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RESOLUTI ON OF 2- SUBSTI TUTED 4- SUBSTI TUTED

WA 2@9/MBATHI OLANES FI ELD OF THE | NVENTI ON The PCEAER108/001433
invention relates to a novel process for the chiral
resol ution of 2-substituted 4- substituted
1, 3- oxat hi ol anes and derivatives thereof of general
formula (1): RL "~~ HO O Theg_present invention also
rel ates to novel 2-substituted 4-substituted
1, 3-oxat hiol anes derivatives. BACKGROUND O asses of
conpounds known as 2-substituted 4-substituted

1, 3- oxat hi ol @ i ' I, I VAt f
anal ogues of‘ ggﬁcnl?% ﬁ@%ggﬁe‘%sﬁ 8@?%@@%‘@2‘8& ound to
have po2-SUBSEIMUPEDA-SUBSTITUYED N3OXATHIGL ANESese

conpounds have been found to act as potent inhibitors

of H V- | reg}l ication in T-lynphocytes over a
FIEB| QR JEE RVENTIINt i ne with | ess cytotoxic side

effects than conpounds known in the art (see for

ThGhESEhs Fov@Biaf RlevSio fsys! Prieias brdh R HEO NGB kP aybittued 4-
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(see for exanple Taylor et. al. (2000) Antiviral

Chem Chenother. Vol.11, No.4,_ 291-301; and Stoddart
et. al. (2000) Antim creb: st enot her. Vol . 44,
No. 3, 783-786). Thes&%conpofnds #re also useful in
prophyl axi s and treatnent of\ hepatitis B virus
i nfections. These conpounds y be produced in
accordance with the nethods di(ﬁcl osed in WD 92/08717,
WD 95/ 29176, WD 02/102796 and WD 2006/ 096954.
Compounds of the 2-substituted 4-substituted

Thd pRsent aiviehtibraalso felated tp mooel 2substitutedchsulskituted hB roxgthiolanes
Conppounds that contain two chiral centres can exist as

deriyaliyS& ure of four WD 2009/ 039582 PCT/ AU2008/ 001433 - 2
stereoi soners, where the configuration at the two

BA}Q%@%%WWS is (RR) or (RS) or (SR or (S,S). The

(S,S) forns are known as cis enantioners as
they are non- superinposible mrror imges of each
Clastdief camgotiis knBwh)as arsubstButR)] 4fsabstitutad 4, orathioksed, freparticular

derivatives of analogues of pyrimidine nucleosides have been found to have potent
antiviral activity. In particular, these compounds have been found to act as potent .
inhibitors of HIV-1 replication in T-lymphocytes over a prolonged period of time with less
cytotoxic side effects than compounds known in the art (see for example Belleau et. al.
(1993) Bioorg.Med.Chem.Lett. Vol. 3, No.8, 1723-1728). These compounds have also
been found active against 3TC-resistant HIV strains (see for example Taylor ef. al. (2000) |
Antiviral Chem.Chemother. Vol.11, No.4, 291-301; and Stoddart er. al. (2000) Antimicrob.
Agenst Chemother. Vol. 44, No.3, 783-786). These compounds are also useful in
prophylaxis and treatment of hepatitis B virus infections. These compounds may be
produced in accordance with the methods disclosed in WO 92/08717, WO 95/29176,

WO 02/102796 and WO 2006/096954.

Compounds of the 2-substituted 4-substituted 1,3-oxathiolane family contain two chiral

centres. Compounds that contain two chiral centres can exist as a mixture of four



trans enantiomers for the sanme reason. For human
therapeutic use it is usually typically required to

WO 2@basess: he conpound in only one of the sterePCEANEN0BO01433
forms, also known as a chirally pure form It can be
that synthesis of a single stereoi soner can be
achieved froma starting material with a single
chiral centre in enantionmerically pure formor a
suitable internediate. For exanple
ci s-2- hydroxynethyl 4-(cytosin-1'-yl)-1, 3-oxat hi ol ane
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+opposite i sonmer) When conpounds are desi red as a
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conveni ent internediate may be resolved by enzyne

N uﬁlgaﬁ’%ﬁSeﬂ NI 53 62 &3 ard Qamta@ 6f. i35 im et hOre. €l ad 989) Vol.6,

14817¥4E such as cytidine deam nase or selective
enzymati c degradation of a SUI tabl e derivative (see
for exanple Storer et. al. "The resolution and
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resolving acid or sihmgdesiad+opmBitdBonesd for the
enantioneric resolution of the conmpound. For exanple,

When compounds are desired as a single form, for example, if only the two (R, R) and
(S, S) cis enantiomers are present, a single form being either the (R, R) or the (S, S) form,
may be obtained by resolution of the mixture of the two cis enantiomers by chiral HPLC.
A review of this technology may be found in “Enantiomers, Racemates and Resolutions”
by J. Jacques, A. Collet & S.H. Wilen (John Wiley & Sons, 1981).

Alternatively, compounds or any convenient intermediate may be resolved by enzyme
mediated enantioselective catabolism with a suitable enzyme such as cytidine deaminase or
selective enzymatic degradation of a suitable derivative (see for example Storer et. al.,

"The resolution and Absolute Stereochemistry of the Enantiomers of cis



WD 2006/ 096954 di scl oses a nethod for the preparation
of optically active cis 1,3- oxathiolanes. The nethod
WO pwolses82 (a) reacting a 1, 3-oxat hi ol ane conpPCFAU2098/001433

the cis configuration with a chiral acid to produce
two di astereoneric salts; (b) recovering one of the
two diastereoneric salts; and (c) desalting to renove
the chiral acid. Preferred chiral acids include

(+) L-tartaric acid, (IR-(-)-10- canphorsulfonic aci d,

(-)-2, 3- dlbenzoyl- tartaric acid or (-)-L-malic acid.
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of WD 2006/ 096954 however, is the salt formation step.
This step requires the wuse of chiral acid reagents
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each step of the process. The present i nventors have
togertmrrvdtlt tharchisyl acisctoqueduse thectg; diastereomerig gdisRA, dipagivapiage with
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steﬁbftﬁépﬁ)%@ggct the present invention provides a process
for producing a

The present inventors have found that by the correct choice of groups R2, R3 and R4, an
optically active compound of general formula (II) or (III) may be obtained by selective
recrystallisation. The present inventors have also found that the recrystallisation solvent of
choice is selected on the basis of groups R2, R3 and R4. The present invention avoids the
salting and desalting steps required by previous methods and provides a simpler, more
efficient process to produce optically active cis 1,3-oxathiolanes. Ina particularly
preferred aspect the invention provides a way of separating an undesired diastereomer such

as the trans diastereomer and enhancing the optical purity of the cis isomer by



compound of general formula (11) conprising the steps
of. (a) formng a 2-substituted 4-substituted

wa2@9oxeshi ol ane of general fornula (11) or (PCT/AU2088/001433
R3 RS R4 NRA NN R SR-,0/iii,, SOO OO
(rr)y ; (rrr) wherein R is H C(O Cl_6al kyl,
C(O OC1_6al kyl, C(OC6 _12aryl, C(O OC6_ 12ary| C(O Co
_12aryl al kyl , C(O)OOG 12arylal kyl, C(OCl . 6al kyI aryl,
C(O OC1_ 6a| kylaryl, or a silyl protecting group of
general formul a Si R7R8R9 wherein R7, R8 and RO are

each. i ndependent|y. sel ect d fro Cl.6
reorg Gt PSS RSk SR Ol o 8P e QY b e 1.5
oxafMiSla®ddddivatitisvi dual |y sel ected fromH or C(O-R6; R6

is C6_12aryl or Cl_6al kylaryl in which the

Cl 6al kylaryl is preferably Cl_6al kylC6 12aryl; and
SUMBMARYHOFEFHEANVENTIONr CF3; and WO 2009/ 039582

PCT/ AU2008/ 001433 -5 (b) selective recrystallisation

of .the c ound of general formula,(ll1) froma .
AceQBlvE IS RHERER e SBr BHEm108 RS TIRGTS o RipdHcinecs

ing4h&sikpys ¢ ef erred

cong;ﬁbug% néén%pdh%l%}uédm)ggeﬂlgA%gor d|%g to a second

aspect, the present invention provides a process for

f)odudiragnga 2 sobpivuted 4 shbyiwed 4|3-6xathiolane ¢f ggneral formula (II) or

conpri ﬂ ng the steps of. (a) reacting a base of

generéII ) or mul a (I'V) with a 1, 3-oxat hi ol ane of general
formula (V) to produce a conmpound of general fornula
(1) or (I11): R3 R3
RS l RS '
N~ra N~rq
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N N
R2 ANy S N R2 ~ / //”/n s \\\\\\N
o O ‘. B
o) © b )

an : am

wherein

R2 is H, C(0)C¢alkyl, C(O)OC,.alkyl, C(O)C.12aryl, C(0)OCe.12aryl,
C(0)Cé. 12arylalkyl, C(0)OCsg.rzarylalkyl, C(O)Cy.¢alkylaryl, C(O)OC,.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7,R8 and R9 are each independently selected from Cj.salkyl, aryl or C,.
salkylaryl;

R3 and R4 are the same or different and are each individually selected from H

or C(O)-R6;

R6is Cg.p2aryl or Cy.galkylaryl in which the Cy.alkylaryl is preferably
C1.6alkylCe.12aryl; and

RSis H, Br, Cl, F, I or CF3; and



RA\ /R NO RS Il NR2OL -INOH (IV) (V) R3
RS RBRS \R4 RA N?271~-R SN R5 N~ OOO O
W@ 2dop/039583 11) wherein R2 is H C(O) CL. 6al kyl , PCT/AU2008/001433
C(O CC1_6al kyl, C(OC6 _12aryl, C(O OC6_12aryl,
C(O C6_12aryl al kyl, C(O OC6_12aryl al kyl,
C(OCl 6al kylaryl, C(OOCL_ 6alkylaryl, or a silyl
protecting group of general_§ornula Si RTRBRO wherein
R7, R8 and R9 are each independently selected from
Cl. 6al kyl, aryl or Cl_ 6al kylaryl; WO 2009/ 039582

/ AU2008/ 001433,. -6 and R4 are.the e Qr
(10 £ orsie s e Lalishlon ST A orieay o el 2 g from o
or C( EJlvér whdeih she(d1veAeis Yt -salcokdl ob aikdukarofiC ialcuivls. h
the C1_6al kylaryl is preferably C 1.6al kylC6. 12aryl;
and RS is H Br, d, F, | or Cl73; and wherein the
In 8paticnlhily breferrest emladiment, RO ismlieay V) is the
(R -enantioner in at

According to a second aspect, the present invention provides a process for producing a

compound of general formula (II) comprising the steps of:

(a) reacting a base of general formula (IV) with a 1,3-oxathiolane of general

formula (V) to produce a compound of general formula (II) or (III):

R3
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an ; am

wherein

R2 is H, C(0)C alkyl, C(O)OCalkyl, C(O)Cs.1zaryl, C(0)OCs.12aryl,
C(0)Cs.1zarylalkyl, C(0)OCg.12arylalkyl, C(O)C salkylaryl, C(O)OC,.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from C.galkyl, aryl or C;.
salkylaryl;



| east 60% ee; and (b) selective recrystallisation of
t he conpound of general formula (I1) froma solvent
woL@pe39581 he sol vent is Cl-6al cohol or m xt ur eBCOAU2008/001433

Cl_6al cohols. In a particularly preferred enbodi nent,

R6 is phenyl. According to a third aspect, the present

i nvention provides a process for producing a conpound

of general formula (VI) comygising the steps of: (a)
form ng a 2-substituted 4-substituted 1, 3-oxathi ol ane

of general formula (II) or (III) R3 R3 RS RS N-R4

'C(Ré) 'C\I:Il{I}Iégfi 3a}re @(’é% gg‘ﬁéﬁt an {S)eégﬁ ir&f; 152 aliy sel_lected from H
C( O OeBCiGPRE] .  C(O 06_12ar ylal kyl,

C(O OC6_12aryl al kyl, C(O)Cl 6al kyl aryl C(O)(I:l_

6al kyl aryl, or a si I protecting grou gener al

f or muR& iSCRERIROr Wq@¥l@ﬂaryl\/@\@o 3@395 ylaryl is preferably

PCT/ gpagﬁ$‘0143 -7 R7, R8 and RO are each
i ndepeth 2§Q1ecped from Cl- 6al kyl, aryl or C1
6al kyl aryl ; R3 and R4 are the sane or different and

are eggl]SHngf\Qldpqldry;@eér@pt ed fromH or C(O-R6; R6
is C6_12aryl ~or Cl.6al kylaryl in which the

Cl1_6al kyl aryl |s preferably Cl_6al kylC6 12aryl; and

R5 i swHereBr the @l3-okathiblane ofEderql tfg)mgéa E6¥Y) is ke (R)- -enantiomer in at
recrysta ‘n%da;atl on of the conpound of general fornula

(11) °€&40ent wherein the solvent is

C1-6alcohol or m xtures of Cl_6al cohol s; and

(b) selective recrystallisation of the compound of general formula (II) from a

solvent wherein the solvent is C;-galcohol or mixtures of C;_galcohols.
In a particularly preferred embodiment, R6 is phenyl.

According to a third aspect, the present invention provides a process for producing a

compound of general formula (VI) comprising the steps of:

(a) forming a 2-substituted 4-substituted 1,3-oxathiolane of general formula 1) or

(I1D):

N
S, S
R2 O/\Q/N \\( R2 ~ O/ /”/,/,,, ( ““\\\\N \(
0 0 — ; 0

an - amn

wherein

R2 is H, C(0)C1.6alkyl, C(0)OC,.alkyl, C(O)Cq.1zaryl, C(O)OCq.12aryl,
C(0)Cé.12arylalkyl, C(O)OCs.12arylalkyl, C(O)C;.¢alkylaryl, C(O)OC,.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein



(c) deprotecting the conpound of general fornmula (11)

to produce a conpound of general forrmula (VI): R5 NHZ
W@20MomB432 O (VI) In a particularly preferred PCT/AU2008/001433

enbodi nent, R6 is phenyl. According to a fourth

aspect, the present invention provides a process for

producing a conpound of general formula (VI)

conprising the steps of. (a)7reacting a base of

general formula (I1V) with a 1, 3-oxat hi ol ane of gener al

formula (V) to produce a conmpound of general fornmula

I :
s B B st Gkt e g (19 g e
R3 R?dﬁﬁm\me-- N-Ré [ NRSRIOTTS T,

R3 and R4 are the same or different and are each individually selected from H
or C(O)-R6;

R6is Ce.12aryl or Cy.galkylaryl in which the Cjsalkylaryl is preferably
C|.6alky1C6-12aryl; and

R5is H, Br, CL, F, I or CF3;

(b) selective recrystallisation of the compound of general formula (1) from a

solvent wherein the solvent is C)-salcohol or mixtures of Cj.salcohols; and

(©) deprotecting the compound of general formula (II) to produce a compound of

general formula '(VI):

RS

).
vn

In a particularly preferred embodiment, R6 is phenyl.

According to a fourth aspect, the present invention provides a process for producing a

compound of general formula (VI) comprising the steps of:

(a) reacting a base of general formula (IV) with a 1,3-oxathiolane of general

formula (V) to produce a compound of general formula (II) or (III):



(11) am wherein R2 is H C(O) Cl_6al kyl,
C(OOCL 6alkyl, C(OCe6.12aryl, C(O CC6. 12aryl,
w@pessd 2aryl al kyl, C(O) OC6_12aryl al kyl , PCT/AU2008/001433
C(O Cl_6al kylaryl, C(OOCL_ 6alkylaryl, or a silyl
protecting group of general fornula SiR7TRBR9 wherein
R7, R8 and RO are each independently selected from Cl
al kyl, aryl or C1_ 6alkylargl; R3 and R4 are the sane
or different and are each individually selected fromH
or C(O-R6; R6 is C6_12aryl or Cl.6al kylaryl in which
the Cl.6al kyl aryds_i s fareferably C 1.6al kyl C6_ 12aryl ;
and R5 is H Br, On“F, | or CF3; and wherein the
1, 3-oxat hi ol ane of |general forrmula (V) ics the
(R) - enanti onmer in st 60% ee; WO 4009/ 039582
PCT/ AU2008/ 00143 -9 (b) s+el oy e tallisation
of the conpound of geheral fornuPa (1) frloma
sol vent whereiagf t hay"sol vent is Cl-6alc or m xtures
of Cl_6al cohols; and (c) deprotecting the conpound of
general formula (l4y, to produce a conpognd of general
formula (M): RB NH2Z 3 N HOOO (VI) 1In a
particularly preferred enfodi nent, R6 is phenyl. In a
fifth aspect, the prresentii nvention provi deg a T“

conpound of general formm-a (VIII1) or (1X):\ R3 NBSR4R3
R5 7 %\\(

N
RZ\ /\(S N\( RZ\ /”//,,, (S ‘\\\\\N\(
() 0 o o
)/ o o ; o
()

an ;

wherein

R2 is H, C(0)C,.alkyl, C(0)O-C,.salkyl, C(0)Cée.12aryl, C(O)OCg.12aryl,
C(0)Ce.1zarylalkyl, C(0)OCs.i2arylalkyl, C(O)Ci.calkylaryl, C(0)0C,.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from C;galkyl, aryl or C;.

calkylaryl;

R3 and R4 are the same or different and are each individually selected from H

or C(O)-R6;

R6 is Cs.12aryl or Cialkylaryl in which the C,.salkylaryl is preferably
C1alkylCe.pparyl; and

RSis H, Br, Cl, F, I or CF3; and

wherein the 1,3-oxathiolane of general formula (V) is the (R)-enantiomer in at

least 60% ce;



|l -~-R4 ~/NL/ 1 NNR2 SR0//iill,,, 3 "'\'NOOO

O O (MIIl) (IX) wherein R2 is H C(O Cl_6al kyl,
W@L@p@B3e2 6al kyl, C(O C6_12aryl, C(O) OC6_12ar yPCT/AU2008/001433

C(O C6_12aryl al kyl, C(O OC6_12aryl al kyl ,

C(O Cl_6al kylaryl, C(OOC1L_ 6alkylaryl, or a silyl

protecting group of general fornmula Si RTRBRO wherein

R7, R8 and R9 are each independently selected from

Cl-6al kyl, aryl or Cl1_ 6alkylaryl; W 2009/039582

PCT/ AU2008/ 001433 -10 R3 and R4 are each individually

9 rassiec bty ahlistinn for sl gt pentfl o Bl Bt o

i s H, sddent Gherdin tHe solvehiid.C, 6Ellc6h(ﬂloxfrﬁlxﬂ|$dﬁeﬁ‘tcl_6ﬁl_b@hols, and
present invention provides a process for producing a

conpound of . general formula ( V{) 0 VII froma

€l npoderaogetingthe camppdRf| ggnere) OP}‘u{ﬁr( D F%ﬂoduce a compound of
respe Vgl i sing the step of: (a) deprotecting

a co %dlfnag &?m gpl) formula (M11) or (IX) to

produce a corrpound of general formula (VI) or (VII)
respectively: R3 RS RS NH2 RATN N HO *4 YR2 3 N

. S NHz

7

In a particularly preferred embodiment, R6 is phenyl.

In a fifth aspect, the present invention provides a compound of general formula (VIII) or

(IX):

R3
R3 R5 ,
RS |
N J T~Ra
{ \
R2 S N Re ", S W
\O 0 I8 W
0 ° o °
(VIID ; (Ix)

wherein

R2 is H, C(O)C,alkyl, C(0)O-C,¢alkyl, C(O)Cg.12aryl, C(O)OCs.12aryl,
C(0)Cs.jparylalkyl, C(0)OCs.p2arylalkyl, C(O)C).¢alkylaryl, C(O)OC;.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from C.¢alkyl, aryl or C;.
salkylaryl;



O (MIl) M) RBRR(RRMTINHZ 'N- N R NO'~
HOOO0O O OO (IX)y (MI) wherein R2 is H,
W@LOpLs8nl kyl , C(O OC1_6al kyl, C(O C6_12aryl , PCT/AU2008/001433
C(O 0C6_12aryl, C(O C6_12aryl al kyl,
C(O OCC6_12aryl al kyl, C(O) Cl. 6al kylaryl, C(O OC1_
6al kylaryl, or a silyl protecting group of general
formula Si RTRBRO wherein R{g.R8 and RO are each
i ndependently selected from Cl_6alkyl, aryl or Cl_
6al kyl aryl; WO 2009/ 039582 PCT/ AU2008/ 001433 -11 R3

and ar ach_indiyidually. .selected, fromH.or .
benz CFE ? a “‘g %{gva{edeeag Htl%(ﬁ}'% u&lll?é%elfiﬁgeqeéo ‘f{ ?f4be|n§°¥1lo?r OI‘—'fdgﬂ ahat
when Wher R3 it HR34 iissnd1 @ ard whétoRRSs HSRHis it H;@hd F, |
or C173 In accordance with a seventh aspect, the
present invention provides a process for producing a
conpokais BBy &hdr. dlor £8s.nul a (11) conprising the steps
of. (a) reacting a silylated base of general fornula
X), Wt 1, 3- oxat hi ol ane .of eneral fornul a to
In a §dtioect, e Siaihia Drionancrides apReh rarTdUctie y fardpoud of
gendrél\ fofR3la WO drF V1D flonf2 c&mpound of general formula (VIII) or (IX)

respectively, comprising the step of:

(a) deprotecting a compound of general formula (VIII) or (IX) to produce a

compound of general formula (VI) or (VII) respectively:

R5 ‘ RS
VY N~~ra Vs e
( (
s s
Rz\o/\(j/”\( Ho/\()/“\(
(o] 0 fo) (o]
(VIID) vhH
R3
R5 , RS
/ N4 NH,
\ 7

—_—

N N
R ", S N S, § N
0 : ) HO " o
) ° 5 o

(IX) (VI
wherein

R2 is H, C(0)C,.alkyl, C(0)OC,alkyl, C(O)Cs.12aryl, C(O)OCs. zaryl,
C(0)Cg.12arylalkyl, C(O)OCg.jparylalkyl, C(O)C,.¢alkylaryl, C(O)OC;.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from C.¢alkyl, aryl or C;.
salkylaryl;



N+D SRIOONO (X) (VV RRRRRERS -R4-R4

R2ZINIO S SO (Il) ; (I11) wherein R is H,
W@LOpLs8nl kyl , C(O OC1_6al kyl, C(O C6_12aryl , PCT/AU2008/001433

C(O 0C6_12aryl, C(O C6_12aryl al kyl,

C(O OCC6_12aryl al kyl, C(O Cl_6al kylaryl, C(O OC1_

"6al kylaryl, or a silyl protecting group of general

formula Si RTR8BR9 wherein Rj;.R8 and R9 are each

i ndependently selected from Cl_6alkyl, aryl or Cl_

6al kyl ar yI WD 2009/ 039582 PCT/ AU2008/ 001433 -12 R3

and 1t fere n each

i vl daf Ry Se il indidialy FiEHia BORH REDEREY, provided tha

C6_12amyd Raris G1REas kyd Fayd when RBiiCH, RBes fdt Iainky! ar yl

is preferably C 1.6alkylC6 _12aryl; R5 is H Br, d,

F, I or CF3; and R10 is a silyl protecting group of

gener Bb i dy BulQE, BilReRERO as previously defined; and

wherein the 1, 3-oxathiol ane of general forrmula (V) is

R t t 60% d (b
In a6GTQRCF YR s S A PATS J0S I B LRGSR BTG EF a
profi®ifB4 orhpdundfdr@Bhdéal formula (II) comprising the steps of:

(a) reacting a silylated base of general formula (X) with a 1,3-oxathiolane of

general formula (V) to produce a compound of general formula (II) or (III):

R4 R3
AN N/
o)
RS "
LT~ —
Rw\o ' Y
(X) )
R3 R3
| |
N

8\( ~rs y \ N~rs
N /\( j/ \\( NS ( J \\\\"

(n ; m

wherein

R2 is H, C(0O)C.salkyl, C(O)OC,.galkyl, C(O)Cs.12aryl, C(0)OCs.12aryl,
C(0)Cg.1parylalkyl, C(O)OCG-lzarylalkyl, C(0)C.¢alkylaryl, C(O)OC;.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from Cy.galkyl, aryl or C;.
calkylaryl;



sol vent wherein the solvent is Cl-6al cohol or m xtures
of Cl_6al cohols. In a particularly preferred

W@ rinomsasent, R6 i s phenyl. In accordance w th BCI/alglo8h01433
aspect, the present invention provides a process for
producing a conpound of general formula (VI)
conprising the steps of. (a) reacting a silylated base
of general forrmula (X) withja.1l, 3-oxathi ol ane of
general formula (V) to produce a conpound of general
formula (I11) or (I11) R&\ /RBNO R5 11 RZ\ OS N

Tlgl O&é apd l%j % %\ﬁnﬁ 699/ Oﬁalg%z @Wgﬁﬁl s%ge%&%%rom H

011114 c(®-R6can (HO wherein R2 is H (O Cl_6al kyl,
C(O O Cl_bal kyl, C(OC6_12aryl, C(O OC6_12aryl,

C(O C6. 12aryl aI kyl , &O ) OC6 12ary| al k )

(O CR6ﬁaCkyzha’ll gt Cr.aliojaplin Wigsh Kigl ersyff(yiaesyl iy peefergbly
pr ot e%tl 6519}'1%2 oI 1;of general formula Si RTR8R9 wherein

R5is H, Br, CL, F, I or CF;; and

R10 is a silyl protecting group of general formula SiR7R8R9 as previously
defined; and

wherein the 1,3-oxathiolane of general formula (V) is the (R)-enantiomer in at

least 60% ee; and

(b) selective recrystallisation of the compound of general formula (II) from a

solvent wherein the solvent is C;-galcohol or mixtures of Cj.salcohols.
In a particularly preferred embodiment, R6 is phenyl.

