; PQRSe3e[ X@6HT 3WD 02/ 14256 | 1 , PCT/USCOL/ 23114 A PROCESS FOR THE -
PREPARATICN OF a' CHLOROKETONES Cross-Reference to Rel ated Applications 5,‘\
This applywgathfaescl ai ns the benefit of U S. Provisional Ap@*hgayiﬁn‘SerlaM
No. 60/225,711 filed August 16, 2000. 110 The present invention rel ates
a novel process for the preparation of a' -Nacyl-a'-chloroketones. The

- chl or oket oneg PROEYSIFOR FHE PRIFARATION Uneammmrbmmmvent ion
are precursors of hydroxyethylam ne isostere sub-units present in nany
nol ecul es therapeutically useful as inhibitors of angiotensin converting
enzynme, renin and H V-prot ase e | nvention A process
for preparing a-hal oket onest 2 leldd Je -"gﬂﬁkhzger in Chem Ber.
Vol . 98, pages 3733-3747, 1965. The dlsclosed process involves the 20
reaction of dinethyl-oxo- sulfonlunnethéllde W th isocyanates and ketenes to

f orm ( 3- fet o- sul fldng appheation ¢laiwms thadengliyef B:83 Brovisionpd BippliGationtiisrisl Ne.

di sclosed tr he sul fonl unmret hyl i des with hydrochloric
acid or broﬁsﬁgﬁﬁgﬁ?%gg‘&sﬁg’%{ggtone or a, a-di bronoket one. 25 Degraw and
Cory, Tetrahedron Letters, No. 20, pages 2501-2S01, 1968,

preparation of a-acetoxy and a- hal onet hyl ket ones from acyajm E 'ﬂ&ﬁmm
ylides by the action of acids. Tmmeaches th ive
preparation of a-halo and a-acetoxynmethyl ketones by the react$8K1%of

hal ogen acids or organic acids with a-di azoketones is well known. G ven
that tha030 di azORetpoesest iaventionuelbtey twdoha@eh@cbcb;s fohthepeaatation off

di azonet hane wi.th the appro r| ate ag ch] ori de, @i he pet hod taught by this
paper is not® &Yl r@ﬂo@kﬁ BES: | e o in‘%‘P‘l% usedrm ggg9ydanaewith thepwer s

and W1 Ccox, nlyeeie en§8:? g?%cﬁfﬁﬁqﬁfl% c@cge&xﬁﬁx&xﬂeeﬁ%t RuBufiligssi cal

met hod for tthe pr epara Ion o oro vin he conversi on of

an N-acyl - a-pa¢seninanarny molemlasﬂﬁb@pﬂkﬁhkby\ﬁsdﬂ(hsﬁmIﬁbmeﬂﬁngicﬂeﬁkﬂlySI s with
HX. The use of di.azonethane in this method makes it inpractical for

| ar ge- scal e COpwHHAg ewayms, gon andsdIY-prdeass. safety consi derati ons.
15

Background of the Invention

A process for preparing o-haloketones is described by KOnig and Mezger in
Chem. Ber., Vol. 98, pages 3733-3747, 1965. The disclosed process involves the
20  reaction of dimethyl-oxo-sulfoniummethylide with isocyanates and ketenes to form
B-keto-sulfoniummethylides. On page 3738, in Table 3, there is disclosed treatment
of the B-keto-sulfoniummethylides with hydrochloric acid or bromine to form o-

chloroketone or a,a-dibromoketone.

25 Degraw and Cory, Tetrahedron Letters, No. 20, pages 2501-2501, 1968,

disclose the preparation of a-acetoxy and a-halomethylketones from

acyloxosulfonium ylides by the action of acids. This paper also teaches that the

selective preparation of a-halo and a-acetoxymethyl ketones by the reaction of

halogen acids or organic acids with a-diazoketones is well known. Given that the
30 diazoketones are usually obtained by the reaction of diazomethane with the

appropriate acid chloride, the method taught by this paper is not considered attractive
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for large-scale applications.



Kowal ski et al., J. Org. Chem, Vol. 50, 5140, 1985 and J. Og. Chem, Vol.
57, 7194, 1992, describe honol ogation of esters to a-bronoketones utilizing
the reagewp ¢sM$isem CH2Br 2/ LDA/ n-BuLi. 10 Baldwin et al., gyphRblsipades
51-53, 1993 describe a process whereby anucl eophilic ring conpound , an
activated nonocyclic (3-lactam is opened by reaction with

trimethyl sul foxonium yl i L lithiated sulfon and r tq forma
variety of funct ir}%ﬂ’(‘éqrgifgg%lcﬁ&ﬁﬂgggﬂl;%iggp@ﬁ%ll%@ﬁégzéa?sﬁpbea

i nter medi at d Siafiof bf Qi etdel TSI dofBeng,

Tet rahedron??%?élr%?ﬁ%oﬁﬁég?gﬁo.a fﬁ@ pages@l%l?g- ?‘1{% n%%?,ang%sgri bes the
. devel opnent afN{aegecd-aatiso hcid té b e-dinsikeoat ambhsubbeceatacidalicds with $1anThe
proposes a practical process for the preparation of a'-chloroketones of N
20 car bamat euspobdisgeraethanein this ragthed mgkes/itimpragisabior largereals operations

di i sopropyl au I | wi t h BOC- L- phenyl al ani ne et hyl
ester. T%?sadﬁp%gsggg}&og%\ﬁggeﬁ,e&ﬁgﬂ%lgggvant ageous in that there is forned

