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METHOD FOR THE PREPARATI ON OF ARYL ETHERS Field of the
I nvention The present invention relates to an inproved

woredosogksbor preparing certain aryl ethers. ThepCT/1B2005/000315

i nvention also relates to |nterned| ates useful in the
met hod, and to nethods for dparing such

i nternedi a venti
St at es Pat &ﬁ“ﬁgé %Egﬁﬂﬁgb@ ﬁ%&ﬁ?g’sgﬁﬁéﬁgrwl a
(A) wherein n and nl are, independently, 1, 2 or 3;
xcla EE' the groups R and R1, which may be the same or
. 0 ydr ogen; hal ogen; halo-CrC 6 al kyl;
hydroxy o C 6al koxy Cl-C6 al kyI optionally
bsti t uted on substituted;
ey van it animplp el B lie bebdii bty
vétleérel Th&mventbrRis@retates todaeenddiatek yisefolid tlogmethad, and to
acent R groups or two adjacent
F&‘etgﬁ%lc?é%’%%‘ré%%s%d&eﬁ@ (? ¥8rma -OCH 2-O radical

R2 is hydrogen Cl-C12 al kyI optionally substituted,
ryl 6 aI kyl: each of the groups R3 and R4,
al or different, is hydrogen,
Cl-C6 al kyI optionally substituted, C2-C4 al kenyl,

T84 bt Py B2 50 Bt M SRLERBR N ) ot

or RB3 and R4 with the nitrogen atomto which they are
bounded form ap t&ry c or hexatomc
1/nl

34

N-Rs
Ry (A)

wherein

n and n1 are, independently, 1, 2 or 3;

each or the groups R and R, which may be the same or different, is
hydrogen; halogen; halo-C;-Cg alkyl; hydroxy; C;-Cesalkoxy; C4-Cs alkyl optionally
substituted; aryl-C,-Cs alkyl optionally substituted; aryl-C1-Cg alkoxy optionally
substituted; -NO,; NRsRs wherein Rs and Rg are, independently, hydrogen or C;-Cg
alkyl, or two adjacent R groups or two adjacent R, groups, taken together, form a -O-
CH,-O- radical;

R. is hydrogen; C,-C4, alkyl optionally substituted, or aryl-C,-Cg alkyl;

each of the groups R3 and R,, which may be identical or different, is
hydrogen, C;-Cs alkyl optionally substituted, C,-C, alkenyl, C,-C, alkynyl, aryl-C4-C,
alkyl optionally substituted, C;-C; cycloalkyl optionally substituted, or Rz and R, with
the nitrogen atom to which they are bounded form a pentatomic or hexatomic
saturated or unsaturated, optionally substituted, heteromonocyclic radical optionally
containing other heteroatoms belonging to the class of O, S and N;

or R and Ry, taken together, form a -CH,-CH,- radical;

or a pharmaceutically acceptable salt thereof.

The compounds are disclosed to possess antidepressant activity.



10

15

20

25

30

saturated or unsaturated, optionally substituted,
het er ononocyclic radical optionally containing other

whedosngmeoOns bel onging to the class of O S aneic™MB2005/000315

R2 and R4, taken together, forma -CH2-CH2- radical;
or a pharmaceutical ™ accept abfe salt thereof. The

0 u r I.scl gsed SS_ant.jdepressant
JRPROBE Rieq Siaics PR 4 2255 €8 hERBRBST 0, 4ao
d- (D etbexyphenoonpparzpifmorphlme:

- (2- et hoxyphenoxy) benzyl ] nor phol i ne: and
phar maceuti cal » acceptable salts thereof, which

anti depressant properties. This
known as reboxetine. Reboxetine does

), reboxetine is ineffective in the

ypot herm a test, indicating that reboxetine
IS not a See Brian E. Leonard, "Noradrenaline in
basi ¢ nodel s of depression." European-
Neur opsychophar macol , 7 Suppl. 1 pp. S11-6 and S71-3
@ngmhrrmapepiically seegniatle salts tﬁerreef. whioh possessritsefut aptigppressant

RO RS rHiN GRS Rund RERIGS Rhdtead fenBxétfleect i ve

norepl nephrine reuptake inhibitor, wth only narginal
serotonin and no dopami ne reuptake inhibitory

Fdbo¥bting dJ38 PBX&tIIiRE nﬁ%ﬁ@r‘t@)ﬁ?re%ﬁ_rﬁ‘é’!t WAl |tﬁé}%ﬁc95r‘?tid_egressants,
binding activity in different aninmal nodels, and i o
angsvameelastive sgetonia reyptateriokibiaie (SXRIgh sebqxsii) is ineffective in
R B I H-DPA TR bbifelHia 188 HAIRAEHY thE reEIRAHE ndt i SIRIL Bee Bri
gt?cal ly activee_f olr?ms, .Ii .Ie.t?%t hey ﬁa\_/e the ability to o
Leerarghdopdigralipe ipbagiempdels of geptessight Eurapean-
C}@%ﬁé' ERShHRMM RS 1 7°ShdpY. 1 .iSW?-G%?'IHJS’Hng AfIE 1868 int&Pofdted
an éségrﬁe%used to dendc?‘t’leaﬁ}e absol ute cc()né}lﬁgurgf i|non'%8f ©
theeeimin itscgtieety by reference thereto. Reboxetine is a selective norepinephrine
reuptake inhibitor, with only marginal serotonin and no dopamine reuptake inhibitory
activity. Reboxetine displays no anticholinergic binding activity in different animal

models, and is substantially devoid of monoamine oxidase (MAO) inhibitory activity.

Many organic compounds exist in optically active forms, i.e., they have the ability to
rotate the plane of plane-polarized light. In describing an optically active compound
the prefixes R and S are used to denote the absolute configuration of the molecule
about its chiral center(s). The prefixes D and L, or (+) or (-), designate the sign of
rotation of plane-polarized light by the compound, with L or (-) meaning that the
compound is levorotatory. In contrast, a compound prefixed with D or (+) is
dextrorotatory. There is no correlation between nomenclature for the absolute
stereochemistry and for the rotation of an enantiomer. Thus, D-lactic acid is the
same as (-)-lactic acid, and L-lactic acid is the same as (+)-lactic acid. For a given
chemical structure, each of a pair of enantiomers are identical except that they are
non-superimposable mirror images of one another. A specific sterecisomer may also
be referred to as an enantiomer, and a mixture of such isomers is often called an

enantiomeric, or racemic, mixture.
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(+) or (-), designate the sign of rotation of
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meani ng that the conpound is |evorotatory. In
contrast, a conpound prefixed3vvith Dor (+) is

e SISl Spr T s o BOUL Sh s AL L PSR gtepggisomers:
t (FeRY, ¢8 &), (BrS)oaind\(8,Bhadt ihese (R, Rjrand,(S[3)laze & exaopld of a pair of
et 8l iarieBet f et e R Wi Gl S chelrfod Bfopertos
sandioelting poietsghstdike anpather efiardiometic pair‘,r Shamgrardeagescat|(R,R)

- or, i .
45 oLA18 EXaflsRPrBUBRIL RO 30 P 1 .l Rl
r exflled dadterepissnearic, endititel (SiRmolecule & andiastareeisomes atthe (R,S)
, . I , , )
REDE, Bt R G el RIPBALOTE e 89S e
there are four possible stereoisoners: (RLR), (S19),

. _ , S) .
AR b R o A PP e
earcntionkee pairsdfidigstargomem! the (BiRramdd 8&8)ienahtiqpneypepatri asl the

815/ 55, Bl iol e P BT RAB PR Fovasonie
hoveaza racenpe miitpesd lehantomers1 B)R)aand (ES)R) a 1Thiasio, and

. g Ul . e i _
AR ey R8O e, o
naceisl mjxturee Reasoxétine ig &irRyerviile saldeinder the trade names of
3R BRIASAH SOTBL 3w e AERR) P BRIt fhem cal | y.

epboxet i ne’ haS two ‘chital céntres and, therefore,
exi sts as two enantioneric pairs of diastereoners, the

oL BBk B e e
cGnPeeraintidmyr efvabdxebine posdegsassgreatiyamprovedselectivity forf
eﬁ‘o%@ﬂi.hé’&ﬁﬁmé ’reéd?&@ oY ger(o%nﬁ‘? reiuBtaﬂe.lA&corraim;lg,’ W%ﬂ% /01973
discloses a method of selectively inhibiting reuptake of norepinephrine, the method
comprising the step of administering a therapeutically effective amount of a
composition to an individual, the composition comprising a compound having a
pharmacological selectivity of serotonin (Kj)/norepinephrine (K;) of at least about
5000. The document further discloses a number of novel uses of (S,S)-reboxetine,
including use of (S,S)-reboxetine in the treatment of chronic pain, peripheral
neuropathy, incontinence (including stress incontinence, genuine stress
incontinence, and mixed incontinence), fibromyalgia and other somatoform disorders,

and migraine headaches.

United States patents 5,068,433 and 5,391,735, as well as GB-A-2162517, disclose
processes and intermediates useful for preparing single diastereomers of compounds
of formula Vlb:



reference herein to the generic nane "reboxetine"
refers to this enantioneric, or racemc, mxture.

wredwsngiseane is conmercially sold under the traPer/mes000315
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of EDRONAX(tm, PROLIFT(tnm), VESTRA(tm), and
NOREBOX(tm). It is now known (43ee WO 01/ 01973,
incorporated in _its entirety by reference) that the
(S, S)-enantio :@ reboxeti ne possesses greatly

i mprov, s y for norepinephrine reuptake over
SeR redpt ake. Accordingly, WO 01/01973 di scl oses
a net sl ectively inhibiting reuptake of

nor epi nephri ne he net hod conprising the step of
adm ni stering her@dbutically effective anmount of a
conposition to an individual, the conposition

BT G0 AR RISV of e AT BESGrdre djscigeed to be
| esiil irtbronddidi€Or prepariop compauindt vt tonauladi, sredlwiresredoxetine.

nunber of novel uses, of -rebo ine, . | i
B BlpoteseRilontd Erinee patedthat FEU o ENLH 22 o wever, are
piakfficiepearidyirevidé amewbegrall higld of compbunsrot éornurecA wihiengarried
stress incontigqgge,A&$Eui e, stress incontipence, .and .
n?$EF 3 FRITATCIRL RS AFY! ?’Eﬂ%ﬂ]eg‘?rgcea?ﬁﬁs SOy gt G eapensive
dieagémte aad reyuite signifieanteproduatiac iees. Thid, itds Gbtacesomical to
patents 5 068,4 an , 391,735, a [l .as,@B-A-21
DBt oot Do Bl Bl ST RICE] M MBS MRRIPRASSPS
pdisgesddrig trse glatents. ast er eomer s of conpounds of formul a
VI b:wherein Ris d-C 6 al koxy or tri-halonethyl. These
di astereoners are disclosed to be useful internediates
f WO @0/8gaW2 provides maetittsl fof preparing an @minieof fomehutagvila:
reboxeti ne. The processes disclosed in these patents
and in U S pﬁxt ag%ﬁ 449, however, are