In accordance with an eighth aspect, the present invention provides a process for producing

a compound of general formula (VI) comprising the steps of:

’

(a) reacting a silylated base of general formula (X) with a 1,3-oxathiolane of

general formula (V) to produce a compound of general formula (iI) or (III):

R4\ /R3

N

RS
N/ S
R2
T T oy —
R10
~o N
H

X) 1\4)



R7, R8 and R9 are each independently selected fromC

1.6al kyl, aryl or C1 6alkylaryl; R3 and R4 are the
wa2000/0895821i f f erent and are each individually sPCEAU2088/001433

fromH or C(O-R6; R6 is C6_12aryl or Cl_6al kyl aryl

in which the Cl1_6al kylaryl is preferably

Cl 6al kyl C6_12aryl; and R5 is H, Br, d, F, | or CF3;

and RROis a silyl protecti Rg_group of general fornula

Si R7TR8R9 as previously deflned and wherein the

1, 3- oxat hi ol ane of general fornula (V) is the

(R) enantiomer in at |eagt 60%ee; (b) sel ectlve

recrystal lisation offthe [conpound of gener ak forlrrul a

(11) froma solvent vvh "et-m t he sol vent is "\m
C1- 6al cohol or m xt of Cl_6al cohol s; a
deprotecting the c rrpou d of general forrru I) to

pr odu®e. Wgener aie-g ormy l\\\)'\\(g@
2009/ 039582 PCT/ A2 001433 14 ga % N~ HO
OO0 (M) In a‘ztlcu?arly preferre odi nBnt, R6
is phenyl. In accordance with a ninth aspect the
present invention (fc?r ovi des a’conpound of f8rmul a

(XI'1'1) and diastereoners thereof: sZ NH N HO-~
wherein

R2 is H, C(0)C,alkyl, C(0)O-Cy6alkyl, C(O)Ce.12aryl, C(O)OCe.12aryl,
C(0)Cg.12arylalkyl, C(0)OCs.jzarylalkyl, C(O)C,.salkylaryl, C(O)OC,.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from Cj.salkyl, aryl or C;.
salkylaryl;

R3 and R4 are the same or different and are each individually selected from H

or C(O)-R6;

Ré6is Ce.1zaryl or Cjalkylaryl in which the Ci¢alkylaryl is preferably
C1-6alkle6-12aryl; and

R5is H, Br, Cl, F, I or CF3; and

R10 is a silyl protecting group of general formula SiR7R8R9 as previously
defined; and

wherein the 1,3-oxathiolane of general formula (V) is the (R)-enantiomer in at

least 60% ece;

(b) selective recrystallisation of the compound of general formula (II) from a

solvent wherein the solvent is C;-¢alcohol or mixtures of C;_galcohols; and

(©) deprotecting the compound of general formula (II) to produce a compound of

general formula (VI):



SN-( OO (XIl) I'n accordance with a tenth aspect
the present invention provides a process for

waepandssng a conmpound of general formula (I 1BCT/AGEM08/001433
conpound of general formula (I11) conprising the
steps of: (a) providing a m xture of 2-substituted
4-substituted 1, 3-oxathi ol anes of general fornula
(1) and (111): RBR3 RS118S N-R4A -R4A NR2 S
N_"("/ RS ODO O~D11" O O(Il) (I1'1) WO
2009/ 039582 PCT/ AU2008/ 001433 -15- wherein R2 is H,
C(O C1_6al kyl, C(O OC1_6al kyl, GO C6_12aryl,
C(OCC6_12aryl, C(O C6_12aryl al
C(O CC6_12aryl al kyl, C(O C1_6al
6al kyl aryl, or a silyl protectihg gloup of general
formula Si RTR8R9O wherein R7, angd R9 are each
i ndependent |y sel gg () . yl, aryl or Cl1_
6al kyl aryl; R3 and R4 are t sanel\or different and
are each individually seb ed frofhH or C(O-R6; R6
is C6_12aryl or Cl.6alkylaryl in which the
Cl_6al kylaryl is preferably ©® 6al kyl C6_12aryl; and
RS is H Br, d, F, I or CF3; and (b) separating the

Sgné’?ag‘?]agﬁ‘%afg?&gfeﬁedfeg{bwin?eng,'lié is'gh@ipit he conpound of

I, (O GCL_

In accordance with a ninth aspect the present invention provides a compound of formula

(XIII) and diastereomers thereof:
Bz

NH

N

(Ot

o]

X1

In accordance with a tenth aspect the present invention provides a process for separating a
compound of general formula (II) from a compound of general formula (III) comprising

the steps of:

(a) providing a mixture of 2-substituted 4-substituted 1,3-oxathiolanes of general

formula (II) and (1II):
R3 R3
RS ’ . RS ,
N ' N
T~R4 / R4
& \
N

) N
S N
R2 S N R2 o o
\0 /\Q/ \( \0 / .. ( i .
(o] 1% fo} (o]

an . f11))



formula (111) by selective recrystallisation of the
conpound of general formula (11) froma sol vent
wob@pe39381 he sol vent is Cl-6al cohol or m xtur eBCOAULDS/001433
6al cohols. In a particularly preferred enbodi nent, R6
i s phenyl. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The present invention will now be
described without limtationgshy reference to the
preferred enbodi nents. The present invention
advant ageously provides a process for obtaining an
opticahly.active conpound of general fornmula Il or
11 bvvggpéctive recrystallisation. WO 2009/ 039582
PCT/ AU2008/ 001433 -16- RB R3 RS RS R4 R4 N (L(N R2

SN i T f
e et

r ecr y§(@) Ui isarpllatkyb e (8)Ofs-xemnakdf C(OXK saksylard, CEHRk s

or a nyxt.ur f the four ' j .
0™ MRISE o bbb B} S Torr SR Bl
i somerg, R¥Xahd ROGrd edchlinddpeidehtlpwslected FomSONAIKS], akd dRE;.

RS RS RA R4 N/ IN R ™N/SR~S-"VXL(10\ O
salkylaryl;

R3 and R4 are the same or different and are each individually selected from H

or C(0)-R6;

R6 is Cg.1zaryl or Cjealkylaryl in which the C,_¢alkylaryl is preferably
C,-salkylC.2aryl; and

R5is H, Br, Cl, F, I or CF3; and

(b) separating the compound of general formula (II) from the compound of general
formula (IIT) by selective recrystallisation of the compound of general formula
(II) from a solvent wherein the solvent is Ci-galcohol or mixtures of C;.

salcohols.
In a particularly preferred embodiment, R6 is phenyl.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described without limitation by reference to the

preferred embodiments.

The present invention advantageously provides a process for obtaining an optically active

compound of general formula II or III by selective recrystallisation.



OO0 (H (Ilr) trans isoners: R3 i3 RS RS NR4 -R4 ~
~\NRZ SR NSNMN / 0000 (XI) (XIl) According to
w@2dov3es8aspect, the present invention provi deBCHAU2008/001433
process for producing a conpound of general fornula

(I'l') conprising the steps of: WO 2009/ 039582

PCT/ AU2008/ 001433 -17 (a) formng a 2-substituted
4-substituted 1, 3-oxathiol agg_of general formula (I1)
or (IIl): RB RS RB RS ~R4 ~R4 R2 NN~ R~0/ii~~.,..
3.~~~Nter( 0Y11 0 OO O(U ; (Ill) wherein
R2 is H C(OCl_6algyl, C(OOCl_6alkyl, C(OG6_|2aryl,

C(O OC6_12aryRs C(JO) C6_12aryl al kyl, =s JDQ
| kyIN~GL O C1. 6al kyl aryl, | C(OCL

C(O CC6_12aryl
6al kyl aryl, aisilyl protecting grou gener al

for mul a Si R7TR8R9 erein R7, R8 and ar¥ each

N N
RZ\Ion engent | Q?/ect ed ﬁ-‘r\o(r)n/q/hl-"'G Iskyél\\&Ng( or C1
O—\-‘

o} (¢}
(I ; (I
The compounds of general formula (II) or (III) may be selectively recrystallised from a

mixture of the two cis isomers or a mixture of the four stereoisomers, these being the two

cis isomers (II) and (IIT) and the two trans isomers (XI) and (XII) as follows:

cis isomers:

R3 R
RS | l
N N

R4

\ y
R2 S N R2 y, 5 N
\o A(j/ \( \O / s, ( : = \(
o ° o °

an : (m

trans isomers:
_ R3
R3 RS '
N

T~R4

R4
4 \ 4 \N
R2 \o/\(sj ..‘\\\\\N\\(N R2 \O/'//m,,,{sj/"\\(
o} Y ) o
(X1 . (X1

According to a first aspect, the present invention provides a process for producing a

compound of general formula (IT) comprising the steps of:



6al kylaryl; R3 and R4 are the sane or different and
are each individually selected fromH or C(O-R6;, R6

WO 2000039%58ar yl or Cl.6al kylaryl in which the  PCT/AU2008/001433
Cl. 6al kylaryl is preferably Cl_6al kyl C6_12aryl; and
R5is H Br, d, F, | or CF3; and (b) selective
recrystallisation of the conpound of general fornula
(I'l') froma solvent wherei_g7the solvent is
Cl- 6al cohol or mxtures of Cl_6al cohols. In a
particularly preferred enbodi nent, R6 is phenyl.

Pr ef erabl. [ yl, grou even .more preferabl

iRz oty b dfled Byl s o SB5s Dl Bmtudun o
PCT/ Aggi§08/ 001433 -18 Preferably R3 and R4 are each
individually selected fromH or benzoyl, provided that
when R3 is H R4 is not Hand when R4 is H_R3 is not

H Preferably R5 irks H or F. Preferablg thejsilyl group

of general f ?nul% Si RTR8R9 i s selectad fremthe group
consi sting of ) trjnetdylsilyl (TVB), "
tert-butyl dibheylsilyl (TBDPS), terf- \

but yl di get hyl si Lyl (TRDMS/ TBS), s{ri -hso- Yopyl silyl
”\QIT&SK/a i thyIsiIYPn(f@S ' Tord{ng to a second
aspect\, the present invention Yroyides process for

producing a conpound of general fornmula (I1)
conprising(&he steps of: (a) reactipg a base of
general formula (1V) Wwth a 1, 3-oxat hi ol ane of genera
formula (V) to produce a conmpound of general fornula
(I'l) Qhefelid!): R4\ /RBOR5 11 NRR~SOvVvlI ONO H
(v (M R3 .

R2 is H, C(0)C1.salkyl, C(O)OC,.alkyl, C(O)Cs.12aryl, C(O)OCs.12aryl,
C(0)Cs.1zarylalkyl, C(0)OCg.rparylalkyl, C(O)Cysalkylaryl, C(O)OC,;.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from Cj.ealkyl, aryl or C;.
calkylaryl;

R3 and R4 are the same or different and are each individually selected from H

or C(0)-R6;

R6is Ce.1paryl or Cy.galkylaryl in which the C.salkylaryl is preferably
Ci.6alkylCg.p2aryl; and

RSis H, Br, CL, F, I or CF3; and

(b) selective recrystallisation of the compound of general formula (II) from a

solvent wherein the solvent is C;-galcohol or mixtures of C;.salcohols.
In a particularly preferred embodiment, R6 is phenyl.

Preferably R2 is an acyl group, even more preferably a benzoyl group or an acetyl group.



RS RS R3 -RANRA SNNROMN~ S OO0 wherein

R2 is H C(OCl _6al kyl, C(OOCL 6alkyl, C(OC6_12aryl,
w@topoeBssL2aryl, C(O) C6_12aryl al kyl PCT/AU2008/001433

C(O OC6_12aryl al kyl, C(O) CIL. 6al kyl aryl, C(O OCl _

6al kyl aryl, or a silyl protecting group of genera

formul a Si RTR8RO wherein WO 2009/ 039582

PCT/ AU2008/ 001433 -19 R7, _Rg_and RO are each

i ndependently selected fromC 1-6al kyl, aryl or C1

6al kylaryl; R3 and R4 are the same or different and

PR Bt Bl U BB  Hor a5
wheﬁkﬁaffmﬁwbtH%n@mlfeﬁmhm RGlis fed gyl C6_12aryl ; and
RS is H Br, d, F, | or CF3; and wherein the
1, 3- oxat hi oI ane of general formula (V) is the
Pref@ﬁplydhﬁ'rstﬁlonﬁr in at |east 60%ee; and (b) selective
recrystallisation of the conpound of general fornula

Prefésgblaht SR IErP G EEDURLETBH " CIRARP RS IALECthfrom the group
consf?ﬁf i oF lt'xluﬁEJ ﬁzsﬁflle(fIWIS)e %rﬁﬁfﬁ?ﬂhﬁfﬁﬁﬂfsﬂmTB@Hy) eyl -

erab s an ‘acyl gfoup, even nore referablé
butyb@mdgyllsﬂgl am)m/mS)a@emprgpm@yl (THSfand aitthylRtyl §FHS).
R4 are each |nd|V|duaIIy sel ected fromH or benzoyl,
rovided th H, R4isn
Acchidhig reraidpspedh Depiet dbiephas it s&r*’@“%?é?‘g‘ﬁi“ﬁa
combl‘)@ndsd)i1 gehefdl Mu&f(lg@ﬂﬁbﬁhmé BB opl R7TRBRI i s
Sel ected fromthe group consisti ng of trinmethylsilyl
(TMS), tert-butyldi phenylsilyl (TBDPS), tert-
@t yl ahcthtglwbasb bf/ ger(eirzBMuTBS)’) with a 1 §o>xpﬁmiymfs¢ﬂ general

e poctormnid Ve %%ﬂé?"sﬁ)°5ﬁ8%f§‘3’8“a"ﬁ8r<ﬁ$%f ahftr

produci ng a

o]

[72}

ﬁf D

av) ™
T .
RZ\O/\gD/N\\O{ AN ¢ J "\\(

(LLLY

wherein

R2 is H, C(0)C,.6alkyl, C(O)OC,alkyl, C(O)Cs.-12aryl, C(O)OCs.12aryl,
C(0)Ce.nrarylalkyl, C(0)OCs. 2arylalkyl, C(O)Cy.¢alkylaryl, C(O)OC,.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein



compound of general fornmula (VI) conprising the steps
of: (a) formng a 2-substituted 4-substituted
wa@90xeshi ol ane of general formula (11) or (PCTAU2008001433
2009/ 039582 PCT/ AU2008/ 001433 -20 RB R3 RS RS -K4
-RA NN R~0S~S0O\N 0 (Il) ; (I'11) wherein R2
is H C(OC1 6alkyl, C(OQOCL 6alkyl, C(OC6 _12aryl,
C(0O 006_12aryl, C(O)06 12anylal kyl ,
C(O CC6_12aryl aI kyl, C(O Cl_6al kyl aryl , C(OOC1_
6al kyl aryl, or a si I yI protecting group of general

| o o FRR S L e TR o Safit it o,
6al kylatityaryl;R3 and R4 are the sane or d| fferent and

are each individually selected fromH or C(O-R6; R6
is C6 12ar¥{§1 or Cl.6al kylaryl in which the
I

Cl_6aRkyndRglarg thespmap oF disfeyent and arsicrgh mgividually|selegigd from H
R5 is (ﬁrR a, F, I or CF3; (b) selective
recryst ﬁ i'sation of the conmpound of general fornula

(I') froma solvent wherein the solvent is

Cl- 6aRe 0] |, 1 &8 GLdNGTar@fin Ghidodhe T QAlkylaB 6 fréferably

deprotectin he conpound of general formula (11) to
produ@eeaék)dg aykcndf general fornmula (VI): WO
2009/ 039582 PCT/ AU2008/ 001433 -21 R5 NHZ

R5is H, Br, Cl, F, I or CF3; and

wherein the 1,3-oxathiolane of general formula (V) is the (R)-enantiomer in at

least 60% ee; and

(b) selective recrystallisation of the compound of general formula (II) from a

solvent wherein the solvent is C;-galcohol or mixtures of C,.salcohols.
In a particularly preferred embodiment, R6 is phenyl.
Preferably R2 is an acyl group, even more preferably a benzoyl group or an acetyl group.

Preferably R3 and R4 are each individually selected from H or benzoyl, provided that
when R3 is H, R4 is not H and when R4 is H, R3 is not H.

Preferably RS is H or F.

Preferably the silyl group of general formula SiR7R8RY is selected from the group
consisting of trimethylsilyl (TMS), fert-butyldiphenylsilyl (TBDPS), fert-
butyldimethylsilyl (TBDMS/TBS), tri-iso-propylsilyl (TIPS) and triethylsilyl (TES).

According to a third aspect, the present invention provides a process for producing a

compound of general formula (VI) comprising the steps of:

(a) forming a 2-substituted 4-substituted 1,3-oxathiolane of general formula (II) or

(II0):



NSN HO~0 O (VI) In a particularly preferred

enbodi nent, R6 is phenyl. Preferably R2 is an acyl
wWQe@op39seven nore preferably a benzoyl group OPCEHAU2008/001433

acetyl group. Preferably R3 and R4 are each

i ndividually selected fromH or benzoyl, provided that

when R3is H R4 is not Hand when R4 is H R3 is not

H Preferably R5 is Hor F_jopreferably the silyl group

of general fornula SiR7RBR9 is selected fromthe group

consisting of trinmethylsilyl (TMS),

tert-butyl di phenylsilyl &IBDPS), tert- R3

but yl di met hyl silyl ETB /TBS) tri-iso-pr yIsiin

(TIPS) and triethyls' "&S).  According

aspect, the presen Zi n{ent i on provi des a oceg{s for

produ0|ng a conpou n fi general fornuga (

)

conprTsiy f (a) "Pegettng apal

gener al % or th a 1 3- oxat Ri ol/ane o genera
formula (V) t roduce a conpound of general Pornula
(1) or (111): R4}, /JR3 N ORS 11 N OHO (V)

(V) WO 2009/ 039582 PCT/ AU2008/ 001433 -229i3 R5 RS RS
-R4A NR4 N

wherein

R2 is H, C(0)C,.¢alkyl, C(0)OC,¢alkyl, C(O)Cs.12aryl, C(O)OCe.praryl,
C(0O)Cs.1parylalkyl, C(O)OCs.jparylalkyl, C(O)Cj.salkylaryl, C(O)OC,.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from Cj.galkyl, aryl or C.
salkylaryl;

R3 and R4 are the same or different and are each individually selected from H

or C(0O)-Ré6;

R6is Cg.1zaryl or Cy.galkylaryl in which the C;.alkylaryl is preferably
Ci.¢alkylCq.12aryl; and

RSis H, Br, CL, F, I or CF3;

(b) selective recrystallisation of the compound of general formula (II) from a

solvent wherein the solvent is Cj-galcohol or mixtures of Cj.galcohols; and

(©) deprotecting the compound of general formula (II) to produce a compound of

general formula (VI):



SN-_fSOO (Il) ; (Il'l) wherein R is H,

C(O C1_b6al kyl, C(OOC1L _6al kyl, C(O C6_12aryl,
w@topoeBssL2aryl, C(O) C6_12aryl al kyl PCT/AU2008/001433

C(O CC6. 12aryl al kyl, C(O Cl_6al kylaryl, C(O OC1_

6al kyl aryl, or a silyl protecting group of genera

formula Si R7TR8RO wherein R7, R8 and RO are each

i ndependently sel ected fromp{.1-6al kyl, aryl or C1 _

6al kylaryl; R3 and R4 are the sane or different and

are each individually selected fromH or C(O-R6; R6

is C6_12aryl or Cl_6al kylaryl i& which the

Cl 6al kylaryl is preferably Cl\6al kwkC6 12aryl; and

RS is H Br, d, F, | or CF3; erein the

1, 3-oxat hi ol ane of general for Ia\ V) is the

(R -enantiomer in at _leagt 60% ee,N(b) selective

recrystalIisation;@?/?hggéo und{of general fornmula
(I'l') froma solvent wheyein the lvent is
Cl- 6al cohol or mixtures B 1 6al cohol s; and (c)
deprotecting the conpound of gneral formula (I1) to
produce a conpound of genera& formula (VI): WO
2009/ 039582 PCT/ AU2008/ 001433 - 23 R5 NHZ N S N~
In agé@t@ula@y(p\/éf)errb@ embpdifient R6as peryil.ef erred enbodi ment,
i s phenyl.

Preferably R2 is an acyl group, even more preferably a benzoyl group or an acetyl group.

Preferably R3 and R4 are each individually selected from H or benzoyl, provided that
when R3 is H, R4 is not H and when R4 is H, R3 is not H.

Preferably R5 is Hor F.

Preferably the silyl group of general formula SiR7R8RY is selected from the group
consisting of trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS), tert-
butyldimethylsilyl (TBDMS/TBS), tri-iso-propylsilyl (TIPS) and triethylsilyl (TES).

According to a fourth aspect, the present invention provides a process for producing a

compound of general formula (VI) comprising the steps of:

(a) reacting a base of general formula (IV) with a 1,3-oxathiolane of general

formula (V) to produce a compound of general formula (ID) or (IID):

R4 R3
\N/
I
RS
N/ R2 SI
IT oy —
(o] N [o}



Preferably R2 is an acyl group, even nore preferably a

benzoyl group or an acetyl group. Preferably R3 and
WQRZ00a/089585ch i ndi vidual |y sel ected fromH or beezaybq08/001433

provided that when R3is H R4 is not H and when R4

is H R3is not H Preferably R5 is Hor F. Preferably

the silyl group of general fornula Si R7TR8RO is

selected fromthe group copgisting of trinmethylsilyl

(TM5), tert-butyldi phenylsilyl (TBDPS), tert-

butyl di nethyl silyl (TBDMS/ TBS), tri-iso-propylsilyl

(TIPS) and triethylsilyl %TES). In a fifth aspecf, the

present invention pRovVi dels a compound of gewer al|
formula (M11) or ( MBR3 R5 R5 'R4 N, f
0O',~00 O O IX) wherein R2 is Y\

C(O) Cl_6al kyl , C(O) OCl al kyl, C(O C6_ 12ar I, W -

(O dﬁs\ _12ar y12~aj Kkt N\&
C( O OC6_ 12ar yl, & O Cl. 6al Ryl ar( o0
2009/ 039582 AU2 087001433 -24 6atkylaryl; or a

silyl protecting rgiroup of general formnul l§| R7R8R9
wherein R7, R8 a d RO are each |ndependently sel ect ed
from Cl_6al kyl, aryl or Cl_ 6alkylaryl; R3 and R4 are
each }pdi dual ly selected fromH or benzoyl provi ded
t hat enR3|sH R4|snotHandV\,henR4|s H R3
isnot HH and R5 is H Br, d, F, | or CF3. Preferably

R2 i sR2fs HeQ(O )Y QalRyl, @@)O@f aflenl aB10)Ca2beyh 28§ Ok oaapy !,
or an a5ty P codb8 ShaUYITR Ok FaRiafyl, ccoyoc,.

salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from Cjsalkyl, aryl or C;.
galkylaryl;

R3 and R4 are the same or different and are each individually selected from H

or C(O)-R6;

R6is Ce.12aryl or Cygalkylaryl in which the C.¢alkylaryl is preferably
Ci.salkylCg._jparyl; and

R5is H, Br, Cl, F, I or CF3; and

wherein the 1,3-oxathiolane of general formula (V) is the (R)-enantiomer in at

least 60% ee;

(b) selective recrystallisation of the compound of general formula (II) from a

solvent wherein the solvent is C;-galcohol or mixtures of C;_alcohols; and

(c) deprotecting the compound of general formula (IT) to produce a compound of

general formula (VI):



In a sixth aspect, the present invention provides a
process for producing a conpound of general fornula

w@ op/08ns8y VI 1) from a conmpound of general for nECEHAU2008/001433
(VMII1) or (I X) respectively, conprising the step of:
(a) deprotecting a conmpound of general fornula (VIII)
or (IX) to produce a conpound of general fornmula (V)
or (M) respectively: RS R33R5 NNHZ R4 \N~ R2 S S
N/ N~ OHo---**.,( OO0O-~~0 O (VIIl) (VI) R3 R5 I
RS NRA NHZ (I'N RRIONHO//" S\/ ~\(\ OOO (IX
(M'1) WD 2009/ 039582 PCT/ AU20084001433 -25- wherein
R2 is H C(OCl_6alkyl, C(OOCL\6al kws, C(O) C6_12aryl,
C(OOCC6_12aryl, C(O C6_12aryl .
C(O OC6_12aryl al kyl, C(O Cl1_6a(’kyl a\ yl, C(OQOCL1_
6al kyl aryl, or a silyl profecting oup of general
formul a Si RTRBRO whef e 8 dnd RO are each
i ndependently sel ected fyom/Cl-6alkyl, aryl or C
6al kyl aryl ; R3 and R4 ar& each individually sel ected
fromH or benzoyl, provided t%t

In a particularly preferred embodiment, R6 is phenyl.
Preferably R2 is an acyl group, even more preferably a benzoyl group or an acetyl group.

Preferably R3 and R4 are each individually selected from H or benzoyl, provided that
when R3 is H, R4 is not H and when R4 is H, R3 is not H.

Preferably RS isHor F.

