which are
fanuliar to any person skilled in the art. Not only salts with inorganic acids, but also salts



CHR1R" Os,CO2R2; N3 IX step 8-contacting IX with a reducing agent to
form | and optionally contacting | with a pharmaceutically acceptable acid
&%E%B%g_/n gcid addition salt. 7d In a fourth aspect, there is p{)ovided a
comp thd é{ccording to formula VI or V: M 0,,c0,z,N3,co2R2 PUHHR Nkip61838
where R2 is C 1.6 alkyl.  The term alkylshas the meaning of a straight
chained or branched alkyl group of | to 12 C-atoms, expediently of 1to 6
CYb RIS kAR 6eTBE %wwsﬁe@mps%méﬂnw@w&m@pmg sulfates,
I-piiopys, niouttyl, debtatyh, tenlelutybupentytanck s ismeNsathe Xyl ARchits fonates

isprnersikeptyl.and itsdspmers,.pctyl and its isomers, nonyl and its
isomers, decyl and its isomers, undecyl and its isomers and dodecyl and

its iso This alkyl araup can be substituted with ane or more .
et e e e b
é}‘.%ﬁ? ﬂ{gﬁa(ﬁa YR ks }6%36@2{1{@@%}}1 ethanolic solution at a temperature of

-20°C to 60°C,

5

Step a)

Step a} comprises esterification of (3R,45,5R)-3,4,5-trihydroxy-cyclohex-1-
enecarboxylic acid of formula IT with an alcohol of formula RZOH.

10 Typically, the reaction is performed in an alcohol, preferably ethanol in the
presence of a strong acid, such as hydrogen chloride in ethanol, sulfuric acid or in situ
preparation of hydrogen chloride with thionyl chloride in ethanol , preferably thionyl

chloride in ethanol.

The reaction temperature mainly depends on the alcohol used, as 2 rule lies in the
15 range of 60°C to 150°C, preferably 70°C to 100°C.

The reaction is as a rule finished after 1 to 5 hours, preferably 2 to 3 hours.

Step b)

Step b} comprises formulatien of trimesylate of formula IV by reacting compound

of formula I1I with methanesulfonyl chloride.

20 Typically the reaction is performed in a suspension of compound of formula III, an
aprotic organic solvent, preferably ethylacetat, and methanesulfony chloride with a

—  lertiary organic base, preferably triethylamine.

The reaction temperature is typically in the range of -20°C to 50°C, preferably 0°C
to 5°C,

25 Step ¢)

Step ¢) comprises regioselective Sy2-substitution of the 3-mesylate-group of the

trimesylate IV by an azide reagent to form an azide of formula V.



10

15

25

hydroxy, C1-6- alkoxy, Ci_6-allcoxycarbonyl, F, Cl, Brandl.  The term
alkyl in RI, RI' has the meaning of a straight chained or branched alkyl

r 12 C-atoms, expediently of | to 6 C-atoms. Pre %
W%(egg(%ﬁéﬂ%g?le is ethyl, for 121 is ethyl.  R2 is a straight ck%gérrlieé %?08/061838

branched alkyl group of Ito 12 C-atoms,-ékpediently of | to 6 C-atoms as

exemplified above. Preferred meaning for R2 is ethyl. ~ R3 and |e have
the eGP ARSI GrBBRRHIBRE RRERSAE & P LARBHUGPRlER ek as

hixantioyllspéntan oy lvixhtaney by spropamoyisapidergh) vetthahogtate and

(asety)ang: metbrreyhfermyth Rrefesred meaning forlplisacalylrand for
R4isH. R5 and R6 arestraight chained or branched alkyl group of Ito

12 C-alg %‘ﬁd@?&%@%‘%&%ﬁ@ia‘b@ Slditomzias exempldied abRve nRisieresd

meaning for R5 and R6 are are ethyl.  The term "pharmaceutically
&88@%%551@65¥H%ddition salts" embraces salts with inorganic and organic
acids, such as hydrochloric acid, hydrobromic acid, nitric acid, sulfuric

acid, PRSSSHOING &cid Aditie eI et 1Hdid i ic acid, maleic acid,
acetic acid, succinic acid, tartaric acid, methanesulfonic acid,
p-toluék@sdifonic acid, benzenesulfonic acid and the like. WO
2009/037137PCT/EP2008/061838 - 8 - with organic acids come into
considérntiomoRydroshtdrides) fdrobroniddsrsulateyithitratbs! Witratbise to
Feelates:maleamensuceinates, methan-sulfonates, p-toluenesulfonates
and the like are examples of such salts. Preferred pharmaceutically

acceP’f%'%'?eé‘&igz?&ﬂé%gai?étﬂ%m&p%&&%\é@'ﬁﬁﬂ Q%@E@v%ﬁi@ MYBUCR toluene
can be formed preferably_in et %ollc S(t)lunoc?x at a.t%n;ggratgrg of (i? t?_
AP S By 2 i BT CLoBRRrAioh Bje Y Prosprie s added af roor
BRZESIRY-3,4,5-trihydroxy-cyclohexenecarboxylic acid of formula Il with

an alcohol of formula R20H. 10Typically, the reaction is performed in an
alcohdlhpredetiablis eshandt fmiHedrdsende dhawstwangarldy Suclts asurs.
hydrogen chloride in ethanol, sulfuric acid or in situ preparation of

hydroges ehitkdeavifethionyhahioride e dtbaniod opreferakibetaineyl as a rule les

Qﬂlﬁ{éq%igeW@m 150°C, preferably 100°C 1o 120°C.
Step g)

Step e) comprises the opening of the aziridine of formula VI to form compound of

formula VIL

Typically the reaction is performed in a suspension of compound of formula VI, an
alcohol, such as 3-pentanol and boron trifluoride ethyl etherate in an inert gas

atmosphere,

The reaction temperature is typically in the range of -20°C to 100°C, preferably 0°C
to 5°C.

The reaction is as a rule finished after 10 to 20 hours, preferably 16 hours.

Step f}

Step f) can be performed in two alternative ways:

(1) step f) comprises steps f1), 2) and f3.
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25

The reaction temperature mainly depends on the alcohol used, as a rule
lies in the 15 range of 60C to 150C, preferably 70C to 100C. The reaction
@@gog/éw§3];inished after Ito 5 hours, preferably 2 to 3 hours. 1%?&(@008/961838
tep b) comprises formulation of trimesylate of formula IV by reacting
compound of formula Ill with methanesulf#ényl chloride. 20Typically the

reaction is performed in g suspensian of compound of formula JIl, an _
proric BT BRBFR L PaHLTAB) Sy EaE BHR PR Gh prmala VIt
chioridbewithpcgidertitryrotigaiié ase, preferably triethylamine.  The
reaction temperature is typically in the range of -20C to 50C, preferably
0C to 5gri2Bi3tap chactiobiepeciocompisesusegiosaiadtiverShi-dulistitutidn Vi1,
of {he-Srmesiate-grampioking §HH&%§A@@E%&Q¥ aga?g&%;ﬁaagﬁd)mi%%mm
o szivs.otlormuls ¥, WO 2009/03 3B TIEPAQURI0OIEAE - ey iy
C(_a reaction o St%p 053 is Iiyplca ly per%lrme i ah iner orgealnlec’ gtr)efveé’?\?,ysu Hrie
Stfeth B ERBHEPE SURGXIETSr with a water organic solvent mixture,
preferably ethylacetate and with a phase transfer catalyst, such as
tetrabifytanantioni tim bydtogem solfatepends oArhazitielrelagent aprefdedilyin the
spdivnaadeds addediehemeactondxtuyecat 5 room temperature. The
reaction is as a rule finished after 1 to 30 hours.  Step d) comprises

reductien af.the2zide of formiiad with tialkyiphasehite 49.form aglridine

of formula VI. 10The reaction of step d) is typically performed’in an

e ap el LRI S0 AR i g

THh K ‘élﬁc;‘frﬁ%%ls a rule finished after Ito 5 hours, preferably 2 to 3 hours.
The reaction temperature mainly depends on the organic solvent used, as

a rule fiedatiBRea kg sEsCIs THTC T SrafbFEy O 074 200 e3Rep & known to
the skilled in the art. Acylating agent can be an acyl halide, a carboxylic acid ester or a
carboxylic acid anhydride. Suitable acylating agent preferably is an acetylating agent such
as acetylchloride or acetic anhydride.Suitable organic tertiary base such as triethylamine
or an aqueous solution with an anorganic base such sodium hydrogen carbonate,
potassium carbonate, potassium phosphate in water preferably sodium hydrogen

carbonate in water.