H 1

o)
)]
HO

Vila

comprising:
a) oxidizing an optionally substituted trans-cinnamyl alcohol to give an intermediate

epoxide of formula la:
0

OH
Rpni ‘@/Q/\

- Ja

b) reacting the epoxide with an optionally substituted phenol to give a diol of formula

tla:



inefficient and provide a | ow overall yield of
conpounds of fornula A when carried out on a
wa@eommsseal scale. Additionally the processes PELIB206/000315
t he use of expensive reagents_and require significant
production tines. Thus, it is®not econonmical to
prepare conmpounds of formula A on a commercial scale
usi ng the proces di scl osed in these patents. WO
i erRpithod for preparing an am ne of
y onprising: a) oxidizing an
y slUbstituted frans-cinnanyl alcohol to give
e ate epoxide of fornula la: la b) reacting
t he epoxi de b an optionally substituted phenol to
give a digla of fornula Na:c) reacting the diol with a

silylating reagent to ,‘qi ve an al ¢cohol Ofr@E O{rml a} :'{ Ia:
A rasing M doinging sivyfo [<askBUo hin uaicons) o BHede His
t he al cohol of f la HHawith reactive derivative of
a sulfonic (?CHd 8,2 conpound of formula I'Va: |Va

wher e} Ra due of a sulfonic acid; e)
r €RIpY P fr
al cohoRofyH ot

m t he conmpound of forrmula IVa to give an
| a Va:

wherein P is a silyl-linked radical;
5 d) reacting the alcohol of formula llla with reactive derivative of a sulfonic acid to give

a compound of formula IVa:

IVa

wherein Ra is a residue of a sulfonic acid;

e) removing P from the compound of formula IVa to give an alcohol of formula Va:

Va

10
f) displacing the sulfonyloxy group to give an epoxide of formula Vla:



Va f) displacing the sulfonyl oxy group to give an
epoxi de of fornmula Via:1 Via and g) reacting the
wepmsgiogs2ni t h anmonia to give the conmpound of POT/IBR20ES/000315
Vila. WO 00/39072 al so provides a nmethod for the
preparation of racem c reboxetine fromthe above
am ne, conprising._h) reacting a conpound of formnula
Vila: Va wi h-la ag%licacidof fornmul a HOOCCH2L or
are . . hereof, wherein L is a | eavi ng
g1 glv- an amde of fornmula Villa: i) reacting
the c u pf, formula Villa to give a conpound of
formul a IXa. @®Caand j ) reducing the conmpound of
formula | Xa to give a correspondi ng conpound of the
following formula: In the above fornmulae, R Rl, n and
nl are as ¥Bfined in US Patent 4,229,449 referred to
above. The above publications all disclose nethods for
pmmﬂucing reboxetine and rel ated conpounds in the form

(2SRRI PocRe i SerRliebide siadhs effiung o formyta via

required in order to isolate the nore potent (S1S)-

5 WO 00/39072 also provides a method for the preparation of racemic reboxetine from
the above amine, comprising:

h) reacting a compound of formula Vlia:

Vila

with a carboxylic acid of formula HOOCCH_,L or a reactive derivative thereof, wherein

10 Lis aleaving group, to give an amide of formula Vllla:




enantiomer. An alternative synthesis of
(S,S)-reboxetine is described in GB-A-2167407. This

waolomangas4 di scl oses a chiral synthesis of PCT/IB2005/000315
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(S.S)-reboxetine starting fron1ch|ral phenyl gl yci di c

aci d. However, no adequate chi'r al synt heses of the

phe ngchidic acid exist so the chiral acid nust be
'Egared by resolution, which is inefficient. The

Sy heiading the caropatint @h fdraufalXayé givy aicdakspandingveompound of the

W |dlnﬂ§ %Ilomﬁng this step, the synthesis described

Rime: TE'?2107 parallels the racem c synthesis: as

remar ked above, thihs synthesis exhibits poor

sel ectivity ait @R el ding and inefficient. It

woul d Q d o provide an enanti osel ective

syI®h of (IS, S)-aryl ethers useful in the

pr oduc n @ , S)-reboxeti ne which avoi ds the

production dirﬁ unwanted (R R)-enantioner and all ows

(S.S)-reboxeti™e to be produced nore efficiently and

in a greater yield and purity than is allowed by the

synt heses of the prior art. W have surprisingly found

that a novel synthesis according to the gresent

i Imﬂamabcme faimwaes A, it en aedinhasagdadingd in WS tRatens 2995

xetine to be produced enantiosel ectively,

e%g?g%tpgﬂgnd in high yield and purity. Summary of

the I nvention In one aspect, the invention provides a

mé%vgf uBﬁ Rahd élgdlé‘clg%(;ﬂgenggs % de%Hle; "i‘etfdx}ﬁlne and related

ereln m ar e an i nteger
qugmpoynds)lnghe form of a racemic mixture oft e (R,R)- and (S,S)-enantiomers. A

further resolution step is required in order to isolate the more potent (S,S)-

enantiomer.

An alternative synthesis of (S,S)-reboxetine is described in GB-A-2167407. This
document discloses a chiral synthesis of (S,S)-reboxetine starting from chiral
phenylglycidic acid. However, no adequate chiral syntheses of the phenylglycidic
acid exist so the chiral acid must be prepared by resolution, which is inefficient. The
subsequent reduction to phenyiglycidol is low yielding. Following this step, the
synthesis described in GB-A-2167407 parallels the racemic synthesis: as remarked
above, this synthesis exhibits poor selectivity and is low yielding and inefficient.

It would be desirable to provide an enantioselective synthesis of (S,S)-aryl ethers
useful in the production of (S,S)-reboxetine which avoids the production of the
unwanted (R,R)-enantiomer and allows (S,S)-reboxetine to be produced more
efficiently and in a greater yield and purity than is allowed by the syntheses of the

prior art.

We have surprisingly found that a novel synthesis according to the present invention
allows intermediates useful in the synthesis of (S,S)-reboxetine to be produced
enantioselectively, efficiently and in high yield and purity.



each of the groups R and R1, which nmay be the sane or
different, is hal ogen; hal o-Cl-C6 al kyl; hydroxy; CC

wo2@bkeeey4 Cl- C6 al kyl optionally substituted bgT/Bee030000315
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nore substituents sel ected fraom hal ogen, hydroxy, CC
6 al koxy, NR5R6 wherein R5 an8 R6 are, i ndependent |y,

hydrogen or Cl1-C6 al kyl, or -CONRS5R6 wherein R5 and R6
are, independently, hydrogen or Cl-C6 al kyl; aryl-d

- Semalakydf tindarventiont he aryl ring is optionally

substituted by one or nore substituents selected from

Cl-C6 al kyl, hal ogen, hal o-d-C 6 al kyl, hydroxy, Cl-C6
alnkameyaspactdthbliRbieatiovinprogides Rinethol &ltpreparing a compound of formula
imzependent |y, hydrogen or Cl1-C6 al kyl; aryl-d -C6

al'’k'oxy wherein the aryl ring is optionally substituted

| ected fromd-C 6 al kyl,

by one or nore substitue

hal ogen, hal o-d -C6 al kyt,, hydfoxy, C1-C6 al koxy, and
NRSR6 wherein R5 andd R6|are, T ﬁbmdently, hydr ogen
or Cl-C6_al kyl; o wherein R5 and R6 are,

i ndep en y n o -C6 alkyl, or two
adj aceht R grloups @[ two adjacent Rl groups, taken

t ther, forma -0-|gRh2-O radical; conprising: (a)

i C oxi dat of a conpound of fornula

' as defined above, wth an

oxi di sing agent in tthe gresence of an optically active

conpound, to give a conppund of for m{|\,2 (I'1): wherein

Rl and m are as defined above, followed by (b)

reacti on of the conpound of fornmula (I1) wth a

cRRdaiwnd of forrmula (111): wherein R and n are as

defi ned above, in the presence of a base; wherein the

net hodn A8A Fud'ei iBderRandeqliy: RAiianigegeiifiosh! & Sit he

CONPOUSLERQS; tHePGrBUpRR @nH)R!, which may be the same or different, is halogen;
halo-C;-Cg alkyl; hydroxy; C;-Cg alkoxy; C;-Cg alkyl optionally substituted by one or
more substituents selected from halogen, hydroxy, C-Cgalkoxy, NR°R® wherein R®
and R® are, independently, hydrogen or C;-Cs alkyl, or -CONR®R® wherein R® and R®
are, independently, hydrogen or C,-Cg alkyl; aryl-C;-Cg alkyl wherein the aryl ring is
optionally substituted by one or more substituents selected from C;-Cg alkyl, halogen,
halo-C;-Csalkyl, hydroxy, C,-Cs alkoxy, and NR°R® wherein R® and R® are,
independently, hydrogen or C,-Cs alkyl; aryl-C;-Cg alkoxy wherein the aryl ring is
optionally substituted by one or more substituents selected from C;-Cg alkyl, halogen,
halo-C;-Csalkyl, hydroxy, C-Cs alkoxy, and NR°R® wherein R® and R® are,
independently, hydrogen or C;-Cg alkyl; -NO,; NR°R® wherein R® and R® are,
independently, hydrogen or C,-Cs alkyl, or two adjacent R groups or two adjacent R’
groups, taken together, form a -O-CH,-O- radical;

comprising:

(a) asymmetric epoxidation of a compound of formula (1):

OH

(1)
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Surprisingly, we have found that carrying out steps
(a) and (b) sequentially without isolating the

wa@oooposesds of forrmula (11) allows the conmpound BET/IB2005/000315

formula (1V) to be produced enantiosel ectively and in
good yield and purity. This i € contrary to what woul d
have been expected as it woul d have been thought
necessary to isolate the conpound of fornula (Il) from
teeraigdRitasidus ack asdéfined apatd) edthananxdlising &ganpin the presehce of

B PR TR EERGE B ab§ BB G A BT a0 on ot

t he conpound of fornula (I\/) The invention further
provides a nethod of,preparing a conpound of fornula
(1X):wherein R and m are as defined above,

conpris ‘m\b\a conmpound of formula (IV)
accordfng to ve nmetHod: (b) reaction of the
c of fornula?p()l\/) with a silylating agent to

ound of fornmula (V): wherein R Rl, n
and m a S defined above, a Pis a silyl
protecting group; (c) reaction of the conpound of
formula (V) with a sulfonyl ating agent of fornula
RinBitt: R‘%@Wb&ﬂdéfﬁe&aﬁwé‘ Wlowedbyd resi due and Xis

a | eavi ng %roup to produce a conpound of fo

((0) neagkis efithe Farppound %ﬁmmwaawéwaa agempReed ab‘@vaula dil:s
as defined above, and R is a sulfonic acid residue;
(d) renoval of the silyl protecting group to produce a
i a (VMI1): wherein RR Rl, n and mare
as deffi ned , and R is as defined above; (e)

déFﬁ ment | of the sul fonyl oxy group to give a
conpolind of formula (VI11): wherein R, RL, n and mare
as defi

above; ﬁp)d(f) reacti on of the conpound of
formula (VII1) with “anmonia or an anmmoni um

wherein R and n are as defined above, in the presence of a base;
wherein the method is carried out without isolation of the compound of formula (I1).