Preferably the silyl group of general formula SiR7R8R9 is selected from the group
consisting of trimethylsilyl (TMS), tert-butyldiphenylsilyl (TBDPS), tert-
butyldimethylsilyl (TBDMS/TBS), tri-iso-propylsilyl (TIPS) and triethylsilyl (TES).

In a fifth aspect, the present invention provides a compound of general formula (VIII) or

(IX):

R3 R
RS I RS ,
N

N
R4

\N N
R2 s N R2 o INC W
\0/\0/\( \o/l"'(i"\ \(
. o o O °

(VIID . (1X)

wherein

R2 is H, C(0)C.¢alkyl, C(O)OC,.galkyl, C(O)Cs.12aryl, C(O)OCe.12aryl,
C(0)Cg.1zarylalkyl, C(0)OCs.i2arylalkyl, C(O)Cy.ealkylaryl, C(O)OC,.



when R3is H R4 is not Hand when R4 is H R3 is not

H and RS is H Br, d, F, | or CF3. Preferably R2 is
W@r00a0$458yr oup, nore preferably a benzoyl groupCDAU2008/001433

acetyl group. Preferably R5 is Hor F. In accordance

with a seventh aspect, the present invention provides

a process for producing a conpound of general formula .

(I'l) conprising the steps o0f4.(a) reacting a silylated

base of general formula (X) with a 1, 3-oxat hi ol ane of

general formula (V) to produce a conpound of gener al

f or mul

Rl O -63?9’? I)HO%SIEYI(BIPI %Ct n%lg\r‘)/@%gfﬁggg@?la%R%R%R§ wherem

PCT/ A2 00841019 a2 eacliﬁld rid@ntlRSeldctddfrd e | xHkyl, NryNor Ci.
RR~A SO N~ R\Q~ /"' W\~S, ""\NO 0 O(0°-)

al) caldardin R2 is H, C(OCL 6al kyl , C(O)oc1_6a| kyI,
C(OC6_12aryl, C(O OCC6_12aryl,

R3 and R4 are each individually selected from H or benzoyl, provided that
when R3 is H, R4 is not H and when R4 is H, R3 is not H; and

RS5isH, Br, Cl, F, I or CFs.
Preferably R2 is an acyl group, more preferably a benzoyl group or an acetyl group.
Preferably RS is H or F.

In a sixth aspect, the present invention provides a process for producing a compound of
general formula (VI) or (VII) from a compound of general formula (VIII) or (IX)

respectively, comprising the step of:

(a) deprotecting a compound of general formula (VIII) or (IX) to produce a

compound of general formula (VI) or (VII) respectively:

R3

NH,

N—ra
e \ /7 \
N —_— N
s S N
o J/N\\( HO/\(j/ \(
0 0 e} 0
(VI v

R3
R5

N e e\(r«z
a4
N &
Rz\o o, (5 ‘.‘\\\\\N\( ///,, ( \\\\N\\(
OJ 0 J
(vI

(IX) D



C(O C6_12aryl al kyl, C(O OC6_12aryl al kyl,

C(OCl 6al kylaryl, C(OOCL_ 6alkylaryl, or a silyl
wW@e@hesesBNg group of general formnmula Si R7TRBRO REIBEABR008/001433

R7, R8 and RO are each independently selected from

Cl-6al kyl, aryl or C1 6alkylaryl; R3 and R4 are the

sane or different and are each individually sel ected

fromH or C(O-R6;, R6 is Cpsl2aryl or Cl_6al kyl aryl

in which the C1_6al kylaryl is preferably C

1. 6al kyl C6.12aryl; RS is H Br, d, F, | or CF3; and

RIOis,a S|Iyl protecting group of general fornula

Si R7RERYHs previously defined; and wherein the

1, 3- oxat hi ol ane of general for mul a (V) is the

(R) - epamy HOO'R‘))O,Qalﬁ%l clepst, 6@@8}16@( T)@pgaﬁyb)C@bwgayﬁ

recrystalllsatlon 0) he conpound ener al ormul a

(1) Cf@)ﬁsazarﬁl@lk\}'blﬂ(%& ehrylalkd, €6P)eanrtlkyleryl, C(O)OC,.

Ol S iah 3 S LGSR Srh Rl S SRR sR iherein

2009/ R3INRS andPRI 2R £200 HdePartidntly sélgctd:mfram@l[édmyl‘, aryhot T,
an elghth aspect the present invention provides a
proce@é Hapl; :producing a conpound of general fornula
(M) conprising the steps of: (a) reacting a silylated

base ﬁ 8 R%rﬁ?é {c@) ﬁ@ibﬂu&lﬁjse\i\é&& ﬁlorill I—?opﬁﬁ%grlg 1%2?15? that

genera ornu uce a CO
f or mulvled RB)is Hf Ré hid 1hdtHa1R®vhérFB4@ R5R3 is k2 HPahd R10 N
)-"N+ OODHO (X (V) R3

R5is H, Br, Cl, F, I or CF;.
Preferably R2 is an acyl group, more preferably a benzoyl group or an acetyl group.

Preferably R5is H or F.

In accordance with a seventh aspect, the present invention provides a process for

producing a compound of general formula (II) comprising the steps of:

(a) reacting a silylated base of general formula (X) with a 1,3-oxathiolane of

general formula (V) to produce a compound of general formula (II) or (ITI):

R4 R3
Ny
N
0
R5 ”
NZ R2 s
T ey —
R10
o N b



RS RSR3I -RA-R4 S\ /IN_/NRMA~ v N~( ~\ ~~—~~ ..
S..~N~( Q an (111) wherein R2 is H,

W@LOpLs8nl kyl , C(O OC1_6al kyl, C(O C6_12aryl , PCT/AU2008/001433
C(O0C6_12aryl, C(OCs..1 2ary| al kyl ,
C(O OC6_12aryl al kyl, C(O Cl_6al kylaryl, C(O OCl1_
6al kylaryl, or a silyl protecting group of general
formula Si RTRBR9 wherein Rjg.R8 and RO are each
i ndependently sel ected from Cl. 6al kyl, aryl or Cl
6al kylaryl; R3 and R4 are the sane or different and
are each individually sekkected fromH or C(O-R6; R6

is C6_12aryl or Cl1_6al kyllaryl in which the® I
Cl_6al kylaryl is pre My« C1_6al kyl %_W\aﬂd

WO 2009/ 039582 PCT/ U2 08/ 001433 -28- R5 Br
a, szl or CF3; a I@lsasHyI prsot edt i ng~ group
of genex RSR9 as\p/e&’ng y' et i ned;
and wherein the 1, t hi ol ane of ne aI mul a (V)
is the (R)- en%ntlorrer in at |east 66%ee (b)
sel ective recrystahlisation of the conpouif of general
formula (11) froma solvent’ wherein the solvent is
Cl- 6al cohol or m xtures of Cl.6al cohols; and (c)
depr otvherdeilng t he conpound of general formula (11) to
produce a conpound of general fornmula (VI): RS NH2 S
N HO '
R2 is H, C(0)C,alkyl, C(O)OC.salkyl, C(O)Cq.i2aryl, C(O)OCs.12aryl,
C(0)Cs.1parylalkyl, C(0O)OCs.jzarylalkyl, C(O)C.salkylaryl, C(O)OC,.
galkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein

R7, R8 and R9 are each independently selected from Ci.salkyl, aryl or C;.
salkylaryl;

R3 and R4 are the same or different and are each individually selected from H
or C(O)-Ré6;

R6is Ce.12aryl or Cj.salkylaryl in which the C,_galkylaryl is preferably
C1_6alkle6-12aryl;

R5is H, Br, Cl, F, I or CF3; and

R10 is a silyl protecting group of general formula SiR7R8R9 as previously
defined; and

wherein the 1,3-oxathiolane of general formula (V) is the (R)-enantiomer in at

least 60% ee; and

(b) selective recrystallisation of the compound of general formula (II) from a

solvent wherein the solvent is C;~salcohol or mixtures of C;.¢alcohols.

In a particularly preferred embodiment, R6 is phenyl.



OO0 (M) In a particularly preferred enbodi nent, R6

is phenyl. In accordance with a ninth aspect the
WQEe@smesnsst nvent i on provides a conpound of for nRCEHAU2008/001433

(XI'11) and diastereoners thereof: Bz | NH N HO ~ 3

N-f OO (XiI1) WO 2009/039582 PCT/ AU2008/ 001433

-29 In accordance with a tenth aspect.-the present

i nvention provides a procesgyfor separating a

conmpound of general formula (11) froma conpound of

general formula (111) conpri si ng the steps of: (a)

royi re 2-substitut ed

In aBE SRt SR el 5 AEPSRT SRR REPTHHES Brops g producing

oﬁ?poﬁﬁdo IB%I ¥R (R cOnpRéan©ttestépsofN _\ (1IN O O

(rry ; Il vvherelnR2|sH C(O)Cl 6al kyl,

C(O CI:l_GaI kyI, CéO)CG 12aryl, C(O) OC6. 12ary|

@0 c&ag@xgqsia{lm bas@(@gmallfganyllaéxky\dlth al,3- oxathiolane of

or of bRy TRt % ek ool Stdsasrd Pyl s an

R7, R8 and RO are each independently selected from
Cl- 6al kyl, aryl orRCl_.Rs
N

RS
N R2
I ey —
R10
~
o N 5

=0

X) V)
R3 "
RS | RS ’
N—rs N4
/ \ / \
N N
RZ\O /\(‘YN\\( R ™, ( \\\\N\\(
o ° b ; 0
an - ; am

wherein

R2 is H, C(0)C,salkyl, C(O)OC,.salkyl, C(O)Ce.12aryl, C(O)OCq.12aryl,
C(0)Cg.1parylalkyl, C(O)OCg. 2arylalkyl, C(O)Ci.salkylaryl, C(O)OC;.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from C,.salkyl, aryl or C;.

galkylaryl;

R3 and R4 are the same or different and are each individually selected from H
or C(O)-Ré6;

R6is Cs.j2aryl or Cygalkylaryl in which the Cy.alkylaryl is preferably
Ci-salkylCq.j2aryl; and



6al kylaryl; R3 and R4 are the sane or different and
are each individually selected fromH or C(O-R6;, R6
WO 2000039%58ar yl or Cl _6al kylaryl in which the  PCI/AU2008/001433
Cl_6al kylaryl is preferably d.6alkylC6_12aryl; and
R5is H Br, d, F, | or CF3; and (b) separating the
- conmpound of general forrmula (I11) fromthe conpound of
general forrmula (I11) by segective recrystallisation
of the conmpound of general fornmula WO 2009/ 039582
PCT/ AU2008/ 001433 -30 (Il1) froma solvent wherein the
sol vegt..i 1- oh or jm xtures of Cl 6al cohol s.
In a B%F%ﬁt%#§$ﬁ§q6¥g#%T?%h enbodi ment, R6 is phenyl.
Definitions It will be understood by those skilled in
the aRfoifadiy Eﬁ)té&iﬁlg‘ rpot genéaFforfleR SIRFRBRY @ previously
chai n or branched al fl group and nmay be optionally
subst fdefinedtandExanpl es of straight chain or branched
al kyl groups include but are not limted to methyl,

et hyl,  propyl ., butyl., ept yl exyl . 80-.propyl, . .
cec. bbbiet e - Biyplanfpr et sy (VTR IR A kpgpiomer in a
Propyleasttyobyte; pentyl or hexyl groups. "Aryl" '

i ncl udes nono-, bi- or polycyclic ring systens

contai ning an aromatic residue and exanples include

the ny beledtivp ln@:lnyﬂtalasadiiona)ﬁ thergompoand af ge?negal demmuia(IDfgom a
P Pty antptin e splyRiis et hes O flbreg Ity B Mhqiy: end

(including conjugated and fused) hydrocarbon ring

gySt edeprofefigy b lympawidef genéral fdmakr(BiYto piodose a esmipound of
containing an aromatic residue together with an al kyl

| i nkageneradpmyHa €VB) kyl aryl  groups include, but are

not limted to, benzyl (i.e. -CH2phenyl). "Acyl" w ||

be understood to nmean a group caatai ning the carboxyl

C=0 noi ety though not being a carboxwhj c acid, ester

or am de. Acyl groups include, e not limted to,

the acetyl group and benzoyl oup\ "Silyl protecting
groups” will be famliar to the skilked addressee as
provi ded for exam%)r‘ﬂﬁ<ffj§?nﬂ W and Wits, P.G M
"Protective groups in onganit syntfjesis” (3 d Edition)
(o}
[0}

(VD
In a particularly preferred embodiment, R6 is phenyl.

In accordance with a ninth aspect the present invention provides a compound of formula

(XIII) and diastereomers thereof:

(XIID)



1999 John Wley & Sons Inc. WO 2009/ 039582

PCT/ AU2008/ 001433 -31 General synthesis of
WQ@2®0034582 ut ed 4- substituted 1, 3-oxat hi ol anes H¢EAU2008/001433

synthesis of a 2-substituted 4-substituted

1, 3-oxat hiol ane may be carried out by a nunber of

nmet hods to provide a m xture of the four

stereoi soners, these being.phe two cis isoners and

the two trans isoners, in proportions as shown in

Table 1. Table 1 Experinent Scal e Mass Purity cis :
in abdoB e i Bul] s BTt Nl ity Bbob it Seaprying o
compOind &f g’e@@raﬁﬁ%rﬁﬁ%l@ ffond a Wpédbd&ﬁ@@ﬁ&&hﬁ)ﬂnmat(mﬁ donprising

present invention, a conpound of general fornmula (1)
ﬂw%WP%QﬁI) is produced by reacting a base of general

formula (1V) mﬁth a 1, 3-oxat hi ol ane of genera

?a?lr ;m l%r Vfdll\ag% as S oomﬁsui%{s_}t‘ftg{gﬁ%Upu%it?&lte%il\nﬁ;)%hh?%@{zggeneral

11formblal (FR&nd @I + O OD H O (1V) (V) R3 R3 R5 RS

R4a. '"R4 |/ NlNR23NSNR2~,,,,,,,,,/ap\aOO-
o (1) ; (1) s R3
RS , RS ,
Nga N~ra
7 7
N N
s R2 n, s WN
SN O
o) 0 o) °
an ; am
wherein

R2 is H, C(O)C\.¢alkyl, C(O)OC,.galkyl, C(O)Ce.12aryl, C(O)OCs.12aryl,
C(0)Cs.pparylalkyl, C(0)OCs.jparylalkyl, C(O)Csalkylaryl, C(O)OC,.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from Cyalkyl, aryl or C;.
salkylaryl;

R3 and R4 are the same or different and are each individually selected from H

or C(O)-R6;

R6 is Cg.12aryl or Cy.galkylaryl in which the C,_¢alkylaryl is preferably
Ci.salkylCe.2aryl; and

R5is H, Br, CL, F, I or CF3; and

(b) separating the compound of general formula (IT) from the compound of general

formula (III) by selective recrystallisation of the compound of general formula



Schene 1: Synthesis of optically active conpounds (I1)

and (lI11) by reaction of a base (1V) wth a 1,
wWR2@2a8458D] ane (V) WO 2009/ 039582 PCT/ AU2008/ OBAIEBB2008/001433

-32 A conpound of general formula (I11) or (l111) may

al so be produced by reacting a silylated base of

general fornmula (X) with a 1, 3- oxat hi ol ane of general

formula (V) as shown in Schgne 2 where RIOis a silyl

protecting group. R4\ /R3 OR5 11 NI + R2 S R101--,

ONO (X)) (VV RB RARRBRS \RARA NN R SNR2

) Scgh f
optl cﬁﬂ_@o va tWh %mr%e O?qurﬁrtr?s 'd6a?'|y %)ngdy}lxrugg%
of a galdombnt ed base (X) with a 1, 3-oxat hi ol ane (\/)

The 1, 3- oxat hi ol ane of gener al forrrul a (V) is at |east
60% ee of the (R) enantioner, preferably at |east
rovpartiotlarly prsfestedismbagimenteR 6 ishen®s % ee, even nore
preferably greater than 95%ee and still nore
Dj&{'?f er ably greater than 99%ee. The skilled addressee
Hens appreciate that the amount of conpound (I11) and
conmpound (I11) obtained fromthe reactions

It w.ﬂ# i)é"ﬁﬁcfe?sft@ n)nth§&”§?{‘i’i‘i’&i ih tRO&ht ﬁaaWHe'tetﬂ?%&q" Ridlddesa Y@M ght

tiomer conpound (V). Wien the % e of
chaintve bezRcheshalkyli growyy araf may hp optieha{lypubstitutéds r Exaveplpd ef straight

chain or branched alkyl groups include but are not limited to methyl, ethyl, propyl, butyl,
pentyl, hexyl, iso-propyl, sec-butyl, tert-butyl, di- or tri- alkylated ethyl, propyl, butyl,
pentyl or hexyl groups.

"Aryl" includes mono-, bi- or polycyclic ring systems containing an aromatic residue and
examples include phenyl, biphenyl and naphthyl. An aryl group may be optionally
substituted.

As used herein, the term "alkylaryl" refers to any of mono-, bi- or polycyclic (including
conjugated and fused) hydrocarbon ring systems preferably having 6 to 10 carbon atoms
and containing an aromatic residue together with an alkyl linkage. Suitable alkylaryl

groups include, but are not limited to, benzyl (i.e. -CH,phenyl).

"Acyl" will be understood to mean a group contéining the carboxyl C=0 moiety though
not being a carboxylic acid, ester or amide. Acyl groups include, but are not limited to, the

acetyl group and benzoyl group.

"Silyl protecting groups" will be familiar to the skilled addressee as provided for example
in Greene, T.W. and Wuts, P.G.M "Protective groups in organic synthesis" (3" Edition)
1999 John Wiley & Sons Inc.



greater than 95% then the (R R) cis isonmer of genera

formula (I1) will be the major isomer forned. As the
woe®Ins9sshe (R) enantioner of conpound (V) decPEEHAE2008/001433

the amount of conpound (11) formed decreases and the

anmount of conpound (I111) increases accordingly. The

trans isoners are also forned in the process. WO

2009/ 039582 PCT/ AU2008/ 001433_ -33 Particularly

preferred general reaction conditions according to an

enbodi nent of the invention involves the coupling of

Gen S 951162 (WA 2 bz vl oyt i -1, 5

trimethylsilyliodide (TMSlI), triethylam ne and
The g?ﬁtﬁ@ﬁ ba thnﬁe@fl sﬁ%ﬁﬁ&( { B)&Q{}f%lhﬁ@m'af‘\lbe carried out by a
chl or onet hane (Schene 3). BzO |
numlb)tt d)f mﬁhpdﬂpmwm @ﬂzture]ot\the fowp stercodomepy, @helﬂsbrmg/&e two cis

3 4
1sonﬁrba1'4 tll\llf‘, %/0 trggs is CB %88%‘?}8)1%35 %83’&1{(‘:31&%18 f (3) (4)
N- benzyl cytosi ne with 2-benzoyl oxynet hyl -

Table p- 0Xat hi ol ane- S-oxi de The reaction proceeds through
initial activation of (1) undergoing a Sila-Punerrer

ExpesiarensigeSeale. Goppdkass | ) chi dirtle i § lgéstsitearesd | t ocipyield
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In accordance with the present invention, a compound of general formula (II) or (III) is
produced by reacting a base of general formula (IV) with a 1,3-oxathiolane of general

formula (V) to produce a compound of general formula (II) or (III) as shown in Scheme 1:

R4 R3
N\,
N
0
R5 ”
N R2 8
JJ -
[¢) u le}
() )

/

N /\( —7/ \( AN ( j \\\\” (

n

Scheme 1: Synthesis of optically active compounds (II) and (III) by reaction of a base (IV)
with a 1,3-oxathiolane (V)



conducted at -50C and the coupling with the base to
proceed at OC overni ght, before warmng to room

W@ 209p@s®Esur e and quenchi ng. The quenched cr udePCEAD2G08/001433
m xture was filtered through celite which reduced the
probl em of solid formation which can conplicate the
wor kup process. The filtered reaction m xture was
washed with dilute aqueous agnmonia and. dilute
phosphoric acid. The resulting crude reaction m xture
was purified by recrystallizing in nmethanol.

Recrys Iiza'on'n t ol |vsth desired
A cpopmin o erpea lpppla o (1D Srayihisratesipfucad Pyyreacying & slylated
bas@sf PR fahita GONRAKES, j—&&tlﬁ@ﬁah@ 8f gddefal FrmAigl(VYashbW in

the techni que of entrainnent, optical purity can be
Schiemp2oviesde RiP ishesilyl Photectinigrgidoury i s particul arly usef ul
WO 2009/ 039582 PCT/ AU2008/ 001433 -34 when starting
with | ess optical ly purg starting material and is a
particularly inportagt” finding of the present
i nvention. Selectivelrecrystallisation Theg. inventors
have found that a c ctRehoi ce of the grjpups R2, R3
and R4 is requiredy sel ecti wR_r eckyst i sati on of
an optically activ ound *of gefer al fo-r\j74l a (I1)
or (IIl1) frorh\b ure. The choice o
recrystallisation sol”vent i s al so dependent on the
nature of the group(?) R2, R3 and R4. Cyt ogj)
protected with acety I sobut yryl car bonyl ,

pi val yl car bonyl , cyclohex?lcarbonyl, p-tol uoyl and

CO

benzoyl groups was goupl e wi th BOMO sul f oxi de asrs
shown in Schere 4. 0--- N BzOU 1)R5TI\/BI

Et 3N, CH2Cl 2 -50C S NRO oD NHCOR A y ) Ra
CuCl2 (20, I \' N LO H R= CH3, CH(

R N0 N i,

(o)

amn ; (un

Scheme 2: Synthesis of optically active compounds (II) and (I1I) by reaction of a silylated
base (X) with a 1,3-oxathiolane (V)

The 1,3-oxathiolane of general formula (V) is at least 60% ee of the (R) enantiomer,
preferably at least 70%, more preferably greater than 85% ee, even more preferably greater
than 95% ee and still more preferably greater than 99% ee. The skilled addressee will
appreciate that the amount of compound (II) and compound (III) obtained from the
reactions illustrated in Schemes 1 and 2 will depend on the %ee of the (R) enantiomer
compound (V). When the %ee of the (R) enantiomer of compound (V) is, for example,
greater than 95%, then the (R, R) cis isomer of general formula (II) will be the major isomer
formed. As the %ee of the (R) enantiomer of compound (V) decreases the amount of
compound (II) formed decreases and the amount of compound (III) increases accordingly.

The trans isomers are also formed in the process.



Schenme 4: Coupling of protected cytosine with

BOMO sul f oxi de For exanple, when R2 is benzoyl, R5=H,
WOR0b1039562 RA=Acetyl , recrystallisation from a PEI/AURN08/001433

of cis isonmers (RRand S,S) (conpounds Il and I11)

and trans isoners (R S and S, R) (conmpounds Xl and

Xl1) does not give any separation as shown in Table 2.

I't was found that the benzgyl protected cytosine

coupl ed product crystallizes efficiently with high

cis selectivity. WO 2009/ 039582 PCT/ AU2008/ 001433

Partfghiar e DR Te0 B EAL TPy ioppamti aeegrin 33, St of the

1nve3t15n nvdlves4lle %5%lﬂgcéﬁ’ﬁtt@hkd))&élﬁbﬂﬂe (WWIthD—Hen@@MBx}dlethyl 1,3-
in >99:1 ratio 5 acetyl 66% 2.26:1 46

oxatiindgngsy-akide d bt inghe pagsangerf tglmﬁéhxlsﬂyémsis KIMALY| trigthylamine and
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correct choice of the groups R2, R3 and R4 conditions

can be selected that lead to the ective resol uti gfe

of a conpound of, for exanple, formgula (I1) by

recrystallisation froma mxtur ofval | four

r eloi SofJRfSenASoshown in Tabl el 2, ere R2=benzo
_and " it R4 s w

G7es wst t ke g
R4= en oyl was foungsto gl\/:\(g cryst al I'i sat
chiralTy pure conp nd, whil =pcetyl or pival

[ sobh)tyr ybhcEiaid.ed It g ,gsel ectivef pecrystallise t‘he @
desired chirally plﬁre conpound. Accor dingly, in a
preferred embodi mer? of the process according to the
fbr{s]g second, third, fourth, sixth, seventh, eighth
and tenth aspects of the present inventi on, R3 or R4

\N

BzO

of the conpound of general fornmula Il or IIl is
benzoycheha 3a ﬂ@hefoemfe\élberzpbﬂzioma MithFEbﬂ{Zojzth@)methyl-
conmpound of gener al romula || r l is al so benzoyl.
G s selective recryst g’rale’g’é‘f f”EFn ~oxt

The reaction proceeds through initial activation of (1) undergoing a Sila-Pumerrer
rearrangement. Copper(I)chloride is believed to play a role on inducing a § attack of
silylated benzoyl cytosine, resulting in an increase in cis selectivity during the coupling.
However this increase in cis selectivity is modest and the amount of CuCl, can be reduced
without a significant effect on the reaction. The Sila-Pummerrer rearrangement of (1) is
conducted at -50°C and the coupling with the base to proceed at 0°C overnight, before

warming to room temperature and quenching.

