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This invention is directed to a novel famly of B-lact am anti biotics, and'@
to.the use of such conpounds as antibacterial agents, It has been

di scover ed that the B-lactam nugl eus’ can be bi ol ogi cg+4>y ldeBQated by a
sul font-c acid salt substituent att ched to the nitrogen atomin the

nucl eus. B-Lactans havin 1
salt") substituent i nM - ' "
3-position exhibit activity against a range of gram negat ive and

gram posi tive bact@iig. jdvention is du‘ébt’#@&rodaﬂ@\%v\dlt h one aspect, the
I nvention provides a_B-lactam havi ng. a sul pém? 3: Ld substituent -[err].

wher ei n [ er rfanslyQf ofzhactam anpiRiptifs ®"%thd an amino
substi t uent ofeéﬁ&hoasoanaﬁﬂaecsechrimaadmm aqertﬁse 3-position with the

proviso_that en the B-Lactamri t|t t 20 at the
4-posi t Bon, TheN2BBRAGNAFERLYS ?3?‘?&‘% Sy Ros |E§Pnot hydrogen or

nmet hoxy. | n agcbedsncan bethiokogicmkly Apuictated iy a nvention provi des a
B-| act am havjpgegngy Leagcssgcd oL ilta el iida Wi [err] is

ahydr ogen or on 1n ositron and 25 an azido group on the
. 3-position. hhtzegendanes #nt B an@*@muﬁspect the invention provides a

conpound of the fogoyhatamkChabing sheupfehit ddidngiiagen or alkoxy of 1 to
¥ carbon atons; [err

10 (including "inner salt") substxtuent in the
l-position and an acylamiho substituent in
the 3-position exhibit activity against a
range of gram-negative and gram-positive
bacteria.

15 In accordance with one aspect, the invention provides

N\ a B-lactam having a sulphonic acid substituent -SO§M$ wherein

M® is hydrogen or a cation in the l-position and an amino

substituent -NH2 or a protected form thereof in the 3-position

with the proviso that when the B-lactam ring is unsubstituted

20 at the 4-position, the second valency at the 3-position is not
hydrogen or methoxy.

In accordance with another aspect, the invention
provides a B-lactam having a sulfonic acid substituent -SUQWD
wherein M? is hydrogen or a cation in the 1—pos1t10n and'

25 an azido group on the 3-position.

In accordance with another aspect, the invention

'provides a compound of the formula:-

Ry R
30 - NH3 . . R3.
/7 - . N-SO3
. 0 . A
- wherein R2 is hydrogen or alkoxy of 1 to & carboh'atoms; R3
35 and .R4 are the same or different and each is hydrogen or

alkyl, or one of R3 ahd R4 is hydrogen and the other is alkoxy-



3% and R are the sane or different and each is hydrogen or al kyl, or one
R and R is hydrogen and the other is al koxy- -l a- carbonyl, ..
phenyl et henyl or 2-phenyl et hynyl ..jhb aceordance with another aspect, e
nvention provides a conmpound of the fornmula:- 5

[err] wherein [err] is hydrogen or acyl or the-group [err] is protected

am no; J&rbon*]le”Z]-phéi{erim y$ asEe lei:hdn)flﬁ-:ehﬁﬂu and each is hydrogen, alkyl,
cycl oal kyl, phenyl or substituted phenyl, or one of [err] is hydrogen and
t he ot her is al koxycarbonyl, alken-1-yl, alkyn-1-yl, 2-phenyl ethenyl or

2- phenyl et hynylIn aocbridence vtiytiraxg:e:mebraspecat i the. idvengiompdanitesvith a

further 3&8@%%°?h9“4 ﬁﬁ%bon provi des 15 a process for preparing a
i sGhy

compoun or mu rr] 20 0 wherein R is hydrogen
and sone of R and R dHogen arfy, the other is alkyl, cycloal kyl,

phenyl , substltutedlpheme__aLKQX¥1naR onyl, alken-1-yl, alkyn-1-yl,
2- phenyl et henyl or 21phenyl=thynyl [err] S hydrogen or a cation
characterised by cyclizin k—eeﬁﬁeun¢09 the formula V [err] 30
wherein A is an am no p0dTecting group and Vis a |eaving group by

treatmenty Wil @ PESGaehfkd 8P4y %S thd ATuP%R PHAL & pP 8 Rnino;

10 R3 and R4 are the same or different and each is hydrogen, alkyl,

cycloalkyl, phenyl or substituted phenyl, or one of R3 and R4_is
hydrogen and the other is alkoxycarbonyl, alken—l-yl, alkyn-1-y1,
2-phenylethenyl or 2-pheny1ethynyl; and.M+ is'hydrdgen or a cation.
In accordance with a further aspect, the invemtion provides
15 a process for preparing a compound of the formula
R R

2 =4 - o
HN _ —R, ‘ -

o N-50, M

20 .
wherein R2 is hydrogen and one of R3 and R4 is hydrogen and the other
is alkyl, cycloalkyl, phenyl, substituted phenyl, alkoxy-carbonyl,
alken-1-yl, alkyn-l-yl, 2-phenylethenyl or 2-phenylethynyl; and Mt
is hydrogen or a cation characterised by cyclizing a compound of

25  the formula ' '

30 7 ——NHSO,

wherein A is an amino protecting group and V is a leaving group
by .treatment with a base and removihg said amino protecting group-
after the cyclization.

35 It should also be noted that our copending divisional patent

&oe @



after the cyclization. 35 It should al so be noted that our (i{fy)
copendi'-ng divisional patent -1 b- application No. 8333191 describes and™

cl ai ns“a conpound of. the fornuha:-‘Y [err] 5 wherein R is hydrogen or
acyl "06r the group [err] is protected Bﬁino; 10 ~ [err] are the sane or

different and each is hydrogen, al kyl, cycloal kyl, phenyl or substituted

phenyl, o : flerr] 4 dr -and e | S cab |, .
al ken-1- ﬁ"}’ggﬁ“?ﬁ?l%r, dgis’%{})einyf%?gle%% Jon:a f(i%)ﬁ%{ly% e%ﬂ‘lfﬁgﬁa/ é{/ ?Igé/a | eavi ng
group; ankprmylaprdr ogen or a cation. 15 The preferred nmenbers of
the novel famly of B-l.actamanty- biotics of this invention are those
enconpassed by the formula [err] {20 In addition to the above described
B-lactans having a sulfonic aci salfg substituent in the 1-position and an
acyl am no 25 substma ' L?$ 3-position, this invention also
enconpasses B -lactans~haviing a sulf@&gic acid salt (including "inner salt") .
substituent 'in the 1-posiijon and an _ gino substituent in the 3- position.

o NH-SO3 M

& : 0

-
v

. wherein R1 is hydrogen or aéyl or the group Rl-NH- is protected amino;
10 R3 and RZ, are the same or different and each is hydrogen, alkyl,
cycloalkyl, phenyl or substituted phenyl, or one of R3 and R4 is
hydrogen and the other is alkoxycarbonyl, alken-l-yl, alkyn-l-yl,
2-phenylethenyl or 2-phenylethynyl; V is a leaving group; and Mt
is hydrogen or a cation.

15 The preferred members of the novel family of B-lactam anti-
W biotics of this invention are those encompassed by the formula
R B
'Rl-NH-C—-—————-C-RS
20 l I |
&
C———N-80
d/ 3

In addition to the above described B-lactams having a

sulfonic acid salt substituent in the l-position and an acylamino

25 sgbstituent in the 3-position, this invention 'also encompasses

B -lactams having a sulfonic acid salt (including "inner salt")

substituent in the l-position and an amino substituent in the 3-
position.



[ € The preferred conpounds of this type have the formula la R
R 4 5 [err] 10 These conppunds are internedi ates useful for the
preparation of corresponding 3- acylam no tonpounds. As used in fornmul ase
and la, and through- 15 out the specification, the synbols are as defined
bel ow. R is agne; pRefier fdulraarpoendsl bexenifs kyiie hHns bows; R and R are
the sane or different and each 20 I s hydrogen, alkyl, cycloal kyl, phenyl
or sub- stituffd &nyl , or one of [err] is hydrogen and the other is '
al koxycar bonyl ; al ken-i-yl, alkyn-1-yl, 2-phenylethenyl or 2-phenylethynyl.

Mis hydrogen or a.cation. 25 R The_terns "al kyl" and "al koxy" refer to
both strai ght and &thched chala gro&ps. Those
5 = —
NHZ-' T-RB
6.6
C— N=-S0.M
o7 3
10

These compounds are ihtermediates useful for
the preparation of corresponding 3-acylahino
compounds.

As used in formulas I and Ia, and through-
15 out the specification, the symbols are as defined

below. ' ' _
) is acyl; _ ' | Y,
R, is hydrogen or alkoxy of 1 to 4 carbons; '

R3 and R4 are the same or different and each

20 is hydrogen, alkyl, cycloalkyl, phenyl or sub-
stituted phenyl, or one of R3-and R, is hydrogen
and the other is alkoxycarbonyl, alken-li-yl,
alkyn-l-yl, 2-phenylethenyl or 2-phenylethynyl.

MG is hydrogen or a cation



N,

g

pY

groups having 1 to 10 carbon atons are preferred. The terms "cycl oal kyl " s

and "cycl oal kenyl" 5 - refer to ;¥cloalkyl and cycl oal kenyl groups having
3,4,8%6 or 7 carbon atons. The ter®P~al kenyl" refers to both straight and
branched chain groups. Those groups having 2 to 10 carbon atons are

preferred. 10 alo ' ers, to qu rrne chl ori ne,
broni ne and i odi ne. T&ﬁetfﬁwﬁr"g 5 d ﬁﬁ%ﬁﬁ % a phenyl group

substituted wbahhlstﬁabghﬁ anﬂnb:dmﬂw@hmmdnnmgnqﬂgsirwﬂﬂqmaonethyl and
| over alkyl OLrBUKOKAJLRUPE. elo10 carbon HibrsdPe RAUAA! A car boxy!

refers to a c r ou has been conventi ona
ester protectlng grBhe. t¥amse gwsdpshmﬂiﬁmﬂﬂdI&ﬁM34Qﬁikqn¥kut see, for

exanpl eq Unltegfga{:gsc eiggg ,11%,‘53?3% %lkenYIS%Lk%(?\@rCh 13, 1979. The

preferred protected car oxy groups a enzy , benzhydryl and t-butyl
esters.. The béYthaéyﬁW ir Rc P&dds CARPAy AEAME o+ adi cal s derived from an

organl ¢ acid (i.e. ,TBeC&ébﬁX'ﬂllld‘e I Pefrd &iB0\BOtHOs drighadr oxyl  group.
Certain acyl graugg 25, Sre, course,_preferred Rpt this preference
wshoul d not~ bed3BfcREANGRES FRAIN, STORRS- ( (R8RS, AFNPS AV enti on.
Exenpl ary acyR goompscarbomhasmmsndrqnpanemﬂadirhave been used in the
past tﬁaacyl ate Q‘S‘éa?e?ﬁt l..maq_tol B3Qefard r’g:é BnOéam nopeni cil | ani c
a

vaC|d a derlvatlves n anrnoc alosporanlc aC| and derivati ves:
chlorxne. bromine and iodine.