Surprisingly, we have found that carrying out steps (a) and (b) sequentially without
isolating the compound of formula (Il) allows the compound of formula (IV) to be
produced enantioselectively and in good yield and purity. This is contrary to what
would have been expected as it would have been thought necessary to isolate the
compound of formula (I} from the agents used in its synthesis and work-up: it would
have been expected that the presence of these agents would interfere with the
synthesis and purification of the compound of formula (1V).

The invention further provides a method of preparing a compound of formula (IX):



conmpound to give the conpound of formula (IX).
Preferably, the nmethod is carried out w thout

w0 s@sagiseg t he conpounds of fornulae (V), (M )pc(/aB2095/000315
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and (M11). In another aspect, the invention provides
a conpound of formula (V): whé?Pein R RL, n and mare
as defined above, and Pis a silyl protecting group.
In a further aspect, the gAVEN | on provi des a conpound
of formula (VM): wherein R RLlln Sn P and R are as
defined above. Detaifed [Descrip T8hmf Preferred
P_cHnpevngds gf formulae (1) through
(IX) elps RYMd R1, which may be the
AHIE [ , 1’$ hal ogen; hal o-d-C 6 al kyl ;
hyrox ; al koxy(S)CV C6 al kyl optionally
substi th '/f r(]) QQr e substituents selected from
hal ogen, hydroxg', CIRC6 fal koxy, NR5R6 wherein R5 and
R6 are, independent!|¥§, hydrogen or CVC6 al kyl, or
- CONR5R6 wherein R5 and Nk are, | ndquqdently,
hydrogen or Cr C6 al kyl; aryl-d -C6 al Kyl wherein the
aryl ring is optionally substituted by one or nore
SWHéﬁeHHeﬁt%a‘h@'rﬁﬁF@é’s ééfﬁ@ﬁ@b&/eﬁc% Mding:hal ogen,
hal o- C1- C6 'al kyl, hydroxy, CC 6 al oxy, and NR5R6
wherein R5 and R6 are, independently, hydrogen or CC
6(aé}|pkéﬂar.n@axeomé>o@1@oﬁbma I\ 8EQrding RAthaTapbvd mBthods
optional |y substituted by one or nore substituents
selected fromCrC 6 al kyl, hal ogen, hal o-Cl1-C6 al kyl,
hyt r@aey; on @ﬂth@@oﬁip%@ﬁﬁ’ of faﬂﬂjlé\ﬁ@ﬁﬁltﬁ\'ﬁ%ﬂ)ﬁéﬁhg%eﬂﬂ@ Sduce a
are, ind epen ent ydrogen or O C 6
NFESTBOUAN é‘PrH‘UF@S(VXnd R6 are, mdependently, "hydr ogen
or C C6 alkyl, or two adjacent R groups or two
adj acent Rl groups, taken tggether, forma -0-CH
2- Oradi cal ;

X
G

(R)n'_:

HO

I”llllll

oP (V)
wherein R, R', n and m are as defined above, and P is a silyl protecting group;
(c) reaction of the compound of formula (V) with a sulfonylating agent of formula

R’SO.X, wherein R’ is a sulfonic acid residue and X is a leaving group, to produce a
compound of formula (VI):



and n and mare, independently, O or an integer froml
to 5. The term"al kyl" neans a straight or branched

w@basnssat ur at ed hydrocar bon group cont ai ni ng BCT/B2605/000315
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carbon atons. The term "hal oal kyl " means an al kyl
group, as defined above, whi chlis substituted by one
or nore hal ogen atons. The _term "al koxy" neans
"al kyl -O-", wherein the roup i s as defined

above. The term™ ary|_I' " | or naphthyl
group. Suitably, the=gr nd , Which may be the
P from hydroxy and C&rC 6

abl Yes oxy or ethoxy, nore

eferably, nis 1 or 2, nore
HB)y, mis 0 or 1, nore preferably
. §§yo e ed enbodinents, nis 1, mis O
and R is ethoxyZat the 3-position of the phenyl
ring.Step i The prodéss of the present invention
begins with asymetric &Boxi dation of(VA conpound of
formula (I) with an oxidising agent in the presence of
an optical |y active conpound, to give the (RIR) .
enhereindReR', Brand re areprsdriingd abevarii 1a ag dpfjnediahove, and R'is a
ag)fSARtdcicresiagyd dation of the conpound of fornula (1)
i s achieved using an oxidising agent in the presence
of an optically active conpound. The preci se nature of

t 6 rS%bvH of e sﬁ\iﬂ %Fateamg Jré BRrbdiRb aYcoAGIuME of RIRRENII):
a ed they

are not critic provi

(Vi)

wherein R, R, n and m are as defined above, and R’ is as defined above;

(e) displacement of the sulfonyloxy group to give a compound of formula (VIiII):

(VI

wherein R, R', n and m are as defined above; and



are capabl e of achieving epoxidation of the olefin in
an asymmetric manner to give the (RLR) enantioner of a

wa@oooposesds of forrmula (11). The oxidi si ng agent POBEYB2005/000315
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itself be optically active, in which case there is no
need to supply a separate opt?%al |y active conpound.

ampl.es of, suitabl i di si agents incl .
PR g ebrtiitind o Kt O AHE Pk 08 HER emmeniun
hyahnppedd give theacampbumetdh fdrimafat §X). hydr oper oxi de, bi s
di i sobutyl -2, 5-di hydr oper oxi de, 1-nethyl cycl ohexyl
hydr oper oxi de, or cycl ohexyl hydroperoxide, or
dPeferabipahe npsindd is whaied yut withialt isdlating trenesnpfuntis ef foympaae
descrjb b j Shi et al, J. Am Chem Soc. 1997,
1@(\}1)15\%23%9&@@ In the case of chiral dioxiranes,
as the dioxirane is itself chiral there is no need to

e aRaRgft BxPRloGRbre B iR IERT &

and esters of optically aett™we organi c acids,

Ars. A particularly
preferred exanpl e ofHan |opti Rdet i ve compound i s
(-)-diisgpropyl partyatd eaction may optionally
' I n e~ predvnce of further reagents,
eﬁsqplbs of vhi ch 3l ude titani um al koxi des such as-
tY vanijum et Hoxi de, .RFoxide, n- pr opoxi de,

i sopr Xi &7 n-,

i sopropoxXrde i sHP

~J -, or t-butoxide. Titanium
referrgd. It is particularly
preferred that the asympetric epoxidation is carried
out under the conditiongpdescribed inmy. Am Chem
Soc, 1980, 102, 5974-5976 ("Sharpl ess asymretric
epoxi dation"), wherein the oxidising agent is t-butyl

hyHERRSE 3 H@indii8re as defined above, and P is a silyl protecting group.

In a further aspect, the invention provides a compound of formula (VI):

(VD)

wherein R, R', n, m, P and R’ are as defined above.

Detailed Description of Preferred Embodiments

In the compounds of formulae (1) through (IX), each of the groups R and R', which
may be the same or different, is halogen; halo-C;-Cg alkyl; hydroxy; C,-Cg alkoxy; C;-
Ce alkyl optionally substituted by one or more substituents selected from halogen,
hydroxy, C;-Cg alkoxy, NR°R® wherein R® and R® are, independently, hydrogen or C;-



optically active conmpound is (-)-diisopropyl tartrate
and the reaction is carried out in the presence of

WO 2doan82824 | sopr opoxi de. Further information onp¢EB2005/000315
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procedure can be found in US patent 4,471 ,130 and in
K. B. Sharpless et al, em Soc. 1987, ,

J. Am
5765: 5780, [ i | I f bl
oG RIS 0N R Rl ol 6 A, asPRHRS, aRch or G:-Co
ofilkyhayhCi-€. alkyl vwrepatc tred dryl rongiis bptidnaly sukistitited by orse or more
[ L to t ti j | f ~d] ' h
- BfsdinieRis' el 0 B Byt BobRRE TeR Grgrubi g9, T8,
sakoahhead I REwhereinB] ardbRS4repindepandepitis, bydmopemer G1iChalkyl;

h .
SRR R TR G S e
t slihstinentsradlectddsroms C14Ca kgl halbgeh, itk ©c@s Ayl shysiomty, @sCo

i h - . .

R, ERS NERR W EBIndS LAl 2 A5 ARk ey, hyarpgen r Cr-Co alky
etNi@y; NRIRUwhereiruReana Rtarepindepeandiestlyy hpdregeredr €h&s alkileor two

sQl. j ] re. t hyl en '

PRl AL e S Bibon TR MR B s, Bt aco-creo-
d splimad andm andrm aces irfdependentlg, U dr arsinteger nermdrte 50f t he
reagents and the solvent. However, it is typically

from- 50C to roomtenperature, and preferably - 300C
t oh@&Bn “dkg” meaos a straighte i@pbedshan satuwrated bydracarbors group

fg@ﬁ?igﬁﬁtﬂg GrE%ﬁét{fbrnﬁ%c&ﬁws.t he reagents, the solvent and

eratur wever, it is typically from 10
mnutes to 24 hours, preferably from30 mnutes to 12

.h?Hé ?err]na‘ﬂgg%yyl’em%ﬁg %{ %R*Iy%%ud)té Us @eﬂ%&fr asdovg,r\ﬁhiéﬁ @.Cstuibgﬂuted by

IS prefera carrie u r-an ous ‘con i ons.
Moheeauinare elageesateme preferably present in the
reaction mxture to absorb any water present.

The term “alkoxy” means “alkyl-O-*, wherein the alkyl group is as defined above.

The term “aryl” means a phenyl or naphthyl group.

Suitably, the groups R and R', which may be the same or different, are selected from
hydroxy and C;-Cg alkoxy. Preferably, R is methoxy or ethoxy, more preferably
ethoxy.

Preferably, nis 1 or 2, more preferably 1.

Preferably, m is O or 1, more preferably 0.

In especially preferred embodiments, nis 1, mis 0 and R is ethoxy at the 2-position
of the phenyl ring.