Preferably the acylation takes place under basic conditions using a mixture of 0.5 to
2.0 equivalents of acetic anhydride in ethyl acetate.

The temperature is as a rule chosen in the range of -20°C to 100°C.

Step {3) comprises substitution of mesylate-group of compound of formula VIII to

an azido to form the compound of formula IX.

The reaction of step f3) is typically performed in an inert organic solvent, such as

dimethyl sulfoxide or a solvent mixture with dimethyl sulfoxide and ethanol.

An azide reagent, such as sodium azide is added to the reaction mixture at 20°C to
120°C, preferably at 80°C to 100°C

The reaction is as a rule finished after 10 to 30 hours, preferably 16 hours.

(2) step f} comprises steps 1), £2) and £3).
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Step e) comprises the opening of the aziridine of formula VI to form
compound of formula VII. Typically the reaction is performed in a

W&%R@Qﬁ?ﬂ of compound of formula VI, an 20 alcohol, such %ﬁﬁﬁ?&ﬁ@ﬁl&%ss

and boron trifluoride ethyl etherate in an inert gas atmosphere.  The
reaction temperature is typically in the rarge of -20C to 100C, preferably

0C to 5C. éﬂg;e reaction is,as a rule finish dtqf(trer 10 to gx% hoo%r&, %e}‘%r al;(/H o
16 hoth® ob SRBIPREA BE BEITS Ned T 5o SRR a e R ayas (?‘)LK;J step
tompiisestepentl pf fRyantt 8. WO 2009/037137PCT/EP2008/061838 -

10 -  Step fl) comprises substitution of mesylate-group of compound of
formulzytt4otfeumf thepdimpoymidadf forrfanaad| i in Typicallytkespéacionich as

isiperfomaching sHsRension ef.eampaundiafdarmulayil. analeehell. such

as ethanol and a strong acid, such as hydrochloric acid, hydrobromic 5

acid, sylfurig.acid. phosaheric agid, metbasesutionicrcd.anchBe ke at 20°C to

preferably sulf rc acid in an jnert gas atmosphere.  The reaction
terh e A rEARIE ATy HEFAAY Oh the alkohot used, as a rule lies in the
range of 50C to 150C, preferably 80C to 120C. The reaction is as a rule

finishdd arer s ZrABliEnRERrASH L dhdl e UiD BTl ) totiiies

acetylation of compound of fon-nula VIiI-1 for form comliound of formula
V111 2ep&lanorpoas bedstlaeteel sramonasie’deraitlanstByaigifgmpound of

asyatiagagents known to

Typically the reaction is performed in a suspension of compound of formula X, an
alcohol, such as ethanol and a strong acid, such as hydrochloric acid, hydrobromic acid,
sulfuric acid, phosphoric acid, methanesulfonic acid and the like, preferably sulfuric acid

in an inert gas atmosphere.

The reaction temperature mainly depends on the alcohol used, as a rule lies in the
range of 20°C to 150°C, preferably 80°C to 120°C.

The reaction is as a rule finished after 10 to 20 hours, preferably 8 hours at 80°C.

Step £°3} comprises acetylation of compound of formula XI to form compound of

formula IX.

Acylation can be effected under basic conditions by using acylating agents known to
the skilled in the art. Acylating agent can be an acyl halide, a carboxylic acid ester or a
carboxylic acid anhydride. Suitable acylating agent preferably is an acetylating agent such
as acetylchloride or acetic anhydride. Suitably erganic tertiary base such as triethylamine
or an aqueous solution with an anorganic base such as sodium hydrogen carbonate,
potassium carbonate, potassium phosphate in water, preferably sodium hydrogen

carbonate 11 water.

Preferably the acylation takes place under basic conditions using a mixture of 0.5 to

2.0 equivalents of acetic anhydride in ethyl acetate.

The temperature is as a rule chosen in the range of -20°C to 100°C, preferably 0°C
to 5 °C.
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the skilled in the art. Acylating agent can be an acyl halide, a carboxylic
acid ester or a carboxylic acid anhydride. Suitable acylating agent

Wdof&{l §1})Jd¥els an acetylating agent such 15 as acetylchloride 9&9&%%08%1838

Suitable organic tertiary base such as triethylamine or an
aqueous solution with an anorganic bas&?such sodium hydrogen
carbgnate, potassium carbonate, potassium phosphate in water preferably
sodi rogen carbonate in water. Preferably the acylation takes
place under basic conditions using.a mixture of 0.5 tg 20 2.0 equivalents
of ac¥iE BhIRFAREE TRtRGHARAETEFIG Rmpk At Reras o mpe Ebekfprmula |
dndifnrangerofe20Giorl @0 harnBtepie)oomprisddesubbtitutiontof
mesylate-group of compound of formula VIl to an_azido to form the
BrddrHiE A IRerformed fipa SRAT I Fital 13) 1y sicalfighols, preferably
iparformeddmani ineitoeganietsaiydnsfistaah as:2 prafmebhylsulfoxdide ahanol.
solvent mixture with dimethyl sulfoxide and ethanol.  An azide reagent,

Suchmb.%agﬁglgc:t ﬂ%@ﬁ%&fﬁ’y@@p@%@ﬂtﬁ@? i Bﬁ%ﬁ@&%@?aggle lies
eray 0 onisasar ished after 0
§a%$%f§t ABly-18 %lﬂfspfﬁgﬂé%e@b’%%ﬁﬁ 53&35’% 11), 12) and 13).

WO 2009/037137PCT/EP2008/061838  Step 1) comprises substitution

of mEssARtes reRis e CoRTHETRYBE fEATHNE MG femrarrsEshapdenibseby
HomEtaower $&ﬁﬂ@@ﬁ§m&{g&tg&édi%ﬁyﬁdﬁ&ﬁﬁ patfasn @ﬂﬁ&@my@pﬁ&m and

olvent sulfox an solve tmlxt it
P B R 20 R R g e
rigiiide rontRisEeRtion mixture at 20C to 120C, preferably at 80C to
100C. The reaction is as a rule finished after 10 to 30 hours, preferably 20

hourg,s a ssetef Zheompeises hygrelynigietiscamnoundiafdfommudaayir form
a_%%HB&W %Q{ %@éld&zq; %%%%U}?s{&%slﬁ&&s@?{ﬁ%@&%g g%c?o{%s which

suspension o ound of f rmu a X, an alcohol, such as eth
W@%@%ﬁ&g Ay RRSRE SERPTHG BRSO AR ARFICR Irare B aa,
updesiplid¢izmcidiynethanesulfonic acid and the like, preferably sulfuric acid
in an inert gas atmosphere. The reaction temperature mainly

depepgiapdhe gngQQA 4 Rrpchiediaminhe datanae Ak A0GAA is usually

égoé:dﬁ pref rabl aﬁgu?OEC %% e éec% oncla 1?&% taf t{e%lg Lsh o? gf'gt%rslé) I;[%% 1%

relating to thz«: 4- ace‘tyia.mmo 5-azido-shikimic acid derivative of formula (IX).

The process is as a rule finished after 3h to 6 h.

Thereafter work up of the reaction mixture can happen by applying methods
known to the skilled in the art. Expediently the reaction mixture is, preferably after

stabilization with < 5 mol% acetic acid, concentrated in vacuo.

Though the 4,5-diamino shikimic acid derivative can be isolated e.g. by evaporation
and crystallization, it is preferably kept in e.g, an ethanolic solution and then further
transformed into the pharmaceutically acceptable addition salt following the methods
described in J.C.Rohloff et al., ].Org.Chem. 63, 1998, 4545-4550; WO 98/07685).