The term "substituted phenyl" refers to a phenyl
group substituted with 1, 2 or 3 amino, halogen, hydroxyl,
trifluoromethyl and lower alkyl or alkoxy groups.

15 The term "protected carboxyl” refers to
' a carboxyl group which has been esterified .

with a conventional -ester protecting group.
These groups are well known in the art; see,
for example, United States petent 4,144,333,

20 issued March 13, 1979. The preferred protected carboxyl
groups are benzyl, benzhydryl and t-butyl esters. |

. The term "acyl"” includes all organic radicals

derived from an organic acid (i.e., a carboxylic acid)
by removal of the hydroxyl group. Certain acyl groups

25 are, of course, preferred, but this preference
should not be viewed as a limitation of the
scope of this invention. Exemplary acyl'groups
are those acyl groups which have been used in
the past to acylate'3~1ac£am antibiotics

30 including 6-aminopenicillanic acid and derivatives
and 7-aminocephalosporanic acid and derivatives;
see, for example, Cephalosporins-and Penicillins,
edited by Flynn, Academic Press'(1972). German
offenlegungsschrift 2,716,677 published October 10,

35 1978, Belgian patent 867,994, published December 11,
1978, United States patent 4,152,432, issued




ee, for exanple, Cephalosporins and Penicillins, edited by Flynn, Academc
D Bss (1972), German O f enl egungsschrift 2,716, 677 publ i shed Cctober 10; 35
D/8, Bel gi an patent 867,994, published Decenber 11, 1978, United St at e/
pat ent-~4, 152, 432, issued -4- May 1,, 1979, Uni ted States pat ent

3,971,778, issued July 27, 1976, UnltﬁJ'States patent 4,172,199, issued

Cct ober 23,.1979, and Britlsh patent 1, 348, 894, published Nhrch 27, 1974.
The 5 pOI’tIOﬁI o{ t e c#a@éesscggdgy_,{\g yegr-;louﬁyga,cyl groups are

i ncor por at ed hered n by reference fol I'owi ng 17'st of acyl groups is
presented to fuxsemede&ehpl27y'l?&ﬁteﬂ#ﬁﬁQﬁnﬁtatQ% BN not be regarded

as "m}]' ng thah f @4 dfcoberrCyi, gmgos aEfde Bz(:a-)xlsm: Lpf‘a“fk
groups having thé A err rej vle. cyclpal kyl ; al koxy;
al kenyl ; cycl o-PaFgBRy} 3% c?%%ex%ﬁh%&éhé§2NJ yfqtnl%ﬂ S5
SUbStltUte§ Mﬂtbo?ﬂﬁbﬁé aﬁrehéﬁécmnferences)desdrxblngnvaxlqmﬁcapto _

al kyl thi o, "or cYano- mgi byl {bl o; QEQURGradld 1REEEARIS) FofGURIA S O 0UPS

havi ng t he for _
The followlng list of acyl groups ‘is presented -
- to further exempllfy the term "acyl"; it should

not be regarded as limiting that term. Exemplary

)

10 acyl groups are: o
(a) Aliphatic. groups having the formula
: ‘Lacu'L- '

wherein Rg is alkyl; cycloalkyl; alkoxy; alkenyl; cyclo-
alkenyl:; cyclohexadienyl; or alkyl or alkenyl
15 substituted with one or more halogen, cyano,
nitro, amino, mercapto, alkylthio, or cyano-
methylﬁhio groups.
(b} Carbocyclic aromatic groups having
the fermula
20

Ry -

R 0
8
(CH,) -C- ,

L¥3




[err] [err] R R-ntT _0 [err] [err] [err] 5 RJ[err] 10 [err] [err] (]vp/
wherein nis 0, 1, 2 or 3; [err] each 15 I s i ndependently hydrogen, -
hal ogeg,-- hydroxyl, nitro, amino,, cyano,.trifluoromethyl, alkyl of 1 to 4
carbon atons, alkoxy of 1 to 4 carbon atons or am nonethyl; and R is am no,
hydroxyl, a carboxyl salt, protected carboxyl, fornyloxy, 20 a sulfo
salt, a sulfoamno salt, azido, hal ogem®=hydr azi no, ~al kyl hydr azi no,
phenyl hydrazi no, or [(alkylthio)thioxomethyl]thio. Preferred carbocyclic
aromatic acyl groups include those haw&ng the fornmula 25 0

: 7

0
Rg 8 f
- . 7 0
Rgs Rg il
| $-CH,~C- or

10 .

)

R,

R 0
6 Rg i
{ CH,-S-C-

| wherein n is 0, 1, 2 or 3; R., Ry, and Ry each
15 . is independently hydrogen, halogen, hydroxyl,
-nitro, amino, cyano, .trifluoromethyl, alkyl
of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon
- atoms or aminomethyl;‘and_R9 is amino, hydroxyl, a
carboxyl salt, protected carboxyl, formyloxy,
20 a sulfo salt, a sulfoamino salt, azido, halogen,
hydrazino, alkylhydrazino, phenylhydrazino, or
[ (alkylthio) thioxomethyl] thio.
) Preferred carbocyclic aromatic acyl groups
include those having the formula

25

S

2NHy



r]- -1 [err] [err] O 5 a carboxyl salt or sulfo salt) and 10 O [err]
&ﬁ . a carboxyl salt or sulfo salt). (c) Heteroaromatic groups having
‘he/ formul a O [err] 20- [err] [ergy
[err] [err] wherein nis 0, 1, 2 or 3; [err] is as
defined above; and [err]is a substitut®d or unsubstituted 5-, 6-or
7-menbered heterocyclic ring containing 30, 1, 2, 3 or 4 (preferably 1
or 2) nitrogen, oxygen and sul fur atonms. Exenplary heterocyclic

0

Ho-<::>>-?nec- (Rg is preferably

R9
a .carboxyl s;lt'or sulfo 'salt) and " ' S Y

10
0

. "
<::>}—?H-C- (R9 is preferably

Ry

15 a carboxyl salt or sulfo salt).
~ (c) Heteroaromatic groups having the
formula . 8

07

Q.
20 Rl ‘CH"&"‘ ’
. . Rg

0
N |
RlO-O-CHZ -C" ’
o.
Ry S=CH.,~C '
g S+ -C- , or
25 F
1" }
: Bg=C—¢C- - |
wherein n is 0, 1, 2 or 3; Rg is as defined

‘above; and R;gyis a substituted or unsubstituted
5-,6- or membered heterocyclic ring containing
30 1, 2, 3 or 4 (preferably 1l or 2) ‘nitrogen,
. ° oxygen and sulfur atoms. Exemplary heterocyclic

LS



—

-7; rings are thienyl, furyl, pyrrolyl, pyridinyl, pyrazinyl, thiazolyl,
nor phol i nyl , pyr|n1d|nyl and tetrazolyl. Exenplary substituents are

hal ogen,~ hydroxyl nitro, amno,, cyano, trifluoro- 5 - nmethyl,- alkyl of 1

to 4 carbon atons, or alkoxy of 1 to 4%arbon atons. Preferred
het er oaromat r c acyl groups include those groups of the above fornulas
wherein [err] is 2-am no-4-thiazolyl, 2-am no-5-halo- 10 4-t hi azol yl.,
4- ami nopyri m di n-vings &ertihienyl), lﬁum.adimua.ylp,yﬁdlihw&nyl or
2-furanyl. (d) éiﬁﬁﬁlt&ﬂfg&é& dagyﬂdﬁq r agjainlia
carbonyl]an1no|arf$ etyl groups havi'n e fonﬁﬁl %?Q inyl
[err] 20 whetnd rF??ﬁ%ﬂ°¥¥;%u1§ﬁQﬂéiﬁq¥giﬂﬁﬁ?%ﬁﬁ%ﬂt§dﬁﬁ§ car bocyclic.
aromatics such aShé]hﬂiézhpfh oy, mﬂlétx% [%i’nf:]no?,5 dxohett&rﬁ%%sf-l Cs as
i ncl uded W|th|nthed nltlygm%{ [err] ?P%ﬁ substltu daI
(wherein tRe al kyt iiﬂ) it EtomSipPE R 8§¥n cyano,
nitro, -amnoe or oferkap & farbon &J:romqas) aryl met hyI eneam no (i .
[err] wherein [err] is @s | cat o (i
#NH C-R | wherein Rllis asﬂﬁ'I |ne§ﬁ§bove oﬁxﬁ Ky & %ﬁ??an1no
include those groups of the above formulas
wherein Rlols 2-am1no—4-th1azolyl, 2-am1no-5—halo-
10 4-thiazolyl, 4-aminopyrimidin-2-yl, 5-amino-1,2,4-
thiadiazol=-5~yl, 2~thienyl or 2-furanyl.

v,

(a) [I (4-Substitui:ed-2, 3-dioxo-l-piperazinyl)-
carbonyl]amino]arylacetyl groups having the formula

o o / \
15 1] ] .N

(N -C~CH-NH-C-N N<R

i _ - T12.
Rli H .
S o -
20 wherein Ry is an aromatic group (including

carbocyclic. aromatics such as those of the formula

and heteroaromatics as included within the definition
- of Ryg: and Riz is alkyl, substituted alkyl

