; 91, <=>e3ei qi hhi LI np64qTgqmAD 00/ 39072 ethers that are useful as 73 psypros
anti depressants. The vention also relates to i rmedi ates useful in O
~rvor L~ fwe i mum bAn~~~~ METHOD FOR T REPARATI ON OF ARYL
ETHERS The pr esent |nvention reI nproved method for preparing
cert ai n v 90/39%972 he net hod, and t M@ﬂﬂ @Mm preparing $GTAPHIEMhedi at es.
United-States Patent 4,229, 449, i t ober 1980, discl oses conpounds
10 15 20 25 of formJIa (A) wherein i"8®RZO NR3 R4 n and nl are,

i ndependent |y, HLURI Brg each of the
groups R and R,, ﬁ@%‘@f@%@”&gﬁ %Jéagé%exn*lﬂ lgTﬁiyE(R‘éogen hal ogen;
hal o- C, - Cbal kyl ; hydroxy; C, -C~al koxy; C, -C6al kyl optionally substituted;

aryl -C, - Cbal kyl optionally substituted; aryl-C, -C6al koxy optionally
. subst i tIHIEWAL NO2; NRSR~ wherein Rs and R~ are, I ndependent |y, hydrogen or

C -C6 al kyl, or t

t oget her, form a %%&Wn&%ﬁ%% ﬁ%fgg’geﬁ% op@%%%“oﬁnal |y

- subst i taesheslthaoarearsyfin 5 arftiziepresyants. ddelinwdntivh alsgrelbps tiAtaunddiBies usdfulcin may

be identical or different, is hydrogen, C -Chalkyl optionally substituted,

Cz- Maltk%WFhOdCEU@a‘PR‘PH% orarewn@ Sle!aamswe%ﬂﬁ onal |y substituted,

C3-C, cycl oal kyl optionally substituted, or R3 and R4 with the nitrogen atom

to which they are bounded forma pentatonic or hexatom c saturated or
Rdakdrou salnlventimb s t | tuted, heter ormnocycl ic radical optionally

conia,ning, ot her e ST bR G55 R
accepta&ifgmg,ght(Aghereof The corrpounds are discl osed to possess

ant i depressant activity. rr~ i WD 00139072 PCT/ US99/ 3C748
AR AAIEI
o Ry 1RR 14K
R
R,0
N—-R,
R (A)
wherein
10 n and n1 are, independently, 1, 2 or 3;

each of the groups R and R,, which may be the same or different, is hydrogen;
halogen; halo-C,-C,alkyl; hydroxy; C,-Csalkoxy; C;-C,alkyl optionally
substituted; aryl-C,-C,alkyl optionally substituted; aryl-C,-Ccalkoxy optionally
substituted; -NO,; NR,R, wherein R, and R, are, independently, hydrogen or C,-C, alkyl, or
15 two adjacent R groups or two adjacent R, groups, taken together, form a -O-CH,-O- radical;
R, is hydrogen; C,-C,,alky] optionally substituted, or aryl-C,-C,alkyl;
each of the groups R, and R,, which may be identical or different, is
hydrogen, C,-C,alkyl optionally substituted, C,-C,alkenyl, C,-C,alkynyl,
aryl-C,-C,alkyl optionally substituted, C;-C,cycloalkyl optionally substituted,
20 orR, 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 R,, taken together, form a -CH,-CH,- radical;
25 or a pharmaceutically acceptable salt thereof.

The compounds are disclosed to possess antidepressant activity.



2'ln particular, United States Patent 4,229, 449 di scl oses the corrp,pur?_q;_:.l 1pae
2-[ a- ( 2- et hoxyphenoxy) zyl Jmorpholine: o>=t o Hga\ 0 ~1~ and ©“° " *
pharmaceutically accep |l e salts thereof, which r‘ess usef ul

ant i deprwe9eBa07pr operti es. This conpound is al so known asdietsssseisge. .5 As
illustrated in Figure 4, United States patent S, 068,433 (issued 26 Novenber
1991) and related United States patent 2, 391, 735 (i ssued 21 February 199S)
di scl ose processes and internedi ates useful for preparing single

di astereoners of chfeivuis, UhitddBtames Ratehtxn, 229,449 dibclbksNhe cérdpdyndwherei n R
is C -C- alkoxy or tri-halonethyl. These diastereoners are disclosed to be
usef ul  19[¥4d- %ﬁﬁm}&ﬂ@@)b@z}’]&ﬁﬂéﬂﬁlﬂlﬂﬁ conpounds of fornula A, including
Reboxetine. The processes disclosed in these patents and in U S. patent
4,229,449, however, are inefficie andpprgvie a | ow overall yield of .
conmpounds of formula A when carrjied prmer ci al scale. Additionally
the processes require the use ofensi ve
production tinmes. Thus, it is notecongaical to prepare conpounds of .
formula A on a 1l S commercial scale usirg|the processes disclosed in these
patents. Accordingly, there is currentw}heed for inproved processes for
preparing conpounds of forrmula (A), and for preparing internedi ates useful

for prepar] conpqunds of formyl A deal |y, the jnproved processes
ol 0 I FEmRGrDRp e oo 9t i daereafehigh Popsebs el Aptidapresoht pPBeTias
i npr OVEdThi@fc@ﬁaBEﬁi@fs%lsgrkn@%ﬁ%_é‘klebéﬂeﬁh@.s conpared to existing 20 processes.

Such inprovenents would facilitate the comrercial scale production of
conpbunds of for nulailjusjrated in-Figure 4;4fnited-States paterst SVOOIAITD(18MOF 26 November

PCT/ US99 48 3 L~ he In | gn: . As | rated.l -igure 2, the
vent 1 oboias 30¢ triatd URised St BBt SRah 7 ished 1 ABbBAY So4 T dieditbe: “H 1 "W o
(R n ~ | pideksseslarddtintetrhrédit8s hse¥ililfar prepRinesdintde dktefoonstirg bR BorApodiat benal |y
substituted traps-cinnanyl alcohol to give an internedi ate epoxi de of

formul a famug VIb:0H (R> Int la b) reacting the epoxide with an optionally
substituted phenol to give a diol of formula Ila:

ol

NH,

(Vb)

wherein R is C,-C; alkoxy or tri-halomethyl. These diastereomers are disclosed to be useful
10  intermediates for preparing compounds of formula A, including Reboxetine. The processes
disclosed in these patents and in U.S. patent 4,229,449, however, are inefficient and provide a
low overall yield of compounds of formula A when carried out on a commercial scale.
Additionally the processes require the use of expensive reagents and require significant
production times. Thus, it is not economical to prepare compounds of formula A on a
15 commercial scale using the processes disclosed in these patents.

Accordingly, there is currently a need for improved processes for preparing
compounds of formula (A), and for preparing intermediates useful for preparing compounds
of formula (A). Ideally, the improved processes should utilize inexpensive reagents, be faster
to carry out, or provide improved intermediate or overall yields compared to existing

20  processes. Such improvements would facilitate the commercial scale production of

compounds of formula (A).



OH.I > (RWi a (R-~1 HOHL OHIla c) reacting the diol witl~ a 79 W20

silylating reagent togul ve an al cohol of fornula la: HO- | , (R~hn ( Rh,
~1 HOH. OPIlla 10 erein Pis a silyl-linke adi cal ; r~.;
~~ ~. -, WOO003%72 ;WD 00/39072 PCT/ US99/ 30748 4 d) rBﬁWS?P@OMe

at cohol of fornmula Illa wth reactive derivative of a sulfonic acid to give
a conpound of fornmula Iva: _ H~ p | ~§RtW(R~, ~ RaO Hl |IVa wherein Ra is

a residue of a sulfagnic acid; e) renoving P fromthe conmpound of formula
| Va to giSWEuRghy-QfHsABYeNEeN's fornula Vai OH ~ ~ (R (R>n ~ | Ra0 H OH W Va

f) displacing the %bTLé' h‘i’ww Fe, %‘? the e o o@%'a%%}%d fgp E’%Haﬂn%’hﬁ Hp

- ~ ~ (R-hn (Rnh, reacti ng he epoxi
gi ve t he aaninpeoffoemalb VIt mul a VI | a. VI' O 00/ 39072 ~ ~ PCT/ U899130748 ' S
‘As illustrated in Figure 3, the invention also provides a nethod further

Vilat OH~HOH1 ~2 (Rt )n

conprising: h) reacting a conpound of for
H Ri)ni

n 0
wE,
HO

NH;
Vlla
comprising:
v a) oxidizing an optionally substituted trans-cinnamyl alcohol to give an
intermediate epoxide of formula Ia:
O
OH
Ry
Ia

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

formula Ila:

Ila

¢) reacting the diol with a silylating reagent to give an alcohol of formula Ila:

R

10 wherein P is a silyl-linked radical;



VI'la with a carboxylic acid of fornmula HOOCCH L or a reactive derivativev i,
t hereof, wherein L is a leaving group, to give an amde of fornula Villa: 0

H(Rn HOH N ~O(R,r' ViIlla 5 i) reacting the npound of fornul a
n

Villat I compou of formula I Xa: HO ~ (R~ i (% NH O

'xa and MOpHSeR ZOTP O 0 007 30072 PCTT US9Y/ 30748 6 ° ﬂ?é”&%@% g the

conpound of fornula I Xa to give a corres‘pondi ng conpound of the follow ng
formula: p H~, (R~ ho (Rh~ ~ ~ The invention al so provi des novel

i ntermedi ates di scl Qsed..herein (e co ds...of fornulae.lllzV apd.
I1la-Va) as well agg @CHBEIihefaé o(hp}]g{ @“E%ﬁﬁ@é‘( léh regct%eg’%@%e ge;{ %"ﬁ{%nfcon:
The fol | quidne giefd dunipdung off@mus£la: unl ess ot herw se described: halo is
fluoro, chloro, brono, or iodo. Al kyl, alkoxy, alkenyl, alkynyl, etc.
denote both straight and branched groups; b ef erence to an i ndividual
radi cal such as "propyl" enbraces onlyast He @, chain radical, a
branched chain i sonmer such as "i yNy ;g specifically referred 10
to. Aryl denotes a phenyl radexaﬂ—\'or aii jortho-fused bicyclic carbocyclic
radi cal having about nine to ten Ngaat'eNg in which at |least one ring is
aromatic. "Commercial scale" means a muf b kil ogram quantity that is
sufficient for distribution to a | arge nunber of consuners, e.g. at |east
about 10 kg, about 100 kg, or about 1000 kg of nmaterial. It will be
appreciated by those skilled in the aMa that conpounds of fornula (A) | 5
and the internedi ates described herein having a chiral center may exist in
and be i sBherewRa 1§ aggsidee pf § sWtanicai%nd racemic forms. Sonme conpounds may
O ohOLYTOr P! Wkerhbvibt PiforRin AR A 0 chibitha P PLiCE R bicbRET | O
enconpasses any racem c, Ooptically-active, polynorphic,”or stereoisoneric
formS5 ar fomxtlaVas t hereof, it being well known in the art how to prepare
optically active forns (for exanple, by resolution of the racem c form by
20 recrystallization techni ques, by synthesjpsxfromoptically-active

starting materials, by chiral synthesi# Ho Bmmat ogr aphi ¢ separati on
using a chiral stationary pha(sR()an)

RaO”:

OH

Va

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

Via

and

g) reacting the epoxide with ammonia to give the compound of formula Vila.

4

}



The, methods of the invention allow for the preparation of mxtures of ¢ ;v aan
. single diastereoners conpounds of formula A a the internediates ™ =~ =
di scl ose repn. It under stood that such m x es can rated into
t he corrgggﬁﬁﬁhﬁg enanti onmers using 25 techni ques that ar%gﬁHgaﬁ%Tﬁ t he
art. Accordingly, the invention al so prqyides for the preparation of single
enantioners of conpounds of fornmula (A) "as well as single enantioners h
~ "~ 1 W), .~ ' =~ (v_ W 00139072 ~ ~ PCT/US991.30748 7 of any of
t he i nter nedi d%éeﬂl%%%ﬂb@gﬂﬁeéc REJBYFGER é‘fsﬂ _prwgt?searrpgéoggﬁﬁ'%ﬁ%}gp%%%
stereochem stry tha) GRERSPMSouh of REmdlVaRCchem stry of Reboxeti ne.
Specific and preferred values |'isted below for radicals, substituents, and
ranges, are for illustration only; they do excl ude ot her defined val ues
-or other values 5 within defined ranges fio ®Rpghi cal s and substituents.
Specifically, nis 1. Specifical > ecitically, R is hydrogen,
hal o, trifluoronmethyl, hydrox{Rn al koxy, C, Cbal kyl, aryl-C, -Cbal kyl ,
-aryl - C, - Cbal koxy, nitro, or NRSR6™10y {fically, nis 2 and two adj acent
R groups form a net hyl enedi oxy radical . ifically R is hydrogen, halo,
trifluoronethyl, hydroxy, C, -Co6all:oxy, C, C-alkyl, aryl-C, -C-alkyl,
aryl - C, - Céal koxy, nitro, or NRS5R6. Specifically, nl is 2 and tw adj acent
R, groups form a nethyl enedi oxy radi ca¥lla 15 Specifically, RS and R6 are

each hydrogen. Specifically, RZ is hydrogen, nethyl, ethyl, phenyl, benzyl
or phenetWijh a capa¥yliq acid oi formaplaH@PCRIL Ly apgactiye deriyasiystheresfeb§Ipdt 192 ~ at
| east on N - C~al ' dy substituted, C, C4al kenyl,
Cz- C4al k?ﬁy “5%9‘5‘85‘62%5 %ﬁe%??rgﬁly Iggms'ubsti tuted, C3-C. ,cycl oal kyl
optionally 20 substituted, or R3 and R4 tog r wwth the nitrogen atomto
whi ch they are bounded are norpholino, .pHpe Ry)p b PYrrolidinyl,
N- et hyl - pi perazi nyl or N phenyl —ptpe Q y Specitically R, and R4, taken
together forma -CHI - CHz- rad'(R)a 8 i s hydrogen. Specifically,
whenever a group can be substitut®Db
can be substituted by at least 1, 2, or ¥ fadicals. A preferred group of
conmpounds are conpounds wherein nis 1 and sSR net hoxy or 2-ethoxy.
Anot her preferred group of conmpounds are congounds wherein nl is 1 and R,
VIIa