t he hi gh-boiling, toxic by-product chlorodiiodonethane. 25 Summary of the

I nvention The present inventjon is direcied to an inproved proce for the
preparation of a-elip‘é{%lﬁfl-eé"l-cjl@&o%nng- Q& 48, 5i%§4:'n§¥&§lﬁﬁu oly|'i de on
aryl esters t | LS +d O t ] a source
ot chi or  do ek 169 elorE Woptoih o gFberk 4 4B R ool 0

di rect ed to iigentpystene CHaBegkEDA/M-BuLi.he preparation of correspondi ng

epoxi de conpounds that are internediates in the synthesis of an inportant
H V prot]é)ase I nhi bitor. WO 02/ 14256 Detail ed Description of the Invention
PCT/ USOL/ 23114 The apa£&93., 8 nitRSpdabE5L5S, 100 Abldr kg

advant ageous synthesi's for ’r&rﬂ’epl\?-%acyﬂe- a’-1-9<?§| ggrco%gtagﬁgésébrgg?‘ggye%t ed by the
formul a R Ridtléophilic ring compound , an activated monocyclic B-lactam, is opened by

reaction with trimethylsulfoxonium ylide, lithiated sulfones and cuprates to form a
variety of functionalized y-keto-o-amino acids that are useful intermediates for the

15 synthesis of natural products.

Chen and Cheng, Tetrahedron Letters, Vol. 38, No. 18, pages 3175-3178,

1997, describes the development of reactions for the preparation of a-chloroketones
and proposes a practical process for the preparation of o’-chloroketones of N-

20  carbamate-protected a-amino acids by reaction of lithium diisopropylamide and
chloroiodomethane with BOC-L-phenylalanine ethyl ester. This process, however, is
disadvantageous in that there is formed the high-boiling, toxic by-product

chlorodiiodomethane.

25 Summary of the Invention

The present invention is directed to an improved process for the preparation
of a-N-acyl-ar’-chloroketones by the action of a sulfur ylide on aryl esters to generate
a keto ylide that is in turn treated with a source of chloride and an organic acid. The
30 present invention is further directed to an improved process for the preparation of
corresponding epoxide compounds that are intermediates in the synthesis of an

important HIV protease inhibitor.



wherein Ris selected fromthe group consisting of alkyl, substituted

al kyl, aryl and substituted aryl and R is a protecting group for the am no
functi on.wéQ@21hgeconpounds represented by formula | are i&E?ﬁ%ﬁﬁLﬁ#F enzyne
inhibitors and are also useful as interngdiates in the synthesis o

nmol ecul es that are inhibitors of ACE, renin and H V proteases. Such
conmpounds and their use are disclased,. f.or ample, .in U S Patent No.
5,849,91 |, the disclosure Stetaiigdipesrripp M¥rein 15 by reference.
As utilized herein, the following terns have the definitions given bel ow
The term"alkyl" refers to optionally substituted straight- or

. branched- chai n sakhgrpaoeass bftheqresehionvention providesiangdivardagepbus synthesisrfoon

atons, preferably from 1l to,4 carbon 2 ops.. The expression "l ower alkyl"
refers to optE‘? gyt Gé‘%‘f’fotkﬁo@as ’?PT&??IR@‘%’GE’Z fﬂ%‘ﬁﬁg from1 to 4 carbon
atonms. The term "substituted alkyl"” refers to an al kyl group substituted
by, for exanple, one to four subgtituents, such as, halo, trifluoronethyl,
trifluoromethoxy, 25 hydroxy, al koxy, cycl oal kyoxy, heterocyl ooxy, oxo,

al kanoyl, aryl, aryloxy, aralkyl, alkanoyl oxy, am no, alkylam no,

aryl am no, aral kyl am no, cycl oal ky 1 no~ het erocycl oam no and

di substituted am no. The defi nrfENONnS ven terein for al kyl and substituted
al kyl apply as well to the al kyl portiljpn of al koxy groups. WO 02/ 14256
PCT/ USOL/ 23114 4 The term"aryl" refer® to nonocyclic or bicyclic aromatic
hydrocarﬁbn groups having from6 to 12 carbon atons in the ring portion,
fox exanpl e, phenyl, naphthyl, biphenyl and diph?nyl groups, each of which
may be substituted. 5 The term "axal kyl" refers to an aryl group bonded to
a larger entity through an al kyl group, for exanple, a benzyl radical. The

term"substituted aryl" refers to an aryl ,group substituted by, fox .
exanpl e, oneVhgeind 15 selestedifrae thegraun¢ongisting Rl Alkylssubstitutad alkylaaryland ha) o,

10 trifluor i r: [J{q?pﬁ . : .cycl oal kyl oxy,

het er ocycl o?@%mﬁeﬁa éﬁ?@llfgﬁ%y oé%, a '@ﬁeﬂﬁﬁctﬁ% di al kyl am no,
aral kyl aki no, cycl oal kyl am no, heterocycl oam no, al kanoyl am no, thiol,

al kyl t hi o, cycl oal.kylthio, ,heteroc ot.hi o reido, nitro, cyangp, carboxy,
caxboxyal kyl , ca?ﬁﬁ/ﬁﬂn}poélpﬂ%wgﬁrﬁé‘ﬁh ?orgau FHIGHE™S! ?WW%‘HBJ%“WS

al kysul f onylandsd 4190 as8fElQs iRledthSdidtedimdhd SitHedis df ifolechil tBARSS inhitgidks My be

further substituted by one or nore nenbers sel ected fromthe group
consi sting off AGEgeninpad iy prateasds, Sulkenmppouadsand thelyswse axstdistlaskédyiby