(wherein the alkyl group is Substituted with one

or more halogen, cyano, nitro, amino or mercapto

30 groups), arylmethyleneamino (i.e., =-N=CH-Rj;
. wherein R, is as de_fined :above), arylcarbonylamino :

25

A

A

| {d. i.e., -NH-C-Ru wherein Rll is as defined above)
or alkylcarbonylamino.



et ¥yl henyl met

" Pr&feyred [[(4-substituted-2, 3-di oxo- 1-
piQk?azinyl)carbonyl]aninolarylacetyl groups include those wherein

hyl ene- amino or 2-furyl methyl eneam no. 5

(Substrtuted oxyi mi no) aryl acetyl groupgahavrng the formul a [err]

-G C=N-0-R13 10

wher ei n [err]is
15 group is
mer capto, al kylt
(i ncluding salts
di phenyl nmet hoxyc
di hydr oxyphosphi
phosphi nyl « subst
gr oups |nc?ude t
preferred are th

10

wherein [err]is as

R12 is
(exs

efi ned above and R13 is hydrogen,

al kyl, cycl oal kyl, . al kyl am nocar bonyl, aryl am no- 0 carbonyl (i. [err]

as defined above) or supst i t ut ed al kyl (mhereln the al kyl

subst?FGfSHrﬁPtﬁ[146F“hﬁFétH5F6§§n3‘G&%ﬁ%‘ Mitro,
bugera&Qﬁgnoeasbauplqaﬁxﬁeiaﬂgﬂaeutﬁerqiougarboxyl

am no,

|, k b th b I,
1POTHGR, toRa Rergip oKy A kB B EhEL prRsrYIRaERYESRM !
apinohpdr @xfugphmeyhybeheamipbosphi nyl, or di al koxy-

t tgL- b tyl
Logg”mzége g%&g%Eﬁgggéﬁ 3&&;“&38%9%%1?%@9%fr%*ouﬁgf y
bswiggolpe FRsMELA R is nethyl, ethyl, carboxy- nethyl,
or 2- carboxylsopropyl () ?(Acylanrno)arylacetyl groups havi ng

R11

wherein R;;is as defined above and Rj; is hydrogen,

alkyl, cycloalkyl, alkylaminocarbonyl, arylamino-
o _

S S L
- carbonyl (i.e., -é-NH-Rll_wherein Rj; is as defined

15

20

above) or substituted alkyl (wherein the alkyl
group is substltuted with 1 or more halogen,
cyano, nitro, amxno, mercapto, alkylthio,

aromatic group (as defined by Ryy, carboxyl
{(including salts thereof), amido, alkoxycarbonyl,
phenylmethoxyca:bonyl; diphenylmethoxycarbonyl,
hydroxyalkoxyphosphinyl, dihydfoxyphdsphinyi.

" hydroxy (phenylmethoxy)phosphinyl, or dialkoxy-

25

30

phosphinyl substituents).

Preferred (substituted oxyimino)aryl-
acetyl groups include those wherein Rllis
2-amino-4-thiazoly1. Also preferred are those
groups wherein Ry13 is methyl, ethyl, carboxy-
methyl, or 2-carboxyisopropyl.

(£) (Acylamino)arylacetyl groups having
the formula '

Y U

—C-?H-NH-C-R14

v

Riz . _
wherein R;;is as defined above and R,, is

A



the fornmula 30 : T 0 O [err] wherein [err] as defined

above and [err] 1is -9- [err] [err] (cyanoal kyl ) am no, am do,

al kyl ‘smi do, (cyanoalkyl) NH - [err] [err] [err] [err] [err]
[err] Preferred (acylanrno)arylacetyl groups of the above fornula include
t hose groups wherein 4 is anino, or =#rndo. Also preferred 25 are

t hose groups wherein [err]is phenyl or 2-thienyl. - '
[[(3-Substituted-2-oxo-1-imdazoli - d|nyl]carbonyl]an1no]arylacety] gr oups
havi ng the formula _ 0 30. [err] -

sjéfﬁiy:-—-(CH )_-0=, amino, alkylamino,

(cyanoalkyl)amlno, am;do, alkylamldo, (cyanoalkjl)-

B | NH . NH 0 .
. ] i /; 1 2 H
amido, =~CH,=NH-C W , -cu-cH,-C-NH-CH, ,
Lo - =/
H

Q 0,~N (CH,~CH,~OH) , , 7/ \ cay
i ’ _ =N

Q-

15

. . ’ ! ’
. QH . ' .OH N .
. 2 0
. O . YO
20 \N 15 'Or N N )
Preferred-ﬁacylamino)arzl;cetyl groups
., of the above formula include those groups

wherein R14 is amino, or amido. Also preferred
25 are those groups wherein R,,is phenyl or 2-thienyl.

(g) ([ [3-Substituted=2-oxo-l-imidazoli-
dinyllcarbonyl]amino]arylacetyl grodbs-having the

nd

formula 0 .
- 30 | o o 4 '
oy ' 3 IRV
- -@=CH~NH-C-N N-R
Pll CH.,=——=CH

2 2



259_ wherein [err]is as defined above and R15.is hydrogen, al kyl sul fonyl,
/|l met hyl eneamino (i.e., [err]is as defined above), 05 [err]is
ydrogen, al kyl or halogen substituted al kyl), aromatic group (as defingg
by Rll4bove), al kyl or substituted al kyl (wherein the alkyl group is
substituted wth one or nore hal ogen, cyano, nitro, amno or nercapto 10
groups). -Preferred [[3-substituted-2-T 7I-in1dazo|i-
dinyl]carbonylIaninolarylacetyl groups of the above fornula include those

wherein Rilis Phﬁﬁ&a—e% E“se 'deﬁﬁ&d%ﬁ&ﬁér&ﬁdaﬁe tffen% QYO

wherein [err] is h¥ rogentl yl su
2-furyl met hyl eneé Mésuiﬁeanpnarrémeshyleasamseq ﬂhisyghout t he

'speci fication, re&ecﬁ-g,glanﬁregﬁl h%%yaehaéssﬂeat%@é%grouru of atons.
The [err] substituyent on t nitrogen atomof the B-lactans of this

i nvention enconpagses all sulfonic acid salts. Pharmaceutically acceptable
salts are,s of coucsa ghiwheretd, RaLt houbhdpogen, salkgl ase al so useful in

- - purifying the prggYShgnOLuBQ §th §ngiﬂg féb?ﬁo §caar#€éegg$dlates for

the preparation arnaceu i"ca acc ionic portion o
of the sulfonic dsfansdlby Bf j&hoye) avah Ybnocaﬂub%tbbuheﬁedlkYbn1elther

organi ¢ (wherein the alkyl group is substituted with one
or more halogen, cyano, n;tro, amino or mercaptc
10 .f groups) .
_ Preferred [[3-substituted~2-oxo-l-imidazoli-
dinyl]carbonyl]amino]arylacetyl groups of the
above formula include thosé wherein Ryjjis phenyl
- or Z-thienYI. Also preferred are those groups _
15 wherein Rj;s is hydrogen, methylsulfonyl, phenyl- o’
: methyleneamino or 2-furylmethyleneamino.
. .~ The term "cation", as used throughout the
specification, refers to any positively charged
atom or group of atoms. The “—SO?MG“ substituent
20 on the nitrogen atom of the 8-lactams of this
invention encompasses all sulfonic acid salts.
Pharmaceutically acceptable salts are, of
- course, preferred, although other salts are also
useful in purifying the products of this invention
25 or as intermediates for the preparation of
pharmaceutically acceptable salts. The cationic
portion of the sulfonic acid salts of this
invention can be obtained from either organic
or inorgani¢ bases. ~Such cationic portion
30 _ includes, but is not limited to, the following
ions: ammonium; substituted ammonium, such as .

e

alkylammonium (e.g., tetra-n-butylammonium,

referred to hereinafter as tetrabutylammonium) ;

alkali metal, such as lithium, sodium and potassium;
35 alkaline earth metal, such as calcium ahd magnesium;



or, inprgani ¢ bases. -Such %%Rionic portion 30 iéZDUdes, but is not <iéﬁ;

a0l vents 20 CcO¥

limted to, the foll'owng ions: amonium substituted amoni um such as

al kyl apnmoni um (e. g., tetra-n-butylammonium referred to hereinafter as
tetrabutylannnnlun) al kali netal, sucly l'ithium sodium and potassi um
35 al Kaline earth netal,. such as cal ¢ci um and. nagnesi um pyridi ni um
di cycl ohexyl ammoni umy  hydr abam ni umy benzat hi ni um N—nethyl D- gl ucam ni um

As set forth in fgg |ﬁdxun?~“‘héirél%é§ﬁfl oA | BlybRublthibaumyl @ |

[err] can be 5 dr err%ﬁé%g crlbed h el na ter tf he
B-lactams 10 qﬂﬁ FPs9 ;H@BQP@&“Hy_synthetlc means. The
non- al’ kgxyl ?t ]?d 4- unsubds Tsﬁtetfdi'ﬁlﬁcitxﬁrﬁ:ﬁuﬁd)mrgb&dl in {ﬂxeb t hose 4
conpounds_of for ar.e r@yen can be prepare )
usi ng 6-am no- gﬁ%ﬂ% &J&W %é’ E‘d ﬁ(ﬁaﬂ c 15 aci d
as a starti8g mat drydatogerillpwad N . at- xaig i s al koxy.
can be prepared frQm . Sone .of

t he conpounds of ft ‘ized fronr
v at i on may be

formed. This invm@mmwm.