After conpletion of the reaction, a quenching agent is
typically added in order to quench any excess

wo@z00diosiseg agent present. The nature of the queP@TIB20g5/000315
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agent is inportant, since m)s% conventi onal quenching
agents are either ineffective %r the product is

u tset albl e in their presence. Preferred quenching agents
a 1- C6) al kyl phosphites such as trinethyl
phosphite and triethyl phosphite. Triethyl phosphite

 FRRERA e B o B R AP S b
r eanopound affortnulagl)odtint an oWidiging hgerd imihepnesente obammaptically active

: | . I 1 h
el DR B o B cEREARESRRER ), 1
next step the conpound of formula (I1) is reacted with

.0f | i 1 f .
STECTRAG R Lob IRy bdlnd B 830 5y dledBoingen
poxidisidgdgeitan thet presercephbh eptidallpactivegoapoand atiee precise nature

|es. of ' [ ' . .
B oFRisBo gkt 48 o ARGy RO BT ale i oRlcal provided they
hgreéraapalle of poiieds epaxidatiomei the olefinln an asyrhmeirioxatmentedgive

c i - OX | L Kyiha I, LR '
oD B o LR T TR B e i s

t le¢ optizaty activapiniwhichhgase dixére és nanded to suppinl seaatatmoptissily

SLG e%ﬁmgbﬁrm um car bonate, sodi um carbonate, potassium
carbonat e, rubi di um carbonate and caesi um car bonat e,

and organi ¢ am nes such as trinethylam ne and

fri . T ' . fanr

ELFH0Nd o e Bl Bl ol R dpso e, et

r eyalropevoxides cooene lhygroperxioe ed,erdidobihyibaptyl kydiraperoxide, tise

presence, pf .a sol vent, .th ture of which is not

SLSREINFR 5rolpofPeraits; melndtetheas inydiopsidgicp & eycionexyi

r eattdpesoxide) dr idioxiranes, particularly chiral dioxiranes of the type described by
Yian Shi et al, J. Am. Chem. Soc. 1997, 119, 11224-11235. In the case of chiral
dioxiranes, as the dioxirane is itself chiral there is no need to supply a separate

optically active compound.

Examples of suitable optically active compounds include salts and esters of optically
active organic acids, particularly tartaric acid esters. A particularly preferred example
of an optically active compound is (-)-diisopropyl! tartrate.

The reaction may optionally be carried out in the presence of further reagents,
examples of which include titanium alkoxides such as titanium methoxide, ethoxide,
n-propoxide, isopropoxide, n-, s-, |-, or t-butoxide. Titanium isopropoxide is preferred.

It is particularly preferred that the asymmetric epoxidation is carried out under the
conditions described in J. Am. Chem. Soc., 1980, 102, 5974-5976 (“Sharpless
asymmetric epoxidation”), wherein the oxidising agent is t-butyl hydroperoxide, the
optically active compound is (-)-diisopropy! tartrate and the reaction is carried out in
the presence of titanium isopropoxide. Further information on the procedure can be
found in US patent 4,471,130 and in K.B. Sharpless et al, J. Am. Chem. Soc. 1987,
110, 5765-5780.



capabl e of dissolving the reactants at |east to sone
extent. Exanples of suitable solvents include water,
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al i phati c hydrocarbons such as_pentanes, hexanes,

hept anes and oct anes, aronati&5hydrocarbons such as

benzene, toluene and xyl enes, hal ogenated hydrocarbons

such as nethyl ene chl oride, chloroform and

1TRe ebachiboisomiinalheandgirbierablyscariedisuttie thegirgshmok wf asplvent, the
t - but

arr it @ etperelhly erifaliiBUbes fistholo BE t6dsiop ano s
Lbﬂ%&bﬂﬁ ?:f dii_s)?:vmrqexhg]fﬁctaﬁ]is dlithﬁdest td]hfa%r??) b)étem::’] E)@rra)ée;s of _?uitable

asi . .
" SV follg® B oo oY St P e B ep s ano
aoabafsa nbnax;)esf er dmpeé,mm?]ﬁdtwdfomd:tdnie gucﬁ asb@zrcztené,stol:ene and

asj ¢, ani on, _suc

of fRlic e gt Eoblediretefiie MRG0 B, flproitna 1.2
c dichlbyctismanenethacsesutie as afethyl E)-altiddtiseand mixtaesithereof. It is
? gine? lretﬁ{)th%\?ﬁgccﬁ%ar:nﬁ%l? %Hnﬂgr?a: %émn%ﬁhéﬁe &%gr%eaasnd aliphatic

beydrgtdrboret hyl ammoni um chl ori de. Tetra- nbut yl anmoni um
chloride is preferred. The reaction tenperature
depends on various factors such as the nature of the

r €hg ezdction teenpesetereaiephendiceors vdricen factble\seoteas thetnatige of the

typi Iy from,r r o

o8t DR b SUREh SRP S8 B B
oand prefeyalsly F88titon°Cuch as the nature of the reagents,
the solvent and the tenperature. However, it is

typically from 10 mnutes to 24 hours, preferably from
3Thereactierstirne dé@erusunsvarianslfactoresymhedsehalnbiurd oft the Geagents, the

2%&{1%\'rtAR{1 gl{e( tl%%;&!'agariegg og‘{e(\en(%i1 ﬁrl% ﬁ?@%l‘lgof%m tl B?mﬁ&gg ?ouﬂg hours,
preferably from 30 minutes to 12 hours, and more preferably 1 to 6 hours.

The reaction is preferably carried out under anhydrous conditions. Molecular sieves

are preferably present in the reaction mixture to absorb any water present.

After completion of the reaction, a quenching agent is typically added in order to
quench any excess oxidising agent present. The nature of the quenching agent is
important, since most conventional quenching agents are either ineffective or the
product is unstable in their presence. Preferred quenching agents are (C4-Cg) alkyl
phosphites such as trimethyl phosphite and triethyl phosphite. Triethyl phosphite is
especially preferred.

The compound of formula (Il) is not isolated from the reaction mixture. Rather, the

reaction mixture containing the compound of formula (ll) and the quenching agent is
reacted directly with the compound of formula (lil) in the next step.

Step 2

In the next step the compound of formula (I1) is reacted with a compound of formula
(1) in the presence of a base.



reaction mxture by a conventional nethod. For
exanpl e, the conpound nay be extracted using an
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an aqueous sol ution such as walger, sodi um hydroxide or
sodiumchloride in order to renpve any ionic species

present filtered to renove any solid nmatter, and
centrat? to renmove the solvent. The product may

£ dMereiure ot fereee NS pseeniRll¥ srilieah arovided Hoadt is e@mabéesof acting as
Crayb‘stsal IExampi e@'bf @untasbm &Hyéswlm%mfn%’é%yd%x%s%umas lithium

step ether of formula (IV) “is sil

t By oniE oo Bidioxie, RofasRBIOYAOX G, rUTHET BRI v cacsium
i &yd@hb@vt@ﬁam Gawmarﬁmowuhiw@ro%dudéﬁs%h Ag te’ﬂl&%@thylé}rﬁmt}ﬁlum

ence of The preci'se nature of the si’

bPgdeRER g é?ta?ﬁ‘y@f%{f’%ewdwdrq%lqeh%alsmtal parbppates Such as

clithiune @arbbRatk hébdﬂln@é@rﬁbnétQV&ﬂéésﬂﬁ‘n Qér‘%heﬂ@ drrug{'(jdﬂfm EdrbbSate and

[ bl e of protecting
RS SR Blecatd plans AOTRAS SusY AUV Ia Ut Wetbyiamine.
PAKak eldtalhyararideBRFe pratdiferan sOBRHPhydRoidE]s %E?&Q@%r@f@rred.
a secondary hydroxyl group. Exanples of suitable silyl

groups include trinethylsilyl,

t Fhi rductiyh nﬁiﬂnhw &i dﬁﬂeferéﬂl)t)@érhé@ 8itlid khe presence of a solvent, the
tert | di phenyl'silyl groups,

onaiiE ShABRTL St} ReAERANG e Bieiipd 14 b feihedescrmnandiis
Sbahpdb@é ofitfissdUATY the Fedc¥dtits &l Ibastqo Sbrhy bxiBAl. | El@mples of stu:table

pr ef er abl chlorid The nature of the base Is no
P ST MeY B e amiis st en TRy o rmartide OB anbNVIP,

aalphagc Bfidracd1B6es sUckadentanes, r%b&!aﬁésb h@pt9ﬁ§§§nd &géﬁ&earomatlc

h ‘as |ithium hydrox

taI F ydr oxi des suc
bfis QAT e B bepeangs lunerandrlengs, hajaggnafied hydrocarbons
hyebhaas rd@th;llﬁde eRAIBAdA) Bhloroform and 1,2- -dichloroethane, ethers such as

tetrahydrofuran, methyl tert-butyl ether, dioxane, diethyl ether, diisopropyl ether, and
dimethoxyethane, and mixtures thereof. It is preferred that the solvent is a biphasic
mixture of methylene chloride and water.

The reaction is preferably carried out in the presence of a phase transfer catalyst, the
function of which is to transfer a basic anion such as hydroxide ion into the organic
layer. Examples of suitable phase transfer catalysts include tetra(C;-
Ce)alkylammonium and benzyltri(C,-Cg)alkylammonium salts such as tetra-n-
butylammonium chloride and benzyitriethylammonium chloride. Tetra-n-
butylammonium chloride is preferred.

The reaction temperature depends on various factors such as the nature of the
reagent, the base and the solvent. However, it is typically from room temperature to
80°C, and more preferably from 35°C to 70°C.