Funt i on' r pavpie B Balhl Noog e AL e SRt SEnRRE D Rieb iRy 1

attached 3 o Wrefotenee. group to keep it from being involved in reactions
taki ng pl ace el sewhere on the noiety to which it is attached. Preferred
anong such groups is t-butoxycarbonyl (BOC), but art-recogni zed am no
function protecti g, @ERURSreif HEEM I . . r bonyl
groups, such as benlzlyFoxycglg’oﬁyfo?iognﬁa%égﬁps{%%tgés) \/\/eljl"l(?(.;ns%wﬂ?ag@?arti ng
mat eri al s f dFhetthen falbyl gefers toppipaal iyrsybstituted siraiglet onbmntiredachanr shanated wi t h

L B eoent SR bl 1l 655 118 7SR SRt ) W bl

20 atoms. The expression “lower alkyl” refers to optionally substituted alkyl groups

having from 1 to 4 carbon atoms.

The term “substituted alkyl” refers to an alkyl group substituted by, for
example, one to four substituents, such as, halo, trifluoromethyl, trifluoromethoxy,
25  hydroxy, alkoxy, cycloalkyoxy, heterocylooxy, oxo, alkanoyl, aryl, aryloxy, aralkyl,
alkanoyloxy, amino, alkylamino, arylamino, aralkylamino, cycloalkylamino,
heterocycloamino and disubstituted amino. The definitions given herein for alkyl

and substituted alkyl apply as well to the alkyl portion of alkoxy groups.



PCT/ USO01/ 23114 11 wherein R and R are as defined above and R2 is hydrogen
or vitro and nay be substituted in the ortho or para position on the phenyl

ring. Thayeeeppdpds represented by formula Il are com‘rercbélf)u}goﬁmu abl e or
can be prepared by techniques well knowyto those of ordinary skill in the

art. The protecting group on the amno function is preferably

t - but oxycar bonyl %Q@)‘%“bu " n al so be 1oth I a{t 10 reggﬁ zed am no
function protecti uf¥ efg G OIPLOSHC YAy el Bh the
process of t SuRHBoR! tfrdrﬂ\sewu%boh B@nﬁsﬁﬁﬁﬁdﬁ&%ﬁ@h@ﬁ'f@f eﬁa%ﬁil@%ﬁéﬁﬁd by
formula I1 ove is reate with a sul [ a corrpound cont ai ni ng

a function rI@phﬂaE]e h:péxdnﬂwaﬂrdeplfeoylrgm@pscr@h@ﬁmh méﬁhe qubstititedr oduce an
internedi ate keto ylide conmpound represented by the formula R O ~I 1 ~R3 RAH
IO S~ R4 1ll wherein Rand R are as defined above and R3 and R4 are

sel ect ed 5f r om t herhartemp “ZQIkGPNS RS 1ok Y1 g2blgybonded bs4 ldrgdredtigl thdoughad aryl .
The sul fur ylide reagqent i S conveni ent Iag prepared froma sul oxon| um sal t
r

by reacti on N igraups fartexpmplepa bengyhragdicabr gani ¢ sol vent. Suitabl e

sul f oxoni um conmpounds i nclude trial kyl sul foxonium WO U2/ 14256

PCT/ US01/ 23114 6 halides, such as trinethyl sul oxonium i odide. Preferable
bases include, fcFheamrfsubstitheedi asyir’ Iﬂ@félrsitdan ayd pessmpi substiteted by ot oxi de and

potassiumtert. anylate, with the |atter ing particularly preferred. The
reaction is eééﬁnpﬁ angip foppsubstiienta spch @@ik)’i;ni“g%tﬂéwdéﬁ‘yé »hyl f or mani de,

t et r ahydygof Lﬂcigﬁ?ﬂfne %ﬁ%@“ﬂ%&)@bgﬁﬁ@y“dﬂ& f)@lrc;aﬁgﬁ@ﬁdxgggﬁtbm%cl%x ce the

tenperature o rom about 60C to
sul fur yli dealkwagbaﬂ(ansylbmy,raﬂdno mikydamne,achalkyﬂammd) ardﬂeylanmotl ng mat eri al

ted by, f Il ab t

P CF €5 ol e 895 T, Rl 05, BRSERC S 0

the reacti orheee‘méyiamtﬂa@ tureicw Kﬁtx‘osbl*zfn@%dk@ @&Wn@lmahg&e is carried out
u

in toluene as descri bed resulting solution’is cool ed 'to about 0OC, and
t hen added te@kca&yg@bgnyloaikﬂfthmm asxlﬁnqnoﬂgdlmulécmyéol sulfananaidpatyloxpiand the t o

formthe ket redi resented b rmula.l above.
15 The 6% o Sl e SubHisiin R e SRR SR FRE0 Areterp RETHBL 1 ot o
the subj ect faorhit uﬁcoﬁdiﬁtmg(bkﬁﬁl@nﬁﬁir&w BEGE bikkyWry ) sdbstiieCai Al
chloride, preferably a basi c sour ce of chloride, nost preferably |ithium

chl oride, an® %fﬁ“*@ﬁ@é)ﬂla@d&l‘ﬁ L for exanple, methanesul fonic acid. The
treatnent with the source of chI oride is carried

