30 April 2003 1 A PROCESS FOR THE PREPARATI ON OF a' CHLOROKETONES
Cross-Reference to Related Applications 5 This application clains the
benefit of U S. IS plication Serial No. 60/225,711 filed August
16, 2000. Field ﬁﬁ“ﬂmml “Mmm“ ion 10 The present invention relates to a
novel process fo reparation of a'-Nacyl-a'-chloroketones. The

a‘' -chl or oket ones pr ot d in accordance with the process of the i nvention
are precursors of hydroxyethyl am ne isostere sub-units preseerQAPﬁ'ZﬁQ@/

nol ecul es therapeutically useful as inhibitors of angiotensin converting
enzynme, renin and H V-protease. 15 Background of the Invention A process
for preparing a- haAlRIX@CE&S FORSTHE PREPARA BYNORiog) CXHOROKFFNONES Chem
Ber., Vol. 98, pages 3733-3747, 1965. The discl osed process invol ves the

20 reaction of dinmethyl-oxo-sul foniumrethylide with isocyanates and ket enes
to form 0-ket o-sul f oni unmet BybssdReferenon toReleted ApPlicationsiabl e 3, there is

di scl osed treatnent of the P-keto-sulfoniumethylides with hydrochloric
acid or bromne to forma- chloroketone or a, a-di bronoket one. 25 Degraw and
Cory, Tetrahedron LT aphcatibioclain thehegsfis oPBB1PRBGSibnal hppiBatiort$esial s e t he
preparation of _a5 nd _a-hal gnmet hyl ket ones from acyl oxosul foni um

yl i des by the %@ﬁgﬁﬁgﬁéﬁa‘@igag%%g paper al so teaches that the selective
preparation of a-halo and a-acetoxynethyl ketones by the reaction of

el oaen 2Ch, O pordani acide W shusudherfigares | vel |, known. Gver
di azonet hane with the

10 The present invention relates to a novel process for the preparation of
a’-N-acyl-a’-chloroketones. The a’-chloroketones produced in accordance with the
process of the invention are precursors of hydroxyethylamine isostere sub-units
present in many molecules therapeutically useful as inhibitors of angiotensin
converting enzyme, renin and HI'V-protease.

15

Background of the Invention

A process for preparing o-haloketones is described by Kénig 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 o, 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 o-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

for large-scale applications. *166166*

AR



appropriate acid chloride, the nethod taught by this paper is not
considered attractive for large-scale applications. 30 April 2003 Powers
and Wlcox, J. Am Chem Soc., 92, page 1782, 1970 describe a cl assi cal

. method for the preparation of a-chl oroketones involving the conversion of
an N-acyl-a-amno acid to a a-di azoketone and subsequent acidolysis.with
HX. The use of diazomethane in this nethod nmekes it inpra é%%@l %@\%

-l arge-scal e operations 5 and al so i nposes safety consi derat | ski

et al., J. Og. Chem, Vol. 50, 5140, 1985 and J. Org. Chem, Vol. 57,

. 7194, 1992 descri be honDIogation of esters to a-bronoketones utilizing the

reagent syst em Cr2Bog i Wil h. AckC1BH) 02 0lg 80, DBkl PagES 51-53

1993 describe a process whereby™a _nucl eop i lic ri ng conpound, an activated

monocyclic P- |®a@sxgnhneth9d écpébmuemyanom e%t@hlerﬁkwxeﬁuwivmtth@qoswslmm um
ylide, lithiatg C ARetional i zed
y- ket 0- a- am no ;ﬁ:?c aa a %?&;m%?g?g%&émg earnfrlngIE ent dbﬁ% %W%Ifé sﬁg}%t hesi s of
nat ural produatssof dﬂmememmd: xﬁ:ltlesmethd'm:tk!:hl edinpracticeltfoelangp-swﬂ opetiionsNo. 18,
pages 3175-3178 1997, describ devel opment of reactions for the

pr epar at|0n530f %alé%fnépogﬁgéﬁtsﬁ@gng&r o|cg)sr oposes a practical process for the
preparation of a'-chloroketones of N 20 carbamate-protected a-am no acids
by reaction of lithiu i rQny h ane) th

BOC- L- phenyl al ani n °&Vg%§|e‘§’gmd&°‘a@gﬁsﬁ L&%%@% \é\ﬁdvant ageous
in that there 5757194y 1992, detveibéiharhelbgatiba ofpstetsax obrdigokptonehitilizing the

chl or odi i odonet hane. 25 of, the Invention The present invention is
directed to arf*Siy Fﬁg\}%cmi&é’?%ﬁlr he preparation
10