“@ne or nore" radicals, 25 the group

5 i) reacting the compound of formula VIIIa to give a compound of formula
IXa:

IXa

and



is hydrogen or halo. 30 United States patent numbers 4,229,449, 5, 068:433 /i
and 5,391, 735 provi de exanples of certain specific and preferred val ues for
the substituents and g ps described therein. It @ to be understood that
t hese spgriofsogrzand pref™red val ues are al so specitTrc a”ﬁc?h%@ﬁﬁ gg values
for the corresponding substituents and groups described herein

00139072 8 wGi ~ ~"_. PCI/US99/30748 , exanple, United States patent
nurmber 4, 229, 449 incl udes the fol |l ow ng descrlptlon for the substituents

and groups therei e
straight or br ancﬁgdéﬁ%:lﬁgl%?s{% %#ﬂ%gﬁo@#?%?tﬁge %k&?ﬁ%og{h@gps glrllég R,

i s a subdith¢ falledifg fodmult Kyl group, it is preferably C -C6 al kyl
substituted by one or nore substituents chosen from hydroxy, C, -C~ al koxy,
-NRSR6) or -C(=O) NRSR6; c) aryl is prefer % phenyl ; d) when one or nore
of the groups R3 and R4 is a substituyyel S-@ikyl group it 10 is
preferably C -C6 al kyl substituf€d yy Of hore substituents chosen from
hal ogen, hydroxy, C, -C6 al ko -C(=O NR5R6; the sane
substituents may be present on a~SubsO ed C -C z al kyl group; e)
substituted aryl-C, -Cbal kyl, aryl-C, - ¢l and aryl - C, - Cbal koxy groups
are 15 preferably aryl-C, -Cbhal kyl, aryl~C, -C4al kyl and aryl - C, - Céal koxy
groups in which the aryl group is substituted by one or nore C, -C~ al kyl,
hal ogen, hal oC, - Cb’ﬁlhddywentfqnoklmgrpviegsml kmermedtmiesrdim&:cdlfe)ein(sgbsti_t ut ed

cust 11 e pns fEPHRpS foad TRLRACR sy PRont Rsder alhoie - Go. ol ey

hydr oxy, C, -Cbal koxy and -NRSRG g) a C,-Cbal kyl group is preferably
met hyl, ethyl or isopropyl; h) a C -C zalkyl group is preferably nethyl,
et hyp, iBetgdepDescoptiontyl; 1) a C- C4 al kenyl group is preferably vinyl or

2 o ! B R bR ek BBl s i e

trifl UOfﬂfr@thﬂomokbr Rd6. ATkdl KRyyy, aneupl, alkyRyleter adlote PEthREAIhOEndt hoxy, 1)
an aryl -C, -Cbal kyl or aréI-C C4al kyl group is preferably benzyl or

phenet hyPrandgdgroups; btyelerenceto ay wdivdyp Edpeal suqyast premyl ernéﬁlfyq only they) i n
- NRSR6 l; N c3
d stﬂﬁ%‘ﬂ Qhalﬁ?ad”}m fﬁ&?&:@?ﬁ%ﬁ iYor:Such QQQF&H‘Q?{'}I bégug@b% 'T'}{ %’ffr%d

alkyl; in ticular I sopr opy cyc group

is pﬁef emaMxyl dqml&sprpheyyl radigel cnmarmyb fuseddycjruﬁaaayﬁccychq radjcal having abou% w0

Sﬁ: gﬁoz ﬁ chc/} g%%gn{g% (5#58 W cawpleeast one rmg is aromatxch' éor}r?mg}cga{l()s a Q“ %;[egnng g °

multi-kilogram quantity that is sufficient for distribution to a large number of consumers, e.g.
at least about 10 kg, about 100 kg, or about 1000 kg of material.

It will be appreciated by those skilled in the art that compounds of formula (A)

15 and the intermediates described herein having a chiral center may exist in and be isolated in
optically active and racemic forms. Some compounds may exhibit polymorphism. It is to be
understood that the present invention encompasses any racemic, optically-active,
polymorphic, or stereoisomeric form, or mixtures thereof, it being well known in the art how
to prepare optically active forms (for example, by resolution of the racemic form by

20 recrystallization techniques, by synthesis from optically-active starting materials, by chiral
synthesis, or by chromatographic separation using a chiral stationary phase).

The methods of the invention allow for the preparation of mixtures of single
diastereomers of compounds of formula A and the intermediates disclosed herein. It is
understood that such mixtures can be separated into the corresponding enantiomers using

25  techniques that are known in the art. Accordingly, the invention also provides for the

preparation of single enantiomers of compounds of formula (A) as well as single enantiomers



substituted heterononocyclic radical, the substituents are preferablytG, " "5

. Gbal kyl or aryl, in pgaticular nmethyl or phenyl; ef erred het erononocyclic
radi cal s_are norphol iY@, piperidino, Npyrrolidi , N-net hyl - gi Eerazi nyl
and 5 N-PRMGPYRi perazinyl; and q) when two adj scent R JIFNM¥3PBwo adj

scent R groups formthe -OCHz-O radigal, this is preferably a
3, 4-met’hyl endi oxy radical; United States patent nunber 4,229, 449 al so

di scl oses .t hat . conpounds of formyl A) .can.be_adm ni stered,as a

ohar mmcedf FOLPT o RGBT ruspds SstiHederir SR S R IO R Ani ¢ aci ds,
for exanpieeefAyehRy 'tl‘th'cGrré’sﬁbﬁ’ds B QREQTemi RS SERBBYeti. Phuri ¢ acid; and
including salts wiith organic acids, for exanple, citric acid, tartaric

aci d, met hane sul f dipecifiaendiprefamredniabreabitdd betawi for radiad]s, subystityentsaendl and
-mandelic acid. Preferred salts,are disclpsed.to.b cid salt e.d. the
yar ocht oRtseszt frofiaERE AU ShPY v PeoGeRe el st triomet il e
a1 ours - A déRSANgh Al i AgicaRlhadSbmiucite nvention that yield a -
-conmpound of forrmula 15 (A) nay al so optionally further conprise preparing a

salt of the conpouripecificaly, mi$ & (A). Pharl aceutically acceptable salts may
be obt ai ned using %nigarf 1 oc dures well known in the art. The
epoxi dation of an f lﬁ%}}i’g &ubstituted trans-cinnanic al cohol of fornul

ar ~ OH CR-)nt ~ | SHecilfiealy), Reis APdRpaX hdl, Bififopsritthl, hideay, CQTYARENT|Y be
carried out using a suitable epoxidizing agent, for exanple, vanadic

anhydr i décalal apdradesnliyb roti@Cakarnnaiun@dBRfacet onate) z and tent-butyl
hydr gper oxi de, or %p%girﬁ%ﬁé/, @94 gaﬁajﬁp% 2‘5?%% ?f%é‘%lsqo 'aqneth&leg?di%)glnrggicglr.

m chl or oper benzoi c, “peraceti ¢ aci d, aceti c acl
di - per oxy-pht hal i ¢ SpecidicalihR, iségdiodgem haby) tibuarameihgt] hgdtoxyn CoHGialkonyt, & e

sol vent q onbi ign _of saqlvents, for exa in a 25 hydrocarbon, a

hal ogenatéaﬁ(ﬁggf)aaF@@Hﬂyﬁ’éwlT%e(gaalk@?‘y’m‘ﬁﬂrﬂ%gﬁkg‘%her, a carboxylic acid, or
ter. Specifi [ t t hyl

an ester. Specific GALMRANS ni RED Hﬁfnp&‘%%ﬁt %3 Qgﬂﬁ@&rﬁi{hgf &elioxB NY! €NE

chloride, diethyl ether, dioxane, acet acl cét ate.
Pr ef er ablrgditdle reaction is carried out in nethylene chloride or ethyl

acetate. Mire prefggabl f;]ntl{;etgﬁl‘sene Chl’loéi de. The reaction can be carried
out any suitabl Heglr%é Y%RaPB9 Re 876 PRR Y88 ng point to the refl ux
tenperature of  ~ Specifical¥) RO 398rogen, ReFhiISABY B ORAR/1 WknbhEor MRAEhEN

m xture. Preferably the reaction is carried out at a tenperature in the
range of about 0 C IRscHisally, cach of R\andR i bydiogen.y at a tenperature in the

f about 5 C ' i : :
ol'Sted United o atrbcligly, of Rafont M, ail RASEE AR{IEota M Butchal
for nul a |G alkenylh€, -, alkymyd cary F OpClallap optiomaiynsubstithedh0)-Cusjichuplley] wptidwddlye
por 03§ b ot w105 SR Pobe niRaEs0 e in BhisDneycHs Db H et o,
mono- or JhpReliR pRktriagd, N-pﬁfolﬂfri[)?,;ly mhéthy LHPERRAGT dr N phESY1-fibertXiayP! € 1,

these patents specifically exenp t he prieparation of an epoxi de” of
fornula I'b by the oSpetifidayRgfind Rapakenitogethérdorh e 06Hl,-CHl# madiCal; and R, is
m chl or operbenzoi ¢ aci d. The oxidation of traps-cinnam c alcohol with
m chl orog@'rdﬁ oic acid was also reported by P. Mel loni et al.

Tetrahedron, 1985, ddacifitlly,Awheh89&-algd88p cait B &uBsOREIdIRN e or Medre" +agicals,
expensive to use on a comercial scale. Thus, a different epoxidation

reagéht vibagEOUpecapbefsubstiseted by at laast d oA 3ctiadicalscal e production of a
compound of 1 or mul a,( ) 54yl £ o iR e S BB VAR 361 G 22OV
methoxy or 2-ethoxy.
Another preferred group of compounds are compounds whereinnl is 1 and R,
1s hydrogen or halo.
30 United States patent numbers 4,229,449, 5,068,433 and 5,391,735 provide
examples of certain specific and preferred values for the substituents and groups described

therein. It is to be understood that these specific and preferred values are also specific and

preferred values for the corresponding substituents and groups described herein. For



GG L s
1 S reagent can be used to prepare epoxide Ib on a conmmercial scale.

However, the preparati ogaOf rr~ono-peroxy-phthalic id fromphthalic
" anhydride and hydrogen ‘r oxide is time consum ng. ditionally, the

epoxi dat‘Y‘BH"’?S’@'é’gti on Wi th nono- peroxy-phthalic acid gener BEEESHHHSge .
anount of solid phthalic acid by-product that nust be filtered fromthe
product m xture. This filtration step i tinme consum ng and generates a
| arge anount of aqueous and 20 solid wastes. Thus, mchl oroperbenzoic acid
and nonoS¥Es i tedriateepatentdiuarter A2 9448 anglydesithe Edloming dessripbemr dheal

scal e epQxi ] f_traps-cinnamc alcohol. It has been discovered that
t he epox? gﬁﬁltg}rl]tgngglmﬁ]lﬁgﬁ%ﬂr&& cohol can conveniently be car-Tied out on a

commerci al Iy acal ealk§l, akeRsl; alk§hy CariicdlkoxyR@oassahby bésiral ghsor eahek pensi ve
and, as a liquid, is easier to handle on a |arge scal e than

m chl or oper benzoi ccBa@nsici d, which is a solid. Additionally, the use of
peragetic acig red [ ' r | ide , -

el i mgnati ng tﬁ)e negﬁg 8£%§re%8¥£§°%%g%®gg<§{dp%ﬁgﬁpéaggﬁgﬁp@ra&@ 1C a}:ti d
al so substanti al | yigmefeesdy Che, anoysibsiiftutad b oné onmdreaibsttuens choga fivnat ed
by the epoxidation reaction conpared to the_ reaction with

nono- per oxy- pht hal PRAREY.dCi-Cs alkaxy.yNRBi 0 @EFONBB: PCT/ US99/ 30748 11
formula la: Aggordingl ' jon provides a nmethod for preparing an
epoxi de of O E)(a-l (W}%’prgge%rl*g}{n l’oxi di zing a correspondi ng optionally
substituted tdpps- eihenant or moeobidthe \préupsRgraad &, iica aubstitutéh € €pakiytigrobpii s

hi ghly sensitive to degonposition hy strong acids. Co rcial peracetic
acidYs stabili zed‘WrFf?rgﬁY f%mqa@llé)éiSH‘?S%EtégPMPﬁ@P%mF%%“ Brusatsiengsey diopn
shoul d be treated w i fable. e. Lam agsi acet at e)
prior to use; or t elto %ﬁg’??%éﬁ]@éghcg%ﬁ@ggi é‘g‘?ﬁ-%gee?ﬁ in’q%h%\%g%gesence of a

sui tabl e sol i d baseulfstitupntssmaly bepresemainassi um car bonate). Preferably, the
reaction is carried out on_a _¢o cial scale. Preferably, the reaction is
carried out in net ﬁg‘;‘?%ﬁ&@ﬁr&ﬁi gg?gﬂ&“ﬁ’t a tenperature bel ow about 10 30 C.
The reaction ef anseReMitE®asi-d At AKyR drfl-®i-Chhef aaaltabqr@,l-tyam@sgtrwsta@d

y

phenol to give a diol of fornul'a 1la can conveni ent be carned out using a

sui tldbl e base, for pestemblyearylagirégalkyk enilin@alkyberd eyl Hykexy g@upsadi um
hydri de, or potassi ride. The r i C i tyJ )
sui t abl e sol vent or“mg%ﬂr%’lgr?bﬂi%%uggg sggg\?}é{ne s%y grol?%?gggr%daé&i %dlgkeﬁpﬂalo
hydrocarbon, a hal @etalket] lydebx9¢ @ ialkory avd INR&[ or branched et her, such
as benzene, tqluene, tetrahydrofuran, nethylene chloride, diet héb”bet her, or

di oxane. The fkact itcHbeHnelCscarchelaalit swuping Cobiexairatkyleswpaitaied vy opf Bin
the freezing point e Lhiid Bl NG Rbsth%dh ¢ RENGAHAK A U0
rred ou ure 1 n

