1 PROCESS FOR PREPARI NG ACETOXYAZETI DI NONE DERI VATI VE
_ARND | NTERVEDI ATE THERECF TECHNI CAL FI ELD The present invention
- relgt es to a process for preparing an acetoxyazetidi nane derivative which
N.s.yseful as a starting conmpound of [err]- lactam antibacterial agents, and

i nter:Aedi ate thereof.  PRIOR ART A (3R,

4R) ;4-acet oxy- 2-azeti di none derivative bf ‘the formula [1];

[er_%;l wherein R err] is a protecting group for hydroxy group, is
-usePul as a starting conmpound of carbapenem anti bacterial agents, for

exanpl e, 2-(pyrrolidin-2-on-

4-yl t hio)6-(1-hydroxyet hyl)1-nethyl carbapen-2-em 3-carboxylic acid.

( Eur opean Pateni’RﬂfﬁsstﬁéRé’m FGE )AZETIDINaQiﬁ %R%E@Ff or
preparing the said (3R, 4R)-4; 27 el erivative [I], there
has been. known a process whi cﬁ%iﬁé@ﬁ%@h@ﬁgﬁo@g (i) subjecting
~2- (N- benzoyl am nonet hyl ) - 3- oxobut anoi ¢ acid nethyl ester to asymetric
reduction in the presence of a chiral rutheni um phosphi ne :

TECHNICAL HELD
The present invention relates to a process for preparing an
acetoxyazetidinone derivative which is useful as a starting compound of B-

lactam antibacterial agents, and intermediate thereof.

PRIOR ART
A (3R, 4R)-4-acetoxy-2-azetidinone derivative of the formula [I];
Rl
H H o0
H,C : 3 ]
L —NH
O/

wherein RYis a protecting group for hydroxy group, is useful as a starting
compound of carbapenem antibacterial agents, for example, 2-(pyrrolidin-2-on-
4-ylthio)-6-(1-hydroxyethyl})-1-methylcarbapen-2-em-3-carboxylic acid.
(European Patent Publication No. EP-337637-A)

As a process for preparing the said (3R, 4R)-4-acetoxy-2-azetidinone
derivative [I], there has been known a process which comprises the steps of:
(i}  subjecting 2-(N-benzoylaminomethyl)-3-oxobutanoic acid methyl ester
to asymmetric reduction in the presence of a chiral ruthenium-phosphine
complex under hydrogen atmosphere, to give (25, 3R)-2-(N-
benzoylaminomethyl)-3-hydroxybutanoic acid methyl ester,
(i) hydrolyzing (25, 3R}-2-(N-benzoylaminomethyl)-3-hydroxybutanoic acid

methyl ester, followed by neutralization and lactamyzation, to give (1'R, 35)-3-




comal ex under hydrogen atnosphere, to give (2S, 3R -2-(N

benzoyl am nonet hyl ) - 3- hydr oxybut anoi ¢ acid nethyl ester, (ii) hydrolyzing
" (2S, 3R) 2-(N-benzoyl am nonet hyl ) - 3- hydr oxybut anoi ¢ acid nethyl ester,
“folYowed by neutralization and | actanyzation, to give (1'R 3S)-3-

2 Wydroxyethyl azetidin-2-one, (iii) protecting the hydroxy group of the
produc¢t to give the conpound of the farnmula [III]: [err] wherei n
Rlerr] represents the same as defined above, and (iv) reacting the conpound
[Il?with acetic acid and an oxidi zi ng a7gent in the presence of a ruthenium
conpound as a catal yst (European Patent Publication No. EP-371875-A)

There has bﬁe kno&? anot her. process which conprises the steps of: (i)
reducting 2 yﬁm&r& WesdidinRyMecet oacet i ¢ acid benzyl ester to catal ytic
hydr ogenati Qn,in_the presence of a chir cat al yst under hydro

at nospher e, &Pﬁ gPKPEe‘(@St%@%)V%ﬁO’%@DH?)Pf?‘? Bﬁ?‘ﬁ#?%’&"& ?ﬁ?ﬁ)ﬂ%’?@zﬁf@%ci d
benzyl estefq@_’,i)@_eacti ng the product obtained above with

tert-butyld H"}?I ‘l'yl chloride,, followed by treatnent with hydrazine, to
give (2S, 3R)-2- aninonet hyl - 3- R}
benzyl ester, (iii) subjecting (2
3R) - 2-am nonet hyl -3-(tert-but [ silyl oxy) - gaut anoi ¢ aci d benzyl

ester to catal ytic hydrogenati 8n in resence of the palladium catal yst
under hydrogen at nosphere to give ; ) - 2-

am nonet hyl - 3- (tert-butyl met hyl si IQ1 oxy) butanoic acid, and (iv) |actanyzing

t he product to givejthe compound [I1I1]. (J nese Pat ent
P whereéin R 1 represenrtgpthe sanL.e as] def(me p:ﬁ)ove, an

EibutyldinethylsiIonxy)butanoic acid

(iv) reacting the compound [H] with acetic acid and an oxidizing agent in the
presence of a ruthenium compound as a catalyst. (European Patent Publication
No. EP-371875-A) '

There has been known another process which comprises the steps of:
(i}  reducting 2-(phthalimidomethylacetoacetic acid benzyl ester to catalytic
hydrogenation in the presence of a chiral catalyst under hydrogen atmosphere,
to give (2S, 3R)-3-hydroxy-2-(phthalimidomethyl)butanoic acid benzyl ester,
(if)  reacting the product obtained above with tert-butyldimethylsilyl
chloride, followed by treatment with hydrazine, to give (25, 3R})-2-
aminomethyl-3-(tert-butyldimethylsilyloxy)butanoic acid benzyl ester,
(iii) subjecting (25, 3R)-2-aminomethyl-3-(tert-butyldimethylsilyloxy)-
butanoic acid benzyl ester to catalytic hydrogenation in the presence of the
palladium catalyst under hydrogen atmosphere to give (25, 3R)-2-
aminomethyl-3-(tert-butylmethylsilyloxy)butanoic acid, and
(iv) lactamyzing the product to give the compound [H}. (Japanese Patent
Provisional Publication No. JP05239019-A)

However, these processes need an expensive chiral ruthenium-

phosphine complex as a catalyst in the asymmetric reduction, so they are



Prowi si onal Publication No. JP05239019-A) However, these processes
need an expensi've chiral ruthenium phosphine conplex as a catalyst in the
asymetric reduction, so they are i

3 7Wnsatisfactory for i ndustrial scale production fromthe viewpoint of
cos® and operation. BRI EF DESCRI PTI ON OF THE | NVENTI ON An obj ect of
the_ present invention is to provide a novel process and novel internediate
conpounds for preparing a (3R, 4R)-4-acetoxy-2- azetidinone derivative
whi €h is useful as a starting conpound oB [err]-lactam antibacteri al
agents. DETAI LED DESCRI PTI ON OF THE | NVENTI ON As a result of
intensive studies on a process for preparing a (3R 4R)-4-

acet oxy- 2- azetdatiisfantoey der indasfriad scale pradudtivanfrooutie: viewpoint of doat 4dd

hydr oxyet hyl ) - 3- oxopr opyl ] am ne conpound of the formula [IFI]: [err]
wher ei n Ri ngo®matipnesents a benzene ring whi.ch may be substituted; W
represents oxygen atomor sulfur aton Y represents oxygen atom sulfur
atomor N Rerr], Rerr] represents hydrogen atomor a substituent; Z

represents i.ch contains at |east one chiral
center; %ﬁ?%%&ﬁﬁgﬁ%rﬁaﬁQW‘gmnyl gr oup or an al koxycar bonyl
group; R[err] p drogen,atom,. rou an yl.oxy group,
atri- substltuted'& 9«{}-“5?6 nSFméﬁPt’aﬂnkg Pgrle’ aBPQ%Io?]ﬁ)C%ﬁ% err] and

Rlerr] bond gl *151;53345%@%@5@%%39 Thi Bephih} L3R, 25 25R0hht Togen atom to

form pht hal i'm
azetidinone derivative which is useful as a starting compound of -lactam

antibacterial agents.

DETAILED DESCRIPTION OF THE INVENTION
As aresult of intensive studies on a process for.preparing a (3R, 4R)-4-
acetoxy-2-azetidinone derivative, it has been found that an N-[2-(1-

hydroxyethyl)-3-oxopropyl]amine compound of the formula [II}:

5
K g

Hi N~
H
H,C W [rm]
N
280

wherein Ring B represents a benzene ring which may be substituted; W
represents oxygen atom or sulfur atom; Y represents oxygen atom, sulfur atom
or NRO, R? represents hydrogen atom or a substituent; Z represents a
substituted methylene group which contains at least one chiral center; RO
represents an aralkyloxycarbonyl group or an alkoxycarbonyl group; RO
represents hydrogen atom, an aralkyl group, an acyloxy group, a tri-substituted
silyloxy group or an alkoxy group; or both of R® and R® bond at their termini

and combine with the adjacent nitrogen atom to form phthalimido group, can



4 Qe obtained stereoselectively and effectively, and can be used as a key
internedi ate of a (3R, 4R)4-acet oxy-2-azetidi none derivative.

According to the present invention, the N[2-(1-hydroxyethyl)-3-
oxopr opyl I am ne conpound of the formula [I11]: [err] - wherein Ri ng
B, W Y, Z Rerr] and R err] represent the same as difined above, can be
prepared by reacting an N-(3-oxopropyl)amn ne conpound of the formula [!V];
[err] wherein Ring B, W Y, Z Rerr] and R err] represent the sane
as @efined above, with acetal dehyde or 4 reactive derivative thereof.

In the present invention, the substituents on Rng B nay be any one which

dose not takeogar.t in the reaction of the conpound [I%/ﬁ]ijsvm't acet al dehyde
or a reacti veohtainehsterroseleetively andoeffeciixelyt and can be upgkasa k&hts i ncl ude a

hal ogen atom. a | qner al oup, .a | ower  al koxy, group, an aryl group,
nitro group}“f&rm&alate Sﬁkﬁﬁrﬁ%“gg‘iﬁﬁﬁ’,‘?g‘laﬁ pne, fle V&ﬁ?’ﬁo group and the

[ ke, and the bepzeng, () NoIRYBEN 59850, £R46-BAPRkldigRlGR.avA ch are

oxopropyllamine compound of the formula [I]:

R

RS
H N
H
H,C ' 1311
Y =)
o Z\Y

wherein Ring B, W, Y, Z, R and R® repi'esent the same as difined above,
can be prepared by reacting an N-(3-oxopropyl)amine compound of the
formula [IV];

O W
5
R\N/\/”\N @ ]
Y

wherein Ring B, W, Y, Z, RS and R® represent the same as defined above, with
acetaldehyde or a reactive derivative thereof.

In the present invention, the substituents on Ring B may be any one
which dose not take part in the reaction of the compc.:und [IV] with
acetaldehyde or a reactive derivative thereof. For example, said substituents
include a halogen atom, a lower alkyl group, a lower alkoxy group, an aryl
group, nitro group, a lower alkylthio group, di-lower alkylamino group and
the like, and the benzene ring may have one to four substituent(s) which are
same or different.

When Yis NRO, example of R0 includes a lower alkyl group, an acyl
group and an aralkyloxycarbonyl group. The acyl group may be an aliphatic acyl



Wiern Yis NRerr],

exanple of R err]

I ncl udes a | ower al kyl

group, an acyl

group and an dral kyl oxycarbonyl group. The acyl group may be an aliphatic
' 5 group such as a | ower
Exanpl es of the substituent(s) of the sibslituted

acyl
al kanoyl group.
met Byl ene group (2)

al kyl ene group having nore
substituent(s) (e.g.

such
[ The synbol

group Z includes groups
"Cerr]Herr]

i ncl ude a | ower al kyl
a | ower al kyl

IS iso-propyl.]

group is a group of the formul a;
group such as a lower alkanoyl group.

group, an aryl

than two carbon atons and havi ng one or
group) to nmake Z chiral.
representesl by the follow ng forml a;

or an
nor e
For exanpl e,
[err]

group,

Anong these groups,. preferred

Exampies of the substituent(s) of the stbstituted methylene group (Z)

include a lower alkyl group, an aryl group, or an alkylene group having more

than two carbon atoms and having one or more substituent(s) (e.g. a lower

alkyl group) to make Z chiral. For example, such group Z includes groups

represented by the following formula;

—CH— —CH—
= % 0 O
CH; , CH, . ,
S CH;
CHy GCHs ,
H,C

CH,

'4%# (

CH,

r

[The symbol " 3H7i" is iso-propyl.]