Baldwin et al., Synlett, pages 51-53, 1993 describe a process whereby a
nucleophilic ring compound , an activated monocyclic 8-lactam, is opened by
reaction with trimethylsulfoxonium ylide, lithiated sulfones and cuprates to form a
variety of functionalized y-keto-c-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-a’-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.



of .a- N-acyl -a' -chl oroketones 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

i nproved process for the preparation of correspondi ng epoxi de conpounds
that are internmediates in the synthesis of an inportant H V protease
iLnhibitor. 30 April 2003 3 Detailed Description of the Invention The
process of the present invention provides an advantageous sy3R Apsl 2003r

the a-N-acyl-a' -chl oroketones representesd by the formula R RRHNC 0 5
wherein Ris selected fromthe group consisting of alkyl, substituted

al kyl, aryl and substitut edpaayied Degrifliod &f the Bivehwynl | Ng group for the

am no function. 10 The conpounds represented by fornmula | are irreversible
enzynme inhibitors and are also useful as internediates in the synthesis of

nol ecul es that ar e Thspiddéss Of the pREenf\olrentioR Provides s akilAvitagE s 8pHIRSis fopuch
conpounds and their use_are disclosed, for —example, in U S Patent No.

5,849, 911, t heltapNpedgr shigrokgprespenresentsdlyth'eaedy herein 15 by reference.
As utilized herein, the following terns have the definitions given bel ow
The term"al kyl" refers to optionally substituted straight- or
branched-chai n saturated hydrocarbyn groups having froml to 7 carbon
atons, preferably froml to 4 carbo 20 atons. The expression "l ower
al kyl"™ refers to optionally squ&g a ch groups

1

0
S
I
wherein R is selected from the group consisting of alkyl, substituted alkyl, ary! and
substituted aryl and R, is a protecting group for the amino function.
10

The compounds represented by formula [ are irreversible enzyme inhibitors
and are also useful as intermediates in the synthesis of molecules that are inhibitors
of ACE, renin and HIV proteases. Such compounds and their use are disclosed, for
example, in U.S. Patent No. 5,849,911, the disclosure of which is incorporated herein

15 by reference.

As utilized herein, the following terms have the definitions given below.
The term “alkyl” refers to optionally substituted straight- or branched-chain saturated
hydrocarbon groups having from 1 to 7 carbon atoms, preferably from 1 to 4 carbon
20 atoms. The expression “lower alky!l” 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 alky! portion of alkoxy groups.



having from1l to 4 carbon atons. The term "substituted alkyl" refers to an
al kyl group substituted by, for exanple, one to four substituents, such
as, halo, trifluoronethyl, tritluoronethoxy, 25 hydroxy, alkoxy,
“cyel oal kyoxy, heterocyl ooxy, oxo, al kanoyl, aryl, aryloxy, aralkyl,

al kanoyl oxy, amino, al kylam no, arylam no, aralkylannino, cycloal kyl.am no,
het erocycl oam no and di substituted am no. The definitions giyen herein for
‘allcyl and substituted alkyl apply as well to the alkyl ?ﬁfﬁﬂ”%p élkoxy
groups. 30 April 2003 4 The term"aryl"4refers to nDnocycllc or bicyclic
.aromati ¢ hydrocarbon groups having from6 to 12 carbon atons in the ring

port1on, 101 eXap! e RPAI e ABHAMILLARBRN, adiftchhEnybn Or OUPS, cach

of which may be substltute term"aral Kyl" refers to an aryl group
bonded to a | aepups hemingtfipm hioddgarbamators inythe dngnpstion; for exampiepblienyla” benzy|

radical . The tﬁééiﬂmg Rﬁx&ﬁﬂg uﬁcﬁ&i wz'gmipefe@axsoftv@.mn@rbxlsung&tatea substi tuted

by, for exanp our ubstltuents such as al kyl: substituted
al kyl, halo, 10 trifluoronethyl, trifluoromethoxy, hydroxy, al koxy,

cycl oal kyl oxy, het efcug! an, r're?ekﬁaa@xﬂylgﬁhﬁmeyd@wm giétgfﬁgalgmam no,

di al kyl am no, aral kylam no, “cyc ani no heterocy ,

al kanoy! am no, alkHigsdup, for Rxdmi, ébe@yblﬁ%%lkyl thio, heterocyclothio, ureido,
nitro, cyan, carboxy, carboxyal kyl, carbanyl al koxycar bonyl , al kyi t hi ono,
aryl t hi ono, al kysul fonyl, sulfonanldo on and the 15 li ke. The

substituent may be Fherermeisubstibuadiang? @&Tﬁ)‘?aé aeyl groupbetitwedbefor sel ect ed
fromthe groupegﬁﬁsﬁe éﬁetegmefsuﬂaﬁ!uemséwﬁs%w ﬁbdfaﬂmdﬁ&ylfm aryl,