The reaction time depends on various factors such as the nature of the reagents, the
solvent and the temperature. However, it is typicaily from 10 minutes to 24 hours,
preferably from 30 minutes to 12 hours, and more preferably 1 to 6 hours.



hydr oxi de, tetra(C 1-C6)al kyl anmoni um hydr oxi des such
as tetranet hyl ammoni um hydr oxi de and
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such as |ithium carbonate, sodium carbonate, potassium
carbonat e, rubidium carbonat eland caesi um car bonat e,

U T i ST R TS T
die_ﬁ_eﬁchydnatdﬂiy byl_ﬁid@ﬁvedrtti_bhall’m@h@crlylt:?mixaﬁ'yple, the compound may be
t am ne,. dijsaopropyl e an ne .
¢ PYEEGHE SBG AILOOEnG SRIvEo et gaiq BV al TACke Washes withan
I iﬂdiddd)'uﬁ eslu'gi?‘_nshohds!zvi/%iéma _esdigrﬁ;hylﬂtdxyi_eaﬁ setlibyl ghyoriddiimerder to

onza pyridi ne _6-di -t.bu ridine, .
reGRER B i fHebien i dserh e Pabor AN o meter e
ad&tdwcieﬁtﬂalﬂudi tmderrrwi . d_e,thé\lsai{\:ﬂrh%ﬁp? pmdhcr:]ti nl‘mj further be %L.Jrified by
e yererY b hos® 50 e Bb Nt R eSuh GrhitadieRE o,
preferred and triethylamne is especially

f d. Th ti i [ 1 d f bl

Ege g re e reaction is normally and preferably

d out in the presence of a solvent, the nature
of which is not especially critical provided it is

[ 1 h t LS. I f di | Vi h

350 s 56 SO BR M PR BB S5 BF
siorrhalal(¥). sStHeveomiversiand$ ackee vz lyareactiontwithsa silylating agent in the

di met hyl ffor man de, aliphatic hydrocarbons such as

p%rﬁts% CH atP&?g'nes, hept anes and octanes, aromatic
hydrocarbons such as benzene, toluene and xyl enes,

P BB FA LR 3 BRe SRS EhEAIP BB o o
dihetpngdeneinbentionmed\igdd thet it islustiglly aabliele of protecting a hydroxyl
VB BBy e oy OB ol Patault STRORRE 4PMPary
nhydrexyégroup ér thefpredeince sf psedondarchydroy! drbep.sBkareples dfsuitable
25D PLBERNALRHe HAERARNE Wh oS R AYN), TEAPHST Srisopropysily

and tert-butyldiphenylsilyl groups, of which the trimethyisilyl group is preferred.
The silylating agent is typically a silyl halide, preferably a chloride.

The nature of the base is not especially critical provided that it is capable of acting as
a base. Examples of suitable bases include alkali metal hydroxides such as lithium
hydroxide, sodium hydroxide, potassium hydroxide, rubidium hydroxide and caesium
hydroxide, tetra(C;-Ce)alkylammonium hydroxides such as tetramethylammonium
hydroxide and tetraethylammonium hydroxide, alkali metal carbonates such as
lithium carbonate, sodium carbonate, potassium carbonate, rubidium carbonate and
caesium carbonate, and organic amines such as trimethylamine, triethylamine,
pyridine, methyldiethylamine, dimethylethylamine, tri n-propylamine,
triisopropylamine, diisopropylethylamine, tributylamines, and higher trialkylamines,
picolines, lutidines, and collidines, 2-methyl-5-ethylpyridine (lonza pyridine), 2,6-di-t-
butylpyridine, 2,6-di-t-butyl-4-methylpyridine and alkyl quinolines and isoquinolines,
N-methylpiperidine, N-methylipyrrolidine, N-methylmorpholine, and higher alkyl
analogues of these compounds. Organic amines are preferred and triethylamine is
especially preferred.
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The reaction tenperature depends on various factors
such as the nature of the silylating agent, the base

wa@pahsogas2s0l vent. However, it is typically froPCHIB28GED031S

to roomtenperature, and is preferably - 500Cto

-100C. The reaction tine deper?ds on various factors

such as the nature of the reagents, the solvent and

the tenperature. However, it is typically from5
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The reaction time depends on various factors such as the nature of the reagents, the
solvent and the temperature. However, it is typically from 5 minutes to 2 hours, and

preferably from 10 minutes to 1 hour.

The compounds of formula (V) are new and therefore form part of the present

invention.

The compound of formula (V) is not normally isolated from the reaction mixture.
Rather, a solution containing the compound of formula (V) is reacted directly with the
sulfonylating agent in the next step.

Step 4

In this step the silyl-protected compound of formula (V) is sulfonylated to produce a
compound of formula (VI). This conversion is achieved by reaction of the compound
of formula (V) with a sulfonylating agent of formula R'SO,X in the presence of a base.

The nature of the sulfonylating agent is not especially critical to the present invention,
provided it can usually be used to sulfonylate a hydroxy group. Examples of the
sulfonic acid residue R’ include (C,-Cg) alkyl groups, halo-(C4-Cg)alkyl groups and
phenyl groups optionally substituted with 1 to 3 (C,-Cs) alkyl groups or halogen



groups of formula R O wherein R is one of the
sul fonic acid residues nentioned above, and preferred
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agents include nethanesulfonyl chl ori de,
benzenesul fonyl chl ori de, 6?uenesu|fony| chl ori de
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tol uene and xyl enes, hal ogenat ed hydrocarbons such as

net hyl ene chl oride, chloroformand 1, 2-dichl oroet hane,
el hereactiercis n@gmally and preferably carried out in the presence of a solvent, the

nature of which is not especially critical provided it is inert to the reaction and is
capable of dissolving the reactants at least to some extent. Examples of suitable
solvents include amides such as dimethylformamide, DMA, and NMP, aliphatic
hydrocarbons such as pentanes, hexanes, heptanes and octanes, aromatic
hydrocarbons such as benzene, toluene and xylenes, halogenated hydrocarbons
such as methylene chloride, chloroform and 1,2-dichloroethane, ethers such as
diethyl ether, methyl tert-butyl ether, tetrahydrofuran, diisopropyl ether,
dimethoxyethane and dioxane, esters such as ethyl acetate, and mixtures thereof. It
is preferred that the solvent is a halogenated hydrocarbon, especially methylene
chloride.

The reaction temperature depends on various factors such as the nature of the
sulfonylating agent, the base and the solvent. However, it is typically from —78°C to
room temperature, and is preferably from —50°C to -10°C.

The reaction time depends on various factors such as the nature of the reagents, the
solvent and the temperature. However, it is typically from 5 minutes to 2 hours, and

preferably from 10 minutes to 1 hour.
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m xtures thereof. It is preferfed that the solvent is
a hal ogenat ed hydrocarbon, especially nethyl ene
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facto s such as the nature of the sulfonylating agent
®Bi¥ and the solvent. However, it is typically
from- 780C to room t enperature, and is preferably
e reaction time depends on

- - 100C.
v IPPsRePPaN Grlamiie Vi ok sofd iram 816 reagliananiyae < Ratner,
t lselution vemainiag the EsmBRIMBRT RIrkhuR: (VIGYVRI48ed dlrregflyswn the
ﬁg i\qytlﬁqfromS mnutes to 2 hours, and preferab
f

AGENL4N the NeXkIBR-. The conpounds of f or mul a
(VI) are new and therefore formpart of the present
ention. The conpound of fornula (M) is not _
i ed fromthe reaction m xture. Rather, a solution
containing the conpound of formula (M) is reacted

di t it erotectln agent in the next step.
S Meisy regtepPiEodt bymprat Baredigodresapauad of formuia
r @Vit)v Gdliststerpis @dhiegediby ARBISH WA dbprotasting 498dt) - Thi's

step is achieved by reaction with a deprotecting

agent. In this step, the precise nature of the

dlﬂdhxstsm:t ntrm;pragie@hauuse tfahe BBproteetih @#&Yisdﬁ-ﬁ chift@l piovided that it
n usu be, used r ve a SI é{ﬂfprot ecting group
ISl b o551 501 = el Riredingiodan fempdveron gioup.
dEmmples bl Gtablgeiebrotédling tagsntamcqiﬁje%ﬁﬁ saéh BY Ay @eBhifid Scid,
ﬁyﬁbbromlc acid, sulphuric acid and acetic acid, and fluoride ion sources such as
potassium fluoride and tetra-n-butylammonium fluoride. Acids are preferred and
hydrochloric acid is especially preferred.

The reaction is normally and preferably carried out in the presence of a solvent, the
nature of which is not especially critical provided it is inert to the reaction and is
capable of dissolving the reactants at least to some extent. Examples of suitable
solvents include water, alcohols such as methanol and ethanol, amides such as
dimethylformamide, aliphatic hydrocarbons such as pentanes, hexanes, heptanes
and octanes, aromatic hydrocarbons such as benzene, toluene and xylenes,
halogenated hydrocarbons such as methylene chloride, chloroform and 1,2-
dichloroethane, ethers such as diethyl ether, methyl tert-butyl ether, tetrahydrofuran,
diisopropyl ether, dimethoxyethane and dioxane, and mixtures thereof. It is preferred
that the solvent is a biphasic mixture of a halogenated hydrocarbon, especially
methylene chloride, and water.

The reaction temperature depends on various factors such as the nature of the
deprotecting agent, the base and the solvent. However, it is typically from 0°C to
50°C, and preferably room temperature.
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hydr obrom ¢ acid, sul phuric acid and acetic acid, and
fluoride ion sources such as potassiumfluoride and
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and hydrochloric acid is especially preferred. The
reaction is normally and pref?érably carried out in the
the

b BAERr g 9t Bl B R o Al resgons, e

reshent amd thedemperatpabHewever(dt Baypieallygronh2 ta w:)ouam,: mefatably 6

I , f bl vents

R AR RS o a0 ¢ selvents

am des such as dinethyl formam de, aliphatic

e BB REPT Rt Do Ao e AR oo NG By s Bac St B (v

troaybé w’oa@d up\dyenesvehitadnabmetiodd ngebramxﬂe,hbe] sol;stimhmays be
l,en ' I - .

st B st st 35 Misaby o icaimonatey gygium

tc_mldridﬁljm ytdeetdremove aty @inicckpeties aresedt, iosfnlpafecpgdr ree?olve any solid

.l . .

o PR Ao T R s B o i s .

aﬂehaérp thersoiwion lepotanoey the npmeew_latd)faibﬂnwlaretlhyuhéergoes immediate

ol 8B Pla R Bion 6, A60FKI AR bR oL e dopends

deprotecting agent, the base and the sol vent. However,

it te% 3 typically from QC to 500C, and preferably room

rature. The reaction time depends on vari ous
factors such as the nature of the reagents, the

(Y L '
16 epa P SoNBabaTOapRLS By GBS ke P tpent o
phe belfalyloxy §raup td Grincucanpoiindef farmufal (M) o T hisfis preferably

FEARLEEy hciBh B h8BoBRL A O R SR BEL"

The nature of the base is not especially critical provided that it is capable of acting as
a base. Examples of suitable bases include alkali metal hydroxides such as lithium
hydroxide, sodium hydroxide, potassium hydroxide, rubidium hydroxide and caesium
hydroxide, tetra(C,-Cg)alkylammonium hydroxides such as tetramethylammonium
hydroxide and tetraethylammonium hydroxide, and alkéli metal carbonates such as
lithium carbonate, sodium carbonate, potassium carbonate, rubidium carbonate and
caesium carbonate. Alkali metal hydroxides are preferred and sodium hydroxide is
especially preferred.