Among these groups, preferred group is a group of the formula;

H,C

A,

Wl/m 3

CHs

H,C H;C CH;
and .

Example of the substituents on silicon atom of the tri-substituted

silyloxy group RS includes a straight or branched lower 'alkyl group (e.g. methyl

group, ethyl group, iso-propyl group and tert-butyl group) and phenyl group.



[ erri] Exanpl e of the substituents on silicon atom of the
tri-substituted silyloxy group R err] includes a straight or branched

| ower al kyl group (e.g. nethyl group, ethyl group, isa-propyl group and
tert-butyl group) and phenyl group. '

6 These substituents are the sanme or different. Preferred conpounds
[111] and [IV] are those wherein Ring Bis a benzene ring which may be
substituted, Wis oxygen atom Y is oxygen atom Z is a substituted

net Byl ene group which contains at |east @ne chiral center, Rlerr] is a
phenyl - substituted | ower al koxycarbonyl group, Rerr] is a |l ower

al kanoyl oxy_group, or both of Rerr] and Rlerr] bond at their termni and
conbi ne wi t'ﬁﬂﬁﬁeﬂﬁ’é}lﬁm arg thesaewe Qit‘s-ffﬁ%'@tf orm pht hal i mi do group.

i b P A SRR g R BT 1o
g: O?Eéai rR6t gg‘ﬂ% _ﬁ'bt\%%r é‘?‘v{%eﬁ{c?yﬁ?%%@ group; _orltl%otllfﬁe _o.f n%[ erlﬁal1 ang%RFerr bond
oht hal i i doPos &b@%ﬁﬁg@%ﬁéﬁ%&%ﬁ%ﬁ"" gﬁ’;‘{ﬁcgfﬁ%ggd 7 BHabRxyOr

acet al dehydgrot, 8y bEAESE N afl8 HMBHdR thiie @Rhint AMARDEBIewHR Qe in an
appropriate”sofvent. Further, the reaction can be carried out preferably in

t he presencgdjgéergmb ng&;ﬁwg@nmwﬁfﬁ@gﬁmp( In the presence of a
metal catal yst and a base. Exanple of the reactive derivative of

acet al dehyde i ncAnrdﬁ% feaateeercosipondidsgmace padferred ones abettmsapheredf t he
"metal catalyst"” used in the present invention includes the nmetal conpound
of the fornRirg BV unsubstituted benzene ring; W is oxygen atomy Yrigpxygen dtom; Z is

an alkylene-substituted methylene group, in which alkylene moiety is
substituted by at least one lower alkyl group and which contains at least one
chiral center; ROisa phenyl-substituted lower alkoxycarbonyl group; ROisa
lower alkanoyloxy group; or both of R° and R® bond at their termini and
combine with the adjacent nitrogen atom to form phthalimido group.

The reaction of the compound [IV] with acetaldehyde or a reactive
derivative thereof can be carried out in an appropriate solvent. Further, the
reaction can be carried out preferably in the presence of a metal catalyst, more
preferably in the presence of a metal catalystand a base. Example of the reactive
derivative of acetaldehyde includes the correspondiﬁg acetal.

The example of the "metal catalyst” used in the present invention
includes the metal compound of the formula [V]:

LInQm (vl
wherein L represents a metal atom; ] represents a halogen atom; Q represents a
lower alkyl group, a lower alkoxy group, phenoxy group, a substituted phenoxy
group or cyclopentadienyl group, each of n and m represents 0,1, 2, 3,4 0r 5,

and the sum of n and m is equal to the valence of L. When n or m is two or



wherein L represents a netal atom J represents a hal ogen atom Q
represents a tower al kyl group, a | ower al koxy group, phenoxy group, a
substituted phenoxy group or cycl opentadi enyl group, each of n and m
represents 0,1, 2, 3, 4 or 5 and the sumof n and mis equal to the

val ence of L. Wien n or mis two or

7 nore, J or Qnmay be the sanme or different.. ' Exanpl es of the netal
atom (L) include titanium (Ti), zinc (Zn), tin (Sn), boron (B), zirconium
(zZr¥, alum num (A), nmagnesium (Mj) and 4he |ike. Anong them preferred
exanple is titanium (Ti). Exanpl es of the netal catal yst.include
titani um cat al ysts such as TiCllerr], . TiCJ[err](OCHerr]),

Ti O [ er r] ( Ompasier ] of gy be thesamag ey diffgrent | H err]),

ne rz:}z%g:: it e S @rarrrzrrrrm (9, i za, . ),
Ti G

TG ler oBpes [%&fr lfnérrﬁﬁ%ﬁm DG, (Vg) pad fhe like.

Ti C

T: d %ng E t& féﬁ-ﬁllexagjﬁg {g%ﬁ%%ghgjg]h) a[serzr\]CI ?err] or
Znl[err]; tin ca mpi& of thé medalSatalysinglu de tianiope catalysty sich @éﬁlgllysts
such as BOTf(C[err]H[err])[err] zrrconlu catal ysts_such as Zrd [

G oSO O P e ) @% il

err err Herr
Zrd[err] (GI[@H@G[IH? 'Ic‘;?li?err r'Ihi:( g)ﬂ[fe@ § nT Q@ﬁﬂg)&sts

such as Ald [e Ylerr], e;r] [?eér )
Al err] HRC ,AHE (D I ; zine
Alggqi[err})%erﬁ(mg% 7err]8[ qiz?irr]l A?%g( I]ferr err
A (derrlH e:ata]lyqtsmuthas gor dmlgadiratatslystssuch aa§n rqn}[err]
Myl [err] or MgClJerr]; and"the |Tke. [The synbol "Tf |stonIate The
synbol s " e:ata]lﬁ[tfsuch a,sBOIfé@&Iji rzi}'dqmﬂﬁ[ eaha]yafseauql asZTC{4er rlHerr],
"qerr]H[err] "Cerr]Herr]" an C[err]dL:err] are nOergIalﬁ-CXJE:O ALBI;
i so- propyl Zi-(:l?rj( XD% 1C a |,
respgct %el AnD I-Eéemz tal %;t s pr ef erre%Hér)ret Zu
_(I:_atcI al(g is]acqu[ é(m}l%-léﬁ) (fi@:ﬁllg(ﬂ%H ) ahnﬁtmim ca'EaEbt[seucll a®AICl,,
[ err rr]. ) .

Al(OCHS)s, AI(OC?_'HS)S, AI(OC3H71)3, AICIZCH3, AICI(CHS)Z, AI(CHB)B,

AICLC Hy, AICKC,Hp), or AUC,H),; magnesium catalysts such as
Mg(OC,Hg),, Mgl, or MgClO; and the like. [The symbol "Tf" is tolyflate. The

>

symbols "C3H7n", "C3H71", "C4H9n", "C 4H9i", "C4H93" and "C,Hg™ are
normal-propyl, iso-propyl, normal-butyl, iso-butyl, secondary-butyl and
tertiary-butyl, respectively.] '

Among the above metal catalysts, preferred metal catalyst is a titanium
catalyst, for example, TiCl, or TICIOCH,") 4.

Examples of the base include an amine compound and silazane
compound. The examples of the amine compound include secondary amines
such as a di-lower alkylamine (e.g., dimethylamine, diethylamine,
diisopropylamine, dicyclohexylamine and the like), an N-alkylaniline (e.g., N-

methylaniline and the like) and a heterocyclic amine (e.g., piperidine,



Exanpl es of the base include an am ne conpound and sil azane conpound. The
exanpl es of the am ne conpound include secondary am nes such as a di-I|ower
al kyl ami ne (e.g., dinethylanine, diethylanine, diisopropylan ne,

di cycl ohexyl am ne and the like), an N-alkylaniline (e.g., N nmethylaniline
andvthe |like) and a heterocyclic am ne (e.g., piperidine,

8 pyrroridine, 2,2,6,6-tetranethyl pi peridine, norpholine, piperadine and
the like); tertiary anines such as a tri-lower alkyl amne (e.g., _

di i $opropyl et hyl - am ne, diisopropylneth@lanine, triethylamne and the
like), an NN-di- alkylaniline (e.g., N, N—dinethylaniline and the like), a
het erocyclic am ne (e. Ihy nnrggollne

el el s b R
sNhy,hN:a,sN:a;]t %kgﬁ%ﬁl r::am%ﬁgé‘ %gﬁﬁ ﬁmqwg{lgaﬁd&y@ﬂ 8?%ﬁ8%63P23| i ne,
:2:, g : 3%: g: Egn"ée% ‘?WPB?’%B?%,‘%‘-‘P& g‘% 2 nk&lg :{rl{l di ne, n% ﬁrj{ll di nee

i et hyl am A GO SN BB IR S 8 e AR R g O

qui noline a rﬁ%\ ﬁnbf 1inENe-@XFABPLeSidRhe, T4-URZABRyEBADOUN”
i ncl ude an g%(h?ﬁ)fgre 'hexa t?lgwer al klyl di sil a?Zne such as sodm

hexamet hyl dip bRaiR, 1,Bidilbie Z&@E@‘mhﬁﬂe&ﬂhﬁéla&d&h@ dike) ahdi@ dibitne (e.g.,
Anong t he above nenti oned bas preferred ones are the tertiary am ne and

the al kali peNgN' bextstrhawehylethplenédinhdaanad thedikelppaidihe yotnpoatridsl ami ne
and sodi um hexanet hyl di si | azane. Any conventional inert solvent may
be used in sheh aean allgdpyFdiveress oopicoline, fopicoline,i vipicolinet 23-lutidineoPrdan,

di chl or onet hane, di chl oroet hane, di met hoxyet hane, tol uene,

di met hy! f or hetidie, aﬁdwudm@,ﬁmm@p?nﬂmdmm 3,nntidines g Aeh- W@ﬂ@i‘hbﬁ@
tetrahydrofran and di chl or onet hane is preferred t out t he
reaction at the hkeapemﬂ&w&ammmsldp@ fa& 4@%&?&#‘?@“4&%‘%& y at a

tenperature of Ct [err ou thus
obt ai ned caﬁnéé Ehfe!ﬂz ’E‘ﬁe(e 8@%&3819% *Wﬁ% @W WM&E‘%@ sle Ynthetic
intermedi ates fo

the foll owi §? jaecse%f(" %%Q)chdjpg%?ﬁ@x}/nc?udeaazr? % ka 1n191re]teal %%xé \[gxsv'ez\'/ e [I], by

alkyldisilazane such as sodium hexamethyldisilazane, lithium hexamethyl-
disilazane or the like.

Among the above mentioned base, preferred ones are the tertiary amine
and the alkali metal hexa-lower alkyldisilazane, more specially triethylamine
and sodium hexamethyldisilazane. '

Any conventional inert solvent may be used in the reaction. Examples
of the solvent include tetrahydrofran, dichloromethéne, dichloroethane,
dimethoxyethane, toluene, dimethylformamide and hexamethylphosphoric-
triamide, more preferably, tetrahydrofran and dichloromethane.

It is preferred to carry out the reaction at a temperature of -78 °Cto 10 °C,
more preferably at a temperature of -78 °Cto -10 °C.

The compound [II] thus obtained can be converted into the compounds
which can be used aé synthetic intermediates for a (3R, 4R)-4-acetoxy-2-

azetidinone derjvative {I], by the following processes A, B or C.