substituted alk substituted aryl and aral kyl ‘term " protecting

group on tHe amﬂuerommbm@ﬂwrwﬂws, hydroxy, afkoKy, rcé@@f’élﬁﬂ%dhet%}’éﬂ@i}’p of
moi eties that gRihoPe bR i, Aty B0 AMRid Carkifndnb, T T M bei ng

cycloalkylamino, heterocycloamino, alkanoylamino, thiol, alkylthio, cycloalkylthio,
heterocyclothio, ureido, nitro, cyano, carboxy, carboxyalkyl, carbamyl,
alkoxycarbonyl, alkylthiono, arylthiono, alkysulfonyl, sulfonamido, aryloxy and the

15 like. The substituent may be further substituted by one or more members selected
from the group consisting of halo, hydroxy, alkyl, alkoxy, aryl, substituted alkyl,
substituted aryl and aralkyl.

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-butoxycarbony! (BOC), but art-recognized amino
function protecting groups, generally alkoxycarbony! 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



i.nvol ved in reactions taking place 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 protecting groups, generally al koxycarbonyl
~or- aryl oxycarbonyl groups, such as benzyl oxycarbonyl, 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 repre§§g§e& Bﬁ t he
“formula 30 April 2003 5 RIHN R2 11 5 wherein R and R ar e S4<\RIELORE
above and R2 is hydrogen or nitro and ndy be substituted in the ortho or

. para position on the phenyl ring. The conpounds represented by formula Il
are commercially available or can be prepared by techniques well known to
those of ordinary skill in the art. The protecting group on the am no
function is preferably t-but carbonyl (BOC), but can also be other art 10
recogni zed am no function protegcting groups as di scussed above. In
accordance with the process @ h invention, the starting materia
represented by fornmula || RiBove ifls tré with a sulfur ylide, i.e. a
conpound containing a function gd by the formula 0 11 R CH2=s"
3 R4 15 R,

S 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. The compounds
represented by formula II are commercially available or can be prepared by
techniques well known to those of ordinary skill in the art. The protecting group on
the amino function is preferably t-butoxycarbonyl (BOC), but can also be other art-

10 recognized amino function protecting groups as discussed above.

In accordance with the process of the present invention, the starting material
represented by formula II above is treated with a sulfur ylide, i.e. a compound

containing a function represented by the formula

R
-3
CH2=S\
4
15

to produce an intermediate keto ylide compound represented by the formula

wherein R and R, are as defined above and R; and R4 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



.t.o produce an internedi ate keto ylide conpound represented by the fornula
R O IliRBRAHs~ 11 O R4 IIl wherein Rand R are as defined above and
R3 and R4 are selected fromthe group 20 consisting of alkyl, substituted
al kyl and aryl. The sulfur ylide reagent is conveniently prepared froma
sul foxonium salt by reaction with a suitable base in an organic sol vent:
Sui t abl e sul f oxoni um conpounds i nclude trial kyl sulfoxonium g Aﬁrl| 2003
"6 halides, such as trinethylsul oxoniumiodide. Preferable baYe¥P! @@péde,
for exanpl e, sodiunlhydride potassiumgert. butoxide and potassiumtert.
anylate, with the latter being particularly preferred. The reaction is

carried out i haeL5RRRL GirBl KERkorBUE GRS, PHUTRICULLARITRIE AP cxample

t et r ahydr of uuan or toluene with heating, i.e. at 5 a

t enperat ure of Soﬂmﬁﬂbéﬁmow Eﬂdb@ﬂ%dewépo%swléwl%@ﬂb thedatter Once t he

sul fur ylide rgagenh 1ch§rl?9fe@l@d The He&;tnBE&CcEﬁﬂd%ttxﬁ‘aﬂ Hgarid ﬁiwehmcm erial
represented by fornula Il above, optionall t he presence of

co- sol vent . Asd%myg%aﬁﬂl® tsﬁahyﬁ@ﬁageorowre@rwywamg%wlémld hesting,ii 1(9nat medi um
the reaction ofy %Qdcﬁfrﬂo%l %th%dl’(lf: W%B%t%@‘@%@&'ﬂ?a&ﬂgr@g?e is carried out

I n toluene as des resulting solution I's coo to about O0C, and
then added to a solutlon of the starting material in tetrahydrofuran to

formthe keto yli deyj e iRdlRlEGRRRE HRfled, SAL RIG Gk D YeadiRl MibleRal ||

above.
represented by formula II above, optionally in the presence of a co-solvent. As an

example of the use of a mixed solvent reaction medium, the reaction of the

10  trialkylsulfoxonium compound and base is carried out in toluene as described, the
resulting solution is cooled to about 0°C, and then added to a solution of the starting
material in tetrahydrofuran to form the keto ylide intermediate compound represented

by formula IIT above.