Preferably the reaction Is car at a tenperat e range ‘of
aboutu 0 C to about all§0, Igdrdwy, €, fCelfkexglahg -8R R;t enperature in the range of

20 about 20 C to about .5 ._Preferabl the reaction can he carried out
under phase t rgémsf &8‘690‘?@?@%91‘5’ ’lﬁﬁr%r%’l%ﬁ’ieﬁ‘é’iﬂeg’)él‘?éésé’pf?@' sfer catal yst
(e.g. tributylynet hyt aoTamyHaoatliopteddhbméthi L ehyRigpropyirapgie 2. P.
Mel oni et al .hl)Tet r ahedr ongy ?98?, _51, nosr 7, %393%3% i'scl oggs t he
i sol ation of thhe cavfppGnaiketyligseupisepreferably gumyborallylpy Cs-&oplymdigrounaisi on
fromisopropyl ether, .
preferably propargyl;
25 i) a halo-C,-C alkyl group is preferably trihalo-C,-C alkyl, in particular
trifluoromethyl;
k) a C,-Calkoxy group is preferably methoxy or ethoxy;
1) an aryl-C,-C,alkyl or aryl-C,-C,alky! group is preferably benzyl or
phenethyl;
30 m) an aryl-C,-C, alkoxy group is preferably benzyloxy;
n) in a -NR,R, group, R, and R, preferably are, independently, hydrogen or C,-C,
alkyl; in particular methyl, ethyl or isopropyl;
0) a C,-C,cycloalkyl group is preferably cyclopropyl, cyclopentyl or cyclohexyl;

3 Ve e
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25 |t has been discovered that the conpound of fornmula Il can conveniently: s

.be isolated by recrystallization fromnethyl tert-butylether (MIBE). NTTBE
is |l ess expensive and | ess prone to the forma n of expl osive peroxides
t han i solwg poh3egizher . us, the conpound of formul@ |l canppirisyARly be
isolated by recrystallization from MIBE. ..err WO 001 39072 PCT/ US99/ 30748
12 The protection of the primary hydroxy group in a diol of formula Ila to
form a nono-protected conpound of formula Illa wherein Pis a silyl-linked
protecting gragyp p%héaqza%afmr WRA tﬂhsdiﬂggéﬂbfo&%t\ﬂ@ékﬁth%y lyd @ldeddrokaagent
(e.g. tert-butyldinethylsilyl” chloride, trinmethylsilyl” chloride,
t ert - but yl di phenyl siubstituteth heteiogenotydlistragicalj thelsubstiteentsiare preferabbypCopyl si | yl
chl ori de, hexanet hy d's'lazape Wi t.h.or 'tpout tr

1R8] ol N

i methyl si Lyl chl ori.de,
triphenyl silyl chl oret)or PHgm ‘He"h(?a?’#ggetée%?iﬂ‘?tgf°é{‘r%§‘°§{?:“€2bl o

sol vent or conbi natﬂa@i@al@faresr%rgﬁéﬁrﬁ), piRHdReaNPhBTOldinyg, Ikl}’rﬂétﬂ?ﬁﬁﬂ?@ﬁzin?r\and
ester, a hal ogenated hydrocarbon, or a linear or branched ether, such as
.benzehe, toluene, JNipbenlpiperazmstiiandene chl ori de, diethyl ether,
tetrahydrofuran, ethyl acetate r _dioxane. [The action.can.be carried out
at any suitabl® 10 Y%%@Paﬁd{ﬁcgmtlﬁgﬁougf Po oq‘dé?cef‘Lg' EouRR fSTLS ot ect i on of

the primry al CQh0|-OJ_EEIY-G—h@di&zﬁp@fﬂ@?ﬁf@hﬁ@@i,4-rﬂétﬁy1ieﬂ&i6x baiiégnperature is
above the freezing p0|n€ of the reaction mxture. Preferably the reaction

is carried out at a tenperature below -5 C. Mre preferably, the reaction
is carried out at %{uﬁ?é@%"tﬁn%& g&&&g&%‘@{ 21,12?9,94?%1513%1&%@&%@1& %(g&ﬁnds of
preferably, the reaCtion Is tarned out at a tenperature 1n ? range of
about - |fomul@ (AYcabbeiddminfsterdd as@ prearmacettisallyt adekptablelsyltgytinglgding agesnyish and
reaction conditions are kn?mn in the art, for exanplg see (3 eene,. T.Y¥;

> o199,

Wit z,+Op. dnpisarisagidsclor pepmple byfrosons g iy deghrprag pdd, and syiphuggacidyan

New Yor Kk, ; " : 1S, c i i (ol i . .St at es
et ent s Sroaahe it oRRRR gl for Starplel IS, chilrld 4. ndlnardWilsBfhc 2L ©
est eri f i eatid, dupaneadd,costppoacit] nefei acidiahd mantkli@4cidh Bredénnedialtis aret discloseditdue
of a carboxylic.acid. Unfortynately, praqtectiqn of the i mary .al cohol of
Che di ol , S AfifbTelERE bR By Soehentest or Rsthans suilei agideat formsn Svithelie agne,

| ow sel ecgroup tNRJMPfAdtéﬁﬁd%%@lﬁfthé AetIRAL BF thtintdhtioh TRANHAE ¥ cBhipBlifd of ormhimo

forned. Formation of the nmono p-nitrobenaocate at theé secondauy al cohol
resullfs i)anay lexeptiinglly furthsncompriseepropasing afaltrafgheeampowstd dfdemuila (4)-b.
Formati on / - . L Vi I .
yields {nErtTeh SR e SARHARTbF aBhire R E RO B R w AL in
cont am nathe atth t he am ne product. Additionally, formation of the bis

p- ni trobenzoate cauges a reduced yield of the amne of fornula Vlb, and
gives the bis p-nit fBbeRexitatian gEan optinhallyisnbstituted mape-cingaue pleghel®f. Due to
the presepgguff these unwanted contaminants, there is a need for extensive
purification of the am ne product, which is tinme consuning and causes an
addi tional 30 reduction in yield. Thu t ha processes described inin U S
Patents 5,068,433 and 5,391,73§G€%§ dealy s@h ed for comercial scale
production of the amine of formil'@Mka. At has unexpectedly been found that
the primary alcohol in the diol of fornmula Ilb can be selectively protected
in high yield using a silyl protecting group. In WO 00139072 ~ o

PCT/ 4899/ Bogi4ean gpgyade ¢fcformaula 1a eanreonvpeiently g@: paITied qut wiieg psuikebls cpaxedinoE

b lectivel d_wit.h i met hyl silyl . i i 1\h
e et hyl S5 E megt o B pi apad and hiFaet Shiokide B BEH of0oliba
Wi th the pfd iéﬁtﬂb(utxlshyd&&ﬁr&@@é? of @ p¥roxly Gefdcduch ad gerbenidi€ acls e ofpefbRhPEE] ON

of the bis-trinethylsilyl ether. As a result the yield of amne VIIb
obt ai ned peremttcmlcgp% worgdcetip acidpy aranioo AT fsperpyyriphthalinarid. iTherescsien caver

e PSRRI R DR RS 3

nor e 25eadhydroaardon, atatogennndd h?dxﬁéﬁib@ﬁ, 4 ndaabib@nehedethe! 9 earboRyiR: acid, e an
trimethylsilyl chloride is a |liquid andp-nitrobenzoyl chloride is a solid.

- There is Estet | Ipepificsolvenisanglude hangeng teluens, chiprefonn, methyleae chlandeodiedyl | | b
with 10 trjneth il .chl.or | [ h i [ v ed
ext ensi velcgqu’éirlg’{aﬁé’ %étr“f g/cé@ia?g? |th Ia%#{ﬁtg] %Sgﬁf%%a)éi’y tg’??érgé?ﬂo{j‘?s :garlfg §(§§Pt§/i§ i cal
appl i cat i efeghylbgs éhlérde drieis dedate € Midre prefealhisinshéttiglesé bilogide OThe reaction can
Consi derabl e sel ectivity has been seen for reactions of secondary al cohols
i n di ff er bACaEiedioubatanysyitiHeempestprediera dhefroczing pojat wahe refluxismperagure of
Lei bigs Ann. Chem, 1974, 1864-1871 and E.W Yankee et al., J. Ani. Chem
Soc., 1974, 5865). However, 15 relative rate information for the reactions
of primary and secondary al cohols is unavailable, and the literature is
devoi d of exanples of the selective protection of a primary al cohol wth

o o - p—




silyl protecting group (preferably trinethylsilyl chloride) at a | ow
" tenperature. It has al ‘25 been det erm ned t hat t”m’ gration of the silyl
eWrevented by 1 ) nmaintaini

8][ O1E g?%{‘{agm%?%pafag Pow tenperature throughout the ng\e/g?g%ﬁﬁéoﬁg%cgn’pound :

compound of fornula Ila to a conpound of,formula Va and 2) by carrying out
t he requi red sequence of reactions over a short period of tinme (e.g. |ess

hoar 5. PreERE e Eh PREEMENTR ab e 88 SR RRBl i BlnaR B 2
acconpl i ghad 0bY ©aiboi $®°CUMArE %r@f@ﬁksgrzﬁ h @¢nS¥ratufeinth@ran@t of gt 2Citba to

t he conpound of fornula Illa, IV a and V a in one reactor, wthout
i sol ati ngbawdSi HE-ernedi ates of fornula Illa, |Va. ,1C-',.1 nUti VW

Lo propare a compoluobs gy o (asas g fieh Ll Sl 3o Brdty) To°
wher gi N Jisti®séithal dryépdxidestiofmala dBan BOpReparsd ROnT #akd-tinFarBicdl@hobdsifgds mul a
lfa: OH~, (RR )m/ (R~~1 HOHOCHIla 5 wth a suitable silylating

r eagent . SPtableepadizing agents fof instanastveprdic pyhydgide apd hydregempergkidg gtaipgepxy

ncerate 4 bRy Pincboromgbid danblebeeh e ML inpllf SBRPEBRE L 1112

with ar Fn&hiiag %\j\ﬁerfoixy&ﬁﬂu@r_o@éetﬁ abid. 15t Bt | ohese patértls specificiBy exedgplifpund
of formula |IVa ereln Ra is the residue of a sulfonic acid can be carried

out at uSherjepargtionpfianmpexiggiof dormue by the egidation phfrapscsimprmic acohgl wihi ¢
R ; ot ; AN < _ |
ahi 4P de* RiareBaRBRHIE LR The SH1d8Bh i PGSR ARpcPufn PebBIgiERGRIL oY

trifl uor ecidtvaglatsol reparydd hP dvieler)i.et Al. ferbiedrod 108844, we. Td3P3dBPY.e of a
sulfonic acid is net thglz%sul Lonzyl é:%héori de. . The reaction can convenjently be
carried out in the” ARG OGFZOLF ISERPEnshEda use o 2 commaareig] scalg; Jdug2

pyr | di nekiffeHif ep8aahi Ailre@éh WOUIEDE biiferRilfof the Bt faPitaf: 17BUIHBH o2l

conbi nati on of Solvents, Tor exanple, in a hydrocarbon, a hal ogenated

hydr ocar bompound afrfgemile (A3t Studiesrwith mone-geroxy-phtkalicteit kvieehows thahthas

benzgne, _t ol uene, tetrahydrof uran t hyl ene chl.oride,, et hyl .acet at

di eyl SEARET can be Jstd (b prepsse Ep@Htnfon § RAMMELEAR! o HONEYF, BiF TERERIPTet ny
acet at e. of HRnbPREIFYOPhtRAR R HBHT pHREAIRUNh Fdri A BhdIB/IPSIAlpefXidie Vighe! hEe
freezing point of the reaction mxture. Preferably the reaction is carried

out at acPewpERZt Hdditivarkyy theepoxidasion reactipe vath mone-peroxyphthalia agid gengratesd
out at a,t -1 - r he
reaction ailgggglﬁqg{éﬁ{%fugtgﬂgg) ngag] g r?ggﬁ%'fﬁr?’g‘%yrt\h%ﬁ%u% 8%%2‘%’59 igc{)ng Elfe%%@xc to
about - 2mifturex Ties fidtwaticabstep isamd corsuning andtgeneratds ad amyel dheint o agjueowsrad

reactjon conditio are own iin the art, for vV a 00/ 39072 15
paf?tﬂsggf% WASIES: a S M RRIOTRBFTOFNRRIF eﬂdﬂa@mwe@%nhv&%%‘? grenps 1degily ¢ h
addi ti on.g,lQPRy tﬂ\éeeﬁn}éﬁéﬁeim%@ii@ﬁ%x&liga}ﬁ o?(?ﬂzl%s-clhﬂ)%mic AedndS6- The renoval of

the silyl group P froma conpo ornmula I'Va to give an al cohol of
formul a Va can be dahas mnaliscousted ghaithe epokidabom of cinabmst slcdlml caxanpl e, an
acid 5 (e uoride ion sowce ge..%. tetrabut.xl im’mql um, .

le usmg . Peracetic acid is

1 uorid e)cpgwge%lé{&%[qa%ﬁg ayt oga commercially scale u peracetic aci

less expensive and, as a liquid, is easier to handle on a large scale than m-chloroperbenzoic

-

25  acid, which is a solid. Additionally, the use of peracetic acid reduces the time required for
preparing epoxide Ib, by eliminating the need to prepare mono-peroxy-phthalic acid;
peracetic acid also substantially reduces the amount of aqueous and solid waste generated by

the epoxidation reaction compared to the reaction with mono-peroxy-phthalic acid.