9 [-Process A A conpound of the fornula [II1-a]:

[Err] wherein Ring B, W Y and Z represent the sane as defined
above; R err] represents an aral kyl oxycarbonyl group or. an al koxycar bonyl
group; R err] represents hydrogen atom or an aral kyl gfoup; or both of
R[efr] and Rlerr] bond at their term ni and conbine with the adjacent
nitrogen atomto form phthalimdo group, is reacted with a conpound of the
forgula [VI]: Rl err] X [VIT wherein R err]
repfesents the sane as defined above, X9represents a reactive residue, to
gi ve a conmpound of the formula [VII]: [err] wherein Ring B, W Y,
Z, Rerr], ﬁgrer% zind Rl err] represent the sane as defined above. Then,

t he conpoun PQﬁ ]Athus obtained is reacted with a conpound of the formula

[MIT1]: wher ei %r‘%‘r aql_ r al kyl group which may be
substituted by a% © Poﬁ@é‘gig%ﬁéa} %ﬁpresents an alkali netal, to give
a conpound of the formul a I\ g6
N/

Hi |
3/
H,C (TE-2]
ec
Y

wherein Ring B, W, Y and Z represent the same as defined above;

g9l

represents an aralkyloxycarbonyl group or an alkoxycarbonyl group; R

represents hydrogen atom or an aralkyl group; or both of R and R®! bond at
their termini and combine with the adjacent nitrogen atom to form
phthalimido group, is reacted with a compound of the formula [VI}:

R'X V1]
wherein R} represents the same as defined above, X represents a reactive

residue, to give a compound of the formula [VII}:

R‘S 1
61
Rl R
H
H,C i v

wherein Ring B, W, Y, Z, Rl, R°T and RO represent the same as defined above.
Then, the compound [VII] thus obtained is reacted with a compound of the
formula [VII]:

R?OM! [viI]
wherein R? represents a lower alkyl group which may be substituted by an aryl

group and M! represents an alkali metal, to give a compound of the formula



[err] wherein R err], Rerr],Rerr] and R err] represent the sane as

defined above.” . [Process B] The conpound [IIll-a] is reacted with a
conmpound of the formula [X]: R-NH[ err]

[ X]* wherein R represents nethyl group or am no group, and a compound of
the” formula [XI]: M err] OOH [ XI] wherein

M2 represents an alkali netal, to give (2S)-3-am no-2-{(1R)-1-
hydr oxyet hyl ) propi oni ¢ acid. [Process C A conpound of the fornula
[11T-b]: rr

Xk )

51
R /RGI T

wherein RI, R2, R51 and R61 repfesent the same as defined above.
[Process B]
The compound [[J-a] is reacted with a compound of the formula [X}:

R -NH, IX]

wherein R represents methyl group or amino gmup, and a compound of the

formula [XI}: |
M?OOH X1

wherein M2 represents an alkali metal, to give (25)-3-amino-2-((1R)-1-

hydroxyethyl)propionic acid.

[Process (]

A compound of the formula [II-b]:

52
I\N/R62
H
HyC \ [II-b]

i)
OZ\Y

wherein R represents an aralkyloxycarbonyl group or an alkoxycarbonyl
group, r%2 represents an acyloxy group, a tri-substituted silyloxy group or an
alkoxy group, Ring B, W, Y and Z represent the same as defined above, is

reacted with the compound [VI], to give a compound of the formula [XHJ:



wherein R err] represents an aral kyl oxycarbonyl group or an al koxycarbonyl

group, R err] tepresents an acyl oxy group, a tri-substituted silyloxy group
or an al koxy group, Ring B, W Y and Z represent the sane as defined above,
is teacted with the conpound [VI], to give a conpound of the fornmula [XI1]:

[erFr] wherein Ring B, W Y, Z Rerr] Rerr] and R err] represent
the sane as defined above. Then, the conpound [XI|] obtai nhed above is-
reacted with a conpound of the fornula [VIII-a]: [err] wherein Rerr]

represents a |l ower alkyl group and Merrj* represents the sane as defined
above, to give a conpound of the fornula [XIII]:

[err] wherein Rlerr],Rerr]Jan®R err] represent the sane as defined
above, and the —R62

* . Rl
' H,C X]
Y
wherein Ring B, W, Y, Z, Rl, R%2 and R represent the same as defined above.

Then, the compound [XII] obtained above is reacted with a compound of the
formula [VIII-a]:

RZOM' [VII-a]
wherein R?! represents a lower alkyl group and M! represents the same as

defined above, to give a compound of the formula [XIIJ:
52
K ~OH

Rl
h{ pa
H,C
—OR*!
&

wherein Rl, R% and RZ represent the same as defined above, and the

compound [XIM] is subjected to catalytic hydrogenation to give a compound of

the formula [XIV]: _ _
. RI
Xy
H;C [X1v]

—OR?!
O/

represent the same as defined above.

wherein R1 and R21

The reaction of the compound [[I-a] or [II-b] with the compound [VI}
can be conducted by a conventional method. Examples of the reactive residue X

are a halogen atom, tri-fluoromethanesulfonyloxy group and the like.



conpound [XII1] is subjected to catalytic hydrogenation to give .a'corrpound

of" the formula [ XIV]: [err] wherein R err] and R err] represent the
sanme as defined above. The reaction of the conmpound [IIll-a] or
[111-b] with the conpound [VI] can be conducted by a conventional nethod.

Exafpl es of the reactive residue X are a hal ogen atom
tri-fluoromethanesul fonyl oxy group and the Iike.

12 - Protecting group R err] for hydroxy group nay be any conventi onal
protecting group for hydroxy group. Preférred protecting group is a tri-
substituted silyl group in which three substituents on silicon atomare the

di ff . i gh b h I .
ohany| | or oup. . ExEROPEITH SRR | R R dsohy SR e) PoREafipiig
trimethylsilyl, gl triethyl silyl < lethylesi |yl ,
ot hyl 1 SoRFOIRSTGY BypAot el dronfh SHpa btk ELRRRK ) B PR,
soft BEYHSE _ _ |  phe
ot opr 1 at o cubtied iyl prop 4 uiG] BLEE Rb GBS U BRI, 0 %o

as 2,6-luti gbﬂ% TWF%Q ?ﬁﬁitaﬂga gfgﬁ%g\t bP BRArcABR 26RELIARY] group orlpReriydact i on

of the conpoun und [VII1] and thé feaction of the

conmpound [ X i Ex3niple of SdkotHSuthsWithfedasil areafitietheldilply gfoup,

convent i onallgh]rjr%ltwh%% Iﬂl'he al kali metal (M )wg?bﬁe conpou%d V%Thl ]p i ncl udes,
for exanpl e trie@§14il grddp) itembﬁltylﬂhﬁeﬂiyksﬂ?rl lgtous, methiykdiisegrapylsitylrgroups t he
reaction in a soOlvent such as tetrahydrofran or the |ike under cooling or
at room t enpertdtutyldiphenylsilyTgeoups adphemylsilykt groupomibeitide] 1 11-a] with the
conpoundws [X] and [X] can be conducted by a conventional nethod. Exanple
of an al kali net ifis pheferred to bty onptherneaphon ix aneppuepriate splvignt 6uch A& | i ke.
It is preferred to carry out . ]

dichloromethane, in the presence of a base such as 2,6-lutidine, under cooling

or at room temperature.

The reaction of the compound [VI]} with the compound [VII] and the
reaction of the compound [XII] with the compound [VIII-a] can be conducted by
a conventional method. The alkali metal (M) of the compound [VII]
includes, for example, sodium, lithium or the like. It is preferred to carry out
the reaction in a solvent such as tetrahydrofran or the like under cooling or at
room temperature.

The reaction of the compound [[I-a] with the compoundws [X] and [XI]
can be conducted by a conventional method. Example of an alkali metal (M2)
of the compound [XI] is sodium, lithium or the like. .It is preferred to carry out
the reaction in a solvent such as methanol or the like under cooling or at room
temperature.

Catalytic hydrogenation of the compound [XII] can be conducted by a
conventional method. Example of the catalyst is a palladium catalyst such as
palladium on activated carbon, and example of the solvent is a lower alkanol
such as methanol. Itis preferred to carry out the reaction at a temperature of -

20 °Cto 150 °C.



the reaction in a solvent such as nethanol or the |ike under cooling or at
room t enper at ur e. Catal yti c hydrogenation of the conmpound [XIIIl] can
be conducted by a conventional nethod. Exanple of the catalyst is a
pal l adi um cat al yst such as pall adium on activated carbon, and exanple of
the-solvent is a | ower alkanol such as nethanol. It is preferred to carry
out the reaction at a tenperature of - 20 [err]C to 150 [err]C.
13 The starting conpound [1V] ofl he present invention is novel, and
can” be prepared, for exanple, by reacting an acid chloride of the conpound
of the fornula: [err] wherein R5 and R6 represents the sane as defined
above, with a co r : : : ' ' , W'Y
and 2 reprosent (RS Stk MpARETHVEGl dilprecdht tventio BERGYE, Fhdkak,
(e.g.. diis ' 83t ifle of ERPBSIpbINd iR de)

; %@Wdr‘éafp‘?bg %%%’E%eaﬁg?ea%hﬁgtaﬁ déﬁicl{l[SnV_ of poin

under heating: the“fornula [I
[err] formula:

RN O
: 1]26

wherein R® and R® represents the same as defined above, with a compound of

the formula [XV]:
HN @ XV]
Z\Y _

wherein Ring B, W, Y and Z represent the same as defined above, in the
presence of a base (e.g., diisopropylethylamine) and a catalyst (e.g., copper(D)
chloride) under heating,.

A compound of the formula [IV-b]:

0O
52 ,
R\N /\)LN
L, l [V-b]
R Z\Y

| wherein Ring B, W, Y, Z, R52 and R62 represent the same as defined above, can
be prepared by the steps of:
(i)  reacting the compound [XV] with an acryloyl halide in the presence of a

base (e.g., diisopropylethylamine) to give a compound of the formula [XVI]:

o W
\'/lLITI [XVi
Ay

wherein Ring B, W, Y and Z represent the same as defined above, and

(ii) reacting the compound [XVI] with a compound of the formula [XVII}



wherein Ring B, W Y, Z Rerr] and Rerr] represent the sane as defined
above, can® be prepared by the steps of: (i) reacting the conpound [ XV]
with an acryloyl halide in the presence of a base (e.qg.,

di i sopropyl et hylam ne) to give a conpound of the formuta [XVI]: [err]
wherein Ring B, W Y and Z represent the same as defined above, and (i)
reacting the conpound [XVIl with a conpound of the formula [XVII]:

14 [err] wherein R err] and R err] represent the sane as defined above,
in the presence of a base (e.g., sodi um A¥dri de) and a catalyst (e.g.,
copper () chloride) under heating. The conpound [XV] is al so novel
and can be prepared, for exanple, bgS2reacting a conpound of the fornula:
[err] wherein Ring B, Wand IYH\(epresent t ixvegme as defined above, with
t he conpound of the fornul a: R62 ] [err]
wherein R%2 and R®2 represent the same as defined above, in the presence of a

base (e.g., sodium hydride) and a catalyst (e.g., copper(I) chloride) under heating.
The compound [XV]is also novel and can be prepared, for example, by

reacting a compound of the formula:
W

w

HY

wherein Ring B, W and Y represent the same as defined above, with the
compound of the formula:

Z=0
wherein Z represents the same as defined above, in an appropriate solvent (e.g.,
toluene) in the presence of an acid (e.g., para-toluenesulfonic acid) or a base
(e.g., pyrrolidine) under heating.

The compounds [IX] and [XIV] and (25)-3-amino-2-((1R)-1-
hydroxyethyl)propionic acid obtained by the above processes can be converted
into a (3R, 4R)-4-acetoxy-2-azetidinone derivative [I}, which is useful asa
starting compound of an antibacterial agent, by a conventional method, for
example, by the process disclosed in European Patent Publication No. EP-
371875-A, European Patent Publication No. EP-485218-A, European Patent
Publication No. EP-509821-A or Japanese Patent Provisional Publication No.
JP05239019-A. For example, the (3R 4R)-4-acetoxy-2-azetidinone derivative [
can be prepared by the steps of: _

(i)  reacting the compound [IX] with hydrazine to give a compound of the
formula [XVIO]:



wherein Z represents the sanme as defined above, in an appropriate sol vent
(e.g., toluene).in the presence of an acid (e.g., para-toluenesulfonic
acid) or a base (e.g., pyrrolidine) under heating. . The conpounds [IX]
and* [ XIV] and (2S)-3-am no-2-((1R)-1- hydroxyet hyl)propi onic acid obtained
by the above processes can be converted into a (3R

4R) - 4- acet oxy-2- azeti di none derivative [I] which is useful as a starting
conmpound of an anti bacterial agent, by 3 conventional nethod, for exanple,
by the process disclosed in European Patgnt Publ i cati on No. EP- 371875-A,
Eur opean Patent Publication No. EP-485218-A, European Patent Publication
No. EP-509821-A or Japanese P&R! Hsi onal Publi.cati on No.
JP05239019- A. For exanple, the -4-acet oxy-2-azetidi none derivative.
[I] can be prepared by the g?e - /(1) reaptinqx?ﬁﬁ]conpound [1X] with
hydrazine to give a conpound3of formula’ [ XVI 1] :

15 Jerr] wherein R err] an ] represent the sane as defined
above, (ii) subjecting the cong@und [XVIII] to catalytic hydrogenation®in
the precence of a palladjumcatalyst (e.g., a palladiumon activated
carbon) to ghesein Rcenddirkepsesent the smeipadefied above,

err wher ei n err] represen sa s. defi ned .abqve
| ] (i) subjtla:\::[ting Jhe coglpouné fX\}I?I? to catalyfic hygrogenahonqm the

th

precence of a palladium catalyst (e.g., a palladium on activated carbon) to give a

compound of the formula [XIXL
Rl
j\H NH,
HyC |

—OH
S

wherein R represents the same as defined above,

XIX]

(iii) lactamyzing the compound [XIX] to give the compound [II, and
(iv) introducing acetoxy group into the compound [I].