The quenched crude reaction mixture was filtered through celite which reduced the
problem of solid formation which can complicate the workup process. The filtered
reaction mixture was washed with dilute aqueous ammonia and dilute phosphoric acid.
The resulting crude reaction mixture was purified by recrystallizing in methanol.
Recrystallization in methanol gives the desired cis isomer almost exclusively.
Recrystallization in methanol also enhances the optical purity and by using the technique

of entrainment, optical purity can be improved further. This finding is particularly useful



One of the nost attractive advantages of the N benzoyl
route is that the recrystallisations in nethanol
W@R0woos9sexcl usi vely yield the desired cis (R, RCI/AU288/001433
Preferred enbodi nents of the present invention show
that at 5 g and 10 g scal e reactions when using 0.2
equi val ents of CuCl2, the reactions were cis selective
W th selectivity between 2.86:1 (74% to 2.5:1 (71%.
Recrystallizing in 14 - 15 x vol unes of nethanol (as
conpared to the mass of the crude) gave al nost
S|ve t he..Ci |so L. V\DZO 9/ 039582 .
SR fost DRSS eyl Waiiop e i L i ey frporige
ﬁnm@@mﬁépiehmﬁ&weaﬂoﬁol vent of choice is therefore a
Cl- 6al cohol or mxtures of Cl_ 6al cohols. The
Cl 6al cohol may be a straight chain or branched chain
Selegtivotesrystallisa¥anol (MeOH), et hanol (EtCOH), propanol
and butanol are preferred and of these, nethanol is

TheliRtsatars hae pfd faff §oinges PRyiFLa e efparor Ra dof i guired for
seleétlnbe) retiysRBisfiordb Bt &tichipact 9 %mﬁ@&i&oﬂ}eﬁ&ﬁﬁfdmm (I1) or (III)

Recrystallisation cis : trans cis yield cis recovery,
fromréherraixturas The ghoice sk rspiyaieHispiansobat is aksa degemdon o the nature of

>09:1 4.0y 85% 3 x 14.5vol unes McCH
the éﬂﬁgi‘%kgr&g? W 4 x11 vol umes MeOH >98:2 4.6g 93%
Table 4 I\/ass NVMR C T Recrystallization CT Ratio
Cytbsthd pfotédted With! detyReisobiftyryldatbonyly pRaillylearbbiiyl0Byclohexylcarbonyl,
Recrystallization) 84-89% 62-70% 2. 5-2.9: 1 Refl uxing
p-tohgp] gl benggylamoppsimasiranpled With ROMO-velfgxidg asethoud)i §ﬁ1ﬂeme 4.
systens Recrystallizations with entrai nnegtscom n xed
sol vent systens was exam ned. M xtures of
C1 6a| ohols are also preferred recryst sati on
oI ven s includ rﬁgN %@@g of MeOH and| angt her

hol % propangb ta af", “pent anol
nol |navar|ety of j’

NHCOR
o

B
2) CuCl, (20%), ,
BS

0°C

R= CH;, CH(CHj),, C(CH,3)3, cyclohexyl, p-tolyl, C¢Hs
Scheme 4: Coupling of protected cytosine with BOMO-sulfoxide

For example, when R2 is benzoyl, R5=H, R3=H and R4=Acetyl, recrystallisation from a
mixture of cis isomers (R, R and S,S) (compounds II and III) and trans isomers (R, S and
S,R) (compounds XI and XII) does not give any separation as shown in Table 2. It was
found that the benzoyl protected cytosine coupled product crystallizes efficiently with high

cis selectivity.



rati os of McOH C2_6al cohol from about 2:98 to 98: 2,
about 5:95 to 95:5, about 10:90 to 90:10, about 20:80

W@ 200803982 or about 30:70 to 70:30. A preferredPCEHAD2008001433
McOH: C2_ 6al cohol is 90:10 and particularly preferred
iIs aratio of McOH C2.6al cohol 95:5. It is preferred
that the Cl1.6al cohol or m xtures thereof contains no
more than 5% water. Al rechystallizations were seeded
at 53C, l4ng of seed /g crude, stirred at 1000 rpm
with x14 volunmes of solvent. Recrystallizations were

Tab?oge on a crude mxture comng froma reaction where
$& starting BOMO R'S ratio was 80/20 (actual RS

Expefimé&it 84 'R$) . The YWNMRO9/0 &58%9 1 AR /| Wk fydstallisation
- “results are showlukity Tabl g ver, 11 contrast
to the < U I A o € I T3 T
Summa 11 belﬂe&é HPLC 1nz?1|u7|3§)s/|r S o%szzzru gg\/igs ‘é\n Qiegﬁrst‘a‘i’hsanon

p roxi mgte crude Sratio pf 86/14 Hov\m

exp gffwe II in >99:1

RLS rat %—s?es v—hel ew9 10 |48Q ‘ S
5 a propendiac§tylfor t4&A< i sone 7264 al 46(:/I’yst ,I[I{chyétalhsatmn
(Table 9 Jbeiow). Inlthis set|of experlinents [1Hbnotgiysll

6 isoner wdssabsgylved|64% or nd 2.adut 1047%8% TR escoystallisation
t he obserlved RR/'SS nati o was| correctled for t/Hem MeOH

7 presence |¢fivifd and 3344 ans | 300”rs. [Regar dl 6o réchgtatlisation
was a substantial ilnmprovenept in optli cal act|ifdmh MeOH

1009 methanot—Ts particularty preferred as shown in

By cﬁ‘péc?clg’ow%f(thé‘ EQE{z”RB hadRl. coB&i’hoﬁé(é’dHHe%el@bfeB tie¥dead to the

propano tanol, are also particularly
seleptied esolaton EbTﬁzbbCHnﬁotﬂdmfﬁfoRewlypic,gtbrmqla(]Ibby gsiystabisatipr from a

mixERRR) 218 T RFE ST ARV T EO 0 e B2 5b by AR, and
if Ra 1§5ar% ﬁgfollgwti\@kﬂ Rﬂeberﬁ%% whi fdandto Si%e 8/ rédyRaliSation to

3 Methanol 95% 1-Pr opanol 89/ 1
chuaug @u@:?co?rmOBHQE}’Vlgiﬁ R4-acetyd ar piseliberosototyryl fileg B)p*&#dlﬂvely

9 3 % 5 Met hanol 95%
recri’S(éﬁ{SSﬁbﬁ J"é %@} @y;’%‘é“z@(’é’g&i’é‘gz 82 97.18 6 Met hanol
95% 1-Pentanol 88/12 2.95 97.05 3.36 96.64 5%
Accordingly, in a preferred embodiment of the process according to the first, second, third,

fourth, sixth, seventh, eighth and tenth aspects of the present invention, R3 or R4 of the
compound of general formula IT or III is benzoyl. In a preferred embodiment, R2 of the

compound of general formula II or III is also benzoyl.
Cis selective recrystallisation

One of the most attractive advantages of the N-benzoyl route is that the recrystallisations
in methanol almost exclusively yield the desired cis (R,R) isomer. Preferred embodiments
of the present invention show that at 5 g and 10 g scale reactions when using 0.2
equivalents of CuCly, the reactions were cis selective with selectivity between 2.86:1
(74%) t0 2.5:1 (71%). Recrystallizing in 14 — 15 x volumes of methanol (as compared to

the mass of the crude) gave almost exclusively the cis isomer.




7 Met hanol 95% 1-Hexanol 88/12 2.57 97.43 3.93 96. 07
5% 8 Met hanol 99% Water 1% 90/10 2.98 97.02 3.21
W@®82009039582 Met hanol 95% Water 5% 87/13 4.6 95. BCHARZA008/001433
94.76 Note: This set of recrystallizations was done
on a crude m xture comng froma reaction where the
starting BOMO RIS ratio was 80/20 (actual R/ S rati o:
82:18). WO 2009/ 039582 PCT/ Ak2008/ 001433 - 38-
Enhancenent of optical purity Enhancenent of opti cal
purity is a desirable advantage of the present
|nv tion king possible the use of a starting
Recpyg qagannEﬁng | ower optical purity to yield a

recrystalllsed product w th hi her optical purity

The| wanyistadfisebom spbigat op rabgiset isothe patcohplor dmxtures of Ci.
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partcalaehy BISIGEER s A5 SOV b WER ind adPOBris Garipy prefered o give
the (ggﬁdnhl(ﬁpupge gﬂg@egé}ltg&”g@@ recrystalli satl on step may

tate an increase in the overall yield of the
desired enanti onmer as an additional anmount of the
Tabdesi red enantioner may be recovered as a result of the
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Expegiment . | Recivstallisation st op :afrags e Yidld o Lgis recovery,
selectiyv m&tl}gt_ipr ystallise |dAWsoner|which wag not

obt ai ned| xifvohundsiMe®Hs el eqtidd r ecr y4tlal | i sat B&%

step. ThuslSvblumeseMe®Hl e, t|hd9desi r et 4RgR- enapBd®Bner

may be sgkerivorahys MBOHy St §l-lgosied in| e first88%
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TECTYSTal 1{ Sa0ihRPs MePl and [HI98.55, S~ ENalg,l ONET | O3B, DE

setecti yrecrystattrsed i the second
Tab1€4" VSt allisation step. In a particularly preferred
enbodi nent, the selective recrystallisation step (b)

a( C‘Nﬁﬁnce WP t HeREér%?alhz%ﬁG d C/tIhRﬁﬂo (Aﬁb‘lr theis Yield

Res%\éent hit h Q%
orey oygf' ent rai nrrent process. Th | nv tors ave
SUT PTrIfST N Fourmg: Hat—ttE yiefd ererred
sai e & gl enCPS bt . AS5-39%

2 295h [pe Belleiged by
denondtrated py the r dsul tMethgreli ned |n Exarrpl e30
the EXperinental Sectijon @he-15x@bitilon of a small

L _ampuntl gf the R’ R-enaHtorpr—f-avoursi-the

(= aavavy) C IO

recrystallisation of the R R enantioner. This seeding
Mixgd selventzystemsit process therefore advant ageously
increases the recrystallised yield of the desired

Rec%s?aﬁfiéa%%gg Wit];he%tr[cnen?rlflen% ih r%*i))Ee is%f}v%n{. st%xn%n&gsee)génﬁﬁgd. Mixtures of
C)alcohols are also preferred recrystallisation solvents including mixtures of MeOH and
another Cs.salcohol such as EtOH, propanol, butanol, pentanol aﬁd hexanol in a variety of
ratios of MeOH:C,.¢alcohol from about 2:98 to 98:2, about 5:95 to 95:5, about 10:90 to
90:10, about 20:80 to 80:20 or about 30:70 to 70:30. A preferred ratio of MeOH:C,.
salcohol is 90:10 and particularly preferred is a ratio of MeOH:C,alcohol 95:5. It is

preferred that the C.¢alcohol or mixtures thereof contains no more than 5% water.

All recrystallizations were seeded at 53°C, 14mg of seed /g crude, stirred at 1000 rpm, with
x14 volumes of solvent. Recrystallizations were done on a crude mixture coming from a

reaction where the starting BOMO R/S ratio was 80/20 (actual R/S ratio: 82:18). The



shown in Table 6. WD 2009/ 039582 PCT/ AU2008/ 001433

-39- Table 6 Expt Actual Enantioner Recrystallization
woriobohssRatio /'S RR/ SS ratio without RR/ IBII/AERG08/001433

with (calcul ated based on purities Entrainnment

Entrai nnent of starting BOMOS) 1 98.3/1.7 99.0 - 99.4

/ 1.0-0.6 99.5-99.8 / 0.5-0.2 2 94.2/5.8 98.14 / 1.86

99.33/0.67 3 90.0/10-0 97.648k2.33 99.23/0.77 4

81.7/18.3 95.1/4.9 98.2/1.8 1In order to exam ne the

optical purity enhancenment during the

resqitg%{i%é{ s hél?ahhog] Hésvgx;(eté,lt ‘ﬁ%é)f‘gﬁsé t%tlg){e%{gst?lg%n results shown in
Tab(e?\ 18GQME (118dlowNHPEC s{s](ff)c}udesg'li%'aﬂsapbﬁfxﬁmatﬁédn}t&elﬂfs ratio of
by chiral HPLC, BzO S O 'R - S

86 /(lil)Hc(vaezy)er whgn R/&eﬂmcwse%ﬁpwlbewowﬁ&ml Q»a”BF@ iy a propensity

e Iy

isor?%"- \gﬁk %gse%egauhéfoﬁgwszﬂﬂ)uﬁ 10-12%6 2 Thérefor& theQobs&vad EKR/SS ratio was
. . . -3 2 95.33 97.4/2.6 -

cormgiea forghé esenee gbiRE HHLSS (HES BamETe R GptssS B i gobstantia

1mp9 ﬁ‘léni rﬁp%g}l{:dled%tlaﬁy valohy, WekaRol & pdtBicil8Ay Prefb@Ed as shown in

rati os as conpared to HPLC anal ysi s.
Table 5. Mlxtures of methanol, for example with 5% 1-propanol or 5% 1-butanol, are also

particularly preferred.
Table S
Expt# | Recrystallization Solvent C/T Observed Purity Corrected
System Ratio Optical Purity
(NMR) S.S R,R SS RR
1 Methanol 100% 88/12 1233 97.67 2.65 97.35

2 Methanol 95%, Ethanol 5% 88/12 | 2.68 97.32 3.06 96.94

3 Methanol 95%, 1-Propanol 89/11 |2.26 97.74 2.53 97.47
5%

4 Methanol 95%, 2-Propanol 89/11 |2.97 97.03 3.33 96.67
5% '

5 Methanol 95%, 1-Butanol 5% | 88/12 | 2.52 97.48 2.82 97.18

6 Methanol 95%, 1-Pentanol 88/12 |[2.95 97.05 3.36 96.64
5%

7 Methanol 95%, 1-Hexanol 88/12 | 2.57 97.43 3.93 96.07
5% )

8 Methanol 99%, Water 1% 90/10 |2.98 97.02 3.21 96.79

9 Methanol 95%, Water 5% 87/13 | 4.6 95.4 5.24 94.76

Note: This set of recrystallizations was done on a crude mixture coming from a reaction
where the starting BOMO R/S ratio was 80/20 (actual R/S ratio: 82:18).




WO 2009/ 039582 PCT/ AU2008/ 001433 -40 Optical purity
enhancenent via two recrystallisations The results

WO e@a03is8ng two recrystallizations in order toPGOAERINS/001433
very pure product are shown in Table 8. These
recrystallizations were done w thout entrainnment.
Interestingly the solubility of the pure product
appeared to be |l ower in nethgool as conpared to the
crude product. This nmay be because that inpurities
present could be helping to solubilize the product.
For exanple the crude product could be recrystallized
in reflu nmet hanol readily. However wth

E"hﬂlﬁ'f:%m%"rt Zu@?ca&éuf%'gnd that it was not easy to dissolve
product even in x25 vol unes of refluxing met hano

Enhfifieat dfoptRalysifly s Adksitably a@ssan nfifge of of @fe! ptaseﬂgmveﬁtnambkmg

(in the exanple bel ow we used vol unes), but stil
possiple henisglef a rs@mgemwerlalpwlea lqszvesgmca(l RUBtY atvidld ggeaystallised

procgugg%lt}s@aﬁh#f%g[ 5 o%ﬁlf}ﬁ’ lgﬁﬁ%gﬁ%r g&%uatl(?]rgnog yi el ded a
product with a RRRSS ratio of 99.13 / 0.87. The 2"d

Repbifion/ 6t rabpystaflisafibn Slep and@niteinwigng of net hanol )
increased the RR/SS ratio to 99.6/0.4 with a recovery

of 95% Because the recovery fromthe second
In arpeefcxy@;i ethbadimentof thesinvintigm, ﬁlesSé’@Qﬁh‘cﬁ reenysiplisation step (Rynn

e.attracti.v here . s9
e AR S o RV LD G RSl B
repedtediat leAg dic& The rdpesticit éff the zclédtion rél:'i'ysftﬂhseﬁioalskdpmiy fhmlltate

Recovery in the ratio RR isoner SS isoner, RRis
an imggegsg oyergll yield of theglesirodgnaptione as/ap aﬁd@@ni@r@w of the

dem?c%i eqlgntgorf}er%aé‘? be' RE6FE &5 a {g: ?ft?\é mﬁ&e@@ép ‘I‘tsxgﬂl beinderstood

reaction can pur i
howiey & thaitthe)t)he Irﬂ:rystvasaIfontstw mini 4l5a e tepeated toes:@tuvtig recrystalllse

an icgher il VSR OB RSk RGee G T BB sAan opn . Tus, for

exa fe' RldeApd £ X-SARRHRETREY b/ dcfecBbél Qéd?ﬂmﬁlhséﬂ inaRefise
xture of enantioners can be resolved during the

recrystgidisationisteptand the, Seaventionser mayxba selectively meaiystalhagdsindhgsecond
II| e either by the formation of a racemc
’fﬁxﬁﬁgs by the formation of a conglonerate. In a
racemc conpound the crystals are in a lattice WO

In a%ﬁg%&?@%gfeﬁg ENLBAARN) HABRective recrystallisation step (b) in
accordance with the first, second, third, fourth, seventh, eighth and tenth aspects is an
entrainment or a cyclic entrainment process. The inventors have surprisingly found that
the yield of a preferred single enantiomer can be increased by entrainment. As
demonstrated by the results obtained in Example 3 of the Experimental Section the
addition of a small amount of the R, R-enantiomer favours the recrystallisation of the R,R-
enantiomer. This seeding or entrainment process therefore advantageously increases the
recrystallised yield of the desired enantiomer. The results obtained in Example 3 are

shown in Table 6.



-41 wth a regular arrangenent of both enantionmers in
equal anobunts. However in a conglonerate, nolecul es
w@Roooms9senant i onmer is preferentially attract edP@DAUR®S/001433
same enantioner, thus crystallizes as a physica
m xture of crystals belonging to one enantioner
the other. If the material of interest crystallizes as
a conglonerate, then a procggs known as entrai nnent
(essentially by using the pure crystals as seeds for
crystallization of the enantionmer of interest) could
Tthe used to preferentially crystallize the desired
%%ntioner enhancing the optical purity. Entrai nment

or

ExﬁtOW dA*e?uaaflf aliemePy [rany vari alflegpystallizitiay Methioa at
ifch t gﬁgln? S uonducted If the tenperature is

toc Iow ur a cry o a

thq {fe] eral [ me §§ ﬁg ﬁ%ﬁ% se?%iﬂ ?? rfmf)w'th
add \QA%L;H %{I;??pu s The %ﬂ?‘ 8t seed cryst

used; °Pt ¥ t he particle size of tle seeds;

Raf] oLct irring duri the crystallizatilon; i

1l efigt h of 937 #4ing; Mol QA0 0994 heObbvert -9%543:8d10.5-0.2
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As can be seen from Table 7, supplied BOMOs were of varied purity.

Table 7
BOMO Sample S % (HPLC) R% (HPLC) Actual R/S Ratio
R-1 1.72 97.60 98.3/1.7
S-1 84.71 11.62 12.1/87.9
S-2 80.80 15.01 15.7/84.3
R-3 2.51 95.33 97.4/2.6
R-4 2.67 96.26 97.3/2.7.

Note that the samples often contained other impurities as well, which is the reason for

differing R/S ratios as compared to HPLC analysis.
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Table 8
Starting R/S 1* Recrystallization 2" recrystallization | Recovery in the
ratio RR isomer | SSisomer | RR isomer | SS isomer 2
recrystallization
98.3/1.7 99.13 0.87 99.60 0.4 95%

Therefore, the starting BOMO used in the coupling reaction can be of lower purity (i.e.
R:S ratio) in view of the ability to increase the RR/SS ratio of the final coupled product

using the recrystallisation method of the present invention.
Optical purity enhancement via entrainment

A racemic mixture of enantiomers can be resolved during the crystallization process. A
mixture of enantiomers can crystallize either by the formation of a racemic compound or

by the formation of a conglomerate. In a racemic compound, the crystals are in a lattice
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» Rate of stirring during the crystallization;

* Time length of stirring;

«  Volume of the solvent —methanol;

 Quality of the crude also could play a role. For example we have found that the

pure product is less soluble in methanol than in the presence of impurities.

Optical purity enhancement during recrystallization when the starting BOMO is an R/S

mixture

R/S BOMO mixtures (at different ratios from 100:0 R/S to 50:50) were oxidized to the
corresponding S-oxide with H,0, / HOAc, and then without crystallizing the resulting
S-oxide this was coupled with benzoyl cytosine. It was hypothesized that if it was possible
for the S-oxide itself to crystallize via conglomerate formation, then, a removed portion
from this non-homogeneous mixture may yield a different optical bias than intended. The
reaction was worked up the usual way, and the crude was recrystallized with and without

entrainment.
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Generally below R/S ratio of 90/10, trace presence of the trans isomer could be seen (see
entries 4 and 5, Table 9). However a second recrystallization should remove this trans

isomer as previously discussed.
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NOTE: When the presence of trans is less than 4-5%, NMR estimation is not accurate due
to noise etc., under standard NMR acquisition conditions.

Optical purity enhancement during recrystallization of ‘S’ BOMO reactions

With a true conglomerate, entrainment induced optical purity enhancement could occur

with either enantiomers. To test this, an analogous reaction with a sulfoxide derived from

S enriched BOMO (R/S ratio 12 / 88) was conducted. The crude reaction mixture derived

from the coupling of S-BOMO sulfoxide with benzoyl cytosine was recrystallized with and

without entrainment. Indeed the results shown in Table 10 with entrainment were similar

to the analogous experiment where R/S ratio was 90/10.

Table 10
Recrystallization Starting Purity % R,R % S,S
Method (R/S ratio)
Entrainment 12.1/87.9 1.5 98.5
No Entrainment 12.1/87.9 22 97.8
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Stirring and Seeding

To test the effects of the variables, seeding and stirring, the following experiments were
done. Even though the reaction was done using 80:20, R/S mixture of BOMO (actual R/S

ratio: 82:18), for these experiments the crude itself was analyzed separately via HPLC.

For these experiments, all solvent is removed from the crude material first. This is then
refluxed in 14 volumes of methanol until all material is in solution. Next this is allowed to
cool with stirring (at the specified rate) or without stirring, while monitoring the
temperature. At the temperature of 55°C, the stirred mixture is seeded with Pure ‘R,R’ cis
isomer or not seeded and stirred overnight while allowing the temperature to come to room
temperature. The crystallized mixture is then filtered, washed with methanol and analyzed
via HPLC. The results are shown in Table 12. These results show that stirring is always

better than no stirring. It may be that stirring could generate seeds and distribute them all



successful whether the starting material were RR or SS

(Tabl e 14, experinents 2, 3, 4). Alternatively, it
woer®Nesszl t hat agqueous ammoni a i n nmet hanol coRCTHAHR®E/001433

be used. Deprotection using this nethod is slower but

Is clean however this involves the renoval of water

and thus is |l ess convenient in |arger scale than

nmet hanol i ¢ amoni a. Tabl e 145Experi ment Met hod Product

Yield 1 NaOwe (0.1 eq) / MeOH 61% (8 g scale) (for

"RR' cis) 2 thhanolic Ammoni a 8596(2 2g scale) (for

"RR. €] [ 2,949 scaLe)
OVeL Rglmﬁgs Mﬂi "M: aﬁ I | S¢ (ﬁ:n géi ah@é? %pglcglca fp%?é)uas than
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6556985;% eoraRletepyal W gty RIS S Rghtl, Pithrimg (Fable 11).
aspect of the invention, there is provided novel 2-

Ta pft ituted 4-substituted 1, 3-oxathi ol ane derivati ves.
e conpounds of general formula WVIII and | X wherein

Expw R3, R4 and RS areONDIXION®US|Iy defined: R3 | RRESVULTS
5| Skindig | Rateoll R2 S 0 (VITT §eddsX) and are S.,S | RR
p“’f Eie! y %‘?ﬂrﬁn%ged SeEd U NCAGIRHI oPT C’Péﬁ?g#
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00
(mg of seeds/g
crude)

1 1 1000 Y 14 55 0.83 99.17
2 1 0 Y 14 55 1.71 98.29
3 1 1000 N . . 1.45 98.55
4 1 0 N L . 1.81 98.19
5 3 1000 Y 14 55 0.68 99.32

Note: This set of recrystallizations was done on a crude mixture coming from a reaction
where the starting BOMO R/S ratio was 80/20 (actual R/S ratio: 82:18). However HPLC
analysis of crude gave an approximate R/S ratio of 95.3/4.7 .

Temperature

The results obtained in Table 13 possibly shows that, at temperatures above 55°C (or s0),
seeds partially dissolve. Thus temperatures below 55°C are better. On the other hand at
lower temperatures there is competing natural seeding, especially with high rates of

seeding. This also could decrease the effectiveness of entrainment.
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Table 13
Expt# CONDITIONS RESULTS
Standing | Rate of Seeds S,S R,R
time Stirring Seeded | Amounts | Temperature '
(days) (rpm) (Yes/No) | of Seeds | of seeding
(mg of °C
seeds/g
crude)
1 1 1000 Y 14 55 0.96 |99.04
2 1 1000 Y 14 53 0.78 |99.22
3 1 1000 Y 14 50 0.96 |99.04
4 1 1000 Y 14 45 095 |99.05

Note: This set of recrystallizations were done on the same crude mixture used for Table 10,
coming from a reaction where the starting BOMO R/S ratio was 80/20 (actual R/S ratio:
82:18). However HPLC analysis of crude gave an approximate R/S ratio of 95.3/4.7. No
Trans isomer was seen in the recrystallized mixture

In yet another preferred embodiment, the 2-substituted 4-substituted 1,3-oxathiolane of
general formula (II) or general formula (III) produced or formed in step (a) in accordance
with the first, second, third, fourth, seventh, eighth and tenth aspects, is in the form ofa
conglomerate. The ability of these compounds to form conglomerates is surprising when
taking into consideration that only 5% to 10% of racemates belong to the conglomerate
forming group (Lorenz, H., et. al., Journal of the University of Chemical Technology and
Metallurgy (2007) 42(1): 5 - 16). |

Preferably the desired enantiomer which is obtained by any one of the processes according
to the first, second, third, fourth, sixth, seventh, eighth and tenth aspects of the invention

does not comprise any detectable amount of an undesired isomer.