A

The sel ective protection of the prinary al cohol can be acconplished usifng a -



carried out in any suitable solvent or conbination of solvents, for G 7

_exanple, in a hydrocarQon, a hal ogenated hydrocarbon, an organic ester or a
| i near or br-anched et , such as benzene, tolue chl orof orm net hyl ene
chl ori de, wetdopbo7acet at e, di et hyl ether, tetrahydroluran, ofchiisHIa0mRS
Preferably, the reaction is carned out in ethyl acetate. The reaction can
be carri.ed 10 out at any tenperature aboué the freezing point of the
reaction m xture. Preferably the reaction is carned out at a tenperature in
the range from aboutAcot®@ng)y, tleatNentiO pfoviddaraenghed ir pbdprring Meepoxidriofon i s
carried out at a tenperature in the range from about -58 C to about 50 C
Most pr ef efogpilp lait he reaction is carried out at a tenperature in the range
of about -25 Cto about 25 C. 15 The reaction of an al cohol of formula Va
Jo give an epoxide of fornula Vla can be c q‘ ed out in the presence of any
sui t abl e base, for exanple, an al kali -‘~ o¥ anodl kal i ne-earth net al

hydr oxi de |ike sodi um or potassi R i de. The reaction can be carried
out in any suitable solvent or combi naton of solvents, for exanple, in a
hydrocarbon, a hal ogenated hydrocarbon, of, a |inear or branched ether, such
as benzene, toluene, 20 chloroform nethylene chloride, diethyl ether,

t et r ahydr ofomtpaisingosxidizingenenrreBp@idargadptipnalin subseated mansi-cnmaartio eldolaltwitinder
phase transfer ,congi tTI ons in a mxture of toluyene and water in the presence
of a suit abArEFeHRase- tihgsRpEAe tnishighly sqnsitye 19 ARGAmMRASHONIRY|STARAAHHIM

chl ori ge) . coiefAGle e 8lld RespBlibd PR WkIRc ARY. hEIRBIBHUIE pRRRYG idie
freezing polnt and 'below the reflux tenperature of the reaction m xture.

Pr ef er abl yshohl restagattédowith 8 soimabie babedei. sotdivan beppressitruacetata) pBbr tohsey enthe

from about_-78C to about 10Q C. More preferabl he reaction is.earned out
ata § enpel R FOPRR g T P BREnSa) et abieelif B (O RiuEs of

pref er abl ypothRRink EA6bLAE). IFeferdbly, Bk Ritichlis Barki@ARET &t AESninercidiScdl@nge of
about | S Cto about 30 C. As illustrated in Figure 4, United States
patents 5, DEfrads, thaseastignis cagiediu & wethylengchlorisiermpd ahalteotperasirabple™ agput an
be cowertg@loéo an epoxide of formula Vb by 30 treatnent with a suitable
base in an” aqueous organi c solvent such as, e.g., dioxane or

di met hyl f or mam de ( s@he esaktidMofan d¢poRiie of Jornhlawik anpheorhally Rebstitutpd phtnol
Melioni et al.. Te_tra? dron,_1985, 41, no._ 7, 1393-1399 al so disclgse the
conver si onodH V&2 819 of frmuliolip yhepnveniently be cariedppigsingonsmtaple bRESY ET30748 16
of formul a J nr?ﬂ:%. : :y@.mevm'th
sodi um hyd?ﬂgﬁé%%q%%sgggﬁ?s sjeeéégglge 138%%?’0{?\}"11&% ?:gérﬁe}elgr l(;)glﬁ%sts%ﬁ@g l'arge
scal e (apr bke reactadnycabdie degied otiis amesuitablersohwnsbowenibidgionadiselyentsrfdr r enoval

of the.dioxane.is difficul.t dug to i hi.gh hoiling..point, an igh 5

freez ﬁ Ag poTaRiPI AR 2 fy depcasbonyy, E@Pg?qq&%d}yg? 1 CIa}q’zftni’ 8’?19 Bg?‘?r P’é‘@ﬁﬁ‘f’&?g Sﬁber’osl"crl’ &b
days, and béigege, tdluand, tétahl Bk, 16hé EhibFi8E ZRethi iR, GHUeWan UThélthattiéh
the distillation, causing danage to the condensers. In addition, dioxane is

a car ci noge bakarried ewhat any sujtable iemperaiuad fiom thedtaeeing point b the reflwswn i n
Ex le 6 el | | 1 I ; f Vi
Seame bt i b A0 A0 SICALR B SETIEARS: Kkl

and wat er thedengepdfabeut ® 4036 abowrd0di®C. Visre piferatdvatl 4 Rhpefurbén tharangecbfout
on a Igr ge scahg in ?ﬂ%out 45 mnutes, and the toluene can be readi
f

ly b
r enov r BPRW oﬁ:r ORbOR 38 X Cur Eretsgabbp drswsRSLon (98 besariadioghundes p ‘%FééragSfer
met hod for cpHARGHS fithePa CAEBRISHAsOfrardspdr Bty VI &s. thibRtyimdthylat Rk Riotidk) 49

illustrated in Example 2.
P. Melloni et al. Tetrahedron, 1985, 41, no. 7, 1393-1399 discloses the

isolation of the compound of formula II (Figure 1) by recrystallization from isopropy! ether.
25 It has been discovered that the compound of formula II can conveniently be isolated by

recrystallization from methyl zerz-butylether (MTBE). MTBE is less expensive and is less

prone to the formation of explosive peroxides than isobutyl ether. Thus, the compound of

formula II can preferably be isolated by recrystallization from MTBE.

)
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Vla wherein R, R, n and nl have any of the val ues defined herein; R
_conprising treating a 15 correspondi ng conpound of formula Va: OH 1 / (Rt
)111 (R)n / .Ra0 H Va wh in Ra is the residue of | fonic acid, with a-
sui t abl e Wwagagsogrder ph transfer conditions. Pref™rabl agtion is
carried out at a tenperature in the range of about 0 C to*ct')ll/‘&%g&ﬁe%refl ux
tenperature of the reaction mxture. Mg preferably, the reaction is
carried out at a terrperature in the range of about 15 C to about 35 C. 20
The reaction of an
formula Vlila can beﬁgegégro H&( {t%g}hﬁ@/ﬁ?drw I%T arbn&o}sgflt[%g)éﬁlgqgan{%?ﬁﬁg

source, fabnepeiEli@d compdund of fdrmmla [I¥a whetein P i8 alsﬂyl.-hnltdd proteciifip QFPIAR De
PCT/ US99/ 30748 17 aqueous ammmpni a or amoni um hydr oxi de. The reaction can

be carri eRETEwmed ysing gny siitakin silylagng ssageri (e Goteri-Priyidyme by slyl cdande, f or
| .
XErPLe, GrRRRILRRRe 2 A% OIRRALSARY IRAL Ran B ELIBAL LeisBbsplRlL !

chl or 5de, ciilogde) hkx idiyldisiiziahandth or efithatnodimetisdsityd phlopide, ok toiphereylsilyl
tetrahydrofuran 5 or dinmethylformam de. Preferably, the reaction,i

carried otlonide)ndihe é??&P%%%"er ARSI AR AROTRP eSO sk er mﬁatm%ﬁﬁoi‘@ntsas
descrlbed e n t ure
at or bel odvrv%%( Eﬁﬁrggllfn?‘u}@d{ %gr%goeo Elafgrﬁ%sléé}o? ﬁg]E%‘Qi(rateegli2{)}(i (})cﬁcqﬁ%%f ﬁfﬁe i e% €/& t he
reacti on ethe audh asdenzene abluang, cemwnfatmrmeuhylehbehlloadg,edlémghethhout -50 Cto
about 100 C e preferably, the reagtion js carried.out at a te rature
in ;J he ra’r?&@h?‘i}/bﬁ"n gﬁg&y?@ee@t%/@rg%%e a’ghalsrﬁaqt;{onmglbeigpg*eéf%%anx ?ﬂénB act :Jon
i's Celbnedteﬁbgerﬁﬁre%ét%mﬁ %r%@sél&tx%‘@rdt@éf'ﬁﬁ o?theaﬁ%iry?ﬁc&oq Qvéi'tiﬁb'tsco%gdé;y
The reaction of an amne of formula la to give a correspondi ng am de oOf
formul a Vilcokolcpnovided tertemperaturgs abave thedreezing woirt of theagattionaniiéwrevat i ve of
a car box rein tabl e I Vi
o oan. S PR e SR SR 2acHRERITT helpkeSart MaRPretsaiial i des
(e.g. brofmctieis@afiedVut hOHRMpefattirt BB 261°€) 6t Hefovd -154° COM&?PﬁdﬁfaEI}b{h@(y,

met hyl sul f onyl oxy, trifl uororret hyl sul f onyl oxy, (C~C~,)al kyl su | oxy, or
phenyl sul tesaiiomisycarmigdanubpta empersiisn jn thmngspr iabenatl -1§ °1€et05ah>bgt 25utedOtlier h

|,

ot ds (ORI SRR Sach SRR SR LA bR ol bR AEaR. firlenaiipleel’] .

acid i s cliresmeaTavywwb) mGllcle"PrBQcthlr@Gm@sum mﬂgﬂﬂmsmuﬁm smbﬁd/edxeon,am%ed
out in the presence of a swtabl e base (e.g. triethylamne or pyridine).
The react NN ¥ark PRIcWiley &isapstInfn any suitabl e sol vent or conbi nation of

sol vents, for exa”p'lfw1llh£lra?edﬁ)ﬁqflgﬁ@ﬁbgﬂxtecﬁs@?ésgﬁﬁ‘e‘ﬁ?st§6 145K Qe Bs @9'1‘1739”

organic ester, or a linear or br ched et her enzene tol uene,
chl or of or disclose thatt e do] ofi Farmudellb em‘nlw emrd'tedtte givei anmmgdundacrﬂfommle IIIHi et hyl

out 39 o MEETRYR R esicle s aa gy i i PpRR@atohn aP gt OIC R

carried oyicofibl Gide HRMRALAL HE BorRROMA cfe?&ntfeﬁ%l’l‘le@g%)ﬂ@h@t prokedd3QuitleRSA | ON
m xture. Preferably the reaction is carried out at a tenperature bel ow 50C.

Mor e pref elgptivity; uhdo ﬂé%(ﬁf itemester a¢ therseeandant aleghod is fé:%méqrmedr Fopupiep ofthe

or bel ow r t

Ferper at urioepyiEoenRis §rfliskopdaly el BRS8N id o Webi Milorlla i vieigeor
conmpound alie dramEdfdorviula ¥T6.0F brdation offtiedhond patigodnzbsremutire sedendaay alcohol
conveni ently be carried out in the presence of a suitable base ( SOdI um

hydridfe, péragelds heiyrvanted dissterpemercefithemminercf ferrsila ydh as menﬁagaequ%

be car ned aBithe bfbduct. Additionally, formation of the bis p-nitrobenzoate causes a reduced yield of

the amine of formula VIb, and gives the bis p-nitrobenzoate as a contaminant in the product
amine. Due to the presence of these unwanted contaminants, there is a need for extensive
purification of the amine product, which is time consuming and causes an additional
30 reduction in yield. Thus, the processes described in in U.S. Patents 5,068,433 and 5,391,735
are not idealy suited for commercial scale production of the amine of formula Vla.
It has unexpectedly been found that the primary alcohol in the diol of
formula ITb can be selectively protected in high yield using a silyl protecting group. In



,.8" 1 ' i,~~ 1 WO 00139072 18 PCT/US99/ 30748 any suitable solvent or =
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Tet rahedron, 1985, , ho. 7, 1393-1399, at page 1399, disclose that a
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directly, SM Wgwtle&swp ﬁ@e&aﬁblwreaﬁwb}lweraﬂwyeéﬂ? 1% tegpperaiies Cif @H@i&

Processi NGeen determined that the migration of the silyl protecting group can be prevented by 1)
maintaining the protected compound of formula IIla at a low temperature throughout the
conversion from a compound of formula Ila to a compound of formula Va and 2) by carrying
out the required sequence of reactions over a short period of time (e.g. less that about 5 hours,
and preferably less than about 4, about 3, or about 2 hours). As illustrated in Example 6, this

30  can conveniently be accomplished by carrying out the conversion of the diol of formula Ila to
the compound of formula IIla, IVa and Va in one reactor, without isolating the intermediates
of formula Illa, IVa.



15 tinme and eliminates the | oss of 20-30% of the product. Use of |es§ % hanid
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Accordin P‘S’i“uﬁﬁéal nventi on provides a nethod for preparing a conpound of
the following formula: HOIl , (R~ )n't (Rh~~vvherein R, R, n and nl have
any of the values defined herein; conprisging a4ding a corresponding

compound of fornmula Xla: H O - I RLOZF | nO | Xa to a solution
conprising at |east 4 equival la s | tabt’e reduci ng agent. The

i nvention al so provides a corsg URE la formula Illa: p HI , (Rhit
~ (Rkn HOHL ITla wherein R R, _n, have any of the val ues, specific
val ues or preferred val ues descri bed herei OPf or a corresponding radical in
a conpound of fornmula (A, and P is ay uitable silyl 10 protecting group

(e.g. tert- bu dlne r|neth SI| rt | di phenyl silyl,

Lri Syt sPRgRIE (54 Shbliokid Seicsl compristenscine GOl ernan Y he compound
of formula Illa is a conpound of fornula L1, WO 00/ 39072 21

Ridny

IIa

with a suitable silylating reagent. Preferably, P is a trimethylsilyl group, and the silylating
5 reagent is trimethylsilyl chloride. Preferred solvents include ethyl acetate and methylene
chloride.