The reaction is normally and preferably carried out in the presence of a solvent, the
nature of which is not especially critical provided it is inert to the reaction and is
capable of dissolving the reactants at least to some extent. Examples of suitable
solvents include water, alcohols such as methanol and ethanol, amides such as
dimethylformamide, sulfoxides such as dimethyl sulfoxide, aliphatic hydrocarbons
such as pentanes, hexanes, heptanes and octanes, aromatic hydrocarbons such as
benzene, toluene and xylenes, halogenated hydrocarbons such as methylene
chloride, chloroform and 1,2-dichloroethane, ethers such as dimethoxyethane, diethyl
ether, diisopropyl ether, tetrahydrofuran and dioxane, and mixtures thereof. It is
preferred that the solvent is a biphasic mixture of methylene chloride and water.
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may be worked up by a conventional nethod. For
exanpl e, the solution nay be washed with an aqueous

w@otosnsxsm such as water, sodi um bi car bonat e or PEDIB268/000315

chloride in order to renbve any ionic species present,

or filtered to renove any sol94 matter. However, the
conpound of formula (VII) is not isolated fromthe

sol ution. Rather, the solution containing the conpound
OFhef reamdnas ()béh‘ér}ably ndleleg eesinitherpisahee ofequhasetrahsfer catalyst, the

8un(ﬁl0{1|,? Eé%yo tran %aé gﬁ%gﬁrouog\fs A th P/gr%pgﬁ(%nenﬁto tﬁg%Pganlc
Uangber ga'empiestot suibizgHage trdnsipt eamlmgﬁno?fdettetea(c,
R S BT s PETAR 5 s ASEINSR e pne
damparamadniam érﬂxurmel amd(Dénkyitriethylamandrisre chibride rketiarre  of

base is l:c{seslgecl ally critical provided that it

h
}%’?%%'B%P'émb‘f Pt Breé 4" base. Exanpl es of suitable

bases include al kali net aI hydr oxi des such as Iithium
sodi dr oxi de, ot iU ydr.oxi

5 BreierioBPerel e OUPR SRR Rpls et 4R bifi et e
G)BagémltaaUasn am the dolventd ddoveaveh itds typiatairei 0y C aotherbailimg

dr Q¥ nd tra L j I 0X] '
e X it bR BBN W C TR A YRl o § W gfbdrature.
car bonat e, potassi um car bonat e, rubidium carbonate and

esi rbon r
e o rkci@isRos oh KBinusRbE DV 2B e Bty ' the reagents, the
obleat are:dtheTéreperam I doweernbisitgically énoch @nmft&esaﬂol 12 hours,
car e.0 I tur
&re%q%gwo?rﬁ hg'lil BLE}??)EJ § ﬁﬁl{ﬁ% and J mgre arﬁe?’ ?Jbtl %lsegﬁ?m{ﬂ& ®'Fhours.
inert to the reaction and is
After completion of the reaction, a solution containing the compound of formula (VIIl)
may be worked up by a conventional method. For example, the solution may be
washed with an aqueous solution such as water or sodium chloride in order to
remove any ionic species present, filtered to remove any solid matter, or redissolved
in another suitable solvent, examples of which are given above. However, the
compound of formula (VIII) is not isolated from the solution. Rather, the solution
containing the compound of formula (VIIl) undergoes immediate reaction with

ammonia or an ammonium compound in the next step.

Step 7

In this step, the epoxide of formula (VIll) is reacted with ammonia or an ammonium
compound to produce a compound of formula (IX).

The conversion is achieved by reaction with ammonia, the precise source of which is
not especially critical. The ammonia may be gaseous ammonia or ammonia
dissolved in a solvent (such as water, methanol or ethanol). Alternatively, the
ammonia may be generated in situ by reaction of an ammonium salt (such as
ammonium chloride or ammonium acetate) with a base (examples of which are given
in Steps 2 and 6).
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K R A TR S S
(fepgand and thevsolventi sHOweeny isis Sypitalip srotreomaemperatire thithe boiling
e e ook 3R e REMENG o B S the

sol vent, preferably 100C to 400C, and nore preferably

15 ;ﬁ%’%&&fm‘% t%gsp%pﬁg gﬁ g%ﬁcﬂ&tfgagrstéu@ﬁ ag %eﬁkﬂﬁregﬂ éﬁ’earre%&ﬁs, the

actors suc ure of the reagents,
swiveshanchthe terperatng eHawenes, it isidypicadly froimt 10 minuigsi todRlhpurs,

5Oty ST ded & SRYYS; arff oA HIeter 2 SRalelt °
After conpletion of the reaction, a solution

CAMYY %r%l%gorli Qﬁhg %‘g?:%rq,qhggorg%dﬂﬂl & férMu'le{ aX) is isolated from the
20  reaction mixture by a conventional method. For example, the compound may be
extracted using an organic solvent and concentrated to remove the solvent. The
compound may be extracted into water as an acid addition salt by the addition of an
acid such as hydrochloric acid, neutralised by the addition of a base such as sodium
hydroxide, and then extracted using an organic solvent and concentrated to remove
25 the solvent. The product may further be purified by conventional methods such as

crystallisation or column chromatography.

Examples

30 The process of the present invention will now be further described with reference to
the following Examples. These Examples are intended to illustrate and not limit the

scope of the present invention.
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may be worked up by a conventional nethod. For
exanpl e, the solution nay be washed with an aqueous
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renpove any ionic species presgnt, filtered to renove

any solid matter, or redissolVed in another suitable
, Gj@gﬂ ) by [ above. However,

ﬁ%‘%%ﬂb nd o f’?o r?tf&? éﬁ}?'ﬁ{lﬁ#lsaxﬁgt isolﬁat ed from

t ba s N, Rather, the s tion cqntgkhing the
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perCtion with I a or _an anmoni npound in the

next step. St é’%ﬁgaphﬁw??lgcué rg'ﬁyest he epoxi de of fornmula

(VI th%anlpyg react ed @0 aBdthi a or dR.FARABWIGYAIYoNpound

to PfB8uce a conpound of formula (IX). The conversion

is achieved by reaction with ammoni a, the precise

SO of (E@MsRh | s—hret—espect-BION c(ED):€Q . The

amoni a may be gaseous ammoni a or ammoni a di ssolved in

a solvent (such as water, nethanol or ethanol).

Aitrermy talcohbly(1 50 h pawdered Amaylebdagsaesd6@ d), iand D-tdiisopopyl

Rl G0 Ela SRSt ATe ey SR ST 28T Rl B miurs gootes

whi-€ilh ta20Y3. VE(OIPr), (BcalL Pwasdddid. ahaethe esectioromisitgre was stirred

R R CIREERE KerTRuEh 3 hyb byt ef iR RBobane
q60a mtak.4pMy K Fdless thanios! %)nead addedidver a paded ofrgreatdr than 1 hour

SRR et fymaged < 8at fBn- 200, Bl piRTlnd BRI e

suizfurewasrstirhahfol 3 hetisath abowt r@0TG dnapihe aéactianiweas Tospizte,

PRSP o B3 0% DA o

temperature less than +20°C. The mixture was then filtered over Celite™ to give a

solution of the title compound.

Example 2. (2R,3S)-3-(2-Ethoxyphenoxy)-2-hydroxy-3-phenylpropanol

0 OEt
@Q\“\\OH . C[ NaOH, n-BugNCI
OH H,0O

(R,R) phenylglycidol

EtO

Sodium hydroxide (49.2 g), tetra n-butylammonium chloride (15.5 g), and 2-
ethoxyphenol (169.9 g) were dissolved in water (1080 mL). The solution of (2R,3R)-
2,3-epoxy-3-phenylpropanol from Example 1 was added and the mixture was heated
to about 40°C internal temperature and the methylene chloride distilled. The internal
temperature was gradually increased to 65°C as the methylene chloride was distilled
and heating continued for three hours after completion of the methylene chloride
removal. The reaction mixture was cooled to 30°C. Methyl tert-butyl ether (1.5 L) was
added and the mixture was stirred for 30 minutes. The phases were allowed to
separate and the aqueous phase was removed. The organic layer was washed with
1 M NaOH (2 x 1L), water (1L) and saturated aqueous NaCl solution (1L). The
organic solution was dried by refluxing with a Dean-Stark trap until the KF was about
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hexanes, heptanes and octanes, aromatic hydrocarbons
such as benzene, toluene and xyl enes, ethers such as

waolpomsiaszy et hane, di ethyl ether, diisopropyl epP&iEIB2005/000315

t et rahydrof uran and di oxane, and m xtures thereof. It
is preferred that the sol vent¥d s an al cohol ,

7Bt PSR (R R G LG MRSt EEGERY Btver
2980 ¥iL$ wae ldistindd frda \We/ Eitrateidndiisoociapi €200 mL) wasnaddeinAn
SR 8 it e 1G5 b D BE| T ool o e

| .

deaneiod Sva@moﬁ@diuﬁltilscrflémlt @fa$teglﬂ@fﬂ)rmSOhb\@cnyel’aluzl_%io@fhddfmarted,
reagent olvent  a t he tenperatur er I t
SSGLAez0d 1 P dec I Oie Ports e DAL ! B ShasyY as

f gtiored 36} 15 Mintis, then Godled te—201CHamdinetd pr-€202Cddd yhéurt aThé
RSB ik S SRS ', e S A SPl LE nSRPRE
biyodttaren8en iLprite washhesh refroved withal stick filtee. Methpicandutyl ether
TR B b eocd o R R o8 e e Bl g e s
bEhecsdiutinn e dobled tvabeut 282549T &ed idoculshd (400 nlgiashidded in a
t he ﬁddl tion of an acid suc

as _hydrochl ori id, o
B Foitonn oug st Smnaten be Sk e et spaied Sot o 15°C.
ity xnERas atitebdtdten s&xior aaé BBurEIdTlte/d. ThE afys@alsSvéréanished
and _concent{aé%gﬂto rem)%.e t he sol vent. The,prg&luct :
niih iseRgtans (38 AN ithah Bipd PR HHPIIHRIESHI A0 g ehthe title
agonigoyiad afHi¢ matdrianadsayatlond ehdriaheaig brgtzy. Exanpl es
The process of the present invention will now be

further described with reference to
Chiral HPLC assay:

Column: Chiracel OD-H

Mobile phase 90:10 hexanes:isopropanol
Flow 1 mL/minute

Detector 215 nm

Run time 20 minutes

Retention times
(2S,3R)-3-(2-Ethoxyphenoxy)-2-hydroxy-3-phenylpropanol 8.7 minutes
(2R,3S)-3-(2-Ethoxyphenoxy)-2-hydroxy-3-phenylpropanol 10.8 minutes

Melting point 91.9-93.4°C

[0]® (c=10) + 8.33°

'H NMR (400.13 MHz, CDCls) § 1.51 (t, J=6.6 Hz, 3H), 3.24 (dd, J=3.5 Hz, 9.5Hz,
1H), 3.33 (d, J=8Hz, 1H), 3.67 (m, 1H), 3.96 (m, 1H), 3.96 (d, J=3.5Hz, 1H), 4.12 (q,

J= 6.6 Hz, 2H), 5.28 (d, J= 3.5 Hz, 1H), 6.59-6.65 (m, 1H), 6.67-6.75 (m, 1H), 6.86-
6.94 (m, 2H), 7.26-7.41 (m, 5H).



the foll ow ng Exanpl es. These Exanples are intended to
illustrate and not limt the scope of the present

WO noosgisen. Exanpl e 1. PCT/IB2005/000315
(2R 3R) - 2, 3- Epoxy- 3- phenyl pr ?&anol Ti(O1-Pr)4, D
(-)-DPT t- BuOOH, 4A nol ecul arst eves C nnanyl CHOCI ?

b TR RO A ro i Ga 22, 86%8) | s ab g, 12072

4¥2234, 4261337 128. £2/428.760137)85.and D-di i sopropyl tartrate
(39.3 g) were stirred wth nethylene chloride (2.25 L)
and the m xture cooled to - 15 to - 200C. Ti(QPr) 4
(B&niled 3 amhd added and the reaction m xture was
stirred at - 20 to - 250C for 30 mnutes. A dry

sol ution of t-butyl hydroperoxide in isooctane (500 ni,
4.47 M KF |less than 0.1% was added over a period of
greater than_1 hour maintaining the tenperatureess
thaFﬁ 200 fter the addition was coffjl etey [t h&

tirred for 3 hours at abo "2R067 Wiek, el
on wasCsbbigiefd tTierhytpho t ¢ °
vvas ad é oWy with cooling naintaini nng)he
tenperature | ess than +200C. The mi xture was PRER
filtered over Celite(tm to give a solution of the

title conpound. Exanple 2.