The compound [] can be also prepared by reacting the compound [XIV]
.or the compound [XVII] with a Grignand agent (e.g., ethyl magnesium
bromide).

Further, the compound [[I} can be prepared by the steps of:
(i)  reacting (25)-3-amino-2-((1R)-1-hydroxyethyl)propionic acid with a
lactamyzing agent (e.g., N-tert-butyl-2-benzothiazolsulfenamide(ID),
triphenylphosphine) to give (1'R, 35)-3-(1-hydroxyethyl)azetidin-2-one, and
(i) reacting the above product with the compound [VI].

In the processes A, B and C, the compound [XV] can be recovered and
then recycled. From the viewpoint of recovery of the compound [XV], the
process C is preferable.

Throughout the specification and claims, the terms "alkyl" and "alkoxy”



(tii-) lactamyzing the conmpound [XIX] to give the conpound [I1], and (ivV)
i it roduci ng acetoxy group into the conpound [I1]. The conpound [I11]
can be al so prepared by reacting the conmpound [XIV] or the conpound
[XVIII] with a Gignand agent (e.g., ethyl magnesium brom de).

Further, the conpound [II1] can be prepared by the steps of: (i) reacting
(2S)-3-am no-2-((1R) -1 -hydroxyet hyl )propionic acid with a |actanyzing
agent (e.g., N-tert-butyl-2-benzothi azo] sul fenam de(l1),

tri phenyl phosphine) to give (1'R 3S)-3H 1' - hydroxyet hyl ) azeti di n- 2- one,
and (ii) reacting the above product with the conpound [VI]. In the

processes A, B.and C, the conpound | can be r.ecovered, an he
recycl ed. HREHAE0Rey haypsi hio Cqﬁ%%)@(él?s'&?reﬂ%blbf&ﬁ‘ﬁ%i}ﬁWX{j/fo,éF“H‘ Ontnr ocess

O s Pt gl e. rore pretd MR PH b S 2RBSE! ebSalhval. 30 el Theyibhg: o0
i ncl ud | ' 6
carbon_at S ar 0B hebe Lt H 5o R R RGO 1908E, TGN ] Lo

“al kyl ene” a6k udese 9ﬂa?ezjaﬁlé;ir3‘%esrl%agp§3gtxﬁﬁé.gﬂghar?eg%s'io@&em#ﬁbéﬂd one having

1 to 6 carbon atons, nore pre to 5 on atons. e terns "l ower
al kyl " and "fdv@é&eélkék)k'QMhd'eé"éhh'gﬁﬁvﬁ‘ige? 08 hrbdnlatb@is Speddr cHeRNS,
preferably ones having 1 to 4 carbon-atons, respectively. The term"| ower
al kanoyl " ihaetndeso 4@adohanbme, Rspactivelp MiRNteinOBweP aia@ibgh! nchitke havi ng
2 to 4 carbon atons. The term"aryl" includes a phenyl which may be

subst i t ut ednartthving apd6lestbonhitomspyef@abBubirds hatting 2 thHeatiesrmatontal ogen
atonmt or "halide" include fluorine, chlorine, bromne, iodine or the |ike;
The term “aryl" includes a phenyl which may be substituted and a naphthyl
which may be substituted. The terms "halogen atom" or "halide” include

fluorine, chlorine, bromine, iodine or the like:

EXAMPLE

Example 1

(1) A mixture of salicyl amide (16.5 g), pyrroridine (8.35 ml) and (-)-
menthone (17.1 g)in toluene (200 ml) was refluxed under continuous removal
of water for 6 hr. The mixture was cooled, washed, dried and evaporated. The
residue was purified by silica-gel column chromatography (chloroform:n-
hexane:ethyl acetate=5:5:1) to afford 24.2g of (2'S, 5'R)-2"-isopropyl-5"-methyl-
spiro[2,3-dihydro-4H-1,3-benzoxazin-2,1'-cyclohexan-4-one (25 isomer:2R
isomer=2:1). Into a s.olution of the above product in N-methylpyroridone (132
ml) was added 1,8-diazabicyclo{5.4.0Jundec-7-ene (1.32 ml). The mixture was
stirred at 25 °C for 12 hr, and then stirred at -10 °C for 24 hr. The mixture was
quenched by a 10% aqueous citric acid, and the mixture was extracted with
ethyl acetate. The extract was washed, dried and evaporated to afford 23.7 g of
(2'S, 5'R)-2-isopropyl-5"-methyl-spiro[2,3-dihydro-4H-1,3-benzoxazine-2,1-

cyclohexane]-4-one (25 isomer:2R isomer=14:1).



EXAMPLE Exanple 1 (1) A mxture of salicyl amde (16.5 g), pyrroridine
(8.35 M) and °(-)- menthone (17.1 g) i-n toluene (200 M) was refluxed under
conti nuous renoval of water for 6 hr. The m xture was cool ed, washed, dried
and: evaporated. The residue was purified by silica-gel colum

chremat ogr aphy (chl orof orm n- hexane: et hyl acetate=5:5:1) to afford 24. 2g
of (2'S, 5" R)-2'-isopropyl-5"'-nethyl- '
spiro[ 2, 3-di hydro-4H 1, 3- benzoxazi n- 2, 1., cycl ohexan-4-one (2S isoner: 2R
isoffer=2:1). Into a solution of the abo% product in Nnethyl pyroridone
(132 mM) was added 1, 8-di azabi cycl o[ 5.4.0]undec-7-ene (1.32 ml). The

m xt ure was Stl:éid at 25 [err]C for 12 hr, and then stirred at -10 [err]C
for 24 hr. The B as quenched by a 10% aqueous citric acid, and the
m xture was extr et hyl acetate. The extract was vvashed dried
and evapor at ed t@cé%&d%g& 7 g of (2'S, d

5'R)-2"-i sopropy[bd,;%-m Piyd = $.40,rmpthadoth hydr o- 4H 1, 3- benzoxazi ne-2, 1' -

cycl ohexane] -4-one (2S i soner: 2R i soner=14:1).

17 2S i sOffelisomer; Mp. 80-82 [err]C [a][err] -82.3 (c

1.10, methanol). 2R i soner; M p. 156-158 [err]C [a][err]

+63.8 [err](c =1 71,55qgglq@nol) (2) A m xture of the product of Exanple
1-(1) (2S isoner; i soner =14 acryloyl chloride (9.75 m),

(27.4
triethylam ne (1I6€] 6$-8ar{g =0 em(etl)ar&% -oride (500 ng) in toluene (200 m)
was stirred at 50 [err]Cfor 3 hr. The m xture was extracted wth ethyl
acetate, an{®theAewixtamt ofithe pradhethf Bkaingde &1) (@5 ipones 2R isoherrldslldue was
purified by silica-gel colum chronatography (n- hexane:ethyl acetate=10:1)

to afford 2@7d g, afryloybchlpride (37§Q;n13 taetlwlwmez (16.7 ml) and copper( )

i sopropyl -5' - met hyl -spi ro[ 2, 3-di hydro-4H- 1, 3- ben azin cydohexane] - 4
- Propy chlor1dey(500 xgtg) in ’colueneI (3100 ml) was stirred atZE'JC())X"Czlgorg hr. '}‘he ixture ]

was extracted with ethyl acetate, and the extract was washed, dried and
evaporated. The residue was purified by silica-gel column chromatography (n-
hexane:ethyl acetate=10:1} to afford 26.8 gof (25, 2'S, 5'R)-3-acryloyl-2'-
isopropyl-5-methyl-spiro[2,3-dihydro-4H-1,3-benzoxazine-2,1-cyclohexane]-4-
one.

IR(KBr)vmax: 1706, 1681, 1609 cx™?

MS m/z: 327(M")
(3) Into asolution of O-acetyl-N-benzyloxycarbonylhydroxyamine (1.94 g) in
dimethylformamide (28 ml) was added sodium hydride (624 % in oil) (37 mg)
at-10 °C, and the mixture was stirred at -10 °C for 30 r'nin. Into the mixture was
added a solution of the product of Example 1-(2) (3.04 g) in dimethylformamide
(28 ml) at -60 °C, and the mixture was gradually warmed to 25 °C for 1.5 hr. The
mixture was poured into water, and extracted with diethylether. The extract
was washed, dried, and evaporated. The residue was purified by silica-gel
column chromatography (n-hexane:ethyl acetate=10:1) to afford 5.0 g of (25, 2'S,
5'R)-3~(3-(O-acetyl-N-benzyloxycarbonylhydroxyamino)propionyl)-2'-isopropyl-
5'-methyl-spiro[2,3-dihydro-4H-1,3-benzoxazine-2,1-cyclohexane]-4-one.



one.- | RCKBr) vimax: 1706, 1681, 1609 cnferr] M5 mlz: 327(M+) (3)
Into a solution of O acetyl-N-benzyl oxycarbonyl hydroxyam ne (1.94 g) in

di met hyl f ormam de (28 m ) was added sodi um hydride (62.4 %in oil) (37 ng)
at =10 [err]C, and the m xture was stirred at -10 [err]C for 30 mn. Into
the-m xture was added a solution of the product of Exanple 1-(2) (3.04 g)
indinmethylformamde (28 ml) at -60 [err]C, and the m xture was gradual ly -
warnmed to 25 [err]C for 1.5 hr. The m'xwre was poured into water, and
extracted with diethylether. The extrac was washed, dried, and
evaporated. The residue was purified by silica-gel columm chronmat ography

gnR;]eéa?E :(ag“e/llce@ﬁq% ﬂoﬁ’@%ﬁ%ﬁgﬂ#&ﬁ& -g];n' El(z))sbrtz);)islbnﬁl )-2"'-isopropyl
- 5'- - Spi 3-di 1, 3- ine-2,1'- -4- )
180 Y R MR S G Seay aeno emen] S e o o
PITIMer el e Bhio LR e RBA0L dIBRIACIAY @87 ERATR, © - (%) (537 T9)

i n di chl or oet hane was a opw se titaniun(l tetrachl oride (1M

in dichlor Ogﬁ/«gt@g)ﬁt%%%égte)xggt Tv-gz Bdd&d dddpwise ﬁ@&ni{llﬁ{(w)qetﬁeﬁldrm MKinre was

stirred at rr]Cfor 15 mn. Into the m xture was added

dropwi se trighibroaidtiehd) 20 nlyat A °C (6060 eCrdrd fhe mbBAutewal Sirrsddt 70

m xture was stirred at -70 [err]Cto -60 [err]C for 40 min. Then, into the
m xt ure wase@gsle0 °drfop1s fin ahtolthé ntintoe wardddedelrppeise hiehylain)inen

di chl oronethane (1.2 m) at -70 [err]Cto -60 [err]C. The m xture was
gradual | y waomesp)tas -T0 {Ctor-$C°Coandtter mixtude whag stirred at &70#3top6l /e dor 41 o

wat er, . and extracted wi th dichloronethane. The extract was washed, dried,
and evapor adnl. There inks trhmixtase pasiadded dpgpwiskiasalyaon ebpegialdehyde

chr omat ogr a h%;(n-_ hexane: ethyl acetate=4:1) to q’ff%d 500 ng of (2'S,

5 R-3-[( 23&1 b iacdichlorgmethane (1.2 ml) at-70 °Cto -60 °C. The mixture was

S0t opy! - SERABLIY WaBILIDA S At 603 Fha S GRH SRR P RE 300 W Btk ane) -
451-81?n|v[eér r +§>5trac|t§f wéhocl[i)cl\{ﬁéﬁe ne, The ‘et W%g%\rgsﬁéﬁ,%fded, andg SIMEMZ
evaporated. The residue was purified by silica-gel column chromatography (n-
hexane:ethyl acetate=4:1) to afford 500 mg of (2'S, 5'R)-3-[(25)-3-(O-acetyl-N-
benzyloxycarbonylhydroxyamino)-2-((1R)-1-hydroxyethylypropionyl)-2*-
isopropyl-5'-methyl-spiro[2,3-dihydro-4H-1,3-benzoxazine-2,1"-cyclohexane]-4-
one. |
IR(Nujol)vmax: 3540, 1797, 1690, 1610 cm’!
SIMS m/z: 581(M*+1)