15 The keto ylide compound represented by formula Il is then converted to the
subject a-N-acyl-a’-chloroketones by reaction with a source of chloride, preferably a
basic source of chloride, most preferably lithium chloride, and an organic acid, for
example, methanesulfonic acid. The treatment with the éource of chloride is carried
out in an organic solvent, such as tetrahydrofuran, toluene or, preferably, acetonitrile.

20 The reaction is initiated at low temperature, i.e. from about 0°C to about 5°C. As the
reaction proceeds, however, the temperature is raised to about 65°C. Reaction of the
keto ylide represented by formula III above with a quaternary chloride, such as
tetrabutylammonium chloride, yields a mixture of products resulting from
competitive dealkylation.

25

The a-N-acyl-a.’-chloroketones represented by formula I above, in addition to
their own activity as irreversible enzyme inhibitors, are important intermediates in
the synthesis of molecules that are inhibitors of ACE, renin and
HIV proteases. The activity of such molecules against HIV proteases makes them

30  very valuable in the treatment of retroviral infections such as AIDS. Specifically, the
o-N-acyl-o’-chloroketones represented by formula I are converted by reduction

either chemically or enzymatically to an intermediate represented by the formula [V



15 The keto ylide conmpound represented by formula Il is then converted to
the subject a-Nacyl-a'-chloroketones by reaction with a source of
chloride, preferably a basic source of chloride, nost preferably |ithium
chloride, and an organic acid, for exanple, nethanesulfonic acid. The
treatment with the source of chloride is carried out in an organic

sol vent, such as tetrahydrofuran, toluene or, preferably, acetonitrile. 20
The reaction is initiated at |ow tenperature, i.e. from about3@®&prib2etut
5C. As the reaction proceeds, however, %he tenperature is raised to about
65C. Reaction of the keto ylide represented by fornula Ill above with a
quaternary chl L t QH?@ | .or | . VI a mxture
of products reglu ? %ﬁ]ﬂ%@%ﬁ%g{t?{?%%ég khiﬁg{J ﬁlgﬁgﬁéfg&flﬁée%g&
a-N-acyl - -chﬁpmsmsﬂbmésmnbﬂfésénwabdby fornula | above, in addition to
their own activity as irreversible enzynme inhibitors, are inportant
internmediates in the synthesis of nolecules that are inhibitors of ACE,
renin and H V proteases. e activity of such ecul es against HV

prot eases makes them 30 very} valuable in the treafjnrent of retrovira

i nfections such as AIDS Specifically, the a-Na a' - chl or oket ones
represented by fornula { r chemcally or
enzymatically to an |nﬁ% di afe repfesented the formula IV 30 Apri
2003 7 that is, in turn treat with a suitable base to convert it to the
correspondi gg epoxide represented by fornula V as shown below R R Base
RIHNC RIHN),'~O- 10 H5

\%

The epoxide compounds represented by formula V are intermediates that can
be converted to the important HIV protease inhibitor 2,5,6,10,13-

10 pentaazaretetradecanedioic acid, 3,12-bis(1,1-dimethylethyl)-8-hydroxy-4,11-dioxo-
9-(phenylmethyl)-6{[4-(2-pyridinyl)phenyl]methy!}-dimethyl ester (38S,88,9S,12S)
as disclosed in U.S. Patent No. 5,849,911, the disclosure of which is incorporated
herein by reference. The synthesis of the compounds represented by formula V
above beginning with the compound represented by formula II is an improvement

15 over synthetic routes known heretofore.

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
6rdinary skill in the art without departing from the scope and spirit of the invention

20  asdescribed 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.
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N V The epoxide conpounds represented by fornula V are internediates that
can be converted to the inportant HV protease inhibitor 2,5,6, 10,13 10
pent aazar et et radecanedi oi ¢ aci d,

3,12-bi s(1, 1-di net hyl et hyl ) - 8- hydr oxy- 4, 11- di oxo-

9- (phenyl net hyl ) - 6{[ 4- (2- pyri di nyl ) phenyl ] met hyl } - di net hyl ester .
(3S,8S,9S5,12S) as disclosed in U S. Patent No. 5,849,911, the disclosure
‘of which is incorporated herein by reference. The synt hesi SO0APAlZH03
conpounds represented by formula V aboveg beginning with the conpound

.represented by fornula 11 is an inprovenent 15 over synthetic routes known

heretofore. It is understood that varigQuspRriither enbodi nents and
nodi fications in the practice of the‘T‘h‘Vg‘th‘i on will be apparent to, and
can be readily made by, those of ordinary skill in the art w thout

departing f rO%;epﬁaﬁ&x%%Sf’}-nﬁ-o§@§f(’@-Eut;%xyﬁﬁﬁoﬂy%ﬁﬁﬁf)i-@ﬁhegﬁb&?ﬁdée5Cr i bed above.

Accordingly, it Is not intended that” the scope of the clalins appended
hereto be |i ni dim¢thydsulfeeonignct description set forth above, but rather that
the clainsgbe construed as enconpassing all of the features of patentable
novelty that reside in the present invention, including all the features
and enbodi nents tha@oomleﬁmﬂasgeqtvmémaé@%ﬁ\&b@tamﬂv&cq gnseind gy t hose

skilled in the mrg@.ll YR Wes Gakged ThE tifUBf kIR Rodidn Todide54 L 1601 REOhRRE Wi th
reference to thé to Iomngg eerrlnentaI work. 30 April 2003 8 Exanple 1
Preparati on of tegrahydyofuran (RBmb).( Thesewps Beyaddedith sirpsd mb-ojmehptut yl i de
di met hyl sul f OXEHiﬁtiHﬁ‘f Kali tdrhyBite nl (5REneR Y. PRAM) Whd the Feab@nTpasSikdd Dar, a
refl ux condenser an gn argon inlet was charged with triniethyl sul foxonium
i odi de (35.18(, atIB0C Horivwehgurstqdiford the corresponding ylide which was reacted in solution

without isolation. The reaction mixture was cooled to 1°C and a solution of N-(2-t-

butoxycarbonyl)-L-phenylalanine-4-nitrophenyl ester (20.0 g, 51.8 mmol) in 80 mL

of tetrahydrofuran was added via cannula over 15 minutes so that the internal

temperature remained between 1° and 5°C. The reaction was stirred at this

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-nitropheny! ester.

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.



’

tetrahydrofuran (200n.). There was then added with stirring 88 nL of a 25
W% solution of potassiumt-anylate in toluene (176.0 nmmol) and the
reaction was stirred 10 at 70C for two hours to afford the correspondi ng
yl i de which was reacted in solution wthout isolation. The reaction

m xture was cooled to 1 C and a solution of N-(2-t-

but oxycar bonyl ) - L- phenyl al ani ne-4-nitrophenyl ester (20.0 g

‘80 nL of tetrahydrofuran was added via cannula over 15 m n&Pe”@rS@mat t he

internal tenperature remai ned between 1 8nd 5C. The reaction was stirred at

.this 15 tenperature for about five mnutes and then was allowed to warmto

anbi ent tenperature over 30 minutes. EXsBbledaction nixture was stirred at
anbient tenperature for a further 30 minutes. HPLC analysis of an aliquot

of the reacti ORgepaFhtidnlbr €S)cN- gt&dzymldﬂoé-cl’dord)ﬁm}m}%h&mfalnh@-b@c?ld:stér drops of
wat er showed conplete consunption of

t - but oxycar bonyl he I ne-4-n n est The eaction

m xt ure was quenché‘go{}ﬁ%ﬁrﬁﬁge?ﬁ_ppg?W\?\t)é?ga? Hétagﬁrfﬁlghmflgﬁnseign i nutes after
which it was cougaeintet wadeMthvzﬂ_)uﬁnxd-b(wwtymxgcan&nanmww vents. ; The
concentrate e Wit urt her ter an
extracted i ¢ FpiRfabBupt it 108 h0Gm B0 St

di chl or onet hanetrahid®fitan, CTHehizege wastcooled ® IME asd Mhinhediloridé (2.5Wp6RD0 il

ortions of water, dri over, nesjum sul fate and ncent rat.ed under
Dt The 1 ot e effed S F EnglE pavor Wiyt Rtesr e o 06 Setim gree50

M nutes to obt isétotzhE). Maﬂéiﬁbulﬁﬁxc&clhl(gﬂﬂyﬁﬂlMol)Slehdﬂeﬂﬂ)VerﬁvQ 99% whi ch
was carried on to Exanple 2 without further purificatijon. r|I 2003 9

Exanpl e 2 PrepBifes é‘h‘hﬁtf‘h‘( wgperpaltepeperaRie A themigture ‘Smé‘ﬁf‘bt?"é‘)“ﬁ?é&?’]dcar bani ¢
aci d t-butyp e§“Ceﬁﬁer%rh9:‘ﬂQhé hb@ire MdRie @RS PORA ot hdlrd TRHGEiA kB2l , 2

refl ux condenser and

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-
oxo-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-2-0x0-3-
chloro)propyl]carbamic acid t-butyl ester as a crude product, 14.5 g, 97%, as a light

20  yellowsolid. 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-2-0x0-3-chloro)propyl]carbamic acid t-buty! ester,

81% overall yield, as an off-white solid.



;argon inlet was charged with (3S)- 2-oxo-3-(t-butyl oxycarbonyl anino)-4 5
phenyl butyl i de di nmet hyl sul f oxoni um (17.0 g, 50.0 nmol) and 250 nL of
tetrahydrofuran. The mi xture was cooled to 1 C and lithiumchloride (2.55
“g,-60.1 nunol) was added in a single portion (the internal tenperature of
the reaction mxture rose to 2C). Methanesulfonic acid (3.6 nL, 55.1 mml)
was added over five mnutes so that the internal tenperat u&ﬁ ofwégs

"m xture remai ned between 1 C and 10 3C, after which the mx APr Stirred
at 65C for four hours. The reaction mxtyse stirred as a very thick slurry
for the first thirty mnutes of this period. HPLC reveal ed conplete

consunption of the starting material ggg.fRMation of (S)-[N-(1-benzyl-2-
oxo0- 3-chl oro) propyl ] carbam c acid t-bu‘rg'?'l‘[)‘evt er. The reaction was all owed

to cool to ank . A A gk ol i Xture.
The i xt ure vad-Repad(SSRRFHpgRt MRy, FaR B Mall il 50 i
of hal f-satyrate "aqueous sodi um bi carbonate and 80 nlL of saturated

aqueous sodiumchloride, dried over magnesiumsulfate, filtered and
concentrated under faclution of [B)e[N-dsthermdi2-oxot3vainre)propgicerbamiracisd-butyler hi gh

vacuum overnig ' : g,ri),ﬂ P =03 gflq,% car bam c
acid t-butyl ersa%tgﬁpges aq':l:?}fj epii'ga%%?g 4.%'13?9%(7)00126&3@%5 |g%€1@§2) yel | ow
solid. A 500 miof fvhtessis treatedwish $odiugebasehydridear]. gl 4ammel) at 2°G oltgenser was
charged with crude product

14, 25 g. .a 0. nL qof _hex s. The m xture was
stirred at ref ['F%9° efd"aﬁqtalgﬁdwgt%iyxfngtqgrbgustlmﬁ"utg’ ﬁé?rw ‘%qg%ffgﬁmfl o dissol ve
t he solid. 10Thenistaled$ ccdtentvated & draves] The resizint iststirradidri080 with amfieriofir e over
one hour. The | uti.o ecane udy.and then turned into,a very thick
sl urry which wdddeiqr F@‘H‘b Peipe gud 3%-'&89 b ‘.Wgr}ﬁeé*"“%&egli’&?sm bisgfert od by
filtration and ssiatsdbael casefully afdedintibihe pHiof theasixfucd reavhexchbbyt ppbl.fil Tief hexanes.
The product was ai.r-dried.for qne r .t ford 11.9 of
(S)- DN ( 1- bena gratsnp Bk iadied Bn 00 mp & e 0o apfind il spemite, g1 6
overal | vyi el d, Tasoaniofayenihiwashedswith date3rd Apine, dri&D®B8r magnesium sulfate and

15 concentrated to a white solid. The material is recrystallized from hot ethyl acetate to
afford (S,S)-[N-(1-benzyl-2-hydroxy-3-chloro)propyl]jcarbamic acid t-butyl ester
(2.57 g, 50%). The minor amount of the (S,R) diastereomer is isolated from the

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 (8,S)-[N-(1-benzyl-2-hydroxy-3-chloro)propyljcarbamic 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



10 Exanple 3 Preparation of

(S,S)-[N-(1-benzyl - 2- hydroxy-3-chl oro) propyl]carbam c acid t-butyl ester.
5 A solution of (S)-[N(1-benzyl-2-o0xo0-3-chloro)propyl]carbamc acid
t-butyl ester prepared in Exanple 2 (5 g, 16.8 mml) in 84 nL of
tetrahydrofuran and 9 nL of water is treated wi th sodi um borohydride (
1.59 g, 42 mmol) at OC. The tenperature is nmaintained with stlrrlng for 45
m nutes, after which the reaction 10 m xture i s concentrated féﬁll)ﬂ&%s
The residue is stirred at OCwth a mxtuke of 150 nL of ethyl acetate and
25 nmL of water while saturated potassiumbisulfite solution is carefully
added until t heofdehtedtedtith efforddtUH(R)- m&mjrlb%—(;ﬂienmmh)p}darbaﬁic adide-butybsut t i ng

m xture is dil d w 350 he | ayers separat ed.
The organic Iaﬁﬁ)q’%’ %@ﬁ%ﬁh%tyﬁ %?@&"gﬁﬁﬁﬁﬁl §8 m?fP SPEBHEF magnesi um

sul fate and 15 concentrated to a white solid. The material is
recrystallized fromhot ethyl acetate to afford