The term “protecting group on the amino function” refers to an art-recognized
20 . group of moieties that can be attached to an amino group to keep it from being
involved in reactions taking place elsewhere on the moiety to which it is attached.
Preferred among such groups is t-butoxycarbonyl (BOC), but art-recognized amino
function protecting groups, generally alkoxycarbonyl or aryloxycarbonyl groups,
such as benzyloxycarbonyl, can be used as well.
25
The starting materials for the process of preparing a-chloroketones in

accordance with the present invention are aryl esters represented by the formula



out in an organic solvent, such as tetrahydrofuran, toluene or, preferably,
acetonitrile. 20 The reaction is initiated at | ow tenperature, i.e. from
about OC {v@ @A¢sk SC. As the reaction proceeds, however, tpger l}sgppﬁrl?ture i's
rai sed to about 65C. Reaction of the ketg ylide represente Ey ormula 111
above with a quaternary chloride, such as tetrabutyl anmmoni um chl ori de,
yields a m xture of products resulting fromconpetitive deal kyl ation. 25
The a-N-acyl -a' -chl oroket ones represented by fornula | above, in addition
to their own activity as irgeversible enzyne inhibitors, are inportant
intermedi ates in the synthesrs, of nolecules that are inhibitors of ACE
renin and HV proteases. The attivity of such nol ecul es agai nst HV

pr ot eases makes them 30 very it he treatnent of retroviral
@ a-N-acyl - a' - chl or oket ones

i nfections such as AIDS. fmsCifi
represented by fornula | are convert eg eduction either chemcally or

enzymatically to an internedi ate d epressstedN\by the formula IV WO
02/ 1: 4256 PCT/US01/23114 that is, in turn trefted with a suitable base to
convert it to the correspondi ng epoxi de represented by fornula V as shown
below R [V V The epoxi de conpounds represented by fornulg V are

i nternmedi ates that can be converted to the inportant H 'V protease inhibitor
2,5,6,10,13 10 pent aazaretetradecanedi oi ¢ aci d,

3, 12- bi s(d, 1-di | ephyl) - &- -4, 17-di ,
o  phenytre WS EC MR e ARG hive ot i S i ecn praitin pd ey e
(3S, 8S, 9S, 12ghstaatediit Hesid drpatd positialonihe IBT!%nyﬁniﬁg}%&chamﬁoﬁlﬁdﬁi sclosure of

which is incorporated herein by reference. The synthesis of the conpounds
repr esent ed 18presested pyafopmalad aretrogmairially availablers cenhppispared byr esent ed by

formula Il i I t L Coal QUE . e ofore. It
i s understoo c%eg\%aﬁﬁ%@ot? #@F%ﬁ%‘@%ﬂ@@%%?’fﬁ’gﬁ |3%sér§ép {”ﬁe
practice of théeminvfanttianisprdferably tdupayemboiyl (BOQ), marabalss badiheyartade by,
t hose of, ordi nar kill in the art wi thout departi fromthe scope and
spirit of tHchgﬂ‘&@at"‘i“Bﬂo Sgctan protecting gepuRp A%/ discus Vegly, it is not

i ntended that the scope of the clains appended hereto be limted to the
exact description set forth above, but rather that the clainms be construed
as enconpassi ng dhlacodrdaime Widhathe pesessfofjibe prescalb inventius itheystarting nragesiatie i n

the present jinventipn .inc [ al| the feat s_.and, enbodi nent s t hat
vvoulg be trerlgpr\éaenéelsd)%fﬁrglg*ag[ﬂ%@&Ite%*rgg?fwyﬁlaﬁﬁgﬁr %‘!éﬂ?r led QOH{PPH% rel evant
art. The i nv@ntdiffg h FurlktBaTeprlcBic@behd foimRr described with reference to
the follow ng experimental work.

o
li

Rs
CH2=S<

R4
15

to produce an intermediate keto ylide compound represented by the formula

I
wherein R and R, are as defined above and R3 and Ry are selected from the group
20  consisting of alkyl, substituted alkyl and aryl. The sulfur ylide reagent is
conveniently prepared from a sulfoxonium salt by reaction with a suitable base in an

organic solvent. Suitable sulfoxonium compounds include trialkyl sulfoxonium



WO 02/ 1- 425G PCT/ USOL/ 2311~ 8 Exanple g Preparation of (3 S)-

2- 0X0- 3- (t - but yl oxycar bonyl am no) - 4- phenyl butyl i de di net hyl sul f oxonium 5 A
one |iteryblyagkesequi pped with a large stir bar, a reflux B nd an
argon inlet was charged with trinethylsukfoxoni um i odide ?ggﬂgg‘?%{%%ﬁ
mol ) and tetrahydrofuran (200nL). There was then added with stirring 88 nL

of a 25 wt%,.saql.ution of potassjumt-am/ate in toluene ( 176.0 mml) and
Che react i orhaHASS: Stahasdrimetsylsploxarumpiodidso Preferabletasengiude, direxample,

cor r espondi ngdini ARl fltadhisn feﬁasataﬁid%gn& Fﬁ&éiﬁlﬂ téc’)i?.taﬂﬁ‘lﬁte,ivﬁm Abigf The

reaction mxture was cooled to 1 C and a solution
N- ( 2- t but oxyheingymtjdularly priefergtiaThereactian isicarrizoenid anospenic 660ert sgeh 5. 8

ol in 80 f 1et f dded . vi ] 15 ni nut
that’ the | nimelebEhmRekPaiihathos ekl l Mt iieafan e B veo
© stirred at taheﬁlpéﬁn{r@apﬁbﬁxta%@téo@ctaaewt.sfobg,epr@fe FabRbdoddien was al |l oved

to warmto anbi ent tenperature over 30 minutes. The reaction mxture was
stirred at anbient tenperature for a further 30 m nutes. HPLC anal ysis of