Deprotection

Having coupled benzoyl cytosine to BOMO, the final step of the synthesis is the removal
of the benzoyl protecting groups to obtain the debenzoylated product, for example

compound (17) as shown in Scheme 5.
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Scheme 5: Debenzoylation reaction

Suitable deprotection methods include: catalytic NaOMe / MeOH, Methanolic Ammonia,

and Aqueous Ammonia in Methanol.

The sodium methoxide mediated hydrolysis was investigated first. This method deprotects
quantitatively, however requires an aqueous workup to get rid of the salts non-
chromatographically. Therefore as the final products, such as compound (17), may possess
some water solubility, the workup reduces the yield. The methanolic ammonia method
was also investigated. Methanolic ammonia again cleanly deprotected the molecule after
overnight stirring, and after removal of the solvent, slurrying in acetone removed the more
lipophilic by-products and yielded the product very cleanly. The reaction was equally
successful whether the starting material were RR or SS (Table 14, experiments 2, 3, 4).
Alternatively, it was found that aqueous ammonia in methanol could also be used.
Deprotection using this method is slower but is clean however this involves the removal of

water and thus is less convenient in larger scale than methanolic ammonia.

Table 14

Experiment | Method Product Yield

1 NaOMe (0.1 eq) / MeOH 61% (8 g scale) (for “RR” cis)

2 Methanolic Ammonia 85% (2.2g scale) (for “RR” cis) -
3 Methanolic Ammonia 94% (15 g scale) (for “RR?” cis)

4 Methanolic Ammonia 88% (1g scale) (for “SS” cis)

5 Aq Ammonia in Methanol 86% (3g scale) (for “RR” cis)
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Compounds

In a preferred embodiment of the fifth aspect of the invention, there is provided novel 2-
substituted 4-substituted 1,3-oxathiolane derivatives. The compounds of general formula

VIII and IX wherein R2, R3, R4 and RS are as previously defined:
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waeeoo3BsParticul arly preferred are N benzoyl PCT/AU2008/001433
derivatives of conmpounds of general forrmula VIII and
I X, even nore preferred are the N-benzoyl derivatives
of formulas: Bz z NH NHNN S N, \W\\N HO---( HO
0 O and O EXAMPLES The prefgrred enbodi nents of the
present invention will now be described w thout
limtation by reference to the foll ow ng Exanples. WO
2009/ 039582 PCT/ AU2008/ 001433 -56- EXPERI §yENTAL
General Al reactijons were conducte undef a nitrogen
at nosphere usi\ng onen dried gl assware\| 2-RH
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and S -Benzoyl oxynet hyl -1, 3- oxat hi ol ane were supplied
by Avexa. N benzoyl cytosine was purchased from
wEkangbes2 PL Chem cal s. TMSI was synt hesi zed i PETIAUS®8/001433
and was distilled after the synthesis. Triethylam ne
was distilled over KOH The solvents were used
W thout distillation. Low tenperatures for reactions
were mai ntai ned by using a.sdberno-Neslab cryostat.
The NVR spectra were run on a Varian Hi gh Field NWVR
spectronmeter running at 400 MHz. Thin | ayer
chromat ogr aphy. wege performed on Machersy- Nagel
precoat ed pl asti c| silica gel plates (O. 212m"|) HPLC
anal yses were dope on a Waters 510 HPL®system with
a Chiral pak 25cm x 0.46 cm (| umm, detecting
at 254 nm oI vent system was\ 20%\WeCH i n

onisy ri nni ng/s,@ch [ at a flowrate
npsoM e‘?i?g abe@vi at (ﬁs (®qui val ents), wt
Wt hyrespect Exan'pl e ;nt heSIoS of.

2 (R) Benzoyl oxyme hyI , 3- oxathl ol ane- S-oxide O BzO
H202 / AcCH BzOII’4OC OO (11) (1) To ?ﬁzstlrred

m xture of 2-\R-Benwoyl oxymet hyl - 1, 3- oxat hilol ane (118g,
. aci al acetic acid . 790 nol)
ina 500 @B fllask fitted with an &r/water

condensger, at 40€ was added hygrog \mpiyvom de (35%in
n

T,psowét‘u( (65T Y(0. 736 Mo, A T ot
approxi ngtely mnute inter itial
h

addi t Pons are very e@(‘lﬁhermc is was stirred at
this tenperature for 1 hour and at roomtenperature

) &
Pl U 08 N T R o RO BB O v an
IX, 8WeinIngors praferrdtbare shesdibehi@yib defivatives sddrmuatas:ul fite in
wat er (500 nlL) was added in WO 2009/ 039582
PCT/ AU2008/ 001433 -57 snall portions (initially,
vi gorous reaction). The i:r ganic layer was separ a}t ed
and this was next stirred with an agueous sat umat ed

sodi um car bonat e solut i (500mL) till th S no

bubbl i ng. The or gaf(m\l\é;er was separate waghed with
brine and dried with npgnesium sulfate. The p¥sulting
hazy cg} W% was ﬁd/l/é'r{jr“‘bu celite to

obtain a cl ear
(o]

EXAMPLES

The preferred embodiments of the present invention will now be described without

limitation by reference to the following Examples.



solution. This was evaporated to give the product as

colorless viscous oil, which solidified to a white
we00063958hi s material was used for the next stREI/AN2M08/001433

synthesis without further purification. This materi al

is a mxture of E/ Z diastereoners of the ratio 2.4:1

(via NWR). Yield: 114 g (90% 'H NWVR (CDC13,

400MHz): .S = 8.05 (d), 7.9.6g), 7.5(m, 7.4(m,

4.6-4.8 (m, 4.4 (m, 4.1(m, 3.2(m, 3.1(mM, 2.7(mM

ppm (NWVR spectrumis conplex due to the presence of E
[ er eoners) Exarrpl e 2 Recrystallization of
Ex@%ﬁ%—'@e@%yl oxynet hyl - - oxat hi ol ane- S- oxi de 9. 6g of
the EEZ m xture of
Gendr4IR) - Benzoyl oxynet hyl - 1, 3- oxat hi ol ane- S- oxi de was
di ssol ved in refl uxing met hanol (12 nlL) and was

all owed to come to roomtenperature slowy and
All mhétoons dvere cariduntdd omdend IgtrbgenTattmoslﬂEué tsingjoval driddegdassware. 2-R

and ng H@%ﬁ h(lzy ﬁi_o?clat%&ﬁ'e Igdwesgl .gp 1e(g ’b@V\%S hed ,\WF@tenzoy?cytosme

was ﬁ%@ﬂﬁed ﬂ'@%’ﬁangh§ P1 Chémicdls. ZT%SII v $9nthkklzed Tn-AbW8e and was

distiled (aﬁpr t_hq)syigﬁwmsEx'llﬁ?mh)éargmg&msh@gﬁllégdopver K(SH TheH)solvents were
used2 \'\§1§§ gggﬁﬂ t %Xyﬂgl’vh h}pé&gﬁz:ﬁ %}" }%gg%o%l &Xrleorﬁhlgta:}ned by using a

oxa olane

Theﬂnc( Rkslab rb:fpc)dtmxynrﬁé hWMRlspeBtr@mrhl rah adre aSVeriard Eligh tField NMR
N- benzoyl cyt03|ne WD 20%&%0%9582 PCT/ AU2008/ 001433
speciggeigrppInigapat {00 BFY| - Jhin ayer\hrompiogRpPRy gvere pFfprmed on

Mac%y-l%e@p%c%& plagflzgléa éea)pla(tés)(o.(ﬁ)nm)szHPLé@hﬁg;Qs were done on
a Waters 510 HPLC system, with a Chiralpak AD , 25cm x 0.46 cm (ID) column, detecting
at 254 nm. The solvent system was 20% MeOH in acetonitrile, running isochratically, at a

flow rate of 2mL/min.

Some abbreviations: Eq (equivalents), wrt (with respect to)

Example 1

Synthesis of 2-(R)-Benzoyloxymethyl-1,3-oxathiolane-S-oxide

Bzo_\(s H,0,/ AcOH B20 g

o o
an M

p—-e)

To a stirred mixture of 2-R-Benzoyloxymethyl-1,3-oxathiolane (118g, 0.526 mol) and
glacial acetic acid (47g, 0.790 mol) in a 500mL RB flask fitted with an air/water
condenser, at 40°C, was added hydrogen peroxide (35% in water) (65 mL, 0.736 mol) in 4
portions at approximately 10 minute intervals. The initial additions are very exothermic.
This was stirred at this temperature for 1 hour and at room temperature for lhour. The
mixture was then transferred to a 1 L beaker and was diluted with dichloromethane

(500mL). While stirring, a solution of 10% sodium sulfite in water (500 mL) was added in



Reagent MW Equi val ents Ml es Anpunt

2-(R) - benzoyl oxynethyl - 240.3 1.0 0.062 15.0 ¢
wa2@903Eshi ol ane- S- oxi de(2) N benzoyl cyt osi ne(ROT/AU2008/001433

1.0 0.062 13.4 g lodotrinethylsilane 200.1 3.1 0.193

38.8 g, d=1.406 27.6 nL Triethylamne 101 2.1 0.131

13.2 g, d=0.726 18.2 nL Copper(ll) 134.5 0.1 0.006

0.84g chloride(anhydrous) _Bychl oronet hane 250 nL

2- (R) - benzoyl oxynet hyl - 1, 3- oxat hi ol ane- S- oxi de (15. 0g,

0.063 nol) (optical purity of the starting

smaﬁ_éﬂ@ %ge(n rﬁf gliyox' gg)tu?ry{eacg}b%)n qgl%toﬁlngr{%ca Eaé/er( was) S?H_aj-zﬁeci% arlld this was

nexPHRFE vAthackquebasianuhea sodiuil Qgtsshattdlution (S0@EEL LOI0 klﬁ:(ﬂe was no
' to -50C by neans of a cryostat. Tothlstrlethylamne

bubblong The, orgwmabiy%was 1epfraé%ﬂ;|wh%w;th bing apd deigd Wil magnesium
S

sulf%ﬂgd'g{xe? H?g g %E@rlg @ﬁtﬁ)ﬁl @Qsdhlit%r%@ tlﬁ%ugl& celite to obtain a clear

solugigh] Thik evak silaparaemt(ﬂglaﬁ thengrofumne Icolodtssansc@hﬁ odyuwhich solidified

that the ipgternal at ur.e renmai ned bel o
to aHiote o) (TRGAIGHE YG8 BRORIOE G AT DR AAS U5 1 PHegspihog further
purllﬁ'cgt%nes THRY InStefBI [ RithxAfe OPE U ATRRERFdONRIAbS 'th@gatlo 2.4:1 (via
Next, to the reaction mixture, triethylamne (8.7 ni,

NMR)0&zeldol 14 g1(90%9qui val ent) was added again foll oved by
the repeat dropw se addition of iodotrinmethylsilane

‘MR (B APOKE R 5o D5 100 ZR Dy At B g4 68D, 44 am

|
4.1(?‘?3?.421{3?)? 831856112 @?ﬂj} ﬁfé e(NPIR §PebiiRSs N)Iﬁﬁl@i Aué ey i Prékence of E

added. The resulting m xture was

and 3l diasterdomershar mt o OC was stirred at this tenperature

overni ght. After overnight stirring, the reaction was

allg&ed to warmto roomtenperature and stirred at

tenperature for 90 mnutes. The reaction mxture

was quenched with the addition of water (100 niL). This

1 .oxlde red for

e A e S oS o8 T . The

pl ug was washed w th additional dichloromethane (3x75
9.6g1L9f ahel Ele mmtimienexf Di(R)Benesylovymeetipd ti, dxathiopane-S-oxide  was

diss\%grgaégtrlgti%ﬂf unn &%t ﬁli.g(%% %valsaa}fl%(zve g c?c’) eat%artogm temperature
slowly and allowed to stand overmght. The resulting colorless needle shaped crystals were

filtered, washed with ice cold methanol (2 mL), dried. Yield:3.0 g

'H-NMR (CDCl;, 400MHz): 5 = 7.9 (d, 2H), 7.6(m, 1H), 7.4(m, 2H), 4.6-4.8 (m,3H), 4.4
(m, 1H), 3.15(m, 1H), 2.7(m, 1H) ppm.

Example 3
Synthesis of 2-(R)-benzoyloxymethyl-4-(R)-(N-benzoylcytosin-1-yl)-1,3-oxathiolane

(a) Coupling of 2-(R)-benzoyloxymethyl-1,3-oxathiolane-S-oxide with N-benzoyl cytosine



amonia in water (2 x 100 ni),

100nL) and again wth 5%
W@ 00bi0sese2 aqueous | ayers were re-extracted w tPCT/AU2008/001433
The conbi ned organic | ayers

di chl or onet hane

(100 ni).
were then washed with I M sodi umthiosul fate

The

2% phosphoric acid (2x
anmoni a (100nL) .

(100 ni).

The resulting |ight yellow solution was dried wth

magnesi um sul phat e,
l'ight yellow brown thick oi

Thi s crude

filter

edg .

and evaporated to give a
24.3 g (89%recovery).
m xture consisted of cis and trans

conbi ned coupl ed product at 75% purity (NVR) \apnd wth
a cis/trans isomer ratio 2.45:1 (NVR) (b)
Recrystal | imaii on of the crude

2-(R) - benzo onynethyl

1yl)-1,

2-(R) -be oyI xyneth
1, 3-o0x ne Recrly
the crfde H

(R) - benzoyl gxynet hyl - 4-(
(10. 39)

, 3- oxat hi ol ane

CuCl,, CH,Cl,

S |

ytgsWn 1

|4 (R and §)-(N-benz ylcy 0si n-

o gi !
RF%?BSLem

II|zat|on W th

91) -

i nnent To

(RS- (N—benzoylcﬁ105|§-l-yl) 1
in a 100m. round botton1f|ask
was addeBr-fd4® times (by vol ume) met hano
and the m xture was refluxed til

(144.2 )
a cl ear solution

Hd—be—seen—Thi

Rea§f|rr|ng whi | e nop

t har nnpe \Whan

s—the

i T Or i ng

t+tha t+ o

a e‘ﬁ‘%ﬁru
enper at

Efu
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llAmount
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ng of pur
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T

vl\-

1%.0 g

N-banzpylsytosiiet))ane w

1Qﬂé1viqo

Fb0sly  stif

ﬁﬂﬁﬂ Fol | d

i3rfbg

Ioddtlimethydsiliang), t he 1

stirred vigorously

apodly c
d—=avioBNi

r?ﬂtalllzina
ght. The re

) Onfi98t ur e wg
ul ting

$38.8 g,
27.6 mL

TricByshak! | zed prody
mashlng wth neth

Igh1 Was t
109! 72650

nL) Once

hen filtered
al |

0.1l | owed
t he not

3.2 g,

Hers.2 mL

Thr

ed Q)
e-Was d

ict” was

ent
i zed

Lo £V

Co and the—su |
P st al

? ggﬁ%; l.ti\ng cryi

chlopd An.ous) ]

hing had
wgglte prodL

r

\ L

(J.I_I'Cl

" r—eta (L/ﬁ 166 r‘d_,
Dic anﬁhg _resit ng white r\ry_cfajl_l i

analy2|ng with NWVR showed that it is > 99@6th c
2-(R)deneeylodyswithyleld3-prathiglang-Stoxide 4145)/9&&@@ mgh (Phtecal purlty of the

star{l g rZYQ?) %ﬁh&ﬁ%@%ﬁgyﬁ 33399)685} % %g gggg; '1%' was dissolved in

d1c%ﬁﬁtﬁ%ﬁ@@mﬁﬂ$ﬁl a 56@nL Bexick $1ask hdeatnitbogen ant dhis was cooled to

h .
SO BREABLO! BEHAEtARy 0 A0S drieylanyinge (56 filo, 4060 ol Ly} sauivalent)

was\'léggdé ggﬁgqg%gtr%g?(i&ﬁ% tggh;/é %}oﬁwgsgf%%gfo?q{/qu%@ﬁ%gmyfshﬁ%‘(1 8.7 mL,

0.13tetvdn3l1 EqdiRalents) amed at hoppingt fimaeles 2 ghteususdt thal |the internal

tem g A HOHOS 0 7 nRcsaing fignt e BRI, i rea for 30

minfifeY SWRild infdigtaidid et teBferature at -50°C. Next, to the reaction mixture,
triethylamine (8.7 mL, 0.062 mol, 1.0 equivalent) was added again followed by the repeat

i e 1250 mL

ATl

fa)

dropwise addition of iodotrimethylsilane (8.9 mL, 0.062 mol, and 1.0 equivalent). Next,
oven dried anhydrous copper(Il) chloride (0.84 g, 0.0062 mol) was added and after 5
minutes N-benzoylcytosine (13.4g, 0.062mol) was added. The resulting mixture was
allowed to warm to 0°C was stirred at this temperature overnight. After overnight stirring,
the reaction was allowed to warm to room temperature and stirred at room temperature for

90 minutes. The reaction mixture was quenched with the addition of water (100 mL). This



then filtered, followed by washing w th nethanol (50
m.). Once all the nother |iquor and the subsequent
woer@biosegshad passed t hrough, the resulting cryRCHAURM®8M01433
white product was re -washed slowy wth nethanol (2x
100 nL) and dried under vacuum The resulting white
crystalline solid on analyzing with NVR showed that it
is > 99%the cis isoner. Isghated vyield, 3.36 g (42%
yield for the recrystallization based on the crude).
Cptical purity: RR/ SS 98.1 1.9. Conparison data
r stal zatlons t .entr
was st FREY et "84 §Eng F%ﬁ@fﬁg@hwef’ U pIGE e HIGR ains gvashed
with( Z4dInaligieBloksm&larien8 %7 ¥ éll) had s @dmbiged fiRfatdsSWére %oured into a
benzoyl oxynmet hyl - 1, 3 oxat hi ol ane- S-oxides(2) is no
SCPAEHHIE] gwf/cawey OBRAS layes Wesmsepaatpdse Washed praveniardly Vﬁth 5%

tiap! 0

s % 195181 £ Rbgbse L ATR Ot £ i

amnEnmﬂIOOnﬂ_r) 'H&Ecqmlblaéd aqebuoaybistwarel re- Mactedﬁlvﬂl RRhlor&Sethane
ati.o t RR/ SSratio w cal cul.at based on

(100,30 TS CRbnsf orEaic EheT S e o TR Y SBec il (M SR (hiosulate

(10091%L§./ 13he7re§iﬂtnog h;l%%eﬂoév sblufio- v@asQﬂrea v@ﬁx r%a%neguﬁn Qulghatg filtered
94.2/5.8 86 99.33/0. 67

and @yapeTated BBglgg adggho yglfow/bren mndeoli; 295. 2 (8970 r@®veryl.. §his crude

mix GRS oD dyfing comb e conplod ARGt gt 387icpupity ONMIR) and
w1thyd Jis/frark iGmatiratib a4s:1 (NMRYR(CDC13): b 8.9 (br s, 1H),
8.25 (d, | H), 80(d2|—|) 78(d2|—|) 76(m2|—|)
resol ved

poor |
®) @eom(talm&?onmfa iy, 2GS etyb Boind SLN-ipzoylcytosin-

o ESSSHPR E  A B EAAT Byre-

1,3-oahkiokhmtril e/ et hanol 80:20; Flowrate: 2 ni/Mn;
Wavel engt h: 254nn1 Retention time for R R isoner:
11.23 mn. Exanple 4 Synthesis of
Recqsteh&yaﬁ@nwdblemyzmnyl -4-(R) - (N-benzoyl cytosin-1
yl ) -1, 3- oxat hi ol ane

To the crude (R)-benzoyloxymethyl-4-(R,S)-(N-benzoylcytosin-1-yl)-1,3-oxathiolane
(10.3g) in a 100mL round bottom flask, was added 14.0 times (by volume) méethanol
(144.2 mL) and the mixture was refluxed till a clear solution could be seen. This was then
allowed to cool with stirring while monitoring the temperature with a thermometer. When
the temperature reached 53°C, the solution was seeded with 144 mg of pure 2-(R)-
benzoyloxymethyl-4-(R)-(N-benzoylcytosin-1-yl)-1,3-oxathiolane =~ while  vigorously
stirring. Following the seeding, the rapidly crystallizing mixture was stirred vigorously
overnight. The resulting crystallized product was then filtered, followed by washing with
methanol (50 mL). Once all the mother liquor and the subsequent washing had passed
through, the resulting crystallized white product was re-washed slowly with methanol (2x
100 mL) and dried under vacuum. The resulting white crystalline solid on analyzing with
NMR showed that it is > 99% the cis isomer. Isolated yield, 4.4 g (44% yield for the
recrystallization, based on the crude). Optical purity: RR / SS:99.3/0.7.



(a) Coupling of 2-(R, S)-benzoyl oxynet hyl -1,
3-oxat hi ol ane with N-benzoyl cytosine NHBz NHBz NHBz
wWORM9/039682L N o N + BzO-"'~ TM BzO~ /s N + BzPCT/AB008/001433
CuClZz. CHCHzClz OO~NO1 (1) (2) (3) (4 Bz =
C6H5CO Reagent Mol ecul ar Equi val ents Ml es Anmount i
ht 2-(R)-benzoyl oxynethyl- 240.3 1 0.050 12.0 g
1, 3- oxat hi ol ane N-benzoyl cyggsi ne 215.1 0. 95 0. 047
10.1 g lodotrinethylsilane 200.1 3 0.150 30.0 g
d=1.406 21.3 nL Triethylam ne 101 2.2 0.110 11.1 g,
r(11) chloride 134.5 0.2 0.010
Rec’% %’5{72%93} %8?%%’3?&@%%’150 mL  Procedure: To
2- (R S) - benzoyl oxynet hyl - 1, 3- oxat hi ol ane (2) (12.0g,
To Oth@50cr{]@é) (R\ﬁSerﬁbﬁl%Q&M@ﬂi l-m-(R@yJQNL&hﬁcg?ﬂéﬁéﬁﬁ-lgl) & 3-oxathiolane

500nL 3-neck fl as is was cooled to -
(8.0ghinsa IQmetfhWCbhﬁ’tﬁén (task,3vas added zmomatelwaw Qaamesj (lanuolume)

metlfn/a?lloi de ahc? ﬂ%t IH % Sﬂeh@)&% til %Jcle%ms?lugo& %&111

ppi ng unn e SO
was ithﬁrﬂﬂm\i’ed tb ewlewalﬁout etlmmg ds'etm@ﬁnThe’if}ﬁllangl crystallized peoduct was

resultin ht .1 ow, qutlo was stirred WO
thenztglm? j@lgqyge yv g}tgmejflga@o (¥omL). Once aﬂl the mother liquor and

the subsequent washing had passed through, the resulting crystallized white product was re

tSﬁfén. This

-washed slowly with methanol (2x 100 mL) and dried under vacuum. The resulting white
crystalline solid on analyzing with NMR showed that it is > 99% the cis isomer. Isolated
yield, 3.36 g (42% yield for the recrystallization, based on the crude). Optical purity: RR /
SS:98.1/1.9.

Comparison data for recrystallizations with and without entrainment, when the source 2-
benzoyloxymethyl-1,3-oxathiolanes (BOMO) used to synthesize the coupling precursor 2-

benzoyloxymethyl-1,3-oxathiolane-S-oxides(2) is not enatiomerically pure:

The comparative data provided in the following table shows that entrainment results in an

increased yield of the RR enantiomer.