. _ 'As is described hereinafter, the B-lactams

10 = of this invention can be prepared by synthetic means.
The non-alkoxyiated'4-uqsubstituted g=lactams of formla
I-'E;S;' those compounds of formula I wherein R,, Ry
and R4_are hydrogen can be prepared using 6-amino-

-
¥

penicillanic acid or a 6-acylaminopenicillanic
1s acid as a starting material. The g-lactams
of formula I wherein Rz is alkoxy can be prepared
from the corresponding non-alkoxylated g-lactam.
Some of the compounds of this invention may be
- crystallized or recrystalllzed from solvents
. 20 containing water. In these cases water of
' hydration may be formed. This invention con-
templates stoichiometric hydrates as well as
' compounds containing variable amounts of water
that may be produced by processes such as
25 lyophilization.
Some of the s-lactams of formula I have
also been prepared by biological means. Culti-

~ vation of a strain of the microorganism

Chromobacterium vioclaceum SC 11,378, yields a
30 = salt of (R)=3-(acetylamino)-3-methoxy=-2-oxo-l-

. azetidinesulfonic acid. Cultivation of various
acetic acid bacteria e.g., Gluconobacter species
sc 11,435, yields a salt of (R)=3-[[N-(D-Y~glutamyl)-
D-al anyl lamino}3-me thoxy-Z-ox'o-l.-a zetidinesulfonic acid.

e?
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ates stoichionetric hydrates as well as conmpounds contai ning variabl e
nts of water that may be produced by processes such as 25
Iyoph|I|zat|on Sone of the B-lactans of fornula | have al so been prepaged
by biotogi cal means. Culti- vation of a strain of the m croorganism
Chr onobact eri um vi ol aceum SC 11, 378_ykel ds a 30 salt of
(R) - 3- (acetyl am no) - 3- met hoxy- 2- oxo-TI"- azetldlnesulfonlc acid. Cultivation
of various acetic acid bacteria eg, G uconobacter species SC |1, 435,vyields
a salt of_(R)-3-[[N—(QJﬁaﬁﬂdmsnﬁdving a sulfonic acid salt

D-al anyl | am no] - t}q‘?"}t{ l%q: ~ Eizgdsq.t'l% ul.bQniaG agiide or B-Lactans

havi ng a sulfonlc a substi tu -position and an am no or
acyl am no subst iacpkamine ﬁubst}Quﬁﬁq|kﬂ1ﬁ?@nﬁa@ﬁséﬁlpéa§9n6ﬁénch|raI center -

- the carbon ajomdddt tdie IHIGHL it Lhe Rreaghaonualtems) to which
t he am no or acylan1no substltuentcH§ g tacg Thi s |nvegt|on Is directed

to those 8- Iact abid e aghae nUGtEHS
st ereochem stry whidtethdianalno ot ac_/l.amiﬁo substiftmeRtpdsi ti on of t he

B- 1 act am nucl eus_,i %ﬁ‘ & Sang, A48 trﬂ%rﬁﬁrg QHJ%H g tég,e %rsgon atomin the s

6- posi ti on of néﬁ% Yy occurri-ng pen|C| I'iI'ns” (eq, en|C| In G and as the
conf|gurat|on atB-lactams which have been described above, wherein

the stereochemlstry at the chiral center in ' h
10 the 3-9051t10n of the B-Iactam nucleus is the
same as the conflguratlon -at the carbon atom
in the 6-position of naturally occurrzng pen;cillins
(e.g., penicillin G) and as the conflguratlon at
the carbon atom in the 7-posxt10n of naturally
15 occurring cephamyclns ' (e.g.., cephamyc1n C). ;)
With respect to the preferred B-lactams
of formulas I and Ia," the structural formulas
have been drawn to show the stereochemistry
"at the chiral center in the 3-position. Because
.zo of the.nomenclature'conventione those compounds
ef formulas I and Ia wherein R, is hydrogen
have the S configuration and those compounds
of formulas I and Ia wherein R2 is alkoxy have
the R conflguratxon.
25 also xneluded within the scope of this
. invention are racemic mixtures which contain
the above-described g-lactams.

e



cephanyci ns ‘(e.g., cephamycin C. Wth respect to the preferred
B-1actans of formulas | and la, the structural fornulas have been drawn
show t he.stereochenistry at the chiral_center in the 3-position. Because 20
of the nomencl ature convention, those™ %%ﬁpounds of formulas | and ia
wherei'n [err] is hydrogen have the S configuration and t'hose conpounds of
formulas | and la mherﬁég<£err I s_.al koxy ve the R configuration. 25

Al'so included within the® JivRS; § N3¢ 2cdd $adfic i xtures which
contain the aboveswbstxtltmu: Bsri cihenris=positibh of lthet g+l akgaimng a sul fonic

acid salt substltﬁﬁgﬁ f . ug._and an

am no or acyl am n&gsléséést uent iﬁtﬁ%%i %cgtlt &r?ooiig’%?;%u%é%t th gucl eus
have activity 5 d TPRS ¥R 'ﬂé@ﬁﬁﬂV@H& ugr havgosctivéty
organi sms. The suad@inst wﬁ;ﬁ;& toﬁld&sim-&wattw& a&aea&hﬁ\LEbelweeact lvity

the carbon atomin the 7-position of naturally 15 occurring @
t

of the conpounds of this inv CO un wherein [err]  are
hydrogen or al kyl®*E¥hethe | tqﬂﬁf° 4%%& ie SUBSEiLpept i8s ul
act|V|ty The con@iﬂ#nklaﬁ tchithe machividy ofn the compgoands of this

invention. The compounds wherein R3 and/or R4 are
< - - hydrogen or alkyl, especially methyl, exhibit
10 especially useful actlvzty. .

The compounds of this invention can be used as
agents to combat bacterial infections (including
urinary tract infections and respiratory infections)
in mammalian species, such as domesticated animals

15 (e.g., dogs, cats, cows, horses, and the 11ke) and
humans..

For combatihg bacterial infections in mammals
a compound of this invention can be administered to
a mammal in need thereof in an amount of about.

20 1.4 mg/kg/day to about 350 mg/kg/day, perferably
about 14 mg/kg/day to about 100 mg/kg/day. All
modes of administration which have been used in the
past to deliver penicillins and cephalosporins to
the site of the infection are also contemplated for

25 use with the novel family of g-lactams of this
invention. Such methods of administration include
oral, intravenous, intramuscular and as a suppository;

L
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(%%%%ts to conbat bacterial infections (including urinary tract infections
a respiratory infections) in manmalian species, such as donesticated .
animal s 15 (e.g., dogs, cats, cows, horses, and the |ike) and humans.for
conbating bacterial infections in nmamuals a eonpound of-this invention can
be adm nistered to a manmal in need-jfpereof in an.-anount of about 20 1.4
ng/ kg/ day to about 350 ngy/ kg/day, perferably about 14 ng/kg/day to about
100 ng/ kg/ day. Al nodes of adm nistration i ch have been used in the past

to deliver penicillifRfraghdn &P OF ERESsiPYeBFLPRe3Fff ection are
Cventron. Buch Tt he il ad et ra o ol ey Lo tavegous,

i nt rarmscﬂl_ar an aés.| %ﬁs%ﬁl&%gi éé’rd)s/.sru%ts?-q%x-eg%hgg sﬁgg%’aﬁ]kgbédﬁggs-gf this

i nvention are gengalthe pidrogen @tomhdn theodoposdtion afstheonic acid

substituent (£ splifeHnPWuc1ohdy.) TS Sh £Bhat3eRNrahedibh 186rdad@ppyti on
of the 5 B-lact nucelﬁ]ﬁ This sulfongtion reaction is iaﬁdl Ié,eflgct ed
by treating the $ieghednRy tHFeatdng: fhe; SrdrcsamcWitheg SRLGRFhtEHOX1de
equi val ent sul f cconpXex remgeth ancleqad valenitosalfbhatidhg. réagent| such
trioxide conpl exgs JMgh HYTR MRS
- The sulfur trioxide complexes most commonly used
10 are pyridine-sulfur trioxide; lutidi;ne-sul'fur--'trioxide;
dimethylformamide-sulfur trioxide; and picoline-sulfur-
trioxide. 1Instead of using a pre-formed complex, the
complex can be formed in situ, e.g., using chloro-
sulfonyl-trimethylsilyl ester and pyridine as. : reagents.
+ 15 Alternatively, sulfonation can be effected by way of an

intermediate compound as for eka’mple first silylating Nl

the nitrogen atom of the g~lactam nucleus and then
subj'ecting the silated compound to a silyl interchange
reaction with trimethylsilylchlorosulfonate or a similar

20 reagent. Exemplary s-ilylatiné' agents are monosilyltri-
fluoroacetamide, trimethylsily_lchlotid.e/ triethylamine
and bis-trimethylsilyl trifluoroacetamide. '

Generally, the sulfonation reaction is carried out
in the presence of an organic solvent such as pyridine or

25 amixture of organic solvents, preferably a mixture of a
polar solvent such as dimethylformamide and a halogenated'

- hydrocarbon such as dichloromethane.
~ The product initially formed in the sulfonation
reaction is a salt of the sulfonated B-lactam.

30 When pyridine-sulfur trioxide is the sulfonating complex
the product initially formed is the 3-lactam-'-sulfo'nated
pyridinium salt of the sulfonated g-lactam wherein M* in
the formula below is the pyridinium ion:

: ()




formam de-sul fur trioxide; and picoline-sulfur trioxide. Instead of using
pre-fsarnmed conpl ex, the conplex can be formed in situ, e.g., using chloro-"
sul fenyl -trinmethylsilyl ester and_pyridine as reagents. 15 Alternatively,
sul fonation can be effected by way "0f an internedi ate conpound as for
exanple first silylating the nitrogen atom of the B-1actam nucl eus and then
subj ecting the silated conpound to a silyl interchange reaction with
t_r: rr:st hyl silyl Qhéséoeahﬁpaeéle clﬁ)in abé;clf&ﬂwéreéa ﬁqedmar.- subfolar y
silylating agents_are, nmonosi tri- uor aacet gmi.de L
trimet hyl silyl @RF8r PASFE PEIR I%?ﬁ'ﬁ%n%’n?f'%rastﬁcﬁ}"ﬁ'&drﬁﬂ 8-F-+ ion
trifIuoroacetaakdbanébnegaihg, ¢tmstaﬂ1tzaﬂianngﬁinﬂﬂmaﬁnsaxyn@cadcmut in
the presence ofngleOLdfbefs ol Elnmtiled st 4 ld hsirudd 1 Bty ngf
organi ¢ solvents, preferably a mxture of_a polar solvent. suCh as
di met hyl f ofnanthe BREJUCHS} 0gEPRYRES HRIrVk Hid PRRIGHNEs SHldh(ter &Rt hane.
The product inpbeabbyumOsaLe 4ind $ONaA ipHospatid Ot ipotassdhim of the
-sul f onat ed B—Iaghag1 30 V%En.p%rl | ne- sul fur_ t.rioxide |sgﬁ e _sul fonating
conpl ex the pr8&H¥E NRFRRGRES: £ BF nERE | CETIRPHEY LATARIR SRdh 8F38% i di ni um
salt of the suketrnabutyB- ammoaiumhizydrogérersyliate;hexf domal awiditerian t he
Byridini um ioniykeLr hyarodBfifeus AP £3ARIE AULRE RV YPalrdd i aghlfer sul fonic
10 useful.’ ' C , '
- It should be appreciated that the sulfonation
reaction which introduces the sulfo group onto the