PRI R M o 2 I T U RS St PR R AR A RS
t - but oxycar b@ﬁ%bm&d@%ﬁhﬁiadﬂ&ﬁ%@efgﬁiiohﬁl@ﬁﬂ%¥ pre’&icdof af%Q-sEWéntr. ERCH] on
o

m xture was quenched with 100 nlL wat €r and stirred for 15 minutes after
whi ch it wasXxaapleaitheavsedlionpized seleent meaction srediven, dhamadtionsdfithent s. The

concent rat ed...[w Ll wi,th a. further 550 nL of .water, and
extract & g vmqpﬁikgfﬁgEW %BIB? {nﬁgdnang P55 %aﬂfg Opt ! t8|"FF%?Fsd?§Fnbed’ the
di chl or onet haguttingTddtutRsn i6 068l RhbBYE §°; bid WRh O dU&BReSoNtion dr iR &%ngt
portions of water, dried over magnesi um sul fate and concentrated under

vacuum The m#eria] iz feteabydrefiran tndonm thenkeve plidmigitarmbdigle cospound fepresattedi nut es

to obtain t s.alight yellowsolid (17.4 g., 99% which was
carried on ?’S/ f%féf%ﬁé a'go‘\?ﬁ't hout further purification. WO 02/ 14256

PCT/ USCOL/ 2311-1 9 Exanple 2 Preparation of
(S)-[N-(1-benzyl -2-0xo0-3-chl oro)propyl]carbam c acid t-butyl ester A one
liter fllask equi pedetn ylidecompolrd tapresenigd by fomnudla Ukisdherednyertediodhen ar gon

inlet was ¢ | - 12 - (1= 0X r bonyl am ng):=4

phenyl but yi i doieetteSt-peke ol by s igh v A HHR B oL JR ey

t et r ahydr of Wasio sodbe offthdbiide; misSprefegAtiy litiurh cBloMde, dndtahioigarshhqd,i e (2. 55
g, 60.1 mmol) vva](seuggted in a single portion (the tnternal tenperature of

the reacti orffXAfR: paelipgicagll. Theitreatieeni vidrthe seissepi(chlaidelis carged 1 mmol )
femai ned_ betaoirin RS0G5 teh BEjerahRup AR Afbel TRRRRIE Bhoobllls™r ' 6°

remai ned between 1 arter e mxt wa "at 65
C for f@0r Hithersactibhés indtiatdd adowrtenhperstus, i.6.rfishn abowd 0¥E ty aliduit SkKC Sslagrkey f or
the first thirty mnutes of this period. HPLC reveal ed conpl ete consunption
of the star trpqﬁgom@pp@, haweyer.dh nsratye is raised to about 65°C. Reaction of the

(S)-[N-(2-b . - 3- ¢y I [ ic acid t-hutyl ester. The
reaction m?@hbﬁé&egeng%&g;@%@%ﬁ%? 9%%@%&%‘8@%%?’@8‘%%&8 Pacuumto a
sol i d/ oi | nitatrabueylaniinenivinkéilondegieldst tbdtere of prddicts f&ullngttoret hyl acetate,
washed with 80 ni, . of half saturated aqueous sodi um bi carbonate and 80 niL of
saturated afQPPgUtiepalkylationori de, dried over magnesiumsulfate, filtered
and conggntrated under vacuum The residual solvents were renoved under

hi gh vacuum overni ght to obtain (S)-[N(

1- benzyl - 2- oxo- 3clea-d}-myboychioaskesones repeésanted by tfyimuds] sovesinadditisdqo

pr oduct, 1456 9 97% .as a |i ghglézo yellQqw solid., A 500 nL flask with a

| arge stir BT QWD agtiyiky;as wreveasible saayme anhibitoss, geimportAntdpteamedipigaiet | | 4. 25
g, and 210 TS50 i . { t. geflux and 10 mL of

" et hyl t-bu?iylg %fentt efrg was lzcyggﬂtéfﬁg\é@%e&tﬁgﬁ’gg@f&The sol ution was

al | oned to dtiY proteasesbiThetactivtypefisathimeleoulzs agaiast/fiVrprofehes simdkes them becane
cl oudy d then tur egl'nto a ver thicliﬁq?ijpurry ich was stirred for

, | 25
two hourd. THE tregtmepirireoviial dnteetions Suh st v strsaiflisptly the i of

hexanes foll ’ lh=dL i or one
hour to aff c?&1 ?Ile%i’? 'é‘ gﬁl%egn-e Fﬁﬁ?é%@@g%;ﬁ ?(-)@Elggg%-c\gﬁfegr% g)bg&%%l%ﬁ]oéar bam c

aci d t - but yleithait chemi@lly%r exgymadticalyy ®l h inkgmadiaefrépredented Bahé brmuld ¥y 02/ 125C
PCT/ US01/ 23114 10 Exanple 3 Preparation of '

(S, S)-[N(1-benzyl - 2- hydr oxy-3-chl oro) propyl]carbamc acid t-butyl ester. 5



A solution of (S)-[N-( 1-benzyl-2-o0xo-3-chloro)propyl] carbamc acid
t-butyl ester prepared in Exanple 2 (5 g, 16.8 nmmoll) in 84 niL of
tetrahydngfsasgnd 9 nL of water is treated with sodium ' ( 1.59
g, 42 mol) at GC. The tenperature is mai{nt ained with sti ???@gb‘?éﬂﬂﬁS

m nutes, after which the reaction 10 m xture is concentrated to dryness.