The reaction of an alcohol of formula IIIa with a reactive derivative of a
sulfonic acid to give a compound of formula IVa wherein Ra is the residue of a sulfonic acid
can be carried out at using any suitable sulfonylating reagent, for example, a sulfonic acid

10 halide, in particular a sulfonic acid chloride (e.g. p-toluenesulfonyl chloride, benzenesulfonyl
chlonde, (C,-Cy)alkylsulfonylchloride, or trifluoromethylsulfonyl chloride). A preferred
reactive derivative of a sulfonic acid is methanesulfonyl chloride. The reaction can
conveniently be carried out in the presence of a suitable base (e.g. triethyl amine or pyridine).
The reaction can be carried out in any suitable solvent or combination of solvents, for

15 example, in a hydrocarbon, a halogenated hydrocarbon, an organic ester, or a linear or
branched ether, such as benzene, toluene, tetrahydrofuran, methylene chloride, ethyl acetate,
diethyl ether, or dioxane. Preferably, the reaction is carried out in ethyl acetate. The reaction
can be carried out at any temperature above the freezing point of the reaction mixture.
Preferably the reaction is carried out at a temperature below -5°C. More preferably, the

20 reaction is carried out at a temperature below -10 °C or below -15 °C. Most preferably, the
reaction is carried out at a temperature in the range of about -15 °C to about -25 °C. Other

suitable reactive derivative of a sulfonic acid and reaction conditions are known in the art, for
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[1: CEt OHI ~ c) reacting the diol with a silylating reagent
to gie amtal mngmpgﬂatﬁrgahWeahct freezing point of the reaction mixture. Preferably the

reaction is carried out at a temperature in the range from about -78°C to about 100 °C. More
preferably, the reaction is carried out at a temperature in the range from about -50 °C to about
50 °C. Most preferably, the reaction is carried out at a temperature in the range of about -25
°C to about 25 °C.

15 The reaction of an alcohol of formula Va to give an epoxide of formula Vla
can be carried out in the presence of any suitable base, for example, an alkali metal or an
alkaline-earth metal hydroxide like sodium or potassium hydroxide. The reaction can be
carried out in any suitable solvent or combination of solvents, for example, in a hydrocarbon,
a halogenated hydrocarbon, or a linear or branched ether, such as benzene, toluene,

20 chloroform, methylene chloride, diethy! ether, tetrahydrofuran, or dioxane. Preferably, the
reaction is carried out under phase transfer conditions in a mixture of toluene and water in the
presence of a suitable phase transfer catalyst (e.g. tributylmethyl ammonium chloride). The
reaction can be carried out at any temperature above the freezing point and below the reflux
temperature of the reaction mixture. Preferably the reaction is carried out at a temperature in

25  therange from about -78°C to about 100 °C. More preferably, the reaction is carried out at a
temperature in the range from about -50 °C to about 50 °C. Most preferably, the reaction is
carried out at a temperature in the range of about 15 °C to about 30 °C.

As illustrated in Figure 4, United States patents 5,068,433 and 5,391,735
disclose that a compound of formula IVb can be converted to an epoxide of formula Vb by

30  treatment with a suitable base in an aqueous organic solvent such as, e.g., dioxane or
dimethylformamide (see column 4, lines 19-27 and Example 5 therein). P. Melloni et al.

Tetrahedron, 1985, 41, no. 7, 1393-1399 also disclose the conversion of a specific compound



Cet OHI i a HOHIII OTMS d) reacting the alcohol of formula I'll W th ey
reactive derivative of nmethane sulfonic acid to give a conpound of foor mil 4 ™
IV: CBt . p-HI MOH e) renoving the trinethylgalyl group fromthe
conpound _of formula IV give an al cohol of fornmu®V: Ot OH~ _i MO H,
v oH  1¥0903894739072 PCT/ US99/ 30748 23 fJ displ aci ng t he BGTASHE3GA group
to give an epoxide of formula VI: OFx OHH O VI and .J g) reacting the -
epoxi dé with anmonia to give the conpouﬂl@ of formula VII. The resulting
conpound of formula VII can conveniently be isolated by conversion to the S
net hane $dferanda B/sig the camaspending eroxidesoifesnwlp Yddby eaognpwih zodimme above

nmet hod f%lﬂg)orx%%alﬁidp 6%? &gg@é#glﬁggg formula VI1 can optionally further

conpri se: reacti of formula VIl with chloroacetyl
chloride to give anwpéi éeri€f odt@nalasze\échlt (a m@ﬂely\/iéiﬁ%j),(}hiaeaa%ﬁbm didwe
Do t

conmpound of forrmula VIII to give a conpound of fornmula i H~1i I
O H ~I ~ (38 bourp)l and removal of the dioxane is difficult due to its high boiling point and high
5 freezing point (mp 11.8 °C). Thus, the distillation can require one or two days, and there is a
risk the dioxane will freeze in the apparatus during the distillation, causing damage to the
condensers. In addition, dioxane is a carcinogen and is toxic.
As illustrated in Figure 2, and as shown in Example 6 hereinbelow, it has been
discovered that a compound of formula Va can be converted to an epoxide of formula Vla in
10 a mixture of toluene and water under phase transfer conditions. The reaction can be carried
out on a large scale in about 45 minutes, and the toluene can be readily be removed from the
product mixture. Accordingly, the invention provides a method for preparing a compound of

formula Vla:

Vla

wherein R, R, n and n1 have any of the values defined herein; comprising treating a

15 corresponding compound of formula Va:

Va

wherein Ra is the residue of a sulfonic acid, with a suitable base, under phase transfer
conditions. Preferably, the reaction is carried out at a temperature in the range of about 0 °C
to about the reflux temperature of the reaction mixture. More preferably, the reaction is
carried out at a temperature in the range of about 15 °C to about 35°C.

20 The reaction of an epoxide of formula VIa with ammonia to give an amine of

formula VIla can be carried out in the presence of any suitable ammonia source, for example,
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and are'uncorrected; b) NVR spectral dat’a were recorded on a Bruker AMX400
operating at 400.13 MHz for the observation of'H and at 100.62 for the

obser vat iagnewmis'a@onsaomdnesomemchydiaxsds. Vet reavtiandan b¢ earmad byt inehgsamabdel t o

i sons TrPBeROBGOEPIEHER Gh SRR HBBEE: bRETOH B Al R e BYSOEROR.
| mpact ( GhlaliBhatNamientr 4 Bfa? o b @R CineRES od iSRRI YRR 0- 600

.amu for CI and 45-600 anu for El; source tenperature was 150 C, el ectron
mul ti pl i enethgienaghlomdt, dietotl ethar, oretivagyl, ethend\soprepanad adioxansi etrehydrofuaan,

f d wit ' t d adj.usted t . f
B 5 Tovor b PR ek R en R BETHER § ook UGE Aot 1
El mer  HPL{ydfoRedd £%n 28t BoRed] ad S&aEribidad Exampdy 7 dehEehidn ¢hhiHEarried out
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0252 80, °C. Mgsipreforabhyy the pestionsporseday ap g ignxperature-ingthe range of abqw Rs,

3RS) - 2, 3-fpXYs 235 yh~propanol (1). Sodium carbonate (224 g) and
traps-ci nnany?/oéhogg ol(l:'(ZO0.0 g) were mxed with 2L of nethyl ene chloride.

a sl ow nitrogen swekpe ressionaif ah amirecfifmalgh1lahe giwapodorfespamiing ahidelod f | ask
and the [}jxt revgas cool ed. t? %5- 20 C w t_g‘/a col.d ‘X\g{yer, baih. erai_cet | c

aci d sol uPf® a(é aggn eprygnishily dgearnetieri Vit areaghye By P] & ear P ligtagichi ng
the inter PRy : d a | ' b Lo was
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Cyalkylsulfonyloxy, or phenylsulfonyloxy, wherein the phenyl may optionally be substituted
with one or more substituents independently selected from halo, (C,-C)alkyl, nitro, (C,-
C¢lalkoxy, trifluoromethyl, and cyano). A preferred carboxylic acid is chloroacetyl chloride.

20 The reaction can conveniently be carried out in the presence of a suitable base
(e.g. triethylamine or pyridine). The reaction can be carried out in any suitable solvent or
combination of solvents, for example, in a hydrocarbon, a halogenated hydrocarbon, an
organic ester, or a _linear or branched ether, such as benzene, toluene, chloroform, methylene
chloride, ethyl acetate, dimethyl carbonate, diethyl ether, tetrahydrofuran, or dioxane.

25  Preferably, the reaction is carried out in dimethy! carbonate or methylene chloride. The
reaction can be carried out at any temperature above the freezing point of the reaction
mixture. Preferably the reaction is carried out at a temperature below 50°C. More
preferably, the reaction is carried out at a temperature below 25 °C or below 15 °C. Most
preferably, the reaction is carried out at a temperature in the range of about 0 °C to about 10

30 °C.

The reaction of a compound of formula VIIIa to form a morpholinone of
formula IXa can conveniently be carried out in the presence of a suitable base (e.g. sodium

hydride, potassium hydride, or potassium zert-butoxide). The reaction can be carried out in
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85.20, 1X38080/390%:216. 99, 121.32, 122.79, 128.26, 129.09, 12%cFAisodiiP4s’ 5.
147.72, 149.95; Ms (ei) me 438. 5 Exanple 5. (2RS,

3SR) - 3- ( 2- Et hoxyphenoxy) - 2- nesyl oxy- 3- phenyl - 1- propanol (~.

3- (2- Et hoxyphenoxy) - 2- hydr oxy- 3- phenyl propanol from Exanple 2 (0.288 g, 1
mml e) and triet hylwmmls(reé&ohﬁs e?me& ot mlaege éwreqalsbrama\(agi 25 'I&g%? hy!
acetate (5 nL} and cooled to -17 C. Trinethylsilyl chloride (70.13 nL, 1.0
mol e} dirsephalawne)y tlmmgdnoacped:(mcels(tgpm.l)y oedaranidied vothe0.6 10 1% ofuhebllikwerg ng

t he terrperatutre below -15 C. a Wiite precipitate 10 formed during this

addi tion."™PH&Yni xture was stirred below -15 C for 15 nminutes. Triethyl anine
(0.15 m., 1.1 mmole) was added, followed by methanesul fonyl chloride 0.085
m., 1.1 mmole) dissolved ethyl acetate (2 nlL) Ke g the tenperature bel ow
~-15 C. The mixture was stirred belgs -15 C for %mutes Hydrochl ori c
acid (2N, 2 nL) was added andft™y m xture was & to warns to 20-25 C
and stirred for 30 m nutes. T4 phases were tseparated and the organic
phase was washed wi th saturated aqtfeous sdi u hlori de solution (5 nm) and
dried over sodiumsulfate. The Nevagor at ed to yield 0.377 g of
an oil. The oil was chromatog bn S|I|(ca( 400 mesh) eluting with
1: 1 hexane-ethyl acetate. The \@ ¢ont afini ng fractl ons were
concentrated to yield 0.33 g (91 9% of'the title conpound as an oil that
solidified on standi ng rrp 83 86 C H NVR ~0 (400. 13 M—IZ CDCl 3) d 1.66
(t, J=8.2 Hz, (s, 4,14-4.35 (m  4H) (m 1H), 5.52 (d,
J=6.1 Hz Forehfzstz Inal 119u RdellﬂHPf fwrwlw(ﬁy)teﬁpnmlv; Wlthgeswlmv(rfewrww someCl 3) d

14.73 4 22. 86,
1272, 12039"1&79%2%50'52%%%9 G opyi Mops gl POt et e o a0 B2 0
6. (2RS, Bd&RY)valopPthisiowyprir (thﬁ'tchhxtylphanbxy@twﬁmﬂhhe@ﬁm@pamarcﬂwﬂpH 25
3-(2-Eth h hen I 8.8
and tri ot PYPSTAS P PH S Dl Bt SLEHcDeh. 1O Sk 2D Sk OLE SPEPOME Oland
cool ed tOfo?rQulaQA%;ls& xcﬁlysrak%d%nﬁ&Eerﬂeaaawael:&éryd chloride (13.2 m) in
et hyl acetate was added kee t He reaction tenperature between

-20 and -15 C. Aftelt @meeadlatemmd @tbQWWbofmnMﬂtanr@ubﬁa&O@ﬂh?red for

tes /
per (oo 581t 2ah Re phnitanny feqyped oy agdtaga foflsion 6 e mOtpliue SRP s
sol uti on dohgivnigntaliting PRI (€ abelht\@a]mvaﬁ&tﬁyl‘dthelﬁﬁmﬂlbﬁs&hy| amne (16.7
m ) was then added, again maintaining enperature between -20 and -15 C

The ni xt Upgt Wﬂmyw@alma} hydride; ﬂéﬁl@&ﬂm P@FC%MP%{%‘#P%F“NCF%{W%% ne
addi tion. dlﬁcgﬁﬁgééd’mﬁ cfihe ﬁ@@ﬁgﬁt&%a‘?{i}l ?X&rs | 914, G rfd gn,a}gvﬁxt &a‘i"at er

(92 m) was to the reactron mXx e mXxture salo owarm
to 15- 25 @ndrdised directly, WthowtTamyimg @s .a cbhroledpl ientraciimm. Tbisiréducesipriogessing.