Expt Actual Enantiomer Recrystallization Method
Ratio
R/S RR / SS ratio without RR / SS ratio with
(calculated based on purities Entrainment Entrainment
of starting BOMOS)

1 98.3/1.7 99.0-99.4/1.0-0.6 99.5-99.8/0.5-0.2
2 94.2/5.8 08.14 / 1.86 99.33/0.67
3 90.0/10.0 97.67/2.33 99.23/0.77
4 81.7/18.3 95.1/49 98.2/1.8

Analytical Data of 2-(R)-benzoyloxymethyl-4-(R)-(N-benzoylcytosin-1-yl)-1,3-oxathiolane

'H NMR(CDCLy): & 8.9 (br s, 1H), 8.25 (d,1H), 8.0 (d,2H), 7.8 (d,2H), 7.6 (m,2H),
7.45(m,4H) 7.3 (poorly resolved d, 1H), 6.6 (d,1H) 5.5(t,1H), 4.8(m,2H), 4.5(d,1H),
4.05(dd, 1H) |



for 45 mnutes while maintaining the tenperature

bet ween -40C and -50C. Next, to the reaction m xture,
woerwasderl copper (11) chloride (1.3g, 0.010noPQT/AN2h08/001433

after 5 nore mnutes was added N benzoyl cytosine

(1)(210.1g, 0.047n0l1). The resulting m xture was

stirred at - 50C for 15 mnutes and then was all owed

to warmto OC over 1 hour._§he reaction mxture was

stirred at this tenperature overnight. After overnight

stirring, the reaction was stirred at room

t erat ure for hour 0 again in ice uenched . .
HPLG TR i Gtk bl BE 0 A8 B HR, Sint Sl ST GRE A Conitrite
metdAFD 18020 | KWL pate: ThisL /Mg, SWavel@dtH: 0254ani]1 Rétksi$on time for R,R
. diluted wth dichloronmethane (50nL) and filtered
isomei; digh mincel ite plug. The plug was washed with

addi ti onal dichl oronethane (2x50 nL) and the conbi ned
E}mfi Iltrat es were poured into a separating funnel. The

g}pg%\ﬂi c layer was separated, washed with 2% phosphoric

acid (2x 60nL) and again with 2.5% ammoni a (2x| OOm.).
SynfiteSis O PRNDEr eriyRY eRzo) Ryt Bi-138) £9-oWakillolane
4 di chlgmep?ha%gw?goo #L)%%tq]ga{:oﬁbj?ﬂ)ed orggﬁi c layers
were dried wth nmagnesium sul phate, filtered and
(a) Gugbing @ SdR1S)-bgiaogloaymetgpk 1, §eixbimkivlaneomwith Nabenkoydicytosine

17.89 (86% recovery). This crude m xture consisted of

cis (3) and trans (4) conbi ned coupled product at 62%,,

purity (NVR) and with a cis/trans i'$onmer ratio 2.86:1

(NMR) (b) Recrystallization of theAgrude X
R S) - benzoyl oxynmet hyl - 4- (R, S) -FN— enzoyl cyt osi n-I|- /K

1, 3-oxat hiol ane to give pure

N
- () +DENZ Oyt Oxy metThg kN 4- (R)= 1zoyl’cyt osien- ¥l
-oxathiolafe NABZ NHBz NHBY \/\N N |

Retrystalyze N O N*«("“N~ Bz0 S°S™+ BzO'S O (3) (
(3Y To the creude @ »
¥RHEY - benzoyl oxynet hyl -4- (R, S) - (N-benzoyl cyt osi n- 1-yf)
-1,3-oxathiolane (17.8g) in a 500nL round bottom

[o]

—H-ast, —was—added gtines St by valgmg)—ngt hanot
(25822 |t he m .“h' [ Bquivdlent 1| 'Moiéy ) | Amount
L solution could be . s was theni—allowed-tg—cool
2-¢Rg-bepemloompsdhvt ur e Yhiual iy add was |l ef 0-00andijng 1208
ovbBmixgthiolanehe
N-benzoylcytosine 215.1 0.95 0.047 10.1g
Iodotrimethylsilane 200.1 3 0.150 300g
d=1.406 21.3 mL
Triethylamine 101 2.2 0.110 11.1 g,
d=0.726 15.3 mL
Copper(II) chloride 134.5 0.2 0.010 1.34g
Dichloromethane 150 mL
Procedure:

To 2-(R,S)-benzoyloxymethyl-1,3-oxathiolane (2) (12.0g, 0.050 mol) was dissolved in
dichloromethane in a 500mL 3-neck flask and this was cooled to -50°C. To this
triethylamine (15.3 mL, 0.110 mol) was added and followed by iodotrimethylsilane
(21.4mL, 0.150 mol) via a dropping funnel, dropwise, at a rate so that the internal

temperature was between -30°C and -50°C. The resulting light yellow solution was stirred



resulting crystallized product was filtered, followed

by washing with nethanol (2x100 niL) WD 2009/ 039582
WERMLA89ED8/ 001433 -63 and dryi ng under vacuuPCT/AL2008/001433

resulting slightly coloured feathery crystalline solid

on analysing with NVR showed that it is > 99%the cis

i sonmer (3). IsoI ated yield, 7.2g9 (35% vyield for the

cis isonmer). '"H NVR(CDC13): ¢s_8. 5 (br s, 1H), 8.25

(d,1H), 8.0 (d,2H), 78(dg (m21-1),

7.45(m 4H) 7.3 (poorly resol ved d 1H) 6.6 (d,1H

for 5, BPL W bl el b 4 ang e, to the

reacﬁ@nll i»fﬁ‘iﬁlre PIONENT L T ﬁer (ﬁ9 @ﬁl@ﬁﬂé (F 5&0. (ﬁ'O%lf #@idSfter 5 more minutes

Vavel engt Enationmeric Purity:
was n@@@i - begx@yipytgmge Q))ﬁ]t(h]@ |05£)45fnol) The resulting mixture was stirred at -

@ § SiS ér?’ 81)% néytHgI{ la)afleo tcg '\\klzgg{] FOOWC: %tvgrSll rhour The reaction

iy ol ahe

mixtrd Whs Kaadoatthis y&ﬁlbdwthre]ov%nﬁg}ﬂt hﬁ@f m1§hﬂsdrdﬂg,whé h:actlon was
N- benzoyl cytosine NHBz NHBz N. JBzO i /I~ NT

stirreq athyogp tempgrafyyrg for ksh gu;_pm%ang.@ee,zqqgncl@d mt)h the 9§d1t10n of
gt b SSUSRESTA ammepin(100mly, Ty vas giged 5 gingies,diued
witl(ﬂiélﬂ%muﬂha)le (6pDLyaid filtered thrafghtaelitsplag tTheg)lug (oo wazhed with
| L hiol 12,1/ .
adaifohd) ieGRER Bt Tt i) anE G COmLET By WEF Fatired into a
sepa%&mgtfuﬁnéle%efdrgﬁﬁc wsyéﬁwa@sépa@g&ﬁ walsked Witk 2‘D@§h&?%&¢acid (2x

OC by neans of ‘a cryostat. To this triethylam ne
60m(L1 aad again votloaé"/mnmoamﬁal@mle)q dhe spmhinsyl aﬂa@uad@@cs were re-

extrzilc(ge O{V}fﬂ?}ieélﬁ 61 ik ngy( (g(yI %L%?R%ﬂ érixly&gg otréa% Pag'ers were dried with

magﬁéﬂiumaduﬁﬂfa&), f‘l’ﬂeﬁdamdr@mmrﬁlgd fivighel a light )acllba'ﬂ&owﬁublhk 011 17.8g
hat the internal tenperature renmained bel ow -40C
(86% SeEVENDg Thigprudg sk consistad; ofrriakd) aadifFnsd4) Gmbiged Coupled

prodf 41629 Wi, QNI Yok IG5 iand RORRE Rk (VRS

(b) Recrystallization of the crude 2-(R,S)-benzoyloxymethyl-4-(R,S)-(N-benzoylcytosin-1-
yl)-1,3-oxathiolane to give pure 2-(R)-benzoyloxymethyl-4-(R)-(N-benzoylcytosin-1-yl)-

1,3-oxathiolane

NHBz NHB.
NHBz z

Sy

L Q= (X
~¢) ~

)

To the crude (R,S)-benzoyloxymethyl-4-(R,S)-(N-benzoylcytosin-1-yl)-1,3-oxathiolane
(17.8g) in a 500mL round bottom flask, was added 14.5 times (by volume) methanol
(258mL) and the mixture was refluxed till a clear solution could be seen. This was then
allowed to cool to room temperature gradually and was left standing overnight. The

resulting crystallized product was filtered, followed by washing with methanol (2x100 mL)



the reaction mxture, triethylamne (1.15 ni, 0.0083

nmol, 1.0 equivalent) was added again WO 2009/ 039582
wWeQDLARBRD8/ 001433 -64 foll owed by the repeatPdr/ap2iose01433

addition of iodotrinethylsilane (1.2 nL, 0.0083 nol,

and 1.0 equivalent). Next, oven dried anhydrous

copper(Ill) chloride (0.11 g, 0.0008 nol) was added

and after 5 minutes N benzogkcytosine (1.79 g,

0. 0083np1) was added. The resulting m xture was

aIIovved to warmto OC was stirred at this tenperature

er ni Af t erover nj ght rr| t ea
and TRt oL U BoMPERhAt o BRted REHEFT £l Rl ot on
anal@g’iﬂ@vlilﬂimmﬁwvﬁtdf 1Bkt {9 FO0UL 86 cisibEnéra@T tikslatediyxdldir 22g (35%
was next quenched with the addition of water (25 ni).
yieldorgh¢\eis ispmeryed for 5 minutes, and was filtered
through a celite plug. The plug was washed with

o SRR PSRRI

7. 45(&19@11) g.3 epyRklyWesolvepal, artgy, 6.6e@nel) 5.SaauBDn i &, )i 4.5(d, lH)
5% ammonia in water (2 x 25 L), 2% phosphoric acid
4.05(9%!1H5 nl) and again with 5% ammmonia (25 nL). The
conmbi ned aqueous | ayers were re-extracted with

C e [ a 3
e BT RS A APLSe DR L SN phe 898 Mot i
acetohitrile TRRW s 1 mlfMgn) Waktleygth] 264 mn) Bidtiomena Pudity:ed 00:1
wi th magnesi um sul phate, filtered and evaporated to
give a light yellow brown thick oil 2.4 g (71%
Examplevery). This crude mixture consisted of cis and
trans conbi ned coupl ed product at 69% purity (NWR)

S yn%egpfggg(p? Ibgrléfo{y 6’%'9'2'?”'.9'22@ gg-z;tenzoy;cytosm § wm 3-g)g)n‘hwlane

2-('S) - benzoyl oxynet hyl -4- (R and S) - (N-benzoyl cyt osi n-

EoXplriglof I @K Bl k- D3b8arRibl@ne-S-oxide with N-benzoyl cytosine
@ O‘IB n-gbgnz(g%l oxyﬁr)ret%g % ‘?S) (N-benzoyl cytosin-1 yl)-

1 3 oxat hi ol ane Recrystallization with ent ral nment To

t he crude

(S) - benzoyl oxymet hyl - 4- (R, S) - (N- benzoyl cyt o -l-yl)-1
, 3-oxathiolagne (2.4 g)ein a 100nm round bpttorh fl ask,
vvas added oxbiel el y | 14 0 tines (by vol m;)/lr

met hanol ), and mi XYUFE vvaﬁ_LefI uge itd a
clear so coul d eén. This was™ :al | owed
to cool ° stl rri ng I ok R:0r i ng t he tenperature

with a ther meter. Wen the tenperaturéT egghed 53C,
the sol uti on vvas seeded with 34 ng of pr evi ously
recryst al Fi-g8¢°

2-(S) - benzoyl oxynet hyl -4-(S) - (N-benzoyl cytosin-1-yl)-1
2-(R)-I®nzaylaxymahenk3whathiolaeg®osids (3.081 9. 993 @ol)R@ptleﬁMmgty of the

sl 2GSRI R, ) ST T T s i
diciibdoniethdnk Z@0 il Vi WCTIO0WES 3 tbelflask under nitrogen and this was cooled to -
50°C by means of a cryostat. To this triethylamine (1.27 mL, 0.009 mol, and 1.1
~ equivalents) was added. This was followed by the dropwise addition of
iodotrimethylsilane (2.5 mL, 0.017 mol, 2.1 equivalents) via a dropping funnel, at a rate
such that the internal temperature remained below -40°C. The resulting light yellow
solution was stirred for 30 minutes while maintaining the temperature at -50°C. Next, to

the reaction mixture, triethylamine (1.15 mL, 0.0083 mol, 1.0 equivalent) was added again



filtered, foll owed by washing with nethanol (10 niL).

Once all the nother |iquor and the WO 2009/ 039582
wWEQDLARBRDN8/ 001433 - 65 subsequent washi ng hadP@EAE28/001433

t hrough, the resulting crystallized white product was

re - washed slowy wth nethanol (2x 10 nlL) and dried

under vacuum The resulting white crystalline solid

on analyzing with NWVR shomeg that it is > 99%the cis

isonmer. Isolated vyield, O. % g (40% yields for the

recrystallization based on the crude). Optica

foll@}z]ue{d.r lg{%ﬁ?eaﬁ- I‘quH]-VéSS / q,gcﬁgg)n 0 1X3c§tlallmlethy?51fane (i"&tmrE’“(}oo& mol, and
1.0 éc?.wh&n . QY@ XNl -afhh{dRow® cdpeREN z:an&nqw(@sn ¥, 0:0008 1dol) was

oxat |olane (13.95 g) in a 250 nmL round bottom

adddd and afignd miees aPpheasoyiextesie (4.7 g.i 0-0883mal) wasl addeyl. The
resuﬂﬁl 1%%8111‘6( al§ovmd) toAREnd H)eo“ﬁ way.ﬁﬁrr)é\@%t {h?{ kg@%gaft\sfowevgmlght.

ear so |on could seen I'S™ Was

Aftetr @vemidht wlﬁh@uthe&éamlbn W@s allewed ghivarnd lkerdo@s tehipefi@ure and stirred
crystalllzed product was then filtered, foll owed by
at QIR HETABLTRRU G Qfe?%mm( 5Bhe feactiom muxiyrg weap, élextnﬂ}tqa@bed with the

addl::tlﬁﬂ YPtva ?e‘{i”éZg Hli S %‘Hﬁ%ﬁé%ﬁheé{\@&@ Iﬂgllké%d W@ﬂltér@& @Hf&!fgh a celite

e resulting r st ized white was re
plug. Whs Ipbg th)Wa;helewlﬁl adehtimxabdwb@&mﬁhar&r(dxai imdg amddm combined

i e A B LA o3P B, s
sequeRBABF withS9b ain@tbnyd @ Waterd(2& 95 14, Sy lﬁ)‘sﬂlcfrﬁracl(h@x 25 mL) and

recrystallization, based on the ¢rude Opt i cal
agaipuwith 9% mRmongg252mb)./ Thy cembingd maneous lmeﬂm sM§rere-extracted with

f
B L e T
thlo?tllfa-tel (253 00mA). hlﬁi\/(\:haﬁ&.lltlEéh flight yeilow isﬂ&tﬁﬂ&hef&dﬂﬂ&ﬂh emgamagnesmm
t t
sulp\l;‘étgr om@%@agmg ?’,ggpor;t;%e do F§g§ :agilg W/ggqymol (rglgtc]@ ége 1 S\/Dg (71%
reco@@l@)z fl"ﬁfs riRSAi V)\ﬁi’lﬂ'%l)ﬁﬁs)tied-r&ec&ﬁﬁﬂj@aﬁ@%nfb%gdy&h?ﬂeh nfSfhct at 69%
i ssol vi ng [ e refluxi ng In vol umes o

punqaﬁﬂdﬁahndﬁmhaemﬂuawnﬂnmﬂrwﬂ>hﬂ1&@@@8) (pure R R per
gr am of crude were used. Seeding was done at a

te ture t ween 55C 2009/ 039
) besTpsieBebiarons Hys rded (Shipraatoomaa i foadh S begovicptosin

1yl '?eoxat!}f)glag% ?4‘«2 Lﬁl/es IR 8 &) b6 58y mBRNed SN N b enzoylcyrosin-1-y))-

hano
1,3-oxathiolane

Recrystallization with entrainment

To the crude (S)-benzoyloxymethyl-4-(R,S)-(N-benzoylcytosin-1-yl)-1,3-oxathiolane (2.4
g) in a 100mL round bottom flask, was added approximately 14.0 times (by volume)
methanol (34 mL) and the mixture was refluxed till a clear solution could be seen. This
was then allowed to cool with stirring while monitoring the temperature with a
thermometer. When the temperature reached 53°C, the solution was seeded with 34 mg of
previously recrystallized 2-(S)-benzoyloxymethyl-4-(S)-(N-benzoylcytosin-1-yl)-1 , 3-
oxathiolane while vigorously stirring. Following the seeding, the rapidly crystallizing
mixture was stirred vigorously overnight. The resulting crystallized product was then

filtered, followed by washing with methanol (10 mL). Once all the mother liquor and the



and analyzed wwth HPLC. The results are shown in the

follow ng table. Experinent Tine allowed Optic |
WENgs8Dr Recrystallization with Recrystall i REI/AGR008/001433

wi thout crystallization seeding (14ng/ g crude)

seeding or stirring 1 1.5 hrs 98.3/0.7 98.4/1.6 2 3

hrs 98.4/1.6 99.4/1.6 3 4 days 98.6/1.4 99.5/0.5

Effect of Stirring and Seedggg Each sanple cane froma

reacti on where the starting ratio for the BOMO was 82

(R / 18 (S) The crude was recrystallized by

I f [ t hanpo] .

sub%gtsl(?n(? \% SHI% lq%sgeﬁ l‘ut@l&g@ gtg f?hngc% gr'{?llﬁﬁééé zvg?g tpﬁ(%ﬂlclt was re -

wasﬁaﬁﬁlbfvll)edllﬁh&heﬂlaﬁxﬂ (@ t 1I0omL) aﬁ(ﬂ ideied I’\I@det\l\ﬁ‘dchﬁmnmhé tregultivg white
he tenperature. At the tenperature of 55

crysialling Ecrn Ring with SOBG AR, Tl is ﬁa9?e% ﬁhe Stfeisomer. Tsolated
ylelg,gfﬁ%égfg@/q ﬁ]&]s R ik I%Qr}@féﬁfzrdhgﬁ]tbaw drftngle l’\ﬁig).n@phbéﬁ purity: RR

ature to come to°roomterperature.

/SScilypgt9dl | i zed mi xture is then filtered, washed wth
met hanol and anal yzed via HPLC. The results are shown
in the followi ng table. Expt# COND TI ONS RESULTS

Reciystahipatign wipeuigpreERer®!s S R R time Stirring Seeded
Armunts of Tenperature (days) (rpm (Yes/No) Seeds of

5 G805, (TR GRS 4BB by MY  Spgirn
(13.98.Q§Sn 4 2500mN buBd E8oiO fladk, 3vakOflled apprdodmatets 199. Bides (by
Not e: Thi et of recr stallizatio done on
volgRa)qec el (14 @ HOARdr e FIXIUFG Wat rfgﬁlxmraecleﬁremluﬂon could be
seerd t’ﬁflst had tlﬁg\éﬁo g@ tb 3bbPOwitheut stk T‘ﬂ@\’i@é{ﬁﬂiné‘@lygalhzed
sis of cru gave an approxmat Sratio of
prodst :Wa4 then mter‘édarﬁcsllqvmdn’ey wasking egith methanel (50 mL). Once all the
mot[xe usotr aalnliltﬁee (sjubsgglueny washing had passed through, the resulting crystallized
white product was re -washed slowly with methanol (50 mL) and dried under vacuum. The
resulting white crystalline solid on analyzing with NMR showed that it is > 99% the cis
isomer. Isolated yield, 4.8 g (34 % yield for the recrystallization, based on the crude).

* Optical purity: RR/SS:2.2/97.8.
Example 6
Variables affecting entrainment

Experiments were done with crude 2-(R)-benzoyloxymethyl-4-(R)-(N-benzoylcytosin-1-
yl)-1, 3-oxathiolane.

Effect of time

Each sample came from a reaction where the starting ratio for the BOMO was 97(R) / 3(S)
(The R/S ratio of the crude was not done for these samples) .The crude was recrystallized
by dissolving while refluxing in 14 volumes of methanol. For entrainment 14 mg seeds

(pure R,R) per gram of crude were used. Seeding was done at a temperature between 55°C



WO 2009/ 039582 PCT/ AU2008/ 001433 -67- Effect of
Tenperature Each sanple cane froma reaction where the
we@ensasgz ratio for the BOMO was 82 (R) / 18 RGE/AUTI98/001433
crude was recrystallized by dissolving while refluxing
in 14 volunmes of nethanol. Next this is allowed to
cool with stirring (at 1000rpm) or w thout stirring,
while nonitoring the tenpegature. At the specified
tenperature of 55C, the stirred m xture was seeded

with Pure I somer stlrred overni ght while

| he t rat cone rroom,t ratyure )
and 34 A3 b e SR ry el pisve Fiftpred Wtphed A gage g, dried
and BR4IY2AitIRATLCA ”l&ie)f@s@ﬂjts ufeashbl%hqn theB1b R thle 2r € Shown
in the followi ng table. Expt CONDI TI ONS RESULTS

Standing Rate of Seeds S.S R R tinme Stirring Seeded

Expénimemit § oFinleatjvavedt ur e (days) (r pmOptied Phoity Seeds of

seeding (ngfef seedS/Recpystallizdeipn with 1ORQc?§'sﬂa41i{a5ion without
0.96 99. QflystallizatidiDO0| Yeelind@4thglScARie?2 3 stedifPBr Jtifring

59 0.9% 99. 94 ¢ T I0OP3 Yo F4 45 0. 95 99dg Npge. Thi s
set of recryst allizations were done on jthe sane crude

Wior e (ho Stalt o S T o o AP TR o

RS ¥ atH-o- Q2- 189) However—HPLC-anal \I s nof crude

LT O FiIo VeV o — I I o ety O o U —oT oo

géve an appl“éﬁ?’-‘fmte F9856Fét4| o of 95. 3/4 9?5U4\Q)5 Trans

isoner (was seen in the recrystallized mixture Exanple

7 Recrystallization in m xed solvent systens All
EffecraSyistingd bna Sdedogs wer e seeded at 53C, 14ng of seed /g

crude, stirred at 1000 rpm with x14 vol unes of

sol vent. Recrystall.izations were done on_a _cru

Eaclh aRle 6206 ﬁmgafrffaaﬁ%whﬁ@éé@ S@HingYaHe forge &C%MQ s 82 (R) /18
(S). BIR Bhre" @hd Qe rﬂgéedéﬁg Mﬁ’éq%lﬁg%g%é ?i@ﬁm% Y€1 H3¥fumes of

an approxi nmate ratio
metlpmeluNuetl mlsdlssailuwi(ddto wdvd nwih Stirratg (atdbe rspesed rate) or without

._Speci bel.ow 90: 10, there.is a prope Ly for . .
stlmcnlgawbq gépétpﬂ{lg) the, tgxap%rlag}gff a‘h the zeneaégﬁtp CS_}%S é, the stirred mixture
is seeded with Pure ‘R,R’ isomer or not seeded and stirred overnight while allowing the
temperature to come to room temperature. The crystallized mixture is then filtered, washed

with methanol and analyzed via HPLC. The results are shown in the following table.

Expt# , CONDITIONS RESULTS
Standing | Rate of Seeds S,S | RR
time Stirring Seeded | Amounts of | Temperature
(days) (rpm) (Yes/No) Seeds of seeding °C
(mg of
seeds/g
crude)
1 1 1000 Y 14 55 0.83 ]99.17
2 1 0 Y 14 55 1.71 | 98.29
3 1 1000 N 1.45 | 98.55
4 1 0 N 1.81 |98.19
5 3 1000 Y 14 55 0.68 |99.32

Note: This set of recrystallizations were done on a crude mixture coming from a reaction
where the starting BOMO R/S ratio R/S ratio: 82:18. However HPLC analysis of crude
gave an approximat R/S ratio of 95.3/4.7 . No Trans isomer was seen in the recrystallized
mixture




Thus In this set of experinents, we did see the trans
i somer uniformy about 10-12% Therefore the observed
WERRI0%839582 i 0 was corrected for the presence of PRRAHZIS/001433
SS trans isoners. The results are shown in the
followi ng table. WD 2009/ 039582 PCT/ AU2008/ 001433 -68
Expt# Recrystallization Solvent C/ T Ratio Observed
Purity Corrected System (NyR. Optical Purity S,SRR
SS RR 1 Met hanol 100% 88/12 2.33 97.67 2.65 97.35 2
Met hanol 95% Et hanol 5% 88/12 2.68 97.32 3.06 96.94
3 Met hanol 95% 1-Propanol 89/11 2.26 97.74 2.53 97. 47
5% 4 Met hanol 95% 2-Propanol 89/11 2.97 97.03 3. 33
Effeso/efemPES'® eNet hanol  95% 1- Butanol 88/ 12 2.52 97. 48
2.82 97.18 5% 6 Methanol 95% 1-Pentanol 88/ 12 2.95

Eac]SyffAg s 03 Tgpcnih Sl IR TR iogBh I JAPIC Yoy 2 (0 16

(S).90TH® cPude8way . r@@‘yﬁanﬁze@ﬂny?ﬁlssdlvhgt whilo| refl6Ring it é4 Elomes of

4.6 95 4 5 24 04, 76 et. of

metfinotshiei i Ralogied ingne) Wi SR A oDOBRR Svithot g, while

morflfo?ﬂgahé' RafJetMre. Mﬁfe%p%ﬁﬁe& téﬁﬂdrﬁﬁrem"a/ fhe'stitre@ nY¥Rfure was
(actual R/'S ratio: 18). HPLC anal ysi s of

seeds:dmzidl BarecRR lsspmwlmdtoeemrglnd whide gllpwingghe teng@raturg)to come to
roomy_ t(, g?ylerre? )}%85? net Q{e S a?llzgd x%xutre 1 then ﬁliered washed with methanol and

anabylzéddaaiHRD(at hlheolleaxﬁlfs B viHA thé\lfdllonngBleN ""T0o NH3 /
Met hanol HON "OO0 O

Expt CONDITIONS : RESULTS
Standing | Rate of Seeds S,S | RR
time Stirring | Seeded Amounts of Temperature
(days) (rpm) | (Yes/No) Seeds of seeding
(mg of seeds/g °C
crude)

1 1 1000 Y 14 55 0.96 |99.04

2 1 1000 Y 14 53 0.78 |99.22

3 1 1000 Y 14 50 0.96 | 99.04
4 1 1000 Y 14 45 0.95 ]99.05

Note: This set of recrystallizations were done on the same crude mixture used for Table 16,
coming from a reaction where the starting BOMO R/S ratio was 80/20 (actual R/S ratio:
82:18). However HPLC analysis of crude gave an approximate R/S ratio of 95.3/4.7. No
Trans isomer was seen in the recrystallized mixture

Example 7
Recrystallization in mixed solvent systems

All recrystallizations were seeded at 53°C, 14mg of seed /g crude, stirred at 1000 rpm, with
x14 volumes of solvent. Recrystallizations were done on a crude mixture coming from a
reaction where the starting BOMO R/S ratio was 82:18. HPLC analysis of crude gave an
approximate crude R/S ratio of 86 /14. As previously discussed, when R/S ratio decreases,
specially below 90: 10, there is a propensity for trans isomer to also crystallize (Table 11).
Thus In this set of experiments, we did see the trans isomer uniformly about 10-12%.
Therefore the observed RR/SS ratio was corrected for the presence of RR and SS trans

isomers. The results are shown in the following table.