Example 2
(1) A mixture of B-alanine (89 g) and phthalic anhydride (148 g) was heated

at 180 °C to 190 °C for 30 min. The mixture was cooled to 60 °C and ethyl

acetate (500 ml) was added, and the mixture was stirred at 0 °Cfor 1 hr. n-

Hexane is added to the reaction mixture and the reactant crystals were collected

filteration to afford 219.5 g of 3-phthalimidopropionic acid in colorless crystals.
M.p. 149-151 °C



Exanple 2 (1) A mxture of [err]-alanine (89 g) and phthalic anhydride
(148 g) was heated at 180 [err]C to 190 [err]C for 30 min. The m xture was
cooled to 60 [err]C and ethyl acetate (500 m) was added, and the m xture
was stirred at O [err]C for 1 hr. n- Hexane is added to the reaction

m xture and the reactant crystals were collected filteration to afford
219.5 g of 3-phthalim dopropionic acid in colorless crystals. M p.
149-151 [err]C 19 (2)
Inté a m xture of the product of Exanpﬂ% 2-(1) (6.6 g) and dichl oronet hane
(60 mM) was added dropwi se thionylchloride (2.2 m). The m xture was

stirred at, 50 [err]C for 30..mn, and t.hen eya to the residue was
added t ol uehe (’g’éo%15‘5*%%“&?8aﬁeau%f°f§<3%8¥eeﬁ"@?@)%%)§. §9 g) and copper (1)
chl oride (60 dt XL L[ . . After
cool i ng, e‘?ﬁ?@?&‘%’ﬁ?@e K@s@éﬁé‘égﬁlﬁdﬁw rﬁe g}lﬁltrl}g&?kgerngz %%‘?){a \?‘/al{s}Er washed,
oo SR WS S0P 108, B M Erdbocetcel bl
5'R)-3-(3- - . d I

pht s qyas added tolene (60 ), the product of Example 1-41) 539 g Pydr o, =0 s
benzoxazi ngsdrille-(6Y ehhapiR! mtane was stfedat 78 SCesyShal sAfter coolingyl p.

154- 155 [err]C '[a][err] +32.8 [err] (c = 0.375, methanol) (3)

Into a sol gthiybacethtetvhgs afdedunto e disanm. e The( RixtiB86 Gvaspyashedddxed endnet hane
(3 mM) was successively added dropwi se titanium1V) chloride (1Min

di chl or omegepoahtednd Thiei residylk avdsrypurified] By siliga-gel corgmirechrjodatograpdy] er r | C,
and the m xture was stirred at -70 [err]Cto -60 [err]C for 30 mn. Into

t he mi xt ur é-hesaneethy] deataperZd) to affsird(816g o625 28 &R e (0.93 m) in

di chl ororet hane (0.5 m) at -70 [err]C to -60 [err]C. and 1 Xture was
stirred at phmlpmdop@pr)@nybd ?WPW}'@rmﬂhglﬁP%roﬁavi'ghbXA}G@aa? war med to
-10 [err]Cto O [err Q&rq]:{j stirred for 2 .hr. The nmj xture was poured into
wat er, andbesapaginedZhi-orlohexmrelrirns HafRlorless act was washed, dried

and evapor at ed.M{:he E;%éqée was purified by silica-gel colum

chr omat ogr aphy hP -ethyl acetate=4:1) to afford 292 ng of (2'S,

5'R) - 3- 01 % +32.8 ° (¢ = 0.375, methanol) _ _

[ (2S)-3-phthalim Bo- 2- ((1R) - 1- hydr oxyet hyl ) propi onyl ]-2"-i sopropyl -5' - met hy
| -

(3) Into asolution of the product of Example 2-(2) (300 mg) in

dichloromethane (3 ml) was successively added dropwise titanium(IV)
chloride (1M in dichloromethane) and triethylamine (0.18 ml) at -70 °Cto -60
°C, and the mixture was stirred at-70 °C to -60 °C for 30 min. Into the mixture
was added dropwise a solution of acetaldehyde (0.93 ml) in dichloromethane
(0.5 ml) at-70 °C to -60 °C, and the mixture was stirred at -70 °C to -60 °C for 2.5
hr. The mixture was warmed to -10 °Cto 0 °Cand stirred for 2 hr. The mixture
was poured into water, and extracted with dichloromethane. The extract was
washed, dried and evaporated. The residue was purified by silica-gel column
chromatography (n-hexane:ethyl acetate=4:1) to afford 292 mg of (2'S, 5'R)-3-
[(28)-3-phthalimido-2-({1R)-1-hydroxyethyl)propionyl]-2'-isopropyl-5-methyl-
spiro[2,3-dihydro-4H-1,3-benzoxazine-2,1’-cyclohexane}-4-one in colorless
crystals.

M.p. 141-142 °C



spi ro[ 2, 3-di hydro-4H 1, 3- benzoxazi ne-2,1' - cycl ohexane] -4-one in col orl ess
crystals. . Mp. 141-142 J[err]C

20 [a][err] -24.5 (¢ = 0.31, nethanol) Exanple 3 Into a
solution of the product of Exanple 2-(2) (4.27 g) in tetrahydrofran (65

m ) -was added dropw se sodi um hexanet hyl di sil azane (1M in tetrahydrofran)
(9.9 M) at -78 [err]C, and the m xture was stirred at -78 [err]C for-1 hr.
Into the m xture was added chlorotitaniymtriisopropoxide (1M in hexane)
(9.9 M) at -78 [err]C, and the mi xtur has stirred at -78 [err]C for 100
mn. Into the mxture was added acetal dehyde (3 m) at -78 [err]C, and the
m xture was gra ) mechqt Q, ]C for 2 hr. The m xture was dil uted
wi t h phosphate bu ejrmﬁ)ﬁf:%ﬁgbé%?égnd et hyl acetate (100 m ). The
reactant white precipitates were renoved by filteration using celite. The
organic layer of the filtrate was separated and washed, dried and

evapor at ed g, I 1 %si due was purified by silica-gel columm chromatography

i117.

(n-hexane: etnyf* acetate=3:1) to afford 4.768 g of (2'S,

5'R) - 3- [ (2S) - phighal i GiRsz- - 5 i o '
sopr opyl -5 - ot s SarAaf SRR oL RPN LD AR BT Sphydrofran o anel -
4- one in qod Bll} GRS 20HUS HAdpwise sodiunthBxarkéthyldidild el @M in  [a][err]
-24.5 (c = 0.31, nethanol) Exanmple 4 (1) Into a solution of the

product of rEaipl@fidn) 19.5nd) at TSECTIMDHEBIRARE wadGtiflell AeTE°@fldethr.
tert-butyldinmethylsilyltriflate (1.25 g) and 2,6-lutidine (1.0 g)

Into the mixture was added chlorotitanium triisopropoxide (1M in hexane) (9.9

ml) at-78 °C, and the mixture was stirred at-78 °C for 100 min. Into the
mixture was added acetaldehyde (3 ml) at-78 °C, and the mixture was gradually
warmed to 5 °Cfor2hr. The mixture was diluted with phosphate buffer (pH
7) (100 ml) and ethy] acetate (100 ml). The reactant white precipitates were
removed by filteration using celite. The organic layer of the filtrate was
separated and washed, dried and evaporated. The residue was purified by
silica-gel column chromatography (n-hexane:ethyl acetate=3:1) to afford 4.768 g
of (2'S, 5'R)-3-[(2S)-phthalimido-2-((1R}-1-hydroxyethyl)propionyl]-2'-
isopropyl-5'-methyl-spiro[2,3-dihydro-4H-1,3-benzoxazine-2,1"-cyclohexane]-4-
one in colorless crystals.

M.p. 141-142°C
[}, > -24.5 ° (¢ = 031, methanol)

Example 4
(1)  Into asolution of the product of Example 3 (1.6 g) in dichloromethane

{30 ml) were added tert-butyldimethylsilyltriflate (1.25 g) and 2,6-lutidine (1.0 g
at 5 °C, and the mixture was stirred at5 °C for 10 min. The mixture was
poured into water and extracted. The extract was washed, dried and evaporated.

The residue was purified by silica-gel column chromatography (n-hexane:ethyl



at 5 [err]C and the mxture was stirred at 5 [err] Cfor 10 mn. The
m-xture was poured into water and extracted. The extract was washed, dried
and evaporated. The residue was purified by silica-gel .col um
chromat ogr aphy (n-hexane: et hyl '

21 - acetate=12:1) to afford 1.95 g of (2'S,
5'R)-3-[(2S)-3-phthalimdo-2-((1R)-1-tert- :

but yl di met hyl si | yl oxyet hyl ) propi onyl]-2'-isopropyl-5"-nethyl-spiro[ 2, 3-
dihydro4H-1,3-benzoxazine-2,1'-cyclohexa%e]-4-one in colorless crystals.
Mp. 119-120 [err]C [a][err] +51.8 [err] (c = 0.31, nmethanol) (2)

LS&&%%L?%&%%%’%:ﬁ%%& i}éé?g%'ﬁ@%%)37&%%%?%%9%@%@%%) the

i - R i ) i thi
["hgé“%ﬁt al nBHIE %B%@ﬁ%pkgétbbﬁm%ﬁyﬁéﬁmw R i -'7t8d'[ l”‘] ¢
W th water SocEPRpateniretnga Sl thelhel £otkin BB TS T @
evapor at ed. The iﬁg_tqﬁd\aé purified by silica-gel colum chromat ogr aphy

(chl or of or m n- hexare ylacetate=10:1:0.1) to afford 2.57 g of
(2S) - pht hal i ni dofe2-P ¢5RB~ {e £6:31; metlamobret hyl si | yl oxyet hyl - propioni ¢ acid

benzyl ester in colorless oil. IR (KBr) vmax: 1770,1718 cnierr]
SIMS m z: 488 (Mus akdldion of benzhPAle6hél (11 1) ihGeFaRy@dfraneGianldiwas
Exampl e 5 Into a solutioh of the product of anple 2-(3) (2 g) in

met hanol ( 6addad MBSty HRRS(QBWISE exafe)n@I5yhBnit A60 0 andithe nfixtureet hanol )
(0.79 m) at O [err]Cto 10 [err]C, and the m xture was stirred for 55 mn.

Into the m wasmerwed o @5CEsRIty ¢hy solidied of ey loary ditBitom dhus obtaingdimegen
peroxide in water (0.93 m) and a 2M aqueous sodi um hydroxide (3.85 nl) at
0 [err] C t oaddedthegmdduttef Mample 4(A5(64) Pat o °4 and the sixbupayas dirred 15
mn. Into the mxture was added sodi um persulfate (3..817 g), an,g t he
mi xture wasassd 1¢ fayd 7dw. Bhe mixfuzerwag dilated grithgvater and e yl acétate, The
organic layer was washed, dried and evaporated. The residue was purified by
silica-gel column chromatography (chloroform:n-hexane:ethylacetate=10:1:0.1)
to afford 2.57 g of (25)-phthalimido-2-[(1R)-1-tert-butyldimethylsilyloxyethyl]-
propionic acid benzyl ester in colorless ol. |
IR (KBr) vmax: 1770, 1718 cm’!