The ases wer ar ated and r ic phase was washed with a sol ution
of Sggl unUBF A fﬁ%ﬁg‘@ S (e l&?s?#(ﬂgo%&gg Rﬁ{%gf and then with a solution of
12.5 grams sodi um cpkosf 1des zﬁ&ﬁis%auﬁaarén@ftw@%eahemg n?erﬁrv%ribﬁnmf’}@@w‘éﬁﬁe 10

concentrated under vacuumto an oil. Tol uene g was added and the
sol uti on yiald for the reaction. Thus, the reduction is preferably camed out using at least about 4

equivalents of sodium bis(2-methoxyethoxy)aluminum hydride, or another suitable reducing
agent. More preferably, the reduction is carried out using at least about 5 equivalents of a

20 suitable reducing agent (e.g. at least about 5 to about 10 equivalents of sodium bis(2-
methoxyethoxy)aluminum hydride). Preferably, the reducing agent is not lithium aluminum
hydride.



Lonm Al

concentrated to an oil, Which was redi ssolved in 200 nl of tol uene. SZodlfum
Hydr oxi de sol ution (50% 36 g) water (60 nL), and tributyl methylanmmoni um

chloride (70% 2.5 Q) added to the tol uene sol on The m xture was
purged wWéhoReds ogen, st™mrred at a high rate at 20- ?495 lgut es,
and 15 analyzed by HPLC. The phases were separated and the ol 'y yeII

interface was kept with the organic ph ?@ The aqueous phase was extract ed
with toluene (50 nL) and the toluene solutions were conbi ned The tol uene
solutions were was ! 2]

grans of NaCl and 9?9%13%[# dfﬁ ﬁlémv@ﬁtf& p?ﬁgldyg% ﬁ%r@ dsfgﬁléﬁ Ig(ﬁlggt'rﬁfrtég ed
under vagsllowihg fathuid: (bath tenperature 40 C). Methanol (300 m) was added
20 and the solution was concentrated to a volune of 60 ni. Methanol (300

m ) was added and the mi xture was again co trated to a volunme of 60 m
to give a solution of the title corrpmgtd_i ®)ni. (2RS,

3RS) - 3- (Z- Et hoxyphenoxy) - 2- hydr <phe pylamne (VI1). To the
net hanol sol ution from Exanpi®hn added 270 nml of methanol and 25 300 ml

of anmoni um hydroxi de. The m xtur®wasOSkNred in a seal ed vessel and
heated to 40C for three hours. After tQréeeghours the reaction was cool ed
and anal yzed by HPLC. Met hyl ene chloride” (223 nl) was added and the m xture
was stirred and then allowed to settle. The phases were separated and the
aqueous plesen RaR axindadt ledveany lof thetajdes definddl ler¢idpcopgprisingda@idmg a  The
organi c | ayers re conbi and t| |l ed under vacuumto a 30 vol une of
300 m . %ﬁiﬂoé g&ﬁF’BPt“Efg f??ﬁ'@“ﬁ‘l wvas added back to the solution. The

WO 001 39072 29 PCT/ US99/ 30748 ., methylene chloride solution was washed
with 250 m of water. The water was extrgct , 100 m of methyl ene

chl oride and the nethyl ene chlori (LG lconbi ned. A sol ution of
250 m of water and 10 ml of @& atefl hydrochloric acid was added to

t he conbi ned net hyl ene chl ori de i papn, The pH was adjusted to below 2 5
by the addition of nore HCl. The MXturHi; stirred and then allowed to

settle. The phases were separated and t or gani ¢ phase was extracted with
250 m of water. The aqueous phases weregdconbi ned and washed with 46 m of
met hyl ene chl oride. Methylene chloride ( 144 m) was added to the aqueous
phase and the pH was adjusted to greater than 12 with 50% aqueous NaOH

(approximately 10 gr). The phases were 10 separ at ed and the aqueous phase

was extracted with 72 e rlde organi ¢ phases were
conbihed %ﬁ&“H’i‘@t‘FPWBBS‘PS a&‘%ﬁ‘{]g@ Yﬂ?e ““at"§ds ‘tfb‘gﬂga%?iﬂ&ohm (200 n)
was added and the nipdint&fbnSiidd hiddide®a BomBbiiEabre@Q ™M . | sopropyl

al cohol (200 m ) was aldded and tl%te l'so ﬁt?og again distilled to a vol une of
200 m . NerhakadHal fonic acid (7.9 g) was added and the mixture was stirred
at 20-25 C for 2 hours. The resulting slurry was 1 S cooled to 0-5 C and

stirred for 60 m nutes. The solids were f d and washed with 100 m of
i sopropyl al cohol. The resulting solid ®Rimia vacuum oven at 60C to

yield 24.5 g of the title co u Y t he[ met¥ane sul fonate salt (64%
overal |l from 3-(2-ethoxyphenoxy} Jdr oxA(- 3- phenyl - 1- propanol ). Exanpl e 8.
(2RS, 3SR)-N- Chl oroacetyl - 3- ( 2- et hoxygH&ngxy) - 2- hydr oxy-3 20
phenyl propyl amine (VIT1). OP

Ma

wherein R, R, n, and nl have any of the values, specific values or preferred values described
herein for a corresponding radical in a compound of formula (A), and P is a suitable silyl

10 protecting group (e.g. tert-butyldimethylsilyl, trimethylsilyl, zert-butyldiphenylsilyl,
triethylsilyl, triisopropylsilyl, triphenylsilyl). Preferably, the compound of formula Illais a

compound of formula III.



(28S, 3RS)-1, 2- Epoxy- 3-(2- et hoxyphenoxy) - 3- phenyl propane (47.7 Q) and

di net hyl carbonate (7 0O nm) were stirred to for white slurry. ‘
Triethylamnne (52 nL@was added and the mxtur%ool ed to 6-10 C using an
i cel H, O wWaxad/3%er2sol ut1 on of chloroacetyl chloride (13.8 mOT/Us99/307138t hy|

car bonat e (50 nm.) was added over a 30 m nute period 25 keeping the

t enperature between 4-10 C. The mixture2lwas stirred for 1 hour. The mi xture
was washed with 500 mL of H20 and then with 500 nL of 3% aqueous NaCl

sol uti on. The or garite iheentionwiss peovidss atcompeshdofdermyladiam at 40 C to yield
a dark oil. Isopropanol (500 nm) was added and the m xture again
concentrated to renmove any residual dinethytgarbonate, yielding the title
conpound. j ., , , WD 00I3907 > RP48 . 30 Exanple 9. (2RS
~3RS)-2-[a-(2- Ethoxyphenoxy)benzy O phofT ne=5-one (1 X). The product from
Exanple 8 was stirred Wth 2dB i sgpropanol to forma slurry. A

sol ution of isopropanol (305 nL) andRpBtassi umt-butoxi de (30.6 g) was

. prepared. This was added to the isopropangp slurry maintaining the
tenperature of the reaction between 5 20 - 23 Cwith an ice bath. The

m xture was stirred at 20-25 C for Qo The pH of the m xture was
adjusted to 6.4 by the addition of 1& Aal (approx 210 nL). The m xture was

d.und |
e to PREHER, o s Rl i p e W SR s oP R erd voh (RoE ©
| ayer washepsth bB&iecdr Mebre @leg%rﬂﬁcal Bl dgoudd 6f foRhuENEA e RLig asmsab\reml

conmbi ned and washed with 100 niL of 1IN HC 10 and 100 nL of 10% NaC
sol ut i on.PrqieetingEroup ée-&-dritbubAdimethydsip simetylstlyl, srr-Brtyldinbenyisdlybhesi due was

redls ol \% ound.
e e G R e S O G

( Rebox et |tnh1)enes\ﬂfonyldphmglsultbmyl mathylshlfmyd: {165 foh81 onh)ﬂmemdttﬂylmﬁdnyh th
187 nL of _t ne, and the sqgl ution_cool ed to bel The t ol uene

sol ution RngFﬁl{%’ca%?‘én@‘WQso% @H&@“B afsmmowfpfw H]taal ning the
temperature bel ow Sy inlBiftich ol fiGyitsa Shidoh tifuld Yol nut es af ter

conpl etion of the addition. ution of 60 g of 50% NaOH in sufficient
water to make a vol unme of 350 m. was added,
55 C. The two phase mixture was stlrreg Ht ®pg, 15 mnutes after
conpletion of the addition. The Pt as mashed w th 5% sodi um
carbonate solution (3 X 170 n{®p r was added to the toluene 20 solution
and 1IN HO was added to give a p ROTi™ The aqueous phase was extracted
with 480 nL of toluene. Tol uene (480 rrL)H g§ added to the aqueous sol ution
and the pH wad adjusted to above 12 with 50% NaCH.. The aqueous phase was
extracted with 240 nL of toluene. The two tol uene sol utions were conbi ned
and washed with sodi um carbonate sol u¥fon (596 175 nmL) and water (175 ni).

froe basevEcrefR X obAsaay Daytagh of b iiluothestsr siiss preieed Vybpegoscrived
3RS) - kBRI ABRBATHE Hhd B ORI TOAEI IR SRl T |

fron1Exaane 10 was dissol'ved in nm. of acetone and stirred g of

acti vat eda s fapenadid ¢e.g. wmhqﬂne$ulfoayh ph@y&mlfomdl methytafoonl, edwpwifanyloar or
Norit, d 2 t 20-
nour - The et dngitiinny BRIk 8RGu R R tiing e RierAPESTAST i o

to 320 nLy, The solution was cooled to OC and net hanesul fonic acid (5 1 nl)
was added. The m xture was stirred at O C for 70 mnutes, then filtered.
The solids were wasﬁédﬂwtltatﬁdllmflgﬂle bithe invertinn alsripieforablymreddesa methgdriot o
yi el d-30. |ds e solids were slurried in 200 nL of
acetg%e aggnglﬁ%? Pd g lﬁJQ hours. The slurry was cooled to O C for
30 minutes and filtered. The solids re dried under nitrogen to yield
.27.72 g of the title conpound (54. 3‘oovergll m
3-(2- et hoxyphenoxy) - 2- hydr oxy- 3- phemny e). All publications,
patents, and patent docunments refg , as well as the entire

-di sclosure of U S. provisional ap unber 601 114, 092, are

i ncorporated by 15 reference herein, a tHDN%Q i ndi vidual l'y i ncorporated by
reference. The invention has been dggcribed™W®th reference to various
specific and preferred enbodi ments and techni ques.

comprising;:

epi ng the tenperature bel ow




However, it should be understood that many variations and nodificati ons (may" ¢
be nade while renmaining within the spirit and scope of the invention. L ,

L (I: 32 What is clal is: ~ method for prepari n@o am ne of forn~. uJ2
~l a: RWC%(] R n ~ ~Z2 Vlla wherein n and n re, |n9‘%§endently, 1,
2 or 3; "ahd"B%%h of the groups R and .L~,, wbich may be ted/&ERR3048

different, is hydrogen; halogen; halo-GC,;C-allcyl; hydroxy; C, -C-al koxy;
C~- Chal kyI optionally substituted; aryl 'C C~al kyI optionally substituted,
aryl - C, - C~al koxy opti | 1y substl : 1~1R5R6 rein 12.i and ~t~
are, mdependently‘% MF‘S%@HOBPOQ?BE’C%’%&WW trgys- qlw)ﬁhﬁcgggﬂp 9#bups or
two adj aﬁ@a{ma]ateggpgyﬁg,ofgc%[hltoget her, forma -O CH-O radical ;
conprising: a) oxidising an optionally substituted traps-ci nnanyl al cohol
to give an internedi ate epoxide of formulg la: 0 ' OHla b) reacting the
epoxide with an optionally substitued Q¢ to give a diol of fornula

Q

lta: 1i p _ ~/ (ki)n HO~, OCH || reactanche di ol vmthasHyIatlng
reagent to give an alcohol of forg III? ~ r. n y .n (.o If,
i__~ WO 00139072 PC ~1US99130748 33 H O =~ , (R~)n~/ (R)n HOHODIIIa
wherein Pis a silyl-linked radical; d) reacting the alcohol of fornula

.:: l)lr ﬁu}Mat PV;?aCt Ve, I%Eclzt}/nagttht\s/ gpo?(fldeawﬁﬂ a];l%r}laltlgn:ﬁ%! gubtstcl)tugeldvﬁlenolctorgn\(?euz{] glO?Of

formula II:

III

d) reacting the alcohol of formula III with reactive derivative of methane

sulfonic acid to give a compound of formula IV:

e) removing the trimethylsilyl group from the compound of formula IV to give

an alcohol of formula V:




Hp ~~(R-)n~(RnRa0 HOP IVa wherein Ra is a residue of a sulfonic
acid; e) removing P frgmthe conpound of formula |Va to give an al cohdl’ of

formula Va: -H O~ , ( nt / (Rn RO H CH Va f) pl aci ng t he sulfonyloxy'
group tovehy@ssenr epoxi de of formula Via: Hp i ~ ~ (R)PET}TBSQS;MﬁB and g)
reacting the epoxide with anmmonia to give the conmpound of formula | a.