The salt formation is effected with methods which are known per se and which are
familiar to any person skilled in the art. Not only salts with inorganic acids, but also salts

with organic acids come into consideration. Hydrochlorides, hydrobromides, sulphates,
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Step f 3) comprises acetylation of compound of formula X1 to form

compound of formula IX. Acylation can be effected under basic conditions
wlYdising acylating agents known to 20 the skilled in the art. %‘ﬁﬁm% 061838

agent can be an acyl halide, a carboxylic acid ester or a carboxylic aci
anhydride. Suitable acylating agent pre‘fér%bly is an acetylating agent such

as acetyr%ﬂorrde orac acetic aq@g/drrde %urtab A alga‘r}jcgertla g/ base such

ﬁre?hy APitie of an hlalaiegous SotGtichwith an anorganch 98 such as

ﬁddmﬁyﬁm@@s safibnéles, porassipnscel oratelipotassium phosphate
in water, preferably sodium hydrogen 25 carbonate in water.  Preferably
the aeyldtiondakesplaaaiviyerbasith Mﬁm&m@mazmure @l0u5:%0

A R R S B ol Bhon e of

rédifef®hbfazide of formula IX to form compound of formula | and if

necessary, formation of a pharmaceutically acceptable addition salt. .

Typicallff RETeEmsHamHep EHBASHa D5emPiBEESoivERE §HoRvEs i more detail

vataohalsipsgierably 5 in aqueous ethanol or aqueous tetrahydrofuran,

most preferably in aqueous ethanol.  The reaction temperature mainly

depeg}r{;%?‘_l e phosphine used but as a rule lies in the range of -20C to

30C, pr &4 y between 0 and 25C. It can be favorable to perform the

reaction at two temperature levels, thereby having the lower temperature

fangQ@IP@épM&z for (B Ackitionu s, theiphasphing dsitk10- ther st

g@ tIy higher temperature of up to room temperature to brlng
reactlon to completion. As a specific embodiment of the present

disclgsur found that catal tlc a s of an resent duri

the c%%vegr%écﬁl& zuppresses fhe%sfer ?ryo%u SRsie W ciﬁc Puq ?énfé?é’ Tsek,
PREEES HIEFRAPSGSRTOBIbFHRIBEI Ot BRtFHErhY Tdbttd Hiadrary-cyclohex-1-
¢iedadicabli wadUiilywersSubipdideddicl 88 mbathmellie.peial] tipadiehtride were
aa&a%ma'gegxrfm%tmc@ﬂw&amkx FadedJn he fom of HREIaLASHiirs, the

acid in catalytic quantities of 0.5 mol % to 3.0 mol % relatjn tog&%
R S SATSCMEIATE KERR TS RAAGHRHTA foaL Higoo-10 mbarto
)pebtﬁescr@ée rredictiMsifegiasfdepdbay®¢il which crystallized over night. The crude
product was dissolved in 100 ml ethyl acetate and evaporated at 46°C/200-10 mbar to

yield the product 22.56 g as a brown residue.

IR (ATR) 3350, 2982, 1715, 1252, 1097 cm’'1; MS (turbo spray) MNH," 220.1

(b) Preparation of (3R,45,5R)-3,4,5-Tris-methanesulfonyloxy-cyclohex-1-
enecarboxylic acid ethyl ester (iv)

In a 1000 ml two necked round bottom flask equipped with, a thermometer, a
mechanic stirrer and an inert gas supply 20.22 g (3R,45,5R)-3,4,5,- Trihydroxy-cyclohex-
1-enecarboxylic acid ethyl ester (iii) was suspended in 600 ml ethyl acetate, cooled to 0-
5°C, 24.0 ml methanesulfenyl chloride were added. To the dark brown solution 45.0 ml
triethylamine were added in a period of 46 min, were by the temperature was kept in the
range of 0- 5°C. The brown suspension was stirred for 30 min at 0-5°C, filtered over a pre
cooled (0-3°C) glass frit filter, the filter cake was washed with total 200 ml ethyl acetate,
the combined filtrates were extracted with 400 ml 0.5M H;80,, the separated organic
phase was dried with 100 g anhydrous sodium sulfate, filtered, washed with 200 ml ethyl
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20Thereafter work up of the reaction mixture can happen by applying
methods known to the skilled in the art Expediently the reaction mixture is,
preferably after stabilization with 5 mol% acetic acid, concentrated in

W8 9THéUgh the 4,5-diamino shilcimic acid derivative can BETSGateg1061838

e.g. by evaporation and crystallization, it g preferably kept in e.g. an

ethanolic solution and then further 25 transformed into the
plistiaearsliticaly ded eptatiaadoitipradaltfolOiIghe mbthodgidesbirihedduct
inah€ Rehlefbatalesid: Org.Chem. 63, 1998, 4545-4550; WO 98/07685).

The salt formation is effected with methods which are known per se and

whichraresfa %)'&@aﬁoxw Resson-skilleddn.the . %SN?JH()@Y&E?'?M@/HNH +

inorganic acids, but also saits with organic acids come int consideration:

Hydroghl Iphates,

2009/ %E%%F?%g%ggq%%g’}%g%%gg R%? ni r\a@%essmgl ra éeéu%%@fa({mé cyclehex-1-
e RS YA sG-S A18thER-sulphonates, ptoluenesulphonates and the

like are examples of such salts. Preferred pharmaceutically acceptable
acid additoRsarrdhettomditkmivipnedphidric e suhieh tambbaomyedsas
pr@ﬁdwahl%mﬁﬁh@ﬁ}ﬂl&mlLﬂl@ﬁ&tr&-ﬁemﬁﬁiaiul’ﬁ)@ﬁ&qz@)@}Bhé@@eneca?rmﬁ(yhc

|| % ?%é@%igﬁ&%ﬁ%&?d@@ ﬁméﬂ%jé gﬂ&i%{x Q? ?(?ﬁll% PG I(Dolorless

Preparation o

mltln it. Exa
gg 91%“ S SO 0 JORES A fendaASaS e STV EihgTiEgiblor 25
P tharal 3508 IsRslirMeidavourddsstesmiflask gouippedanithe iéfluar at r.t.
Gordenstn magoatiestitierandit ineit gasisepply 1949 @hcted three times with a

BRARARY %éﬁé@a GFQXYSNG %aﬁ%w%pg rhoxylic,a éia fiflGrous NSO,

|ony C or| e were a

spe in 80 ml ethano
Bl aﬁ%vamrar%aﬁe@cﬁah AR U8B 13 Rtk oo grdact aslght
e s dkRumi Boititoroihs codieprtolvoowrtermperaiuie anitd@vaparated at

4@@3&%&% am,b” aam;g yield theccrede %ﬁ?ﬂ&&g%tﬁ%gﬁﬁzﬂﬁé‘ bﬁgwsg%ned
allized aver, ni crude product was diss
e R S R R TR el s>
éé%% Sy BISH redigndl R (A TR) e33bonouBbo NS CitbehY ot asa
cdpnlemsﬂ(turbo spray) MNF1; 220.1 20(b) Preparation of
(3R,45,5R)-3,4,5-Tris-methanesulfonyloicy-cycloh ex-1-

IR (ATR) 2942, 2105, 1713, 1660, 1350, 1171 cm™}. MS (turbo spray) M+NH,"

401.1

(d) Preparation of (18,5R.,6S)—7—(Diethoxy—phosphoryl)»5~methanesulfonyloxyw7w
aza-bicyclo[4.1.0]hept-2-ene-3-carboxylic acid ethyl ester (vi)