SIMS m/z: 468 (M*+1)
[0],2+15.2 ° (c = 0.99, methanol)

Example 5
Into a solution of the product of Example 2-(3) (2 g) in methanol (6 m1)

was added dropwise a 4% methylamine solution (in methanol) (0.79 ml) at 0 °C
to 10 °C, and the mixture was stirred for 55 min. Into the mixture was
successively added dropwise a 31% aqueous hydrogen peroxide in water (0.93
ml) and a 2M aqueous sodium hydroxide (3.85 ml) at 0 °C to 10 °C, and the
mixture was stirred at 0 °C to 10 °C for 15 min. Into the mixture was added

sodium persulfate (1.07 g), and the mixture was stirred at 0 °C to 10 °C for 10



22 -mn, then at 25 [err]C for 2.5 hr. The mxture was filtered to renove
I nsol uble* materials, and the filtrate was evaporated. Into the residue was
added water, and the m xture was washed with chloroform The aqueous | ayer
was" | yophi li zed, and the residue was purified by cation exchange resin

(I RA-120) colum chromatography to afford 386 ng of (2S)-3-am no-2-((1R)-1-
hydr oxyet hyl ) propi oni ¢ acid. . | R(Nuj ol ) vimax: 2971, 1584 cnferr]

SIMS mz: 133 (Merr]) . Besides the washing solutions were conbined,
and “evapor ated. The residue was purified2by silica-gel colum

chr omat ogr aphy (n- hexane et hyl acetate=4:1) to recover 397 ng of (2'S,
5'R)-2'-isopropyl -5'-

spiro[ 2, 3- dm%)d hﬁMH’-Zﬁ ?%Eﬁzﬁ)b@amw Mrec?’éﬁéﬁé@n@]mm%‘ffemml%npl e 6

Syl chl or dm @g{;}s °df véaé&ragxe? EgFf—'é) é‘.r%é@ﬁéwam#&sﬁr edteno o)
was stirred a 5 C for 17 ;hr tur our d into water, and
it wastied Yeigh hfrd T
%ter ?gg'eg“e 1@22?( 8‘11 2% &{1{5& g&%ﬁ dﬁ%ﬁi'b‘}r’@n Qe%%%%&%?ﬂz)’am-:;gor wted

(th)heéa{u(ezzg W‘é af“% B ? § "
1-tert-but y?:d];i ?eb}ér%lgﬁﬁbz%@{pr opl %P{ %ﬁ:%%%%a%yf igl nmet hyl -

spiro[ 2, 3- d, )g )Z?rép azi ne-2, 1' -cycl ohexanel - 4- one.
|R(NUJO|)VITB. 1800,"1690 1610 cn{err] SIMS mz: 695 (Merr]+1) (2)
I nt o net hanol (11Rmuwnﬁg{dw1n1$g4tdﬂlll ithium (1. 6Min hexane) (0.17 m)

at O [err]Cto afford a solution of Iithium nmethoxide. The sol ution was
SIMS m/z: 133 (M)
Besides the washing solutions were combined, and evaporated. The
residue was purified by silica-gel column chromatography (n-
hexane:ethylacetate=4:1) to recover 397 mg of (25, 5'R)-Z'-isdpropyl-S'-methyl—

spiro{2,3-dihydro-4H-1,3-benzoxazine-2,1"-cyclohexane]-4-one.

Example 6
(1) A mixture of the product of Example 1-(4) (1.72 g), tert-butyldimethyl-

silylchloride (671 mg), imidazole (309 mg) and dimethylformamide (10 ml) was
stirred at 25 °C for 17 hr. The mixture was poured into water, and extracted
with ethylacetate. The extract was washed, dried and evaporated. The residue
was purified by silica-gel column chromatography (n-hexane:ethylacetate=10:1)
to afford 2 g of (2'S, 5'R)-3-[(25)-3-(N-acetoxy-N-benzyloxycarbonylamino)-2-
((1R)-1-tert-butyldimethylsilyloxyethyl)propionyl]-2'-isopropyl-5'-methyl-
spiro[2,3-dihydro-4H-1,3-benzoxazine-2,1"-cyclohexane]-4-one.

~ IR(Nujol)vmax: 1800, 1690, 1610 cm!

SIMS m/z: 695 (M*+1)

(2)  Into methanol (1 ml) was added n-butyl lithium (1.6M in hexane) (0.17

ml) at 0 °C to afford a solution of lithium methoxide. The solution was



23 dropw se added to a solution of the product of Exanple 6-(1) (186 ng)
in methanol (6 M) at -10 [err]C, and the m xture was stirred at -10
[err]C for 1 hr. The reaction was quenched by adding a 10 % aqueous citric
acid, and the m xture was evaporated. The residue was extracted with
chleroform and the extract was dried and evaporated. The residue was
purified by silica-gel colum chronmatography (n-hexane:ethylacetate=4:1) to
afford 100 nmg of (2S)-3-(N

hydroxy- N-benzyl oxycar bonyl anmi no) - 2- ( (18} - 1-tert-butyl di met hyl si | yl oxy-

et hyl ) propionic acid nethyl ester. I R( NUJ oI )vrrax 3270 1740 1706
cnjerr] SIMS m z: 412(|\/[err]+1 (2

5 R)-2' -i sogropwise &ldaddoragolution of theapmdgtapf)‘ﬂxmple 6—(1) (186 mg) in
1, 3- benzoxazi ne-2,1' -cycl ohexanel - 4- one was recov red {(;%q; m. xt ur e of
the above pmetanol (6mlhgs- Of@%fbﬂlqusﬁfﬂ aﬂtem driag 3% wet ,

S e o A, AR i i S g, >
[ered o, gra%o&r#an@m R O AR, SRR O,
o (557, it At T o g g 1
Eg/[s)er g] ;ﬁ% ha}}rrgirﬁagdﬁgﬁ% ﬁﬁg&tﬁée%%&%ktérﬁ%@#%eﬁmw IPO m;g of (2% ?) pr opi oni c
arr1C|) dwggng%/: r tNd%g er r{ca?%‘ 17 h )nglﬁieaygretgfct%a crystell V\rergar??: t(erzgd
24 ethyl)proplomc acid methyl ester.
IR(Nujol)vmax: 3270, 1740, 1706 cm™!
SIMS m/z: 412 (M*+1)
Besides, 74 mg of (2'S, 5'R)-2'-isopropyl-5'-methyl-spiro[2,3-dihydro-4H-
1,3-benzoxazine-2,1’-cyclohexane]-4-one was recovered.
(3) A mixture of the above product (21 mg), 10 % palladium on activated
carbon (50% wet, 2 mg) and methanol (5 ml) was subjected to catalytic
hydrogenation at 25 °C under hydrogen atmosphere (3.5 atm) for 3 hr. The
mixture was filtered, and the filtrate was evaporated. The residue was purified
by silica-gel column chromatography (chloroform:methanol=10:1) to afford 14
mg of (25)-3-amino-2-((1R)-1-tert-butyldimethylsilyloxyethyl)propionic acid
methyl ester. |
IR(Nujol)vmax: 1737 cm™?
SIMS m/z: 262 (M™+1)

Reference Example 1 _
(1) A mixture of (25)-3-phthalimido-2-{(1R)-1-tert-butyldimethylsilyloxy-

ethyl)propionic acid benzyl ester (1.12 g), hydrazine monohydrate (612 mg) and
ethanol (20 ml) was stirred at 25 °C for 17 hr. The reactant crystals were filtered



off and the filtrate was evaporated. The resi due was suspended in hexane
and filtered.- The filtrate was evaporated, and the, residue was purified
by silica-gel columm chromatography (chl oroform methanol =40:1) to afford

642 2 ng of

(2Sy-3-amno-2-((1R)-1-tert-butyl di methyl silyl oxyethyl)propionic acid

benzyl ester in colorless oil. ' | RCKBr) vimax: 1732 cnjerr] - SI M5
mz: 338 (Merr]+1) [a][err]-24.2 [err](c =1.2, methanol) (2) A

m xture of the product of Reference Exa®le 1-(1) (390 ng), 10% pal |l adi um
on activated carbon (50% wet, 770 ng) and nmethanol (30 m ) was subjected to
catal ystic hydrogenation at 25 [err] C under hydrogen atmsphere (3.5 atm
for 1 hr. Thb¥ anddherfitrateswaaevapdratedsbhe sesigha wag suspended indiexgne aRd
filtrate was evaporated, and addi ng acetone and ether were.added to, the
resi due. Théltereds (The| filtratgwas é‘ﬁmﬁ@gf %‘? thepasidue; was B‘}r’-%l??lﬁ%{rsgﬁafﬁfﬂt 0

gl;nf (rz(r)EjZ-z (()(()123?1“%;% : %ﬁ@%ﬁ%ﬂ%‘?@f@ﬂ%@%ﬁ%&ﬁ? affPrd 6 1™M8%%ol or | ess

N

tri phenyl phosphi ne (75 my) and 2, 2'-dipyridyl disulfide (75 ng) at 25
[err]C. Theeﬁe§<{1bf:%lg§‘/!7§§s irred at 60 [err]C for 5 hr and further stirred
at 40 [err]C for " IQF } B was evaporated and the residue was
purified by sili %Ig(%gé’? co 'ulﬁ%éf#omat ography (n-hexane: ethyl acetate=4:1) to
afford 49 ng of I18m /7 3 +11 _

3S5)-3-(1'-tert- bléjty éxll{r%t ﬁg% I y% oxyet hyl )azeti din-2-one in colorless

crystal s. [ol), 1-246%° 6= L m4thanol) [a][err]-68.7 [err] (c =O0.86,
met hanol ) 25 (4) Into a
m xture of (he ppogitir®bf Bef prodnetofRefartnee 1¢ 14D) G890 mg)st@eum acet at e

(29 mg) and ruthenium (I11) chloride trihydrate (18.3 ng) were added
et hyl acet at palladiuth oncativatet carbar (% e, 70 mg)amd miathamok (@0 elhaesst i rr ed
under oxygen atnosphere at 40 [err]C for 30 min. Into the m xture was added
acet al dehydeubjected toicatalystid hyHeogenation @t 38.EC ender bydragenmitmasphera G 3 hr .
The atm) for 1 hr. The mixture was warmed to 50 °C and then filtered. The filtrate
was evaporated, and adding acetone and ether were added to the residue. The
crystalline precepitates were collected by filteration to afford 200 mg of (25)-3-
amino-2-((1R)-1-tert-butyldimethylsilyloxyethyl)propionic acid in colorless
crystals.
M.p. 192-194 °C
(3)  Into asolution of the product of Reference Example 1-(2) (70 mg) in
acetnitrile (57 ml) was added triphenylphosphine (75 mg) and 2, 2'-dipyridyl
disulfide (75 mg) at 25 °C. The mixture was stirred at 60 °C for 5 hr and further
stirred at 40 °C for 8 hr. The mixture was evaporated and the residue was
purified by silica-gel column chromatography (n-hexane:ethylacetate=4:1) to
afford 49 mg of (1'R, 39)-3-(1'-tert-butyldimethylsilyloxyethyl)azetidin-2-one in
colorless crystals.
M.p. 66-67 °C
[x],2-68.7 © (¢ =0.6, methanol)



m xture was poured into a 10% aqueous sodiumsulfide (60 nl), and extracted
twice wth ethyl acetate. The extracts were conbi ned, washed, dried and
evaporated. The residue was purified by silica-gel colum chronatography
(n-hexane: et hyl acetate=3:1) to afford 155 ng of (1'R 3R

4R) = 4- acet oxy-3-(1'-tert- butyl di nethyl silyl oxyethyl)-2-azetidinone in
colorless crystals.’ M p. 104-107 [err]C [a][err] +29.3 (c
=0. 9, methanol) Ref erence Exanple 2 Into a solution of the product
of Reference Exanple 1-(1) (100 ng) in £8trahydrofran (2 m) was added
dropwi se ethyl magnesium bromde (1Min tetrahydrofran) (1.38 m) at -15
[err]C for 1 hr, and the mixture was stirred at_-10 Lérr:;)((‘,for hr and
war med to 260[ er te aimixtae of the pradue of Referenes Exanpled{R(0meer and

TN I T
buty1 of et nAded SRGIAFRRR 1t ded as9Be el il ol egmBty bpgstted
6" > °" ufllh SerpenamonBRR A S S P ey e
for pr epar | PR 15 P PR T RTSTS TR sHro e0dar 3 b The Do o
the formul ayliddilrb ' wifpdired into a 10% aqueous sodium sulfide (60 ml), and extracted
twice with ethyl acetate. The extracts were combined, washed, dried and
evaporated. The residue was purified by silica-gel column chromatography
(n-hexane:ethylacetate=3:1) to afford 155 mg of (I'R, 3R, 4R)-4-acetoxy-3-(1"-tert-
butyldimethylsilyloxyethyl)-2-azetidinone in colorless crystals.