(6) (17)
2- (R) - benzoyl oxynet hyl -4- (R) - (N- benzoyl cytosin-1-yl)-1

WO 200030582 ol ane (15g, 0.028 nol) was di ssol veRCT/AU2008/001433
met hanol i ¢ anmoni a (approxi mately 2M solution (250

m.) .
overni ght stirring,

The initial

filtered through celite,

slurried in acetone (100 ni).

slurry was stirred overnight.

evgporated to dryness and

Thi s

yi el ded of f-white

pomdery SO|Id mhlch was filtered and mashed Wi th

After
the resulting clear solution was

aeet uc apd—c+ed—t tHhe—prodyet
Exp§? | ‘@gnam SohSPb J0e R Rofe, | oMonr OB RGs| - caorrepted

NM?(DI\/S O Sysfem g (d, 1H) (,NM.RC)-7 2 (broad d 2K Optical Purity

(dl | H, 5.7 (d, | H, 5.3 (t, B)S (ORFeak -Shot| RR

al hay S resolved) 5.1 t,J I_—IIL, 4 4 (rr | I—l) —3.9

L(n] | HMetharpd dD00%)  oH ped8K2 ndi2-3%sol Wb 7Exariide 9l 97.35

2S 1M@harml<95°/02EﬂR)19WdrOX\&8élt21yl -268 R) -|(Wy&20osi| 3-0D 96.94

3yl) -MetRamol@5b4, dHRropanoNHBz 89H2 N 2.26 N [N7.740 | 2.53 97.47

NaOVe/ MeOH B2 S ~ N ~0 Hp S |(3) (5)] Reagent

4 VDI aqbthghol D3Y4, V3PS érﬁﬂw I g/ Amoynt 97 Vierignto3 1333 96.67

2-(R)- benzo%h@xyne hyl -i4- 437.4 {1 0.007 3.3 g

(R=(i U 3 thiget gme T >ha0om

5(p ejéJAath § ]f(?éjn ]Egﬂ%ﬂ {) 11 8@“@00%:%524( d 9'l7z:{fr§d {?;;no ?7'18
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6 | Methanol 95%, 1 ﬁentanol 8“8/1‘2 2.95 [97.05 |[3.36 96.64
5%

7 Methanol 95%, 1-Hexanol 88/12 | 2.57 97.43 | 3.93 96.07
5%

8 Methanol 99%, Water 1% 90/10 | 2.98 97.02 |3.21 96.79

9 Methanol 95%, Water 5% 87/13 |46 95.4 5.24 94.76

Note: This set of recrystallizations were done on a crude mixture coming from a reaction
where the starting BOMO R/S ratio was 80/20 (actual R/S ratio: 82:18). HPLC analysis of
crude gave an approximate crude R/S ratio of 86 /14).

Example 8

Synthesis of 2—(R)—hydroxymethﬂ-4—(R)-(cyt_osin-]-yl)-l,3-oxathiolane

NHBz NH,

\N \N

Bzows N/Ko NH; / Methanol Ho_\/s N/Ko
_ -
Oj j

o]

an

2-(R)-benzoyloxymethyl-4-(R)-(N-benzoylcytosin-1-yl)-1,3-oxathiolane (15g, 0.028 mol)
was dissolved in a methanolic ammonia (approximately 2M) solution (250 mL). The initial
slurry was stirred overnight. After overnight stirring, the resulting clear solution was
filtered through celite, evaporated to dryness and slurried in acetone (100 mL). This
yielded off-white powdery solid which was filtered and washed with acetone (2 x 25 mL),
and dried to yield the product. 6.5 g (94%). '



Pr ocedur e:
2- (R) - benzoyl oxynet hyl -4- (R) - (N- benzoyl cytosin-1-yl)-1
WO 200030582 ol ane (3.3g, 0.007 nol) was di ssol vRGI/AL2@8/001433
m xture of dichloronmethane (8 nL) and net hanol (10 ni)
with heating. To this was added sodi um net hoxi de
(0.043g, 0.0008 nol) in nethanol (2nL) and the
m xture was stirred overnig@gt. After overnight
stirring, the m xture was evaporated and was
chr omat ogr aphed on a silica gel colum (4x18 cm

 SURBRES A O T g D s
oS aRc i ks el 9. G Yl o

not REIWEA2008/ 001433 -70 'H NI\/R( DI\/BO). 8 7.8 (d, 1H),
7.0-7.2 (broad d,2H), 6.3 (d, I H, 5.7 (d, I H, 5.1
(t, 1 H, 44 ((d,1H , 3.9(m1 H, 3.7(m2H), CH

Exaﬂ&ﬂ&%ot resol ved Exanpl e 10 Synthesis of
2-(S)-hydroxynethyl -4-(S)-(cytosin-1yl)-1, 3-oxat hi ol an

SymBrelf 8-y Dby 9. R) eyt ) P RahRbiak® N ©

2- (S) - benzoyl oxynet hyl - 4- (S) - (N-benzoyl cytosin-1-yl)-1
, 3-oxat hi ol ane (2"® g, 0.0022 nol) was di ssgj ved in a
nmet hanol i ¢ ammonila (approxi mtely 2M sol utipn (20
m.). The initi urry was stirred overnij - After
overni ght stirning,[the resulting clear sofuti
evaporated to drnufesSo andMaNo ri ed I n acet sqe O rrL)

This yi®t Jwhi t e—powdery SO|Id whi ¢
filtered and\washed with acetone (2 and
dried to yiel he product. 0.47 g (880 'H

6.3

NVR( DVSO) : b78(d 1H, 7072(broad’

(d,1 H, 57 (4 I H, 53 (t, | (OHp@ak-not
gl vvays;nresol vg:d) ,A5 1 (t, J H) , 4 (d I ,
(S;”m %eggentd% nme "Mol%&hﬁ’:e KEun%leﬁFsS ! Veﬂ'[d’?ésa”p' £ E:hount

en’foy“élg”‘”{thlil"{ "”?ng gg"o‘;lm’cry YT 33¢g

FQF ymet hyl - 1, 3- oxat hi ol ane with N gcetyl
c)d}-h%rqa‘athmam)m/ D39582 PO/ AU2008/ 001433

NaOMe (prepared from Na 54 0.11 0.0008 043¢
and methanol)
Dichloromethane 8 mL
Methanol 10 mL
Procedure:

2-(R)-benzoyloxymethyl-4-(R)-(N-benzoylcytosin-1-yl)-1,3-oxathiolane (3.3g, 0.007 mol)
was dissolved in a mixture of dichloromethane (8 mL) and methanol (10 mL) with heating.
To this was added sodium methoxide (0.043g, 0.0008 mol) in methanol (2mL) and the
mixture was stirred overnight. After overnight stirring, the mixture was evaporated and
was chromatographed on a silica gel column (4x18 cm) eluting using a gradient of 20-50%
methanol in Ethyl acetate. Combination and evaporation of the appropriate fractions

yielded 1.5g (88% yield) of the product (5) as an off white powder.



-71 NHAc NHAc N N Bl11l Twsl, Et3N BzO N OD O H CuCl Z,
CH2ClZz OS (1) (2) (21) Ac = CH3CO Bz = C6H5CO
wWQ2{Rp34senzoyl oxymet hyl - 1, 3- oxat hi ol ane (5. 0g, POI/8R2008/001433
nol ) was dissolved in dichloronmethane (100 nL) in a
500nL 3-neck flask under nitrogen and to this
triethylamne (6.08 nL, 0.044 nol) was added. The
solution was cooled to -50Cspext and
iodotrinethylsilane (9.22 nL, 0.065 nol) was added to
this via a dropping funnel dropw se, at a rate, the

' EEPRISG) TGh i) BB RS i 1 9. 51

4.4 (L) , 3 (th & HYBS M{ra2 A MOH peek hetmesylwddur e at - 50C.  Next,
to the reaction m xture, copper (1) chloride (0.28 g,
0.021 nol) was added foll owed by N- acetyl cytosine

Exa@giplo19, 0.021nol). The resulting mixture was stirred
at - 50C for 15 mnutes, allowed to warmto 0OC and

irr is te e oye g Aft r overnlght
Sy”é'(e ? %c_{gﬁ {'HE"’F%'HE Eﬁ%&aéy?ﬂ"r?m i;'%'of Tperat ure
for 1 hour, quenched with the addition of vvater (50
mL) i mredi ately f olnkeewed by 5% ammonia (109wl). This
was stirred well flor 10 mnutes, filtered|through a
celite plug (8x3«<nxy The flask and the ugn were
washed wi t h addi tji onal di chl oronet hane ( OO?\L, 2x50
mL). The conbi ned~y Nl ,IMtt.ra.atg ver e r into a

separ at i ngofurm agnd the—er—g&m—c | ayer 5 separated
out. The orgarﬁi)ayer was t hen vvashe@h 2%
phosphori c aci do<%00 nlL). The conbi ned °aegtieous | ayers
were re-extractegh with dichloronmethane (100 ni). The

conmbi ned organic fayers were dried with ffignesi um
sul phate, filtered and evaporated to give a light

2- (%%L:hi&ryi Q/@Jb‘thyl br AERSyt&ih G - 1519 3C(%?atl%l%§§ OYEo Yk, 0.0022

cr ude dgave the lowing d
molJxtae mlissofved g armahanobn afihgRie §appm@(1m@tel)paM) tsylu@rpn t(ﬁ@ mL). The

0
i g %4 LSBT e R Mo v
evapdthiel a8 d?ymdyiahd siu¥ffed in acetone (20 mL). This yielded off-white powdery
solid which was filtered and washed with acetone (2 x 10 mL), and dried to yield the

product. 0.47 g (88%).

'H NMR(DMSO): 8 7.8 (d, 1H), 7.0-7.2 (broad d,2H), 6.3 (d,1H), 5.7 (d,1H), 5.3 (t,1H)
(OH peak - not always resolved) , 5.1 (t,1H), 4.4 (d,1H) , 3.9 (m,1H), 3.7(m,2H), OH peak

not resolved
Example 11
Synthesis of 2-(R)-benzoyloxymethyl-4-(R)-(N-acetylcytosin-1-yl)-1,3-oxathiolane

Coupling of 2-(R)-benzoyloxymethyl-1,3-oxathiolane with N—acetyl cytosine



WO 2009/ 039582 PCT/ AU2008/ 001433 -72- Exanple 12
Synt hesi s of
wWQ@2(Rp345enzoyl oxynet hyl - 4- (R) - (N- benzoyl - 5- f | uBCDaY208/001433
n-1 yl)-1,3- oxathiolane (a) Coupling of
2- (R S)-benzoyl oxynet hyl -1, 3- oxat hi ol ane with
N- benzoyl -5- fluorocytosine NHBz NHBz FN NHBz F | \
N FNI - O- NBzO- T, HjCBzOS N + BzZOS H QC
lz CZIZ J o (6) (2) (7) (8) Bz = C6HSCO Reagent

Mol ecul ar Equi val ents Mol es Anmount Wi ght
2- (R, S)-benzoyl oxynet hyl - 240.3 1.0 0.040 9. Quag
1, 3-oxat hi ol ane N-benzoyl cytosine 215.1 1.0 0. 040 9.3
g |lodotrinmeikhylsilane 200.1 3.1 0.124 24. d=1. 406
17.7 mL Tri et hyl am ne 1220088899, d=Q. 726
12.2 m rBEq‘I’)\Q\PsOrI dewstd4 5 0.2 0.0 g
Di chl or onfet hafe+ 150 ocedure: 80 s & °
CuCl,, CH,Cl, w
(¢}
@y
Ac =CH,CO
Bz =C¢H,CO

2-(R)-benzoyloxymethyl-1,3-oxathiolane  (5.0g, 0.021 mol) was dissolved in
dichloromethane (100 mL) in a 500mL 3-neck flask under nitrogen and to this
triethylamine (6.08 mL, 0.044 mol) was added. The solution was cooled to -50°C next
and iodotrimethylsilane (9.22 mL, 0.065 mol) was added to this via a dropping funnel
dropwise, at a rate, the internal temperature did not rise above -40°C. The resulting light
yellow solution was stirred for 1 hour, while maintaining the temperature at -50°C. Next, to
the reaction mixture, copper(Il) chloride (0.28 g, 0.021 mol) was added followed by N-
acetylcytosine (5.0 g, 0.021mol). The resulting mixture was stirred at - 50°C for 15
minutes, allowed to warm to 0°C and stirred at this temperature overnight. After overnight
stirring, the reaction was stirred at room temperature for 1 hour, quenched with the
addition of water (50 mL) immediately followed by 5% ammonia (100mL). This was
stirred well for 10 minutes, filtered through a celite plug (8x3 cm). The flask and the plug
were washed with additional dichloromethane (100mL, 2x50 mL). The combined, clear
filtrates were poured into a separating funnel and the organic layer was separated out. The
organic layer was then washed with 2% phosphoric acid (100 mL). The combined aqueous
layers were re-extracted with dichloromethane (100 mL). The combined organic layers
were dried with magnesium sulphate, filtered and evaporated to give a light yellow/light

brown viscous oil 6 .8g (92 % recovery).

NMR analysis of the crude gave the following data: Extent of the reaction (NMR estimated
purity of the total coupled product): 73%; C/T ratio: 2.37:1; Amount of olefin by-product
(with respect to the total coupled product): 8%



To a m xture of 2-(R)-benzoyl oxynet hyl -1, 3- oxat hi ol ane
and 2-(S)-benzoyl oxynet hyl - 1, 3-oxat hi ol ane (9. 6g,

wWO2@4039582 ) was di ssolved in dichloronethane | PCHABODAN01433
3-neck flask and this was cooled to -50C. To this
triethylamne (12.2 nL, 0.088 nol) was added and
foll owed by iodotrinethylsilane (17.7nL, 0.124 nol)
via a dropping funnel, dropwhse, at a rate so that
the internal tenperature was between -35C and -50C.
The resulting Iight yellow solution was stirred for

E GOlrrggut es while maintaining the tenperature between

XaB'%009/ 039582 PCT/ AU2008/ 001433 -73 40C and - 50C.

Next, to the reaction mxture, was added copper (I1)

SynfHs8 ol ISR -berstoyloxPmBHINBL (R) FND R’ d)315-udPobfosTh THIRS, 3-
was added” N-benhzoyl - 5-fl uor ocytosi'ne (9. 39,

oxafpi@d@eol ). The resulting mxture was stirred at -50C
for 15 minutes and then was allowed to warmto 0OC

ver 1 hour, .The reactign, mxture was stirred at _this
@ Cigick o o SRR R o A MDA e
fluokRPfisheNn was stirred at roomtenperature for 1 hour,
cooled again in ice, quenched with the addition of
saturated sodi um bi carbonate (75 nL). This was
stirred for 5 mnutes, diluted wthewdi chl oronet hane
(50m.) and filtered through a eliljte plug. The pl Ny
Bzwashed wi th additional dich hane (2x50 nL){ /K
conbijned filtrates were pourigd into a NS

at p= el . midenor ganig | & S +Sepalo LS:
shed 5% a n'aﬁ%ﬂ),%s horic acid (2x '
® 60#L) and agd&m wi tuh.B% anmoni jOOWL). The conbbred

aqueous layerg were re-extracted wth dichloronethane
%1PQonL) . The conbined organic |ayers were dried w t*h

magnesi um sul phate, filtered and evaporated to give a
light yellow/ brown thick ojl 14.6g (80% recovery).

Thi sReagent mi xt uf Meleqias| cBguivalents (R RMeles S, §) Ameunt
trans (S, R and R $) Weight ned coupl ed product at |55%
2-(R\§)-beiyzolyNnethytk Wi t 243 ci 5: trafs i sqmer O(H0i 0 2. 6590 ¢
( NMRoxathidlaiRecr ysial |'i zati pn of the crude
N RnRy1BaOERYT oxymed g/l - 47 (R, 5] 9( N- benzoy) o40- 93¢g

1 0] s L YIT=3g31 oXprnioggne tq g (§RAure 249
éb%%lﬁﬁm%%’ﬁ%xymat h?/?o-jh-( R) - ( genzow - S -
fluorocytosin-1 yl)-1,3-0xathi ol ane NfBz NHBz NHBz

Y I\ az1duds 1.7 mL

EENFE_.11 N Reg 23\ NON-O

Triethylamine ot | T 22 T T0.088 89g,
d=0.726 12.2 mL
Copper(Il) chloride 134.5 0.2 0.080 1.08g
Dichloromethane 150 mL
Procedure:

To a mixture of 2-(R)-benzoyloxymethyl-1,3-oxathiolane and 2-(S)-benzoyloxymethyl-
1,3-oxathiolane (9.6g, 0.040 mol) was dissolved in dichloromethane in a 500mL 3-neck
flask and this was cooled to -50°C. To this triethylamine (12.2 mL, 0.088 mol) was added
and followed by iodotrimethylsilane (17.7mL, 0.124 mol) via a dropping funnel, dropwise,
at a rate so that the internal temperature was between -35°C and -50°C. The resulting light

yellow solution was stirred for 60 minutes while maintaining the temperature between -



N' OBzO S0 0 BzO-—~ //S + BzO-,%WN', S (7) (7) C8)
To the crude

w@ R)oozaszdyl oxynet hyl - 4- (R, S) - (N- benzoyl - 5- f | uBCDaY208/001433
n-1-yl)-1,3- oxathiolane (14.6g) in a 500nL round
bottom fl ask, was added 10 tines (by volune) nethano
(146n) and the m xture was refluxed till a clear
sol ution could be seen. Thigz_was hot filtered and
then allowed to cool to roomtenperature gradually and
was | eft standing overnight. The resulting
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To the crude (R)-benzoyloxymethyl-4-(R,S)-(N-benzoyl-5-fluorocytosin-1-yl)-1,3-
oxathiolane (14.6g) in a 500mL round bottom flask, was added 10 times (by volume)
methanol (146mL) and the mixture was refluxed till a clear solution could be seen. This
was hot filtered and then allowed to cool to room temperature gradually and was left

standing overnight. The resulting crystallized product was filtered, followed by washing
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process for producing a conpound of general formula

(I'l) conprising the steps of: (a) formng a
Those skillesk intthe ad will gppreeiate thatdthg jrBeption ﬁ¢sstlb¢¢bhqs¢mge mescgptible to
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that the invention includes all such variations and modifications which fall within the spirit
and scope. The invention also includes all of the steps, features, compositions and
compounds referred to or indicated in this specification, individually or collectively, and

any and all combinations of any two or more of said steps or features.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises" and "comprising"; will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of

endeavour to which this specification relates.



OOO0OO0O (Il) ; (I11) wherein RR is H CO Cl_6alkyl,
C(O OC1_6al kyl, C(OC6_12aryl, C(O OC6_12aryl,
w@tyedss2ar yl al kyl , C(O) OC6_12aryl al kyl , PCT/AU2008/001433
C(OCl _balkylaryl, C(OOCL_ 6alkylaryl, or a silyl
protecting group of general fornula SiR7TRBR9 wherein
R7, R8 and RO are each independently selected from
Cl . 6al kyl, aryl or Cl1 6alkykaryl; R3 and R4 are the
same or different and are each individually selected
fromH or C(O-R6; R6 is C6_12aryl or Cl_6al kyl aryl
in which the Cl1_6al kylaryl is preferably
REFERENCGES C6_12aryl; and RS is H, Br, d, F, | or CF3;
and (b) selective recrystallisation of the conpound of
general formula (1) from ol vent wherejn the
Tolvelt | BelkaBat b Bioons M et 1) St ORGIS 1731728,
20091 9395830 G A AIOHI AN Sen embonh: IO ol 191 No.d, 201-
produci ng a conpound of general tornmula (I1)
conpri sing3®he steps of: (a) reacting a base of

general fo lLa (I '.h.aﬂ%, - 0X i ol ane ral
Pormita (VDRI P e dimiab i o PyanEr P lath No
(I1) or (1Y83-7864\ /RB NO R5 Il NR2S + 0OQ)
1~1 NOD H(IV) (V) R3
4. Mansour et. al., J. Med. Chem., (1995) Vol. 38, No. 1: 1-4.
5. Nucleosides and Nucleotides (1995) 14(3-5): 627-735.
6. Caputo et. al. Eur. J. Org. Chem. (1999) Vol.6: 1455-1458.
7. J. Jacques, A. Collet & S.H. Wilen “Enantiomers, Racemates and
Resolutions” by (John Wiley & Sons, 1981).
8. Storer et. al., Nucleosides & Nucleotides (1993) 12(2): 225-236.
9. Lorenz, H., et. al., Journal of the University of Chemical Technology
and Metallurgy (2007) 42(1): 5 - 16.
10. Greene, T.W. and Wuts, P.G.M "Protective groups in organic synthesis"

(3" Edition) 1999 John Wiley & Sons Inc.



RS RSR3 | RANRAINN RSS - NO~™N-~1(\

R2~0/ ~~'" [/ ,\N>  vO O\\/00 O (II) (1)
WOREOOBITBRY | S H C(O C1_6al kyl, C(O OC1_6al kyPCT/AU2008/001433

C(OC6_ 2aryl, C(OOC6_12aryl, C(OC6.1 2arylalkyl,

C(O OCC6_12aryl al kyl, C(O Cl_6al kylaryl, C(O OC1_

6al kylaryl, or a silyl protecting group of general

formula Si RTRBR9 wherein Rfg _R8 and R9 are each

i ndependently selected fromC I.6al kyl, aryl or C 1_

6al kylaryl; R3 and R4 are the sane or different and
CLX@\% each individually selected fromH or C(O-R6;, R6

_12aryl or Cl1_6al kylaryl in which the
Cl_6al kylaryl is preferably C 1.6alkyl1C6_ 12aryl; and

1. V‘DAZ,Q_@%S@ 9553 dirSidg AERPSUHAGEE3Rerat fBEmulRFIT) SOIhbmﬁﬁ% the steps

or CF3; and wherein the 1, 3-oxathi ol ane
of: general formula (V) is the (R -enantioner in at | east
60% ee; and (b) selective recrystallisation of the

C\ﬁgfgﬁ)ﬁl% 2 ng)\e/Séﬁ tec{ 9 ! %tlﬁﬂ% !))h; qfxra rlrc])l%?ex? Lglre\égragﬁormula {II) or

Cl_6a{iuy _hoI s. 3. A process for producing a conmpound of
general formula (VI) conprising the steps of. (a)
formng a 2-substit %ed 4-substituted 1, 3-oxathi ol ane
of general forRHuIa?fl) or (I11): R3 Ris T

N
R4 N~ra

/\ /,\

N N
S
R2_ /\Q/N\( Re_ _~m, ( S ‘\\\\\N\(
O 0 i B
0~ o o ; )

an (T

wherein

R2 is H, C(0)C,alkyl, C(O)OC,alkyl, C(O)Cs.12aryl, C(O)OCq.jzaryl,
C(0)Cg.1zarylalkyl, C(O)OCs.jzarylalkyl, C(O)Ci.salkylaryl, C(O)OC,.
¢alkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from C,.galkyl, aryl or C,.
calkylaryl;

R3 and R4 are the same or different and are each individually selected from H
or C(O)-Ré6;

R6is Ce.1paryl or Cygalkylaryl in which the C.galkylaryl is preferably
C|-6alkle6_|2aryl; and

R5is H, Br, CL, F, I or CF3; and

(b) selective recrystallisation of the compound of general formula (II) from a

solvent wherein the solvent is Ci-salcohol or mixtures of C,.¢alcohols.