In a 10 ml round bottom flask equipped with a magnetic stirrer, a reflux condenser
and an inert gas supply, 383.4 mg (3R,4$,5R)-3-Azido-4,5-bis-methanesulfonyloxy-
cyclohex-1-enecarboxylic acid ethyl ester (v) were dissolved under argon with stirring in
4.0 ml toluene. To the clear solution 191 wl triethyl phosphite were added at r.t.. After 5
minutes were nitrogen was evolved and after 30 minutes stirring at r.t. the light yellow
reaction mixture was heated to reflux for 5 hours, then 191 ul triethyl phosphite was
added and refluxed for another 2 hours. The reaction mixture was cooled and evaporated
at 40°C/60-10 mbar 1o yield 470 mg of the crude product as a yellow oil. Purification of
the crude product was obtained via a silica column chromatography using a 2/1 mixture
of toluene and acetone. The combined fractions were evaporated and dried on a rotary
evaporator 40°C/250-10 mbar to obtain 87 mg (18,5R,6S)-7-(Diethoxy-phosphoryl}-5-



it

en ecarboxylic add ethyl ester (iv)  In a 1000 ml two necked round
bottom flask equipped with, a thermometer, a mechanic stirrer and an
inert gas supply 2022. g
WERM%IZRY3 4,5, -Trihydroxy-cyclohexl1-enecarboxylic acid etuyl/estess(ibisss
was suspended in 600 ml ethyl acetate, ggoled to 0- 25 5C, 24.0 ml
methanesulfonyl chloride were added. To the dark brown solution 45.0 ml
teietHyinerifionyerey atidedlivap@dio 46 Tine ware ke JemPeRatie: as a
waBdkeptiin the range of 0-5C. The brown suspension was stirred for 30
min at 0-5C, filtered over a pre cooled (0-5C) glass frit filter, the filter cake
was [ t e t e bined. filtrates wer
W%?d%\?ﬁ%y gg%t@h@ﬁoggﬁﬂé%b?gg%t etgegla}r%té%?gsﬁ%nﬁ’c %{g RasB Was
ried wf%h 100 g anhydrous sodium sulfate, filtered, washed with 200 ml
ethyl WO 2009/037137PCT/EP2008/061838 - 14 - acetate and
evapolie iR st afbrdtirdlioberoot e rhbariw ield e cthyl-
progucty #2-2¢guassulfrowh reincER AT B) 2043, d Beili 3821 1251 (4470
cmi ; MS (ion spray): 454.2 M,LNH4, (c) Preparation of
(3R’43?1@)_fﬁmﬁgQﬁfﬁlﬁﬂ%ﬁﬂaqﬂ@?égmgﬁﬁagﬁﬁc@fﬁf@f ahd ztljn in teﬁ’t gas
i € r roung, bottom flas uipped_with a
AT S and ah RO L 07 bR SRS L
B 1) Aot e bt o oy eyetoBranibsaltiokynidacicton
SfHY| Bistarg(iv) AW enk dissvived HH6.88amigimethyl solfoxidevT othe Clear 5°C with

GQ@&H&&S@H&IM%&&%@% soium, @{g?e%%%%q‘gﬁ?%%’s&%?e%?ti%qlours at
Xulre \ o | r 22 A ri e o g soaium ZIrewere .
g'?j'%edeeé}t%ré.g thn%%%gf%a” o rafﬁg%gr q]bbﬁgﬂi alr}rf]: t?cff?éer@é%ﬁbﬁaﬁliﬁ@tlw& tmes
WHE dildree HWith Bmpettyr abesstyaiarasied rad tiied witedgitmbydMus

86 tida BfNaHEOS  Phe eryanicphase wasseparated/dniad Withr to yield 2.18 g

antydralk pradutttered and eveparaiediah 204{140:40 M#Q/v%p Bed viaa

Qﬁ %trg% C ug{jr?1 roduct as %i%htg[ﬁllomf Qéﬂ. _Eurlflcatl e crude

product was Obtaned via asiiica ol s ¢ FEMAO P EPREddngiay yrere
RYBROFM G Wt Aricktata miRmetianemnto rhd6rIbhed mbationstwenel 47 o
é&&p&mmdﬁﬁ@@h@m%ﬁﬂa@pﬁamré@lﬁW&@Zﬂmeﬂlaﬂesulfonyloxy—

3BoAexoRIarboxylic acid ethyl ester as a lisht vell '
Azido-4,5-bis-metﬁgnesuIfony%,oxf/-%ryrct:slghlgf-f—eer?gvc?iorggkylic acid ethyl

t i 42,2105, 1713, 1660, 1350, 1171
o e Soria AN B0AB 1 (o b a2

(1S,5R,68)-7-(Diethogy- )-5-meth [fonyloxy-7-
aza—b(l?clfgg ﬁ?&?{}%ﬂeﬁ%ﬁ? §%§§£¥é8§g§%§§a§?§ﬁ%§§?§%.ﬁ1n aloml
Tsiherputifmvieek aslapped-anesabnagrewidstiirek estefivi-tbndenser

and an inert gas supply, 383.4 mg
(3R, 48 BRPBragidoatBidasetaaiasdlfonlyloxyad@btic stirrer, a reflux condenser
mmriggmaw@oxybmagc(egm@ﬁ@(lﬁ%r%ﬁ/&iﬁ%%%@h{&?i&ﬂﬁ{) Y thyy1-
RS 5 SR M o e

tl sulphuric acid 96%, the reaction
mixture was refluxed for 16 h, cooled to r.t. and diluted with 1.0 m] ethyl acetate and
cooled to 05°C. The cooled solution was treated with 100 ul of a 28% aqueous sodium
hydroxide solution and with 257 pl of a 25% aqueous ammonium hydroxide solution.
The well stirred mixture was diluted with 1.5 ml water, extracted and the organic phase
was separated, dried over anhydrous Na;SOy, filtered and evaporated at 20°C/120-10

mbar and dried for 1h at 20°C/<10 mbar to obtain 56 mg (3R,45,5R}-4-amino-3-{1-
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minutes were nitrogen was evolved and after 30 minutes stirring at r.t. the
light yellow reaction mixture was heated to reflux for 5 hours, then 191 pi

trieth Ii)hosphlte was added and refluxed for another 2 hours. The
w %ﬁ%&'

Tiikture was cooled and evaporated 30 at 40C/60-18GHH#§8/061838
yield 470 mg of the crude product as a yetlew oil. Purification of the crude
product was obtained via a silica column chromatography using a 2/1
it ormiidneshersedfond orrssbmpinbaresetorsliverdevhyorateds
anbdeiedihn a rotary evaporator 40C/230-10 mbar to obtain 87 mg
(1S,51{,65)-7-(Diethory-phosphory1)-5- WO
2009/Q87A 3P CTIERRB08A61888 -1151-cm 1. MS (ion spray) MH'350.3
inethanesulfonyloxy-7-aza-bicyclo[4.1.01hept-2-ene-3- car%oxyllc acid

Ty s “i@n%f a5 5@2@@@%@3@ i L
B SR IR ST 304 ST e (D)

propoxy) -5-m thanesulfonyloxy cyclohex-1-enecarboxylic acid ethyl ester

(vii) i X 58 raprstbR Sk Bk ek e dinhd Wi e i gt c Rt Fa i ngrpeas
anpipiert §asgupplys bR¥gamino-3-( 1-ethyl-propoxy)-5-methanesulfonyloxy-

L8 GRE DA (Rissheny hosRhoEYL énmgtn@@aﬁ%m&@%%@é@@mm, 1.6

m} ]f01he t-2- aNe; -3 car%y lic aC|d %th Ies e{léw Werg %solved under
ye

argon f& tHSStIrrI%Odlllr;] T%D n ano e Clear Fsﬁ O%rgg Itglril’meramre

%ﬁiﬁéﬁféaﬁwé% W?ﬂ?#%iui Eo’rd#%ﬁfﬂ%%ﬂé@é@ﬁwafr@é@é Ifqar at room
reagtiorrumixiliremias: stirveddivn 26 wolistatrd. tthile reactide nabguiz wase was