The residue js stirred at 0C with i xture of 150 tnL of ea.h | acetate and
25 nL of wattBdt iHHn FEn S5pigd JibE S&l&@@g?ﬂ%ﬁﬁomm it fo the SPFIRORCIE <pOYIG? Ui | y
added nmitil E;Fk%s&kéd’éyi&ﬂﬁul@“h#ﬂ%“h%ws about pH 1.5. The resulting

m xture is Ji uted w'th 350 nL of ethyl acetate and the | ayers separated.
The organic |layer is washed with water and brine, dried over nmagnesi um
sulfate and 1 S concentrated to a white solid. Ihe material is
recrystallized from hot, yl acetate to afford

(S, S)-[N-(1-benzyl -2-1rydraxy-3-chl oro) propyl]carbgm c acid t-butyl ester
(2.57 g, 50%9. The m nor anppunt of the (S, R) diastgreongr is isolated from
the nother liquor. 20 : P at.a.lg_?_ﬁ.ms of o

1-(1' (R) - oxi ranyl )-2-(1 enyl etthyl )cglr bam c acF‘HNt-butyl ester. A 10 nL
flame-dried flask equi pped wigh a stir bar and an argon inlet was 25

char ged \éyl th (S, S -[N(1-benzyl-2-hydroxy-3-chl oro)propyl]carbam c acid
t-butyl ester as prepared in Exanple 3 (200 ng, 0.67 muol), i sopropanol
(3.6 m) and tetrahydrofuran (fyni.). The solution was cooled to 16C and
potassium tertbutoxide (79nmg. 0.67 mmol) was added in one portion. The
reaction was stirred at approximately 17C for 30 mnutes. Acetic acid (3

ol [ a1 qui d i xt [PEePoye arBBids 1Eptlo sy R GVERHERRE b oo 1,
( 10 nL) ancbemmbetediotie ingioetant BI Vibroteass athibsie 2¢b,&00lil 3+ hydr ogen car bonat e
sol utiori (1.5 rgééa: hal satur_atea éj'u hydr ogen car bonat e sol#(ﬁi_i on (1.5
m) and 'Yat (RERIABAAESHR i6gel 3Lt Shraehylemsh- iy Xy, 1 Iy¢gxo-

021 14256 PCT) Cas Dap g ST CTRBe I PSR iy dsssosasspnd 10
( RI) - o>r<] ![ r an?/: z’)ﬂdZsc(l?lﬂs¥1 nyU?]& ﬂ?yllepgﬁopﬁg#%ibh ithe diideme of?gluieh is(in%%pgrzagfhzgg% as
a light-yel l.ow.oi ich salidibied at roomtenperature

PCT/ US01/ 23 14E1R DY EriRiepee-wEhe 1vapsis ot the compoyndsaepresgniyd by firmula Yo i on of
a-N-acyl - a' -glve b@%ﬁﬁﬁjﬁg QGth'tRE ESBSMIRteprésdnid) dyofoRhia IRsRntiNprovelmett | 10
wherein Ris selected fromthe group consi sting of alkyl, substituted

al kyl, dfyl ovedsyuheficirowesknewyhergiodor®l is a protecting group for the anino
function conprising reacting aryl esters represented by the fornula R HII

=

It is understood that various other embodiments and modifications in the
practice of the invention will be apparent to, and can be readily made by, those of
ordinary skill in the art without departing from the scope and spirit of the invention

20  as described above. Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the exact description set forth above, but rather that the
claims be construed as encompassing all of the features of patentable novelty that
reside in the present invention, including all the features and embodiments that would
be treated as equivalents thereof by those skilled in the relevant art. The invention is

25  further described with reference to the following experimental work.



15 wherein R and R, are as defined above and R2 is hydrogen or nitro and
may be substituted in the ortho or para position on the phenyl ring with a
conpound @Rl ng a function represented by the fornul apPpRshiiaTe 3 Ra
20 WO 02/14256 PCT/ US(11/23114 13 whegein R3 and R4 are selected from
the group consisting of alkyl, substituted alkyl and aryl, to produce an
internmedi ate keto ylide conpound represented by the fornrula RO ~I1~R3 R~ H
IO S~ R4 11l and treating said conp resented by fornmula Il with a
source of chloride and an organic acid. 10 2. A process in accordance with
Caim1, wherein Ris phenyl and Rl is tbutoxycarbonyl. 3. A process in
accor dance er@PﬁI@iMQﬁ(ES)-\RAmM-ﬁ -mYlpsyqarbqnalaamo)r&pg@nébutylmeed in the para

position on t. | ring. 15 4. A process in accordance with Caim1l,
where R3 ana&%%ﬂ&[kgﬂéé%ﬁraet hyl. 5. A process in accordance with Claim]1,
additionally including the step of formng said sulfur ylide conpound by
the reaction of a sul foxgnium conpound with 20 a base in an organic

solvent. 6. A prctenglitenfladeenuipned avith a largg shir bats a rofiy eandenssr andsan f oxoni um
compount | Bubhb AL UL LB S0k 205, Yoo BATIAT,

reaction of tsaltydecforaa2@Dnikepr Thenetved thon dddedmfith stitring 88 mbaifa 2Suhfair yl i de

conmpound is carried out ,in an grganic solvent at a tepperature of from
about 60C t & we}to%gefe.sﬂmn\m"u%tm epet) 16smmethand tha regetion waptieed | n

q i onChni - e Sg! ect ed
e R, MO B o TR FOLIRd o A G ot

tol uene. 5 OSwitHouplisolgida. Mhe detionl Aittarewdstobleditonl IC and & selution af M-(8aur ce of
chloride is lithiumchloride. 10, A process in accordance with Caim1,

wher ei n sai dwexysaibeneld-Ldpheaylstaninertaiiropbemd cster @0-019 5118 mmopris 884rL i n
eccor dance edl i ESHAL i S PSSPy Syt comound
i's initiatedepednirerselitddbietwedn for 5200 The Béaction o uiirrédatithisan or gani ¢
solvent. 15 temperature for about five minutes and then was allowed to warm to ambient
temperature over 30 minutes. The reaction mixture was stirred at ambient
temperature for a further 30 minutes. HPLC analysis of an aliquot of the reaction
mixture diluted with 1 mL of acetonitrile and 5 drops of water showed complete
consumption of the N- t-butoxycarbonyl-L-phenylalanine-4-nitrophenyl ester.
20
The reaction mixture was quenched with 100 mL of water and stirred for 15
minutes after which it was concentrated under vacuum to remove organic solvents.
The concentrated mixture was diluted with a further 550 mL of water and extracted
with one 200 mL portion and two 100 mL portions of dichloromethane. The
25 combined extracts were washed with two 200 mL portions of water, dried over
magnesium sulfate and concentrated under vacuum. The residual solvents were

removed under high vacuum for 30 minutes to obtain the product as a light yellow

solid (17.4 g., 99%) which was carried on to Example 2 without further purification.



15 12. A process in accordance with Claiml |, wherein said solvent is
tetrahydrofuran. 13. A process of preparing an epoxy conpound represented
by the fayowbauks R ~ O 20 WO 02/ 14256 PCT/ 11501/ 23114 1pcrnMdbesssin R i s
selected fromthe group consisting of alkyl, substituted al kyl, aryl and
substituted aryl and R is a protecting group for the am no function,
conprising reacting an aryl ester reixeﬁgﬂe zd by the fornula RIH R2 5
wherein R and Rl are as defined abov i s hydrogen or vitro and may
be substituted in the ortho or para position on the phenyl ring with a

conpound corfréganitivg of (B} [GY(1-benZydRr@dehtiddrd)prophcdrbarmislagidlibuiylester2. - g\ 3
Ra wherein R3 and R4 are selected fromthe group consisting of al),yl,

substituted al kyl and _aryl .to prodqug u internediate keto ylide conmpound
Fepresented by | HboRofifttaskeRamed v RAeBHE bR 161 ORISR TR R R
and. R4 are gsndgfet wad cﬁé}gé’cﬁwith r(gﬁ)t Qﬂﬂoga(t%uﬁ%ﬁ%ﬂf%n?ﬁﬁﬁﬁoﬁﬁtm ed by formula

1l with a source of chloride and an organic ‘aci'd to forma 1-substituted-2

am no- 3- §xo-phentibatyidd dinzatkyladfoxoninc ({12 drg S8k reohobyand RS0 s ofil a 20 WO
02/1. 1256 tetrahydrofuran. The mixture was cooled to 1°C and lithium chloride (2.55 g, 60.1

mmol) was added in a single portion (the internal temperature of the reaction mixture
rose to 2°C). Methanesulfonic acid (3.6 mL, 55.1 mmol) was added over five
minutes so that the internal temperature of the mixture remained between 1°C and

10 3°C, after which the mixture was stirred at 65°C for four hours. The reaction mixture
stirred as a very thick slurry for the first thirty minutes of this period. HPLC revealed
complete consumption of the starting material and formation of (S)-[N-(1-benzyl-2-
oxo0-3-chloro)propyl]carbamic acid t-butyl ester. The reaction was allowed to cool to
ambient and concentrated under vacuum to a solid/oil mixture. The mixture was

15  taken up in 170 mL of ethyl acetate, washed with 80 mL of half-saturated aqueous
sodium bicarbonate and 80 mL of saturated aqueous sodium chloride, dried over
magnesium sulfate, filtered and concentrated under vacuum. The residual solvents
were removed under high vacuum overnight to obtain (S)-[N-(1-benzyl-2-ox0-3-
chloro)propylcarbamic acid t-butyl ester as a crude product, 14.5 g, 97%, as a light

20 yellow solid. A 500 mL flask with a large stir bar and a reflux condenser was
charged with crude product, 14.25 g, and 210 mL of hexanes. The mixture was
stirred at reflux and 10 ml of methyl t-butyl ether was added to dissolve the solid.
The solution was allowed to cool to ambient temperature over one hour. The
solution became cloudy and then turned into a very thick slurry which was stirred for

25  two hours. The product was collected by filtration and washed with 25 mL of
hexanes followed by 35 mL of hexanes. The product was air-dried for one hour to
afford 11.9 g of (S)-[N-(1-benzyl-2-oxo0-3-chloro)propyl]carbamic acid t-butyl ester,
81% overall yield, as an off-white solid.