"' 1 WD 00139072 34 2. The nethod of clmg,m 1 further conprising: h)
reacting a conpound of formula Vila: H~" p i (Rn HOH1l ~z Vlla

PCTI US99130748 Wi h ppui6ichyifelstifailhyDlrol e abfeRGRRRb imllanerC i ve
derivative thereof, \/\herel Lis sui table IeaV| ng group, to give an am de
of formula Villa: p H(R-, HOH 1 N~ (0 Vllla (R~ )n ~L i) reacting the
conmpound of forrmula VIlla to give a conpound of formnula I Xa:

VI

and
g) reacting the epoxide with ammonia to give the compound of formula VII.
The resulting compound of formula VII can conveniently be isolated by conversion to the
5 methane sulfonate salt, for example, as described in Example 7.
The above method for preparing a compound of formula V1I can optionally
further comprise:
h) reacting the compound of formula VII with chloroacetyl chloride to give an

amide of formula VIII;

VIII

10 1) reacting the compound of formula VIII to give a compound of formula IX:

and

P ud



OH~/ ~~)n~ (Rn . OH ~ O1lXa and j) reducing the conpound of f of i a

| Xa to give a correspondi ng nor pholine conpound of the follow ng fornula

Il ~" n_J J~-~1~1 ~l ~TI'l 3. The met hod of aim2 further

conpri sj rmng a p maceuti cal ly acceptabl e st of _the hol i ne
conpound’ 358 %Re method of claim1, wherein the conpound? 6T“$8Wﬁﬁﬂ% Vila is
a conmpound of forrmula VII: OBt O H~ \,}i0 HVII ~2 conprising: a) )
oxi di zi ng an optionally substituted tr%%s ci nnanyl al cohol to give an

t di at | a t h de with
an opti onally SubFRUTE h%??g“mpu%oﬁf%u%ta@éf?%m i OB 16 b

Il c) rg@@bémgmgeggmlm Silylating reagent to give an al cohol of
fornul a : 72 PCTIU899I30948 36 C&t OHi a HOHIII OrMs d)
reacting the alcohol of formula Ipg wWth reaglive derivative of

la IV: OBt p HMO HOIM IV

2

NH

met hyl sul fonic acid to give a co?oun% o

The invention will now be illustrated by the following non-limiting Examples
wherein unless otherwise stated:
5 a) melting points were determined in open capillary tubes in a Buchi melting point
apparatus and are uncorrected;

b) NMR spectral data were recorded on a Bruker AMX400 operating at 400.13 MHz
for the observation of 'H and at 100.62 for the observation of ’C; samples were dissolved in
and internally referenced to CDC), ("H 6=7.26; °C, 6=77.0);

10 c) mass spectral data were aquired on a Fisons Trio 2000 single quodrupole
spectrometer operating in electron impact (EI) or chemical ionization (CI) mode; the scan
range was 110-600 amu for CI and 45-600 amu for EI; source temperature was 150 °C,
electron multiplier 400 V, and electron energy -70 eV; chemical ionization was performed
with ammonia as reagent gas and adjusted to a source pressure of 1.4 x 10" mTorr;

15 d) reactions were routinely monitored using a Perkin Elmer HPLC (Series 200 pump
and 235C diode array detector) using Nucleosil-100 C-18 columns and mixtures of water and
acetonitrile as the eluent, with or without added CF,COOH; conversion of cinnamy! alcohols
to epoxides were monitored at 215 nm, all others at 275 nm;

€) reagents and solvents were commercial products and were used without

20  purnfication;

f) reactions were run under nitrogen; and

g) thin layer chromatography (TLC) was performed using Analtech uniplate silica gel
plates (250 p, Cat. no. 02521).



e) renoving the trimethylsilyl group fromthe conpound of formula IV to
gi.ve an al cohol of forgula V. OFx OH a MsO HV OH f) displacing the Ce e
sul f onyl oxy "group to an epoxide of fornula V{OEt ~ OH~ i H O v b
and g) repehysgys he epoxide with ammonia to give the corrpqqﬁﬂv Qbad5 mul a
VI.I. 5. The method of claim4 further conprising preparing the nethane

sul fonate salt of the conpound of formulg VII. 6. The nethod of claim4
further conprising: VI JO 001 39072 PCT/ US99130748 37 h) reacting the
compound of formula VII with chloroa oride to give an am de of
formula VII1: OBt p HHOH N~ C1 VII 1) reacting the conpound of fornula
VIl to gEwsmplechnp@RSE) 3&S){203-Hploay43>phedFlpropanold) ~1 ~ | X O and j)

reduci ng the conpound of formula I X to give a correspondi ng norpholine
conmpound of the following formula: C&t OH~ i ,, r 7. The method of claim
5 further conprisingedifih dafstrlate|@24 Q?aﬁmﬁwﬁnﬁawloamal &bto %Mé?e mixed

chl oroaceiyl chloride to give an am de of fornu 9072

: with 2L of methylene chloride. a slow nitrogen sweep was malntamed through the vapor

5  space of the flask and the mixture was cooled to 15-20 °C with a cold water bath. Peracetic
acid solution (35%, 381.2mL) was added over a 3 hour period, maintaining the internal
temperature below 25 °C. After the peracetic acid addition was complete, the mixture was
stirred for 2-3 hours until complete, as shown by HPLC analysis. The mixture was cooled to
10 °C with an ice bath, and a solution of sodium sulfite (160g) in 1200 ml water was added

10 slowly over 90 minutes, keeping the temperature below 30°C. The phases were separated and
the aqueous phase was extracted with methylene chloride (200 mL) to give a solution of the

title compound.

Example 2. (2RS, 3SR)-3-(2-Ethoxyphenoxy)-2-hydroxy-3-phenylpropanol (1I).

Water (800 mL), sodium hydroxide (50%, 83.1mL), tributylmethyl-
15  ammonium chloride (75%, 27.5 ml), and 2-ethoxyphenol (306.72 g) were combined and
stirred at 20-25 °C. The methylene chloride solution of 2,3-epoxy-3-phenylpropanol from
Example 1 was added, and the two phase mixture was stirred and heated to 40 °C internal
temperature. The methylene chloride was distilled at atmospheric pressure over a 3-4 hour
period. When the methylene chioride had been removed, the internal temperature was raised
20  to 60 °C for 2 hours. The mixture was cooled to below 30 °C, toluene (1200 ml) was added,
and the mixture was stirred for 5 minutes. The phases were separated and the aqueous phase
was extracted with toluene (800 mL). The toluene solutions were combined and washed with
1 N NaOH (2 x 400 ml) and with water (400 mL) at approximately 25°C. The toluene
solution was concentrated under partial vacuum maintaining an internal temperature of 40-
25  50°C. The residual oil was dissolved in methyl t-buty!l ether (760 ml), and water content was
verified to be less than 0.1% by potassium fluoride assay. The solution was seeded with
crystals of the title compound at 20-25°C, stirred for 1 hour, and cooled to 0 °C for 2 hours.
The resulting solids were filtered, washed with methyl t-butylether (2 x 200 mL, cooled to -
15 °C), and dried under vacuum to yield 256.1g of the title compound (60.5% from cinnamyl
30  alcohol).
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phar maceutical |y acceptable salt of the norpholine compound. 9. The nethod
m 8 wherein the salt is a net har‘?é sul fonate salt. V' O 00l 39072 ~

~ PCT/ US99130748 . 39 10. A method for gﬁl};’l ng an epoxide of fornula |a:
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ry . ~r,.,.; i PCT/US991307~C8 38 Okt OH HO H N VIII O and; i)

g the corrpound of fornmula VIIl to give a conpound of forrrula | X: CEt
OHI ONHIX O] retblngthe conmpound of formnuigal X to give a
n

conmpound of the follow ng rmula;: OBt O x | i

rphol i
%gb%oﬁgd of claim6 or 7 further conprising f or MGT$R9/30748

gspohdiphgnsk-kene with

ic acid. 11 r conpound of forrmula Illa: ~~"
~ (R )n (trﬁ@%ﬁﬁﬁww(ﬁa?V\herel MJ n and n~ are,

dently, 1, 2 or 3; each or the groups R and R, , which may be the

d|fferent is h drolgl n; haI og hal o- C, - C~al
koxy; GC, - C~ AR FthespyPhenny)¢-hyarawt

precipitate
formed during this addition. The mixture was stirred below -15 °C for 15 minutes, and 20 mL
of pentane was added. The solids were removed by filtration and the filtrate was concentrated
under vacuum to a cloudy oil. The oil was chromatographed on silica (230-400 mesh) eluting
with 4:1 heptane-ethyl acetate. The product-containing fractions were concentrated to yield
1.80 g (88.5%) of the title compound as a clear colorless oil; '"H NMR (400.13 MHZ, CDCl,)
d 0.09 (s, 9H), 1.47 (t, J=6.8 Hz, 3H), 2.82 (d, J=5.2, 1H), 3.80 (m, 3H), 4.0-4.11 (m, 4H),
5.08 (d, J=6.0, 1H), 6.76 (m, 2H), 6.85 (m, 2H), 7.2-7.45 (m, 5H); >*C NMR (100.62 MHZ,
CDCl,) d 0.0, 15.54, 63.34, 65.06, 75.22, 83.71, 114.28, 118.60, 121.51, 122.95, 127.84,
128.49, 128.84, 138.93, 148.34, 150.40; MS (ei) m/e 360;

Example 4. (2RS, 3SR)-3-(2-Ethoxyphenoxy)-2-mesyloxy-3-pheny}-1-
(trimethylsilyloxy)propane (IV).

3-(2-Ethoxyphenoxy)-2-hydroxy-3-phenylpropanol from Example 2 (1.44 g, ©
mmole) and triethylamine ( (0.77 mL, 5.5 mmole) were dissolved in ethyl acetate (15 mL)
and cooled to -17 °C. Trimethylsilyl chloride ( 0.64 mL, 5.0 mmole) dissolved in ethyl acetate
(5 mL) was added over 10 minutes keeping the temperature below -15 °C. A white
precipitate formed during this addition. The mixture was stirred below -15 °C for 15 minutes.
Triethylamine (0.8 mL, 5.7 mmole) was added, followed by methanesulfonyl chlorde ( 0.46
mL, 6.0 mmole) dissolved in 5 mL of ethyl acetate, keeping the temperature below -15°C.

The mixture was stirred below -15 °C for 15 minutes. Pentane (20 mL) was added and the

r

OB Pranapol BOTCERRE 2AbA el 1 y
Hofifble P i e §0y77°*"%f 33 3nmi1eS ORI edfedin elioh podREELS HPERLD

gr oups otodladtoady écél’tﬁm&hy!}ﬂpuaﬂondee(l@m inbg 610hemold) dissvlved @ £hifls 6F ethpldi cal ;

s a silyl-linked radical ;. conprjsing reac i ol fornul a IIa
S ORALS w%s pdded over 10 minutes keepmn% the tem%erature eﬂ)%v 815q q'me 5

solids were removed by filtration. The filtrate was concentrated under vacuum to a cloudy oil.

The oil was chromatographed on silica (230-400 mesh) eluting with 4:1 heptane-ethyl
acetate. The product-containing fractions were concentrated to yield 2.00 g (91.2 %) of the
title compound as an oil that solidified on standing; mp 80-82.5 °C; '"H NMR (400.13 MHZ,
CDCl,)d 0.17 (s, 9H), 1.50 (t, J=6.8 Hz, 3H), 3.06 (s, 3H), 3.77 (dd, J=11, 6, 1H), 4.00 (dd,
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hydr ogen; hal ogen; hal o-C, - Cal kyl; hydroxy; C, -C-~al koxy; C, -C~al kyl
optionally substituted; aryl-C, -C~al kylZptionally substituted;
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10 formed durmo this addition. The mixture was stirred below -15 °C for 15 minutes.

Triethylamine (0.15 mL, 1.1 mmole) was added, followed by methanesulfonyl chloride (
0.085 mL, 1.1 mmole) dissolved ethyl acetate (2 mL) keeping the temperature below -15 °C.
The mixture was stirred below -15 °C for 15 minutes. Hydrochloric acid (2N, 2 mL) was
added and the mixture was allowed to warm to 20-25 °C and stirred for 30 minutes. The

15 phases were separated and the organic phase was washed with saturated aqueous sodium
chloride solution (5 mL) and dried over sodium sulfate. The solution was evaporated to yield
0.377 g of an oil. The oil was chromatographed on silica (230-400 mesh) eluting with 1:1
hexane-ethyl acetate. The product-containing fractions were concentrated to yield 0.33 g
(91%) of the title compound as an oil that solidified on standing; mp 83-86 °C; 'H NMR

-0  (400.13 MHZ, CDC},) d 1.66 (t, J=8.2 Hz, 3H), 2.85 (s, 3H), 4.14-4.35 (m, 4H), 5.12 (m,
1H), 5.52 (d, J=6.1 Hz), 6.8-7.15 (m, 4H), 7.5-7.7 (m, 5H); “C NMR (100.62 MHZ, CDCl,)
d 14.73, 37.80, 62.19, 64.27, 81.40, 84.04, 112.88, 117.19, 120.67, 122.86, 127.40, 128.77,
128.86, 137.02, 146.40, 149.30; MS (ei ) m/e 366.

Example 6. (2RS, 3RS)-1,2-Epoxy-3-(2-ethoxyphenoxy)-3-phenylpropane (VI).

25 3-(2-Ethoxyphenoxy)-2-hydroxy-3-phenyl-1-propanol from Example 2
(28.8g) and triethylamine (16.7 mL) were dissolved in ethyl acetate (170ml) and cooled to -
20 to -15°C. a solution of trimethylsilyl chloride (13.2 ml) in ethyl acetate (20 ml) was added
keeping the reaction temperature between -20 and -15°C. After the addition was complete,

the mixture was stirred for 5 minutes at -20 to -15°C.
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may be the-sane or dif ent, is hydrogen; hal ogen#al 0- C~- C~al kyl ;

hydr oxy; | koxy; - Cbal kyl optionally substit zal kyl
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optionally substituted; aryl-C, -C~al kyl optionally substituted;
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i g' t aﬁlee?;(% Hlﬂ{dtesg r’l‘h}[e%ﬁic'ﬂ@ﬁ “%s%ltoﬁémo)R?LCsTﬁe pRases %ré’ge#grééﬂ :frﬂ'lh@ o%‘ﬁhﬁ-
npound of claim 17 wh I S a conpound of
i M5O HphasOweBwashed witha 6013903 Psodium bicarbonate (5 g) in 45 ml of water and then
with a solution of 12.5 grams sodium chloride and 37.5 ml of water. The organic phase was
10 concentrated under vacuum to an oil. Toluene (200 ml) was added and the solution was
concentrated to an oil, which was redissolved in 200 ml of toluene.