(S, S)-[N-(1-benzyl - 2- hydr oxy- 3-chl oro) propyl ] carbam c acid t-butyl ester
(2.57 g, 50% . The m nor ampunt of the (S, R) diastereonmer is isolated from
the nother liquor. 20 Exanple 4 Preparation of

1-(1' (R -oxiranyl)-2-(phenyl ethyl)carbam c acid t-butyl ester. A 10 nilL
flame-dried flask equipped with a stir bar and an argon inlet was 25
charged with (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 nmol), isopropanol
(3.6 nm.) and tetrahydrofuran (1 nL). The solution was cooled to 16C and
potassiumtert- butoxide (79ng. 0.67 mmol) was added in one portion. The
reaction was stirred at approximately 17C for 30 m nutes. Acetic acid (3
drops) was added thereto



30 and the mixture was concentrated to a solid/liquid mixture. The mxture
was taken up in nethyl, tert. butyl ether (10 nL) and washed with water (5
m.), saturated sodium hydrogen carbonate solution (1.5 nL), half-saturated
- sodi um hydrogen carbonate solution (1.5 nL) and saturated sodi um hydrogen
carbonate solution (1.5 nlL). The resultant _organic |layer was dried with
nagnesiun1su|fate filtered and 30 April 2083 11 concentraégg\ ﬁ ﬁﬁéord
-1- (1" (R) -oxiranyl)-2-(phenyl et hyl )carbam c acid t-butyl est p% %

96% as a light-yellow oil which solidifiGHABMS oom tenperature. 12 30
CApri 2003 CLAIMS W claim 5 1. A procéss for the preparation of
a-N-acyl -a' -chl oroketones represented by the formrula R RIHN C1L O 10
wherein R is sgbg &gﬁ fromthe group consisting of alkyl, substituted

al kyl , aryl tituted aryl and Rl is a protecting group for the

am no function conprising reacting aryl esters represented by the fornul a

R RIHN O RZszz 1, 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 alky}, ary! and
substituted aryl and R; is a protecting group for the amino function

comprising reacting aryl esters represented by the formula

(o]
. \O\
0
Ry
I
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



.15 wherein R and Rl are as defined above and R2 is hydrogen or nitro and
may be substituted in the ortho or pars position on the phenyl ring with a
conpound containing a function represented by the formula 0 R CHZ. -g\ 3
"R4- 20 13 30 April 2003 wherein R3 and R4 are selected fromthe group
consisting of alkyl, substituted al kyl and aryl, to produce an

I nternmedi ate keto yI|de conmpound represehBed by the formula RO |1iR3
‘RAH 1oi SR4 5 111 and treating said conpound represent ed bjﬂ?ﬁpﬁh?QQQIl

with a sour | QHiEeaR r
.accordance Vc\ﬁ.ﬂ&_&% a?xlej‘, vmg'rglgfﬁa |s p en@fégﬁd&%ﬁ%ﬁ&?p Sgﬁftoxyca onyl .
3. A processndrrdctgrdduceanintdrmEtimtenketo ylifecmnpoR repreperitedbptie fosnula

substituted in the pars position on the phenyl ring. 15 4. A process in
accordance with Caim1l, where R3 and R4 are each nethyl .

5 oI

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 pheny! ring.
15

4, A process in accordance with Claim 1, where R3 and R4 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.



5. A process in accordance with Claim1, additionally including the step of
"forming said sulfur ylide conpound by the reaction of a sulfoxonium
conmpound with 20 a base in an organic solvent. 6. A process in accordance
wi.th Claimb5, wherein said sul foxoniumconpound is a trialkyl sulfoxonium
hal i de and said base is potassiumtert.-amylate. 25 7. A process in
accordance with Claiml1l, wherein the reaction of said corrpf#m .Ir esented .
by formula Il with said sulfur ylide conpound is carried o i 3organic
solvent at a tenperature of from about 60C to about 80C. 30 April 2003 14
~ 8. A process in accordance with Caim6, where said solvent is at |east one
menber sel ected fromthe group consisti r}é of di net hyl f or mam de,
tetrahydrofuran and toluene. 5 9. A process in accordance with daim1l,
wher ei n sai gl sounqgsroeéssdhlaotdrdnce swith Claim Gowdieteosaidisolvért is & lpasvorss i n
accordance wwth Caim1, wherein said qQrganic acid is _ methanesul fonic
acid. 10 11membgy snlecied fremythe gronpreasiiing odimethyiorpamide iegdydrefua@n on of
said keto y%ddﬁﬁlueggnpound represented by fornmula Il with the source of
chl oride an e organic acid is initiated at a tenperature of from about
OC to about 5C in an organic solvent. 15 12. A process in accordance with
Claim1ll, wherein said solvent is . tetrahydrofuran. 13. A process, of

prepari fg af epoRyPresessdndecardpics yath Claimyl , whereinf3id seurcrRoRgibNrids is
lithium chloride.

10. A process in accordance with Claim 1, wherein said organic acid is
methanesulfonic acid.

10
11. A process in accordance with Claim 1, wherein the reaction of said keto ylide
compound represented by formula III 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 o
20



20 15 30 April 2003 wherein Ris selected fromthe group consisting of
atkyl, substituted al kyl, aryl and substituted aryl and R, is a protecting
group for the amno function, conprising reacting an aryl ester

- represented by the formula RRHNI O 511 wherein Rand R, are as

defined above and R2 is hydrogen or nitr 5and may be substédﬂ ﬁplzdd'sthe
ortho or para position on the phenyl ring with a conpound <contalning a
-function repvhsremRds $pjectddeirom thagraup gonsistaigrefelyl, Rbstitmtedralkyl, 831 amdl R4

| ect ed th Consj st.i f al kyl bstituted alkyl and aryl
o’ produce. aHbrs s HAd0 SR FTR S e Brille pelicBbrih SRy Prbe: O mui o
RO 11 11. TeR3ingh ﬁy@s&rﬂ’gpré{entédlby ®hgs@ilaR RL, R3 and R4 are as

defi ned above, treatihg said conmpound represented by
R
o
" \O\
0
Ry

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

wherein R; and R4 are selected from the group consisting of alkyl, substituted alkyl

and aryl to produce an intermediate keto ylide compound represented by the formula

15 I

wherein R, Ry R; and R4 are as defined above, treating said compound represented by
formula ITI with a source of chloride and an organic acid to form a 1-substituted-2-
amino-3-o0xo0-4-chloro butane compound represented by the formula

20



_formula I'll with a source of chloride and an organic acid to forma

1- substi t ut ed-2- ami no- 3- oxo-4-chl oro butane conpound represented by the
formula 20 16 30 April 2003 R RRHN CI O wherein R and Rl are as defined
above, reducing said conpound to forma 1-chl oro-

2- hydr oxy- 3- am no- 4-substituted butane ggnpound represented by the fornula
R RIHN CI OH wherein R and Rl are as defined above and regc inlgzoi?id

" hydroxy compound with a base to form said epoxy conpound. g %process
in accordance with Caim 13, whe R is phenyl and Rl is t-

. butyl oxycarbonyl. 15. A process in a¢gcordance with Caim13 wherein R2 is
nitro and is substituted 15 in the para position on the phenyl ring. 16. A
process in accordance with Caim and R4 are each nethyl. 17.
A process in accordance w th CRailin 13 dditi®nal Iy including the step of
20 formng said sul fur ylide conpound t he reaction of a sulfoxonium
conpound with a base in an organic solvent. 17

wherein R and R are as defined above, reducing said compound to form a 1-chloro-

2-hydroxy-3-amino-4-substituted butane compound represented by the

formula
5
R
R;HN cl
OH
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 R; is t-

butyloxycarbonyl.

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

15  inthe para position on the phenyl ring.
16. A process in accordance with Claim 13, where R; 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.



30-April 2003 18. A conpound of the formula 0 p'N,f ~S\ R3 0 R4 111
.wherein Ris selected fromthe group consisting of alkyl, substituted

al kyl, aryl and substituted aryl: R is a protecting group for the am no
function, and R3 and R4 are selected fromthe group consisting of alkyl,
'substituted alkyl and aryl. 10 19. A genpound in accordance with Caim 18.
wherein R is phenyl and R is t- butoxycarbonyl. 20, A COWNE@;@
accordance with Claim 18, wherein R3 and R are each nethyl. %0

18. A compound of the formula

I

W

wherein R is selected from the group consisting of alkyl, substitured alkyl, aryl and
substituted aryl: R, is a protecting group for the amino function; and Ry and Ry are
selected from the group consisting of alkyl, substituted alky! and aryl.

10 19. A compound in accordance with Claim 18, wherein R is phenyl and R, is t-

butoxycarbonyl.

20, A compound in accordance with Claim 18, wherein R3 and R, are each

methyl.
15

20