16 R RBHN ~ d O PCT/ USQL1/ 23114 wherein R and R are as defined above,
reduci ng said conpound to forma 1-chloro 2-hydroxy-3-am no-4-substituted
but ane compowngsé epresented by the fornula R RIHN O ON wWeeggisi/Biand R-
are as defined above and reacting said Rgdroxy conpound with a base to form
sai d epoxy conpound. 10 14. A process in accordance with Caim 13, wherein
R is phenyl and R, is t butyl oxycar biaél 113. A process in accordance with
Claim 13 wherein RZ is vitro and is ted 15 in the para position on
t he phenyl rj ng process in accordance with Caim 13, where R3 and R~
are each rret ?Rafa@rl OfAsébﬂiﬁe@sbep%y%bz#r%)hé@hlqr@)@rchHicmb@@w aeidt-butghal | y

i ncl udi ng HeEt ep of 20 form ng said sulfur ylide conpound by the reaction
of a sul Poxoni um corrpound with a base in an or gani ¢ sol vent.
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mother liquor.

20 Example 4
Preparation of 1-(1’(R)-oxiranyl)-2-(phenylethyl)carbamic acid t-butyl ester.

A 10 mL flame-dried flask equipped with a stir bar and an argon inlet was

25  charged with (S,S)-[N-(1-benzyl-2-hydroxy-3-chloro)propyl]carbamic acid t-butyl
ester as prepared in Example 3 (200 mg, 0.67 mmol), isopropanol (3.6 mL) and
tetrahydrofuran (1 mL). The solution was cooled to 16°C and potassium tert-
butoxide (79mg. 0.67 mmol) was added in one portion. The reaction was stirred at
approximately 17°C for 30 minutes. Acetic acid (3 drops) was added thereto

30  and the mixture was concentrated to a solid/liquid mixture. The mixture was taken
up in methyl, tert. butyl ether (10 mL) and washed with water (5 mL), saturated
sodium hydrogen carbonate solution (1.5 mL), half-saturated sodium hydrogen
carbonate solution (1.5 mL) and saturated sodium hydrogen carbonate solution (1.5

mL). The resultant organic layer was dried with magnesium sulfate, filtered and
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We claim:

5 1L A process for the preparation of a-N-acyl-a’-chloroketones represented by

the formula

10 wherein R is selected from the group consisting of alkyl, substituted alkyl, aryl and
substituted aryl and R, is a protecting group for the amino function

comprising reacting aryl esters represented by the formula

O
- \©\
0
R,
J
15
wherein R and R, are as defined above and R is hydrogen or nitro and may be

substituted in the ortho or para position on the phenyl ring with a compound

containing a function represented by the formula

20
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5 I

and treating said compound represented by formula III with a source of chloride and

an organic acid.

10 2. A process in accordance with Claim 1, wherein R is phenyl and R} is t-
butoxycarbonyl.
3. A process in accordance with Claim 1, wherein R; is nitro and is substituted

in the para position on the phenyl ring.
15

4, A process in accordance with Claim 1, where R3 and Ry are each methyl.

5. A process in accordance with Claim 1, additionally including the step of
forming said sulfur ylide compound by the reaction of a sulfoxonium compound with

20 abase in an organic solvent.

6. A process in accordance with Claim 5, wherein said sulfoxonium compound

is a trialkyl sulfoxonium halide and said base is potassium tert.-amylate.

25 7. A process in accordance with Claim 1, wherein the reaction of said compound
represented by formula II with said sulfur ylide compound is carried out in an

organic solvent at a temperature of from about 60°C to about 80°C.
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methanesulfonic acid.

10
11. A process in accordance with Claim 1, wherein the reaction of said keto ylide
compound represented by formula I1I with the source of chloride and the organic acid

is initiated at a temperature of from about 0°C to about 5°C in an organic solvent.

15 12. A process in accordance with Claim 11, wherein said solvent is

tetrahydrofuran.

13. A process of preparing an epoxy compound represented by the formula

R;HN
20
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R;HN
8]
Ry
5 il
wherein R and R, are as defined above and R, is hydrogen or nitro and may be
substituted in the ortho or para position on the phenyl ring with a compound
containing a function represented by the formula
10
)
[l _Ry
CH2=S
\R4
wherein R3 and R, are selected from the group consisting of alkyl, substituted alkyl
and aryl to produce an intermediate keto ylide compound represented by the formula
R
PR
R3
R{H 7 sC
: 0O R4
15 111

wherein R, Ry, R3 and R4 are as defined above, treating said compound represented by
formula IIT with a source of chloride and an organic acid to form a 1-substituted-2-
amino-3-oxo-4-chloro butane compound represented by the formula

20
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wherein R and R, are as defined above and reacting said hydroxy compound with a
base to form said epoxy compound.

10
14. A process in accordance with Claim 13, wherein R is phenyl and Ry is t-

butyloxycarbonyl.

15. A process in accordance with Claim 13 wherein R; is nitro and is substituted

15  in the para position on the phenyl ring.
16. A process in accordance with Claim 13, where R3 and R4 are each methyl.
17. A process in accordance with Claim 13, additionally including the step of

20 forming said sulfur ylide compound by the reaction of a sulfoxonium compound with.

a base in an organic solvent.