(2Rt@S) - 3 t hoxyphenoxy) - 2- hydr oxy- Btophen I panol
(R ycCi odi ym hydr oxi de (4Q. etra
n- | armoni um® c%‘*%?zf?d”@ak'w 5Q), and + EtgNHCI
HO™: >
H OSi(CH3)s H3C302 OSi(CHs)a
EtO
0
2 + Ho0 —_— 2 + ((CH3)38i)20

H3CSO; H OSi(CHa)3

cat Buz(CH3)NCI

+ NaOH

H,0, toluene
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and the m xture was heated to_about 4Q00C i nternal
tenperat ure and the nethyl eneZ€hl oride distilled. The

BBt (RS T iy AR e eey PR SRS g
CDW“OWVPKbrfaoe three hours after conpletion of the

met hyl ene chl oride renoval. The reaction m xture was
cooled to 300C. Methyl tert-butyl ether (1.5 L) was

a(m-'eﬂS)a:B}cQ ethexypheboxyd-2vieyslrosdy 13- prmhylpmpaﬁcl (D00t and The
BB TE frhind B e SRR R iR R oy PR e
Naﬂ]ﬂlc(nZNas ddojed toabeut QQ‘LQ Aasrdhtmtqﬂtraheﬁdyla@hc!ﬂmﬁd%&&l? mL) in
L). Th t dried.,b o
- Bt (o v 2095s s8Rl o Rithi SinPRELFE leRE iR 15 °C. Afer
ab@;gola{tiaﬂ(wva'“\é/blbtahﬁpwt? sn% mtinutm mt rt]“freb mra@dut 18 mirglesaat fes? than
mm filter. er u er S .
161G MEtanea LT 468 iR sies Do boR keping the
VRS RIF4ta beﬂ@eéﬁj@btdnanﬁls éogllmved BY tr%ﬂ{yﬁhﬁlﬁe Y\ﬁﬁs mL), again

distilled. Isooctane (20 ) was added and
s Blaintaioing Aot tenenesatu mﬁtheen ?@taaqu1§t°§r Toe thD@u rﬁdvam stirred for
. L : i
oD PSR o PSRl P Cchat o PoiAAld WThh. 40
simll) was addedstoithe aacfmn mb&urei Phe méture s weomkd do 20-25 °C and

S BT e hasesFPE e s F0RERE 0860 Lo Bbnec
waiin &% (wi/t)raqueowscsaainen pis@tbonate. soltitien (E&Ihmiya 3 he anoews phase

. . . ' | h
we® st o pivk Bl olis iEbiB CL0S hiared (o
di ssol ve the solids. The solution was cool ed to about

oBehplka. 305, SN EPRRy sta ot iR Rt e Brabog

cooled slowy to - 150C
Sodium hydroxide (25 g), tetra-n-butylammonium chloride (1.92 g), and water (100
mL) were stirred until the solids were dissolved. The solution of (2R,3S)-3-(2-
ethoxyphenoxy)-2-mesyloxy-3-phenyl-1-hydroxypropane from Example 3 in
methylene chloride was added and the mixture was stirred at a high rate until the
reaction was complete. The phases were separated and the aqueous phase was
extracted with methylene chloride (100 mL). The combined organic phases were
washed with saturated aqueous NaCl solution (76 mL). The organic solution was
concentrated under vacuum to 60 mL. Methanol (300 mL) was added and the
solution was concentrated to 60 mL. Methanol (300 mL) was added and the mixture
distilled to a volume of 60 mL to give a solution of the title compound.

Example 5. (2S,3S)-3-(2-Ethoxyphenoxy)-2-hydroxy-3-phenylpropylamine
EtO

NH;




The slurry was stirred at - 150C for one hour and
filtered. The crystals were washed with i sooctane (300

waork)osasas24 hen dried on a nitrogen press to gi VECROE0e5/000315
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of the title conmpound. This material assayed at 97%
enanti oneric excess. Chiral HBLC assav: Col umm:
Chiracel OD-H Mbile phase 90: 10 hexanes: i sopropanol
Flow 1 nmi/mnute Detector 215 nm Run tine 20 m nutes
Refieesdlition df (282 8S)-1,2-epoxy-3-(2-ethoxyphenoxy)-3-phenylpropane from

(253 43R oRY RS IR on BRI i RPABE
(@&eIBprged (@ aBl hwasquhefiaskyenuPpby dithaymagnetie syiirar dhafiadk was
(<o RSl 6o B0l Bt ot e el b apg methytene
JetfhorfleH{340 Ait) was added. dtle pﬂneé’esﬁméﬂé seParatdt] antHhe Agdébusphase
a3 Stciopyth e chbia(2g: 150 e sPgaris ffdisos were
FHeobitrdd arfd didtilled 6da &Gmmbhl)f 456 nfl] Mettifier(@ahldride, (260 BG) was
casea otk oo pfodiS1 fychon! The crcgiyt ahath at washad il arer (375
1720), Tk aduzdus ghaskAas3ektrat 9. with, métAfed® chld@de @50 mL) and the
methylene chloride solutions were combined. Hydrochloric acid (0.5 M, 375 mL) was
added and the mixture was stirred and then allowed to settle. The phases were
separated and the organic phase was washed with water (375 mL). The aqueous
phases were combined and washed with methylene chloride (70 mL). The organic
phase was separated and discarded. Methylene chloride (220 mL) was added and
then 50 % NaOH solution was added until the pH was greater than 12. The phases
were separated and the aqueous phase was extracted with methylene chloride (100
mL). The organic phases were combined and distilled to a solid. Ethyl acetate (2 x
250 mL) was added and distilled. Ethyl acetate (116 mL) and heptane (116 mL) were
added. The mixture was heated until the solids dissolved. The solution was cooled
slowly to 20-25°C with rapid stirring. When the temperature of the slurry reached 20-
25°C, heptane (116 mL) was added and the slurry was cooled to —15°C and held at
15°C for 1 hour. The solids were filtered and dried on a nitrogen press to yield 25 g of

the title compound.
mp 98.5-99.9°C
[0]*% (c=10) + 37.04°

"H NMR (400.13 MHz, CDCl3) § 1.51 (t, J=7.1 Hz, 3H), 2.5-2.7 (m, 4H), 3.94 (m, 1H),
4.11(q, J=7.1 Hz, 2H), 4.75 (d, J=8.1Hz, 1H), 6.62-6.86 (m, 4H), 7.23-7.40 (m, 5H).

'3C NMR (100.62 MHz, CDCl3) & 14.83, 43.11, 64.21, 87.77, 112.84, 119.58, 120.82,
123.32, 127.25, 128.60, 148.06.
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Exanples 3 and 4 + (CH3)3Si Cl + Et3N + Et 3NHCI
CH3SO2Cl + Et 3N + Et 3NHCI H2O t ol ueneExanpl e 3.

W@ 2R588828- ( 2- Et hoxyphenoxy) - 2- nesyl oxy- 3- phenp¢F/1B2005/000315

hydr oxypr opane
(2R,38)-3-(2-ethoxyphenoxy)-é¥%ydroxy-3-phenylpropano
(40.00 g) and triethylamne (23.4 nlL) were dissol ved
in nmethylene chloride (400 M ) and the solution was
CIAIMS t 0 about -200C. A solution of trinethylsilyl
chloride (18.7 nmL) in CH2ClI 2 (28 nL) was added keepi ng
the internal tenperature |less than -15 0C. After the
addi t i Ameites! of prapladng a compoumdkoffoenulad Vet i rred for
about 15 minutes at |less than -15 0C. Met hanesul f onyl
chloride (13.2 nL) was ad o0 the solution, keeping
the tenperature betyeen]-20 and+rf5> 0C, followed by
triethylamne (19.5=nl againlnain ai ning a pot
betds z-20and ~~15 0C. The ni xture was
5> mnyjles after conpletion of
g additlgn% Hydrochloric acid (1ML 140.6
i Bkaction mixture. The mixture was
tirred for 12 h. The phases
br gani ¢ sol uti on was washed
with 5% (w v) aqueous sodi um bi carbonate sol ution (131
nm.). The aqueous phase Qs separated(W% give a
solution of the title conpound. Exanple 4. (2S,
3S) -1, 2- Epoxy- 3- ( 2- et hoxyphenoxy) - 3- phenyl pr opane
'$th hydroxide (25 g), tetra-n-butyl ammoni um
chl or ifignd - 898, iBdepeRBEhtlyRd OF afh H¥Yer from 1 to 5;

each of the groups R and R', which may be the same or different, is halogen;

halo-C;-Cg alkyl; hydroxy; C;-Ce alkoxy; C,4-Cg alkyl optionally substituted by one or
more substituents selected from halogen, hydroxy, C,-Cgalkoxy, NR°R® wherein R®
and R® are, independently, hydrogen or C,-C; alkyl, or -CONR°R® wherein R® and R®
are, independently, hydrogen or C4-Cg alkyl; aryl-C4-Cg alkyl wherein the aryl ring is
optionally substituted by one or more substituents selected from C,-Cg alkyl, halogen,
halo-C;-Cg alkyl, hydroxy, C,-Cgalkoxy, and NR°R® wherein R® and R® are,
independently, hydrogen or C,-C; alkyl; aryl-C,-Cg alkoxy wherein the aryl ring is
optionally substituted by one or more substituents selected from C,-Cs alkyl, halogen,
halo-C;-Cs alkyl, hydroxy, C;-Csalkoxy, and NR°R® wherein R® and R® are,
independently, hydrogen or C;-Cg alkyl; -NO»; NR°R® wherein R® and R® are,
independently, hydrogen or C-Cg alkyl, or two adjacent R groups or two adjacent R'
groups, taken together, form a -O-CH,-O- radical;

comprising:

(a) asymmetric epoxidation of a compound of formula (1):

OH



m.) were stirred until the solids were dissolved. The
sol ution of (2R 3S)-3-(2-

wetdsnyskenoxy) - 2- mesyl oxy- 3- phenyl - 1- hydr oxy ppOpEB2805/000315
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15

20

from Exanple 3 in nethyl ene choride was added and the
m xture was stirred at a high Tate until the reaction

Washef IR 8h& m didsRIARES alVee Wi Hﬁ%ﬁiﬁ&&gﬁ%@gmﬂgm gresence of

aqueous [[)hase was extracted wth net

( 2O°PEally apHe easmraund dtogrivsam pempoiasied fateuta (iished wit h
saturated aqueous NaCl solution (76 nlL). The organic
sol ution was concentrated under vacuumto 60 ni.