RS R RARANN R~-ON RSo (Il) ; (Il'l) wherein

R2 is H C(OCl _6al kyl, C(OOCL 6alkyl, C(OC6_12aryl,
w@topoeBssL2aryl, C(O) C6_12aryl al kyl PCT/AU2008/001433

C(O CC6_12aryl al kyl, C(O Cl_6al kylaryl, C(O OC1_

6al kyl aryl, or a silyl protecting group of genera

formula Si R7TR8RO wherein R7, R8 and RO are each

i ndependently sel ected from7Ll-6al kyl, aryl or Cl_

6al kylaryl; R3 and R4 are the sane or different and

are each individually selected fromH or C(O-R6; R6

3 EhrasRLey pRluhe SREERAYSelhell Ry sqmprising e s

of: V\D 2009/ 039582 PCT/ AU2008/ 001433 -79- R is H Br,
A, F, 1 or CF3; (b) selective recrystallisation of
t he conpound oe\fg_eneral formula (11) froma _sol vent

Wer eirgrctinga bage\adigengral fommula|(Bohwith 8. hpxathiplage gf general
C1_6alccohol ,
geror S ) @ Houst aSSRPBLEEL Qckloralige din:

formia (VI): Rs NiZ NS N- HO- O O (M)

‘\\N,/’
0
= RS ’I
N R2 S
T T ey —
0 N o

3

8\('«\,« hi\
A e

(1)

wherein

R2 is H, C(0)C.alkyl, C(O)OC;.galkyl, C(O)Cs.12aryl, C(O)OCs.12aryl,
C(0)Cg.12arylalkyl, C(0)OCé.pparylalkyl, C(O)C.salkylaryl, C(O)OC;.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from Calkyl, aryl or Ci.

salkylaryl;

R3 and R4 are the same or different and are each individually selected from H

or C(O)-R6;

R6is Ce.12aryl or Cy.galkylaryl in which the Cj.alkylaryl is preferably
C16alkylCe.12aryl; and



4. A process for producing a conmpound of general

formula (VI) conprising the steps of: (a) reacting a
whawe/osfssyeneral forrmula (1V) with a 1, 3- oxat hP@I/anz008001433

general fornmula (V) to produce a conpound of general

formula (Il) or (Il1l): R4\ /RBROR5 11 NR2 ~S O N

O H(IV M RBRRRRI \RANR NNR-~0N RS

,2AN 0000 (1) ; (ILkhy_ WO 2009/039582

PCT/ AU2008/ 001433 -80- wherein R2 is H,

C(O C1_6al kyl, C(O OC1_6al kyl, C(O C6_12aryl,

&(83 %ﬁég%:% ‘r}ﬁf&@ i i”élaﬂwlarw . qooct

6al kyl aryl, or a silyl protecting group of general

for W{Nﬁeéirﬁﬂgﬁ @o%ﬁbﬁh@ of E&mrdﬁorﬁﬁﬂa 9 i8 'ﬂ?e (?@fcﬁantlomer in at

i ndependently sel ected from O -6al kyl, "aryl or
6al kyleastyi0% €3 anddd R4 are the same or different and
are each i ndi vidual |y selectedfromH or C(O-R6; R6

0 carit oy sisdn SR omapiad P Seheis Sormeta (D e 2

solvent wherein the solvent is C1—6a100h01 or mixtures of Cjalcohols.

A process for producing a compound of general formula (VI) comprising the steps

of:

(a) forming a 2-substituted 4-substituted 1,3-oxathiolane of general formula (II) or
(1II):

/ 7z
(Y N
~ \o/\( JN\( Y ’( 7"\\(
o o ) o)

an : iy

wherein

R2 is H, C(0)C,salkyl, C(O)OC,.¢alkyl, C(O)Cs.12aryl, C(O)OCs. zaryl,
C(0)Cg.rarylalkyl, C(O)OCs. ;arylalkyl, C(O)Cyalkylaryl, C(O)OC,.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from Csalkyl, aryl or C;.
¢alkylaryl;

R3 and R4 are the same or different and are each individually selected from H
or C(O)-Ré6;

R6is Cg.1zaryl or Cyalkylaryl in which the C,_galkylaryl is preferably
C]-Galk}’le-]zaI'yl; and



RS is H Br, d, F, | or CF3; and wherein the
1, 3-oxat hi ol ane of general formula (V) is the

W@ R0vesEst i omer in at | east 60% ee; (b) sel eceC€T/aU2008/001433
recrystallisation of the conpound of general fornula
(I'l') froma solvent wherein the solvent is
Cl- 6al cohol or m xtures of Cl_6al cohols; and (c)
deprotecting the conpound afjggeneral formula (I1) to
produce a conpound of general forrmula (VI): R5 NHZ N
SN HOyo O (V) 5 A process according to any one
of cl n R6 i s phenyl. WO 2009/ 039582
PCT/ A 6?)@785%44% 36. A process according to any
one of clains | to 4 wherein R3 and R4 are each

w)dl thé@ivb)fe&%hﬂﬁ&ﬁﬁmfdf@ﬁe ddnfPoull@ OZ Sdtleral F6:@vilsl AT frbtata
I S not and when R4 is H R3 is not

H 7 sglvent avhesein Heoohenhiy Gioalsphelnr anytusseotdli-selcahals and

to 6 wherein R2 is an acyl group. 8. A process

gcéc or g{aﬁ}gtregﬁ%gc gr@'cangom%i%eﬂeﬁahforﬁﬁél (Ili%J PR)d'ug‘e &compound of

accor gengaltfornauly (Vhe of clains 1 to 8 V\,herel n R5 is H

or F. 10. A process according to any one of clains 1

to 9 wherein the silyl group of ., general formula

Si R7TR8R9 is selected fromthe grioup cgpsisting of

trimethylsilyl (TMS), tert-butyl enyl silyl (TBDPS),

tert-butyldinmethylsilyl (TB

tri-iso-propylsilyl (TIPS)  and tr| € hyI silyl (TES).

11. A process for g ound of general

formula (VI) or (VI1) from
(o}

VD

4. A process for producing a compound of general formula (VI) comprising the steps

of:

(a) reacting a base of general formula (IV) with a 1,3-oxathiolane of general

formula (V) to produce a compound of general formula (II) or (III):

R4 R3
\N/
o]
R5 ”
N/ R2 S
JJ oy —
o H 0o
av) )

3

- L
{ %\\(
\N)’W/ SOV

[41)] . ()



conpound of general formula (VIII) or (IX)
respectively, conprising the step of: (a)

wa@ele@eos%ser i ng a conpound of general fornula (VWCT/AU008/001433
(I'X) to produce a conpound of general fornula (VI) or
(M1) respectively: RBRR5 RSNHZ RA RRO3~HOSN
yoO Oo (MIl) (VM) W 2009/039582
PCT/ AU2008/ 001433 -82- R3.gH-1 RS NR4A NH2 N (1'N R2
N--~zSNO(1HO 1 OO0 O(IX) (M1) wherein
R2 is H C(O G 6al kyl, C(OOC1_6al kyl, C(O C6_12aryl,

C(O)% %éryl C(O C61 2aryl al kyl,
C(O arylal kyl, C(OCl.6al kylaryl, C(O OCLl_
6al kyl aryl, or a si I yl protecting group of general

f or MIR i< RIRHRY el @((D‘)O(’Ei alkBB @mjcé?ﬁa@l @(©9©Us 12aryl,

i ndependently sel ecte rom

6oy GOV et D) O e AT I Ceelk e 6064
from 6'5'118}iar91? BF L ¥1 yl pp(;tgéﬂn%eg%ﬁ}pgit general formula SiR7R8R9 wherein

R7, R8 and R9 are each independently selected from C,4alkyl, aryl or C,.
salkylaryl;

R3 and R4 are the same or different and are each individually selected from H
or C(O)-Ré;

R6 is Cq.jaryl or Cygalkylaryl in which the C;alkylaryl is preferably
C1-6alkle6-12aryl; and

R5is H, Br, C1, F, I or CF3; and

wherein the 1,3-oxathiolane of general formula (V) is the (R)-enantiomer in at

least 60% ec;

(b) selective recrystallisation of the compound of general formula (II) from a

solvent wherein the solvent is C;-galcohol or mixtures of Ci.galcohols; and

(©) deprotecting the compound of general formula (II) to produce a compound of

. general formula (VI):

vn

5. A process according to any one of claims | to 4 wherein R6 is phenyl.



when R3is H R4 is not Hand when R4 is H R3 is not

H and RS is H Br, d, F, | or CF3. 12.. A process
W@ewonshsey to claim 1l wherein R2 is an acyl gr@upU2008/001433

A process according to claim12 wherein the acyl group

is a benzoyl group or an acetyl group. 14. A process

according to any one of clains 11 to 13 wherein R5 is

Hor F. 15. A process for pgepducing a conpound of

general formula (I1) conprising the steps of: (a)

reacting a silylated base of general formul a (X) vvith

3;0xat hi ol an eneral, for p
Gommonicse: aRfing loagdHlF oF ey’ DI £ petein G Bhd RAGEe Sch
2009/ HaRABAIPEIle e B8 QQ%S&O 1, SovidH thatRPhdN KX is73, B4 is not
Il I R RIOONN+ OO HO (X V) RBR5S RSR3 -R4

-R4  Rand whepRANsH.B3 ignethly 1) ; (111) wherein R is
H, C(O Cl_6alkyl, C(O OCl 6al kyl, C(O) C6.12aryl,

g(( 8% %}ﬂ%g{ %&lco (1(1% 9%&@&%&@ El?égnrlsy to %zv&e%m is an acyl

group.

8. A process according to claim 7 wherein the acyl group is a benzoyl group or an

acetyl group.
9. A process according to any one of claims 1 to 8 wherein R5 is H or F.

10. A process according to any one of claims 1 to 9 wherein the silyl group of
general formula SiR7R8RY is selected from the grbup consisting of
trimethylsilyl (TMS), fert-butyldiphenylsilyl (TBDPS), rert-butyldimethylsilyl
(TBDMS/TBS), tri-iso-propylsilyl (TIPS) and triethylsilyl (TES).

11. A process for producing a compound of general formula (VI) or (VII) from a
compound of general formula (VIII) or (IX) respectively, comprising the step
of:

(a) deprotecting a compound of general formula (VIII) or (IX) to produce a

compound of general formula (VD) or (VII) respectively:

R T3 RS
N NH;
R4



6al kyl aryl, or a silyl protecting group of genera
formula Si R7TR8RO wherein R7, R8 and RO are each
WO pwepeaseent |y sel ected from d -6al kyl, aryl oPCIZAU2008/001433
6al kylaryl; R3 and R4 are the sane or different and
are each individually selected fromH or C(O-R6; R6
is C6_12aryl or Cl_6al kylaryl in which the
Cl_6al kyl aryl is preferabl ygrC 1.6al kyl C6_ 12aryl; RS
isH Br, d, F, | or CF3; and RO is a silyl
protecting group of general fornula Si R7TR8BRO as
previously defined; apd WO 2009/ 039582
PCT/ AU2008/ 0014 -84 wherein the 1,3-oxat hkol ane of
general formula (V) i4~tRe (R -enantioner in\at |seast
60% ee; and (b) Lelgctive recrystallisation e
conpound of gener al formJIa (rn) froma so{'vent
W@re soI nt/1s C-6al cohol mxtuNes
gbg 16 process foquf/ 8 EB§§ound
of gener rnulao(VI) conpri si ng t t eps © (a)
reacting a silyl ated base of general formul a (X) with
a 1, 3-oxat hi ol gne of general formula (V) kg, produce a
1)
(

conpound of general formula (11) or (I : R4\ /R3 N
O RRII NR2 11 RIO~-N+ O0J HO (X) (V) R3R5
RS R3wherein

R2 is H, C(O)C,galkyl, C(O)OC,.¢alkyl, C(O)Cs.12aryl, C(O)OCg.12aryl,
C(0)Cg.parylalkyl, C(0O)OCg.jarylalkyl, C(O)Cialkylaryl, C(O)OC,..
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from C,galkyl, aryl or C.
salkylaryl;

R3 and R4 are each individually selected from H or benzoyl, provided that
when R3 is H, R4 is not H and when R4 is H, R3 is not H; and

R5is H, Br, C, F, I or CF;.
12. A process according to claim 11 wherein R2 is an acyl group.

13. A process according to claim 12 wherein the acyl group is a benzoyl group or

an acetyl group.
14. A process according to any one of claims 11 to 13 wherein RS is H or F.

15. A process for producing a compound of general formula (II) comprising the

steps of:

(a) reacting a silylated base of general formula (X) with a 1,3-oxathiolane of

general formula (V) to produce a compound of general formula (II) or (III):



-R4 -RA R S\ N / N--f 00OO (H ; (Il
wherein R2 is H C(O) Cl6al kyl, C(O OCi6al kyl ,

w@t@ye®sg2aryl, C(O OC6_12aryl, C(O C6_12arylBCR%I2008/001433

C(O CC6_12aryl al kyl, C(O Cl_6al kylaryl, C(O OCl _

6al kyl aryl, or a silyl protecting group of general
formula Si R7TR8RO wherein R7, R8 and R9 are each

i ndependent |y sel ected froog§l_6al kyl, aryl or Cl _

6al kyl aryl; WD 2009/ 039582 PCT/ AU2008/ 001433 -85 R3
and R4 are the sanme or different and are each

i ndividual |y selecked f&somH or C(O-R6;, R6 is
C6_12aryl or Cl.6al kyl/aryl in which the Cl_6al kyl aryl
is preferably C I.6a|l kylC6 12aryl; and &5 is H, Br,
d, F | or CF3; an i"& a silyl prote“:tlng group
of general fornula 'Si R7IR8R9 as 'Bl\e def ined,
and wherein trme 1, _3<oxat hi ol ane of gene aI }or mula (V)
is the (R -enantPonerfin at |east 60% (b)

sel ective recrystallisation of the conpound of gener al
formula (Il1) froma ®&olvent wherein the®™olvent is
Cl- 6al cohol or mxtures of Cl_6al cohols; and (c)
deprotecting the conpouncsof general formula (11

produce a conpound gelneral fornmula (VI)s RS NHp S
N/ OO (VI) 17. rocess: for separatingla c pund
of general fornmula I)\ froma conpound Va \

ARt tgt

wherein

R2 is H, C(0)C,.¢alkyl, C(O)OC,_galkyl, C(O)Ce.12aryl, C(O)OCq.1zaryl,
C(0)Ce.12arylalkyl, C(0)OCs.jzarylalkyl, C(O)C,galkylaryl, C(O)OC,.
ealkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and RY are each independently selected from C,.salkyl, aryl or C;.

calkylaryl;

R3 and R4 are the same or different and are each individually selected from H
or C(O)-R6;

R6is Ce.pparyl or Cy.galkylaryl in which the Calkylaryl is preferably
Ci.¢alkylCq.raryl;

RSis H, Br, C, F, I or CF3; and

R10 is a silyl protecting group of general formula SiR7R8R9 as previously
defined; and



of general fornula (111) conprising the steps of: (a)

providing a m xture of 2-substituted 4-substituted
wa2@903eshi ol anes of general fornula (I11) andP@T/AU2008/001433

WD 2009/ 039582 PCT/ AU2008/ 001433 -86 3 R3 R5 RS R4

R&A N/ IN R SN--f R SOO OOCO (II) ; (I11)

-wherein RR is H C(OC _6al kyl, C(O OCL. 6al kyl,

(O C6_12aryl, C(OOC6_12aryh. C(O C6_12arylalkyl,

C(O O C6_12aryl, C(O Cl_6bal kyl aryl,

C(O OC1_6al kyl aryl , or a silyl protecting group of

Jach Therspel iﬁtwﬁa A oLl e o (BYspdtiPmer in a

Cl_6alekstlcata/de; aB and R4 are the same or different and
are each individually selected fromH or C(O-R6; R6
is C6.12aryl or Cl.6alkylaryl in which the

). 6aiekoetise yacrystallisatidr phithie compoughod kacnesl fimuid (1) droon a

o oenE ek solvetis Choate T of Bk B8 3L B slthnalio:

general formula (111) by selective recrystalllsatlon

K. thg prUERORP Brdlucidg ré%ﬁt ol1fM L é?aeraﬁ Hﬁnu‘iz{ rising the
sol vent wherein the Sol vent S - 6al cohol or Fures

of C stepslafohol s. 18. A process according to any one of
claims 15 to 17 wherein R6 is phenyl. 19. A process

di | 1 17
0 areadthein sib s esreBu Formtida LRy B M o StaoByF of
provi Q‘;%@ral hﬂinuw t63rdducta coiipbsndtigenélaPRemWRA ) Bﬂ(III).

is H i S not

N
RS i
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A T
R
10\0 u \

X) 84)
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@ o8
R2\o /\f )/N\g Rz //,,, ( J \\\N\(

(1
wherein

R2 is H, C(O)C,.galkyl, C(O)OC,.salkyl, C(O)Cs.12aryl, C(O)OCs.pzaryl,
C(0)Ce.1arylalkyl, C(O)OCs. 2arylalkyl, C(O)C,.alkylaryl, C(O)OC,;.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from C;¢alkyl, aryl or C;.
calkylaryl;



20. A process according to any one of clains 15 to 19
wherein R2 is an acyl group. WO 2009/ 039582

wWEANH/AEIBED8/ 001433 -87 21. A process accor di neCT/au2008/001433
claim 20 wherein the acyl group is a benzoyl group or
an acetyl group. 22. A process according to any one of
claims 2, 4, 15 or 16 wherein 1, 3- oxat hi ol ane of
general formula (V) is greager than 95%ee. 23. A
process according to claim?22 wherein the
1, 3- oxat hi ol ane of general formula (V) is greater

t han % 24, A di ng ,to .an
ol i 1e® 0C R4 35 e SyBE BEERERRERL T, Mgtk R Seipised from H
Cl- 6a IRgel ect ed fronlthe group consi sting of
met hanol (MeOH), ethanol (EtOH), propanol and
butanol. 25. A process according to claim24 wherein
the A6 tsérsgvﬁml ori (s-calky lagyl o whichghe & palkderyd isqueferabiyng
to a el f le né 1 to 10 or 15 to 23 wherein the
sol ve Eﬁ SRR GFe of Cl1_6al cohol s conprising MeOH
27. A process according to claim26 wherein the
nlxtqggmq{Igacﬁqieghgr§ahg inthe ratio of 90:10
McOH: C2_6al cohol A process according to claim27
wherein the ratio |s 95:5 MeOH: C2. 6al cohol. 29. A
pr oc RH) macdybpnotecting groyp of generaldbenuis SPRI7R 8Basrevieisly
the s Ive ontains no nore than about 5% water. 30.
A prdgggg é@aording to any one of claims 1 to 10, 15
to 29 wherein the selective recrystallisation step
(b) 1whdr&ReRL £9-cXatHi ARt of‘@%ﬁ@[‘al Rtmufd (W)‘?é:ﬁr%%R?@%ﬁgfn@gm at
to any one of clains 1 to 10, 15 to 29 whereli
sel edeasy60%regtrystal | i sation step (b) is an
entrai nment or a cyclic entrai nment process. 32. A

ocess according.tao cla.m 31 wherein th ent nt
81 e el fveiensiafior ofihg cazeow ghecatsal CEmul Wophe
an R Shefeahteibhe sWRA300( 038HBRoRH: A2 88] HASR: and

- 88 . A process according to claim 32 mhereln
seedlng is perfornmed at a tenperature |ess than or
(aboutdepsseting thecqsmpnyad of gersorl dpmeple Gl hteyprodiuce gfcompound of
cl ai ngengra i rhlia (;/'Sl)t o 33 wherein the

RS
NH,
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Y

17. A process for separating a compound of general formula (II) from a compound

of general formula (III) comprising the steps of:

(a) providing a mixture of 2-substituted 4-substituted 1,3-oxathiolanes of general
formula (II) and (III):



2-substituted 4-substituted 1, 3-oxathiol ane of general
formula (Il1) or general formula (111) produced or

wo 200998P58N step (a) is in the formof a congl oPEr/AU2008/001433
35. A process according to any one of clainms 1 to 10,
15 to 34 wherein the 2-substituted 4-substituted
1, 3- oxat hi ol ane of general formula (1) or general
formula (111) produced or fggned does not conprise any
det ect abl e amount of an undesired isoner. 36. A
conpound of general formula (VIII) or (IX): R3 R3 R5
RS RO RARR3IMN RIN OO (MIl) (I1X) wherein R2

is H C(OCl.®al kyl|, C(OOC1_6al kyl, C&O) 06_112ar yl,
C(O OC6_12aryl O-H6_12aryl al kyl , Ny
C(O OC6_12aryralkyl, C(O) Cl_6al kyl aryl ) OCL_
6al kyl aryl , ilyl protecting grolp of\ general

re._f oLl 85§ R wher eim_ RZ,, R8 and | € each
Sphdepyndent] y skl ect ed fMC"‘_‘L@a! vl
An /

ryl or C1
6al kylary); R3 d R4 are each di/vi duald y sel ect ed

fromH or benzoyl, provided that when R3 is H R4 is
not H and wigegn R4 is H. R3 is not H gand RS is H,
Br,C,F, lorCF3. WD 2009/ 039582 PCT/ AU2008/ 001433 -89
37. A conpound according to claim36 wherein R2 is an
acyl whaeipn. 38. A conpound according to claim 37
wherein the acyl group is a benzoyl group or an

acetyl grou& 39. A cerBoound according-to anas one of
cl ai 2 B+ A8 1-galerl e (OIRE tisalki, G OpCs 122151, CAOMBGpuaryd

of for@Bic2, hshdikyl, S CaThE SRS (JIRAAS P C(OFBC calkylaryl, or
a silyl protecting group of general formula SiR7R8R9 wherein R7, R8 and R9
are each independently selected from C,_galkyl, aryl or C;¢alkylaryl;

R3 and R4 are the same or different and are each individually selected from H
or C(O)-Ré6;

R6is Cg.jparyl or Cjealkylaryl in which the C,¢alkylaryl is preferably
Ci-6alkylCg. jaryl; and

RS5is H, Br, CL, F, I or CF3; and

(b) separating the compound of general formula (II) from the compound of general
formula (III) by selective recrystallisation of the compound of general formula

(D) from a solvent wherein the solvent is C;-galcohol or mixtures of C;.

salcohols.
18. A process according to any one of claims 15 to 17 wherein R6 is phenyl.
19. A process according to any one of claims 15 to 17 wherein R3 and R4 are each

individually selected from H or benzoyl, provided that when R3 is H, R4 is not
H and when R4 is H, R3 is not H.

20. A process according to any one of claims 15 to 19 wherein R2 is an acyl group.



NH NS N~ HOOO (XI1) 41. A conpound of general

formula VIl or I X wherein R2, R3, R4 and R5 are as
W@e@oisnisly defined: RR3 R3 R5 R5 N-R4 N__ RACTDAUX008/001433

OO0OO0OO0OO0O (VIIl) (I'X) wherein the conmpound is

sel ect ed fromthe group of conpounds consi sting of.

RBRB RS R R4'"R4 "N\N S~ ~SeZo~sZo oo W

2009/ 039582 PCT/ AU2008/ 0014(§$ -90 313 NRA R4 S/

"N/ 1IN BzO~- YN~ BzOr///~ 0 0 GD O ,

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

A process according to claim 20 wherein the acyl group is a benzoyl group or

an acetyl group.

A process according to any one of claims 2, 4, 15 or 16 wherein 1,3-oxathiolane

of general formula (V) is greater than 95% ee.

A process according to claim 22 wherein the 1,3-oxathiolane of general formula

(V) is greater than 99% ce.

A process according to any one of claims 1 to 12 or 15 to 23 wherein the
solvent is C;galcohol selected from the group consisting of methanol (MeOH),

ethanol (EtOH), propanol and butanol.

A process according to claim 24 wherein the C.salcohol is methanol.

A process according to any one of claims 1 to 10 or 15 to 23 wherein the

solvent is a mixture of C,¢alcohols comprising MeOH.

A process according to claim 26 wherein the mixture of Cjalcohols is in the
ratio of 90:10 MeOH:C,alcohol.

A process according to claim 27 wherein the ratio is 95:5 MeOH: C;.alcohol.

A process according to any one of claims 24 to28 wherein the solvent contains

no more than about 5% water. /

A process according to any one of claims 1 to 10, 15 to 29 wherein the selective

recrystallisation step (b) is repeated at least once.

A process according to any one of claims 1 to 10, 15 to 29 wherein the selective

recrystallisation step (b) is an entrainment or a cyclic entrainment process.

A process according to claim 31 wherein the entrainment or cyclic entrainment

process comprises seeding with an R, R-enantiomer.
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33. A process according to claim 32 wherein the seeding is performed at a

temperature less than or about 55°C.

34. A process according to any one of claims 1 to 10, 15 to 33 wherein the
2-substituted 4-substituted 1,3-oxathiolane of general formula (II) or general

formula (III) produced or formed in step (a) is in the form of a conglomerate.

35. A process according to any one of claims 1 to 10, 15 to 34 wherein the
2-substituted 4-substituted 1,3-oxathiolane of general formula (II) or general
formula (IIT) produced or formed does not comprise any detectable amount of

an undesired isomer.

36. A compound of general formula (VIII) or (IX):

R3 R

R5 ' RS I
N N

R4 R4

! a4

N
R2 \ S N R2 \ //// i, S “\\\\\ N
O (o) ‘ ¥
0 o 0 o

(VIID) Ix)

wherein

R2 is H, C(O)C,.¢alkyl, C(O)OC,alkyl, C(O)Cs.12aryl, C(O)OCg. 2aryl,
C(0)Cg.1zarylalkyl, C(0)OCq. 2arylalkyl, C(O)Cisalkylaryl, C(O)OC,.
salkylaryl, or a silyl protecting group of general formula SiR7R8R9 wherein
R7, R8 and R9 are each independently selected from C,alkyl, aryl or C;.
galkylaryl;

R3 and R4 are each individually selected from H or benzoyl, provided that
when R3 is H, R4 is not H and when R4 is H, R3 is not H; and

R5is H, Br, CL, F, I or CF;.
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37. A compound according to claim 36 wherein R2 is an acyl group.

38. A compound according to claim 37 wherein the acyl group is a benzoyl group

or an acetyl group.
39. A compound according to any one of claims 36 to 38 wherein R5 is H or F.

40. A compound of formula (XIII) and diastereomers thereof:

Bz

b
~

N

<Y

0

(X1

41. A compound of general formula VIII or IX wherein R2, R3, R4 and RS are as

previously defined:
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(VI . (IX)
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wherein the compound is selected from the group of compounds consisting of:
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N-benzoyl derivative of general formula (VIII) or

(1 X). 43. A conpound according to claim42 of the
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42. A compound according to claim 41 wherein the compound is an N-benzoyl

derivative of general formula (VIII) or (IX).

43, A compound according to claim 42 of the formula:
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