M.p. 104-107 °C
[l 2 +29.3 ° (¢ =0.9, methanol)

Reference Example 2
Into a solution of the product of Reference Example 1-(1) (100 mg) in

tetrahydrofran (2 ml) was added dropwise ethyl magnesium bromide (IM in
tetrahydrofran) (1.38 ml) at-15 °C for 1 hr, and the mixture was stirred at -10 °C
for 2 hr and warmed to 25 °C for 30 min. The mixture was poured into water
and extracted with etixyl acetate. The extract was waéhed, dried and
evaporated. The residue was purified by silica-gel column chromatography
(n-hexane:ethyl acetate=4:1) to afford 31 mg of (I1'R, 35)-3-(1"-tert-
butyldimethylsilyloxyethyDazetidin-2-one in colorless crystals.

M.p. 66-67 °C

[0}, >-68.7 ° (¢ =0.6, methanol)



wher€in R n ts a benzene ring which may be substituted; W
repres %mm.ﬁjﬁ or sulfur atom Y represents oxygen atom sul fur

atom Rlerr] represents hydrogen atom or a substituent; Z
repr esents a substltut ed net hyl ene group which contains at |east one
chiral center; Rerr] represents an ar al kyl oxycar bonyl group or an

al koxycarbonyl group; R err] rep Bsent s hydrogen atom an aral kyl

group, an acylo p or an
al koxy group; %@éﬁggf(ﬁ %F‘Egi%'%%ﬁ%;\ E*{’%EE |ED91 e??“?“ﬁﬁ. and
conbine with the adj acent nitrogen atomto form pht haI i m do group,
whi ch conprises reacting an N-(3-oxopropyl)am ne conpound of the formula
[1V]; WA IS CLAIMED ISwherein Ring B, W Y, Z, Rerr] and R err]
represent the sane as defined above, wth acet al dehyde or a reactive
derivative thereof. 2. A process f.or preparing a corrpound of the
formula [ X]:
[err] TwherAipro®ssfor preparing an s [2:(Ihystrexyethyl ) Froapropyll %W’d’ieoxy
group, R err] represents a

compound of the formula {III}:

5
_RE
H N

H,C )

wherein Ring B represents a benzene ring which may be substituted; W
represents oxygen atom or sulfur atom; Y represents oxygen atom, sulfur atom
or NRO, R_O represents hydrogen atom or a substituent; Z represents a
substituted methylene group which contains at least one chiral center; R®
represents an aralkyloxycarbonyl group or an alkoxycarbonyl group; RO
represents hydrogen atom, an aralkyl group, an acyloxy group, a tri-substituted
silyloxy group or an alkoxy group; or both of R® and R® bond at their termini
and combine with the adjacent nitrogen atom to form phthalimido group,
which comprises reacting an N-(3-oxopropyl)amine compound of the formula

(Iv];

0 W
5
R\N/\)J\N @ [IV]

wherein Ring B, W, Y, Z, R and R6 represent the same as defined above, with

acetaldehyde or a reactive derivative thereof.

2. . A process for preparing a compound of the formula [IX}:



| ower al kyl group which may be substituted by an aryl group, R err]

répreWarbonyl group or an al koxycarbonyl group; R err]

repre ydr ogen a or an aral kyl group; or both of R err] and R err]

bond at muwmm)ﬁ 'ML d conbine with the adjacent nitrogen atomto form

pht kal i il h conprises the steps of: (i) reacting an

N- ( 3- oxopr opyl 5am ne conpound of the forrmula [IV-a]; '

[err] wherein Ring B represents a nzene ring which may be

substituted; W represents oxygen atom‘r sulfur atom Y represents oxygen

atom sulfur atomor N Rerr], Rerr] represents hydrogen atomor a

substituent; Z represents a substitu 4 et hyl ene group whi ch contains at

| east one chiral center; R51 and R err /RB’present t he sane as defined

above, with acetal dehyde or a R'ctivd deri vative thereof, to give an

N-[ 2- (1- hydr oxyet hyl ) - 3- oxopr opy} ]'gm pe conpound Hj‘qthe formula [Il1-a]:

28 [err] : wher ei NRHTg Y, Z, Rlerr] and R err] represents

the same as defined above, ° (1i1) re%cting the conpound [Ill-a] with a

compound of the fornmula [VI]: /"—0 :
O

wherein R represents a protecting group for hydroxy group, R? represents a

lower alkyl group which may be substituted by an aryl group, RS1

r61

represents an
aralkyloxycarbonyl group or an alkoxycarbonyl group; represents hydrogen
atom or an aralkyl group; or both of R%! and R®! bond at their termini and -
combine with the adjacent nitrogen atom to form phthalimido group,

which comprises the steps of: '

(i}  reacting an N-(3-oxopropyl)amine compound of the formula [IV-a];

o w
N N @ [IV-a]
R61 Z\Y
wherein Ring B represents a benzene ring which may be substituted; W

represents oxygen atom or sulfur atom; Y represents oxygen atom, sulfur atom

or NRO, RO represents hydrogen atom or a substituent; Z represents a

R51 and

substituted methylene group which contains at least one chiral center;
Rr%! represent the same as defined above, with acetaldehyde or a reactive
derivative thereof, to give an N-[2-(1-hydroxyethyl)-3-oxopropyllamine

compound of the formula [II-a}:



Rl err] X [ VI] wherein R err] represents the same as defined above,

X represents a reactive residue, to give a conpound of the formula
[VMIT]: [err] wherein Ring B, W Y,
Z, R[err]\arlcFRrFrT] represent the sane as defined above, and
(iit) reHmmMﬂ"ﬂ”ﬂmmnd [VII] with a conpound of the formula [VII1I]:
Rlerr]OMerfrfc g "y o VII] wherein R2 represents the sane as defined
above, ML represents an %l kali nmet al . 3. A process for preparing a
(3Ry-2-azetidinone derivative of the fofdmula [I1]:

29 [err] wherein R err] represents a protecting group for hydroxy
group, or a (3R 4R)-4- acet oxy- 21\5&zetidi none derivative of the formula
[11: [err] )y—R"

H
j\}yl_/w 3
H,C [X-a]

Y
wherein Ring B, W, Y, Z, R and RO represents the same as defined above,
(i)  reacting the compound '[III—a] with a compound of the formula [VI}:
R'X V1]

wherein R’ represents the same as defined above, X represents a reactive

residue, to give a compound of the formula [VII]:

51
I\ R61
N/
Rl
¥ w
H,C [viy
Y e
O Z\Y
wherein Ring B, W, Y, Z, Rl, R51 and R61 represent the same as defined above,

and

(iii) reacting the compound [VI] with a compound of the formula [VII}:
R2OM! (V]

wherein R? represents the same as defined above, M! represents an alkali

metal.

3. A process for preparing a (3R)-2-azetidinone derivative of the formula



wher-ein Rl err] represents the same as defined above, whi ch conpri se
converting the corrpound of the formula [IX]: [err] wherein R err]
repr esent as defined above, R err] represents a | ower alkyl
group wh)J@ﬂi@gﬁ H" ut l!'[;ut ed by an aryl group, Rlerr] represents an
arakkyl o r an al koxycarbonyl group; Rlerr] represents
hydr ogen at om or an aral kyl - group; or both of Rlerr] and R err] bond at
their term ni and combine with the a%gacent nitrogen atomto form

pht Ral i m do group (said conpound [ | bei ng obtained according to claim
2) to the conpound [II] or the conpound [I] by a conventional method.

4. A process for preparing (ZR} 3:am no- 2- ((1R) - hydr oxyet hyl ) propi oni c
acid which conprises the steps of H (i) reacting an N-(3-oxopropyl)am ne
conpound of the fornmula [IV- a}]IéC 141}

30

wherein R’ represents a protecting group for hydroxy group, or a (3R, 4R)-4-

acetoxy-2-azetidinone derivative of the formula [Il

Rl
Y ¥ oco
H,C —(OC s 1
L NH
0/

wherein R} represents the same as defined above,

which comprise converting the compound of the formula [IX}:

51
R _RSt
R! N
5/ w
HC
/—OF
O/ .
wherein R’ represents the same as defined above, R? represents a lower alkyl

roL

groﬁp which may be substituted by an aryl group, represents an

aralkyloxycarbonyl group or an alkoxycarbonyl group; RO

represents hydrogen
atom or an aralkyl group; or both of R%! and R®! bond at their termini and
combine with the adjacent nitrogen atom to form phthalimido group (said
compound [IX] being obtained according to claim 2) to the compound [II] or the

compound [f] by a conventional method.

4, A process for preparing (25)-3-amino-2-((1R)-hydroxyethyl)propionic
acid which comprises the steps of:

(i)  reacting an N-(3—oxopropy1)aminé compound of the formula [IV-al;



wherein Ring B represents a benzene ring which may be substituted; W
represents oxygen atomor sulfur atom Y represents oxygen atom sul fur
atomor N Rerr], Rerr] represents hydrogen atomor a substituent; Z

rep resents a substituted methyl ene group which contains at |east one chiral
center mlwumﬂnﬁmﬂﬁmn ar al kyI oxycar bonyl group or an al koxycar bonyl
group; R e drogen atomor an aral kyl group; or both of R51
and R61 bond at ‘thdir®tefnini and conbijge with the adj acent nitrogen atom
to form phthalinmdo group, with acetal déﬁyde_ or a reactive derivative

thereof, to give an N-[2-(1- hydrox et h%hl) 3- oxopropyl ] am ne conmpound of the
ng B, W Y, Z Rerr] and R err]

forrmla[lll-a] [err] ein

represent the sanme as def %% nd ii) reacting the conmpound
[111-a] vmthacorrpoundo a [N [IV-a] R-NH[ err]
[ X] wherein R represents nebtlhyl grodlp or IaB1 0 group, and a conpound of
the fornula [XI]: Sy M err] OOH [ XI]
wherein M2 represents an al kali net aI

31 vative of
ke formul a ef'énpl]ﬁﬂi%eﬁ Sepr@lent! & B@ﬁiéﬂ% fing WRick 1RAFH SIARAGASW

represents oxygen atom or sulfur atom; Y represents oxygen atom, sulfur atom
or N RG,- Rr? represents hydrogen atom or a substituent; Z represents a
substituted methylene group which contains at least one chiral center; ROl
represents an aralkyloxycarbonyl group or an alkoxycarbonyl group; RrO1
represents hydrogen atom or an aralkyl group; or both of R and R%! bond at
their termini and combine with the adjacent nitrogen atom to form
phthalimido group, with acetaldehyde or a reactive derivative thereof, to give
an N-[2-(1-hydroxyethyl)-3-oxopropyllamine compound of the formula [II-a]:

1\51

61
N—R

H,C 1 (-2

wherein Ring B, W, Y, Z, R51 and R61 represent the same as defined above,
and
(ii}  reacting the compound [III-a] with a compound of the formula [X}:
R-NH, X
wherein R represents methyl group or amino group, and a compound of the
formula [XI}:
M?00H X1

wherein M2 represents an alkali metal.



wher-ein R err] represents a protecting group for hydroxy group, or a (3R

4R) 4- "acet oxy-2-azetidi none derivative of the fornmula [I]:

[err] wherein R errj represents the sanme as defined above,
whi th cogﬂmumng ml’]al 2S) - 3- ami no- 2- ((1R) - hydr oxyet hyl ) propi onic aci d
(satd co ed according to claim4) to the conpound [II] or
t he- corrpound [‘I] “by®a torventional nethod. 6. A process for '
preparing an N-[2-(1-hydroxyethyl)-3- ox&oropyl ] am ne conmpound of the

formula [111-b]: [err]
wherein Ring B represents a benzene ring which may be substituted; W

f | f
aom . B N e ﬂﬁ‘&e&e%&%ﬁ@%ﬁﬁ%ﬁ?ﬁ F et von:; 2

represents [ﬁ]
1
Ny

—NH
7

wherein R represents a protecting group for hydroxy group, or a (3R, 4R)-4-

acetoxy-2-azetidinone derivative of the formula [}
R '
LR

H,C

—NH
&

wherein R represents the same as defined above,

VL

OO s

1

which comprise converting (25)-3-amino-2-((1R)-hydroxyethyl)propionic acid
(said compound being obtained according to claim 4) to the compound [0 or

the compound [I] by a conventional method.

6. A process for preparing an N-[2-(1-hydroxyethyl)-3-oxopropyllamine
compound of the formula [I-b]:

1\52
N—RE
w
HC L-b]
wherein Ring B represents a benzene ring which may be substituted; W

represents oxygen atom or sulfur atom; Y represents oxygen atom, sulfur atom

or NRO, RY represents hydrogen atom or a substituent; Z represents a



32 substituted nethylene group which contains at |east one chiral center;
R52 represents ‘an aral kyl oxycarbonyl group or an al koxycarbonyl group; '

Rl err] represents—an—aeytoexy group, tri-substituted silyloxy or an al koxy

group, whic [ teps of: (i) reacting a conmpound of the
formila [ TIMHMIIIIW?!IFIHTIIF [err] wherein Ring B, W Y
and ‘Z representt t ke sane as defined above, . wth an acryloyl halide, to give
a conpound of the fornula [XVII: [err]

wherein Ring B, W Y and Z represent the33ame as defined above, (i)

reacting the conmpound [ XVI] with a conmpound of the forrmula [XVII]:
L o bR el e e chaint b . e RERO © 91 v
et  med abovEPreSiRls £F Ry loiiarRp BB b AL Bh AR LT FEBY ) FRERCB a1 donyde. or
a reactive dxeeiak'é(s%}\jtsvﬁi 21835)%9 oup, tri-substituted silyloxy or an alkoxy group,

which comprises the steps of:

(i)  reacting a compound of the formula [XVI:
w

H @ XVI
Z'\Y

wherein Ring B, W, Y and Z represent the same as defined above, with an

acryloyl halide, to give a compound of the formula [XVI]:

0O W
Z ~y

wherein Ring B, W, Y and Z represent the same as defined above,

(ii}  reacting the compound [XVI] with a compound of the formula [XVII}:
/RSZ
AN (X1
R62
wherein R°% and R%2 represent the same as defined above, to give an N-(3-

oxopropyllamine compound of the formula [IV-b]:
0o w

R5\2 /\/U\
N N [IV-b]
Rz

Y
wherein Ring B, W, Y, Z, k%2 and R represent the same as defined above,
and

(iii) reacting the compound [IV-b] with acetaldehyde or a reactive derivative

thereof.



33 - 7.- A process for preparing a conpound of the formula [XIV]: [err]
wherein Rl err] represents a protecting group for hydroxy group and R[err]
represents a up, which conmprises the steps of: (i)

reacting ﬂmqm am ne conpound of the fornula [IV-b]: [err]
"wherein R im nga benzene ring which may be substituted; W
represents ‘oxygeh afom or sul fur atom Y represents oxygen atom sulfur
atomor N Rerr], Rerr] represents hyd 8gen atomor a substituent; Z
represents a substitut ed net hyl ene groué whi ch contains at |east one chiral
center; R err] represents an aral kyl oxycarbonyl group or an al koxycar bonyl
group; R err] represents an acyl oxy group, a tri-substituted silyloxy group
or an al koxy group, with acetal dehyde or a reactive derivative thereof, to

g ve an N[z <1-A*1;48&e%¥&1peéhan§g%8mq%%ﬂd} offHeBrRAPpYY: of the formula

[111-b]:

34 Ri NH,
H3C V—/

—OR2!
O/

wherein R’ represents a protecting group for hydroxy group and

XIv]

r21

represents a lower alkyl group,
which comprises the steps of:

(i)  reacting an N-( 3—oxopropyl)amme compound of the formula [IV-b]:

R52 /\/”\ JV) [IV-b]

wherein Ring B represents a benzene ring which may be substituted; W
represents oxygen atom or sulfur atom; Y represents oxygen atom, sulfur atom
or N RO, RY represents hydrogen atom or a substituent; Z represents a
substituted methylene group which contains at least one chiral center; R?
represents an aralkyloxycarbonyl group or an alkoxycarbonyl group; R62
represents an acyloxy group, a tri-substituted silyloxy group or an alkoxy group,
with acetaldehyde or a reactive derivative thereof, to give an N-[2-(1-
hydroxyethyl)-3-oxopropyl] amine compound of the formula [JI-b}: |

I<;2

62
N-R

H,C W [I1-b]



wherein Ring B, W Y, Z Rerr] and Rerr] represent the sane as defined
above, (ii) "reacting the conpound [Ill-b] with a conpound of the fornula

[Vll:\as\de Rerr]X [VI]. wherein Rlerr]
represenmmm ane fined above and X represents a reactive residue,
er

to give m e formula [XII]: [err] wherein Ring B, W
Y, Z; R l%] represent the sanme as defined above, (iii) .
reacting the conpouhd{ XII] with a conp:g‘#md of the formula [VIII-a]:
RerrfOMerr] ~[VIII-a] wher®ein R err] represents the sane as
defined above and Merr] represents an alkali netal, to give a conmpound of
the formula I XIIIL. 52 62 wher ei n
Rerr], R éfYﬁ‘?feHhM B W YRosad Rpers ?nsén%hedseatn?%[e‘%aé%%%de?b%ed (i v)

reduci ng they conpo X . Srrrit & | .
(3R)-2-az eR’f%li ngﬁ%ﬁﬁ‘gﬁ%{’ Jir%})é) ugfi [Il%g] %ﬁnﬁ?‘gﬁ??lﬁﬁ o?'ﬂ?&ﬁfrhﬂﬂaﬁﬂ].
R'X vi
wherein R represents the same as defined above and X represents a reactive
residue, to give a compound of the formula [XI:
52
1\ R62
N/
Rl
¥ W
HyC (X

g0
O Z\Y .

wherein Ring B, W, Y, Z, Rl, R52 and R62 represent the same as defined
above, '
(ifi) reacting the compound [XII} with a compound of the formula [VIII-al:
RZOM [VII-a]
wherein R’ represents the same as defined above and M represents an alkali

metal, to give a compound of the formula [XII}:

I\sz
- N—OH
H
j\y / D]
H3C ‘
O
wherein Rl, R%! and R5? represent the same as defined above, and

(iv) reducing the compound [XII].

8. A process for preparing a (3R)-2-azetidinone derivativé of the formula

1143



35 [err] wherein R err] represents a protecting group for hydroxy
group or a (3R 4R)-4- acetoxy-2-azetidinone derivative of the formula
[err] wherein R err] represents the

sane as def conpri se converting the conpound of the
forrrula[Xl‘m Bl ‘ [err] wherein R err]
represents e+l ned above and Rerr] represents a |ower al kyl

group (said corrpound [ XI'V] being obtai r@d according to claim7) to the
conmpound [11] or the conpound [I] by a *Conventional nethod. 9. The
process according to claiml1, 2, 3, 4, 5 6, 7 or 8, wherein the reaction
of the conpound [IV] wth acet aRt@hyde or a reactive derivative thereof is
carried out in the presence of a Yigani umcatal yst. 10. The process
according to claim9, whereipihe _a.afl on is car[m ed out in the presence
of a base. 11. A conpound thelformla [ XX : )

Ve

wherein R} represents a protecting group for hydroxy group, or a (3R, 4R)-4-

acetoxy-2-azetidinone derivative of the formula [Ik

Hscj\'——? >

/'—'NH

wherein R1 represents the same as defined above,

which comprise converting the compound of the formula [XIV]:

Ty )
H 2
H3C _/

—OR?!
O/

wherein R’ represents the same as defined above and

[XIV]

R% represents a lower

alkyl group (said compound [XIV] being obtained according to claim 7) to the

compound [II] or the compound [I] by a conventional method.

9. The process according to claim 1, 2, 3,4, 5, 6, 7 or 8, wherein the reaction
of the compound [IV] with acetaldehyde or a reactive derivative thereof is

carried out in the presence of a titanium-catalyst.

10.  The process according to claim 9, wherein the reaction is carried out in

the presence of a base.

11. A compound of the formula [XX]:



[err wherein Ring B represents benzene ring which nmay be substituted,
W'represents oxygen atomor sulfur atom Y represents oxygen atom sul fur

atomor NR[err], Rerr] represents hydrogen atomor a substituent; Z
represents a subs yl ene group which contains at |east one chiral

center; mzﬁm en atom acryl oyl group, a group represented by
t he forrrula [err] wherein Rlerr]
represents an aral‘kyl"oxyc onyl group an al koxycar bonyl group; R err]

represents hydrogen atom an aral kyl grolip, an acyloxy group, a tri- .
substituted silyloxy group or an al koxy group; or both of R err] and R err]
bond at their termni and conbinefth the adjacent nitrogen atomto form
pht hal i m do group, or a group repra.ent-d by the forrmula: [err]

wherein Rlerr] represents hydr Rgsi My a pr&¥cting group for hydroxy
group; Rlerr] and Rl err] represeat thig Bare as defined above. 12. The
conpound according to claim 11, s err] i s hydrogen atom

wherein Ring B represents benzene ring which may be substituted, W
represents oxygen atom or sulfur atom; Y represents oxygen atom, sulfur atom
or N RO R? répresents hydrogen atom or a substituent; Z represents a
substituted methylene group which contains at least one chiral center; R’

represents hydrogen atom, acryloyl group, a group represented by the formula:
- 0O
R? /\/”\
SN .

wherein R® represents an aralkyloxycarbonyl group or an alkoxycarbonyl
group; RS represents hydrogen atom, an aralkyl group, an acyloxy group, a tri-
substituted silyloxy group or an alkoxy group; or both of R° and R% bond at
their termini and combine with the adjacent nitrogen atom to form
phthalimido group,

or a group represented by the formula:

wherein R represents hydrogen atom or a protecting group for hydroxy

group; R? and R6represent the same as defined above.

12.  The compound according to claim 11, wherein R is hydrogen atom.



37, 413. The conpound according to claim1l, wherein Rerr] is an acryl oyl
group. 14. The conpound accordl ng to claim11l, wherein Rerr] is a group
repr esent [err] wherein Rl err] represents an
aral kyl oxyc an al koxycarbonyl group; Rlerr] represents
hydrogen atﬁlmg m I"Eloup, an acyloxy group, a tri- substituted

Iyl oxy group <or Lanua group; or both of R err] and R err] bond at
the|r termini and conmbine with the adj acgant nitrogen atomto form

pht Ral i mi do group. 15. The conpound accdrding to claim 11, wherein R err]
Is a group represented by the fornmula: [err] whereln R err]

o esents D18 0ot ML URELS b i W et

represents hydrogen atom an aral kyl group, an acyloxy group, a tri-

14.  The compound according to claim 11, wherein R isa group represented

by the formula:

wherein R represents an aralkyloxycarbonyl group or an alkoxycarbonyl
group; R® represents hydrogen atom, an aralkyl group, an acyloxy group, a tri-
substituted silyloxy group or an alkoxy group; or both of RS and R® bond at
their termini and combine with the adjacent nitrogen atom to form
phthalimido group.

15.  The compound according to claim 11, wherein R” isa group represented

by the formula:

R

6
1y /
H;C
Van
O/
wherein R represents hydrogen atom or a protecting group for hydroxy

group; RO represents an aralkyloxycarbonyl group or an alkoxycarbonyl group;
RO represents hydrogen atom, an aralkyl group, an acyloxy group, a tri-
substituted silyloxy group or an alkoxy group; or both of R® and R® bond at
their termini and combine with the adjacent nitrogen atom to form
phthalimido group.

16. The compound according to claim 11,12, 13, 14 or 15, wherein Zis

groups represented by the following formula;



substituted silyloxy group or an al koxy group; or both of R err] and R err]
bond at their term ni and conbine with the adjacent nitrogen atomto form
i m do conmpound according to clai.m 11, 12,13,14 or

15 wher ei nllﬁm r “IIHHI” esented by the fol lowi ng formul a;
38 Ferr] 17. The conpound according to claim16, wherein
Z1is agroup represented bytheforrmla [err]

38

—CH— —CH—
= w O O
CH, , CH,}! | , ,

S CH;

CHy GHs ,
H,C H,C H,C
- rCH3
H,C H,C  CH,
CH3 7 and

17.  The compound according to claim 16, wherein Z is a group represented

by the formula;
HiCa_ -,