- nitrogen atom of the B-lactam nucleus can be effected

10 are pyridine-sulfur trioxide; lutidine-sulfur trioxide; dinethyl (Z%E?/
a -

at various stages of the synthesis, including inser-
\/ 15 tion prior to the formation of a g-lactam nucleus,
'~ where such procedure is followed as outlined below.
The sulfonation reaction is effected in the presence
of solvents previously described and usually at room
_ temperature. Where the amino function is present it is
20 preferably conducted with the amino function protected.
Using a benzyloxycarbonyl protecting group as an
example, the sulfonation reaction can be visualized as

* follows:
" Ra. R,
25 ' : 2"
: _ _::4 ' T2 : R'=4 R
1) sulfonati -
B 2 deprotaction g—N-s0;3™H"
~ 1T : II1

30 Other protecting groups can be used to proﬁect the
amine function, for example, a t-butyloxycarbonyl group,

il

a Simple acyl group such as acetyl or benzoyl of phenyl-
acetyl, a triphenylméthyl group, or having the amino
function in the form of an azide group. The desired acyl

35 group (R1) can then be affixed by a conventional acylation
reaction.



:\ / U
iay d salts using conventional techniques (e.g., ion- exchange resins,
agstallization or ion-pair extraction. These conversion techniques are
QL sp useful in purifying 5 t he prog# Conversion of the pyridinessalt
t he " pot assi um salt using potassiu %ﬁosphate or potaSS|un1ethyI
he€xanoate; to the tetrabutylannnnlun1salt usi ng tetrabutyl anmoni um

hyd | fat e; t tt f d
e porticul iy 10 BleRfhty ThEFEatFOR o lHSLI0E0) eVF, BORIREALEGTE T o,
reacti on which i ncongound oﬁefenmﬁba pBooat producthi of ofermalantof the

B- | act am nucl eus %@81&3&{'&38{:%:1%1{{&‘;&OHﬁrﬁéfgﬁc Oéci%e(ﬁi%ﬁ?s' 8

I ncl udi ng inser- f or mat t am nucl eus,
where such proced9?§rF§P96¢46ﬂeﬁa§§°63%+?néﬁléeh%%#dQHQrsﬁ¥FbﬂﬁY %

reaction is egfecheddi anhparpaesemRerf R gfiyealﬁoﬁyevaeysbatﬂeﬁc1sbed and

usual Iy at roomt e the o present is 20
" preferably conducgggg %g ﬁﬁgmﬁ¥nﬁs?uﬂgt?Bnaﬁggt%éfﬁﬁl ®sPh2Get
benzyl oxycar bonyl bpomideti nTher paactionnwithnpl earboxytitfachdi proceedsi on

can be V|suaI|zede§tf9L58§§ gﬁ the presence ofha carbo&func £e§ﬁ$?395

O her protecting grou can use 8 e am ne |on
exanpl e, a t-buty 6&¥§b956ﬁ¥1¢§¥5991161 enpnd acyubstange seeprblie @iyl or
benzoyl of pﬁﬁ“Y'fo@ﬁﬂhﬁ'anaaétiﬁéeéﬁké?tbﬂ|sﬂﬁ@uﬁucﬁraQaNLHQdfbﬁyﬁéﬁﬂ@-
function in the fgriazolan ain Ehgggugnstancggs$ en @hx acyl group (Rl)
contains reactive functlonality (such as amino or
carboxyl groups) it may be necessary to first protect
those functional groups, then carry out the acylation
15 ‘reaction, and finally deprotect the resulting product.
Alternatiyely, the sulfonation reaction can be effected ;)

with the Scyl group already in place, i.e.,

20 R'-anz 543 . R,-NHA 2 :43
o 17! 3 5 ATEITTTTTs
) . ,,,-——-x[n sulfonatior 4—N-so;M"
. g o
- v - v
25

In the case where R  is lower alkoxy, there can
be an additional varlatlon in that the. Rz-lower alkoxy
group can be inserted after the sulfonation as well as
before the sulfonation using the conventional procedure

30 of chlorinating the acylated nitrogen atom in the 3-

poéition followed by reéction'with a lower alkoxide

Yu




- \
35 group (R1) can then be affixed by a conventional acylation reactio )
-16- Exenplary acyl ation techniques for converting a conpound of fornmul\g _
I toa product of fornula I include reaction with a carboxylic acid :
[err], ‘or corresponding carboxyllc acid halide or carboxylic 5 acid
anhydride. Wen R is alkoxy, acylcation is best effeected by use of an
acid chloride or acid brom de; The reaction with a carboxylic acid proceeds
most readily in the presence of a carddiim de such as :
di cycl ohexyl car bodi i m de and a substance capable of 10 form ng an active
ester in situ such-as N-hydroxybenzo- triazole. In those instances when the
acyl group (Rl) contains reactive functionality (such as am no or carboxyl
groups) .it may be necessary to first protect. those functional groups, then
carry out the acylation 15 reaction, and finally deprotect the resulting
product. Alternatively, the@uHfon®ion regciippcan be effeged wigh the
acyl group slready in place|i. 0 [err?g [ rr],az‘S I n
the case where R2 is | AR¥L-NHoXT There can be an adﬁFYlUNE‘FE% in
onat.i dn

< hat the R2-1ower.al koxy groug can u%]-erted after the sulf as. +
wel | as 0/;—-— %03 _ . 04 SO3M
< | vI | - v
10 The acyl groups in the above reactionalso include easily
removable groups which function as a protecting group
and which can be removed after the reaction to afford
the "deacylated" product (-NH ).
15 In addition, the B—lactam ring can be formed via
—

a cyclization reaction and the sulfonation reaction
can be effected prior to cyclization as well as
subsequent thereto, i.e.,

v
20 < R
. R4 —_ | 4
acyl-NH_-—J< cyclizati acyl-NH-—-l—ﬂ3
. ' -

25 VIiI
The acyl group in this reaction can also be an easily
removable group which functions as a protecting group
and which on removal affords the -NH2 product.

”’

s



='\ JE ' U
pbef DY e t he sulfonatlon usi ng the conventional procedure 30  of
ori-nating the acylated nitrogen atomin the 3- position followed by

r~.ction with a lower alkoxide -17- CI1IH R4 - (2) al koxi de ;/
R R4 [err] irr] The acyl groups in the above
reaction al so incl udea easily renmpovaB ﬁ'groups whi ch function as a

protecting group and which can be renoved after the reaction to afford the

cdeacylated” product (shb2izetfa2fighé! 8fart] ?%ééfﬁﬂé'ﬁﬂeféﬂnbﬁ%fgrm?d

via 15 a cyclization reaction and fonation_reaction ca

effected prior toigybByfrageanand aﬁlieﬁgtsﬂbgeﬂﬁeﬁg 2Rdr Ry olsj hgdrogen| o]
[err] 25 . can al¥5|b3h?r€§&£edrﬁﬂﬁmlSmihbsaéﬂéﬁth@ﬁlﬁgntﬁésﬁobﬁuﬁﬂ
easily renmovabl e group which functions as a protecting group and which on
removal affords the [err] product. tidinone starting materials
wherein R25is hydrogen and atﬂﬁzg; one ofaﬁgf%f and R i s hydrogen

XII H

. ‘ | R3
C -OH

g

10 (at least one of Ri and R, is hydrogen). The amino
group is first protected with a classical protecting
group, e.g., t-butoxycarbonyl (referred to hereinafter

. as "Boc"). The carboxyl grdup of the protected amino
,acid is then reacted with an amine salt having the
15 -~ formula

: o +
XIII ¥-0-NH,C1

20 wherein Y is alkyl or benzyl, in the presence of a
. . carbodiimide to yield a compound having the formula

25 | | H_R,

- v
XIV BOC-NH-CH— c“*n

3

_C NH-0-Y

.07

Y

W




can al so be prepared from ani no acids havi ng the fornmula [err] 10 _
| east one of [err] and R is hydrogen). The amno group is first prote 0

w th & classical protecting group, e:g., t-butoxycarbonyl (referred to
hereinafter as "Boc"). The carboxyl group of the protected amno acid is
then reacted with an am ne salt having;ighe 15 = "forrmula Xl

[err] 20 wherein Y is al kyl or benzyl, in the presence of a
carbodiimde to yield a conpound having the fornula 25 :

R Xl v [err] - I t : a i rogen). '
hydr oxyl -group of gé%olfr%%% 0 ?%?%Jgg% :}% 5 r?veﬁjt%g 't O%§L| !ejgéfhﬁﬁybroup
(V) with a classi cBFOSRRerd camppundnah faxswlaoXIV 48 senverted to a
(et han(e\slill :‘Aﬁnylh | Bedwimy rprbdp (V) tvﬁ.g:hﬁraEidl%fsfsf@.'baQFr"e%}éht, @t.aelr,flea?/i ng
gr oups ich i ar, gnzenesul f on t ol yene- Sul fonyl,
chl oro, bromo andgﬁgtcéi%#%;¢€ﬁ§%/ﬁﬁiﬂﬁgﬁéé3”@%#68&%&1589yxg1FhEeESFﬁﬁ a 10
XV -5 to hefeindfen asd¥s"one Other dedvingi grougsogen) is
cyclized 15 WhidHK GHATE Wi 435 Are® binzeRREAT ELHYL ; 2£B208hE-
ol sulfonyl, chloro, bromo and iodo.

The fully protected compound having the formula

\'4 .

- : . R4
10 BOC-NH-CH- !:<
XV .
RS
oFS " NH-0-Y
(at least one of.R3 and R, is hydrogen) is cyclized
by treatment with base, e.g., potassium carbonate.
- The reaction is preferably carried out in an organic
solvent such as acetone, under reflux conditions,
and yields a compound having the formula
| 4
) . . BOC- .
20 | QC-NH R3

i N-O-Y '

(at least one of Ry and R, is hydrogen).

4

niw

Alternatively, cyclization of a compound of

23 formula XIV can be accomplished without first
converting the hydroxyl group to a leaving group.
Treatment of a compound of formula XIV with triphenyl-
phosphine and diethylazodicarboxylate, yields a
- 36 compound of formula XVI wherein at least one of.R3

and R4 ‘is hydrogen.

o



>\reaction is preferably carried out in an organic solvent such as

:ggﬁ-ne, under reflux conditions, and yields a conpound havi.ng the fornula
20 XVI (at least one of [err] is hydrogen). 25 o '
ernatively, cyclization of a conpound of formula XV can be acconplished
wi t hout first converting the hydroxyl group to a |l eaving group. Treatnent

of a conpound of fornula XIV with tréPfienyl - phosphi ne and

di et hyl azodi car boxyl at i e] ds a .compound .of fornula I mher in at Ieast
one of [err] 30 and [e § X i :g)°te°§&?g grotectlng
group fromthe 1- ppsﬁtiommﬁfamramﬁdthe:ﬁ)ffdmmd ami\/lcanarbebe

|i shed t | |
et med ate havi AocoHBL{ SR Vo %’Aﬁj‘“%ﬁs‘%‘?ﬁ%{b HE ¥ BERNL o et
is hydrogen). |fandisietdsyan interme xaqeaQrvxqsﬂﬂhﬁmﬁmnmniacharcoal)

5

R4

. BOC-NH- Ry -
XVII | , | ' s

10 (at least one of R, and R, is hydrogen). If Y is
benzyl, catalytic (e.g., palladium on charcoal)
_hydrogenation will initially yield the corresponding
N-hydroxy compound, which upon treatment with titanium
trichloride yields an intermediate of formula XVII
15 wherein at least one of R3 and R4 is hydrogen. N
Synthesis involving ring closure of the type | A
described above results in inversion of the stereo-
chemical configuration of the R3 and R4 substituents.
As previously mentioned, the above azetidinone can
20 be sulfonated to form a comgound having the formula
XVIII BOC-NH - R

3
-+
N*--SO-3 M

_ (at least one of R, and_R4 is hydrogen) .

25 An alternative procedure for preparing a compound
of formula I wherein Rz-is-hyd:oggn and at least one
of R3-and R4 is hydrogen, utilizes as a starting
material an amino acid amide having the formula

: _ on '

30 NH.,~CH— é’// :

2 ~~r

XIX 3
SN,

g

%

35 (at least one of R3 and R4 is hydroéen).



) ot ' \o/ -
hydrogenation will initially yield the correspondi ng. N-hydroxy conpound,<2§2£//
whi ch upon treatnment with titaniumtrichloride yi.el ds an internedi ate of '
formuka. XVI1 15  wherein at |east one-gi-R3 and R4 is hydrogen. Synthesis
invol ving ring closure of the type described above results in inversion of

the stereo- chenmic r atel of tit previously
nment i oned, the abo?é:o%%e%t |]%%n§%e%§ n%ﬁ% bg‘ ébl ?’gggt 8dg?§g%6f;§ia conpound
havi ng the formul a PXetecting Bxoup, ( &t Jl.eabengydonycpsbenyils (npfifeyged) . 25

An al ternative proww&ewaf%epay R9 arcsaaouaﬁaofcoméﬂ&an o¥hengi n
[err] is hydrogen ;W |.east one of an R4 is hydrogen, utilizes as a

starting materi al r?ixﬁ(& JECYPaPI8 H&é"ﬁggt HECHBY nﬂna kf(—iﬂfsr] N5 (at

| east one of [&r]iydelddr ogerdmpound Haviidtided i formild he amino group with
a classical protecting group, e.g., benzyl oxycarbonyl (reffered to
~hereinafter as Z) or Boc, and conversion ofqgfbie hydroxyl group to a |eaving
group (V) such as Ms 5 ylelds a conpound %aV|£g the formula O XX

[err] - P SRR P

b

(at least one or R3'and Ry is hydrogen), wherein A is a
protecting group. :

Sulfonation of a compound of formula XX yields a
compound having the formula

15 . . YMS ;
. - ANH—CH c:::R4
- e AR I
. ' ogC NHSOs'M
(at least one of R3 and R4 is hydrogen).
20 Cyclization of a compound of formula XXI is

accomplished with base, e.g., potassium carbonate. The

reaction is preferably carried out in a mixture of water

and an 6rganic solvent (e.g., a halogenated hydrocarbon

such as l,2-dichloroethane)'under reflux conditions and
25 yields a compound having the formula

e ANH F— R,
XXII |

& ' N-so3‘u+
30

(at least one of R, and R, is hydrogen) . |
Deprotection of a sulfonated azetidinone of foimula

L. 3 XXII , wherein A is a protecting group, as well as the

' counterpart compounds previously_desctibed having an Rj-

35 alkoxy group by catalytic hydrogenation yields a compound
having the formula | . '

1




| east one or [err] is hydrogen) wherein Ais a protecting group.

i/l a 15 ' errp] (at least one of [err] s\
Wwdrogen). 20 Cycllzatlon of & ound of formula XXl is
acconpllshed with base, e.g., potassiumcarbonate. The * reaction
is preferably carried out in a mxture of water and an organi ¢ sol vent
(e.g., a halogenated hydrocarbon s{2h as”4, 2-dichl oroet hane) under reflux
conditions and 25 ‘yields a cg gthe formula [err] XXII N SO3
30 (at least one of [err] is hy@ro proBection of a sul fonated
azetidi.none of fornul axy@¢t - Whergin A il's a protecting group, as well as
t he counterpart compounds preV| - §C$P§e§ havi ng an R2- 35 al koxy
group by catal ytic hydrogenatio ylelds a conpound having the fornul a
-22- [err] X811 (at least one of R3 and R is hydrogen), wherein R2

is hydrogen or alkoxy whlch can be converted to the
' eo:respond;ng zwitterion having the formula

+ ,
10 XXIV NH3~T R

of —N-s0," _

(at least one of R, and R, is hydrogen) by treatment
'with an acid such as formic acid.

15 Dep. ection of a sulfonated azetidinone of
formula wherein A is a Boc prdtectiné group
using acidic conditions (e.g., using formic ac1d)——
ylelds the correspondxng zwitterion of formula lL.

An excellent source faor the g-lactam startzng
2Q materials are the G-amlnopenzclllanlc acids and the
_ 7eamin06ephalosp9ranic acids which can bear an optional
6 alkoxy or 7~alkoxy substituent respectively. These
eempounds are of the formulae -

for
xva El TCHy
| f—N——C~Co0H
N ’ and
30
Rs

't!'o

X ..

T s & T L v e tmem e e s e e o
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‘10

aci ds whi ch c&h B¥artH

'(at | east one of [err] is hydrogen), wherein R2'is hydrogen or al
whi ch can be converted to the corrggponding zw tterion having the for

N\ XXI 'V [err] (at |l east one of [err] is hydrogen) by treatnent

wi t.h-an acid such as formc acid. 15 Deprotection of a sul fonated

azetidinone of fornmula XXII wherein A is _a Boc protecting group usi

aci di ¢ condi tTRAREEL L LY UEheFL IR Ry clachuirgsendert adkexyr abgoRgi ng

zwitterion ofid iydtcgdi exXCotyPNt BpuasSptahgt BeoBelldgbamiebattibed 20

materials are, t 6-fuﬁ nopenicillani ¢ acpds and.the 7-am nocephal ospo
feRa SEUA RIS ET

¥ohal ° 2% RS sEABt PRuent

respecti vel y.prépasmadongeeinfisr aexanple heChemuuSae. CBbabial

[err] XXva a
hydr ogen or
"~ described in

for exanple, ghinkResis, £recisd7).
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LwﬁleF%ﬁ¢hounlﬁzegreﬁﬁanﬂg-c&ﬁ7beap¢epared; see

| The 6é~amino-penicillanic acid or 7-amino~
cephalosporanic acid is first desulfurized by reduction
using Raney nickel. The reaction can be run in water
under reflux conditions; the resulting compound has
the structural formula

R,
Rl’NH

XXVI

7 N-(|2H-CH (CH3),
COOH

Replacement of the carboxyl group of ﬁhe compound
of formula XXVI with an acetate group followed by
hydrolysis yields a 3-amino-3-alkoxy-2-azetidinone of
formula I wherein R1 is hydrogen or acyl, R2 is hydrogen or
lower alkoxy, and R3 and RA are hydrogen. Treatment of a compound
of formula XXVI with cupric acetate and lead tetra-
acetate in an organic solvent (e.g., acetonitrile)

replaces the carboxyl group with an acetate group.

Hydrolysis of the resulting compound can be accomplished
using potassium carbonate in the presence of sodium
borohydride. - _ T

Introduction of a sulfo group in the 1-position of the above
3-amino-3-alkoxy-2-azetidinone compound can be accomplished by
reacting the intermediate with a complex of dimethyl-
formamide and sulfur trioxide.



éiéiﬁublication No. 28,'pg. 288(1977); The Chemistry of Penicillins,
pceton Univ. Press, pg. 257, and Synthesis, 494(1977). The -

6- ami no-penicillanic acid or 7-am no- cephal ogporanic acid is first o/

desul furi zed by reduction 10 usi ng Raney nickel. The reaction-can be run
in water under reflux condltlons trgaiesultlng conpound has the structura
formula 15 XXVI A, [err] COCH Repl acenent of the

car boxyl group of the conpound 20 of formula XXVI with an acetate group
fol I owed by hydrolysi sylﬂ;ﬁ@-&-@tsﬂd&mweonxaztugt meteohelotahor nul a |

arc hyarogen. TrolSEReR e B TATRS Seorang andersf R¥inoT e Ol i o

and lead tetra- Ziormukaate in an organic solvent (e.g., acetonitrile)
repl aces the carboxyl group with an acetate qqoup. Hydrol ysis of the

resul ting conpound can be_acconplished using Ypotassi um carbonate in the
presence of s d|un1bonﬂﬁxﬁ;de 30 CH 7ﬁ§mion'ofxa sulfo group in-
the 1-position of the above 3-am no-3-al koxy 2-azetidi none conpound can be
acconpl i shed by r eetth gy hdlosul fanyldistcyanate dp¢eipteblwfculnnphyl

formam de and SU|f§51fJﬂ§Y§§3%yanate) having the formula

“

XXVIII O’CsN—SOz—haldgeq

10
to yield an azetidinone having the formula
Ry
R3.
15 XXIX - ' , ;;
—N-SO,~halogen .
Reductive hydrolysis'of an azetidinone of formula
XXIX yields an N-unsubstituted e-lactam hav;ng the
20 formula .
. Ry
- R3
XXX _ ' l_
. 0% NH |
25 For a more detailed description of the above described

reaction sequence reference can be made to the
literature; see, for example, Chem. Soc. Rev., 5, 181
(1976) and J. Org. Chem., 35, 2043 (1970).

An azido group can be introduced in the 3—

30 position of an azetidinone of formula XXX (or the
sulfonated counterpart) by reaction of the compound
with an arylsulfonyl azide (such as toluenesulfonyl
azide) to obtain a starting azetidinone having the
formula '

4w



e .

-24- A 3-azido-2-azetidinone starting material can be prepared by first o

Q

reacti.ng an olefin having the fornula 5 XXV | [err] wi¥
a halgul fonyl i socyanate (preferably chloro- sulfonylisocyanate) having the
formula 10 XXVI 1 O CNS 02-hglogen to yield an azetidi none having

the formula XXI X 15 [err] Reductive hyttol ysis of an azetidinone of fornula
XXI X yields an N-unsubstituted B-lactam having the 20 . fornmula R4 [err]
.25 For a nore detail ed description(ﬁgﬁhe above descri bed reaction
sequence reference can be nade fo.the |iFergature;, see, for exanple., Chem
Soc. Rev., 5, 181 (1976) and J. ¥Ixd. Chem, 85, 2043 (1970).- An azi do group
can be introduced in thegwr 30 dositipn of an azetidi none of formula XXX
(or the sul fonated counterpart) gﬁ,Lsaszfpn of the conpound with an
aryl sul fonyl azide (such as toluéenesul fonyl azide) to obtain a starting
azeti di none havi nfhe heedotinn proceeds best by first protecting the

5 azetidinone nitrogen with a silyl residue (e.g.,
t-butyldimethylsilyl, or t-butyldiphenylsilyl), then
generating the anion at the 3-position of the nucleus
with a strong organic base (e.g., lithium diisopropyl-
amine) at a low temperature, and then treating the

10 anion with toluenesulfonyl azide. The fesultinq
intermediate is quenched with trimethylsilyl chloride, .
and subsequent acid hydrolysis of fluoride solvolysis
of the N-protecting group yields the compound of
formula XXXI.

N 15 Alternatively, the compound of Formula XXXI can
' be obtained by first reacting a primary amine having
the formula

: H,N~CH O-alkyl or H,N -alkyl
20 2 2 2

O-alkyl

with an aldehyde of the formula R,CH=0 to yield the
corresponding Schiff base. A[2+2]cycloaddition with
an activated form of =-azido acetic acid yields a 3~

25 azido-2-azetidinone having the formula
- . "Ry

N, _ R,

»,

N—Q

‘f.\

)



\R4 XXXI [err] The reaction proceeds best by first

jcting the 5 azetidinone nitrogen with a silyl residue (e.g.,

byt yl di met hyl silyl, or t-butyldiphenylstiyl), then -generating the aninan
at the 3-position of the nucleus mntqﬂf strong-organi c base (e.g., lithium
diisopropyl- amine) at a |ow tenperal and then treating the 10 ani on
with toluenesul fonyl azide. The resultlng intermedi ate i s quenched with

trimethylsilylg chl.grj.da, ubsequent acid hydrolysis or fluoride
sol vol ysi s of %he‘ﬂ#%%%f%g?Sﬁf group yields the conpound of formula XXXI.

15 Al ternatively, the fomound ormul a XXX be ob# ed by
first reacting a primary'cgrz' n'ﬁgaﬁ%fformjla 20 @ %J\;th an

al dehyde of the fornmula [err] IO yield the &% respondi ¥§“Schi ff base.
Al 2+2] cycl oaddi ti-on with an ad-aikdd form of -azido acetic acid yields a

3- 25 azi do- 2- a@hdyt'l%e r%?n%\rgg. togetiigrsugﬁbgélwent yields &éerr]

10 compound of formula XXXI.
| The'3facy1amino-2-azecidinones can be obtained ' e
by first reducing a 3-nzido-2-azetidinone of formula
XXXI to obtain the corresponding 3-amino-2-azetidinone >
‘and then acylating the 3-amino-2-azetidinone.
' As prevxously mentioned in the case where R, is
lower alkoxy, the product can be prepared from the
counterpart product wherein Rz.ls hydrogen.
Clorination of the amide nitrogen of a nonalkoxylated
compound ylelds an intermediate having the formula '
20 (i.l ;| Ry s

' Rl-N— *—R

15

XXXIT 3

+

v N-S0; ™M
25 Reagents and procedureés for Nbchlorinating amides are
. known in the art. Exemplary reagents are tert.-butyl

hypochlorite, sodium hypochlorite, and chlorine. The
reaction can be run in an organic solvent (e.g., a
lower alkanol. such as methanol) or in a two phase

30 Solvent system (e.g., water/methylene chloride) in the
presence of a base such as sodium borate decahydrate.
The reaction is preferably run at a reduced température.

* .,



-26- 5 wherein Qis [err] , [err] Oxidative ~
removal of the Q substituent yiek@3=the 10 conpound of forrmula XXXI. The"
3-acyl_am no- 2- azeti di nones can be obtained by first reducing a

3-azi~do- 2- azeti dinone of fornmula XXXl to obtain the corresponding

3-ani no- 2- azet i di ReAEtiR® PhcAnaépLarmadiate gfafiermulba JBLI Widhe. 15

As previ ousl anmaNkioxyadtingt BgefdsCegel, CaklalRal OVRé &l kOXNoxide product
can be prepared . fromthe counterpart irogucﬁ wherein R2 is hydrogen.
Clorination gFelfs énFHQdHFFrBSe oFPU3andnY EB?&?a?ed‘%d%ﬁﬂﬁ%ﬁly* | ds an
i nt er medi at e dombingtiilon Withulizs?@nantiomer. The reaction ¢amrBe XXXI | 25
Reagent < and ogedure : LpatLng anid e 1 re.
Exenpl afsy regg{é‘n-ﬁg éf‘q%f%rg?}%gpglgéhgbo%hgbfF%e?élé%%i%%ypoc%?%% t:, and
chlori ne. Théucha@s gimeshydéormamideanatr gareduced kemperatpurea | over

al kanol such as nmahhabekinative syhthepiesfoB(preparcitig s em (e. g.,

mater/nethyl%$ﬁggnk8§igg)f#gmaggfgigﬁgggfnqﬁ fi€q$§ﬁ§§§h as sodi um borate

decahydr at e. reactron ry run Uced tenperature.
.« 27- React i ogosprasesnt er nedadkexylatingnan jovermediate of

10 formula VI wherein RlNH is a carbamate (e.gqg., Ry is
benzyloxycarbonyl) and Rz is hydrogen .

_ Chlorination of a compound of
formula IV using the procedure described above (for
15 chlorination of a non-alkoxylated compound of formula
I to yield a compound of formula XXXII yields. an
intermediate'having the formula '

cl R

' _4
C_ H_~CH.,=0=CO-N— =R
20 XXXIII 675 2 3
04 N-Cl

Using the alkoxylation procedure described above

25 (for converting a compound of formula XXXII to a
product of formula I), and subsequently adding a
reducing agent such as trimethylphosphite, the com-
pound of formula XXXIII can be converted to an
intermediate having the formula

30 _ - Q-alkyl R,
. sxx1y Cels~CHp-0-CO-NH - ;T: R,
% | o ’“‘

35

in a combination with its enantiomer.



al koxyl ating agent, e.g., an alkali metal al koxide yields a product of
HQ mula | wherein [err] is alkoxy, in conbination with its enantiomer. The
reaction can be 5 . run in an orgaméésolvent e.g., a polar organic
g0l vent such as dlnethylfornanlde at a reduced tenperature An alternative

synthesis for prepari oun far wher al koxy
conpri ses al ko%ﬁ ’1'°rﬁe (ﬁ é’t"(?q%‘f %se pfgf’iﬁﬁl 8 V% wherein R
NH i s a carbamatfoxmala I [vé'ren:]eu dﬁeﬁﬁﬂm lasnyl ragemirZmixthyerogen.
Chlorination of g Qfg"s%fmﬂ e | Rrief. Haivid gepkoeeﬁw&euéa%%hbed
above (for 15 chl oripatjion of_ a nen-

koxyl a conpound formula |l to
yi el d a conpound3t R riAflatedfron éﬂbd’s r&?%muéﬁe“ﬁ&\?ﬁng the formul a

[err] 20 5 coRYdritiondlerydchidiques lsucl laaxfiracitdenalocedur e descri bed
formil a1y, and SURETAAR AL U Al B3 DI oo opelbditg! O

formula 1), and yad hg are ucmgaent Such
trimethyl phosphla@l;l‘teh@mnquMQ)forf (hYmJ-IOGI'PRXPerﬂ shxomategrashy¥ed to an
internedi ate havdm{m& q,{ngpac,_:g;m)y( detive Q!art]:.o%5 in a conbination with

I ts enanti oner.