Sodium Hydroxide solution (50%, 36 g) water (60 mL), and
tributylmethylammonium chloride (70%, 2.5 g) was added to the toluene solution. The
mixture was purged with nitrogen, stirred at a high rate at 20-25°C for 45 minutes, and

15 analyzed by HPLC. The phases were separated and the oily yellow interface was kept with
the organic phase. The aqueous phase was extracted with toluene (50 mL) and the toluene
solutions were combined. The toluene solutions were washed with saturated sodium chloride
solution (50 mL, 12.5 grams of NaCl and 37.5 ml of water). The toluene solution was
concentrated under vacuum to 60 ml (bath temperature 40°C). Methanol (300 ml) was added

20  and the solution was concentrated to a volume of 60 ml. Methanol (300 ml) was added and
the mixture was again concentrated to a volume of 60 ml to give a solution of the title

compound,
Example 7. (ZRS, 3RS)-3-(2-Ethoxyphenoxy)-2-hydroxy-3-phenylpropylamine (VII).

To the methanol solution from Example 6 was added 270 ml of methanol and
25 300 ml of ammonium hydroxide. The mixture was stirred in a sealed vessel and heated to
40°C for three hours. After three hours the reaction was cooled and analyzed by HPLC.
Methylene chioride (223 ml) was added and the mixture was stirred and then allowed to
settle. The phases were separated and the aqueous phase was extracted with methylene
chloride (2 X 100 ml). The organic layers were combined and distilled under vacuum to a

30 volume of 300 ml. Methylene chioride (180 ml) was added back to the solution. The
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chloride (13.8 mL) in dimethyl carbonate (50 mL) was added over a 30 minute period

25  keeping the temperature between 4-10 °C. The mixture was stirred for 1 hour. The mixture
was washed with 500 mL of H,O and then with 500 mL of 3% aqueous NaCl solution. The
organic layer was concentrated under vacuum at 40 °C to yield a dark oil. Isopropanol (500
mL) was added and the mixture again concentrated to remove any residual dimethyl

carbonate, yielding the title compound.
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nitrogen to yield 30.08 g of white solids. The solids were slurried in 200 mL of acetone and
) stirred at 50 °C for 2 hours. The slurry was cooled to 0 °C for 30 minutes and filtered. The
solids were dried under nitrogen to yield 27.72 g of the title compound (54.3% overall from

3-(2-ethoxyphenoxy)-2-hydroxy-3-phenylpropylamine).

All publications, patents, and patent documents referenced herein, as well as
the entire disclosure of U.S. provisional application number 60/114,092, are incorporated by
15 reference herein, as though individually incorporated by reference. The invention has been
described with reference to various specific and preferred embodiments and techniques.
However, 1t should be understood that many variations and modifications may be made while

remaining within the spirit and scope of the invention.
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Vila

wherein

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

each of the groups R and R,, which may be the same or different, is hydrogen;
halogen; halo-C,-Calkyl; hydroxy; C,-Calkoxy; C,-C;alkyl optionally
substituted; aryl-C,-C alkyl optionally substituted; aryl-C,-C,alkoxy optionally
substituted; -NO,; NR,R; wherein R, and R; are, independently, hydrogen or C,-C alkyl, or
two adjacent R groups or two adjacent R, groups, taken together, form a -O-CH2-O- radical;
comprising:

a) oxidizing an optionally substituted ¢rans-cinnamyl alcohol to give an

intermediate epoxide of formula Ia:

Q

OH
®odn 1@A/\

Ia

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

formula Ia:

c) reacting the diol with a silylating reagent to give an alcoho! of formula IIla:



10%& () -1, 10%<& ()-M 109%<& ()-L 10%& ()-L10%& ()-
COf 1 109& ()-:'19%s! ! @ dEb@! ! ! MLO%& () - LALOY%< (@) - YIL0U& () - Z7109%8" ()

D 109%& (WolyiHc& () - " #U##dED@ ! ! !, #10%<& () P | 10%<&pérusooayass () -

U 10%& () - 109%<& () - L& 10%<& () - #. $$$* U4BEED@ ! ! | Of , 10%<& ()- mMB+10%& ()-s)
310%<& ()-': 1 10%<& ()-f&H#H10%<&' ()-$" 10%<&' () - W%

8&i &~&&AEL@!! ! 36$10%<& () - 410%<& ()-" 310%& ()-1@0%& ()-010%& () -

| . 109%<& ()-&% ' """ """ _@!!s10%& ()-!&10%B8& ()- 10< 10< 10<;

10%<& ()-9"109%<& ()- @B"10%& () - )

((OI9 @!!=Ff"109%& ()-!!" %d0%s Bmooppe: ()-1q0 -10%& ()-&m

10%& ()-))***,,zX6_ @! @ - 8@1 ,{ i ! 0%bé& () -

1- &10UKKE' () - ! #- &10%=& () - ! & ANEf 1098 ()-,,-N--.J.yWs_@ \

2&10%Vv& ()- !a&$10% {& ()- ls&$10ty Mg |() - ! k&$S10%#H#& () - ! p&S10%& () -

N&$10%h& ()- J... X/ //1/zI"P@ \ 2&810%v&P10bb 10bb 10bb!y 2&10%b& ()- !X

2&10% br b& ()- 2&810%& ()- !D' 28109 & ()- //1/$0n00} ~?P@

\ " y3109%& 10% 0%& ()-9s100& ()-!1

Ff &109&™ eg! at %Wﬂl aéf&% 'g111N2dEP@

\"109& () - L109& {))reacti¥dind allobHo) Y&idrimlOl ith keacliQ&@eriVatiVe 3F 4 sdieBe SAEP@
\' 109 () - YYHO%R ()- "HLOYE ) fY $109%& ()-y#10%& () - F$10%&' () - 25B55

7j 7888 giye qgormpp\&@mfiq a {Yay504 00&' () - /2#10%& ()-Ys-&L0%& ()-! nOF(

10%&' ()-888899d9aBVK@ \ "F"10% u& ()-10% u& ()-!10% u& ()-&mM0% u& ()-ndF
10% 1 & ()-'0(10% u]u& ()- d999:r:;:< b

SY40% u&' () - #10% u& () - 38$10% u& ()O3
F'10% u& () - : <<<5===L?dEVK@\, \_[S! A10% J& ()%
"10% u& () - &y @0% u& ()- s10% - L2224 @APAJEVK@ \

y/ FY8.0% u& ()--"10% u& ()- @ " 10% u&eO) 113110% u& () - (&10% u& ()- "' %4.0% u& ()
- PAABSBTBUBVB _BmB_@ \ F10% h&' ()-! & 3nl0@PhFh& ()- 10-u

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:
0 Rim
(R)ng |
RaO” 2
) OH
Va
f) displacing the sulfonyloxy group to give an epoxide of formula Vla:
Vla
and

g) reacting the epoxide with ammonia to give the compound of formula Vlla.
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suitable leaving group, to give an amide of formula VIIla:
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and
J) reducing the compound of formula IXa to give a corresponding morpholine

compound of the following formula:
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4, The method of ¢laim 1, wherein the compound of formula VlIa is a compound of

formula VII:

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

intermediate epoxide of formula I:

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

formula II:

OFt

I OH

¢) reacting the diol with a silylating reagent to give an alcohol of formula IIT:



gj dEVK@ 10! ! | (FY40%& () - & #10%g& () -, $10%g& ()-f :

10%& () - & #10%9&' () - Ll0%g&' ()- 4LAEVK@ 10!!! (L--gl0%g& ()-L,"10%g& () -

*10%g& () - 3&10%;]&' ()- @10%& ()-9 #10%& ()-)~_ 1

" 10%&' PI%& () -1109%& ()-! (0% ~& ()- 10g 10g 10gf/ $IRUERSEY30J488dE~_@
10! 1! @thO/&' ()- "109%& ()-110%& ()- 10%&' ()-g#10%& ()- LS10% ()-B) dE~ @

10! ! ##109& () - 3F" MBLOY& ()-" s109& (P6 109%& ()-y! 109%& ()-10%& ()-1"}dE~ @

10! ' Fy2#10%&' ()-0! 109%&' () -,/ @109%& ()--!10%& ()-s+10%&' ()-FL*@O0%& ()-}eF

10111 109%& () - (10%& ()- 10 10 1095 10%& () -&I0% () - 4#10% () - _r aBeF

10! 11 s109%&' ()-!C &10%& () - &s R ()- s109&' ()-!109%& ()-

$r}nrveF :
1011 $10%&' () -1 "ml0%& ()-sY10% | 6PL0YHHE () - M &010%##&' () - ms109%&' () - 22[

<eF 10132"10%' () 0 "109%& ()- I'? #1098 () -!

&Y( 10%&' () - m ~&Y( 109%KK&' () - nPA0%&: () f rupC 10! LMLO%&' ()- 10%&' () -

Lgl09%& ()- 10 10 10510%& ()- 34#10¥& () -

10! 11 YO 09& ()-(10%4& ()-!310%&' ()- Y10%&' ()-| GLO%&' () - mlO%& () -29<z[ 9bC

10! 3Y(y&10%&' () -

d) reacting the alcohol of formula III with reactive derivative of

methylsulfonic acid to give a compound of formula IV:

OEt

OTMS

e) removing the trimethylsily! group from the compound of formula IV to give

an alcohol of formula V:

and
g) reacting the epoxide with ammonia to give the compound of formula VII.
5. The method of claim 4 further comprising preparing the methane sulfonate salt of the

compound of formula VII.

6. The method of claim 4 further comprising:
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and
j) reducing the compound of formula IX to give a corresponding morpholine

compound of the following formula:

7. The method of claim 5 further comprising:
h) reacting the methane sulfonate salt with chloroacetyl chloride to give an

amide of formula VIII:
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and
j) reducing the compound of formula IX to give a corresponding morpholine

compound of the following formula:

8. The method of claim 6 or 7 further comprising forming a pharmaceutically acceptable

salt of the morpholiné compound.

9. The method of claim 8 wherein the salt is a methane sulfonate salt.
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la
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,-Calkyl; hydroxy; C,-C,alkoxy; C,-C,alkyl optionally
substituted; aryl-C,-C,alkyl optionally substituted; aryl-C,-Calkoxy optionally
substituted; -NO,; NR,R, wherein R, and R, are, independently, hydrogen or C,-C, alky}, or
two adjacent R groups or two adjacent R, groups, taken together, form a -O-CH2-O- radical,
. and
J P is a silyl-linked radical;

comprising reacting a diol of formula Ila:

with a suitable silylating reagent.

12. A method for preparing a compound of formula Via:
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Via

wherein

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

each or the groups R and R,, which may be the same or different, is hydrogen;,
halogen; halo-C,-C,alkyl; hydroxy; C,-C,alkoxy; C,-C,alkyl optionally '
substituted; aryl-C,-C,alky] optionally substituted; aryl-C,-Calkoxy optionally
substituted; -NO,; NRR, wherein R, and R, are, independently, hydrogen or C,-C, alkyl, or
two adjacent R groups or two adjacent R, groups, taken together, form a -O-CH2-O- radical;

comprising treating a corresponding compound of formula Va:

R)n ‘@
RaO”:

Va

wherein Ra is the residue of a sulfonic acid, with a suitable base, under phase transfer

conditions.

13. A method for preparing a compound of the following formula:

wherein

n and n1 are, independently, 1, 2 or 3; and
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to a solution comprising at least 4 equivalents of a suitable reducing agent.

14. The method of claim 13 wherein the reducing agent is borane, diisobutylaluminum

hydride, diisopropylaluminum hydride, or sodium bis(2-methoxyethoxy)aluminum hydride.

15. A compound of formula Illa:

0 >
(R)n‘©/
HO” ;

1Ila

Ry

0)y

wherein

n and nl 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,-Calkyl; hydroxy; C,-Cgalkoxy; C,-Calkyl optionally
substituted; aryl-C,-Cgalkyl optionally substituted; aryl-C,-Calkoxy optionally
substituted; -NO,; NRR, wherein R, and R, are, independently, hydrogen or C,-C, alkyl, or
two adjacent R groups or two adjacent R, groups, taken together, form a -O-CH2-O- radical;

and
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17. A compound of formula IVa:

IVa

wherein

n and n! 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,-Cgalkyl; hydroxy; C,-C,alkoxy; C,-Cgalkyl optionally
substituted; aryl-C,-C alkyl optionally substituted; aryl-C,-C alkoxy optionally
substituted; -NO,; NR R, wherein R, and R, are, independently, hydrogen or C,-C, alkyl, or
two adjacent R groups or two adjacent R, groups, taken together, form a -O-CH2-O- radical;

P is a suitable silyl protecting group; and

Ra is™a residue of a sulfonic acid.

18.  The compound of claim 17 which is a compound of formula I'V:




| " #$9R' () *+, -./0123456789: ;

" <=>? @\BCDEFGHI JKLNNC’;ZSTU\/V\XYZ[\] A abcdef ghi j k.IOpqrst uvwxyz{|}~ 7 * 1
L THSUR (O fyyg90120123456789: PCT/US99/30748
<=>?@\BCDEFGH JKLMNOPQRSTUWKYZ[ \ ] *_" abcdef ghi j kl mopgr st uvwxyz{| } ~
" #$9& () *+, -./ 012345678 43
19. A compound of formula Va:

Ry

0
Y,
RaO” :

Va

OH

wherein

n and nl 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,-Calkyl; hydroxy; C,-C,alkoxy; C,-C,alkyl optionally
substituted; aryl-C,;-C alkyl optionally substituted; aryl-C,-C alkoxy optionally
substituted; -NO,; NR,R, wherein R, and R, are, independently, hydrogen or C,-C, alkyl, or
two adjacent R groups or two adjacent R, groups, taken together, form a -O-CH2-O- radical;
and

Ra is a residue of a sulfonic acid.

20. The compound of claim 19 which is a compound of formula V:




