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CT- 2234A CROSS- REFERENGE TO RELATED APPLI CATI ON Thi s applitestvomret S a
continuation-in-part,of USSN 08/ 052,434, filed April 23,1993. BACKGROUND OF
THE | NVENTI.ON The present invention relates to nethods for ghe Lepar ation
of N-unsubstituted 2-azetidi nones, and to novel conpounds useful”Th said
met hods. Taxol, a conpound isolated fromthe bark of Pacific yew trees, has
recently energed as a QRDSSIREFERENCEMCEREIATED APPLICATH in the
treatnent of ovarian cancer. Because taxol is only present in small
quantity_in the bark of the slowgrowing Pacific yew, there. is a continuing
interest?in a practicabissypphication isra septinuationHarpart o§ SN o taxol in order
to neet the incre8ssaudefiiaddApeil 28,998r ug Wi t hout unduly burdening the
Paci fic yew population. U S. Patent 5,175,315 issued to R A Holton on

Decenber 29, BACKGROUND OF THE INVENTION
10 ' The present invention relates to methods for the

preparation of N-unsubstituted 2-azetidinones, and to novel
compounds useful in said methods. |
- Taxol, a compound isolated from the bark of Pacific yew
trees, has recently emerged as a promising anticancer drug,
15 particularly in the treatment of ovarian cancer. Because taxol is
' only present in small quantity in the bark of the slow-growing
Pacific yew, there is a continuing interest in a practical synthetic or
semi-synthetic route to taxol in order to meet the increasing
demand for the drug without unduly burdening the Pacific yew
20 population.
U.S. Patent 5,175,315 issued to R A. Holton on December 29,
1992 discloses the coupling of protected baccatin IIl with protected
N-benzoyl-3-hydroxy-4-phenyl-2-azetidinone (A) to give taxol.
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*1992 di scl oses the coupling of protected baccatin IIl with protected
N- benzoyl - 3- hydr oxy- 4- phenyl - 2-azeti dinoneg (A) to give taxol. é"ﬁ-??-]i 2
CT-2234A In U.S. 5,175,315 it is disclos t hat 3-acet oxy-4-ph 34A

‘azetidinone (B), a precyrsar, i A)., s prepared by reactin cet oxyacetyl
chl oride with I\I—-benz}f‘ictz‘éng’}zéﬁé H)o‘ﬁdéﬁﬁ%ﬁéhﬁfg’*ﬁﬂ Yfipthengl'?'
N- (4- met hoxyphengkfididoaedBhayprecptson fb (&), dz ptapdretbbp redctingowed by removal -

of the 4-nethox - | dewih! | ' G . This
process is al soﬁgg?wkcﬁfe)é@gwt%e -nrtqﬁt;egsnl2 %ﬁ%@éﬁﬁ%&%@% th other 3-

and 4-substituet b{‘i@'ﬂetﬁﬂﬁ’ )-prageioxy-4 phenyi2-grebidinens.on of _
[err] -1 &ctam ( Bfolewddasréhevalsst the 4-nletitoxgphbiylt grotp Wil cekiifering it
i mpractical as 3.l ah88m nitrate (CAN). This process is also applicable to the

synthesis of 2-azetidinones with other 3- and 4-substituents.

(}130(0)0\ Ph
10 CH3C(O)OCHCOC! + PhAn’Q\OCHs -_— /__NI g
7 NO—ocH,
CAN
15
ca,qO)o\. Ph
—NH
04
{8)
20

The above process for the preparation of B-lactam (B) requires the
use of large quantity of CAN, rendering it impractical as a large
scale manufacturing process. Therefore, there is the need for an

25 improved process for the preparation of 3 4-disubstituted-2-
azetidinones that is amenable to scale-up production.
_ Manhas et al, in “Cyanuric Chloride: A Mild Reagent for
B-Lactam Synthesis" Synthesis, 1981, 209-211, reports the synthesis
of 3-azido-4-phenyl-2-azetidinone from potassium azidoacetate,

30 hydrobenzamide and cyanuric acid in the presence of _
triethylamine, followed by treatment with 10% HCl. Wells and Lee
in “The Synthesis of 2-Azetidinones" J. Org. Chem., 1969, 34:1477-
1479 reports the synthesis of 3-azido-4-pheny! (and substituted
phenyl) -2-azetidinone from azidoacetyl chloride and

35 hydrobenzamide in the presence of triethylamine, followed by
treatment with 10% HCl. Neither Manhas nor Wells discloses the
isolation of the cycloaddition product; indeed it is reported later

[
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*scal e manuf acturing process. Therefore, there is the need for an inproved
process for the preparation of 3,4-disubstituted-2- azetidinones that is
anenabl e to scal e-up production. Manhas et al, in "Cyanuric Chl ocr:Jr Y
‘M1 d Reagent for [err]-Lactam Synthesis" t hesi s 1981, 209-211; %g'aﬁf‘ts
the synthesis of 3-azido-4-phenyl-2-azetidi none from pofassi um ]

azi doacet ate, hydreRscSunthesis 3aRS 1378nak P-OTE that the eylogddionprodyct is
triethylam ne, folthewithepic dzetidings (Q).th 10% HCL Wells and Lee in "The
Synt-hesi s of 2-Azetidinones” T. Org. Chem 1969, 34:1477- 1479 reports the
synt hesi s of 3-azi do-4-phenyl (and L@ii tut & phenyl) -2-azetidinone from
azi doacetyl chloride and hydrobenzam i n xhgq presence of triethylam ne,
followed By treatment with 10% HCO . Neitﬁe‘ nhas nor Wells discloses the

i sol ation. of the cycloaddition prodyct; A s reported | ater
_ & A i
(C)
10 - ARY OF THE INVENTION

The present invention provides novel cis-N-iminomethyl-
3,4-disubstituted-f-lactams having the formula (I)

'15 o | R‘X 2 :
| \'(R 0

@ N\'cu-N=CHR2
. | ‘|Q )
20 wherein R! is.selected from-the group consisting of alkyl, halo-

substituted alkyl, aryl, cycloalkyl, arylalkyl and a carbohydrate
derivative; X is selected from O, N, S, C(O)O and a direct bond; R? is
selected from the group consisting of aryl, substituted aryl, and

hétemaryl.
25 . In another aspect the present invention provides a method
~ for preparing cis-3,4-disubstituted-B-lactams having the formula (I)
fo\_ ]2
/___f 0
30 - o NOH—N=CHR2
R2

wherein R!, X and R? are as defined above, which comprises either
1) subjecting a compound of formula () to catalytic hydrogenolysis;
or 2) treating a compound of formula (I) with an aqueous acid
35 solution in which said acid is selected from the group consisting of
sodium bisulfite and acetic acid and formic acid.
In yet another aspect of the invention there is provided a
method for preparing a B-lactam of formula (II) which comprises
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-3 CT- 2234A (see Synthesis Sept. 1975, at p. 557) that
the cycl oadditon product is the dineric azetidinone (C. [err] SUM\/ARY OF.
JHE | NVENTI ON The present invention providgs novel cis-Ninminomgt

3,4-disubstituted-[err]-lactanms having the fornmula (1) [err] where| n d[err]

| ected f th t f al k bsti_t | kyl
o eyl ol e anand o M Brpops xS, St ootk bl o b
fromO N, S C(O)f&hﬁaﬂ 1@1@0)@@}{9@ L%thsa&ﬁh 8 of B TdrfulE REUP
consisting of arylCH kﬁtzgg %sé Qg J@a?{loﬁrﬁd Rjé}eaa@o&é}ﬁ\redaspect t he

present I nvention pr
cis-3,4-disubsti tlabede)[mruh]e pras&mmﬂmbasegandhmafmtamﬂng the)repetiony wherein

[err] X agd [err] cahgetuftdd HAbIGRUOuE YO A6 dyGithet 1) Mibjecting

~ the compound thus produced to catalytic hydrogenolysis; or 2)
treating the compound thus produced with an aqueous acid
solution in which said acid is selected from the group: consisting of

) sodium bisulfite, acetic acid and formic acid.

10 ' _

' DETAILED DESCRIPTION OF THE INVENTION

In the application, unless otherwise specified, the following
definitions are applicable. "Alkyl" means a saturated straight or
15 branched carbon chain having from one to six carbon atoms;
examples of alkyl are methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, n-pentyl, neo-pentyl and n-hexyl. "Aryl"
means a mono- or bicyclic aromatic carbocycdlic group; examples of
aryl are phenyl and naphthyl. “Halo-substituted alkyl" means an
20 alkyl group bearing at least one halogen atom selected from
fluorine, chlorine, bromine and iodine; examples of halo-
- substituted alkyl include chloromethyl, bromomethyl,
friﬂubromethyl, trichloroethyl and iodoethyl. “Cycloalkyl" means
a saturated carbocyclic group having three to six carbon atoms;
25 examples of cycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl. "Substituted aryl" means an aryl group bearing from
one to three same or different substituents selected from C;_ 3 alkyl,

C,.3 alkoxy, hydroxy, trifluoromethyl, and halogen. "Heteroaryl"
means a mono- or bicyclic aromatic group having five to six atoms
30 in each ring, and having at least one ring heteroatom selected from
nitrogen, sulfur and oxygen; examples of heteroaryl are furyl and
thienyl. “Arylalkyl” means groups conforming to the structure
aryl CH(alkyl)-. “Carbohydrate derivative” means groups derived
_ from carbohydrates containing a pyranosyl or furanosyl ring; |
35 examples of carbohydrate derivatives include the 4,6-di-O-acetoxy-
' 2,3-dideoxy-a-D-glucopyranosyl moiety and the like. "B-lactam"
and "2-azetidinone" are used interchangeably.
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1) subjecting a conmpound of fornmula (1) to catalytic hydrogenolysis; or 2)
treating a conmpound of fornula (I) with an aqueous acid solution in which
said acid is selected fromthe group consisging of sodi um bisul f&eeqoand

acetic acid and formc acid. In yet another aspect of the invention there

Is provided a nmethod fo repard.n errlslact f formila (A1) which
- conpri ses 4 éox%po nds o?f%rr&xfazéégﬁz é@gﬁrﬁaﬁg ‘SRPpotnd'®of t he
formula [err] prefprepbtationf off ds-BAcylpar-£substituteda2-ezetpdiondes whithe i or nul a
R2- [err] (L is a deRvhRBeYoRVerted B kib-1*aG3-prdtdcteth x%&gchafl ned above) in
t he presence of a %se and mal nt ai ni ntgt e [eaction er’[‘g rature &1 or
bel ow about [ err] ;SUbsfifugdd-aretidinonss that %’Gtﬁ}‘%l“?ﬂ‘gt‘f Aey'anprseAtdn tlus
produced t® cat al yioi prodyide el @ryddrivativies Terevat i ng the conpound thus
_produced with an aqueou&s-if’—izgu.inomethyl-z-azetidinones of formula (I) may be
prepared by cycloaddition of a carboxylate (a) with a bis-imine (b) in
the presence of a base, as depicted in Scheme I.

10 SCHEME |
1 2 2)
R'-XCH,COH. + R°CH{N=CHR
@) ®
15 ' _ Base
M
RIx R2
A
20 N
_ 07 NcH—N=cHRZ
R2

In Scheme I, R}, X and R? are as defined previously. L is a
25 conventional leaving group such as an acetate, e.g. trifluoracetate;
an alkoxide or an alkylthio group, e.g. methoxide, ethoxide, or
methylthio; and halide; preferably L is chloride. In compounds of
formula (I) preferred R! are alkyl, halo-substituted alkyl, aryl,
arylalkyl, and carbohydrate derivative groups. More preferred R}
30 are alkyl, more particularly methyl and isopropyl; chloroalkyl,

' more particularly chloromethyl; aryl, more particularly phenyl;
arylalkyl, particularly phenylethyl; and a carbohydrate derivative,
particularly 4,6-di-O-acetoxy-2’,3'-dideoxy-a-D-glucopyranosyl.

The most preferred Rlis methyl. X is selected from O, N, S, C(O)O,
35 and a direct bond. Preferred X is O and C(O)O. The most preferred
X is C(O)O. Preferred R? are aryl, substituted aryl, furyl and thienyl;
more preferred R? are phenyl, 4-methylphenyl, 4-methoxyphenyl,
2-furyl and 2-thienyl. ' o |
- The cycloaddition reaction is carried out in an inert organic
40 solvent. The identity of the solvent is not particularly critical so
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*solution in which said acid is selected fromthe group consisting of -sodi um
bisulfite, acetic acid and form c acid. DETAI LED DESCRI PTI ON OF THE
| NVENTION I n the application, unless otherwise specified, the fotlrgzm%r@h _
‘definitions are applicable. "A kyl" means a“saturated straight o ed
carbon chain having fromone to six carbon ataons; exanples of alkyl are
methyl, ethyl, n-ploagyas itidesprepinterfarewithy thedatendad ypactiasy angiisyiot |
n- pgnt yl y neo- pentﬁéacﬁwrﬂtth&%@’étart'lixfg n{.-a"teﬂgaar@? ﬁtngm@pﬁ&lrl]uéﬁs ¢yghéd. aromatic
carbgcyclic group;..exanples. of .ar ar enyl ., and .na :
"Hal 0- substi tut ed Bﬁ%@lfﬁ@mlﬁ?ﬁfﬁﬁﬁn 08% plfe&yfiﬁ%paé{’o‘%/seast one hal ogen-
at om sel ect ed fronhdlbgenated hydrbcarbaons, dsters; ethempditribedi tldpetheasrphds of
hal o- subst¢ituted g| [ i&ﬁ}ﬁ%{ ’ﬁﬁﬂq‘ Y, folpes! l; i,f | uoronet hyl , -
trichlor 025% hyl andaﬁeglg%)eét E&llt cl‘g% y & ér?gagngs a, %E%‘Eérié?dtc‘i‘algar bocyclic
group havi ng t hr ecP8nFeBextaluens, Xylenass methylgpe 651%‘;9@9381‘958 @, hie
cycl opropyl., cycl ofti¢hidroethyfibofthil ddettaringropAnaeidte, isshityl atataregd aryl”
means an aryl gr Out?—bt&%?lricgﬁtg,r t%@ahydrofuran, t-butyl methyl ether, acetonitrile.
Preferred solvents are methylene chloride and ethyl acetate.
10 ‘The base utilized in the reaction may be a tertiary organic
amine base such as trimethylamine, triethylamine,
diisopropylethylamine, pyridine and dimethylaminopyridine; or a
stronger metal base such as lithium diisopropylamide, C;_galkyl
lithium, lithium bis(trimethylsilyl)amide and phenyllithium.
15 - When L is halide, a tertiary amine such as triethylamine and
diisopropylethylamine is preferably used in the reaction; and when
- L is other than a halide, a stronger base such as lithium
diisopropylamide is preferably used.
The cycloaddition is prone to the formation of unwanted .
20 dimeric 2-azetidinone (¢). Surprisingly, it was found that the dimer
(c) is not suitable for converting into the N-unsubstituted 2-
azetidinone of formula (II). '

L R1X R2
N
N 2
- F
° 2
()
Thus, in order to maximize the yield of the desired compound of
30 formula (I) the reaction temperature and the relative amounts of

the reagents used are controlled. The reaction is conducted at a
reduced temperature, preferably the reaction temperature is
maintained at or below about 5°C. Most preferably the reaction
temperature is maintained at about -20°C to about 5°C.

35 In general, for each equivalent of the bis-imine reactant (b)
about 0.9 to about 1.5 equivalent of the carboxylate reactant (a), and
about 1 to about 1.5 equivalents of the base are used. Typically
about 1 to about 1.2 equivalents of reactant (a) and about 1 to about
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s one to three sanme or different substituents selected fromJ[err] alkyl,

[err] al koxy, hydroxy, trifluoronmethyl, and hal ogen. "Heteroaryl" neans a
nono- or bicyclic aromatic group having five to six atons i.n each ring, and
< having at | east one ring heteroatom sel ecte® fromnit rogen, sul fm.amA

oxygen; exanples of heteroaryl are furyl and thienyl. "Arylalkyl" neans
groups conforming 49 ddiGvalehtiCofthe bﬁéé/hreqi‘fea' éqmvai&&r&qax&aaE ). .
derivative" neans q@gu s derjved fr carb ;élgrat es co iE?\g/ranosyl
or furanosyl ring; ﬁﬁ‘Ft@@fpr@é‘Fﬁ W&HW

4, 6-di - O acet oxy- Ex&n@le:iandyr argbngdamnmmgeanmmyhs madl}yccanpletteewﬂthme
etk o, ot g i g CoPu gl Ehebeutg b,
preparati of of ci s<enyentienal chramptagraphicmethedssugh s fugh\pressiiten
liquid chromatography with UV detection.
~ The cydoaddition product obtained is a mixture of two pairs
of diastereomers in which the 3- and 4- substituents on the

_ . azetidinone ring are cis to each other. Although the pairs of

10 diastereomers may be separated, it is not necessary to do so. The
individual stereoisomers of formula (I) and mixtures thereof are
all contemplated to be within the scope of this invention.

_ The starting materials (a) and (b) are either commercially
available or may be readily prepared according to methods well

15 - known in the art. Thus, one group of compounds useful as

| reactant (a) may be prepared by reacting an appropriate acyl
chloride, RIC(O)Cl, with glycolic acid to provide acyloxyacetic acid
which is in turn derivatized, for example by treatment with thionyl
chloride to generate the corresponding acyloxyacetyl chloride.

20 Another group of useful carboxyl-containing reactants (a)
are made by reacting ethyl bromoacetate with the appropriate
alkoxide, for instance the alkoxide generated from a-methylbenzyl
alcohol. Hydrolysis of the ethyl ester provides the alkyloxyacetic
acid which is in turn derivatized by treatment with thionyl

25 chloride to generate the corresponding alkyloxyacetyl chloride.

~ Ofther groups of carboxyl-containing reactants (a) are made
using a procedure described by Borer and Balogh in “An
Asymmetric Synthesis of 3-Hydroxy-B-Lactam by Ketene-Imine
_ Cycloaddition: Utilization of Chirol Ketenes from Carbohydrates”,

30 Tetrahedron Lett., 1991, 32: 1039-1040.

The bis-imine reactant (b) is readily prepared from an
appropriate aldehyde, R2C(O)H, and concentrated ammonium
hydroxide in isopropyl alcohol.

: Another aspect of the invention provides the removal of

35 the N-substituent of a B-lactam of formula (I) to give the
corresponding N-unsubstituted B-lactam of formula (II) as depicted
in Scheme 1I (R! and R? are as previously defined). In one method
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‘turn can be converted to cis-1-acyl-3-protected hydroxy-4-
substituted-2-azetidinones that are then used to acylate baccatin IIl to
produce taxol or derivatives thereof. cis-R§1nnomethyl-2-azeti¢ne ﬁfﬁAOf
formula (1) nmay be prepared by cycl oaddltlon of a carboxylate (a) w

bis-imne (b) in e ) 1. SCHEME |
[err] In Schene lgﬂ]e[lgf)?v]?bs%)gggntds[rgg\%]% ggéﬁ%&g’éﬁ égous y. Lis a
convent i onal |eavangtlwcnpthgdcﬂheagnmahem@pmphéhgd with angaueossaacdd an
al koxi de or an al kyhiHdnOwHERR safl eid 1B hedke AR, soHRMN IBISuIfies oFEdfidid hi O;
and halide; preferably L is chloride. In conpounds of formula (I) preferred
[err] are al kyl, AG9fo- substituted al kyl, -aryl, arylalkyl, and carbohydrate
derivativ® groups. More preferred [err] are aggWUeMeRre particularly nethyl
~and isopropyl; chloroal kyl, nore particularly chroronethyl; aryl, nore
particularly phenyl; arylalkyl, particularly phenylethyl; and a

carbohydrate derigexive, g2 q
: R'X 2
\ cat. Hyor AN R
| N —
10 07 NcH—Ne=CHR2 acid cleavage o~
to
0 ' '_ (n
15 | Catalytic hydrogenolysis of a -lactam of formula (I) is

conducted in an inert organic solvent that is not reactive with the
reactants, reagents or product formed, and is not reduced under
hydrogenation conditions. Examples of suitable solvents include
esters such as alkyl acetate, ethers such as t-butyl methyl ether, and

20 alcohol such as ethanol, ketones such as acetone, hydrocarbons
such as cyclohexane, or amides such as dimethylformamide.

The catalyst may be one that is conventionally used in
hydrogenation, for example, platinum, palladium, nickel, rhodium
and ruthenium. Preferably palladium is used. Palladium may be

25 . used as palladium on carbon either dry or containing water, or as
palladium hydroxide on carbon. Hydrogenation pressure may be
from about 2 psi to about 4 atm. Hydrogenation is conducted at a
temperature of about 20 to about 30°C; preferably it is carried out at
ambient temperature.

30 In one preferred embodiment, catalytic hydrogenation is
applied to B-lactams of formula (I) wherein R} is alkyl and X is
C(O)O. In another preferred embodiment, catalytic hydrogenation
is applied to B-lactams of formula (I) wherein R? is aryl, substituted
aryl or furyl. In yet another preferred embodiment, the catalyst is

35 palladium based. In a more preferred embodiment, catalytic
hydrogenation is applied to p-lactams of formula (I) wherein R! is
alkyl; R? is aryl, substituted aryl or furyl; X is C(O)O; and the catalyst
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‘particularly 4,6-di -0 acetoxy-2', 3" -di deoxy-[err]-D glucopyranosyl. The
nost preferred [err] is nethyl. X is selected from0O, N S COO and a
direct bond. Preferred X is O and C(0)O0. Tge nost preferred X '%:‘1%9&
Preferred [err] are aryl, substituted aryl, furyl and thienyl; rmre

f d R2 he t henyl th 2: f d
Dreferred 2 are e b ARG e ol SO SRS o0
sol vent. The i dentarbpnpindreereferatly} R? §s phenylat-mathykphenyk it i cal so 6
CT- 2234A | d

ong as ielagRialy LR EHIChbietBly RUCRARRIRRORE RN, and s

not reactive with t maer a th the p ucts fornmed. Thus,
sui t abl e sol vent spheRyl angk Xdx ), hydrocar bons hal ogenat ed hydr ocar bons,

esters, eghers, nitril ahe Nhiubstiiftht ofAP-takeanh bkﬁ;mﬂﬂat([)qnhyralﬁﬁbyent s that
can be menti oned Ic: eaveg under selected acidic conditions. Thus, in one aspect a
fB-lactam of formula (I) is treated with aqueous acetic acid. The
reaction is ca_rried out in an inert organic solvent such as
methylene chloride, ethyl acetate, toluene, and t-butyl methyl
10 ~ ether.  Acetic acid is used as 60%-80% (volume in volume),

' preferably about 70% to about 75%, aqueous solution and can be
used in about 2.5 to about 65 equivalents relative to the compound
of formula (I); preferably about 5 to about 8 equivalents are used.
The reaction is conducted at elevated temperature, for example at

15 reflux of the reaction solution, and is usually complete within
about 24 hours. .

In another method aqueous sodium bisulfite is used to
remove the N-substituent of a compound of formula (I). Sodium
bisulfite of commerce, a mixture of sodium bisulfite and sodium

20 metasulfite, can be used directly. Sodium bisulfite, in an amount
of about 300 to about 600 g per mole of substrate of formula (I) is
used. The reaction is carried out in inert organic solvent at
ambient or elevated temperature, for example about 20 to about
60°C; preferably at about 50°C.

25 In yet another embodiment, formic acid is employed as a 70
to 98% aqueous solution (w/w), preferably a 90 to 95% solution.
Generally the amount of formic acid will provide about 4 to about
10 equivalents relative to formula I. Preferably from about 5 to
about 7 equivalents are used. The solvents discussed above are

30 generally useful with formic acid.

In one preferred embodiment, a B-lactam of formula @
wherein R? is aryl, substituted aryl or thienyl is converted to the
corresponding N-unsubstituted B-lactam of formula (I) with about

_ 70% to about 75% aqueous acetic acid. In another preferred

35 embodiment, the reaction is conducted in an organic solvent
selected from halogenated hydrocarbon, alkyl acetate, hydrocarbon,
and ether. In a more preferred embodiment, R} is methyl, R? is
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benzene, toluene, xylenes, methylene chloride, chloroform 1, 2-

di chl oroet hane, ethyl acetate, n-propyl acetate, isobutyl acetate, n-butyl
acetate, tetrahydrofuran, t-butyl methyl efger, acetonitrile. Pgefessgd
solvents are nethylene chloride and ethyl acet ate. The base uti l'ized in the

reactj on may be [ h@‘ﬂ
triethylam %e dlaP p’b ﬁ{c%’xq%?ft@)é QH&@E ﬁgﬁgsﬁ%ngé (H? am nopyri d| ne;
or a stronger Oﬂégeu%ﬁg %s (yql t-lmel}ﬁ‘l ‘691!1 Pﬁﬁ?‘l’%ﬁﬁ?fé‘c 3cidr ] al kyl
lithium 1ithi um bi s(t 1 aﬁbfhérspﬂefdr)e’ﬂfb%odﬂﬂer&hﬁ laktatrﬂilldﬂlfbnﬂhﬁﬂ(m i s

halide, a tertiary,am.ne,suUC s tr e an opyl ethylami ne is
preferably used i ht ﬁ%ne%a{,stqré' or §‘r'|llaﬁw*éﬁlairypg W&f Eﬁﬁ{‘% hal i de, a
stronger base suctpragqundmg Nﬂxnsgbmmpgd 8rladem of forofuda 4H) withsed. The

cycloaddition is &cﬁ&élﬁxst dlﬂﬁl BEﬁIf&E' R %M%@?&%@éﬁ%ﬁﬁn@n@ztﬁh' di none
(c). Surprisingly,

Was hat the dJrre suitable for
converting into t?F@WPﬂH%G‘B% Wtﬁééﬁ 320"528{‘1%%%&“@4% eao(}[rﬂﬁ‘l 4 (11).
halogenated hydrocarbon, an alkyl acetate, a hydrocarbon, and an

ether. In a more preferred embodiment, R! is methyl, R? is phenyl
10 and X is C(O)O, and the reaction is carried out in methylene
chloride or ethyl acetate. '

Although the B-lactam of formula (I) can be isolated, it is-
often advantageous to carry out the cycioaddiﬁon reaction and the
cleavage of the N-substituent sequentially without isolating the

15 intermediate B-lactam of formula (I). Accordingly, another aspect
of the invention provides a process for the preparation of N- _
unsubstituted B-lactam of formula (II) which comprises contacting
a compound of the formula RIX-CHZC(O)-L wherein L is a leaving

~ group, with a compound of the formula R2-CH-(N =CHR?), in the

20 presence of a base, and maintaining the reaction temperature at or
below about 5°C; and, without isolating the cycloaddition product,
either 1) subjecting the compound thus produced to catalytic
hydrogenolysis; or 2) treating the compound thus produced with
an aqueous acid solution in which the acid is selected from the

25 group consisting of sodium bisulfite, acetic acid and formic acid; R,
RZ, X and L are as previously defined.

In one preferred embodiment, R! is alkyl, arylalkyl or
carbohydrate derivative, R? is aryl, substituted aryl or furanyl, X is
C(O)O or O; and the cycloaddition product is subject to catalytic

30 hydrogenolysis using a palladium-based catalyst. More preferably,
the reaction solvent is an alkyl acetate such as ethyl acetate, and the
base is triethylamine. In a particularly preferred embodiment, R! is
methyl, R? is phenyl and X is C(O)O.

In another preferred embodiment, R? is aryl, substituted aryl

35 or thienyl; and the cycdloaddition product is treated with aqueous
acetic acid. More preferably, the reaction solvent is a halOgenated

, hydrocarbon such as mefhylene chloride, the base is
\\\
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Terr] Thus, in order to maxim ze the yield of the desired conmpound of
formula (1) the reaction tenperature and the relative anounts of the
reagents used are controlled. The reactioniis conducted at a redUr2g34A
tenperature, preferably the reaction tenperature is nmaintained at or bel ow

Sbout” [er] to Zﬁgﬁ?si’%r‘?”émﬁ’ L A R B el e et

bi s-i mi ne react anPaB ‘ﬁéﬂ&&reg?rge‘{]g‘aéﬂgl}? Hi%tgﬁegﬁil%a eyl agyd RH@ car boxyl at e
react-ant (a), andC{@t 1 to about 1.5 equivalents of the base are used.
Typically about 1 to a 1 ' 1 ut 1 to
about 7. - %N%‘%thgggk%?% °§§%‘§Fgﬁé ?"(@Hg%}%ase are
used per &qui val efthe progessof she present muentends adacemicmbttureof fwear ri ed out
under inert atnosRAghBomie?$ cis-(3R)-3-acyloxy-4-substituted-2-azetidinone (lla) and

cis-(35)-3-acyloxy-4-substituted-2-azetidinone (IIb).

Ric©)o, R Rlc)0 R2
10 e, _l,e
—NH - ~—NH
7 7
15 (la) | (ib)

The racemic mixture may be resolved by conventional
methods such as conversion to diastereomers, differential
absorption on column packed with chiral adsorbents, or

20 enzymatically. For example, the racemic mixture may be contacted
with an enzyme that catalyzes the hydrolysis of an ester, for
example an esterase or a lipase, to selectively cleave the 3-acyl
group of one enantiomer without affecting the other.
Alternatively, the racemic mixture may be first subjected to base-

25 ~ catalyzed hydrolysis to remove the 3-acyl group and to generate a
racemic mixture of the corresponding 3-hydroxy B-Iactam; the
racemic mixture of 3-hydroxy B-lactam is then contacted with an
enzyme capable of catalyzing acylation of an hydroxy group to
selectiilely acylate the hydroxy group of one enantiomer without

- 30 - affecting the other. Or the racemic mixture of 3-hydroxy B-lactam
may be acylated with a chiral carboxylic acid, and the resulting
diastereomeric mixture may then be separated using methods
known in the art, and the chiral auxiliary removed to provide the
desired enantiomer. The enantiomerically pure N-unsubstituted-

35 2-azetidinone may then be derivatized to an N-acyl-3-protected

" hydroxy-substituted-2-azetidinone which is used to acylate a
baccatin Il derivative to generate a taxol derivative.

Alternatively, the racemic mixture of (IIa) and (IIb) may be
converted to a racemic mixture of N-acyl-3-protected hydroxy-4-

_—
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exanpl e under argon or nitrogen, and is usually conplete within 24 hours.
The progress of the reaction can be nonitored by conventi onal

chromat ogr aphi ¢ nmet hods such as high pressygpe |iquid chromatographypossgph UV
detection. The cycl oaddition product obtained is a m xture of two pairs of

di astereomers in }Vger %?%%zeﬁﬁ%ho‘he édees&lhgte@% Rtelilife a?s@fdsggriﬁne ring

are cis to each'o Irs O

dlas ereomners
separated, it is 8 U E’é?é‘éﬁgwﬁéﬂ dothdracemic mbxfues way b es‘t‘%’-@%‘%‘%ﬂﬁérs of
form#a (1) and Mt e Swith &r I netdlalidtide,ang. dithivah atkdx@d ) of Wackatin t he

f thi t t d th
commer o al 1y aval 4 'OCSPJ%%‘@%%N@“ ARt fudtndt,® 21 hods wel
known in Hhe art. diddlesedoimeEgrapepndlublishpd spplicatien 684,208 (puhlished (a) may
be prepared by r e*’l\ﬁ&icﬁ%la@%)ptroo@%Q&)?oli‘ﬁyderﬁ}ah%é ffered N wh\%élh ®! ycolic

acid to provide ac cetl s In tur rivatize
exanpl e by treat W?’Fﬁ%&?IPth)PF& uﬁﬂo’@'eﬁéaégflstﬁ E’E’Eﬂerespondl ng

acyl oxyacetyl chl @heﬁded)

10

15

~ The utility of taxol (R=R2=phenyl) and taxotere (R=t-
. butyloxy, R2=phenyl) as antitumor agents are well known. The
20 utility of other taxol derivatives of formula (II[) as antitumor
agents has been reported in European Published Application
534,708 (published March 31, 1993)and PCT Published Application
92/09589 (published June 11, 1992).
The following examples are illustrative of the 1nvent10n
25 and are not to be construed as limiting the scope of the invention
in any manner.

Preparation of hydrobenzamide
~ To a 3 L 3-necked flask equipped with a mechanical stirrer

30 and a thermometer was added 1 L of concentrated NH,OH (ca 30%)
(14.8 moles). A solution of benzaldehyde (265 g, 2.50 mol) in 500
mL of 2-propanol was added in one portion. The mixture was
stirred vigorously at ca 22°C for 43 hr. The resulting slurry was
filtered and the filter cake was washed with water (1 L). After

35 drying in vacuo, 242.4 g of hydrobenzamide was obtalned as a white
solid {mp 100-102°C) for a 97.4% yield.

The above procedure was followed to prepare the following
bis-imines of the formula RZCH-(N =CHR?)2:
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"Anot her group of useful carboxyl-containing reactants (a) are made by
reacting ethyl bronpacetate with the appropriate al koxide, for instance the
al koxi de generated from [err]-nethyl benzyl 1zl cohol . Hydrol ysis dT-eisaet hyl
‘ester provides the al kyl oxyacetic acid which is in turn derivatized by

treatment with thy 3yA eﬁﬂaq ded&j_q rgg hgmg?}e correspondi ng

al kyl'oxyacetyl ch roups carnoxyl - cont ai ni ng reactants (a)
are made using a hyé t@d\!ﬁaén@@s@%%én ’W@h@ﬂ)fﬁnd Bal ogh in "An Asymmetric

Synt hesi s of 3- Hyﬁy@mfu[-ﬁﬁ{de (.[auzagmﬁ\w Aﬁgaene I m ne Cycl oaddition:

Utilization of Chb g et ene. @% rbyl)]ydrat es", Tetrahedron Lett., 1991,
32: 1039- 1040, ThBYPBTehyenamude rrsr is readi| y prepared from an

appropri abe al dehyde, [err], and concentrated anmoni um hydroxide in
i sopropyl al cohol gr _,_a,r,_)&;_g_ggn%h@%%#’% /ention provides the renoval of

the N-substituent O &.16rrl-factam Ia(Ii tQ givethE _
correspondi ng " N- ukd3i3k DMGIN dim-g+0 epi ct ed
10 \_(
. (1)

/ .——N\

15

To a 100 mL, 3-neck flask equipped with a thermometer,
dropping funnel and mechanical stirrer was added methylene
20 chloride (23 mL) and hydrobenzamide (7.04 g, 0.024 moles). The
solution was cooled (dry ice-acetone) to -20°C under a dry argon
atmosphere. Diisopropylethylamine (3.52 g, 0.027 moles) was
added all at once. A solution of (benzoyloxy)acetyl chloride
(prepared using the procedure of S.J. Danishefsky et al., J. Am.
25 Chem. Soc. 1985, 107, 1280.) (5.16 g, 0.026 moles) in methylene
chloride (13 mL) was added dropwise keeping the temperature at
-20 to -15°C (ca. 1.5 h). The mixture was stirred another hour at
- -20°C then was diluted with deionized water (13 mL) (exotherm to
~ 0°C). The organic phase was separated and washed with water (2 x
30 10 mL), dried (anhyd. MgSO,) and evaporated under vacuum to
dryness giving crude title compound as a viscous oil (11.97 g)
consisting of two diastereomers (ca. 1:1).
A sample of this material (2.97 g) was purified by column
chromatography using a magnesia-silica stationary phase
35 (Florosil®, Fluka Chemie AG) and eluting with 20% EtOAc-n-
hexane. The central product fractions were combined and
evaporated to dryness giving a white solid (0.803 g). This material
was recrystallized from EtOAc (5 mL)-n-hexane (10 mL) affording

o
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in Schene Il ([err] and [err] are as previously defined). In one nethod
8 CT-2234A the N-substituent is renoved by catalytic
hydrogenol ysis; in another nmethod the renpygl is acconplished wigfoagga
aqueous acid solution wherein said acid is - acetic acid, sodiumbisulfite or

form.c acid. SCHE rs @bk Xbli I S a [err]-lactam of
formula (1) is co%&%‘%&#trésaan | ng)r%)hgr(g'é# gﬂg&gﬁ%ﬁggﬁg@ IS not reactive
with the react ant sliasteregmars (3:4br oduct formed, and is not reduced under

hydr agenati on conditi ons. Exanpl es of suitable solvents include esters such .
as al kyl acetate, f h as &q bt | et and h such as
et hanol , ket ones éﬁ%ﬁ%@g ‘S%zé%%f - ZoUgM'PE’ EHC@' rgi_gaigc& ﬂ'l' :
5 N=CH)); 7.68-7.17 (m, 20H, Ar); 6.34 (s, 1H, NCH); 6.06 (d, 1H, J=4.9 -
Hz, H-3); 4.85 (d, 1H, J=4.9 Hz, H-4); IR (KBr): v (cm™1)=1760 (C=0 -

lactam), 1730 (C=0, ester); 1640 (C=N). EL anal. calc'd. for
CsoH,N;O5 (460.53): C, 78.24; H, 5.25; N, 6.08. Found: C, 77.96; H,

5.24; N, 6.12.
10
Example 2. (%) cis-3-Benzoyloxy-4-phenylazetidin-2-one (2)
PRC(O)O Ph
N
15 : - | /"—NH @)
o

_ The remainder of the crude 1 (9.00 g) was dissolved in EtOAc
20 (90 mL). To this solution was added a solution of sodium bisulfite
(9.00 g, 58.5% min. SO,, as mixture of bisulfite and metabisulfite) in
water (45 mL) and the resulting biphasic mixture was heated to
50°C. The mixture was vigorously stirred at 50°C until TLC (SG 60
Fy54- 50% EtOAc-n-hexane; UV,c,) confirmed completion of the
25 reaction (4 h). The biphasic solution was separated in a separatory
funnel. The organic phase was separated, washed with water (40
mL), dried (anhyd. MgSO,), and evaporated under vacuum to
dryness.' The solid residue (2.25 g) was recrystallized from EtOAc (8
mL) giving the title compound as a white solid (3.55 g, 74.9%
30 overall from hydrobenzamide), mp 118-9°C. Purity (HPLC area):
" 99.4%; NMR (200 MHz, CDCly): 8=7.68-7.21 (m, 10H, Ar); 6.49 (br s,
1H, NH); 6.18 (dd, 1H, J=4.8, 2.7 Hz, H-3); 5.15 (d, 1H, J=4.8 Hz, H4).
IR (KBr): v (cm™1)=3260(NH); 1755 (C=O B-lactam), 1730 (C=0, ester).
El. Anal. calc'd. for C,H,3NO, (267.28): C, 71.90; H, 4.90; N, 5.24.
35 Found: C, 71.76; H, 4.93; N, 5.31.
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such as cycl ohexane, or anides such as di methylformam de. The catal yst may
be one that is conventionally used in hydrogenation, for exanple, platinum
pal | adi um nickel, rhodium and ruthenium Bieferably palladi um CT-223A

Pal | adi um may be used as pal | adi um on carbon either dry or contai ning

wat er = or as pall Eﬂam?é\gdr@sgtdie3@h eegexviMApREEFIRE | On pressure may be

fromabout 2 psi }O genation Js ¢onducted at a
t enper at ure of ab@&_g@ Lﬂuﬁ‘ggmet_%'ja?peh ’m%—tﬂ—s—@c% I arried out at

anbi et tenperature. In one pr enbodigrent, catal ytic hydrogenation
Is applied to [err]-Iactans of%{ﬁikﬁﬁo FJEgreln[err] is alkyl and Xis
C(O O InSanother preferred enbodi nent, al ytic hydr (genatlon s applied
to [err]-lactans of fornmula (1) wherei —[—eNr] is aryl, )Jbstltuted aryl or
furyl. In yet another preferred errbodoﬁent ctrhr=ccHPnl yst is pall adium
based. In a nore preferred enbodi ment, cat allytic hydrogenat!on I s applied
to [err]-lactams of fornula (I) V\/nerein [err‘% Is alkyl; R2 is aryl,

substituted aryl or fupyl:,d mi. LR a R de(ftﬁlgpe?wi‘tlh a thermometer,

10 dropping funnel and mechanical stirrer was added methylene
chloride (90 mL) and hydrobenzamide (22.38 g, 0.082 moles). The
solution was cooled (dry ice-acetone) to -20°C under a dry argon
atmosphere. Diisopropylethylamine (11.19 g, 0.087 moles) was

: added all at once. A solution of chloroacetoxyacetyl chloride

15 (prepared using the procedure of R. Lattrell and G. Lohaus, Liebigs
Ann Chem, 1974, 870-900) (14.10 g, 0.082 moles) in methylene
chloride (50 mL) was added dropwise keeping the temperature at
-20 to -15°C (ca. 2 h). The mixture was stirred another hour at -15°C
then was diluted with deionized water (100.mL) (exotherm to 0°C).

20 The organic phase was separated and washed with water (2 x 25
mL), dried (anhyd. MgSO,) and evaporated under vacuum to
dryness giving crude title compound as a viscous oil (38.00 g)
consisting of two diastereomers (ca. 1:1).

. A sample of this material (3.22 g) was purified by column

25 chromatography using a magnesia-silica stationary phase °
(Florosil®) and eluting with 20% EtOAc-n-hexane. The central
product fractions were combined and evaporated to dryness giving
a yellow oil (0.480 g). This material was crystallized from EtOAc (3
mL)-n-hexane (10 mL) affording the product as a white solid (0.310

30 g), consisting of two diastereomers (70:30). Purity (HPLC area):
98.6%; NMR (200 MHz, CDCl,): 3=8.45 (s, 1H, N=CH); 7.92-6.99 (m,
15H, Ar); 6.28, 6.23 (two diastereomers) (2s, 1H, NCH); 5.88, 5.82

- (two diastereomers) (2d, 1H, J=4.8 Hz, H-3); 5.35, 4.80 (two
diastereomers) (2d, 1H, J=4.8 Hz, H-4); 3.57 (q, 2H, J=154, CH,). IR

35 (KBr): v (cn™1)=1760 (C=O B-lactam and ester); 1650 (C=N). EL anal.
calc'd. for Cy5H,, CIN,O; (432.90): C, 69.42; H, 4.90; Cl, 8.09; N, 6.48.
Found: C, 69.27; H, 4.89; Cl, 8.40; N, 6.39.
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9. CT-2234A is selected from pal | adi um on carbon and
pal | adi um hydr oxi de on carbon; nore preferably, R2 is phenyl,

4- et hyl phenyl , 4- net hoxyphenyl or furyl;igost preferably [errhv_mhyl
and [err] is phenyl and Xis C(OO The N-substituent of a [err]-1actam of

f I I Fggg liYJ r;ﬁqg gl 1; é:a [Csﬁ 3? Th
og(rangsge((:t)an?gr? ’Sé mBfe 8, CRiC Eefii Lol RIbhE ace-’tjisc o

acid. The reaction is carried out in an inert organic solvent such as
met hyd ene chloride, ethyl acetafiEHe®) ene @md t-butyl nethyl ether.
Acetic acid is used as 60% 80% (vol une Iurre) preferably about 70%to
about 75% aqueous solution and can be} n a@g)ut 2.5 to about 65
equi val ents relative to the conpound of# lF‘rula (I'); preferably about 5 to
about 8 equival ents are used. -

Part of the crude 3 (4.26 g) was dissolved in CH2C12 (22 mL).

10 To this solution was added glacial acetic acid (4.60 mL) and
deionized water (1.46 mL) and the resulting solution was heated to
reflux. The mixture was vigorously stirred at reflux until TLC (SG
60 F,54; 50% EtOAc-n-hexane; UV,s,) confirmed completion of the
reaction (4 h). The solution was neutralized (pH 7.2) with dropwise

15 addition of (17 mL) aq. NaOH (3.75 N) at 5-10°C. The phases were
separated and the aqueous phase was discarded. The organic phase
was washed with aq. sodium bisulfite (25 mL, 10% wt.), dried ‘
(anhyd. MgSOy), and evaporated under vacuum to dryness. The
solid residue (2.30 g) was recrystallized from toluene (10 mL) giving

20 the title compound as a tan solid (0.727 g, 36.1% overall from
hydrobenzamide). Purity (HPLC area): 91.4%. NMR (200 MHz,
CDClg): 8=7.41-7.27 (m, 5H, Ar); 6.43 (br s, 1H, NH); 5.94 (dd, 1H,

]'=2.7, 4.7 Hz, H-3); 5.09 (d, 1H, J=4.7 Hz, H4); 3.62 (q, 2H, ]=15.3,

CH,).
. 25 ’ ’
Example 5. (#)-cis-3-Acetyloxy-1-[(phenyl)(benzylidenimino)-
methyll-4-phenylazetidin-2-one (5)
~ CHC(O)0 Ph
0 T
—N . {5)
o/ trn=ctn
Ph
35 -. To a 1L, 3-necked round bottom flask equipped with a

thermometer, magnetic stirrer and dropping funnel was added
hydrobenzamide (30.00 g, 100.5 mmol) and ethyl acetate (150 mL).
With stirring and under a blanket of argon, the reaction mixture
was cooled to 5°C and triethylamine (16.8 mL, 121 mmol) was

—_—
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The reaction is conducted at elevated tenperature, for exanple at reflux of
the reaction solution, and is usually conplete within about 24 hours. In
anot her net hod aqueous sodium bisulfite isjused to renove the Ncoubsgidd uent
of a conmpound of formula (1). Sodium bisulfite of comrerce, a m xture of

sodium bisulfite ol | . I ke L,um
~bisulfite, i-n an ga&e%t q%) ggsﬁ??%%%eo%gacg%%ﬁgb%@gqutﬁg?éﬁ?‘g?& strate
of formula (1) i se&&i&.cetﬂ‘?e 3P§é’é‘t')i Was thencagdeddropiyise avera PP mingani ¢

‘sol vent at anbi enpetiodel/efwlatE&jhtaemertempéﬁszer)]lth@m&ﬁbﬁ lﬁb@llllltet f‘%’:as_t 0 ab_ogt _

err], preferabl Vet iment. formc acid is

. Earrpl Lyeg as a -7oy?g‘¥’3§&q§t&’¥}e’§ﬁ§ %%ﬁg?%{ﬁ) %Pvﬁf \E/{/)a Rgfﬁﬁga ggﬁbﬁey agatg%r to 95%
sol uti on.S Gener al fynneke Thepuganisflayes whe washed oi¢desgivelyiwishziguepus t o about
10 equival ents r eNajQI(s4t) (150wl 200 mLy) Rfuebad NaHTOM 2P0 mitya@pout 7

Ui re used. | yvents di scussed aboyve .are _generally useful
&qgkv?gfgi Zc?d. Bafe IFmiS Yoo plrposes of characterization, the tifle ©

compound can be isolated at this stage by drying the organic phase
over MgSQ,, filtering, and removing the solvent in vacuo. This

10 provided the desired product in quantitativé crude yield as a red
glass. HPLC purity (area): 87.9% (1:1 mixture of diastereomers); 1H
NMR (CDCl, 200 MHz): §=845 (s, TH, N=CH), 7.80-7.85 (m, 1H,
Ph), 7.60-7.65 (m, 1H, Ph), 7.26-7.50 (m, 9H, Ph), 7.00-7.10 (m, 4H,
Ph), 6.28 (s, 0.5H, NCHN), 6.23 (s, 0.5H, NCHN), 5.81 (d, J=4.8 Hz, 0.5

15 H, H-3), 5.76 (d, J=4.8 Hz, 0.5H, H-3), 5.30 (d, ]=4.8 Hz, 0.5 H, H-4),
4.75 (d, J=4.8 Hz, 0.5 H, H~4), 1.63 (s, 3H, CH;CO); IR (KBr): v (cm™

1)=1763 (C=0), 1641 (C=N); UV (methanol): A max (nm)=216, 252.

20 Example 6. (t)-cis-3-Acetyloxy-4-phenylazetidin-2-one (6)

CHLC(0)O Ph
30()\

25 o —NH (6)
. 0/

The solution of the compound of Example 5 in ethyl acetate

(500 mL) from above was carefully transferred, under a stream of

30 argon, to a 2.0 L Parr flask containing 10% palladium on activated
charcoal (6.00 g). This mixture was treated with hydrogen (4 atm)
for 20 h whereupon the catalyst was removed by filtration through
a pad of Celite® (diatomaceous earth, Johns Manville). The filter
cake was slurried in ethyl acetate (200 mL), stirred (10 min) and

35 filtered. The filter cake was rinsed with ethyl acetate (100 mL) and
the filtrates combined. The organic layer was washed with 10%
HCI (300 mL) and both layers filtered through a sintered glass
funnel to remove the white precipitate (dibenzylamine.HCI) which
was rinsed with ethyl acetate (100 mL). The phases were separated
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In one preferred embodiment, a [err]-lactamof forrmula (1) wherein R2 is
aryl, substituted aryl or thlenyl is converted to the corresponding

N- unsubst i t ut ed [err]-lactamof forrmula (118) with about 70%to a@iopa34A5%
aqueous acetic acid. In another preferred enbodinent, the reaction is

cloEd:Lct edt i tn anh%m&i&oﬁgﬁ‘ ef W B Gl LhelQith aﬁbw?,@m&a by door sacdyon,
a acet at e e, erre e
[er?/] i s methyl, y@@ﬁﬂ‘a{f ec‘i’ﬁ‘bmela {o% ll_fbl washes were regxtragte gbwgthenyl and X

is (OO and theethyhad:etmﬁe (260 oalv)raredthe dombinertbbfganénlayetd werele usi ng 75%
(volume in vol UnBWaéﬁB@Wiﬁl Qc&ﬁédxﬁ N&HEO,|(Sath (30D REL) Q{&Bﬁhé‘i‘ﬂs(ﬁﬁilgd' rrent a

FEURES EA T TENARMI G e TI AcL RTCE APLY S
W th aqueous sodiiMdiusbfd fifal vélugitodhEs mill. eTkE Rbkearwds Wobled td1e
4YX and the precipitated product isolated by filtration. The filter
cake was washed with hexane (200 mL) to provide 16.12 g (78.1%
overall yield from hydrobenzamide) of the title compound as
10 white needles. mp = 150-151°C; HPLC purity (area): 99.8%; H
NMR (CDClg, 200 MHz): $=7.30-7.38 (m, SH, Ph), 6.54 (br s,
exchangeable, 14, NH), 5.87 (dd, J=2.7, 4.7 Hz, 1H, H-3), 5.04 (d, J=4.7
Hz, 1H, H~4), 1.67 (s, 3H, CH,CO); IR (KBr): v (cm™1)=3210 (N-H),
1755, 1720 (C=0); KF: 0.17%; EL Anal. Caled. for C;;H;;NOj: C,
15 64.38; H, 5.40; N, 6.83; Found: C, 64.07; H, 5.34; N, 6.77.

Example7. & Qcis-3-iso-Bu loxy-1-[(pheny)(benzylidenimino)-

methyl]-4-phenylazetidin-2-one (7)
(CHa),CHC(O)O Ph

20 N
7N @
o ClH—-N=CHPh
Ph
25 . The title compound was prepared according to the

procedure described in Example 5 except that iso-butyryloxyacetyl
chloride was used instead of acetoxyacetyl chloride. Thus,
hydrobenzamide (30.00 g, 100.5 mmuol), triethylamine (16.8 mL, 121
mmol) and iso-butyryloxyacetyl chloride {18.9 g, 115 mmol,

30 prepared by the procedure of Benington and Morin, J. Org. Chem.,
26, 194 (1961)] yielded 50.65 g (118.8%) of the itle compound as a
dark orange syrup. For purp_osés of characterization, a portion (4.65
g) was purified by Florisil® chromatography.(25:75 ethyl
acetate/hexane) to provide the title compound as a yellow syrup.

35 Obtained as a 1:1 mixture of diastereomers; 'H NMR (CDCl,, 200
MHz): $=8.47 (s, 0.5H, N=CH), 8.46 (s, 0.5H, N=CH), 7.80-7.91 (m,
2H, Ph), 7.29-7.68 (m, 9H, Ph), 6.94-7.11 (m, 4H, Ph), 6.29 (s, 0.5H,
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reaction is conducted in an organic solvent selected froma hal ogenat ed
hydr ocar bon, an al kyl acetate, a hydrocarbon, and an ether. In a nore
preferred enbodi nent, [err] is nethyl, [er1d is phenyl and X i sC¥-@)33Aand
the reaction is carried out in nethylene chloride or ethyl acetate.

e Lo hemmel betpan ot Y g smalien
t he Nsubstituent?’sééﬁén{"ﬁ 4 'gxﬁtﬁgaff%sgoﬁétq%g'fflﬁg - @E‘E‘H i%e

[err]-lactam of f@B5HEkR4),R)20 (Pek@rtiHaglH, CHCHps), 0806dJ=7&X Heh# i nvent i on

provi des a procesgH@EH t)p,eo.sé CDILAD IR 1@H,M:Hwﬁqg§%f54 ﬁgd.g.bm,hzsﬁpt am of

formula (L1) which co ses contactin acon‘go ormula [err]
wherein LOis a | eSHGEHDDoUD filmpk W(ﬁn‘cgﬁaﬂna & (GHR, 1610 H=NELY] in the
presence of a basgnefafolf®i Nhi ) L B r@ACt i On tenperature at or bel ow
about [err]; and, % t hogpai sol at |dri:g) t he "cycl oaddi ti on product, either 1)
subj ecting the conpound thus produced to catal ytic hydrogenol ysis; or 2)

treating the conpBxawipld8s ft)ens:3<isovButyryloxy)-4-phenylazetidin-2-one (8)

10 (CH3)2CHC(0)O\ Ph
L ®
. o/

The title compound was prepared according to the

15 procedure described in Example 6 except that wet catalyst was used
and the reaction was performed on the 90.8 mmol scale based on
the original amount of hydrobenzamide. Thus, the crude product
of Example 7 (46.0 g) was re-dissolved in ethyl acetate (460 mL) and

. added to wet 10% palladium on activated charcoal (6.00 g of catalyst

20 and 6 mL of water) to provide 10.35 g of the title compound (48.9%
corrected overall yield from hydrobenzamide) as white crystals.
mp=121-122°C; HPLC purity (area): 99.6%; lH NMR (CDCl,, 200
MHz): §=7.27-7.39 (m, 5H, Ph), 6.33 (br s, exchangeable, 1H, NH),
5.87 (dd, J=2.6, 4.7 Hz, 1H, H-3), 5.05 (d, J=4.7 Hz, 1H, H-4), 2.24 (p,

25 -J=7.0 Hz, 1H, CH(CH,),), 0.83 (d, J=7.0H, 3H, CH(CH,)), 0.58 (d,
J=7.0H, 3H, CH(CH,)); IR (KBr): v (cm™1)=3203 (N-H), 1778, 1739
(C=0).

- Example 9. (&)-cis-3-Acetyloxy-1-[(4'-methylphenyl)(4'-

30 methylbenzylidenimino)methyll-4-(4'-methyvlphenyl)azetidin-2-
one (9) S
CHy
AcO\
35

o’ \cu-l—N=CH-O—d»13 @)
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an aqueous acid solution in which the acid is selected fromthe group
consisting of sodiumbisulfite, acetic acid and formc acid; [err], [err],
X and L are as previously defined. In one ef erred enbodinent,ﬂﬁfréi IS
al kyl, arylal kyl or carbohydrate derivativ€] R2 is aryl, substi -@d34Ay |
or fucanyl, Xis C(OOor O and the cycloaddition product is subject to
catal yti c hydrogenol ysis using a palladi umbased catal yst. Mre preferably,
the reaction solvent is an al kyl acetate such as ethyl acetate, and the
base is triethylamne. In a particularly preferred enbodi ment, [err] is
methyl, [err] is phenyl and X is C(0)0. In another preferred enbodi nent,
[err] is aryl, substituted aryl or thienyl; and the cycl oaddition product

L S " b SR g U gt o 20 e

procedure described in Example5 except that hydrotoluamide was
used instead of hydrobenzamide. Thus, hydrotoluamidé (3405 g,
100.0 mmol), triethylamine (20.9 mL, 150 mmol) and acetoxyacetyl
chloride (18.9, 135 mmol) gave 52.0 g (118%) of the title compound

10 as a brown syrup. For purposes of characterization, a portion (5.2 g)
was purified by Florisil® chromatography (25:75 ethyl
acetate/hexane) to provide the title compound as a white solid. -
mp=110-128°C; HPLC purity (area): 97.8% (1:1 mixture of
diastereomers); TH NMR (CDCl,, 200 MHz): 5=8.36 (s, 1H, N=CH),

15 7.75-7.80 (m, 1H, Ar), 7.53-7.56 (m, 1H, Ar), 7.06-7.35 (m, 7H, Ar),
6.81-6.90 (m, 3H, Ar), 6.19 (s, 0.5H, NCHN), 6.15 (s, 0.5H, NCHN),
5.79 (d, J=4.8 Hz, 0.5H, H-3), 5.73 (d, J=4.8Hz, 0.5H, H-3), 5.27 (brs,
0.5H, H-4), 4.77 (br s, 0.5H, H~4), 2.40 (s, 1.5H, PhCH,), 2.39 (s, 1.5H,

| PhCHy), 2.35 (s, 3H, PhCHy), 2.24 (s, 1.5H, PhCHy), 2.20 (s, 1.5H,

20 PhCHy), 1.661 (s, 1.5H, CH3CO), 1.658 (s, 1.5H, CH;CO); IR (KBr):
v (em1)=1763, 1751 (C=0), 1635 (C=N); UV (methanol): A max (nm)
=214, 260.

Exam'gle 10. (*)-cis-3-(Acetyloxy)-4-(4'-methylphenvl)azetidin-2-
25 one (10) :

CHs

AcO (10)
30

—NH
e

Method 1: Hydrogenation

35 The title compound was prepared according to the
procedure described in Example 6 except that wet catalyst was used
and the reaction was performed on the 45 mmol scale based on the
original amount of hydrotoluamide. Thus, the crude product of

AR
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11 CT- 2234A di i sopropyl ethyl anine, and the acid is
75% aqueous acetic acid. It is particularly preferred that [err] is nethyl,
[err] is phenyl and X is C(OO The I\l-unsu%tituted[err]-lacta of formula

(11) obtained by the process of the presentlinvention is a racefc2f%ure

of two enantioners ci S-(SRﬁf- acyl oxi- 4-substituted-2-azetidinone (lla) and
ci s- (3S) - 3- acyl ox{ramphs? (434 glirethybacatatedatd mL) mwas addedto wet 10%eni c

m xture may be regeilycﬁdnwn%ws&ui ARRboales 098 of ehGlyseand Fe/ ¢ on to
di ast ereoners,

adsor bents, or gln?{f’gé?ln ?ﬁl 59‘96235 F&L@ﬁé%fg‘?’oﬁl’ééa]ﬁgg‘p qu amghlmrasl be
contacted with anhgdegtoiianitiae) oftheé yitlecotipounygdasoa ydiite fitiffprsolidt er, for
exanpl e ag esterase or a lipase, to selectively cleave the 3-acyl group of
one enantiomer wthout affecting the other. Alternatively, the racemc
m xture may be fi Mathedpr ecBislfige pase-
To the crude product of Example 9 (23.4 g) in ethyl acetate
(315 mL) was added water (75 mL) and sodium bisulfite (35 g). This
biphasic mixture was vigorously stirred at 50°C for 23 h and the
10 organic and aqueous layers were separated. The organic layer was
washed with water (50 mL) and brine (150 mL), dried over MgSOy,
and concentrated in vacuo to 30 mL. The mixture was cooled to
5°C and the precipitated title compound isolated by filtration and
rinsed with cold ethyl acetate (10 mL). This provided 4.27 g (43.3%
15 corrected overall yield from hydrotoluamide) of the title
compound as a white solid. mp=130-131°C; HPLC purity (area):
98.6%; TH NMR (CDClg; 200 MHz): §=7.13-7.22 (m, 4H, Ar), 6.29 (br
s, exchangeable, 1H, NH), 5.85 (dd, J=2.6, 4.7 Hz, 1H, H-3), 5.00 (d,
J=4.7 Hz, 1H, H+4), 2.35 (s, 3H, PhCH,), 1.70 (s, 3H, CH;CO); IR (KBr);
20 v (em1)=3192 (N-H), 1778, 1752 (C=0); UV (methanol): A max (nm)
=222,266.

Example 11. (t)-cis-3-Acetyloxy-1-{(4-methoxyphenylX4'-
methoxybenzylidenimino)methyll-4-(4'-methoxyphenvyl)azetidin-

25 . 2-one (11)
OCHj;

AcO_.
30

7N

o7 \CH—N=CH—O—OCH3 | (11)
35

OCH;
T




catal yzed hydrolysis to renmove the 3-acyl group and to generate a racenic
m xture of the corresponding 3-hydroxy [err]-lactam the racem c mxture of
3-hydroxy [err]-lactamis then contacted whth an enzyne capabl ecgisog
~catalyzing acylation of an hydroxy group to selectively acylate the hydr oxy

group of one enantio t racem ¢ m xture
of 3-hydroxy [err] -I %%%!g%glﬁé%ﬁfwagg’r%\pﬂﬁa aQ&?ﬁdru% é:g%boxyl I'c acid,

and the resul ti n@rep%ur@rcé@ﬁabefé i @mpée heycentdhatiaydropaisaide yesng

met hods known in dsad 1@\5&:ad&ff¢h b@marxﬁxkieama iheac@xcﬁmeq:emrﬁ{ewl de the

desired enanti orr;eprnt ?H%Ee en r| ca)%a%urﬁl% §V3§°b5t5'5=t(§t9?d(8 00 g
2-azetidi-none ma t ¢ : ’ :
hydr oxy- subst it utle$ meBI trththplmmﬂal(ﬂﬂfnml.ut‘hﬁ mmobandaacetexyaeetydt in |1 |
derivative to ge & nRd Al racemc

m xture of (lla) r&li%&?? ﬁb§@ e convlcl)a:gtg"'(éle\IEJtB%im}tl ZZO?ndcf tlrln&)r%i:ht(}re of

N- acyl - 3- prot ect €OTMBRIRS 9sgp e red syrup. Obtained as a 1:1 mixture of
diastereomers; 'H NMR (CDCl;; 200 MHz): 6=8.34 (s, 0.5H, N=CH),
_ 8.33 (s, 0.5H, N=CH), 7.75 (d, ]=8.8 Hz, 0.5H, Ar), 7.58 (d, J=8.7 Hz,

10 O.SHj, 7.14-7.27 (m, 3H, Ar), 6.78-7.03 (m, 6H, Ar), 6.63 (d, J=2.6 Hz,
1H, Ar), 6.58 (d, I=25 Hz, 1H, Ar), 6.15 (s, 0.5H, NCHN), 6.11 (s, 0.5H,
NCHN), 5.75 (d, J=4.8 Hz, 0.5H, H-3), 5.69 (d, ]=4.7 Hz, 0.5H, H-3),
5.21(d, J=4.8 Hz, 0.5 H, H4),4.69 (d, J=4.7 Hz, 0.5H, H-4), 3.89 (s, 3H,
PhOCHy), 3.85 (s, 3H, PhOCHy), 3.81 (s, 1.5H, PhOCH,), 3.79 (s, 1.5H,

15 PhOCH,), 1.68 (s, 1.5H, CH4CO), 1.67 (s, 1.5H, CH;CO); UV
(methanol): A max (nm) = 216, 252.

Example 12. ()-cis-3-(Acetyloxy)-4- 4'-methox henyl)azetidin-2-

. one (12) -
20 ' OCHj
AcO (1 2)
~ _'NH
25 0/

The title compound was prepared according to the

procedure described in Example 6 except that the product was _
isolated by preparative TLC and the reaction was performed on 12.9
mmol scale based on the original amount of hydroanisamide.

30 Thus, the crude product of Example 11 (6.38 g) was re-dissolved in

~ ethyl acetate (80 mL) and added to 10% palladium on activated

charcoal (1.00 g). This gave 4.277 g (141%) of a crude solid. A
portion (200 mg) was purified by preparative TLC (2 mm silica gel;
1:1 ethyl acetate/hexane) to provide the 160 mg (75.5% corrected

35 overall yield from hydroanisamidé) of the title compound as a
slightly yellow powder. This was recrystallized from methylene
chloride/hexane. mp=110-111°C; HPLC purity (area): 99.7%; H

\
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12 CT- 2234A substi tut ed-2-azeti di none according to the
procedure disclosed in e.g. US Patent 5,175,315; this racemc mxture nay

. be used directly to react with a 13-netal gd koxide, e.g. |ithiugmabkeud de,
of baccatin Ill in accordance with the highly diastereosel ective nethod

! ! ! ne n  ched h 31
1958) “ro give 1 axSiR RV AP YERD: Re7abd o e T A, R o e e
exanpl e phenyl or 2H; ), 6. 23Pr speithiRgdablé) s HD NN smf(aagé)ziz kereir, THae
utiloty of taxol (i) aolapfanie, M HIAeEPIea FROCKE M A, 3

err]=phenyl) as aptitunor agents ar own iTity of” ot her
'Eaxo} ger i za% i-vesCEHGQY ﬁ%ﬂéﬂ{)F M (Fmé.f)-=§%7£3 @Dy l?je%h(ﬁﬁ))bég’gsg epgr'lt:.(ca:?_ in
Eur opean ®&ublishe | i 3y L lrgshed March 31, an
" Publ PshedgAppI i ca??gﬁﬁg?%%gggxi pu%l ?&18233@%2 11, 1992).

Example 13. (E)-cis-3-Acetyloxy-1-[(2'-furyl)(2*-

furylmethylenimino)methyl]-4-(2‘-furanyl)azetidin-2-one (13)

10 . Aco\ _((:3

o7 AN

CH—N=CH

- (13)
o |

\
15 : o

The title compound was prepared according to the
procedure described in Example 5 except that hydrofuramide was
used instead of hydrobenzamide and the reaction was performed

20 on 18.6 mmol (vs 100 mmol) scale. Thus, hydrofuramide (5.00 g,
18.6 mmol), triethylamine (3.11 mL, 22.3 mmol) and acetoxyacetyl
chloride (2.30 mL, 21.4 mmol) gave 6.192 g (90.4%) of the title
compound as a pale red syrup. Obtained as a 1:1 mixture of
diastereomers; H NMR (CDCly; 200 MHz): 3=8.211 (s, 0.5H,

25 N=CH), 8.208 (s, 0.5H, N=CH), 7.14-7.59 (m, 3H, furyl), 6.90 (d, J]=3.5
Hz, 0.5H, furyl), 6.83 (d, J=3.5 Hz, 0.5H, furyl), 6.10-6.53 (m, 6H, fury],

- NCHN), 5.90 (d, J=4.9 Hz, 0.5H, H-3), 5.86 (d, J=4.8 Hz, 0.5H, H-3),
5.35 (d, J=4.8 Hz, 0.5H, H-4), 4.90 (d,]=4.9 Hz, 0.5H, H-4), 1.91 (s, 1.5H,
CH;CO),1.88 (s, 1.5H, CH3CO); IR (film): v (am™1)=1778, 1753 (C=0),
30 1642 (C=N); UV (methanol): A max (am) = 220, 278.

\ .
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The followi ng exanples are illustrative of the invention and are not to be
construed as limting the scope of the invention in any manner. Preparation
of hydrobenzam de To a 3 L 3-necked flask gguipped with a mechar&.f:_g%3 A
stirrer and a therrmrreter was added 1 L of Concentrated [err] ‘(ca /3
(14.8 .noles). A's n 2. 50 .

2- propanol was ad X &

ca [err] for 43 hr. The resultlng slurry vvas flltered and the filter cake
was washed with water (1 L). After_dryin vacuo, 242.4 g of

hydr obenzam de was obt ai ned as Lhjte d (mp 100-102[err]C) for a 97.4%
yiel d. Thg above procedure was folld to prepar qmt)he foll ow ng bis-imnes
of the fornula [err]: | NH :

| 7

The title compound was prepared aécording to the
procedure described in Example 6 except that the product was
10 isolated by preparative TLC and the reaction was performed on the
2.7 mmol scale based on the original amount of hydrofuramide.
Thus, the crude product of Example 13 (1.00 g) was re-dissolved in
ethyl acetate (50 mL) and added to 10% palladium on activated
. charcoal (150 mg). Purification of the crude solid by preparative
15 TLC (2 mm silica gel, 1:1 ethyl acetate/hexane) gave 386 mg (65.8%
corrected overall yield from hydrofuramide) of the title compound
as a yellow solid. This was recrystallized from ethyl
acetate/hexane. mp=118-119°C; HPLC purity (area): 99.4%; 1H
- NMR (CDCl,, 200 MHz): 3=7.44 (t, J=1.3 Hz, 2H, furyl), 6.39 (d, J=1.3
20 Hz, TH, furyl), 6.21 (br s, exchangeable, 1H, NH), 5.88 (dd, ]=2.2, 4.6 -
Hz, 1H, H-3), 5.05 (d, J=4.6 Hz, 1H, H-4), 1.92 (s, 3H, CH;CO); IR
(KBr): v (cm1)=3203 (N-H), 1756, 1726 (C=0); UV (methanol): A
max (nm)=222.

25 Example 15. (& 2—czs—3 Aceg{loxy-l-]§2'-tl~uenyn§2'

thienylmethylenimino)methyl]-4-(2'-thienvl)azetidin-2-one (15

Ao /
“’\_([s3

30 - N
o’ \CH—N=CH—U (ts)

The title compound was prepared according to the
35 procedure described in Example 5 except that hydrothienamide was
used instead of hydrobenzamide. Thus, hydrothienamide (30 g
94.7 mmol), triethylamine (15.84 mL, 114 mmol) and acetoxyacetyl
chloride (11.6 mL, 108 mmol) provided the title compound as

1S

Wi



13 CT- 2234A hydrotol uam de [err] hydroani sam de [err]
hydrof uram de [err] and hydrothi enam de [err]. Exanple 1. [err]

[.phenyl (benzyl i deni m nomnet hyl )] - 4- phenyl azft i din-2-one (1) [er r]: ]’ﬁﬁAloo
mL, 3-neck flask equipped with a thernonetér, dropping funnel an

mechani cal stirrer. was add nmet hyl ene. chloride (23 ni) and hydrobenzam de
(704 g, 0. 024 moyiessie §ihe TheipOln Pieimistyateintd s FobnddSt one) °to [ orr)
‘under a dry ar gondiasteseqshense. FHONMR §CBEH e 01842451 Ha), 8H084s,dH 7§2dnol es)
was added all at [ f e I )agat i (prepared
using the procedu%al'o éllﬁ?bggé?gk%%l&@, fett%ﬂglﬁ)(a’.ﬁgﬁp%h@n’?ggg&’ 1985, 107,
1280.) (5.16 g, OUGhE-IARAI) 7. Lok yiEDNE 16 Mo BH 03 (k). 6 Gaucled
dropwi se keeping 1HE 6.89@e13)6813.74 (m, 4H), 6.48 (s, 1H), 6.43 (5, 1H), 5.85 (m,

2H), 5.59 (d, ]=4.8 Hz, 1H), 5.17 (d, J=4.8 Hz, 1H), 1.87 (s, 3H), 1.86 (s,

3H). " '

Example 16. ()-cis-3-(Acetylox 2'-thienyl)azetidin-2-one (16

10 : AcO |
' N S e

—NH
7

15 A 70% aqueous solution of acetic acid (0.35 mL glacial acetic
acid and 0.15 mL water) was added in one portion to a stirred
solution of 15 (0.431 g, 1.03 mmol), dichloromethane {2.93 ml) at
25°C. The reaction mixture was brought to reflux and stirred for 2.5
h. The reaction was diluted with 50 mL dichloromethane and then

20 washed with two 75 mL portions of saturated aqueous sodium
bicarbonate and then one 50 mL portion of saturated brine. The
organic extract was concentrated in vacuo to a brown oil, dissolved
in a minimal amount of dichloromethane, and then placed on a
silica’ gel column measuring 4" by 0.5". Elution using a gradient of

25 . 10 through 60% EtOAc/hexane provided less polar sideproducts
and then the title compound (0.154 g, 75%) as a white solid.

H NMR (CDCl,): §7.32 (dd, J=4.7, 1.5 Hz, 1H), 7.03 (m, 2H), 6.75 (bs,

1H), 5.86 (dd, ]=4.6, 2.7 Hz, 1H), 5.27 (d, J=5.3 Hz, 1H), 1.83 (s, 3H).

13C NMR (CDCl,): 5169.3, 165.5, 1384, 127.1, 127.07, 126.2, 78.3, 54.0,
30 20.0.

Example 17. (#)-cis-3-Acetyloxy-4-phenylazetidin-2-one (6) -

hydrogenolysis

35 ' To a 2.0 L 3-necked flask equipped with a thermometer,
pressure equalizing dropping flask and mechanical stirrer was
added methylene chloride (500 mL), hydrobenzamide (100.00 g,

This Sheet Has Been Replaced
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-20 to -15[err]C (ca. 1.5 h). The mixture was stirred another hour at [err]
then was diluted with deionized water (13 nL) (exothermto [err]. The

.ergani ¢ phase was separated and washed wi ?r? water (2 x 10 nmi), ggl 334
(anhyd. [err]) and evaporated under vacuuffito dryness giving cr FoH e

DA sampre o £k wobuand FisthyBuneqss daral o % - p R -

chr omat ogr aphy usiasjcaoledigader a-stiehincef Agat t@AdT ysinigeaeicefdathasi | [err],

Fl ukasCnem o A0) Afinhoihd D0oitiddh GULRISRG T EHBETu TP Eue aie pr oduct

fracti ons were co e solid

(0.803 g). This mamel) in mﬁﬂsyle@e; ehloride (19QG Y )mafdmd COpWiseO¥Exane (10
nL) ~affosding  alderiod of 1 hour After an additichaPRSdrA thoStiliglueds as a white
: solid (0.330 9) ¢ 1§lcso|n%it I ued ar and Ehe reaction flask moved to the cold room (4°C)

for a further 15 hours at which point TLC analysis demonstrated

complete reaction. The reaction mixture was transferred to a 4 L

separatory funnel and washed twice with aqueous NH,Cl (sat) (500
- 10 mL, 250 mL). The organic phase was then washed successively

with aqueous NaHCO; (sat) (400 mL) and aqueous NaCl (sat) (250

mL), dried over MgSO, (ca.100 g), filtered and conceutrated by
rotovap (bath T = 40°C). The remaining viscous oil was further
dried by pumping for 1 day at 2 Torr whereupon the oil solidified

15 . to furnish a red glass (136.88 g, 102.5%) which was used without
further purification.

The crude solid from above (136.88 g) was dissolved in 800.

mL of ethyl acetate and transferred, under a stream of argon, to a
2.0 L Parr flask containing 20.0 g of 10% palladium on activated

20 carbon (Aldrich). This mixture was treated with hydrogen (4 atm)
for 1 day at 23°C and the catalyst removed by filtration through
Whatman filter paper using a Buchner funnel. The filter cake was
reslurried in ethyl acetate (500 mL), stirred (10 min) and re-filtered.
This procedure was repeated. The filter cake was rinsed with 100

25 mL of ethyl acetate and the filtrates combined. The organic layer

| was then washed with 1IN HCl (500 mL) and both layers filtered

through Whatman filter paper to remove the white precipitate
which was rinsed with ethyl acetate (100 mL). The organic and
aqueous layers were then separated and the organic lajrer was

30 washed with another portion of 1N HCl (250 mL). The combined
1N HCl washes were re-extracted with ethyl acetate (500 mL) and

the organic layers were combined and subsequently washed with
aqueous NaHCO; (sat) (500 mL) and aqueous NaCl (sat) (300 mL).

The organic layer was dried over MgSOy (ca. 100 g), filtered and -
35 concentrated in vacuo to 250 mL. The mixture was cooled to 4°C

(overnight in cold room) and the precipitated solid isolated by

filtration through Whatman filter paper. The filter cake was

This Sheet Has Been Reﬂ

g




di astereonmers (96:4). Purity (HPLC area): 98.3% NVR (200 MHz, [err]:
[err]=8.49 (s, 1H, N=CH); 7.68-7.17 (m 20H, Ar); 6.34 (s, 1H NCH) 6. 06
(d, 1H, J=4.9 Hz, H3); 4.85 (d, 1H, J=4.9 Jéiz H-4) IR (KBr): %err 1760
(C=O[err]- lactam, 1730 (C=O ester); 164 (C= El . anal . caq:
C30H24N203 (460.53): .C,  78.24; H, 5.25; N 6. 08. Found C, 77.96; H 5. 24

N, 6.12. Exanpl e 2vashed withjhexangd20hyildtg propidenyiter, Geying iz 2age@ (2) [err]
The remai nder of tgige (Elde-3laceBlORy-2)pheaglabadRlretle (49.9% /02 ¥RPagl) . To
this solution was algl ed a..sol Utlﬁil@ﬁsé gdl um bisulfite (9700 g, 58.5% m n.
[err], as mi xtur e ‘o %pgfﬂlpﬂxgp t isulfite) in water (45 nL) and the
resultlng bi phasic m xture was heated to [err]. The m xture was Vi ?orously ,
-stirred ag [err] | - Uv254

confi rrredscorrpl et :Eggﬁh{ lzli gfgfgﬂf@l%é&‘lhfvz%ggg% gglf)éigl)l{ll i on L
separated in a sepefaye ) acEE agihani ¢ phase was separ at ed, washed
wth water (40 '

A dry 1-L three-neck round-bottom flask under an inert
atmosphere (N,) was charged with hydrobenzamide (100.0 g, 335
10 mmol, 1.00 equiv) and methylene chloride (333 mL). The solution
~ was cooled to 5°C and diisopropylethylamine (61.3 mL, 352 mmol,
1.05 equiv) was added in one portion. The reaction was further -
cooled to -20°C and the temperature maintained with a constant
temperature bath. Separately, acetoxyacetyl chloride (36.0 mL, 335
15 mmol, 1.00 equiv) and methylene chloride (167 mL) were mixed
and transfered to an addition funnel (total volume: 203 mL). This
solution was added over a 2 h 10 min period to the previously -
prepared hydrobenzamide solution. The rate was adjusted such
that the temperature did not warm past -16°C. The light brown
20 reaction mixture was stirred for 1 h at -20°C. Aliquots of the
reactidn mixture (100 uL) were removed 5 min and 30 min after the
addition of acetoxyacetyl chloride. If the reaction mixture
contained > 5% hydrobenzamide (by'area) after 30 min, additional
diisdpropylethylamine (6.13 mL, 35.2 mmol, 0.105 equiv) was added
25 to the reaction mixture, followed by a solution of acetoxy acetyl
chloride (3.60 mL, 33.5 mmol, 0.10 equiv) in methylene chloride
(15 mL). After reaction was complete, deionized water (333 mL)
was added and the mixture was stirred for 5 min. The phases were
separated and the reaction vessel was rinsed with methylene
30 chloride (110 mL). The methylene chloride rinse was used to
extract the aqueous phase. The organic phases were combined
(total volume: 750 mL). The aqueous phase was discarded.
The rich organic stream was transferred to a 2-L round
bottom flask fitted with a reflux condenser and overhead stirrer.
35 To the stirred solution was added 70% aqueous acetic acid (156 mL).
Total reaction volume was ca. 906 mL. The solution was warmed _
to reflux. Pot temperature was 42-45°C. Although the reaction was
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rfL), dried (anhyd. [err]), and evaporated under vacuumto dryness. The
solid residue (2.25 g) was recrystallized fromEtOQAc (8 nlL) giving the

- t+tle conpound as a white solid (3.55 g, 74,9% overall from

hydr obenzam de),

[err]=7.68-7.21 (m 10H, Ar); 6.49 (br s, 1H N

mp [err] Purity (HPLC aredd: 99.4% NVR (200 MGT-2234]):
. 6.18 (dd, 1H, J=4.8,

H) 1
Hz, H3); 5.15 (dcomplets-afteg 8ih, heating was cornuedifor 36ty T seaction

[err]-lactan), 178ixtEe@vasedaled to EH2C.ATA.

1350, 50 N R B sl g

CT- 2234A Exanpl e ¥

(benzyl i deni ni.nonselkilon] BX5pNe40 mdotwhile i @mepefMuré evas]kepo baldde0 ni,

3-neck flgsk equi ppd Phe ResdMEMBREEL Ras transferred to a 4-L Erlenmeyer
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flask and aqueous sodium metabisulfite (1100 mL, 10% w/v) was
added in one portion. The reaction mixture was stirred for 10 min
at 30°C. The phases were separated and the rich methylene
chloride stream was concentrated in vacuo (25 mm Hg, 30°C bath
temperature) to 200 mL. The addition of ethyl acetate and
concentration were repeated. The resulting slurry was stirred for
2-3 h at -5°C. The solid was collected by vacuum filtration (15 cm
diam. filter). The density of the product was approx. 3mL per g.
The product was washed with cold (5°C) ethyl acetate (100 mL).
The product was dried to a constant weight (1.0 mm Hg, 25°C, 5h)
and (49.3 g, 240 mmol, 71.7% weight yield) was recovered as off-
white needles with a purity of 100.8% by HPLC.

Example 19. (#)-cis-3-Acetyloxy-4-phenylazetidin-2-one (6) -
hydrolysis with aqueous sodium bisulfite

A.l. Cycloaddition in Ethyl Acetate

" To a2 L, 3-neck flask equipped with a thermometer,
dropping funnel and mechanical stirrer was added ethyl acetate
(500 mL) and hydrobenzamide (50.00 g, 0.167 moles). The solution
was cooled (ice bath) to 0°C under a dry argon atmosphere.
Triethylamine (19.50 g, 0.193 moles) was added all at once. A
solution of acetoxyacetyl chloride (24.02 g, 0.176 moles) in ethyl
acetate (20 mL) was added dropwise keeping the temperature at
0-5°C (ca. 1.5 h). The mixture was stirred another 2 h at 0°C then
stored 17 h in the cold room (ca. 5°C). The mixture was diluted
with deionized water (250 mL) with cooling (exotherm to 10°C).
After vigorous stirring, the aqueous phase was separated and
extracted with more ethyl acetate (100 mL). The organic phases

~were combined and the resulting solution of crude 3-acetoxy-1-

____‘“_________;__________‘
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droppi ng funnel and nechanical stirrer was added net hyl ene chloride (90 nl)
and hydrobenzam de (22.38 g, 0.082 noles). The solution was cooled (dry
i.ce-acetone) to [err] under a dry argon atnosphere. Diisopropylethyl am ne
(11.19 g, 0.087 noles) was added all at od@e. A solution of CT-2234A

chl oroacet oxyacetyl chloride (prepared using the procedure of R Lattrell
and G Lohaus, LilgheaylXbenGHetsnidad)manglioppheryldzetitlig;2-0n@8Rasol es) in

et hyl ene ohlor | dfedko il sy AbiSASHE APUERRLES BRI Pariprmer al ure at

-20 te [err] (ca.. 2 e'mxture was stirred anof our at -150C then
was diluted with deionized water (100 nL) (exothermto [err]). The organic

phase was separ atggd. @ydioaddivesh i Methgletle CRloxideé5 nL), dried (anhyd. [err])
and. evapq ated under vacuumto dryness giving crude title conpound as a

viscous 61l (38.00 g) consisting of two diastereonmers (ca. 1:1). A-sanple
of this material (3.22Tgp Was3-perk flasideqyipped with aithemmemgterphy using a
magnesi a-silica %ir%bt) Fni1an@ mfekRAMeEdl deferlwasfadd&d Hidthpleet h 20%
Bt OAc-n-hexane. -I;: oride {6%| mL) and hydrobenzamide (50.00 g, 0.167 moles). The
solution was cooled (dry ice-acetone) to -20°C under a dry argon
10 atmosphere. Diisopropylethylamine (25.01 g, 0.193 moles) was
- added all at once. A solution of acetoxyacetyl chloride (25.14 g, 0.184
moles) in ixtethylene'c':hloride (91 mL) was added dropwise keeping
the temperature at -20 to -15°C (ca 1.5 h). The mixture was stirred
another hour at -20°C then was diluted with deionized water (166
15 mL) (exotherm to 0°C). After vigorous stirring, the aqueous phase
was separated and extracted with more methylene chloride (55 mL).
The combined organic phases were coevaporated with ethyl acetate
(400 mL) to remove the methylene chloride. The resulting ethyl
acetate solution (ca. 450 mL) of crude 3-acetoxy-1-
20 [(phenyl)(benzylidenimino)methyl]-4-phenylazetidin-2-one was
treated with aqueous bisulfite as described below in part B.

B. Bisulfite Cleavage
To the ethyl acetate solution of crude 3-acetoxy-1-

25 [(phenyl)(benzylidenimino)methyl]-4-phenylazetidin-2-one from
part A.1. or A.2. was added deionized water (250 mL) and sodium
‘bisulfite (75.00 g) and the resulting biphasic solution was |
vigorously stirred at 50 £ 2°C until TLC confirmed completion of
the reaction (3-4 h). The biphasic solution was separated. The
30 aqueous phase (pH 6.0) was discarded and the organic phase was
washed with water (150 mL), dried (MgSO,), and concentrated on
rot. evaporator (35°C) to a volume of 100 mL. The thick slurry was
cooled and stirred at 0-5°C for 2 h. The solid (white needles) was
 filtered on a Buchner, washed with cold ethyl acetate (25 mL), and
35 dried in vacuo to constant weight.
The A.1. process afforded 20.63 g (60.0% overall) and the A.2.
process afforded 22.94 g (66.7% overall) of (i)?cis-B-acetyloxy-4-
I R
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p-roduct fractions were conbi ned and evaporated to dryness giving a yellow

oil (0.480 g). This materi al

[err]=8.45 (s, 1H, N=CH); 7.92:6.99 (m 15H, Ar); 6.28, 6.23 (two .
di ast er eoners) (2§hex1yl,azé{mih-2-6n8;8ﬁﬂﬂ2p1ﬁm atha)s besaosrel 99.40d, |H J=4.8

Hz, H3); 5.35,4
2H, J=15.4, [err]

[err]

10

15

20

25

30

%I astereomers) (2d, 1H, J=4.8 Hz, H4); 3.57 (q,
? B Ezﬁ?ﬂ v (cnerr]) =1760 (CO [err]-lactam and
ester); 1650 (C=N). El. anal calc'd. for [err] (432.90): C 69.42; H,
N, 6.39

4.90; C1, -8.09; NEx&r zﬁogﬂd_m"s-@rAIS&oz -4-pher1B3iidfd-2-08e48) - N. 6. 39.
CT- 2234A Exarrpl e ﬁ at i85k LS a5 G or%facet oxy-4-phenylazelT di n-2-one (4)

'L y tic acid

A dry 1 L three-neck, round-bottom flask equipped with an
overhead stirrer, addition funnel, septum and nitrogen inlet is
charged with hydrobenzamide (100 g, 335 mmol, 1.00 equiv) and
methylene chloride (333 mL). The solution is agitated at ca. 160
rpm and cooled to 5°C. Diisopropylethylamine (67.1 mL, 385.2
mmol, 1.15 equiv.) is added in one portion under nitrogen. The
reaction mixture is further cooled to -20°C and the temperature
maintained with a constant temperature bath (-30°C). Separately,
acetoxyacetyl chloride (39.6 mL, 368.4 mmol, 1.10 equiv.) and
methylene chloride (184 mL) are mixed at ambient temperature
and transferred under nitrogen ¢o the addition funnel and this
solution is added over a 5 h period. The initial rate is adjusted
such that the temperature remained below -16°C. The progress of
the reaction is followed by HPLC. An aliquot of the reaction
mixture (100 pL) is removed 10 min after addition of the

‘acetoxyacetyl chloride solution is complete. The light brown

reaction mixture is stirred at -20°C until HPLC analysis shows <5%
hydrobenzamide (area percent analysis). If the reaction mixture

- contains >5% hydrobenzamide by area, the reaction mixture is

charged with additional diisopropylethylamine and acetoxyacetyl
chloride. [As an example, if the mixture contained 10%
hydrobenzamide, additional diisopropylethylamine (6.13 mL, 35.2
mmol, 0.105 equiv) is added neat, followed by a solution of
acetoxyacetyl chloride (3.60 mL, 33.5 mmol, 0.10 equiv.) in
methylene chloride (16.7 ml). The acetoxyacetyl chloride solution
is added at the rate described above. The reaction mixture is stirred
for 10 min at -20°C and then sampled for HPLC analysis.] After the

_reaction is complete, water (333 mL) is added in one portion over

35

ca. 10 sec. The temperature of the mixture increased to 5°C. The
mixture is stirred for 5-10 min. The phases are separated at 5°C

(settling time <1 min) and the reaction vessel rinsed with

This Sheet Has Been R,
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was crystallized fromEtOAc (3 nl)-n-hexane
(30 nmL) affording the product as a white solid (0.310 g),
di astereoners (70:30). Purity (HPLC area):388.6% NWVR (200 MHz, JBR2234A

consi sting of two
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Part of the crude. 3 (4.26 g) was dissolved in [err] (22 nL). To this .
sol ution was added gl acial acetic acid (4.60 nL) and dei oni zed water (1.46
nL) and the resulting solution was heated to reflux. The m xture was
vigorously stirred at reflux until TLC (S@160 [err]; 50% Et OAc-@the3aae;
[err]) confirned corrpl etion of the reaction (4 h). The solution was

neutralized (pH 7 It Naf3d (3. 75 at
5-10[err] C. The Sﬁg;@%@&ﬁﬂ%‘é?@[ g‘gg Jf}%}ﬁ&fﬂé’(qlé‘g%l%‘)‘”%:é vvas d| scarded

The organi ¢ phasé‘ bR accweaas e e Mt}%ls oedi o, wi ) |
dried (anhyd. [ erambienateinparapoeat e orghedc phaseuméoorﬂubynmss The solid

d 230 he titl
Conpound as atan sof | 19 BEESEHE 5kl s BdiREred b L), Motk E 111 €
Pur i ty (BPLC ar egpund4boftpm m?fgm with a reflyxy ):oncﬂ@\sq,ﬂwenlleaﬂ stirrern, 5H,
Ar); .6.43 (br s, dnd stbbber T8 4histirred soldfién bt AmbibKs teh'lp%\‘ahﬁe@@ (d, IH

e 0 R bl ek AR o e 0, a2

equiv.). Addition time is ca. 20 sec and the total reaction volume is
ca. 953 mL. The solution is warmed to reflux (pot temperature 42-

10 45°C). An aliquot (100 uL) is taken every hour and analyzed by
HPLC. The reaction is judged complete when the area percent of
(#)-cis-3-acetyloxy-1-[(phenyl)(benzylidenimino)methyl}-4-
phenylazetidin-2-one is <2%. The hydrolysis described in this
procedure is complete in 4h. The reaction mixture is cooled to 10-

15 15°C. The pH of the reaction mixture is adjusted from 4.64 to 6.92

" by the addition of aqueous NaOH (3.75 N, 705 mL) while the

temperature is kept between 10°C and 20°C. The NaOH solution is
added over 2 h. During neutralization of this mixture, the title

: - compound partially precipitated and is redissolved by wai'ming the

20 solution to 25°C. The phases are separated at 25°C (settling time <1
min) and the reaction vessel rinsed with methylene chloride (100
mL). The methylene chloride rinse is used to extract the aqueous .
phase. The combined rich methylene chloride stream (850 mL) is
transferred to a 2 L three-neck round-bottom flask equipped with

25 an overhead stirrer and cooled to -5 to 0°C with stirring.' The
product partially precipitates out. Heptane (850 ml, equal to the
volume of rich methylene chloride stream) is added during 1 h and
the resulting slurry is stirred for an additional 1 h at -5 to 0°C. The
solid title compound is collected by vacuum filtration (9 cm diam.

30 filter), washed with cold (-5 to 0°C) 10% methylene chloride in
heptane (200 ml) and dried to a constant weight (24-25 in Hg, 35-
38°C, 12-15 h). The title compound (54.42 g, 77.7% weight yield) is
recovered as off-white needles with a purity of 100% by HPLC.

.I
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net hyl | - 4- phenyl azetidin-2-one (5) [err] To a 1 L, 3-necked round bottom

fl.ask equi pped with a thernoneter,

stirring and und
[err] and trieth
CT- 2234A added.

et hyl acetate (3
16 h at this te

(1.5 h) and tran
washed successiv

[err] (sag) (120

10

magnetic stirrer and droppi ng funnel
added hydrobenzam de (30.00 g, 100.5 mml) and ethyl acetate (150 niL).

was
Wth

er a bl anket of argon, th&2reaction m'xture wasCTeRA3dd t 0

ylamine (16.8 nL, 121 nmml) was

00

Toa 2 L, 3-necked round bottom flask equlpped with a
thermometer, magnetic stirrer and dropping funnel was added
hydrofuramide (80.48 g, 300 mmol) and ethyl acetate (1.0 L). With
stirring and under a blanket of argon, the reaction mixture was
cooled to 5°C and triethylamine (50.2 mL, 360 mmol) was added. A

" solution of acetoxyacetyl chloride (37.0 mL, 344 mmol) in ethyl

15

20

30

35

acetate (500 mL) was then added dropwise over a 1 h period. After
16 h at 5°C, the reaction mixture was allowed to warm to 20°C (1.5
h) and transferred to a separatory funnel. The organic layer was
washed with aqueous NH4CI (sat) (500 mL). Both layers were
filtered through glass microfibre filter paper (Whatman) and the
filter cake rinsed with ethyl acetate (50 mL). The filtrate was
transferred back to the separatory funnel and the aqueous layer
removed. The organic layer was then washed successively with
aqueous NHyCl (sat) (250 mL), aqueous NaHCO3 (sat) (400 mL) and
brine (400 mL). _The organic layer containing the title compound 13
was filtered through glass microfibre filter paper (Whatman).

. The solution from above was divided into two equal
portions (approximately 750 mL each) and these were carefully
transferred, under a stream of argon, to two 2.0 L Parr flask each
containing 10% palladium on activated charcoal (6.00 g). This
mixture was treated with hydrogen (4 atm) for 1 d and the catalyst
removed by filtration through a pad of Celite™ . The filter cake
was rinsed with ethyl acetate (100 mL) and the filtrates combined.
The organic layer was washed twice with 10% HCl (500 mL, 250 mL)
and the combined 10% HCl washes were re-extracted with ethyl
acetate (500 mL). The combined organic layers were washed with
aqueous NaHCO3 (sat) (400 mL) and brine (400 mL). The organic
layer was dried over MgSO4 and treated with activated decolorizing
charcoal (30 g). After 15 min the mixture was filtered through a
pad of Celite™ and concentrated in vacuo to a final volume of 160

mL. This mixture was cooled to 4° and the precipitated product

/
eet Has Been Re{:laced
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brine (120 nlL).. For purposes of characterization, the title conpound can be
I solated at this stage by drying the organic phase over [err], filtering,
-and renoving the solvent in vacuo. This provided the desired product in
quantitative crude yield as a red glass. H3.C purity (area): 87@0/21314&

m xture of diastereoners); [err] NVMR [err] 200 MHz): [err]=8.45 (s,

N= 7.80-7.85 6 7 9H " Ph),
7 (C)JS) 7710 (m 4R, g‘{b yggkr tidn, %ﬁfﬁ%&ﬁ( J"‘Z‘l‘ gg%hed U%gg‘eﬁf%ﬁ ‘f5 81 (d.
J=4.8 +, 0.5 H, exameﬁ} an ?Lsa@l)ﬂz provisiq 35988 (654%vesll yieldg 1z,

0.5 H, H—4) 4. 75forth hydrbflrdraide) of the titledompo lﬁﬁiﬁ@as HhiteCize@les | R (KBr)

255 Exanpl & 6. (FREHAL ﬁ@%f%ﬁﬁmé%ﬁg‘ b -2 one (6) [er1] The

sol ution ®f the corrpound of Exarrpl e in ethyl acetate (500 m.) from above

was careful | y t raEf?IIﬂ feeﬁ Jﬂlﬂ‘éﬁ{ame; 1etL ﬁ;r &1@%%@86}_ s |u$P§lI’ r flask
cont ai ni ng 10% pa um_on activa ar.coal_( ure was .
treated with hydr oxy-1 enyl)(benzylidenimino)methyll-4-phenylazetidin-2-

one (5) and (+)-cis-3-acetyloxy-4-phenylazetidin-2-one (6).

10 To a 1 L, 3-necked round bottom flask equipped with a
" thermometer, magnetic stirrer and dropping funnel was added
hydrobenzamide (30.00 g, 100.5 mmol) and ethyl acetate (150 mL).
With stirring and under a blanket of argon, the reaction mixture
was cooled to 5°C and triethylamine (16.8 mL, 121 mmol) was
15 added. A solution of acetoxyacetyl chloride (12.4 mL, 115 mmol) in
ethyl acetate (300 mL) was then added dropwise over a 90 min’
period. After 16 h at 5°C, the reaction mixture was allowed to
warm to 20°C (1.5 h) and transferred to a separatory funnel. The
_ organic layer was washed successively with aqueous NH,CI (sat)
20 (150 mL, 75 mL), aqueous NaHCO3 (sat) (100 mL) and brine (75
mL).

‘To the above organic layer was added 90% aqueous formic
acid (22.0 mL, 0.57 mol) and the mixture stirred at room
temperature for 2 d. It was transferred to a separatory funnel and

25 washed with water (200 mL) and aqueous NaHCOj3 (sat) (200 mL)
(add slowly). To the aqueous NaHCOj3 (sat) washing, solid NaHCO3
was carefully added until the pH was 7.5. The organic layer was
then washed with NaCl (sat), dried over MgSQy, filtered and
concentrated in vacuo to 75 mL. This mixture was cooled to 4°C

30 and the precipitated product isolated by filtration. The filter cake
was rinsed with hexane (200 mL) to provide 14.26 g (69.1% overall
yield from hydrobenzamide) of the title compound 6 as white
needles (mp=150-151°C). HPLC purity (area): 96.5%.

35 Example 23. (+)-cis-3-(1'-phenethyloxy)-1-[(phenyl)-

(benzylidenimino)methyl]-4-phenylazetidin-2-one (23)

Sheet Has Been Reﬂlaced
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for 20 h whereupon the catal yst was renoved by filtration through a pad of
Celite[err] (diatomaceous earth, Johns Manville). The filter cake was
sturried in ethyl acetate (200 nmL), stirred (10 min) and filtered. The
filter cake was rinsed with ethyl acetate 34100 nlL) and the filtat-es344
conmbi ngd. The organic |ayer was washed with 10% HC (300 nli) and both

| ayers filtered through a sipgered. gl asspyf unnel to renove the white

preci prtate (di benzyl am ne. HCl )Ywhi s rinsed with ethyl acetate (100
-nmL). The phases were separated cy, 18—n_ ﬁ%i” CT-2234A and the
organi c | ayer was washed with anotgfer paH-inoicHPh 10% (200 nL). The
conmbi ned 10% HCQ washes were re- extracte,'gj’lvm'th ethyl acetate (200 nL) and
t he conbi ned organic | ayers were washed w th aqueous NaHCO3 (sat) (300 nL)
and brine (250 nL). The organic |ayer was dried over [err], filtered and

concentrated =~ To a 100 mL, 3-necked round bottom flask equipped with
thermometer, magnetic stirrer and dropping funnel was added
5 hydrobenzamide (2.98 g, 10.0 mmol) and dichloromethane (15 mL).

- With stirring and under a blanket of argon, the reaction mixture
was cooled to 5°C and triethylamine (1.67 mL, 12.0 mmol) was
added. A sclution of (t)-phenethyloxyacetyl chloride (2.58 g, 13.0
mmol) in dichloromethane (30 mL) was then added dropwise over
10 a1hperiod. After 16 h at 5°C, the reaction mixture was allowed to
warm to 20°C and transferred to a separatory funnel. The organic
layer was washed successively with aqueous NH4CI (sat) (30 mL, 15
mL), aqueous NaHCO3 (sat) (25 mL) and brine (25 mL). The organic
_ layer was dried over MgSOy, filtered and the solvent removed in
15 vacuo to provide 4.57 g (99.2%) of the title compound as a red,
viscous oil. The product was obtained as a mixture of
diastereomers. 1H NMR (CDCl3, 200 MHz): § = 8.443 (s, 0.25H,
N=CH), 8414 (s, 0.25H, N=CH), 8.406 (s, 0.5H, N=CH), 7.77-7.91 (m,
2H, Ar), 6.82-7.69 (m, 18H, Ar), 6.28 (s, 0.25H, NCHN), 6.22 (s, 0.5H,
20 NCHN), 6.17 (s, 0.25H, NCHN), 5.02 (d, J=4.4 Hz, 0.25H, H-3), 4.89 (d,
J=5.0 Hz,'0.25H,_H—3), 4.77 (d, J=5.0 Hz, 0.25H, H-3), 4£.70 (d, ]=4.9 Hz,
0.25H, H-3), 4.44-4.67 (m, 0.75H, H-4), 4.35 (d, J=5.0 Hz, 0.25H, H4),
3.73-3.94 (m, 1H, MeCHPh), 1.51 (d, J=6.4 Hz, 0.75H, CH3CH), 1.33 (d,
J=6.4 Hz, 0.75H, CH3CH), 1.32 (d, J=6.5 Hz, 0.75H, CH3CH), 0.89 (d,

25 J=6.5Hz, 0.75H, CH3CH).
Example 24. henylazetidin-2-one
4) '
Ph\l/o Ph
30 . (o]

The solution of the compound of Example 23 in ethyl |
acetate (50 mL) was carefully transferred, under a stream of argon,
to a 200 mL Parr flask containing 10% palladium on activated _
This Sheet
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in vacuo to a final volunme of 75 nL. This m xture was cooled to [err] and
the precipitated product isolated by filtration. The filter cake was washed
wi th hexane (200 nL) to provide 16.12 g (78. 1% overall yield from

hydr obenzami de) of the title conpound as wiy te needles. np = [eifiir34AC
purity_ (area): 99.8% [err] NVR [err] 200 MHz): [err]=7.30-7.38 (m 5H,

Ph), 6.54 (br s, mdH H3),
5.04 (d, J=4.7 Hz @ %"&%'EF%&%GYE%)%W’R@‘)&J ) =3210
(N-H),=1755, 1720 { reepqtr%le Eatalysh avas resjoyad byofiltration ¢ eug 4.38; H,
5.40; N, 6.83; Foggd &C@ﬁem Thle flite?4akdwab siifrieEIRFENYA atetate (50

([err])-cis-3-iso %ﬁlﬁ'@@% fz? (gzl?(l ré#h’@ﬁ%'ﬂt?i%ﬁ&g%ﬁﬁ‘sﬁﬂswﬁ?epared

met hyl | - 4- phenyl a
accordingdto the ethytedetmte (1603uk) amd thefilrateptambinedc dite otganic layer

o shenearbl TARE e s o s mareL e 1o
a sintered glass funne to remove the wh1te preapxtate
(dibenzylamine-HCI). The phases were separated and the organic
layer was washed with another portion of 10% HCI (30 mL). The

10 ‘combined 10% HCI washes were re-extracted with ethyl acetate (100
mL). The combined organic layers were washed with aqueous
NaHCO3 (sat) (50 mL) and brine (50 mL). The organic layer was
dried over MgSOy, filtered and concentrated in vacuo to yield a
yellow oil (2.967 g) which was purified by preparative TLC ( 2 mm

15 silica gel, 3 : 7 ethyl acetate/hexane) to yield 2.41 g (91%) of the title
compound 24 as an oil and a mixture of diastereomers. 1H NMR
(CDClg; 200 MHz): § = 7.18-7.50 (m, SH, Ar), 6.92-6.97 (m, 1H, Ar),
6.33 (br s, 0.5H, exchangeable, NH), 6.28 (br s, 0.5H, exchangeable,
NH), 4.60-4.82 (m, 2H, H-3, H-4), 3.94 (q, J=6.5 Hz, 1H, CHCH3), 1.34

20 (d, J=6.5 Hz, 1.5H, CHCHj3), 0.91 (d, ]=6.5 Hz, 1.5H, CHCHb).

Example 25. ()-cis-3~(4'
lucopyranosvloxy)-4-phenvlazetidin-2-one (25

OAc

/é&’
AcO _
(25)
Ph

0.
pus
25 _ o
To a 50 fiL, 3-necked round bottom flask equipped with a

thermometer, magnetic stirrer and dropping funnel was added (4,6-
di-O-acetoxy-2,3-dideoxy-o-D-glucopyranosyloxy)acetyl chloride

30 (774 mg, 2.51 mmol) and dichloromethane (20 mL) and the
solution cooled to -78°C and triethylamine (0.56 mL, 4.02 mmol)

was added. After stirring 15 min, a solution of hydrobenzamxde
(824 mg, 2.76 mmol) in toluene 6] mL) was added. The reaction
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mol ) and iso-butyryl oxyacetyl chloride [18.9 g, 115 mmol, prepared by the
procedure of Benington and Morin, J. Og. Chem, 26, 194 (1961)] vyielded
50.65 g (118.8% of the title conpound as a dark orange syrup. For purposes
of characterization, a portion (4.65 g) wa 6purlfled by Fl ori SI| 2?%
chromat ography (25:75 ethyl acetate/ hexane) to provide the title co und

err] y.z'o'o"x;;)yf P apieaig % plimasn S e 1 gt B3 GrER g8 7] 507 o1
(m 2K Ph) 7. 29r@adi®n wias dilut&h witls dochidrotdethane @8, mlBh)ﬂnd&r&ﬁsfesredO 5H,
124.9 e, 0.5H H-t%)t Segarfg’rryzgﬁﬁéﬁ % %‘ g??’[eﬂwj s %ﬁkesﬁv&g o
0.5H, H4), 4.76 (M SQHe‘B‘ler'H‘{S:H'F?t) ) Fuepus O3 aa Dlerr],
0.80 (d, 3=7.0 Hz(23mL)Bid briné (ZHm). Tﬂte?ar@adﬂ layler Yis drééd bveP. 54 (d,
J=7.0 H, 1.5H MgSO4, filtered and concentrated in vacuo to provide 1.435 g
| (100.2%) of (¥)-cis-3-(4',6'-di-O-acetoxy-2',3'-dideoxy-o-D-
glucopyranosyloxy)-1-[(phenyl)(benzylidenimino)methyl]-4-
_ phenylazetidin-2-one as a viscous oil and mixture of
10 diastereomers.
A solution of the above compcund (1.435 g) in ethyl acetate
(50 mL) was carefully transferred, under a stream of argon, to a 200
mL Parr flask containing 10% palladium on activated charcoal (315
- mg). This mixture was treated with hydrogen (4 atm) for 16 h
15 whereupon the catalyst was removed by filtration through a pad of
" Celite™. The filter cake was slurried in ethyl acetate (50 mL),
stirred (10 min) and filtered. The filter cake was rinsed with ethyl
acetate (10 mL) and the filtrates combined. The organic layer was
washed with 10% HCI (25 mL) and both layers filtered through a
20 sintered glass funnel to remove the white precipitate
~ (dibenzylamine-HCI). The phases were separated and the organic
layer was washed with another portion of 10% HCI (25 mL),
aqueous NaHCO3 (sat) (25 mL) and brine (25 mL). The organic
layer was dried over MgSQOy4 filtered and concentrated in vacuo to
25 yield a viscous oil (0.50 g). This oil was purified by preparative TLC
(2 mum silica gel, 6.5 : 3.5 ethyl acetate/hexane) to yield 320 mg
(33.8% from hydrobenzamide) of the title compound 25 as a 2.7:1 -
mixture of diastereomers [(3R, 45)/(3S, 4R)] and as an oil. 1H NMR
. -~ [(3R, 45)-diastereomer, CDCl3, 200 MHz]: 8= 7.27-7.44 (m, 5H, Ph),
30 6.54 (br s, exchangeable, 1H, NH), 5.07 (dd, ]=2.7, 4.5 Hz, 1H, H-3),
5.00 (br s, 1H), 4.89 (d, J=4.5 Hz, 1H, H-4), 449 (td, ]=4.0, 10.5 Hz, 1H),
4.01-4.14 (m, 1H), 3.93 (dd, J=4.5, 12.5 Hz, 1H), 3.70 (dd, J=1.5, 12.5 Hz,
1H), 2.49-2.59 (m, 1H), 2.06 (s, 3H, OAc) 1.94 (s, 3H, OAc), 1.57-1.93
(m, 3H). 1H NMR [(35, 4R)-diastereomer, CDCl3, 200 MHz]: 5= 7.28-
35 7.39 (m, 5H, Ph),-6.30 (br s, exchangeable, 1H, NH), 5.17 (dd, ]=2.7, 4.4
Hz, 1H, H-3), 4.88 (d, J=4.4 Hz, 1H, H-4), 4.64 (td, ]=5.3, 10.1 Hz, 1H),
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[err]; IR (film: v (cnferr])=1771, 1748 (C=0, 1646 (C=N); WV (nethanol):
[err] max (nm) = 220, 254. Exanple 8.
({err])-cis-3-(iso-Butyl oxy)4-phenyl azetidin-2-one (8) [err] (8) The title
compound was prepared according to the proggdure described in Eg?ﬁﬁifz?
except_ that wet catalyst was used and the reaction was perforne on %e

*90. 8 nmol scal e b n Thus, the

crude product of anp e i etate (460
@, %4 BB R a8 G SR EB G S

m.) and added to %c).lb@a-éeﬂél(arm b34-dcH4 (rutlED, A4l d94m, (18100 g of _

- catal ytstdand 6 lrrlt of V‘Rb%&nabﬁa PARNGSIE, 30ech3as thddk Wikeh ddudl &&ﬁmufbd (48.9%

corrected overa rom obe € Crys

np=121-122[err] C, $ E‘F‘?‘E a%‘g?"eﬁ)a%g?f%‘%w’[fg??‘] d‘m—*a‘l[% f}?mz'&? MHz):

[err]=7.29-7.39 (mo;ﬂ!—bfﬂtémv&nﬁﬁn(br s, exchangeable, 1H, NH), 5.87 (dd,

J=2.6, 4.7 Hz, 1H, H3), 5.05 (d, J=4.7 Hz, 1H, H4), 2.24 (p, J=7.0 Hz,
1H, [err], 0.83 (d, J=7.0H, 3H [err] 0.58 (d

Ths ., e 1
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J=7.0H, 3H, [err]; IR(KBr): v [err]=3203 (NH), 1778,1739 (C=0. Exarrpl\e
9. ([err])-cis-3-Acetonxy-1-[(4'-rrethylg)s%nenyl)(4'-
met hyl benzyl i deni m no) nmet hyl | - 4- (4' - met hyl phenyl ) azeti di n-2- one (9 —20

CT-2234A The title conpound was prepar OFdIﬂg“TTFT+ﬁ?1ﬂ%ﬁH¥HH4}
described in Exanple 5 except that hy |nstead of

hydr obenzam de. Thus, hydrotol uam de (34.05 g, !ﬂg | am ne
(20.9 L, 150 nmol) and acetoxyacetyl chloride (1 e 52.0 g

(118% of the title conmpound as a brown syrup. For pur poses of
characterization, a portion (5.2 g). was purified by Florisil[err]

chr omatjogr aphy 1( 25: 74 &hpbuadehatigichgafeemuld provide the title corrpound
as a white solid.

R Rr2
\__(
A
o CH—N=CHR?2
|
0 Ly

wherein Rl is selecteil from the group consmana of alkyl, halo-
substituted alkyl, /(:ydoalkyl arylalkyl and a carbohydrate
derivative; Xis selected from O, N, S, C(O)O and a direct bond; R?

5 is selected from the group consisting of aryl, substituted aryl, and
heteroaryl.

o

A compound of claim 1 wherein R? is selected from the
group consisting of phenyl, 4-methylphenyl, and 4-methoxyphenyl.

20

A compound of claim 1 wherein R is selected from the

rroup consisting of alkyl, chloroalkyl and phenyl.

0q W

>

A compound of claim 2 wherein R! is methyl.

[
(S 4}

u

A compound of daim 2 wherein R? is phenyl.

6. A compound of claim 5 wherein R! is chloromethyl or
phenyl.

Q)
(4]

~1

A compound of claim 1 wherein R? is selected from the
group consisting of furyl and thienyl.

o

A compound of claim 7 wherein R} is selected from the
35 group consisting of alkyl, chloroalkyl and phenyl.

i



np=110-128[err] C ur| t area): 97.8% (1:1 m xture of diastereomners);
[err] NVR [err] 20 Fﬂl@lm | H, N=CH), 7.75-7.(80 (m 1H Ar),
7:53-756 (m 1H, A 7H, Ar 6.81-6.90 (m 3H,
(s, 0.5H, NCHN) 615(s 05H ?é(d J=4.8 Hz, OSHéiF?S?’;”gASR
(d, J=4.8Hz, 0.5H é 5.27 br S, 0 5H H4), 4.77 br s, 0.5H, H4),
2.40 (3, 1. 5H [eqrr]) Iggtfxog _PEparipg g corgpssn%avmg theefarmula’ 24 (s
1.5H, [err], 2.20 (s, 1.5H, [err], 1.661 (s, 1.5H, [err], 1.658 (s, 1.5H,
CH3CO . IR (KBr): v [err]=1763, 178X c=0 /3635 (C=N); W/ (et hanol ) :
[err] max (nm) = 214, 260. Exanple 10&
'([err])-ci_s-3-(AcetyI oxy)-4-(4' - nmet hyl ghe ﬁl)azetiotl n-2- one (10) [err]
Met hod 1:5 Hydrogenation The title ceggpound was prepared according to the.
procedure described in Exanple 6 except that wet catalyst was used and the
reaction was performed on the 45 nmmol scal e based on the

wherein R1, X and R? are as defined in claim 1, which comprises

subjecting a compound of claim 1 to catalytic hydrogenolysis.

10 10. A method according to claim 9 wherein R1 is alkyl.

11. A method according to claim 9 wherein R2 is selected from
phenyl, 4-methylphenyl, and 4-methoxyphenyl.

15 12. A method according to claim 9 wherein said catalyst is
palladium on carbon or palladium hydroxide on carbon.

13. A method according to claim 9 wherein R! is alkyl, R? is
selected from phenyl, 4-methylphenyl, and 4-methoxyphenyl, and

20 said catalyst is palladium or carbon or palladium hydroxide on
carbon.

14. A method according to claim 13 wherein Rl is methyl, and
R2 is phenyl. '

15. A method for preparing a compound having the formula

R1X R2

N
Z——NH
30 | o
wherein R! and R? are as defined in claim 1, which comprises
treating a compound of cdlaim 1 with an aqueous acid solution in
which the acid is selected from the group consisting of sodium

bisulfite, acetic acid and formic acid.

35
16. A method according to claim 15 wherein R? is aryl,
substituted aryl, furyl or thienyl. |
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M0




ori gi nal anount of—hydrototuamde—Thus, the crude product of 21 Exanpl e
9 (23.4 g) in ethyl - was added to wet 10% pal | adi um on
activated charcoal Um‘hﬂﬂﬁ!‘ﬂ B st and 3 nL of water). This %ave 3. 50 g
(35.5% corrected ov rom hydr ot*81 uani de) of the ti t1e

as a white fluffy solid. Method 2: Bisulfite To the crade product of
Exanple 9 (23.4 g) in ethyl acetate (315 nL) was added water (75 nL) and

sodi urg bi sul fite 135 gAmJthba AXcofBAf Go FatinUTEwiieeiM isgR &isdotisddd r ed at
[err] Jor 23 h an ﬁé rh?%gﬁ% geous | ayers were separated. The .
organi c- | ayer was c% and brine (150 nmL), dried over

[err], and concentrated in vacuo to 30 n1_ The m xture was cooled to [err]

and the Br eci pi t 61T8ed tAtrh@thBHrH&HMngstB'c"l’élﬁ{jﬁmﬁrﬂér&hr@l isorﬂeﬁ{yi and
2 is phenyl. '

19. A method according to claim 15 wherein said aqueous acid
is sodium bisulfite. |

20. A method according to claim 19 wherein R! is methyl and
R? is phenyl.

21. A method for preparing a compound 'having the formula

15
Rico)o

.\_.(RZ

o

20 wherein R, X and R2 are as defined in claim 1, which comprises
contacting a compound of the formula RIC(O)YOCHC(O)-L wherein
Lisa ieaving group, with a compound of the formula R2-CH-
(N=CHR?); in the presence of a base; maintaining the reaction
temperature at or below about 5°C; and subjecting the compound
25 -thus produced to catalytic hydrogenolysis.

22. A method according to claim 19 wherein Rl is aryl and R2 is
selected from phenyl, 4-methylphenyl 4-methoxyphenyl, furyl and
thlenyl
30 -
| 23. A method according to claim 22 wherein L is chloride, said
reaction temperature is maintained at a range of about -20°C to
about 5°C, and said base is a tertiary amine base.

35 24. A method according to claim 22 wherein L is chloride, said
reaction temperature is maintained at a range of from about -20°C
to about 5°C, said base is a tertiary amine base selected from

_—
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insed with cold em%nt) This provided 4.27 g (433%

corrected overall | uam de) of the title conpound as a
white solid. np=130 ﬂmmw Wﬂﬂpurlty (area): 98.6% [err] NWR [err]
200 MHz): [err]=7.1377.22 {mn 241 (br s, exchangeabl e CT-R234) ,
585(dd J=2.6, 4.7 Hz, 1H H3), 5.00 (d, J=4.7 Hz, 1H, H4), 2.35 (s, 3H,

[U(\a/rE] ﬁ 70| §S [3|theﬂ51yl3@ﬂ))ne drid G#isvprop yle[tleylahﬁﬁé,%dﬁdu&l)catalys't&s 1752 (C=0);
met hano e
([errL)-cis-3-Ac e xy- @F\r@frﬁogﬁﬁg)?ﬁgﬁrunﬁ%&ﬁdyon carbon.

met hoxybenzyl i deni m no) met hyl ] - 4- (4' - met hoxyphenyl ) azeti di n- 2-one (11)
OCH3 AcO - 22 25 A method accordifgl t2&3fA 24 wherein R! is methyl, and

5 R? is phenyl.

26. A method for preparing a compound having the formula

: R‘C(O)O\ R2

10 - —{

——NH
o”

wherein R}, X and R? are as defined in claim 1, which comprises
contacting a compound of the formula R'\C(O)OCH,C(O)-L wherein
'L is a leaving group, with a compound of the formula R2-CH-
15 (N =CHR2)2 in the presence of a base; maintaining the reaction

temperature at or below about 5 °C; and treating the compound
thus produced with an aqueous acid solution in which the acid is
selected from the group consisting of sodium bisulfite, acetic acid
_ and formic acid.
20 .
27. A method according to claim 26 wherein R2 is aryl,
substituted aryl, furyl or thienyl.

28. A method according to claim 27 wherein L is chloride, said
25 reaction temperature is maintained at a range of about -20°C to
about 5°C, and said base is a tertiary amine base.

29. A method according to claim 27 wherein said aqueous acid
is about 70% acetic acid.

30 ;
30. A method according to claim 27 wherein Rl is methyl and
R2 is phenyl.

31. A method according to claim 27 wherein said aqueous acid
35 is sodium bisulfite. |

32. A method according to claim 31 wherein R1is methyl and

R? is phenyl. E
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The title conpound vvas’pr epared according to the procedure described in
Exanpl e 5 except ' that*ydr oani sani de was used instead of hydrobenzam de and
t.he reaction was perforned on 12.9 mmol (vs 100 mml ) scal e. Thus, -
"~ hydr oani sam de (5.00 g, 12.9 mmol ), triethylarnine (2.15 nm, 1THopypd) and
acet oxyacetyl chloride (1.59 m., 14.8 nmol) gave 638 g (101.2% of the
title compound as a pale red syrup. Cbtained as a 1:1 mixture of

di astereoners; [err] NVR [err]; 200 MHz): [err]=8.34"(s, 0.5H N=CH), 8.33
(s, O0~5H, N=CH), 7.75 (d, J=8.8 Hz, 0.5H, Ar), 7.58 (d, J=8.7 Hz, 0.5H,

. 7.14-7.27 (m 3H Ar), 6.78-7.03 (m 6H Ar), 6.63 (d, J=2.6 Hz, 1H Ar),

6.58 (d, J=2.5 Hz, 1H Ar), 6.15 (s, 0.5H, NCHN), 6.11 (s, 0.5H, NCHN),
5.75 (d, .J=4.8 'Hz, 0.5H, H3), 5.69 (d, J=4.7 Hz, 0.5H, H3), 5.21 (d,
J=4.8 Hz, 0.5 H H4), 4.69 (d, J=4.7 Hz, 0.5H, H4), 3.89 (s, 3H, [err],
3.85 (s, 3H, [err], 3.81 (s, 1.5H, [eABbTRA (s, 1.5H, [err] ), 1.68 (s,
1.5H, [err], 1.67 (s, 1.5H, CH3CO; UV (nethanol): [err] max (nm = 216,

~ 252. Exanple 12. ()-cis-3-(Acetyloxy)-4-(4"-methoxyphenyl)azetidin-2-

" The present invention provides novel cis-N-iminomethyl-
' 3,-4-disubstituted-2-azetidinones, and their use in the preparation
~ of N-acyl-2-azetidinones, intermediates in the semi-synthesis of
taxol and taxol derivatives. '

[
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ot-tgo—7
one (12) OCHB [err] The title conpound was prepared according togbge
procedure described in Exanple 6 except that the product was isolated by
-preparative TLC and the reaction was performed on 12. 9 mvlCE2aBéAbased on
the original amount of hydroani sam de. Thus, the crude product of Exanple
11 (6.38 g) was re- dlsiolég | added to 10%
pal | adi um on activate 00— (1419 of a
crude solid. A portion (200 ng) was purlfled by preparat|ve TLC (2 mMm
silica gel; 1:1 ethyl ) de Ay (75.5%
correctgd overal | Ietﬁ§%&;§h‘éﬁﬁ§¥g§;‘él?g%ng5§é{ﬁ?;?Phg:e?fllt e conmpound as a
slightly yel l.ow%8 6&57# fﬂ?@ﬁﬁiﬂ 8%t al i zed from net hyl ene
chl ori de/ hexane. np=110-111[err] C HPLC purity (area): 99.7% J[err]

B D OF THEINVE N

L
T}

The present invention relates to methods for the
preparation of N-unsubstituted 2-azetidinones, and to novel
compounds useful in said methods.

Taxol, a compound isolated from the bark of Pacific yew
trees, has recently emerged as a promising anticancer drug,
particularly in the treatment of ovarian cancer. Because taxol is
only present in small quantity in the bark of the slow-growing
Pacific yew, there is a continuing interest in a practical synthetic or
semi-synthetic route to taxol in order to meet the ii\creasing
demand for the drug without unduly burdemng the Pacific yew
population.

U.S. Patent 5,175,315 issued to R.A. Holton on December 29,
1992 discloses the coupling of protected baccatin III with protected
N-benzoyl-3-hydroxy-4-phenyl-2-azetidinone (A) to give taxol.

O osies CHCH
. CHCHO, .‘\\Ph
o =
HO i AO o _
"F Y
o
(baccatin if) QY
RPPLACEMENT SHEETS sG
& Description : paged .).. o paged. .....
& Claim(s) :paged ..... to paged 4.
[0 Drawing(s) : paged .=. 10 paged "... (Taxo)
¥ Absiract :paged .MLto paged ..... |
| DATE OF RECEIPT... Mo | This is the replacement sheet
cuh Tl 22 1 ol R

02 SEp 1%
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23 CT-2234A NVR [err]; 200 MHz): [err]=7.24 (d, 9.0
Hz, 2H, Ar), 6.89 (d, J=8.7 Hz, 2H, Ar), $.23 (br s, exchangeabtexzild, NH,
.5.83 (dd, J=2.7, 4.6 Hz, 1H H3), 4.99 (d, J=4.6 Hz, 1H, H4), 3.81 (s,

3H, [err], 1.73 (s, IHUGBER315R 61EdoseH ot 5 haBdbfaldikddyi 21751, 1728
g (oS B R bfihss AT Pt b

furyl met hyl eni magefoxyabsty] cHlofitle WithalNybererytitienk-g-rRethory4riiline A0O 8 Ejerr] :
The titl | [ . scribed in
Exgrrp: e g gggggEg&?ﬁ:ﬁ%ﬁ%f&@ﬁﬁgﬁ%ﬁg%%ﬁafg'penzam' de and
the reaction wa raje EerBAvaige m n Oups WalheCerTigs

hydrof uram de (‘an@ofiurhthitrateRCAN)! rTIES Brb@at RPalbs applitdble 46 -tReM0I ) and

acet oxyacetyl synthesis of 2-azetidinones with other 3- and 4-substituents.

CHC(0P Ph.

_ ' \ (
CHaC(O)OCHCOCI + PnAN’©~OCH3 —_—

—N,

e NOr—ocH,

CHLLOY0, Fh

y ——NH

)

The above process for the preparation of B-lactam (B) requires the
use of large quantity of CAN, rendering it impractical as a large
scale manufacturing process. Therefore, there is the need for an
improved process for the preparation of 3,4-disubstituted-2-
azetidinones that is amenable to scale-up production.

Manhas et al, in "Cyanuric Chloride: A Mild Reagent for
p-Lactam Synthesis" Synthesis, 1981, 209-211, reports the synthesis
of 3-azido-4-phenyl-2-azetidinone from potassium azidoacetate,
hydrobenzamide and cyanuric acid in the presence of
triethylamine, followed by treatment with 10% HCL Wells and Lee
in "The Synthesis of 2-Azetidinones" J. Org. Chem., 1969, 34:1477-
1479 reports the synthesis of 3-azido-4-phenyl (and substituted
phenyl) -2-azetidinone from azidoacetyl chloride and -
hydrobenzamide in the presence of triethylamine, followed by
treatment with 10% HCl. Neither Manhas nor Wells discloses the
isolation of the cycloaddition product; indeed it is reported later

This is the replacement sheet
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chloride (2.30 nmL, 21.4 mvol) gave 6.192 g (90.4% of the title conmpound as
a pale red syrup. CObtained as a 1:1 mxture of diastereoners; [err] NWR

[err]; 200 WMHz): [err]=8.211 (s, 0.5H, N= 8.208 (s, 0.5H,
7.14:7.59 (m SH furyl), 6.90 {d J=3.5 S;P 0. 5K furyl), 6. 83§t2234§ 5
Hz, 0.5H, furyl), 6 fur 0. 5H,
H3), 5.86 (d, &S g@%&@% s%f%é?’(ht Nl‘i‘?‘é’c d °§+P’°ﬁ“&§“zs 4.90
(d, J=4.9 Hz, O S5khe Hitnherit .a2étidinonk. (81), CH3CO), 1. 88 (s 1.5H, CH3CO; IR
(film: v [err] 1753 (C=0O, 1642 (C=N); WV (nethanol): [err] max (nm) =
220, 278. 24 -223 Exanpl e 14.
()-cis-3-(Acetyl oxy)-4-(2'-furanyl) z'\gr di ¥ 2{one (14) [err]

orgln

(14) The title conmpound was prepared ac to the procedure described
in Exanpl e 6 except that the product gg h

(C)

NV

The present invention provides novel cis-N-iminomethyl-
3,4-disubstituted-B-lactams having the formula (I)

RIX /2
\—‘\/ ’ W
o7 _N\ —N==CHR2
&

wherein Rl is.selected from-the group consisting of alkyl, halo-
substituted alkyl, aryl, cycloalkyl, arylalkyl and a carbohydrate
derivative; X is selected from O, N, S, C(0)O and a direct bond; R? is
selected from the group consxstmg of aryl, substituted aryl, and
heteroatyl

In another aspect the present invention provides a method
for preparing cis-3,4-disubstituted-B-lactams having the formula (I)

R‘)\_ /2
_ 4:»( 0
CH—N=CHR2

r2

wherein Rl, X and R? are as defined above, which comprises either
1) subjecting a compound of formula (I) to catalytic hydrogenolysis;
or 2) treating a compound of formula () with an aqueous acid
solution in which said acid is selected from the group consisting of
sodium bisulfite and acetic acid and formic acid.

In yet another aspect of the invention there is provided a
method for preparing a B-lactam of formula (II) which comprises

This is the replacement shast
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| sol ated by preparative TLC and the reaction was perforned on the 2.7 nmol
scal e based on the original anount of hydrofuram de. Thus, the crude

-pr oduct of Exanple 13 (1.00 g) was re-dissd ved in ethyl acetateCT2234h)
and added to 10% pal | adi um on activated charcoal (150 rrg) Purification of

the crude solid by, ataaggaar@m Surid O te BRRIIL RIR-Gftc c«%} £, Bidilably of

acet at e/ hexane) gave % correct overa

hydr of ur ami de) of fqmulauli‘lei OGIGWE, withe ¢mp@md af thmfogrmdg R2-
recrystallized fr@H-eNl&ﬁHRZ)QKBﬁeéﬂ@mﬂg o REBX b R¥ aneGis difirtedpuri ty

99. 4% 200 1.3.Hz, 2H,
1£ or 5?3 6. 39 %d[ erﬁ‘%" Pizt[‘ H"{LS‘#‘EPﬁI}g;zgﬁeziméE?algta"é‘i%ht&ﬁdééfﬂ%“ 1H, NH),
5.88 (dd, J=2.2, teripéiaturblat dd-tilowatdut 6eC; fdHéwedHyy, eithér ])Fs&bechn%Z (IS) y
3H, IR KB t hanol ) :
k(=222 oy C‘yfﬁkgﬁ‘{‘?ﬁ@ 355‘5\*34%1 oSyt ggg, e s °
t hi enyl et hyl eni nﬂ@é"—ﬁﬁtfhﬁrICPmm GPW‘ }19243 an aqueeus agyl [err]

solution in which said acid is selected from the group consisting of
sodium bisulfite, acetic acid and formic acid.

. .

"

In the application, unless otherwise specified, the following
definitions are applicable. "Alkyl" means a saturated straight or
branched carbon chain having from one to six carbon atoms;
examples of alkyl are methyL ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, n-pentyl, neo-pentyl and n-hexyl. "Aryl"
means a mono- or bicyclic aromatic carbocydlic group; examples of
aryl are phenyl and naphthyl. "Halo-substituted alkyl" means an
alkyl group bearing at least one halogen atom selected from
fluorine, chiorine, bromine and iodine; examples of halo-
substituted alkyl include chloromethyl, bromomethyl,
trifluoromethyl, trichloroethyl and iodoethyl. "Cycloalkyl" means
a saturated carbocyclic group having three to six carbon atoms;
examples of cycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl. "Substituted aryl" means an aryl group bearing from
one to three same or different substituents selected from C,;_; alkyl,
C;-3 alkoxy, hydroxy, trifluoromethyl, and halogen. “Heteroaryl"
means a mono- or bicyclic aromatic group having five to six atoms
in each ring, and having at least one ring heteroatom selected from
nitrogen, sulfur and oxygen; examples of heteroaryl are furyl and
thienyl. “Arylalkyl” means groups conforming to the structure
aryl CH(alkyl)-. “Carbohydrate derivative” means groups derived
from carbohydrates containing a pyranosyl or furanosyl ring;
examples of carbohydrate derivatives include the 4,6-di-O-acetoxy-
2,3-dideoxy-a—D—g1ucdpyranosyl moiety and the like. “B-lactam”
and "2-azetidinone” are used interchangeably.

is the neplacement shest

02 SEP 9%

This

Datex



The title conpound was prepared according to the procedure described in
Exanpl e 5 except that hydrothi enam de was used i nstead of hydrobenzam de.
.Thus, hydrothienam de (30 g, 94.7 mmol ), tsiethylamne (15.84 mCT-2134amol)
and acetoxyacetyl chloride (11.6 nL, 108 mmol) provided the title conpound

as 25 . C ma%oundscaf ?o?rﬁﬁﬁamsa@q&emﬂ.mem@dmguﬁtmebt al ned

contained a m xture of nmers. [err
8.502 (s, 1H), 7. Biei{aaaﬂeﬂ@ ot -acyloxy- %%tlztﬁed%—%eﬁ‘wnefl-v’hm% iy (g,
~(]=3- lH)HZ, 1H), (7 8irn(chn Bd-Yonvard torgis-Bldryl-F-pidteéteri hipdroxy-416 (m 3H), 7.09
m .2H), 6.94 (m 6.43
(s, 1H). 5.85 (m %‘E%“m%d%a%@d‘%‘%e%ﬁﬁ?%’%)é ‘gzﬁiﬁ@&y i X’%@E‘ I][T)H) 1.87
(s, 3H ! 1.86 (s, tcgpg'odmobozldenvahves thereof.
()-cis-3-(Acetyl ox)- 4 - C-NLipifeY kBFR IadbildiAoABE of EStmula (1) may be
: prepared by cycloaddition of a carboxylate (a) with a bis-imine (b) in
the presence of a base, as depicted in Scheme L.

SCHEME |

R'XCH,COH. + RECHN=CHR)
- @ o '
Base
0]
RIX R2 :
\_{
N
o CH—N=CHRZ
R2

In Scheme I, R1, X and R? are as defined previously. L is a
conventional leaving group such as an acetate, e.g. trifluoracetate;
an alkoxide or an alkylthio group, e.g. methoxide, ethoxide, or
methylthio; and halide; preferably L is chloride. In compounds of
formula (I) preferred R! are alkyl, halo-substituted alkyl, aryl,
arylalkyl, and carbohydrate derivative groups. More preferred R!
are alkyl, more particularly methyl and isopropyl; chloroalkyl,
more particularly chloromethyl; aryl, more particularly phenyl;
arylalkyl, particularly phenylethyl; and a carbohydrate derivative,
particularly 4,6-di-O-acetoxy-2’,3'-dideoxy-0-D-glucopyranosyl.

The most preferred Rl is methyl. X is selected from O, N, S, C(O)O,
and a direct bond. Preferred X is O and C(O)O. The most preferred
X is C(0)O. Preferred R? are aryl, substituted aryl, furyl and thienyl;
more preferred RZ are phenyl, 4-methylphenyl, 4-methoxyphenyl,
2-furyl and 2-thienyl.

The cycloaddition reaction is carried out in an inert organic
solvent. The identity of the solvent is not particularly critical so

This W
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[err] A 70% aqueous solution of acetic acid (0.35 nL glacial acetic acid
and 0.15 nL water) was added in one portion to a stirred solution of 15
- (0.431 g, 1.03 mmol, dichloronmethane (2.93 ) at 25[err]C. The éf%&gn
m xture was brought to reflux and stirred f60r 2.5 h. The reacti

diluted with 50 h) t ortions
o:‘ ga’?ur\g{ed aque I%blflo o8 g %5%5?8’”&!1&9(“8 ‘ger‘i%m hﬁf_’ %&1‘? Bﬂp !
saturated brine. iréaetweqmﬁhdhextatrang Mnalsrmewimdhe(pmdu\zacﬁmmed a brovvn
oil, dissolved in ﬂuglgu‘{%lle Eﬂfs é}& ﬂir%y ?{ €a b%ﬂg t hen pl aced on a

silica gel col um_ neasurin sing a gradient of 10
t hrough 60% Et OAchAleggRatedr &Wﬁif@éﬂfh%se%@lsaﬁf@mé}é?dﬂitdf‘so%h%ﬁt% t he

t Id Td le cormound (OtHebHka, PZEa@ulaﬁsavuhtstma{seéﬂ Be &l@mﬁdné&\ﬁchmé] 847633 ,
I(-lz, 1ii) NP ( (d b5 e, ﬁ}‘“e?c ’LT}IE“%WE “{‘E&‘Y%Fbg éﬂ%@%ﬁ%&?}’ e%] r] 169. 3,
165.5, 138.4,127. glxchi@'becmgzethyl aeetates a-propybacetate, isobutyl acetate,
n-butyl acetate, tetrahydrofuran, t-butyl methyl ether, acetonitrile.
Preferred solvents are methylene chloride and ethyl acetate.
The base utilized in the reaction may be a tertiary organic
amine base such as trimethylamine, triethylamine, '
diisopropylethylamine, pyridine and dimethylaminopyridine; or a
'stronger metal base such as lithium diisopropylamide, C;_salkyl
lithium, lithium bis(trimethylsilyl)Jamide and phenyllithium.
When L is halide, a tertiary amine such as triethylamine and
diisopropylethylamine is preferably used in the reaction; and when
L is other than a halide, a stronger base such as lithium
diisopropylamide is preferably used.
The cycloaddition is prone to the formation of unwanted
dimeric 2-azetidinone (c). Surprisingly, it was found that the dimer
(c) is not suitable for converting into the N-unsubstituted 2-
azetidinone of formula (II). '

RIX R2
R

—N R2
0/

©
Thus, in order to maximize the yield of the desired compound of
formula (I) the reaction temperature and the relative amounts of
the reagents used are controlled. The reaction is conducted at a
reduced temperature, preferably the reaction temperature is
maintained at or below about 5°C. Most preferably the reaction
temperature is maintained at about -20°C to about 5°C.

In general, for each equivalent of the bis-imine reactant (b)
about 0.9 to about 1.5 equivalent of the carboxylate reactant (a), and
about 1 to about 1.5 equivalents of the base are used. Typically
about 1 to about 1.2 equivalents of reactant (a) and about 1 to about
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Exanmple 17. ([err])-cis-3-Acetyl oxy-4-phenyl azetidi n-2-one (6) -
hydr ogenol ysis To a 2.0 L 3-necked fl ask equi pped with a thernoneter,
pressure equalizing dropping flask and nechanical stirrer was added

* met hyl ene chloride (500 nl), hydrobenzani de7(100.00 g, 26 CT-2234A
CT-2234A 0.335 .ol ) and triethylamne (56.0 m_ 0.402 nol). This mxture
was cool ed under al2téqdvalehtsasfohe base Y tidedysdrrguivalerteofa@attaat (bhi ch

t | ut
ot hyl ene._ch 1)?.“dfot\%88%&%""%#*&5%&%9%%& sgﬂésﬂkerpaﬁﬁﬁ%@%) Prour
After an additi onaPx3ople under ertgqnmrngttmgndm@musunﬂbﬁcm etpavithidct i on
flask moved to thezg@lodrs, OPHR ﬁ:%%x]esé of tid :feuéﬁ&eéanlﬁe heytigorad byhi ch poi nt

TLC analygis dennngtrat% com gtreacﬁl ﬁlgg (ﬁ'ﬁ¥ﬁJn}turF was
transferred to a acgnventiona omatographic metho such as gh pressure
liquid chromatography with UV detection.

The cycloaddition product obtained is a mixture of two pairs
of diastereomers in which the 3- and 4- substituents on the
azetidinone ring are cis to each other. Although the pairs of
diastereomers may be separated, it is not necessary to do so. The
individual stereoisonrers of formula (I) and mixtures thereof are
all contemplated to be within the scope of this inventon.

The starting materials (a) and (b) are either commerdially
available or may be readily prepared according to methods well
known in the art. Thus, one grotup of compounds useful as
reactant (a) may be prepared by reacting an appropriate acyl
chloride, RIC(O)Cl, with glycolic acid to provide acyloxyacetic acid
which is in turn derivatized, for example by treatment with thionyl
chloride to generate the corresponding acyloxyacetyl chloride.

Another group of useful carboxyl-containing reactants (a)
are made by reacting ethyl bromoacetate with the appropriate
alkoxide, for instance the alkoxide generated from a-methylbenzyl
alcohol. Hydrolysis of the ethyl ester provides the alkyloxyacetic
acid which is in turn derivatized by treatment with thionyl
chloride to generate the corresponding alkyloxyacetyl chloride.

Other groups of carboxyl-containing reactants (a) are made
using a procedure described by Borer and Balogh in “An
Asymmetric Synthesis of 3-Hydroxy-B-Lactam by Ketene-Imine
Cycloaddition: Utiliza_ﬁon of Chirol Ketenes from Carbohydrates”,
Tetrahedron Lett., 1991, 32: 1039-1040.

The bis-imine reactant (b) is readily prepared from an
appropriate aldehyde, R2C(O)H, and concentrated ammonium
hydroxide in isopropyl alcohol. .

Another aspect of the invention provides the removal of
the N-substituent of a B-lactam of formula (I) to give the
corresponding N-unsubstituted B-lactam of formula (II) as depicted
in Scheme II (R! and R? are as previously defined). In one method

t
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separatory funnel and washed twi ce wth aqueous [err] (sat) (500 niL, 250
m.). The organi ¢ phase was then washed successively with aqueous [err]
.(sat) (400 nL) and aqueous Nad (sat) (250gnl), dried over [err o 6934400
g), filtered and concentrated by rotovap (bath T = 40[err]C). The renai ni ng

i 1 solidi fied t oPUNRHRELRRL Y sRHET By slalu gBleeio Uity U 2000

wi t hout further pamdthermedthod thesemovakbissasicomplished aEdy an@appogs agid was

di ssol ved in 800 gdlu@bnSbierkirsAtEd dsketit A0S, 86dREN bisidtite 8r $orrRRM Of
argon, to a 2.0 L Parr flask containing 20.0 g of 10% pal | adi um on
activated carbon? drich). This mxture was treated with hydrogen (4 atm
for 1 day at 23[err]C and the catal yst renovegclRgmMefitration through

What man filter paper using a Buchner funnel. The Tilter cake was reslurried
in ethyl acetate (500 nL), stirred (10 min) and re-filtered. This procedure
was repeated. Thewlifx]ter cake was rinsed with 100 nlL of e‘r{hxl' acetate and

the filtrates conbiné€ Me organic layer - cat. Hpor N\ R2
o” '\ — Ne=CHR2 acid cleavage o/'—NH
R2 |
‘ U] U

Catalytic hydrogenolysis of a $-lactam of formula (I) is
cconducted in an inert organic solvent that is not reactive with the
reactants, reagents or product formed, and is not reduced under
hydrogenation conditions. Examples of suitable solvents include
esters such as alkyl acetate, ethers such as t-butyl methyl ether, and
alcohol such as ethanol, ketones such as acetone, hydrocarbons
such as cyclohexane, or amides such as dimethylformamide.

The catalyst may be one that is conventionally used in
hydrogenation, for example, platinum, palladium, nickel, rhodium
and ruthenium. Preferably palladium is used. Palladium may be
used as palladium on carbon either dry or containing water, or as
palladium hydroxide on carbon. Hydrogenation pressure may be
from about 2 psi to about 4 atm. Hydrogenation is conducted ata
temperature of about 20 to about 30°C; preferably it is carried out at
ambient temperature.

In one preferred embodiment, catalytic hydrogenation is
applied to B-lactams of formula (I) wherein R! is alkyl and X is
C(O)O. In another preferred embodiment, catalytic hydrogenation
is applied to B-lactams of formula (I) wherein R2 is aryl, substituted
aryl or furyl. In yet another preferred embodiment, the'catalyst is
palladium based. In a more preferred embodiment, catalytic
hydrogenation is applied to B-lactams of formula (I) wherein R} is
alkyl; R% is aryl, substituted aryl or furyl; X is C(O)O; and the catalyst
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was then washed with 1IN HO (500 nlL) and both layers filtered through
Whatman filter paper to renpbve the white precipitate which was rinsed with

ethyl acetate (100 nl). The organic and aqgeous | ayers were the gggﬁ{ ted
and the organic | ayer was washed wi th anot her portion of 1N H(jr&:(

Th nbi ned 1N HC t t ed 500 nL
ang tcge l)pgani c I‘éfér‘%t%i?"é’mrﬁbe r ﬁgﬁ&%ﬁ%?ﬁé&@ﬁ@ymi}y 4’: xéqueozjs
NaHCC3 (sat) (500carbdnamdbre g efembl Kok is( plhdn) I,(@ﬁ&ﬂnjdpheftylb%rgam c layer
was dried over [egk lhé 311990 lJ ;Bt()%{@gf@gg ngse&te roon%qzy@cuo to 250

m.. The m xture was ernight in co and the
precipitated sol |Eh¢l§6la§lde761$§ Qtratlon t hrough What man filter paper. The

filter cake was This i ghbN-suBSReAIBNA fShetam of ffmula (I) may also be

CT-2234A cleaved under selected acidic conditions. Thus, in one aspect a
B-lactam of formula (I) is treated with aqueous acetic acid. The
reaction is carried out in an inert organic solvent such as
methylene chloride, ethyl acetate, toluene, and t-butyl methyl
ether. * Acetic acid is used as 60%-80% (volume in volume),
preferably about 70% to about 75%, aqueous solution and can be
used in about 2.5 to about 65 equivalents relative to the compound
of formula (I); preferably about 5 fo about 8 equivalents are used.
The reaction is conducted at elevated temperature, for example at
reflux of the reaction solution, and is usually complete within
about 24 hours.

In another method aqueous sodium bisulfite is used to
remove the N-substituent of a compound of formula (I). Sodium
bisulfite of commerce, a mixture of sodium bisulfite and sodium
metasulfite, can be used directly. Sodium bisulfite, in an amount
of about 300 to about 600 g per mole of substrate of formula (I) is
used. The reaction is carried out in inert organic solvent at
ambient or elevated temperature, for example about 20 to about

* 60°C; preferably at about 50°C. |

In yet another embodiment, formic acid is employed as a 70
to 98% aqueous solution (w/wy), preferably a 90 to 95% solution.
Generally the amount of formic acid will provide about 4 to about
10 equivalents relative to formula I. Preferably from about 5 to
about 7 equivalents are used. The solvents discussed above are
generally useful with formic acid.

In one preferred embodiment, a B-lactam of formula ()
wherein R2 is aryl, substituted aryl or thienyl is converted to the
corresponding N-unsubstituted B-lactam of formula (II) with about
70% to about 75% aqueous acetic acid. In another preferred

" embodiment, the reaction is conducted in an organic solvent
selected from halogenated hydrocarbon, alkyl acetate, hydrocarbon,
and ether. In a more preferred embodiment, Rlis methyl, R2 is

Thism
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washed wi th hexane (200 nlL) to provide, after drying in vacuo, pure [err]
ci s-3-acetyl oxy-4-phenyl azeti di n- 2- one (49 97 g, 72.7% as white needl es
(mp 150-151[err]C). Exanple 18. ()-cis- %etyl oxy- 4- phenyl azet one
(6) - hydrolysis with 70% acetic acid A dry 1-L three-neck roun b

flask d rt 2 h .d th, h b d 100. 0
0, 355 ol , 1. 0B ERYT 830 dnE Gk R feA et S BE i aEag R ?oﬁ s
- cooled to [err] s:hlprd:ie gsimgofB% dvolumerim aroliBie)laqueous srednwkid. LOS equi v)

was added in one port'm%noﬁi@r E?&Efrbarén\fv@&mmm @B-w&%ﬁgf F&:ﬂlﬂwﬂb and the
t enperature mai nvgllaned ant erat’ure %to& Separately,

acet oxyacet yl . ch/Yo¢Tgn R 65 er)fh_or a‘Yl iy GORYRIF e et hyl ene
chlori de (167 nL)comspoﬂdiutngaﬁdsdbsmﬁﬂ‘edr[Mh&mm farddula G0 #ithnel (t ot al

vol ure: 203 ). aliledus Shai BB LR ONEE chedrBa IATREY B, 10 e

previ ously prepar enzam de So tsted such
that the terrperatrea@om is qeadustadhinpar orgargs é@lrv]emt setwéeqll T abrown

halogenated hydrocarbon, an alkyl acetate, a hydrocarbon, and an
ether. In a more preferred embodiment, R! is methyl, R2 is phenyl
and X is C(O)O, and the reaction is carried out in methylene
chloride or ethyl acetate.

Although the B-lactam of formula (I) can be isolated, it is-
often advantageous to carry out the cycloaddition reaction and the
cleavage of the N-substituent sequentially without isolating the
intermediate B-lactam of formula (I). Accordingly, another aspect
of the invention provides a process for the preparation of N-
unsubstituted -lactam of formula (II) which comprises contacting
a compound of the formula RYX-CH,C(O)-L wherein L is a leaving
group, with a compound of the formula R%-CH-(N=CHR?), in the
presence of a base, and maintaining the reaction temperature at or
below about 5°C; and, without isolating the cycloaddition product,
either 1) subjecting the compound thus produced to catalytic
hydrogenolysis; or 2) treating the compound thus produced with
an aqueous acid solution in which the acid is selected from the
group consisting of sodium bisulfite, acetic acid and formic acid; R,
RZ% X and L are as previously defined.

In one preferred embodiment, Rl is alkyl, arylalkyl or
carbohydrate derivative, R? is aryl, substituted aryl or furanyl, X is
C(O)O or O; and the cycloaddition product is subject to catalytic
hydrogenolysis using a palladium-based catalyst. More preferably,
the reaction solvent is an alkyl acetate such as ethyl acetate, and the
base is triethylamine. In a particularly preferred embodiment, R is
methyl, R? is phenyl and X is C(O)O.

In another preferred embodiment, R? is aryl, substituted ary!
or thienyl; and the cycloaddition product is treated with aqueous
acetic acid. More preferably, the reaction solvent is a halogenated
hydrocarbon such as methylene chloride, the base is
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reaction mxture was stirred for 1 h at -20[err]C. Aliquots of the reaction
m xture (100 [err]) were renoved 5 mn and 30 mn after the addition of
acet oxyacetyl chloride. If the reaction mxture contained > 5% CT-2234A
hydr obenzam de (by area) after 30 min, additional diisopropylethylamne

(6.13 nL, 35.2 ”ths%&ok?Etﬁ h\ﬁhe“ﬁﬁi a@d&%mﬁ%\ qﬁeaga@mcraaaums

foll owed by a sol uti ace ] chlorl (‘3. 60 3.5 mol, 0.10
equi v) in nethyl eR¥ lﬂ‘ﬁlﬁfllY d’ée{ei’?}ydré‘)at i E?'eﬂﬂéa t Fsbﬂh%i%l 1Bt e,
dei oni zed water (GQ&)) was added and the m xture was stirred for 5 mn.

h h ' hyl
o S 1 5P S B A 8 TR ) Ot 1 <0

ene FTnse was use t the
aqueous phase. Ththeopipaeszo #mpmtmvcghbnn%d racesqig) mipgueeef €990 ni). The

L ound hot t om § s TR B e R e
To the stirred so‘F‘ﬁ'fég)n“IS 1°§H%’6“%F6%‘ drsaratidinons @{bam d (156 ni). Total

reacti.on vol une was ca. 906 nmL. The sol uti on vvas war med

Ric©)0, R2 Ric©)0 R2
% S \
jNH p —
7 o/
) (la) (ib)

The racemic mixture may be resolved by conventional
methods such as conversion to diastereomers, differential
absorption on column packed with chiral adsorbents, or
enzymatically. For example, the racemic mixture may be contacted
with an enzyme that catalyzes the hydrolysis of an ester, for
example an esterase or a lipase, to selectively cleave the 3-acyl
group of one enantiomer without affecting the other.
Alternatively, the racemic mixture may be first subjected to base-
catalyzed hydrolysis to remove the 3-acyl group and to generate a
racemic mixture of the corresponding 3-hydroxy B-lactam; the
racemic mixture of 3-hydroxy B-lactam is then contacted with an
enzyme capable of catalyzing acylation of an hydroxy group to
selectively acylate the hydroxy group of one enantiomer without
affecting the other. Or the racemic mixture of 3-hydroxy f-lactam
may be acylated with a chiral carboxylic acid, and the resulting
diastereomeric mixture may then be separated using methods
known in the art, and the chiral auxiliary removed to provide the
desired enantiomer. The enantiomerically pure N-unsubstituted-
2-azetidinone may then be derivatized to an N-acyl-3-protected
hydroxy-substituted-2-azetidinone which is used to acylate a
baccatin III derivative to generate a taxol derivative.

Alternatively, the racemic mixture of (IIa) and (IIb) may be
converted to a racemic mixture of N-acyl-3-protected hydroxy-4-
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to reflux. Pot tenperature was 42-45[err] C. Al though the reaction was 28
CT- 2234A conplete after 8 h, heating was continued for 16 h. .The reaction

.mxture was cooled to 10[err]C. The pH of f; ie reaction nm xture ywes,3gjusted
fromb5.10 to 7.10 by the addition of agueous NaCOH solution (3.75 N, 440 nl)

while the tenperatur ept.. bel tr]Co.The ¢ i mxt ure was
transferred to a %Lﬁ_s%ﬁvﬁgf#@g%t}&rxpﬁggéggﬁwé&gl&groggchﬁrt&r@%élpg%é grﬁl fite
(1100 m, 10% w v8-gwaiS Ratemtd, 175,31y thisracemic mixturegnay beruseilditeddlynas
stirred for 10 m @ AlacBhi@ 4 h&-mdAEaNRARES e}@?!i&iﬁ%ﬂk@kﬁiﬁ BpdatdRid i ch
bt 't ammer at ur ¢) L 1 SGETHARCE HGUS R REbly Giestrpptelestearena
concentration Wer@istl@se@ﬁﬁ(ﬁurifbéart P&bliﬁﬁdepE_lléddow\ﬁﬂ,m&' (published 2-3 h at
-Slerr] G The Sol A ¥RS1 CRidaF e Bivdtaxti ot dllibhdiddsHhbfide (AF, Whhrein R

may- be for example phenyl or t-butyloxy, and R2 is as above

defined). :

HO g AcO
PHC(O)YO

(i

The utility of taxol (R=R2=phenyl) and taxotere (R=t-
butyloxy, R2=phenyl) as antitumor agents are well known. The
utility of other taxol derivatives of formula (II) as antitumor
agents has been reported in European Published Application
534,708 (published March 31, 1993)and PCT Published Application
92/09589 (published June 11, 1992).

The following examples are illustrative of the invention
) and are not to be construed as limiting the scope of the invention
in any manner.

Preparation of hydrobenzamide

To a3 L 3-necked flask equipped with a mechanical stirrer
and a thermometer was added 1 L of concentrated NH,OH (ca 30%)
(14.8 moles). A solution of benzaldehyde (265 g, 2.50 mol) in 500
mL of 2-propanol was added in one portion. The mixture was
stirred vigorously at ca 22°C for 43 hr. The resulting slurry was
filtered and the filter cake was washed with water (1 L). After
drying in vacuo, 242.4 g of hydrobenzamide was obtained as a white
solid (mp 100-102°C) for a 97.4% yield.

The above procedure was followed to prepare the following
bis-imines of the formula RZCH-(N=CHR?),:
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diam filter). The density-of the product was approx. 3 nL per g. The
product was washed with cold (5[ err]C) ethyl acetate (100 nlL). The product
.was dried to a constant weight (1.0 nm Hg,I325[err]C, 5h) and (46T32434440
mol , 71. 7% wei ght yield) was recovered as off- white needles with a purity
of 100.8% by HPL& cﬁamhmd@ (RE:£midthylphenyl), :

ci s-3-Acetyl oxy ﬁﬁ azech qEﬂE‘% %lﬁy%g% thvrdrol ysis with aqueous sodi um
bisulfite A l. Cy 52 'ﬁ?? R %&lg’ oa?2lLl, 3-neck flask

equi pped with a thysrofuremide (BEspfury).famdnel and nechanical stirrer was
added et hyl acet roffia ﬁzh% ? zam de (50.00 g, 0.167 noles). The
sol ution was cool |cenﬁﬂ%€@ err 9lrj)nder a dry argon at nosphere.

Tri et hyl am ne (19. 50 g, 0.193 noles) was added all at once. A solution of
acet oxyacet yl chlmg%@y_ Q-I&Beﬁi’@l@-&S) in ethyl acetate (20 nL) was
added dropw se keep L he % 2810 BhE l]age§ Ai2.5n8 @3- The

m xture was stirre ; e cold room

(ca. [err]). The m xture was dlluted .
PhC(O)O\ Ph

)

(M

To a 100 mL, 3-neck flask equipped with a thermometer,
dropping funnel and mechanical stirrer was added methylene
chloride (23 mL) and hydrobenzamide (7.04 g, 0.024 moles). The
solution was cooled (dry ice-acetone) to -20°C under a dry argon
atmosphere. Diisopropylethylamine (3.52 g, 0.027 moles) was
added all at once. A solution of (benzoyloxy)acetyl chloride
(prepared using the procedure of S.J. Danishefsky et al., J. Am.
Chem. Soc. 1985, 107, 1280.) (5.16 g, 0.026 moles) in methylene
chloride (13 mL) was added dropwise keeping the temperature at
-20 to -15°C (ca. 1.5 h). The mixture was stirred another hour at

- -20°C then was diluted with deionized water (13 mL) (exotherm to
0°C). The organic phase was separated and washed with water (2 x
10 mL), dried (anhyd. MgSO,) and evaporated under vacuum to
dryness giving crude title compound as a viscous oil (11.97 g)
consisting of two diastereomers (ca. 1:1).

A sample of this material (2.97 g) was purified by column
chromatography using a magnesia-silica stationary phase
(Florosil®, Fluka Chemie AG) and eluting with 20% EtOAc-n-
hexane. The central product fractions were combined and
evaporated to dryness giving a white solid (0.803 g). This material
was recrystallized from EtOAc (5 mL)-n-hexane (10 mL) affording
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wi th deionized water (250 nL) with cooling (exothermto 10[err]C). After
vigorous stirring, the aqueous phase was separated and extracted with nore
.ethyl acetate (100 nlL). The organi ¢ phasesiaere conbi ned and t h&€T-2384Ai ng
sol ution of crude 3-acetoxy-1- 29 CT- 2234A

[ (phenyl ) (benzyl igggﬁ,g;g%@ IQ%L i}ef %l@%@%ﬁ%ﬁﬂéb@%ﬂ’as treated with

aqueous bisulfite scr {-J 43e ow I n par .27 Cycloaddition in
Met hyl ene Chl or i ddiastergomers G8idleck flask equi pped with a thermoneter,
droppi ng funnel and mechanical stirrer was added net hyl ene chloride (166

mL) and hydr obenzgy; . . §3:3b6. t isQl ol ed (dry
i ce-acetone) to gg%@ﬁ@ﬁ%?ﬁ%% 3@ ﬁg@oﬁﬁg%’ﬁgr@ga' 538.45%5, 1Y,
Di i sopropyl et hyl aNi=GHY; ZH8119(m0208 3ArD6.84 |5, Wels N(UdR 6.061 (d, BH, frc®. A
sol ution of acet opyagesyk 86l OIrIde4( PRz A-6; RGBS v (cam)=1760 (C=O -
lactam), 1730 (C=0, ester); 1640 (C=N). El anal. calc'd. for
CyoH,N,05 (460.53): C, 78.24; H, 5.25; N, 6.08. Found: C, 77.96; H,
5.24; N, 6.12.

Example 2. (%) cis-3-Benzoyloxy-4-phenylazetidin-2-one (2)

%

PHC(O)O Ph

\_( @

L NH
<

The remainder of the crude 1 (9.00 g) was dissolved in EtOAc

(90 mL). To this-solution was added a solution of sodium bisulfite
(9.00 g, 58.5% min. SO,, as mixture of bisulfite and metabisulfite) in
water (45 mL) and the resulting biphasic mixture was heated to
50°C. The mixture was vigorously stirred at 50°C until TLC (SG 60
Fy54- 50% EtOAc-n-hexane; UV,5,) confirmed completion of the

i reaction (4 h). The biphasic solution was separated in a separatory
funnel. The organic phase was separated, washed with water (40
mL), dried (anhyd. MgSO,), and evaporated under vacuum to
dryness. The solid residue (2.25 g) was recrystallized from EtOAc (8
mL) giving the title compound as a white solid (3.55 g, 74.9%
overall from hydrobenzamide), mp 118-9°C. Purity (HPLC area):
99.4%; NMR (200 MHz, CDCl,): 8=7.68-7.21 (m, 10H, Ar); 6.49 (br s,
1H, NH); 6.18 (dd, 1H, J=4.8, 2.7 Hz, H-3); 5.15 (d, 1H, J=4.8 Hz, H4).
IR (KBr): v (cm™1)=3260(NH); 1755 (C=0 B-lactam), 1730 (C=0O, ester).
ElL Anal. calc'd. for C;¢H,3NO; (267.28): C, 71.90; H, 4.90; N, 5.24.
Found: C, 71.76; H, 4.93; N, 5.31.
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nol es) in nmethylene chloride (91 nL) was added dropw se keeping the
tenperature at -20 to -15[err]J]C (ca 1.5 h). The m xture was stirred another
hour at -20[err]C then was diluted with ddboni zed water (166 m$T(Z2REbher m
to O[err]C). After vigorous stirring, the aqueous phase was separated and
extracted w th mixempte Byl cis43-Ghloteacebdx henglheonbi ned organi c phases

were coevapor at e ol iyhhitinGREHAA L IR0 el inl £BRYTs) NE Bt M) ene
chloride. The re ) of crude

3-acet oxy-1- [(phenyl) (benzyl i@i@n& o) met hyy | - 4- phenyl azetidi n-2-one was
treated with aqueous bisulfite as” descxi below in part B. B. Bisulfite
Cl eavage To the ethyl acetate solutionjof |crude 3- acetg y-1-

[ (phenyl) (benzyl i deni m no) net hyl ] - 4- plp'rryN zetidin-2-0 frompart A 1. or
A 2. was added deionized water (250 ML) ans:l-eﬂm:w bi sulfite (75.00 g) and
the resulting biphasic solution was vi gorou%ly stirred at 50 [err] 2[err]C
until TLC confirnmed conpletion of the react t3)n (3-4 h). The biphasic

solution was separateq, I98g my, 3.neck flask equipped with a thermometer,
dropping funnel and mechanical stirrer was added methylene
chloride (30 mL) and hydrobenzamide (22.38 g, 0.082 moles). The
solution was cooled (dry ice-acetone) to -20°C under a dry argon
afmosphere. Diisopropylethylamine (11.19 g, 0.087 moles) was
added all at once. A solution of chloroacetoxyacetyl chloride
(prepared uSing the procedure of R. Lattrell and G. Lohaus, Liebigs
Ann Chem, 1974, 870-900) (14.10 g, 0.082 moles) in methylene
chloride (50 mL) was added dropwise keeping the temperature at
-20 to -15°C (ca. 2 h). The mixture was stirred another hour at -15°C
then was diluted with deionized water (100. mL) (exotherm to 0°C).
The organic phase was separated and washed with water (2 x 25
mL), dried (anhyd. MgSO,) and evaporated under vacuum to
dryness giving crude tile compound as a viscous oil (38.00 g)
consisting of two diastereomers (ca. 1:1).

A sample of this material (3.22 g) was purified by column
chromatography using a magnesia-silica stationary phase °
(Florosil®) and eluting with 20% EtOAc-n-hexane. The central
product fractions were combined and evaporated to dryness giving
a yellow oil (0.480 g). This material was crystallized from EtOAc (3
mL)-n-hexane (10 mL) affording the product as a white solid (0.310
g), consisting of two diastereomers (70:30). Purity (HPLC area):
98.6%; NMR (200 MHz, CDCl,): 3=8.45 (s, 1H, N=CH); 7.92-6.99 (m,
15H, Ar); 6.28, 6.23 (two diastereomers) (2s, 1H, NCH); 5.88, 5.82
(two diastereomers) (2d, 1H, J=4.8 Hz, H-3); 5.35, 4.80 (two
diastereomers) (2d, 1H, J=4.8 Hz, H4); 3.57 (q, 2H, J=15.4, CH,). IR
(KBr): v (cm1)=1760 (C=O B-lactam and ester); 1650 (C=N). EL anal.
calc'd. for C,5H,,CIN,O5 (432.90): C, 69.42; H, 4.90; Cl, 8.09; N, 6.48.
Found: C, 69.27; H, 4.89; Cl, 8.40; N, 6.39. '
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aqueous phase (pH 6.0) was di scarded and the organi c phase was washed with
water (150 nmL), dried [err], and concentrated on rot. evaporator [err] to a
.volunme of 100 nlL. The thick slurry was copged and stirred at [eTTh280a 2 h.
The solid (white needles) was filtered on a Buchner, washed with cold ethyl

acetate (25 1), Eaghol kd ey BCURIG 5o CRAT. BBl ablidinHend dy P! OCESS
af forded 20.63 g - 0% over an € AZ. process aftorde 2.94 ¢
(66. 7% overall) of ([err])-cis-3-acetyl oxy-4- 30

CT- 2234A phenyl azet i di n- 2- one; ég ty FBrea): 99.3% and 99. 4%
respectively. Exanple 20. ([err])-cis-3rAqet oxy-4-phenyl azetidi n-2-one (6)
- hydrolysis with 75% acetic acid A dr}_lw thr @8- neck, round-bottom fl ask

equi pped with an o

Part of the crude 3 (4.26 g) was dissolved in CH,Cl, (22 mL).

To this solution was added glacial acetic acid (4.60 mL) and
deionized water (1.46 mL) and the resulting solution was heated to
reflux. The mixture was vigorously stirred at reflux until TLC (SG
60 Fy54; 50% EtOAc-n-hexane; UV,5,) confirmed completion of the
reaction (4 h). The solution was neutralized (pH 7.2) with dropwise
addition of (17 mL) aq. NaOH (3.75 N) at 5-10°C. The phases were
separated and the aqueous phase was discarded. The organic phase
was washed with aq. sodium bisulfite (25 mL, 10% wt.), dried .
(anhyd. MgSO,), and evaporated under vacuum to dryness. The
solid residue (230 g) was recrystallized from toluene (10 mL) giving
the title compound as a tan solid (0.727 g, 36.1% overall from
hydrobenzamide). Purity (HPLC area): 91.4%. NMR (200 MHz,
CDClg): 3=7.41-7.27 (m, 5H, Ar); 643 (br s, 1H, NH); 5.94 (dd, 1H,
J=2.7,4.7 Hz, H-3); 5.09 (d, 1H, ]=4.7 Hz, H-4); 3.62 (q, 2H, ]=15.3,
CH,).

Example 5. (#)-cis-3-Acetyloxy-1-{{(phenyl)}(benzylidenimino)-
methyl]-4-phenylazetidin-2-one (5)

CHAC(O)O. . Ph
3C(0) N ‘/
—N (5)
0/ \CH—N=CHPh

I
Ph

To a 1L, 3-necked round bottom flask equipped with a
thermometer, magnetic stirrer and dropping funnel was added
hydrobenzamide (30.00 g, 100.5 mmol) and ethyl acetate (150 mL).
With stirring and under a blanket of argon, the reaction mixture
was cooled to 5°C and triethylamine (16.8 mL, 121 mmol) was
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overhead stirrer, addition funnel, septum and nitrogen inlet is charged
wi th hydrobenzam de (100 g, 335 mmol, 1.00 equiv) and nethyl ene chloride
{333 nm.). The solution is agitated at ca. 1260 rpm and cool ed t oCTe223¢A
Di i sopropyl ethylamne (67.1 nL, 385.2 mml, 1.15 equiv.) is added in one
pﬁrtion under ni faa_a@an;AEquoeﬁ@M@bey'axé I énlbSdé ¢I12.9enL cTI® ﬁdnél?itﬁerr] and
the tenperature i nt ai t caonst ant, .t erature bat err].
Separ at el y, acet & caecﬁ%%e gfﬁoorﬂ“g@'_a(sggg%aﬂﬂ?ggg@%mﬁ{ﬁﬁe?%:lé.bl%“%qui v.) and
met hyl ene chl ori geriotg4Afite) 16heatnihistenaperaivre cthie reactinsy atixture amas
transferred underjgi o 5ty f Yy ion is

allB WOl tb20°CHl5 1) ARd tﬂ}ﬁférr&{‘%]?g%%:éﬁéarf

Me

added over a 5 h perio einitial rate I s adjuste t t he
tenperature renmnifheRelcTReotgrRiGlaypE wasaghed guiggessiyel 8qeeP¥h s
fol | owed by HPLCNHCh(satj(350 ofL,t108 mEkequeousiNaEOy 6a0@12¢mi))]ands r enoved

10 mn after additio e etyl, chl.or.j }on is conplete.

The i ght brown P%g'cetnﬁlgﬁ Wtﬁ&eﬁ '?‘é%g% P?’gl&ar g&%&ﬁrﬁ&hﬁ HfP%PLC anal ysi s

shows <5% hydr obsamprutel ¢y beiisolated at this stage by)drying thecongania phaseni xt ur e
over MgSQ,, filtering, and removing the solvent in vacuo. This

provided the desired product in quantitative crude yield as a red
glass. HPLC purity (area): 87.9% (1:1 mixture of diastereomers); 'H
NMR (CDCl;, 200 MHz): 3=8.45 (s, 1H, N=CH), 7.80-7.85 (m, 1H,
l;h), 7.60-7.65 (m, 1H, Ph), 7.26-7.50 (m, 9H, Ph), 7.00-7.10 (m, 4H,
'Ph), 6.28 (s, 0.5H, NCHN), 6.23 (s, 0.5H, NCHN), 5.81 (d, J=4.8 Hz, 0.5
H, H-3),5.76 (d, ]=4.8 Hz, 0.5H, H-3), 5.30 (d, ]=4.8 Hz, 0.5 H, H-4),
4.75 (d, ]=4.8 Hz, 0.5 H, H-4), 1.63 (s, 3H, CH;CO); IR (KBr): v (cmt”
1=1763 (C=0), 1641 (C=N); UV (methanol): A max (nm)=216, 252.

Example 6. (&)-cis-3-Acetyloxy-4-phenylazetidin-2-one (6)

CHLC(0)O Ph
3C( N

—NH (6)
0/

The solution of the compound of Example 5 in ethyl acetate
(500 mL) from above was carefully transferred, under a stream of
argon, to a 2.0 L Parr flask containing 10% palladium on activated
charcoal (6.00 g). This mixture was treated with hydrogen (4 atm)
for 20 h whereupon the catalyst was removed by filtration through
a pad of Celite® (diatomaceous earth, Johns Manville). The filter
cake was slurried in éthyl acetate (200 mL), stirred (10 min) and
filtered. The filter cake was rinsed with ethyl acetate (100 mL) and
the filtrates combined. The organic layer was washed with 10%
HCI (300 mL) and both layers filtered through a sintered glass
funnel to remove the white precipitate (dibenzylamine.HCI) which
was rinsed with ethyl acetate (100 mL). The phases were separated
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cont ai ns >5% hydr obenzam de by area, the reaction mxture is charged with
addi tional diisopropylethylam ne and acet oxyacetyl chloride. [As an
.exanple, if the mxture contai ned 10% hydi&benzan de, additi on&T-2234A

di i sopropyl ethylamne (6.13 nm, 35.2 mmol, 0.105 equiv) is added neat,

fol lowed by a soind ithe opfard€ bdyex Ww;thedﬁwqmad@ﬁ(e? tish, of3[D% I-lMID| 0.10
ol uti bn 15 adagFoRm ﬁﬂe‘f‘ﬁs?&é’escr % é{%@%@z&%ﬁv&%‘@ Rt | <
stirred for 10 nethyhmcétater 206 mal) aredh theaegmibiged @rgmlamames ] After the
S50 |5 gorbussted enalSH O, a0 nlpmspanig@soa, o3, 10
Stirred for B 1orip QrEumit it ifigd S3RERAR0, Bl dad FoBedieial 2 <
m n) and the readt patkovess fihal volidde of 7H mL. This mixture was cooled to
CT-2234A 4YX and the precipitated product isolated by filtration. The filter

cake was washed with hexane (200 mL) to provide 16.12 g (78.1%

overall yield from hydrobenzamide) of the title compound as

white needles. mp = 150-151°C; HPLC purity (area): 99.8%; 1H

NMR (CDCl3, 200 MEz): 8=7.30-7.38 (m, 5H, Ph), 6.54 (br s,

exchangeable, 1H, NH), 5.87 (dd, J=2.7, 4.7 Hz, 1H, H-3), 5.04 (d, J]=4.7

Hz, 1H, H4), 1.67 (s, 3H, CH;CO); IR (KBr): v {em™)=3210 (N-H),

1755, 1720 (C=0); KF: 0.17%; El. Anal. Caled. for C;;H;,NO;: C,

64.38; H, 5.40; N, 6.83; Found: C, 64.07; H, 5.34; N, 6.77.

Example 7. (#)-cis-3-iso-Bu loxy-1-[(phenyl benz lidenimino)-
methyl]-4-phenylazetidin-2-one (7)

(CH3)20HC(O)O\ Ph

/—"‘N\ @)
(s} CH—N=CHPh

Ph

The title compound was prepared according to the
procedure described in Example 5 except that iso-butyryloxyacetyl
chloride was used instead of acetoxyacetyl chloride. Thus,
hydrobenzamide (30.00 g, 100.5 mmol), triethylamine (16.8 mL, 121
mmol) and iso-butyryloxyacetyl chloride [18.9 g, 115 mmuol,
prepared by the procedure of Benington and Morin, J. Org. Chem.,
26, 194 (1961)] yielded 50.65 g (118.8%) of the title compound as a
dark orange syrup. For purposes of characterization, a portion (4.65
g) was purified by Florisil® chromatography .(25:75 ethyl
acetate/hexane) to provide the title compound as a yellow syrup.
Obtained as a 1:1 mixture of diastereomers; 'H NMR (CDCl,, 200
MHz): 3=8.47 (s, 0.5H, N=CH), 8.46 (s, 0.5H, N=CH), 7.80-7.91 (m,
2H, Ph), 7.29-7.68 (m, 9H, Ph), 6.94-7.11 (m, 4H, Ph), 6.29 (s, 0.5H,
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met hyl ene chloride (100 mL). The nethylene chloride rinse is used to
extract the aqueous phase. The extraction is perfornmed at anbi ent

tenperature. The organic phases are conbingd. The rich organic W-%’%‘AS
‘transferred to a 2 L three-neck, round-bottomflask fitted with a refl ux

condenser, overh | LIer S t

anbi ent terrperat E\?étﬁ)l Sggé%%tw c? -Eo(eopr@ﬁ% @gﬁdﬁgi 7SO@I’I owed by
water (50 m, 8.J848ddz\0.5H, Hdﬂ;ﬁﬁl)(ﬂﬂF#@ff&Oéﬁ.l'Eﬂ) §e7(6(dn 81z, ot al
reaction vol une i0sSHAH-D73201p jIﬂe}@hm ICH(QEE;)9)70.88 (4, [Je7.0&z,BH ( pot

anal yzed by ﬁ%Lc@#ﬁéaaf“Eﬂé@”fgé bt SRR A T O R s en of
()-cis-3-acetyl om{&ﬂg}%mdﬁy(h)m&zenigm%demn HHB(E=)) 1646-(C=N); UV
phenyl azeti di n- 2 ?ﬁl o %ygggl described in this procedure is

conplete in 4h. ed to 10- [err]. The pH of the
reaction mxture s adj usted from4 64 to 6.92 by the addition of aqueous

NaOH (3. 75 N, 70 I 3 - - d
O (37 Naon Bpleny.| o3 GOPHAIIG) - ERE VIR bRE () a1

) (CH3)2CHC(O)0\ Ph

(s)
—NH
7

The title compound was prepared according to the

; procedure described in Example 6 except that wet catalyst was used
and the reaction was performed on the 90.8 mmol scale based on
the original amount of hydrobenzamide. Thus, the crude product
of Example 7 (46.0 g) was re-dissolved in ethyl acetate (460 mL) and
added to wet 10% palladium on activated charcoal (6.00 g of catalyst
and 6 mL of water) to provide 10.35 g of the title compound (48.9%
corrected overall yield from hydrobenzamide) as white crystals.
mp=121-122°C; HPLC purity (area): 99.6%; 1H NMR (CDCl;, 200
MHZz): §=7.27-7.39 (m, 5H, Ph), 6.33 (br s, exchangeable, 1H, NH),
5.87 (dd, J=2.6, 4.7 Hz, 1H, H-3), 5.05 (d, ]=4.7 Hz, 1H, H-4), 2.24 (p,
J=7.0 Hz, 1H, CH(CH,),), 0.83 (d, J=7.0H, 3H, CH(CH,)), 0.58 (d,
J=7.0H, 3H, CH(CH,)); IR (KBr): v (cm1)=3203 (N-H), 1778, 1739
(C=0).

Example 9. (#)-cis-3-Acetyloxy-1-[(4'-methylphenyl)}(4'-
methylbenzyvlidenimino)methvl]}-4-(4'-methylphenyl)azetidin-2
one (9 CLe -

AcO,
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added over 2 h. During neutralization of this mxture, the title conpound
partially precipitated and is redissolved by warm ng the solution to [err].
.The phases are separated at [err] (settling time <1 min) and the_reaction
vessel rinsed with nethylene chloride (1080mL). The nethyl ene chE344
rinse is used to extract the aqueous phase. The conbi ned rich nethyl ene
chloride stream (850 nL) is transferred to a 2 L three-neck round-bottom
flask equi pped with an overhead stirrer and cooled to -5 to [err] with
stirring. The product partially precipitates out. Heptane (850 m, equal to
the volune of rich nethylene chloride strean) is added during 1 h and the
resulting slurry is stirred for an additional 1 h at -5 to [err]. The solid

L1l comound s ool gt Mo Rl AN CRR AR 11 o)
and dried to a cPragesiwre geseibed iMEzample HHgxcepbthatdyydrotolyamideywasThe titl e
conpound (54. 42 @gsed InsteadRE Bydrobetizdmids. TRGOMREtAGaride @0 gheedl es
with a purity of 1&(98 mmﬂﬂ’lce:ﬂxylanﬁne (20.9 mL, 150 mmol) and acetoxyacetyl

chloride (18.9, 135 mmol) gave 520 g (118%) of the title compound

as a brown syrup. For purposes of characterization, a portion (5.2 g)

was purified by Florisil® chromatography (25:75 ethyl

acetate/hexane) to provide the title compound as a white solid. -

mp=110-128°C; HPLC purity (area): 97.8% (1:1 mixture of

diastereomers); 1H NMR (CDCl,, 200 MHz): §=8.36 (s, 1H, N=CH),

7.75-7.80 (m, 1H, Ar), 7.53-7.56 (m, 1H, Ar), 7.06-7.35 (m, 7H, Ar),

6.81-6.90 (m, 3H, Ar), 6.19 (s, 0.5H, NCHN), 6.15 (s, 0.5H, NCHN),

5.79 (d, J=4.8 Hz, 0.5H, H-3), 5.73 (d, J=4.8Hz, 0.5H, H-3), 5.27 (br s,

0.5H, H-4), 4.77 (br s, 0.5H, H-4), 2.40 (s, 1.5H, PhCH_), 2.39 (s, 1.5H,

PhCH,), 2.35 (s, 3H, PhCHy), 2.24 (s, 1.5H, PhCHj), 2.20 (s, 1.5H,

PhCHj), 1.661 (s, 1.5H, CH3CO), 1.658 (s, 1.5H, CH3CO); IR (KBr):

v (cm1)=1763, 1751 (C=0), 1635 (C=N); UV (methanol): A max (nm)

=214, 260.

Examigle 10. (+)-cis-3-(Acetyloxy)-4-(4-methylphenyl)azetidin-2-
one (10)

CHj

AcO, (10)

—NH
e

Method 1: Hydrogenation

The title compound was prepared according to the.
procedure described in Example 6 except that wet catalyst was used
and the reaction was performed on the 45 mmol scale based on the
original amount of hydrotoluamide. Thus, the crude product of
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32 CT- 2234A Exanple 21. Alternative nmethod for the
preparation of ()-cis-3- Acetyloxy-1-[(2'-furanyl)

(2" -furanyl net hyl eni mi no)met hyl]-4-(2'- furanyl)azetidi n-2-one &3% and
([err])-cis-3-(Acetyloxy)-4-(2' - furanyl)&letidin-2-one (14) To‘d-2234A
3-necked round bottom fl ask equi pped with a thernoneter, magnetic stirrer
and droppi ng f uniixanyde 94@d3dq)linctivfliacatuite (316 L MBagaddadtarmet 10%nd et hyl

t at 1.0 L). ) St | | ti
Tt or o was cobi S plicithdrf a0 iCERL @08 POKGIRIG AL P, T EACt] on
added. A sol uti oWV3ferackhisgpye S g@ﬁ%%icgére@gyl,@eﬁq_l} yeeld f53/1 ) in et hyl

acetate (500 nl) Wefotdleamadslest GieCilé eempyand as b whitefluffy sdlider 16 h at
[err], the reaction mixture was allowed to warmto [err] (1.5 h) and

transferred to a separatory funnel. The organic | ayer was washed with

aqueous [err] (sadpthodo mBisubten | ayers were
To the crude product of Example 9 (23.4 g) in ethyl acetate

(315 mL) was added water (75 mL) and sodium bisulfite (35 g). This
biphasic mixture was vigorously stirred at 50°C for 23 h and the

} organic and aqueous layers were separated. The organic layer was
washed with water (50 mL) and brine (150 mL), dried over Mg5Q,,
and concentrated in vacuo to 30 mL. The mixture was cooled to
5°C and the precipitated title compound isolated by filtration and
rinsed with cold ethyl acetate (10 mL). This provided 4.27 g (43.3%

; corrected overall yield from hydrotoluamide) of the title
compound as a white solid. mp=130-131°C; HPLC purity (area):
98.6%; 'H NMR (CDClg; 200 MHz): §=7.13-7.22 (m, 4H, Ar), 6.29 (br
s, exchangeable, 1H, NH), 5.85 (dd, ]=2.6, 4.7 Hz, 1H, H-3),5.00 (d,
J=4.7 Hz, 1H, H4), 2.35 (s, 3H, PhCHy), 1.70 (s, 3H, CH,;CO); IR (KBr);

' v (cm-1)=3192 (N-H), 1778, 1752 (C=0); UV (methanol): A max (nm)
=222, 266.

Example 11. giz-cis-B-Acetyloxy-l-]14'-methoxyp. henyl)(4'-

methbx benzylidenimino)methvll-4-(4'-methoxyphenyl)azetidin-

. 2-one (11)

OCHj

AcO

—N
o \CH—-N=CH—©—OCH3 (1)

N\

"I‘his is the replacement slfn‘t

02 SEP 13%

Date:



filtered through glass mcrofibre filter paper (Watnman) and the filter
cake rinsed with ethyl acetate (50 nL). The filtrate was transferred back
.to the separatory funnel and the aqueous Rayer renoved. The org@mig3gayer
was then washed successively with aqueous [err] (sat) (250 ni), aqueous

NaHC®3 (sat) (400 ni) rackifé ko ﬁ%mg fe@abafMifng RY e contal ning the

title conpound 13 was, filtered mcrofib efllt paper
(Wat man). The s Brefedyire deser %SMP&@FH@&PW@%‘ a%‘&%@l‘ ¥Si ons

(approxi mat el y 7ufedrinstasd pf hydrotheareamide andahefreadtdon msn:pkeﬁorméd under a

2ot fvat od char cod 12 Bt E(hrﬁﬁ %éﬁ%?%gia@#?@%@%“%ﬁﬁﬁ Bfin (4 atm
for 1 d and the éaﬁanml),rmmxdanwe {2.1% mk,i 15 munol) gndaqetexyaretyd| i t e[ err]

_Mhe [ilter cakenaRid (ISSRPALILE W) c6e638% (APOTlor REfitlehe fil( rates
conbi ned. The org anchQ%yer wgé shed e W, t 09 0 m., 250 ni)

and the conbi ned“3B#° rsé"?B‘ 1&8‘?@33 H‘%’H‘Félogacet ate (500
m.). The conbi nediasterenirers;d§tNMRACDWgs208cMbz)h 5=8.34 (s, 0.5H, N=CH),

8.33 (s, 0.5H, N=CH), 7.75 (d, ]=8.8 Hz, 0.5H, Ar), 7.58 (d, J=8.7 Hz,
0.5H), 7.14-7.27 (m, 3H, Ar), 6.78-7.03 (m, 6H, Ar), 6.63 (d, ]=2.6 Hz,
1H, Ar), 6.58 (d, J=2.5 Hz, 1H, Ar), 6.15 (s, 0.5H, NCHN), 6.11 (s, 0.5H,
NCHN), 5.75 (d, J=4.8 Hz, 0.5H, H-3), 5.69 (d, J]=4.7 Hz, 0.5H, H-3),
5.21(d, J=4.8 Hz, 0.5 H, H-4), 4.69 (d, ]=4.7 Hz, 0.5H, H~4), 3.89 (s, 3H,
PhOCHL), 3.85 (s, 3H, PhOCHj), 3.81 (s, 1L.5H, PhOCH), 3.79 (s, 1.5H,
PhOCHS), 1.68 (s, 1L.5H, CH,CO), 1.67 (s, 1.5H, CH,CO); UV
(methanol): A max (nm) = 216, 252.

Example 12 +)-cis-3-( Acetyloxy)-4- 4'-met1_10x henvl)azetidin-2-

one (12) :
OCH3
AcO
N\ o {12)
p—{NH
o/

The title compound was prepared according to the
procedure described in Example 6 except that the product was
isolated by preparative TLC and the reaction was performed on 12.9
mmuol scale based on the original amount of hydroanisamide.
Thus, the crude product of Example 11 (6.38 g) was re-dissolved in
ethyl acetate (80 mL) and added to 10% palladium on activated
charcoal (1.00 g). This gave 4.277 g (141%) of a crude solid. A
portion (200 mg) was purified by preparative TLC (2 mm silica gel;
1:1 ethyl acetate/hexane) to provide the 160 mg (75.5% corrected
overall yield from hydroanisamide) of the title compound as a
slightly yellow powder. This was recrystallized from methylene
chloride/hexane. mp=110-111°C; HPLC purity (area): 99.7%; H
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aqueous [err] (sat) (400 nL) and.brine (400 nL). The organic |ayer was
dried over [err] and treated with activated decol orizing charcoal (30 g).
After 15 min the mxture was filtered thr@3gh a pad of Celite[eCT}2284c
concentrated in vacuo to a final volume of 160 nL. This m xture was cool ed

t . dth _ 3 2234A
i gol[ :'[ (ra!j g; fil SW%@#&E& Mig?)uccéal'{euv@ 9 Zlcil Arl)’68c?(§’rﬁ_§7ﬁer and
hexane (100 nL of2Heakt)) 6.28 (rs) excleangdalbl@, U—I(IHH)@@@W,&#Z?% éIH‘Jz f16f,m

hydr of d PHERTH

1%8?13{2?1]8 Oflla?b]q?fr(d T_g;r?\%z:ﬁ?-é) g%:Fﬁgg—p‘éf %%_gglfgg?g}éﬁve met hod
for the preparati 3‘5&'13% 321 ( 1751, 1728 (

acet yl oxy-1 - [(phqa&l%{;&gy}mkﬂdj@ﬁhﬂ) BopgEIny bi’64 phenyl azeti di n-2- one (5)

and ([err])-cis-3-acetyl oxy-4 enyl azetldl n-2-one (6). To a 1 L, 3-necked
round bottom fl ask equi pped W|th a

Example 13. (&)-cis-3-Acetyloxy-1-J(2'-furyl)(2'-

furylmethylenimino)methyl}-4-(2'-furanyl)azetidin-2-one (13

A°°\_({)

—N
. 7 e _Q. (13)

\
o}

The title compound was prepared according to the
procedure described in Example 5 except that hydrofuramide was
used instead of hydrobenzamide and the reaction was performed
on 18.6 mmol (vs 100 mmol) scale. Thus, hydrofuramide (5.00 g,
18.6 mmol), triethylamine (3.11 mL, 22.3 mmol) and acetoxyacetyl
chloride (2.30 mL, 21.4 mmol) gave 6.192 g (90.4%) of the title
compound as a pale red syrup. Obtained as a 1:1 mixture of
diastereomers; 'H NMR (CDCl,; 200 MHz): 3=8.211 (s, 0.5H,
N=CH), 8.208 (s, 0.5H, N=CH), 7.14-7.59 (m, 3H, furyl), 6.90 (d, J=3.5
Hz, 0.5H, furyl), 6.83 (d, J=3.5 Hz, 0.5H, furyl), 6.10-6.53 (m, 6H, furyl,
NCHN), 5.90 (d, J=4.9 Hz, 0.5H, H-3), 5.86 (d, ]=4.8 Hz, 0.5H, H-3),
5.35 (d, ]=4.8 Hz, 0.5H, H-4), 4.90 (d, J=4.9 Hz, 0.5H, H-4), 1.91 (s, 1.5H,
CH,;CO0),1.88 (s, 1.5H, CH,CO); IR (film): v (cm™1)=1778, 1753 (C=0),
1642 (C=N); UV (methanol): A max (nm) = 220, 278.
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t hernoneter, magnetic stirrer and dropping funnel was added hydrobenzam de
(30.00 g, 100.5 nmol) and ethyl acetate (150 nL). Wth stirring and under a
bl anket of argon, the reaction m xture wag4cooled to [err] and CT-2234A
triethylamne (16.8 nL, 121 nmol) was added. A solution of acetoxyacetyl

chloride (12.4 nggx#@enﬂ@:&ic&.-ﬂxét ALE- £y Hile AR - A 580 (gded

dropwi se over a )
Ensferred to a separatory

was allowed to warmto [err] '(1.5 h) and
funnel. The organic |ayer was V ed sucfesgively with agqueous NHAC (sat)

(150 nmL, 75 nlL), aqueous [err] (Saw offL) and brine (75 nL). To the
above organic-|ayer was added 90% aguepus formc gayd (22.0 nL, 0.57 nol)
and the mxture stirred at roomtenpesature for 2 d. It was transferred to
a separatory funnel and washed w ph water (200 nL) and aqueous [err] (sat)
(200 nL) (add slowy). To the aqueous [err] (sat) washing, solid [err] was

carefully added until 11ig il WRSpdurt whiPrepSRY decbRAURE t83fe
procedure described in Example 6 except that the product was
isolated by preparative TLC and the reaction was performed on the
2.7 munol scale based on the original amount of hydrofuramide.
Thus, the crude product of Example 13 (1.00 g) was re-dissolved in
éthyl acetate (50 mL) and added to 10% palladium on activated
charcoal (150 mg). Purification of the crude solid by preparative
TLC (2 mum silica gel, 1:1 ethyl acetate/hexane) gave 386 mg (65.8%
corrected overall yield from hydrofuramide) of the title compound
as a yellow solid. This was recrystallized from ethyl
acetate/hexane. mp=118-119°C; HPLC purity (area): 99.4%; =1
NMR (CDCl;, 200 MHz): 8=7.44 (t, J=1.3 Hz, 2H, furyl), 6.39 (d, J=1.3
Hz, 1H, furyl), 6.21 (br s, exchangeable, 1H, NH), 5.88 (dd, ]=2.2, 4.6
Hz, 1H, H-3), 5.05 (d, J=4.6 Hz, 1H, H-4), 1.92 (s, 3H, CH;CO); IR
(KBr): v (em™1)=3203 (N-H), 1756, 1726 (C=0); UV (methanol): A
max (nm)=222.

Example 15. ()-cis-3-Acetyloxy-1-[(2'-thienyl)(2'-

thienylmethylenimino)methvi]-4-(2'-thienyl)azetidin-2-one (15

/
A°°\_([J
Y4 \

The title compound was prepared according to the
procedure described in Example 5 except that hydrothienamide was
used instead of hydrobenzamide. Thus, hydrothienamide (30 g,
94.7 mmol), triethylamine (15.84 mL, 114 mmol) and acetoxyacetyl
chloride (11.6 mL, 108 mmol) provided the title compound as
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t hen washed with

product isol ated
m.) to provide 1
title conpound 6
96. 5% Exanple 2
(benzyl i deni m no
34

NaCl (sat), dried over [err], filtered and concentrated in
vacuo to 75 nmL. This m xture was cooled to [err] and the precipitated

by filtration. The filtepgcake was rinsed vvithclife%gggﬁ(ZOO
of the

4.26 g (69.1%overall yield from hydrobenzan de)

Ll

ereomezs. b Eehelar. 9BSRds
J=4.9 Hz, 1:0)7.48 &8 A=k 2112, 110, R4l QD jo3.1 187, nepked7 (@und

1
en
Séé% £s, TH), 751 $dsEp 1996

bottom

added hydr bbonzarttlle’ 83 @aSkD. %:b6 BNy 1 i AT P G B )

added hydrobenza

1H), 6.89 (m, 1H), 6.81-6.74 (m, 4H), 6.48 (s, 1H), 6.43 (s, 1H), 5.85 (m,
2H), 5.59 (d, ]=4.8 Hz, 1H), 5.17 (d, ]=4.8 Hz, 1H), 1.87 (s, 3H), 1.86 (s,
3H).

Example 16.

A 70% aqueous solution of acetic acid (0.35 mL glacial acetic
acid and 0.15 mL water) was added in one portion to a stirred
solution of 15 (0.431 g, 1.03 mmol), dichloromethane (2.93 ml) at
25°C. The reaction mixture was brought to reflux and stirred for 2.5
h. The reaction was diluted with 50 mL dichloromethane and then
washed with two 75 mL portions of saturated aqueous sodium
bicarbonate and then one 50 mL portion of saturated brine. The
organic extract was concentrated in vacuo to a brown oil, dissolved
in 2 minimal amount of dichloromethane, and then placed on a
silica’ gel column measuring 4" by 0.5". Elution using a gradient of
10 through 60% EtOAc/hexane provided less polar sideproducts
and then the title compound (0.154 g, 75%) as a white solid.

TH NMR (CDCly): 87.32 (dd, J=4.7, 1.5 Hz, 1H), 7.03 (m, 2H), 6.75 (bs,
1H), 5.86 (dd, J=4.6, 2.7 Hz, 1H), 5.27 (d, ]=5.3 Hz, 1H), 1.83 (s, 3H).
13C NMR (CDCl,): §169.3, 1655, 1384, 127.1, 127.07, 1262, 78.3, 54.0,
20.0.

Example 17. (¥)-cis-3-Acetyloxy-4-phenylazetidin-2-one (6) -
hydrogenolysis ‘

To a 2.0 L 3-necked flask equipped with a thermometer,
pressure equalizing dropping flask and mechanical stirrer was
added methylene chloride (500 mL), hydrobenzamide (100.00 g,
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Wth stirring and under a bl anket of argon, the reaction m xture was cool ed
to [err] and triethylamne (1.67 nL, 12.0 mmol) was added. A solution of

() - phenet hyl oxyacetyl chloride (2.58 g, 1360 mmol) in dichl or on€Thzp3eA( 30
m.) was then added dropwi se over a 1 h period. After 16 h at [err], the

reacti ?n mi ]’ft ur elmm%h@bboa&&mﬁawﬁmbqsé L8R, @6k HansTaly ﬂdx&?ﬁa
separatory unne e.o SUCCGSSLV aqueous
[err] (sat) (30 M° %Iﬁangﬁﬁﬁé%gml\%‘a %gq; tﬂtl ne (25 nL).
The organic | ayerwhmb mmbdsdwonwwtoxyatatplrddoadel (411@59:&\)(1;3&5 removed in
vacuo_to provide dmaj) t e,gefs\e QlftloH?Fe (1bad B9 QPR asw&e&aragm ov?scous

oil. The product was o m Xt ur e, t ereqmer err
[err] 200 Miz): [Pep¢riodo lmr( W%Fﬁd Oter,zt&aszlgrmam N=CH) ,
8.406 (s, 0.5H, Iéddnbntedand e feaci@kifladk novedsd: theGDld MookBHCH ), 6. 28

(2, 025 IO 1 G 18y Al Sorb 36T st cipeta2 (0,
0.25H, H3), 4.7@ompleteeaction The zsaction Bixture was sraBfarred 0 ASHL H-4) |
4.35 (d, J=5.0 Hzepfrakbty, furiné) and washed twice with aqueous NH,Cl (sat) (500
mL, 250 mL). The organic phase was then washed successively
with aqueous NaHCO, (sat) (400 mL) and aqueous NaCl (sat) (250
mL), dried over MgSO, (ca.100 g), filtered and concentrated by
rz)tovap (bath T = 40°C). The remaining viscous oil was further
dried by pumping for 1 day at 2 Torr whereupon the oil solidified
to furnish a red glass (136.88 g, 102.5%) which was used without
further purification.
The crude solid from above (136.88 g) was dissolved in 800
mL of ethyl acetate and transferred, under a stream of argon, to a
2.0 L Parr flask containing 20.0 g of 10% palladium on activated
carbon (Aldrich). This mixture was treated with hydrogen (4 atm)
for 1 day at 23°C and the catalyst removed by filtration through
Whatman filter paper using a Buchner funnel. The filter cake was -
reslurried in ethyl acetate (500 mL), stirred (10 min) and re-filtered.
This procedure was repeated. The filter cake was rinsed with 100
mL of ethyl acetate and the filtrates combined. The organic layer
was then washed with 1IN HCI (500 mL) and both layers filtered
through Whatman filter paper to remove the white precipitate
which was rinsed with ethyl acetate (100 mL). The organic and
aqueous layers were then separated and the organic layer was
) washed with another portion of 1IN HCI (250 mL). The combined
1IN HCI washes were re-extracted with ethyl acetate (500 mL) and

the organic layers were combined and subsequently washed with
aqueous NaHCO; (sat) (500 mL) and aqueous NaCl (sat) (300 mL).

The ofganic layer was dried over MgSO, (ca. 100 g), filtered and
concentrated in vacuo to 250 mL. The mixture was cooled to 4°C
(overnight in cold room) and the precipi'tated solid isolated by
filtration through Whatman filter paper. The filter cake was
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3.73-3.94 (m 1H, MeCHPh), 1.51 (d, J=6.4 Hz, 0.75H, [err], 1.33 (d, J=6.4
Hz, 0.75H, [err], 1.32 (d, J=6.5 Hz, 0.75H, [err], 0.89 (d, J=6.5 Hz,
0.75H, [err]). Exanple 24. g
([err])-cis-3-(1 -phenet hyl oxy) - 4- phenyl aZét i di n- 2-one (24) [er S 34ndA
solution of the conpoynd, of Exanple. 23 .n ethy] acetgte (50 nL) was

careful |y transf é'Y?r%G'é Wﬂge?e"é%t(?g%m%ﬂftoaﬁfgéﬂéef F&e’éaéﬁ‘(‘)‘%n‘ﬂ ?“&%‘P' fl ask

cont ai ni ng 10% pgluradilds-Fraceeyloxpiephenyladetidin-2-one (49.97 g, 72.7%) asCT- 2234A
charcoal (0.60 g). . n.:lhi | Xt ur e yas-lof-eated with hydrogen (4 atm for 16 h
wher eupon t he ca%“éﬁ‘%%biﬁéa@gs&%r%b%@f%lytﬁi |tration through a pad of CeliteTM
The filter cake was slurried in ethyl acetate (50 nL), stirred (10 mn) and

filtered. The filgxam@aks. @sclsidIa&dy Wl A-phenylazetidin-2-one (6) -

hydrolysis with 70% acetic acid

A dry 1-L three-neck round-bottom flask under an inert
atmosphere (N,) was charged with hydrobenzamide (100.0 g, 335
mmol, 1.00 equiv) and methylene chloride (333 mL). The solution
was cooled to 5°C and diisopropylethylamine (61.3 mL, 352 mmol,
1.05 equiv) was added in one portion. The reaction was further
cooled to -20°C and the temperature maintained with a constant
temperature bath. Separately, acetoxyacetyl chloride (36.0 mL, 335
mmol, 1.00 equiv) and methylene chloride (167 mL) were mixed
and transfered to an addition funnel (total volume: 203 mL). This
solution was added over a 2 h 10 min period to the previously
prepared hydrobenzamide solution. The rate was adjusted such
that the temperature did not warm past -16°C. The light brown
reaction mixture was stirred for 1 h at -20°C. Aliquots of the
reaction mixture (100 L) were removed 5 min and 30 min after the
addition of acetoxyacetyl chloride. If the reaction mixture
contained > 5% hydrobenzamide (by area) after 30 min, additional
diisopropylethylamine (6.13 mL, 35.2 mmol, 0.105 equiv) was added
to the reaction mixture, followed by a solution of acetoxy acetyl
chloride (3.60 mL, 33.5 mmol, 0.10 equiv) in methylene chloride
(15mL). After reaction was complete, deionized water (333 mL)
was added and the mixture was stirred for 5 min. The phases were
separated and the reaction vessel was rinsed with methylene
chloride (110 mL). The methylene chloride rinse was used to
extract the aqueous phase. The organic phases were combined
(total volume: 750 mL). The aqueous phase was discarded.

The rich organic stream was transferred to a 2-L round
bottom flask fitted with a reflux condenser and overhead stirrer.
To the stirred solution was added 70% aqueous acetic acid (156 mL).
Total reaction volume was ca. 906 mL. The solution was warmed
to reflux. Pot temperature was 42-45°C. Although the reaction was
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ethyl acetate (10 nL) and the filtrates conbi ned. The organic | ayer was
washed with 10% HCO (50 nL) and both layers filtered through a sintered
gl ass funnel to renove the white precipi t aje (di benzyl am ne HO jee_ A
phases were separated and the organic | ayer was washed wi th another portion

f 10%HA (30 nmL). Th nbj 10% HCI h re re-extracted with

(Ca)t hyl acet a'g e ( 16)'8'9&)*&3 aclfoﬁ% igrergﬁ‘?fé‘bg WF@%@“&%E&&%T Mﬁﬁﬁoﬂ\ﬁ ¥Mh
aqueotjs []er r% _ l(fani\xh(lﬁi)wah)coalled torio€. (B pii)of ti[élee;ntiganhktuzgl/gqasglals ((jr2 i 3(6137
over [err], fi r r i W Oi :

g) which was pur%{fj\%&@@%&ﬁ%t?ygg;ﬁ%ei&@ﬁ%ogi%hgggsglga,iﬁg: 7 et hyl

acet at e/ hexane) tselutien Zﬁ-gs.hgﬁo(m&%"héﬁe A demperagureonpd kARt baloxg .an” o |
and a mixture of r@stF{ecraBion rdiktd¥¥RviLirhhsféRed Wia)4-L[Bldnmeyetr 18- 7. 50

Tl ) s e iy g o, BT, T
J=6.5 Hz, 1H, [eraddedlin3ang portior6. TheireactionHnixtere a9 sdmreddor I0embn Hz,
(3 cior 5 (46 G o Godts phages yerg sepatated and fhg ich methylene
’ chloride stream was concentrated in vacuo (25 mm Hg, 30°C bath

temperature) to 200 mL. The addition of ethyl acetate and

concentration were repeated. The resulting slurry was stirred for

2:3 h at -5°C. The solid was collected by vacuum filtration (15 an

diam. filter). The density of the product was approx. 3 mL per g.

The product was washed with cold (5°C) ethyl acetate (100 mL).

The product was dried to a constant weight (1.0 mm Hg, 25°C, 5h)

and (49.3 g, 240 mmol, 71.7% weight yield) was recovered as off-

white needles with a purity of 100.8% by HPLC.

Example 19. (+)-cis-3-Acetyloxy-4-phenylazetidin-2-one (6) -
hydrolysis with aqueous sodium bisulfite

AL Cz_cloaddil:ion in Ethyl Acetate

' To a2 L, 3-neck flask equipped with a thermometer,

- dropping funnel and mechanical stirrer was added ethyl acetate
(500 mL) and hydrobenzamide (50.00 g, 0.167 moles). The solution
was cooled (ice bath) to 0°C under a dry argon atmosphere.
Triethylamine (19.50 g, 0.193 moles) was added all at once. A
solution of acetoxyacetyl chloride (24.02 g, 0.176 moles) in ethyl
acetate (20 mL) was added dropwise keeping the temperature at
0-5°C (ca. 1.5 h). The mixture was stirred another 2 h at 0°C then
stored 17 h in the cold room (ca. 5°C). The mixture was diluted
with deionized water (250 mL) with cooling (exotherm to 10°C).
After vigorous stirring, the aqueous phase was separated and
extracted with more ethyl'acetate (100 mL). The organic phases
were combined and the resulting solution of crude 3-acetoxy-1-
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gl ucopyr anosyl oxy) - 4- phenyl azeti di n-2-one (25) OAc [err] To a 50 ni, _
3-necked round bottom flask equi pped with a thernoneter, nmagnetic stirrer
and droppi ng funnel was added (4, 6- _

di - O acet oxy- 2, 3-di deoxy [err]-D-dl ucopyr%ﬁmsyl oxy)acetyl chl orqja'gz?%% ny,
2.51 mmol ) and. djchl o rrethane 20, nl) and the solution cooled to -78[err]C
and triethyl am nQPF Q?EZYL%dGWWI)WEM -4pbenylagetidin-3rone Wag 15 min, a
sol uti on of hydr@b@tﬂdamtﬂaqﬁ%és Blbulfe 48 dBsENiDed below ingnat B> nL) was added.
The reaction 36 CT-2234A m xture was warnmed to
[err]. After 16 h at this terrperature t he reactlon was diluted with

di chl or onet hane & 4Kdox eing gheparatory funnel. The organic
| ayer . was -washed succe55|vely

To a1 L, 3-neck flask equipped with a thermometer,
dropping funnel and mechanical stirrer was added methylene
chloride (166 mL) and hydrobenzamide (50.00 g, 0.167 moles). The
solution was cooled (dry ice-acetone) to -20°C under a dry argon
atmosphere. Diisopropylethylamine (25.01 g, 0.193 moles) was
added all at once. A solution of acetoxyacetyl chloride (25.14 g, 0.184
moles) in methylene'éhloride (91 mL) was added dropwise keeping
the temperature at -20 to -15°C (ca 1.5 h). The mixture was stirred
another hour at -20°C then was diluted with deionized water (166
mL) (exotherm to 0°C). After vigorous stirring, the aqueous phase
was separated and extracted with more methylene chloride (55 mL).
The combined organic phases were coevaporated with ethyl acetate
(400 mL) to remove the methylene chloride. The resulting ethyl
acetate solution (ca. 450 mL) of crude 3-acetoxy-1-
[(phenyl)(benzylidenimino)methyl]-4-phenylazetidin-2-one was
treated with aqueous bisulfite as described below in part B.

B. _ Bisulfite Cleavage
To the ethyl acetate solution of crude 3-acetoxy-1-

{(phenyl)(benzylidenimino)methyl]-4-phenylazetidin-2-one from
part A.1. or A.2. was added deionized water (250 mL) and sodium
bisulfite (75.00 g) and the resulting biphasic solution was
vigorously stirred at 50 £ 2°C until TLC confirmed completion of
the reaction (3-4 h). The biphasic solution was separated. The
aqueous phase (pH 6.0) was discarded and the organic phase was
washed with water (150 mL), dried (MgSO,), and concentrated on
rot. evaporator (35°C) to a volume of 100 mL. The thick slurry was
cooled and stirred at 0-5°C for 2 h. The solid (white needles) was
filtered on a Buchner, washed with cold ethyl acetate (25 mL), and .
dried in vacuo to constant weight.

The A.1. process afforded 20.63 g (60.0% overall) and the A.2.
process afforded 22.94 g (66.7% overall) of (+)-cis-3-acetyloxy-4-
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with aqueous [err] (sat) (30 nmL, 15 ni), aqueous NaHCG3 (sat) (25 nmi) and
brine (25 nL). The organic | ayer was dried over MgSO4, filtered and
concentrated in vacuo to provide 1.435 g (%00. 2% of ' cT
()-cis-3-(4 ,6'-di-0acetoxy|-2'(b3'-d: qgoxy({er;]-?h -4 -2234A

| ucopyr anosyl oxy) - 1- heny enzyl i deni m no) net hyl ] - 4- _
ghenyrgzetidiyn- ZYI%JW)%[iészildm @%@;H%Lca?m'.lﬁyi(ntaab:e9%3%da'misﬁ%&%orrers. A
solution of the a;l@gp@cmmound (1.435 g) in ethyl acetate (50 nL) was
carefully transferred, under a streamof argon, to a 200 nL Parr flask
cont ai ning 10% pal | adi um on activated charcoal (315 ng). This m xture was
treated with hydrExpmpleRGt ))-dsB-Actxyatenphzetitin-zahal(§st was renoved

i i . i £ i was slurriedin
olnyl" acetate (SOMERIRIPRMOBREERIL |, [T cred. The Tilter cake vas
rinsed with ethyl acetate (10 nL) and the filtrates conbi ned. The organic
layer was washed with AQyHCL ghae-edk,addnHBYdionNIBEIS edtibpeaMith Hough a
sintered glass fupngheldshETRY gd&ﬂﬁon%{\[neel,psre%%gl ard Ritrogen inlet is

charged with hydrobenzamide (100 g, 335 mmol, 1.00 equiv) and

methylene chloride (333 mL). The solution is agitated at ca. 160

rpm and cooled to 5°C. Diisopropylethylamine (67.1 mL, 385.2

mmol, 1.15 equiv.) is added in one portion under nitrogen. The

reaction mixture is further cooled to -20°C and the temperature

maintained with a constant temperature bath (-30°C). Separately,

acetoxyacetyl chloride (39.6 mL, 368.4 mmol, 1.10 equiv.) and

methylene chloride (184 mL) are mixed at ambient temperature

and transferred under nitrogen to the addition funnel and this

solution is added over a 5 h period. The initial rate is adjusted

such that the temperature remained below -16°C. The progress of

the reaction is followed by HPLC. An aliquot of the reaction

mixture (100 pL) is removed 10 min after addition of the

acetoxyacetyl chloride solution is complete. The light brown

reaction mixture is stirred at -20°C until HPLC analysis shows <5%

hydrobenzamide (area percent analysis). If the reaction mixture

contains >5% hydrobenzamide by area, the reaction mixture is

charged with additional diisopropylethylamine and acetoxyacetyl

chloride. [As an example, if the mixture contained 10%

hydrobenzamide, additional diisopropylethylamine (6.13 mL, 35.2

mmol, 0.105 equiv) is added neat, followed by a solution of

acetoxyacetyl chloride (3.60 mL, 33.5 mmol, 0.10 equiv.) in

methylene chloride (16.7 ml). The acetoxyacetyl chloride solution

is added at the rate described above. The reaction mixture is stirred

for 10 min at -20°C and then sampled for HPLC analysis.] After the

reaction is complete, water (333 mL) is added in one portion over

ca. 10 sec. The temperature of the mixture increased to 5°C. The

mixture is stirred for 5-10 min. The phases are separated at 5°C

(settling time <1 min) and the reaction vessel rinsed with
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(di benzyl ami ne HCO). The phases were separated and the organic |ayer was
washed with anot her portion of 10% HC (25 nmlL), aqueous [err] (sat) (25 nl)
and brine (25 nL). The organic | ayer was dried over MgpSO4 filtered and
concentrated in vacuo to yield a viscous 311 (0.50 g). This oi ICTia234A
purified by preparative TLC (2 mmsilica gel, 6.5 3.5 ethyl

acet at e/ hexane) tretlyylehel cRRR}id&@ ({08380 @il Mdlahecariddalngfist he title

TR 2 b e LR TR g g ) 1
5H, Ph), 6.54 (bamdlenttempertanee Th swrgmbc plasesra(ej@pmbm 7, 4.5 Hz, 1H,
||:I|'Z3) ) S. 02 g?r 45 141H) Thé rith 6 anﬂc-é’tré’irﬁ'&s trhhsfefted)to a2 igﬁtﬁ'ééingglc‘ldg %0155
551, 1hy. 2 iuhetly At ﬁtéﬁo‘eu%sa refly Qadenadro PVpLheRd
1.57-1.93 (m 3Hand [stopgerNWR {His StirreR)soliithon et embéent t{ampe]'amwi‘s M—lz] [err]
b, 17 (7L g i@ AR & o Yl ALY

H) , equiv.). 'Addition time is ca. 20 sec and the total reaction voiume is

ca. 953 mL. The solution is warmed to reflux (pot temperature 42-

45°C). An aliquot (100 pL) is taken every hour and analyzed by

HPLC. The reaction is judged complete when the area percent of

(2)-cis-3-acetyloxy-1-[(phenyl)(benzylidenimino)methyl]-4-

phenylazetidin-2-one is <2%. The hydrolysis described in this

procedure is complete in 4h. The reaction mixture is cooled to 10-

15°C. The pH of the reaction mixture is adjusted from 4.64 to 6.92

by the addition of aqueous NaOH (3.75 N, 705 mL) while the

temperature is kept between 10°C and 20°C. The NaOH solution is

added over 2 h. During neutralization of this mixture, the title

compound partially precipitated and is redissolved by warming the

solution to 25°C. The phases are separated at 25°C (settling time <1

min) and the reaction vessel rinsed with methylene chloride (100

mL). The methylene chloride rinse is used to extract the aqueous

phase. The combined rich methylene chloride stream (850 mL) is

transferred to a 2 L three-neck round-bottom flask equipped with

an overhead stirrer and cooled to -5 to 0°C with stirring. The

product partially precipitates out. Heptane (850 ml, equal to the

volume of rich methylene chloride stream) is added during 1 h and

the resulting slurry is stirred for an additional 1 h at -5 to 0°C. The

solid title compound is collected by vacuum filtration (9 cm diam.

filter), washed with cold (-5 to 0°C) 10% methylene chloride in

heptane (200 ml) and dried to a constant weight (24-25 in Hg, 35-

38°C, 12-15 h). The title compound (54.42 g, 77.7% weight yield) is

recovered as off-white needles with a purity of 100% by HPLC.

= 7.2
J=2.7
Hz, 1
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37 CT-2234A 4.13-4.35 (m 2H), 4.04-4.12 (m 2H),
2.04 (s, 3H OAc), 2.01 (s, 3H OAc), 1.61-1.86 (m 2H), 1.34-1.54 (m I|H),
1.04-1.19 (m 1H). Reasonabl e variations, such as those which would occur
to a skilled artisan, can be nade herein 2t hout departing fronClH23a&0pe
of the invention. 38 CT-2234A CLAIMS W claim 1.

A conpound havi nExafeple @A Redrative mbidiod for[tRe Prepsrasiohastt @gcfscm t he
group consisting @ etﬁiox&-l-l!& ffranyl) (2'-furanylmethylenimino)methyl]-4-(2'-

furanyl)azetidin-2-one (14)

To a 2 L, 3-necked round bottom flask equipped with a
thermometer, magnetic stirrer and dropping funnel was added
hydrofuramide (80.48 g, 300 mmol) and ethyl acetate (1.0 L). With
stirring and under a blanket of argon, the reacion mixture was
cooled to 5°C and triethylamine (50.2 mL, 360 mmol) was added. A

" solution of acetoxyacetyl chloride (37.0 mL, 344 mmol) in ethyl
acetate (500 mL) was then added dropwise over a 1 h period. After
16 h at 5°C, the reaction mixture was allowed to warm to 20°C (1.5
h) and transferred to a separatory funnel. The organic layer was
washed with aqueous NH4Cl (sat) (500 mL). Both layers were
filtered through glass microfibre filter paper (Whatman) and the
filter cake rinsed with ethyl acetate (50 mL). The filtrate was
transferred back to the separatory funnel and the aqueous layer
removed. The organic layer was then washed successively with
aqueous NH4CI (sat) (250 mL), aqueous NaHCQO3 (sat) (400 mL) and
brine (400 mL)...The organic layer containing the title compound 13
was filtered fhrough glass microfibre filter paper (Whatman).

The solution from above was divided into two equal
portions (approximately 750 mL each) and these were carefully
transferred, under a stream of argon, to two 2.0 L Parr flask each
containing 10% palladium on activated charcoal (6.00 g). This
mixture was treated with hydrogen (4 atm) for 1 d and the catalyst
removed by filtration through a pad of Celite™ . The filter cake
was rinsed with ethyl acetate (100 mL) and the filtrates combined.
The organic layer was washed twice with 10% HCI (500 mL, 250 mL)
and the combined 10% HCl washes were re-extracted with ethyl
acetate (500 mL). The combined organic layers were washed with
aqueous NaHCOj3 (sat) (400 mL) and brine (400 mL). The organic
layer was dried over MgSOy4 and treated with activated decolorizing
charcoal (30 g). After 15 min the mixture was filtered through a
pad of Celite™ and concentrated in vacuo to a final volume of 160
'mL. This mixture was cooled to 4° and the precipitated product
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substituted al kyl, cycloal kyl, arylal kyl and a carbohydrate derivative. X
is selected fromQ N S, COQOand a direct bond; R2 is selected fromthe

group consisting of aryl, substituted aryl, and heteroaryl 2. A conpound
of claim1 wherein [err] is selected frond3he group consi sting G¥-238héAy!
4- et hyl phenyl , and 4-net hoxyphenyl . 3. A conpound of claim1 wherein

[err] is select ettoia‘remuyi'fﬂtmmnp Tionfiltet cal@ whs atdshéd wikh diethyketheand

phenyl . 4. Rg%ggﬁe Plfoo%ﬂ' 13 e%ﬁlw E‘{ s}déuég 55 kS %pﬁ@h él/er]@ﬁ yield A

conpound of claim
wherein [err] i sfam bydrefumymidg ?fﬁé\ﬁ;ﬁlﬂe qompound dérasowhite oneedles m 1

wherein [err] is(mpliastiggecy. qqut[q,mwl-é‘aqrggs%l ng of furyl .and thienyl.
8. A conpound of claim7 wherein [érr] is selected fromthe group

consi sting of al kyl, chloroal kyl and phenyl.
_ Examgle 22. Alternative method for the preparation of (+)-cis-3-

acetvloxy-1-[(phenvl)(benz lidenimipo methvll-4-phenvlazetidin-2-

one (5) and (+)-cis-3-acetyloxy-4-phenylazetidin-2-one (6).

To a 1L, 3-necked round bottom flask equipped with a
thermometer, magnetic stirrer and dropping funnel was added
hydrobenzamide (30.00 g, 100.5 mmol) and ethyl acetate (150 mL).
With stirring and under a blanket of argon, the reaction mixture
was cooled to 5°C and triethylamine (16.8 mL, 121 mmol) was
added. A solution of acetoxyacetyl chloride (12.4 mL, 115 mmol) in
ethyl acetate (300 mL) was then added dropwise over a 90 min
period. After 16 h at 5°C, the reaction mixture was allowed to
warm to 20°C (1.5 h) and transferred to a separatory funnel. The
organic layer was washed successively with aqueous NH4Cl (sat)
(150 mL, 75 mL), aqueous NaHCOj3 (sat) (100 mL) and brine (75
mL). _

To the above organic layer was added 90% aqueous formic
acid (22.0 mL, 0.57 mol) and the mixture stirred at room
temperature for 2 d. It was transferred to a separatory funnel and
washed with water (200 mL) and aqueous NaHCO3 (sat) (200 mL)
(add slowly). To.the aqueous NaHCOj (sat) washing, solid NaHCO3
was carefully added until the pH was 7.5. The organic layer was
then washed with NaCl (sat), dried over MgSOy, filtered and
concentrated in vacuo to 75 mL. This mixture was cooled to 4°C
and the precipitated product isolated by filtration. The filter cake
was rinsed with hexane (200 mL) to provide 14.26 g (69.1% overall
yield from hydrobenzamide) of the title compound 6 as white
needles (mp=150-151°C). HPLC purity (area): 96.5%.

Example 23. (&)-cis-3-(1'-phenethylox -_1- henyl)-
(benzylidenimino)methyl]-4-phenylazetidin-2-one (23)
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39 CT-2234A 9. A nmet hod for preparing a conpound
having the formula [err] wherein [err], X and [err] are as defined in claim
1, which conprises subjecting a conpound of claim1l1l to catalytic

hydr ogenol ysis. 10. A met hod according t3% claim9 wherein [erQT-R234 ky! .
11. A nmet hod according to claim9 wherein R2 is selected from phenyl,

4- met hyl phenyl , and 4- net hox 12,PhA nmet hod according to claim?9
wherein said catalyst is palladi umpn]carbon or pall adi um hydroxi de on
carbon. 13. A met hod accor di st INai m 9 wherein [¢28] is alkyl, [err]
is selected from phenyl, 4-nethyl phenyl $HaNd HPhet hoxyphenyl, and said
catal yst is palladiumor carbon or pall @di um hydroxi de on carbon. 14. A
met hod according to claim 13 wherein [err] is nethyl, and

To a 100 mL, 3-necked round bottom flask equipped with
thermometer, magnetic stirrer and dropping funnel was added
hydrobenzamide (2.98 g, 10.0 mmol) and dichloromethane (15 mL).
With stirring and under a blanket of argon, the reaction mixture
was cooled to 5°C and triethylamine (1.67 mL, 12.0 mmol) was
added. A sclution of (£)-phenethyloxyacetyl chloride (2.58 g, 13.0
mmol) in dichloromethane (30 mL) was then added dropwise over
a 1h period. After 16 h at 5°C, the reaction mixture was allowed to
warm to 20°C and transferred to a separatory funnel. The organic
layer was washed successively with aqueous NH4Cl (sat) (30 mL, 15
mL), aqueous NaHCO;3 (sat) (25 mL) and brine (25 mL). The organic
layer was dried over MgSQy, filtered and the solvent removed in
vacuo to provide 4.57 g (99.2%) of the title compound as a red,
viscous oil. The product was obtained as a mixture of
diastereomers. 1TH NMR (CDCl3, 200 MHz): § = 8.443 (s, 0.25H,
N=CH), 8.414 (s, 0.25H, N=CH), 8.406 (s, 0.5H, N=CH), 7.77-7.91 {m,
2H, Ar), 6.82-7.69 (m, 18H, Ar), 6.28 (s, 0.25H, NCHN), 6.22 (s, 0.5H,

'NCHN), 6.17 (s, 0.25H, NCHN), 5.02 (d, J=4.4 Hz, 0.25H, H-3), 4.89 (d,
J=5.0 Hz, 0.25H, H-3), 4.77 (d, J=5.0 Hz, 0.25H, H-3), 4.70 (d, J]=4.9 Hz,
0.25H, H-3), 4.44-4.67 (m, 0.75H, H-4), 4.35 (d, ]=5.0 Hz, 0.25H, H-4),
3.73-3.94 (m, 1H, MeCHPh), 1.51 (d, ]=6.4 Hz, 0.75H, CH3CH), 1.33 (d,
J=6.4 Hz, 0.75H, CH3CH), 1.32 (d, J=6.5 Hz, 0.75H, CH3CH), 0.89 (d,

- J=6.5 Hz, 0.75H, CH3CH). |

Example 24. henylazetidin-2-one
Qe
SN
24) .
W L e

The solution of the compound of Example 23 in ethyl
acetate (50 mL) was carefully transferred, under a stream of argon,
to a 200 mL Parr flask containing 10% palladium on activated
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[err] is phenyl. 15. A method for preparing a conpound having the formula
[err] wherein [err] and [err] are as defined in claim1, which conprises
treating a conpound of claim1l with an agueous acid solution in which the
acid is selected fromthe group consistingSof sodi um bisulfite, CIe2234A aci d
and formc acid. 16. A met hod according to claim15 wherein R2 is aryl,
substituted aryl chaoroal (@60 ghi Fhis mixturelas treated with hydrogen (4 aGh) 2234A 17.

A method accordingch tgl’f:%fg{ep&}rﬁoﬂ’\ﬂﬁgiéﬂ S8ds ?&‘H ?é]é b?cﬁlgra \?\ﬁug}xg 0 to

about 80% acetic aci A2corali [err]
is methyl and R2 3 Bag ﬁéﬁSylxteTM The filter cake was slurned in ethyl acetate (50

mL), stirred (10 min) and filtered. The filter cake was rinsed with
ethyl acetate (10 mL) and the filtrates combined. The organic layer
was washed with 10% HCl (50 mL) and both layers filtered through
a sintered glass funnel to remove the white precipitate
(dibenzylamine-HCI). The phases were separated and the organic
layer was washed with another portion of 10% HCl (30 mL). The
combined 10% HCl washes were re-extracted with ethyl acetate (100
mL). The combined organic layers were washed with aqueous
NaHCOg3 (sat) (50 mL) and brine (56 mL). The organic layer was
dried over MgSOy, filtered and concentrated in vacuo to yield a
yellow oil (2.967 g) which was purified by preparative TLC (2 mm
silica gel, 3 : 7 ethyl acetate/hexane) to yield 2.41 g (91%) of the title
compound 24 as an oil and a mixture of diastereomers. 1TH NMR
(CDCls; 200 MHz): § = 7.18-7.50 (m, 9H, Ar), 6.92-6.97 (m, 1H, Ar),
6.33 (br s, 0.5H, exchangeable, NH), 6.28 (br s, 0.5H, exchangeable,
NH), 4.60-4.82 (m, 2H, H-3, H-4), 3.94 (q, J]=6.5 Hz, 1H, CHCH3), 1.34
l (d, J=6.5 Hz, 1.5H, CHCHz), 0.91 (d, ]=6.5 Hz, 1.5H, CHCH3).

Example 25. (+)-cis-3-
lucopyranosyloxy)-4-phenylazetidin-2-one (25

OAc

R
AcO .
. (25)

O. Ph

I

o

To a 50'fL, 3-necked round bottom flask equipped with a
thermometer, magnetic stirrer and dropping funnel was added (4,6-
di-O-acetoxy-2,3-dideoxy-a-D-glucopyranosyloxy)acetyl chloride
(774 mg, 2.51 mmol) and dichloromethane (20 mL) and the
solution cooled to -78°C and triethylamine (0.56 mL, 4.02 mmol)
was added. After stirring 15 min, a solution of hydrobenzamide
(824 mg, 2.76 mmol) in toluene (5 mL) was added. The reaction
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19. A met hod according to claim15 wherein said aqueous acid is sodium
bisulfite. 20. A nmet hod according to claim19 wherein [err] is nethyl and
[err] is phenyl. 21. A nmet hod for preparing a conmpound having the formula
[err] wherein [err], X and [err] are as dgkined in claiml, whiCT-Z23 i ses
contacting a conpound of the fornula [err] wherein L is a | eaving group,

Wit ht a CQWDO}EJEd Qhixtl JVQ% Wﬂr&leﬁtzto@‘CE REtet %G R ét*’tﬁis%&&%@&&r_@f ttiédbase?
Cubj octi gt he. cORMHAWERGLTHFa VLS SOt aRgts XLt e Bepftred,
net hod accor di ng tba selparatofy furresl e The[crpadicilsyerrwds washddesudcessivelyl ect ed
et hod acvor di ng Lo s UCREI GO RLNR mE Bue AR (et 7
tenperature i s méthimlind bring @xmge- dihegrganiciayerjwagpdried over

MgSO¢4, filtered and concentrated in vacuo to provide 1.435 g

(100.2%) of (&)-cis-3-(4',6'-di-O-acetoxy-2',3"-dideoxy-0-D-

glucopyranosyloxy)-1-[(phenyl)(benzylidenimino)methyl]-4-

- phenylazetidin-2-one as a viscous oil and mixture of
diastereomers. '
A solution of the above compcund (1.435 g) in ethyl acetate

(50 mL) was carefully transferred, under a stream of argon, to a 200

mL Parr flask containing 10% palladium on activated charcoal (315

mg). This mixture was treated with hydrogen (4 atm) for 16 h

whereupon the catalyst was removed by filtration through a pad of

Celite™. The filter cake was slurried in ethyl acetate (50 mL),

stirred (10 min) and filtered. The filter cake was rinsed with ethyl

acetate (10 mL) and the filtrates combined. The organic layer was

washed with 10% HCI (25 mL) and both layers filtered through a

sintered glass funnel to remove the white precipitate

(dibenzylamine-HCI). The phases were separated and the organic

layer was washed with another portion of 10% HCl (25 mL),

aqueous NaHCOs3 (sat) (25 mL) and brine (25 mL). The organic

layer was dried over MgSOy filtered and concentrated in vacuo to

yield a viscous oil {0.50 g). This oil was purified by preparative TLC

(2 mm silica gel, 6.5 : 3.5 ethyl acetate/hexane) to yield 320 mg

(33.8% from hydrobenzamide) of the title compound 25 as a 2.7:1

mixture of diastereomers [(3R, 45)/(3S, 4R)] and as an oil. 1H NMR

- [(3R, 4S)-diastereomer, CDCl3, 200 MHz]: 8= 7.27-7.44 (m, SH, Ph),

6.54 (br s, exchangeable, 1H, NH), 5.07 (dd, J=2.7, 4.5 Hz, 1H, H-3),

5.00 (br s, 1H), 4.89 (d, J=4.5 Hz, 1H, H-4), 449 (td, ]=4.0, 10.5 Hz, 1H),

4.01-4.14 (m, 1H), 3.93 (dd, J=4.5, 12.5 Hz, 1H), 3.70 (dd, J=1.5, 12.5 Hz,

1H), 2.49-2.59 (m, 1H), 2.06 (5, 3H, OAc) 1.94 (s, 3H, OAc), 1.57-1.93

(m, 3H). 1H NMR [(3S, 4R)-diastereomer, CDCl3, 200 MHz]: 5= 7.28-

7.39 (m, 5H, Ph),6.30 (br s, exchangeable, 1H, NH), 5.17 (dd, ]=2.7, 4.4

Hz, 1H, H-3), 4.88 (d, J=4.4 Hz, 1H, H-4), 4.64 (td, ]=5.3, 10.1 Hz, 1H),
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about [err], and said base is a tertiary am ne base. 24. A net hod
according to claim?22 wherein L is chloride, said reaction tenperature is
mai nt ai ned at a range of from about [err] to about [err], said base is a
tertiary am ne base selected from 41 CTca234 A
triethylam ne and dii sopropyl et hyl am ne, and said catal yst is palladiumon

carbon or pal | adi4B-aB8r(aY 268, £04-21208H) 222,04 3@9@@ E’??Hqg to claim
T

2 omenent hown ho BTtk 2 2B, | 3B ped octalin 169, | O£ S0 "

] are as
defined in claimi1, \A/rﬁeasondvlprvasmxomensimhtaman mﬂﬁomﬂﬂdfoothe tbar mul a

[err] wherein. L is%ilfed Q&Yéaﬁgcgﬁ%%a&éth'@ré’in%%%p%ﬁﬁg?rgtﬂrtﬁgl a [err]

scope of the invention.
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[err] in the presence of a base;

mai ntai ning the reaction tenperature at or

bel ow about 5[err] and treating the conpound thus produced wi th an aqueous
acid solution in which the acid is selectggl fromthe group congiisbpig of
sodiumbisulfite, acetic acid and form c acid. 27. A nmet hod according to

claim 26 wherein [err]

s aryl,

substi ryl, furyl or thienyl. 28. A
nmet hod according to claim27 wherein L%‘gﬁaori de, sard—reaction
tenperature is maintained at a range of about [err] to e , and
sai d base is a twkt tlaim: ani ne base. 29. A net hod accoami mw‘ Eﬂm]"m,
wherein said aqueous acid is about 70% acetic acid. 30.
according to claim27 wherein [err] is nmethyl and R2 is phenyl 31.
met hod accordi ngl-t o chAatompauntddhasing shedfoemubous acid i s sodi um bi sul f ite.
32. A nmet hod according to claim31 wherein [err] is nmethyl and

RIX R2
\_(
/ —
o? CH—N=C_HRZ
r2

wherein R is selected from the group consxsung of alkyl, halo-
substituted alkyl, cycloalkyl, arylalkyl and a carbohydrate

! derivative. X is selected from O, N, S, C(O)O and a direct bond; R?
is selected from the group consisting of aryl, substituted aryl, and
heteroaryl. .

2. A compound of claim 1 wherein R? is selected from the
group consisting of phenyl, 4-methylphenyl, and 4-methoxyphenyl.

3. A compound of claim 1 wherein R! is selected from the
group consisting of alkyl, chloroalkyl and phenyl.

4. A compound of claim 2 wherein R! is methyl.

5. A compound of claim 2 wherein R? is phenyl.

6. A compound of claim 5 wherein R! is chioromethyl or
phenyl.

7. A compound of claim 1 wherein R? is selected from the

group consisting of furyl and thienyl.

8. A compound of claim 7 wherein Rl is selected from the
group consisting of alkyl, chloroalkyl and phenyl.
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[err] is phenyl.

39 ' CT-2234A
9. A method for preparing a compound having the formula
RIX a2
N
U]

/r—- NH

wherein R1, X and R2 are as defined in claim 1, which comprises
subjecting a compound of claim 1 to catalytic hydrogenolysis.

10. A method according to claim 9 wherein R! is alkyl.

11. A method according to claim 9 wherein R? is selected from
phenyl, 4-methylphenyl, and 4-methoxyphenyl.

12. A method according to claim 9 wherein said catalyst is
palladium on carbon or palladium hydroxide on carbon.

13. A method according to claim 9 wherein R! is alkyl, R2 is
selected from phenyl, 4-methylphenyl, and 4-methoxyphenyl, and

said catalyst is palladium or carbon or palladium hydroxide on
carbon.

14. A method according to claim 13 wherein R! is methyl, and
R2? is phenyl. |

15. A method for preparing a compound having the formula

R1X R2

N

———NH
o“

wherein R! and R? are as defined in claim 1, which comprises
treating a compound of claim 1 with an aqueous acid solution in
which the acid is selected from the group consisting of sodium
bisulfite, acetic acid and formic acid.

16. A method according to claim 15 wherein R? is aryl,
substituted aryl, furyl or thienyl.

TS 8 the repiacemen Shest RN R ) O
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40 CT-2234A

17. A method according to claim 16 wherein said aqueous acid
is about 60 to about 80% acetic acid.

18. A method according to claim 17 wherein R! is methyl and
R? is phenyl.

19. A method according to claim 15 wherein said aqueous acid
is sodium bisulfite.

20. A method according to claim 19 wherein R! is methyl and
R? is phenyl. '

21. A method for preparing a compound having the formula

R‘C@)o\ R2

—NH
o7

wherein R1, X and R? are as defined in claim 1, which comprises
contacting a compound of the formula RIC(O)OCH2C(O)-L wherein
L is a leaving group, with a compound of the formula R2-CH-
(N=CHR2); in the presence of a base; maintaining the reaction
temperature at or below about 5°C; and subjecting the compound
thus produced to catalytic hydrogenolysis.

22. A method according to claim 19 wherein Rl is aryl and R2 is
selected from phenyl, 4-methylphenyl, 4-methoxyphenyl, furyl and
thienyl.

23. A method according to claim 22 wherein L is chloride, said
reaction temperature is maintained at a range of about -20°C to
about 5°C, and said base is a tertiary amine base.

24. A method according to claim 22 wherein L is chloride, said '
reaction temperature is maintained at a range of from about -20°C
- to about 5°C, said base is a tertiary amine base selected from

————"" " This is the replacement sheet
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41 CT-2234A

triethylamine and diisopropylethylamine, and said catalyst is .
palladium on carbon or palladium hydroxide on carbon.

25. A method according to claim 24 wherein R! is methyl, and
R? is phenyl.’

26. A method for preparing a compound having the formula

R10(0)0\ " R2

_.(

—NH
0%

wherein R}, X and R2 are as defined in claim 1, which comprises
contacting a compound of the formula RIC(O)OCH,C(O)-L wherein
L is a leaving group, with a compound of the formula R2-CH-

(N =CHR?), in the presence of a base; maintaining the reaction
temperature at or below about 5 °C; and treating the compound
thus produced with an aqueous acid solution in which the acid is
selected from the group consisting of sodium bisulfite, acetic acid
and formic acid.

27. A method according to claim 26 wherein R2 is aryl,
substituted aryl, furyl or thienyl.

28. A method according to claim 27 wherein L is chloride, said
reaction temperature is maintained at a range of about -20°C to
about 5°C, and said base is a tertiary amine base.

29. A method according to claim 27 wherein said aqueous acid
is about 70% acetic acid.

30. A method according to claim 27 wherein Rl is methyl and
R2 is phenyl. '

31. A method according to claim 27 wherein said aqueous acid .
is sodium bisulfite.

32. A method according to claim 31 wherein R! is methyl and

R2 is phenyl.
I —

) 0 O VA
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ABSTRACT

The present invention provides novel cis-N-iminomethyl-
3,4-disubstituted-2-azetidinones, and their use in the preparation
of N-acyl-2-azetidinones, intermediates in the semi-synthesis of
taxol and taxol derivatives. '
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