Qeggﬁa%w'mié@ mheamyap&@% @@%ﬁ@&t%@%& Umes Wihef Qml WalRhshed

e was separ and dried with 2
%é?%jgf t(ﬁa%rledg1 Hnd&fapora e@ i a rotan )fg%%%(fé‘?o@@a%g@ﬁ(ﬂiﬁ to obfain
&r%aﬁlgd%fé ORIl TSP R erddé-plodurrasse yetowtoin eulfticdtsrr ofclohex-
thenerude pybdudtiwasiaBtained ffiatdieelypanschromatography using
tert-butyl methyl ether. The combined fractions were evaporated and dried
on a ety RY3posalon At a6/ 260:1G mbardo obtaindb4 6@ cm'1. MS (ion spray)
% % ) -4-(Diethoxy-phosphorylamino)-3-(1-ethyl- propory) -5-methane
onyloxycyclohex-1- enecarboxyllc acid ethyl ester as a light yellow
;I"gf &) 5 éé\%% "”fei PR A 2240 ST MR AR R
3rReE S Brylabsininenscqibetiicsrop oiypl sster (ix)
methanesulfonyloxy-cyclohex-1-enecarboxylic acid ethyl ester (viii-1)  In
a 5 miredrtnboromiftasiosyfiphedwintrdwnithgnetigrstivetirseredlusflux condenser
SONdenSat QM@;@!Q%ﬁ@ﬂ@%@ﬂ@&ﬂ@@rﬂgetylammo 3-(1-ethyl-propoxy)-5-
orylamino)
A 4 s B bt givhes
A H SRRSO PRI trEbBa ST Oy sasiaAand the
afeldlgﬁ%ptheermhomdlfauﬁé wassefl kel Tor Thethrovolechtadsit randire was
Qil:‘:«l@ﬁt(yv}th 1Ll ﬁmlm%ﬁé@ AngcoRlqd 19tm 1N&-6091d: 8RR Sl ution
an etreat{a% WI%I;IZ.} mlftert% o a u%o S sogdggjrhnq(go Ide solution.an
LAt 506 AdUeols & ammo iGm hydréxias Solt %ﬁ% H@%é

SRS e ttRosRf wWeterCElaPatisthant pladrgaiieng of the
phdsewdsseparated ¢ drindk &Er aplydie usiNapSAd; filteradanadd in 3.0 mi

fYane tﬁ{%@??%é}%ﬁej’&moﬁﬂ%g Hed Jor -l 3k 2005 1050880 Ry by a beige
%{%taaé%@?l éﬁi %, 46%)?%%1’1 -\18%5 fY\{ered over a pre cooled (-20°C) glass filter

frite and washed with pre cooled (-20°C) 1.5 ml tert-butyl methyl ether. The white
crystals were dried at 40°C/10mbar for 2 hour to obtain 60 mg (3R,4R,55)-4-
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ethyl-propoxy)-5-methanesuffonyloxy-cyclohex- I-enecarboxylic acid ethyl
ester as colorless oil. IR (ATR) 1711, 1655, 1350, 1246, 1171 cm-I. MS

on spray) MHt3S0.3  (12) Preparation of
%ﬁ?“ﬁ@% ~4-Acetylamino-3-(1-ethyl-propoxy)-5- PCT/ER2008/661838
methanesulfonyloxy-cyclohex-1-enecarboxylic acid ethyl ester (viii-2)  In
a 10 ml round bottom flask equipped with a magnetic stirrer and an inert
é\&gtg@mj@p 339@:%3 (1-ethyl-propoxy)cyciohex-I-enecarboxylic acid ethyl ester as
(B4 brpdRyit-arnino-3-(1-ethyl-propoxy)-5-methanesulfonyloxycyclohex-1-
enecarboxylic acid ethyl ester (vii-1) was dissolved in 1.6 ml ethyl acetate,

1.6 mief amquemiss M sadium bysrogen carhanas selutianwas, agded\ati 3393
room temperature 10 62 ul acetic anhydride was added, the 2-phase

mlxtut@ w%@%@w&fm@@ﬁ@s %@ztgm@q';ﬁyeﬁ%ﬁ he SR MBS 0)-3-(1-
Agﬁied with 2 0 m I acetat(-:-btﬂ %%% ase was separated dried

1078 Cgc Lj:rﬁ SEHEE ¢ fitet BHke was washed
with total 3.0 ml ethy| acetate, The flltrate was evaporated at
40C/356 iM&PW%B@HW&%@quEd with a magnetic stirrer, a reflux condenser

(3R 456R)-ghseeylaritorg-¢f Bihyb sptxpishnethanestilforyioieyel I -
ensgxpidls 9@@%@@%@3@&@%5@@ pffwhite sRistalsd et LR Nii) was
:ébsrsa% é %@481 Jfg34 1 é%’ :";I(g éi%dgiplg‘tﬁyﬂ'gu%bx? e?ﬂnnzijg'sc':\)ﬂds PNt izide was
ﬁf%wrdmfﬁers va@z%dafee%ffe‘%mﬁﬁrgﬁe&%wemﬁgml@ﬁ@fmﬁwn
oxyhmamdsewbém@nﬁ 201p caabudeniiinowuhdidottdmiledivlequippect dvithracted
imagn %Wﬁfﬁaﬁe?dﬁfhk%&@ﬁgﬁﬁ?%@@@ @é}ﬂ@ggwmwp%@é%med organic
%1 ééjﬁaessul?%ﬁn\{/%g %%na; ?(1\% S% oxyllc éc ‘&%%Wg&te%o(\fﬁj 1Py Qmbar to
alyasnAang of sz:m étfﬂﬂ%lﬁé%&é«@ﬁm@w%ﬂm&hqg@lme]hﬁvas
dizidévechis addechianetthe ydabtiomeixited was siiechfobadh haupsature, filtered

e T b T
T BTGt e e Chedievii
ahﬁmméﬂmazs@tm Ififisidd erd exjapistabed-AtA0CIDS0YEOMivd £ toybbstaires

R8angyehthe crude product as brown crystals. 280 mg of the crude
product was dissolved in 3.0 ml tert-butyl methyl ether, the brown solution

was gtirred &6 Heurs@o,20¢7,Wese, by &,heige pehSURPENSIgN; WWOAC'
e.suspension was filtered over a pre cooled (-20C) glass filter frite and

washed with pre cooled (-20C) 1.5 mI tert-butyl methyl ether. The white

cryst re dried a r 2 hour to obtajn 6

(SR AR TP i b o TP GEIE8 g A1 bropoxy)-cyciobes-1
sty larmitis-S-alztode{Erdeiyl-propcow)cyclohex-1-enecarboxylic acid

ethyl ester as white crystals IR (ATR) 3265, 2101, 1713, 1659, 1559,

1249]10 78 en-bulktBbtnrsplask) M Pi88Wah a mayMetrepangtionfbfx condenser
&38ﬂﬁt{%ﬁ)gﬁs@éﬁﬂy%f@%@Wﬂb@ﬁ@@@fylﬁmm)l 3ditetdxy-phosphorylamino)-
g tny &rqpox xy)c cycF)fwx elngr?&:raqu%y&aa%l% em}/il ees%é[r {)g)x as dissolved in 1.25
ml ethanol and treated with 0.31 ml sulfuric acid 96%. The black solution was stirred for
18 hours at room temperature and 8 hours at 80°C. The black reaction mixture was
cooled to room temperature treated with 8.0 ml of a mixture 65 ml ammonium
hydroxide 25% in 435 ml brine, and extracted with 9.0 mi ethyl acetate. The separated
organic phase was washed with 10 ml water and the water phase was washed back with
9.0 ml ethyl acetate. The comined organic phases were dried with 20 g anhydrous Na,SOy,
filtered and evaporated at 40°C/140-10mbar to obtain 175 mg crude product as a dark
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In a 5.0 ml round bottom flask equipped with a magnetic stirrer, a reflux

condenser and an inert gas supply, 104 mg of

é R,45, SR% -4-(Diethoxy-phosphorylamino)-3-(
btixy)-5-methanesulfonyloxy-cyclohex-1-enecarbox i At gEs8

ester (vu) was dissolved in 0.50 nil ethand and 0.50 ml dimethyl sulfoxide,

28 mg sodium azide was 10 added and the reaction mixture was stirred at

8oyt ol v0iHalAS aHELroWRA PERIR Y AishiF wrhg T o siben eoloim
tempenatgreptifute dgvithylaOcmicethiy d¥etate taglexisagstechavithnd Bydrbefde 25%.

@%MH&M@Q@&M&%@%&F@@P@@%%Uﬁ%bérﬂ% separaed,, of

%ég %p as %“aezg WI rous Na2S filtered and eva ora ted hol
71126-10Mmbar to ogf)a mg g ofthetr 353 0#6%&“’3%“8?8 ic acid ethy
EFitarst ﬁ@%%‘f the crude product was 15 dissolved in 0.40 ml
methylcyclohexane, stirred for 5 hours at room temperature, filtered and
washéd Wil B mPeRdtAYIcy dHexane cthe \Wiiteorystals Wefd2dfied at
40C/10mbar for 2 hours to obtain 14 mg (3R,4R,53)-5-Azido-4-(diethoxy-
phospfidyRamina<3: (@d-EtRhydRps6 paxs<ytlotiex-1-enésarbDxiclacid ethyl

Bl IhEEYS \ . 1717, 1660, 1246, 1224,
?2% %gllwlg/ls (ion ?g?gﬁgﬁ%}g&ﬁm eg&(:?2 reparation of

B3R, 4!% Q%‘}Mg}n‘%r%o%ﬁ?ﬂ% %Q}%%QH?I%Y x)nggé & 1r '1d an inerf gas

enecarboxylic acid ethyl ester (xi) roun

ttom flask equip
TS A1 Al 25 oS o %éaﬁawmfgaﬂ@ S 500
engof {BRIMRES pbyAritin-4ijdiethbssevhdsphdrythatind kcetate. The brown
&(&n?mﬁa@ﬁ%&zfﬂéﬂf)ﬁﬂ}ﬁ@@%& a@?@?&f@@&ﬂ'@o@?ﬁfm@&?&!ﬁ%?E:e(ﬁﬁgﬂgéé&/solutlon
SSOIV N ol.an e | mi s Il Cl 9
FRENEOL e M- SARClANS (A0 IR S0ctt TS AL was

ﬂ&a?é g%féo@ UT RETBRIBLERETEH ik iU 8 ors BIEaes repirtediit stigd with
treatboldaiths 816, i} .ofiHemikturd 165 filleambeomiy wa3het ydraxideh 2’35’@&435

Haahaem @1@&@;@&;@@@%&mngmmtiaa@%@@zE@ eSaPaised, %EQQ{A"% 39 mg
e was Was&e1 eWl I Wat ers%pg thes)/\s(atergyﬁ !@@g}ﬁn% p
R/r B9 bTFr ety aceta & TheComined organicphad aneg"e 2"

Qth@] izbt@rbhﬁvéﬁaa@wﬁﬁsoamﬁﬁéf@ﬁ ffchevEpbratss EIICCHO- Ao ap 0-

56O bt at it vl fng Thsdespidd BET.a8ha daden¥d was filtered and the filter cake was

i %ﬁ‘é%ﬁ%ﬁq’ﬁ% ‘Sﬁ%ams‘"ﬁ.ﬁ?@ﬁ%ﬂ{?gﬁn%%‘?ﬁﬁﬁﬂ%”e and
T e B S s e P St e

(:%ﬁﬂﬂr?éd ﬂﬁaf@ﬁmn@@va@@ﬂaiéd OO0 0mbak s biseicagdorgofcid
{BRI4R G %) 4hienipathtazido-3-(1-ethyl-propoxy)-cyclohex-1-enecarboxyli
c acid ethyl 5 ester as a brown oil. IR (ATR) 3393, 2098, 1713, 1241, 1070

cm-1MSfiorns seraydovla 2957 %60, 1562, 1254 cm'1. MS (turbo spray) MH* 339.2.

(g) Preparation of (3R,4R,58)-4-acetylamino-5-amino-3-(1-ethyl-
propoxy jcyclohex-1-enecarboxylic acid ethyl ester (i)

50.0 g (0.147 mol ) ethyl (3R, 4R, 55)-4-acetamido-5-azido-3-(1-ethylpropoxy)-1-
cyclohexene-1-carboxylate (ix) were placed in a nitrogen purged 1000 ml glass reactor
fitted with a mechanical stirrer, a condenser, and a 250 ml dropping funnel. 300 ml
ethanol, 50 ml water and 0.09 g acetic acid were added. To the resulting clear solution
31.4 g (0.155 mol) tributylphosphine dissolved in 150 ml ethanol were continuously
added at a temperature of 5 °C (+/- 5°C) over a period of 30 - 90 min, Under slight

cooling of the jacket (7 3°C) the reaction temperature was kept at this temperature. The
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(13) Preparation of
(3R,4R,5S)-4-Acetylamino-5-azido-3-(1-ethylpropoxy)cyclohex-1-enecarb

lic acid ethyl ester (ix) In a 5.0 ml round bottom flask equipped with a

g &§éi&firrer and an inert gas 10 supply, 118.5 mg PCI/EP2008/061838
(3R,4R,5S)-4-Amino-5-azido-3-(1-ethyl-gmpoxy)-cyclohex-1-
enecarboxylic acid ethyl ester (xi) was dissolved in 1.0 ml ethyl acetate.
T Bronn ssfdisibwAsa e danolitha dearetciernuasisIMsotighfor
raytdrﬁffm gaﬁhgn%te %Mrmcim&t@%w&ﬁé{%a%éﬁ%gvhgmyﬁﬂ B
acetic anhydri ture stirred. for 1 hour at room

:%égr}w%eerr%atﬁ fe. tgiorggﬁlélﬁﬁgszggvas sévsﬁ&atg% gljndl Qe Riorsygs stirred for
aRAjrotls (NExsousrbearsd: and the filter cake was washed total with 2.0
ml ethyl acetate. The combined filtrate was evaporated at 40C/240 to 10
mbar fo: obraiivd 3Qsmigicnud eHprbductias Daiges §®|¢dﬂc dhe WEU@@d&@HdS the clear

@@ézﬁ%@%ﬂ%ﬂé%&ﬂ%@m Mﬂﬁ"zﬁgg 139139 JIIE% %Xslurzl}ei?é/ c? fjo ) ié’lbal') at

stirred for one hour at room temperature, coo

ASRS RS e A LR PERRI &T’Wé% ﬂ}?é&@ﬁlgh@q'rﬁ ﬁt@?eéaké”é’v@ﬁg P{C near to
vgsired Thithothtat @170 (30 of @ preldealedi@:aG)i2i1 &@l\ﬁeﬁlﬂﬁﬂ&wﬂ@e(%m lting

-but il Kk dried at
S%hc:ﬁ/?éﬁr'npgraa?r%geg%%a%]ﬂ Bﬁyxk%@@f%hﬁéw-[pge tfié%[le%ﬁ g avgan%en%gne% above. The oily

(éﬁd&ﬁ%ﬁifsaﬁeéﬂﬂaﬂ#@@ EVlL ke g ) Béxﬁ@%ﬁﬁéwmt@ﬁezféi‘bs
exytivacidsathytested s Wmmﬂry&t&isr)lam(ﬁﬁd S2A6% 204N AA 1 966096

¥ 4 R.339. (gxPre arat on of
R L Al g C TSR IR
DR DES e BB 38 ST SRS R S0
58ya4-3ttamido-5-azido-3-(1-ethylpropoxy)-lcyclohexene-I-carboxylate

(iX) were placed in a nitrogen purged 1000 ml glass reactor fitted with a
mech I stirrer 2a¢ nd a 250 ml dropping_funnel. 300 ml 30
ethan 66%1"\%5 er aZ%go%%g%’ %%ewj%‘iﬁ%r"e 6‘8d3 %)']o “’tﬁﬁ'lresultlng
PIORPEBICHRIPhSY:  epecers HiisIp et iIbrosphinebarsboredd:in 150 m

ethanol were continuously added at a temperature of 5 C (+/- 5C) over a
periofhcf 83U agbniingtindlegsiidhteodlgesofthajatket (86 Jathedeactiorstirrer,
iempaiader emes Jenhblibipiepmeratureo Themy Shosphoric acid (85 % in water)
%Qggc{gé(ﬁ%g’g P (%66%%%99%{9?&]8@ t‘%e resulﬁ@e(jerrvgg {{r)]sr?gsisvéllgy 20({“ O E: 55

etha he clear reaction mixture was stir OI‘ al

(915% %%ngﬁgﬂefae&é%m@%&bah@wtﬁs@wﬁqg@pawrmagmammg
PdisewitrfintB (B0 MRbd-201ce2briarf thersohitibrtivasrsiited for

@@m%feaa(mgm I@c\é@léﬂ@%c@dg\gﬂépﬁz %‘Q&W@%ﬁ'ﬁﬁ@@?ﬁk@;ualn ) of
Q | e e ear utl hen the
&2 HQL9 S'{ I%(? L? Lot o1 e oft 1S so(f (fglﬁ %Wéﬁ}%%f’gd and

mixture was conce ed under reduce pressu
%%&fﬁﬁﬁ?ﬁtt%ﬁ%%ﬁ%réobﬁwaﬁﬁf%iﬁdam@ﬁ pekercnprehiroot 75 CGR,
tﬁé&ﬁe%ayﬂes&dﬂieamﬂmneﬂduet(ﬁﬁar&ﬁ@mml)lvwsi&hlm&wmﬂﬁ%mke

doe resul ick
B e e B e
C f

m
SO me W1 995 it TRLWAer e TG g amine solution

esteeHineddsd kﬁKéﬁW@bﬁéW@lﬁ%ﬁsmm@ A6 1e¥5 tharhe foedantyrinsed
Wwiibld0 44, dtlya(RI 96 drequay RLChoithes pitlesiproduct in ethanalic.salktian: 2 -

j&@\f‘#a)b%%?@ h]{ngh %&3590 4282, ﬂ&@&ﬁ%ﬁe MR UARPIAYE M ing was
ﬁ

1%%%%?14- :fg tyfa r%%ﬁ %tl_%n(]_al g‘w (3R 4R, 55)-4-acetamido-5-amino-

3péé@&#wmmqéxlicwﬁeh@mw@dmwwmmm phosphateoldtd) by

pressure filtration (0.3 bar nitrogen overpressure, Dacron® filter cloth). The crystalline




In a dry and nitrogen purged 1000 ml glass reactor fitted with a

mechanical stirrer, a condenser, and a 500 ml dropping funnel 17.0 g

ortho phosphoric acid (85 % in water) were dissolved in 400 ml ethanol
Wih##ETESUIting clear solution was warmed to 50 - 55 10 C. pCT/EP2008/061838

Subsequently the 250 ml ethanolic solutj% obtained from example 1 and

containing 0.147 mot of ethyl (3R, 4R,

58 pd-acetamitbes-anino[Ba (148 thy prepexyhd reyel e xenss n-heptane at room

IGapemiEweresaddgd-under stirring, After fastaddition (10-15 min) of
tw %}Eﬁédé gc?.lg %}I o?ifqug%?i%@%ﬂﬁ?g (3):}% IS spﬁ |0n‘!%‘r1{1 addit ﬁ‘i\ivas
stopped and tha SOpereatiiai Effgé"r%&fﬁiidﬁ“ﬁﬁa@é’é@ﬂé(ﬂ%ﬁ@‘@?@gﬁbﬂ
PrEVAEUSY Ehtasmed sthl PI3R 1a8l 4R 518) whigicetamido-5-amino-3-(
Treddypropoxy B8 o1eycld ﬂl@ﬁﬂ@?ﬂ‘o@%@%ﬂ@%ﬁﬁ%‘&@%@e@'_nEgc'ﬂe_s with an

Im fat e Xt tzati nced. The resulting thick
suﬁ%siﬁyﬁi@g%{gg f((‘f)rﬁlrzgiﬁllIl %%Er%m%;ﬁrd% BEEE THE IS ?e(ﬁ%a‘fﬁ'rr{ﬁf'

amingg | I 45 - 60 mm) to the suspension at 50 -
o G L R 2 Rl S ot Ay 6 ke M ion
SBEpRndidntdd IMmuBsly cooled to 12 - 30 20C in about 4 h (cooling
speed = 10 C/h). To complete the crystallization stirring was continued at
12 - 20 C for additional 2 1 h. Ethyl (3R, 4R, 5S)-4-acetamido-5-amino3-
(1-ethylpropoxy)- 1- cyclohexene- 1 - ca rboxylate Phosphate (1:1) was
isolated by pressure filtration (0.3 bar nitrogen overpressure, Dacron(r)
filter cloth). The crystalline WO 2009/037137PCT/EP2008/061838 - 20 -
product was washed twice with 240 ml acetone and twice with 300 ml
n-heptane at room temperature. Ethyl (3R, 4R,
55)-4-acetamido-5-amino-3-(1-ethytpropoxy)-1- cyclohexene-I-carboxylate
Phosphate (1:1) was dried in vacuo (--,;20 mbar) at a maximum
temperature of 50C until constant weight. 5 Yield: 54- 55 g (88-91%) of
the title product in the form of colorless needles with an assay of = 99 wt.
% (sum of impurities < 0.5 wt.%, single impurities s 0.1 wt.%). IR (NJL)
3352, 3164, 2923, 2854, 1724, 1663, 1551, 1463, 1263, 1132 cm-1. MS
(ion spray) MI41 313.1, MNat 335.3. 21 Claims |,A process for the
preparation of a compound of formula VIl useful for the preparation of
oseltamivir wherein: VII



OMs RI and Ry are independently hydrogen or C1.6 alkyl, R2is an C1_6
alkyl and Wand le are independently 6 alkyl and OMs is mesylate
which process comprises the steps of: step I-contacting an alkyl
(3R,4S,5R)3,4,5-trihydroxy-1-cyclohexene-I-carboxylate (Ill) wherein R2 is
as defined above with inethanesulforyksidoride in the presence of an
aprotic organic solvent and an triethylamine to afford the tris-mesylate to
afford the tris-mesylate of formula IV; CO2R2 Oil In Ms0t,CO2R2 OMs IV
1 step 2:qomtestingth withatoazitle dermewrbahiersoleafi usplid Al fdmmraration of
-MESanse, piwater and a phase transfer catalyst, to displace the C-3
mesyloxy-group and form V wherein R2 is as defined above; 22 N3

Vil

R'and R are independently hydrogen or Crgalkyl,

R*is an Cygalkyl and

R*and R® are independently C)¢alkyl and OMs is mesylate

which process comprises the steps of:

step '1—con;tacting an alkyl (3R,48,5R) 3,4,5-trihydroxy-1-cyclohexene-1-carboxylate (I1F)
wherein R’ is as defined above with methanesulfonyl chloride in the presence of an aprotic _
orgaiic sotvent and an triethylamine to afford the tris-mesylate to afford the tris-mesylate of

formula 1V;
HOIJ,, CO;aRl’

no™”
OH
m

Ms
w

step 2—contacting IV with an azide in an organic solvent, optionally in the presence of water and
a phase transfer catalyst, to displace the C-3 mesyloxy-group and form V wherein RZis as defined

above;



OMs step 3-contacting V with a trialkylphosphite in an organic solvent to
reduce the azide and form the aziriding-of formula VI wherein R2 is as
defined above and R5 and R6 are independently C1 alkyl; V CO2R2 OMs
VI step 4contacting VI with a first alcohol solvent and boron trifluoride
ethyl etherate to open the aziridine and form VII wherein RI, le, R2, R5
and le are as defined above. 2.Angrocess fQr the preparation of oseltamivir
(1) according to claim I, which proces¥yflrthergtmprises the steps of: ?Far
R3R4Nerss-NKLY.-- step™Bacontactingithe phogphorarnide of formula VI
with a second alcohol solvent gpg-aStrong.at id to hydrolyze the

YHRIRYco2R2 Vi . OMs

step 3—contacting V with a trialkylphosphite in an organic solvent to reduce the azide and form

the aziridine of formula VI wherein R® is as defined above and R’ and R®are independently C,

alkyl;

Ms
VI

step 4--—contacting VI with a first alcohol solvent and boron trifluoride ethyl etherate to open the

aziridine and form VII wherein RI,IRIY, R% R® and R are as defined above.