Met hanol (300 L) added and the sol ution was

concentr .\\\Nh\hz&ol (300 nm.) was added and
' “to a ume of 60 mL to give a

ine N ution of (2S 138)-%
, 2- epoxy- 3- ( 2- et hoxyphenoxy) - 3! henyl propane from
Exanpl e 4, nmethanol (280 m ), and concentrated

a ni. um hydr oxi de (450 re charged to a 1L
p%g%eﬂ” g\ ?%‘gwrgaﬁid&'&g ?rlgqv% iQlowrsRt i ¢ stirrer. The
f (Bskaatias of thalcethpand bEfdtrRGla (10 vAth HorhSsundhyt ERmlRLYID:

The m xture was cool ed and net hyl ene chl ori de (340
m ) was added. The phases were separated and the

aqueous Hextracted wth nmethyl ene chloride (2
X 150¢M ) e organi c phases were conbi ned and
distill ed tola vol une of 450 m . Methylene chloride
(250 piL) was|added back to the product solution. The

or gani e was washed with water (375 nlL), the
aqueous phase was M racted with nmet hyl ene chl ori de
(150 nmL) and the nethylene chloride solutions were

copbi ned. drochloric acid (0.5 375 nL) was
wﬂgreln lg ang% are as defined above, ir(1 the prg/rlsence of a b)ase;

wherein the method is carried out without isolation of the compound of formula (1.

2. A method of preparing a compound of formula (1X):

(IX)
wherein R, R', n and m are as defined above, comptrising:

(a) preparing a compound of formula (V) according to the method of claim 1;



added and the m xture was stirred and then allowed to
settle. The phases were separated and the organic

w@baseswsas washed with water (375 nmL). The aquBOLIEB2005/000315

10

15

phases were conbi ned and washed wi th net hyl ene
chl ori de (70 m.). The organi 031phase was separated and

SRR or BB 1 ol 880 T BB B it

ocemapatindtodffonmiia (Vithe phases were separated and the
aqueous phase was extracted with nmethyl ene chloride
(100 nmL). The organi c phases were conbi ned and

distilled to a solid. Et

added and distilled. Et aceflate (116 nlL) and
heptane (116 nL) were adg (Rt ure was heat ed
until the.solidspodi Ssol kg 8 sol ution was cool ed
sl ow 0C\ rapie” stirring. Wen the

t enpenkt ure df t he(SY urry reached 20- 250C, heptane
RAythe slurry was cooled to - 15C
a zmur. The solids were filtered

title conpound. np 98.5499.9C [expo (c=10) + 37.04 1H

NMR (400.13 MHz, CDCI3)o@ 1.51 (t, Jgyyl Hz, 3H),

2.5-2.7 (m 4H), 3.94 (m 1H1 4.1 1(q J=7.1 Hel

2H), 4.75 (d, J=8.1Hz, 1H), 662686(m 4H) ,

wﬁe%e.% F‘{“h gmané'Fn areACIMNBY 6801, 634 Mg s%&éctﬁh grouP:
. 83, : 21, 87.7/7, 112.84, 11 8.%

123. 32, 127. 25, 128.60, 148. 06 CLAIMS 1. A nethod of

Pics RALHOHonhE MBI &rorhRid Avithla\ulfonylating agent of formula
R’SO.X, wherein R’ is a sulfonic acid residue and X is a leaving group, to produce a

compound of formula (VI):

(V1)

wherein R, R, n and m are as defined above, P is as defined above, and R’ is a
sulfonic acid residue;

(d) removal of the silyl protecting group to produce a compound of formula (Vil):



wherein n and mare, independently, O or an integer
froml to 5; each of the groups R and Rl, which may be

wo b@sssases or different, is hal ogen; hal o- Cr C 6rai/kB2005/000315
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15

20

hydroxy; Cl-C6 al koxy; CC 6 al kyl optionally
substituted by one or nore sufistituents selected from

hal ogen, hydroxy, CC 6 al y, NR5R6 wherein R5 and
R6 are, independently, 0og or Cl1-C6 al kyl, or
e
hydrogen or Cl-C6 alXxyl;| aryl - al kyl wherein the
aryl e ptP stituted by one or nore
hed)o—S y roxy, Cl1-C6 alkoxy, and NR5R6
i )|ndependently, hydr ogen or
RO
optlonally subsfltuqid y one or nore substituents
sel ected from Cl1-C6 kyl , hal ogen, 1]al o-Cl-C6 al kyl,
are, independently, hydrogen or Cl-C6 al kyl; -NO2;
NRSR6 wherein R5 and R6 are, mdependentl(i%,f hydr ogen
ing
adj acent Rl groups, taken together, forma -0-CH 2 C>
radi cal ; conpri si asymmetric epoxidation o
defi ned above, with an oxidi sing agent in the presence
of an optically active conpound, to give a conpound of
foll owed by (b) reaction“of the cquound of formula
(I'') with a conpoundHof fornurq—r

- CONR5R6 wherein R5 '_:fmd R6 ar )gnpendently,
substl fromXl-C6 al kyl, hal ogen,

koxy wherein the aryl ring is
hydroxy, Cl-C6 al koxy, 2 NRSR6 wher®ilh RS and R6
owhereindd, R, Ryand o are agodefispd abeie, RN RO iss bove;
c(ﬁ%ﬂ@@mer@ﬁnwmﬁmﬂfoovlyxwr@%Mglm agamPALRY af fagnula (VIII)
formula (I1): wherein Rl are as defined above,

A O X

(R)n_l

0 (VIIN)

wherein R, R', n and m are as defined above; and
(f) reaction of the compound of formula (VIII) with ammonia or an ammonium
compound to give the compound of formula (IX).

3. A method according to claim 2, wherein the method is carried out without
isolation of the compounds of formulae (V), (VI), (VII) and (VIil).

4, A method according to any preceding claim, wherein R is ethoxy.
5. A method according to any preceding claim, wherein nis 1 and mis 0.
6. A method according to any preceding claim, whereinnis 1, mis 0 and R is

ethoxy at the 2-position of the phenyl ring.



wherein R and n are as defined above, in the presence
of a base; wherein the nethod is carried out w thout

w0 sasagisen of the compound of fornula (11). 2.rdr/mnosomo31s

10

15

20

25

of preparing a conpound of forpula (IX): wherein R
, n and mare as defined abd¥e, conprising: (a)

R1
et houAdteBpd ATt vl et e oBaE B saE dspa I Sep s

f amydlopefdxMde. Wi th a silylating agent to produce a

compound of formula (V): wherein R, Rl, n and mare as

defi ned above, and P is a silyl protecting group; (c)

react i ammethod hecarding tueidimod, Wierein tise ¢Xising taberat used in step (a) is
s%ftomlgati r;(%(ic?egent of formula RISO2X, wherein R is a
sUPYENTEC US4 si due and X is a I eaving group, to

produce a conpound of fornmula (VI): wherein R, Rl, n
apd m gre _as defined, ahove, P is as defined aboy an .
9 o A Beifoq e 460 F PR hother s Sfisollr S8 BiBoodsea n
s slepl(a)is ¢1)-@dsopropyftantigtet 0 pr oduce a conpound of

formula (VI1):wherein RIRL, n and m are as defi ned

above, and R is as defined above; (e) displacenent of

t he. sulAfroetiibd aycaydiog o ¢laingl ,weheteio stepqaid cafriedautrin the presence
(MLl wherein. R Rl, n and mare as defined above;
aﬂ#dt't?%')'mr'%%oc@?o%dgof the conpound of formula (VIII)

wi th anmoni a or an ammoni um conpound to give the

c ound , | X). 3. . ac '

i m Bidhed Shcbtufia o im b wrJEIIBHAE R of B 0.2

I goérathingregeht islaelded mpwderds qoéndhoanyexaesq didisicykyent present.
(VM) and (M11). 4. A nethod according to any

preceding claim wherein R is ethoxy.

12. A method according to claim 11, wherein the quenching agent is triethyl

phosphite.

13. A method according to claim 1, wherein step (b) is carried out under phase

transfer conditions.

14. A compound of formula (V):

(R)n_:

D

oP V)
wherein R, R', n and m are as defined in claim 1, and P is a silyl protecting group.

15. A compound of formula (VI):



5. A nethod according to any preceding claim wherein

nis 1and mis 0. 6. A nethod according to any
w@emesmghseg claim wherein nis 1, mis 0 and RP@BIB2005/000315

et hoxy at the 2-position of the phenyl ring.7. A

met hod according to claiml, Yherein the oxi di si ng

agent used in step (a) is hydr oper oxi de. 8. A net hod

according to claim?9, [ he oxi di si ng agent used

in step (a) is t-butyl rde. 9. A nethod
E hgﬁt i
&p

according to clainw cally active

(S _#<)-diisopropyl tartrate.

10. A neth37 accor, y g to cfaiml1l, wherein step (a) is
c@y e out ifn the Qgresence of titaniumisopropoxide.
11. A|nptho- accordil D)to claim 1, wherein fol |l ow ng

ét N, & quenching agent is added in
order to quench?anyZexcé¢ss oxi di sing agent present.

12. A net hod accordfhg o claim1l, wherein the
quenching agent is triePRyl phosphitéV)13. A nethod
according to claiml1, wherein step (b) is carried out
under phase transfer conditions. 14. A conpound of
f\whergindl, (R/) n app 8y @emseefipad inglaimd . gnd PandR @ pa dafined in
g 1l, and Pis a silyl protecting group. 15. A
conpound of formula (M):wherein R, RlL, n and mare as
defined in claim1, and P and R are as defined in
claim 2.

conpl et™*0f g