2. A process for the preparation of oseltamivir (I} according to claim [, which process

further comprises the steps of:

step Sa-—contacting the phosphoramide of formula VII with a second alcohol solvent and a strong

acid to hydrolyze the phosphoramide and form a compound of formula VII-1 wherein:



[-I2N OMs R' and le are independently hydrogen or C 1_6 alkyl and R2 is
an C1,6 alkyl; step 6acontacting VIII-I ig3ethyl acetate with an acylating
agent and triethylamine to form a compound of formula VIII-2 wherein R3
is C -6 alkanoyl and R4 is hydrogen, le and le are independently hydrogen
or C16 alkyl and R2 is an C1.6 alkyl; OMs VIII-2 step 7acontacting VIII-2
with an azide in a second organic solv B4Rd ethanol under conditions
sufficient to displace the mesylate and roduce acomp qu of formula IX;
CHRIRIs VIII-2 R 3R4N N3 Ix step 8- cont ng B

to form an acid addition salt. HzN o

Ms

VIII-1
R'and R! are independently hyvdrogen or Cy alkyl and R¥isan Cig alkyl;
step 6a-—contacting VIII-1 in ethy! acetate with an acylating agent and triethylamine to form a

compound of formula VII-2 wherein ?isCis alkanoyl and R*is hydrogen, R'and R are

independently hydrogen or Cy alkyl and R’ is an Cyalkyl;

COng;

VIII-1 e

Ms
VIII-2

step 7a—contacting VIII-2 with an azide in a second organic solvent and ethanol under

conditions sufficient to displace the mesylate and produce a compound of formula [X;

VHI-2 .

step 8——contacting 1X with a reducing agent to form I and optionally contacting 1 with

pharmaceutically acceptable acid to form an acid addition salt.



24 3.A process for the preparation of oseltamivir (I) according to claim 1,
which process further comprises the steps of: step 5bcontacting VII with
an azide in a second organic solvent and ethanol under conditions
sufficient to displace the mesylate and produce a compound of formula X r
3IR 1 VA poods00r tid\bREsHton of ¥seiheiin @ koRidg indapendeniit process
q I’rl%di[%gr%nr%resg%-gtall%l{ R2 is an C14, alkyl and R3, R4 are independently
Lhyaroge orCis eﬁﬁanéyl; '
step Sb—-contacting VII with an azide in a second organic solvent and ethanol under conditions

sufficient to displace the mesylate and produce a compound of formula X

CHRIRV

VII E—

wherein R;, R" are independently hydrogen or Cialiyl, R is an C, s alkyl and R*, R are
independently hydrogen or Ci alkanoyl;
step 6b——contacting the phosphoramide of formula X with a second alcohol solvent and a strong
acid to hydrolyze the phosphoramide and form a compound of formula X1 wherein R', R" are
independently hydrogen or C,¢alkyl, R’is an Cgalkyl

CHR!'RY

O,I“ o CC}zRZ;

N;
X1

step 7Tb——contacting X! in ethyl acetate with an acylating agent and triethylamine to form a
compound of formula X wherein R'and R" are independently hydrogen or Cygalkyl, R?is an C,.

salkyl, R’ is C s alkanoyl and R*is hydrogen;

COR2:

X3 i




step 6h-contacting the phosphoramide of formula X with a second alcohol
solvent and a strong acid to hydrolyze g]oe phosphoramide and form a
compound of formula XI wherein R4, rt™"are independently hydrogen or
C1.6 alkyl, R2 is an CI-6 alkyl 014, N3 Xl step 7b-contacting XI in ethyl

sﬁp@tat@al w&ﬁniﬁgllaoyiﬁiimgadﬁ%@ég@ﬁtdtﬂeﬂm&ﬁﬂlﬂl@hﬁﬁgf&ﬂm @&9@69@@%@&2
ormula IX wherein R; and.R" are independent rogen or C _ alkyl, R

pi{lsa Ighacéﬁé.}? éﬁ?yﬁ?%%‘? ]%38 (li_%tgﬁéﬁ%?/f%? aéjc]%ﬁ) L|};‘°’zfli?§1drogen; ?Hal'R2; N3
25 step 8-contacting IX with a reducing agent to form | and optionally

acontaglingdwith aaharmasenticalikaceaptable, agd.fo fanm an acid
addition salt. 4. A process according to claim 1, wherein R', Rr and R.2

are ethyl. 5. A process according to claim I, wherein R5 and R6 are ethyl.
56. A ptasessaseordingtoctian, ibeiei’ méRniantigtein said aprotic

organic solvent is EtOAc; in step 2, said azide is sodium azide, said

organic solvent is either anhydrous DMSO0 or aqueous EtOAc and said
6-phasd tParfeRs Pestadig e e b uthrrimid it hiamiperistnmats; dreatispgyent is
Esaid;thicdiop! ph@s@b&teejsstﬁgt?yﬂ abilas,pﬁaitleoagudﬁﬁam e MQ@?B&@@B}&S DMSO or

toluene.-and in, ste said first a solvent is 3-pentanol.. 7. A .
e B T R B Rt st i e
3,@@5%@]@6}*}@@1@6 is triethyiphosphite and said organic solvent is toluene; and in step 4,

said first alcohol solvent is 3-pentanol.

7. A process according to claim 2 wherein in step 1 wherein said aprotic organic solvent is
EtOAc; in step 2, said azide is sodium azide, said organic solvent is either anhydrous DMSO or
aqueous EtOAc and said phase transfer catalyst is tetrabutylammonium hydrogen sulfate; in step
3, said trialkylphosphite is triethylphosphite and said second organic solvent is toluene; and in
step 4, said first alcohol solvent is 3-pentanol, in step 5a said second alcoholic solvent is EtOH
and said strong acid is sulfuric acid; in step 6a said acylating agent is acetic anhydride; ih step 7a
said azide is sodium azide and said second organic solvent is DMSO; in step 8 said reducing
agent is tributylphosphine and said solvent is EtOH; and, said pharmaceutically acceptable acid is

phosphoric acid.

8. A process according to claim 3 wherein in step 1 wherein said aprotic organic solvent is
EtOAc; in step 2, said azide is sodium azide, said organic solvent is either anhydrous DMSO or
aqueons EtOAc and said phase transfer catalyst is tetrabutylammonium hydrogen sulfate; in step
3, said trialkylphosphite is triethyiphosphite and said organic solvent is toluene; and in step 4,
said first alcohol solvent is 3-pentanol, in step 5b said azide is sodium azide and said second
organic solvent is DMSO; in step 6b said second aleoholic solvent is EtOH and said strong acid is
sulfuric acid; in step 7b said acylating agent is acetic anhydride; in step 8 said reducing agent is

tributylphosphine; and said pharmaceutically acceptable acid is phosphoric acid.

9. A compound according to formula VIor V:



EtOAc; in step 2, said azide is sodium azide, said organic solvent is either
anhydrous DMSO or aqueous EtOAc said phase transfer catalyst is
tetrabutylammonium hydrogen sulfate; in step 3, said trialkylphosphite is
triethylphosphite and said second organic solvent is toluene; and in step
4, said first alcohol solvent is 3 pgntanol in g}ep 5a sald Se( Epl alcoholic
solvent is EtOH an(:f saitstye gZaC|d is sulfuric &sid” iths p a said
_ P is sodium azide
fep 8ysaid reducing agent is -
tributylphosphine and .%:- solvent is EtOH; and, saidpharmaceutically
acceptable acid is phos hOI‘IC acid. 8. A process ac&ordmg to claim 3
wherein in step | wherein said aprotic®drganic solvent is EtOAc; in step 2,
wiaidrdzide jsigedium azide, said organic solvent is either anhydrous
DMSO or aqueous EtOAc and said phase transfer catalyst is
tetrabutylammonium hydrogen sulfate; in step 3, said trialkylphosphite is
triethylphosphite and said organic solvent is toluene; and in step 4, said
first alcohol solvent is 3-pentanol, in step 5b said azide is sodium azide
and said second organic solvent is DMSO; in step 6b said second
alcoholic solvent is EtOH and said strong acid is sulfuric acid; in step 7b
said acylating agent is acetic anhydride; in step 8 said reducing agent is
tributylphosphine; and said pharmaceutically acceptable acid is
phosphoric acid. 9. A compound according to formula VIl or V: 26 IVor
where R2 is C1-6 alkyl.