Pa

Ry



-28- The above procedures yield those products of formula I wherein R ié‘ﬁ/
al koxy as a racemc mxture. If desired the enantioner having the R
configuration can be isolated fromthe racemc mxture using 5

convent.i onal techniques such as fractignal crystal lization of a suitable
salt with an optically active organic =231 ne .or by ion-paired chromatography
utilizing an optically active cation. - 29- Blologlcal Production of the

Anti bi otic EMb117 ts of R) t !
1- azet'i di nesul f oni- %‘J a(l % &t §?rl1z‘et hoxy;

referred to herei nafteSahtthﬁlm)) baﬁ%mlmm)eﬁa'r“@fh%%@l‘??‘\?a‘tlon of 5

a strain of the m of-0o; 08N SBLIRMRAGAY WPothlaceymRsCidladdgyywhi ch
has been deposited Tn_the American fype Culture Col | e¢ti én as A, Ty

31532. 10 The MaRddgaift IR AKX Ere(gcﬁrgéﬂi & hesgipafteReasr oduct i on of
EMb117 is a strain ENsQAToemEldd e \pz@p&Q@drYb§Cci\1t338t16nSchul ture of

the i croor gagi sm can, be, QPtak 3tk WAUBAe I IPURNLHERLLRGLLGH ©f 15

the American Type ure |on
- v:.olaceum sC ll 378, which has been deposited

in the American Type Culture Collection as
A.T.C.C. No. 31532.

X 3

10 The Microérganism
The microorganism used for the productlon
of EM5117 is a strain of Chromobacterium violaceum
SC 11,378. A subculture of the microorganism
' can be obtained from the permanent collection of
W 15 the American Type Culture Collection, Rockville,

' Maryland. 1Its accession number in the repository
is A.T.C.C. No. 31532. 1In addition to the
specific microorganism described and characterized
herein, it should be understood that mutants of

20 the microorganism (e.g., mutants produced through
the use of x-rays, ultraviolet radiation or
nitrogen mustards) can also be cultured to

produce EM5117. ’ :
Chromobacterlun v:l.olaceum sC 11,378,. A.T.C.C.
25 No. 31532 can be 1solated from a moist soil sample

containing the microorganism by first stamping

L

»

A



Margl and. Its accession nunber in the repository is A T.C.C. No. 31532. In
addiftii/on to the specific mcroorgani smdescri bed and characteri zed herein,
it oul d be understood that nmutants of 20 the mcroorganism(e.g.,
~nmutants produced through the use of 'x-rays, ultraviolet radiation or
nitrogen nustards) can also be cultured to produce EMb117. Chronpbacterium
vi.ol aceum SC 11,378,. A T.C.C. 25 =~ No. 31532 can be isolated froma noi st

~soi |l sanpl e containing the nicroorgaQE?glby first stanping -30- the soil
sanpl e on a nedium containing: Soil EXtract - - 400 ml Distilled Water- 600
m 5 Yeast Extract - 5.0 g ducose . - 10.0 g Agar

- 17.5 g The nediumis adjusted to pH 6.0 and sterilized 10 in an

autocl ave at 121. Gcher s3dlmsamp@e. onAkt méd2dmt Gofabaing: i ncubati on -at
[err] colonies of the Chr onobaézédlq-i#{ggicql'acq_uqldgcnal,378 are isolated from
colo

the plated soil. These isolated nies are then grown on a nedi um
contai ning: 15 Yeast Extract. Distilded Water- 600 m . ~
5 o Yeast Extract - 5.0 g
| Glucose -10.0 g .
Agar : -17.5 g
The medium is adjusted to pH 6.0 and sterilized
10 in an autoclave at 121% for 20 minutes. After
24 to 72 hours incubation at 25°C colonies of the
Chromobacterium violaceum SC 11,378 are isolated
from the plated soil. These isolated colonies
are then grown on a medium containing: N
15 : A\
| Yeast Extract - 1l g
Beef Extract - 1l g
NZ amine A - 2 g
Glucose . =10 g
20 Agar - 15 g

Distilled water to 1 liter

‘The medium is adjusted to pH 7.3 and autoclaved
at 121°C for 30 minutes. |

25 .. Chromobacterium violaceum SC 11,378 is a
gram'negative rod often showing'barring, bipolar

staining and lipid inclusions. It is motile
by a single polar flagellum with occassional

D



Beef Extract - 1g Nz an1ne A - 2 g Gucose - 10 g 20 (;fﬁ%) :
5 o

Agar - 15 g Distilled water to 1 liter The nediumis adj ust

pH 7. 8 _and autocl aved at" 121 C for 30 mnutes. 25 Chr onpbact eri um
viol aceum SC 11,378 is a gram negative rod often show ng barring, bipolar
st ai ni ng and I|p|d i ncl usi ons. It is motile by a single polar flagellum
w th occassi onal -31- lateral flaqelég which are smaller in size. On
nutri ent agar Chronobacterium viol aceu C 11,378 produces viol et col onies.
The pigment is enhanced on nedia rich in tryptophane and 5 yeast
‘extract. In nutrient broth it produces a violet ring on the wall of the
tube but no conflueddt@ERli lagedpa yhichtapegrdatles L»)sdFe- i n- et hanol

but insoluble in water andnchhnrmén:nagaﬁ Chronobacté}&mmnﬂmnm&ﬂeumn

;Lgkfﬁegglﬁfélit3fgﬁ 1 EobkbgvcgéO%%sgegvgélﬁn%é%1yze nd?y by t he
n1croorgan|sn1 wh|cnslsnbﬁneaéeOpomedLeerlchnlnhtrxptﬁnhﬁng nd
S yeast extract. In nutrient broth it produces a

violet ring on the wall of the.tube but no

confluent pelliclé. The violet pigment is

o soluble in ethanol but lnsoluble in water and
chloroform. ' }
;0 . ,Chromobacterium violaceum SC 11,378 is

mesophilic, growing over a range of 15-37%;
no growth occurs at 4°c or above'37°c. Casein
is hydrolyzed strongly by the microorganism,
k/. _ . which is oxidase pqsitive. In the presence of
' 15 Chromobacterium violaceum SC 11,378 glucose,
’ fructose and trehalose are fermented (method
‘of Hugh & Leifson, 1953). L-Arabinose is not
utilized by the microorganism either fermentatively
or oxidativeiy. HYdrégen cyanide is produced by
20 the mzcroorganlsm and aesculin hydrolysis is
: negative.

The above descr;bed key characterlstlcs
provxde the basis for the identification of the
microorganism as Chromobacterium violaceum as

25 distinguished from Chromobacterium lividum,
the only other species of the genus Chromobacterium
recognized in the sth_edition of Bergey's Manual
of Determinative Bactériology. _

' Additional strains of Chromobacterium
€ | 30. violaceum can also be cultured to produce EM5117.

1 ¥




Chr omobact eri um #kplraceum SC 11, 378 gl ucosez)f ruct ose and trehal os&=+*
fermented (method of“Hugh & Leifson, 1953). L-Afabinose is not utilized
the mi croorgani smeither fernentatlvely or oxidatively. Hydrogen
cyanide is produced by 20 - the microorganismand aesculin hydrolysis is
negative. The above descri bed key characteristics provide the basis for the
i dentification of the mcroorgani smas Chronpbacterium viol aceum as 25
di sti ngui shed fr om Chr omobact eri um I"¢dum t he only other species of the
genus Chronobacteriumrecogni zed in the 8th edition .of Bergey's Mnual . of
Determ native Bacteriol ogy. Additional strains of Chronpbacterium 30.
vi ol aceum can alttfe lnttibiotird to produce EMB117. -32- The Antibiotic To

o 5% 2ok oy TS GTMAGHAE AR M3 oe Bt 22 tn .,
on an aqueous nt&MCﬁmrMocaﬁﬁa|M|m§.m Neosi 31532 éscgrbwhydrate and
kBt St ) o QUL AR e oo B SR e
hours, pref@&r abI‘V‘ & pqueocus nutrxent medium containing an
assimilable carbokydnaha and nltrogen source.
The fermentation. is carried out ‘until substantial
antlblotle activity is lmparted to the medium,
usually about 18 to 24 hours,_prefeiably about
10 20 hours. ' -
Using the follow:.ng' procedure, EM5117 can
' be separated from the fermentation medium and
'purzfled. After the fermentation has been completed N
the broth can be centrlfuged to remove the mycellum -’
15 .or, alternatlvely. filtration can be used to remove
the mycelium from the broth. After removing -the
‘mycelium from the broth EM5117 can be extracted
. from the broth. Preferably the broth is extracted
: at pH 5 by 1on-pa1r extractlon with cetyldlmethyl-
20 . benzylammonxum chloride in methylene chloride and
back-extracted into aqueous sodium iodide (adjusted
- to pH 5 with acetic acid). After concentration of
the ‘'sodium iodide extract in. ~Vacuo, an
aqueous solution of the residue can be washed with
25 butanol.  :Concentration of the resulting aqueous
solution to dryness yields a residue which is
'dissolved, to the extent possible, in methanol.
Centrlfugatlon can be used to separate znsolubles
'wh;ch ‘are’ washed wzth methanol and then dxscarded.

Y



10 20 hours. Using the follow ng procedure, EMb11l7 can be separated froégggj
the fernmentation nediumand purified. After the fernentation has been

conpl eted the broth can be centrifuged to renmove the nycelium 15 or,
alternatively, filtration can be used to renove the nycellunlfronlthe
broth. After renoving-the nycellun1fron1the broth EMB117 can be extracted
fromthe broth. Preferably the broth is extracted at pH 5 by

i on-pair.extraction . with cetyl di nethyl o 330 benzyl aammoni um chl oride in
met hyl ene chl ori de and back-extracted |nto aqueous sodi um i odi de (adj usted
to pHS5 with acetic acid). After concentration of the' sodiumiodide
extract invacuo; an aqueou&uaglut on of he reS|d e. can be shed with 25

but anol . Concentratio fifation pf B aARELRLOEHT F3BrPR 0 dryness
yiel ds a residue whi @CPapPdishety by, d%és?h%1§9tth@ mﬁthamnkacqncengn&nqn

Centrifugation can benuﬁgﬂhhaoienagage(1p§planegpgtwgﬁb € ¥;sped with
nmet hanol and then dis urification of the antjbIOtIC can be

o
acconpl i shed by di ss§ oﬂ'a Mhﬁﬂg}"“%n&hr aPRe | SPTRE IS / wat er (1: 1)
and applying it to aSephadex]G 10nnnogheph;meo¢uhmenfamuxtmme conpr|3|ng

Sephadex) G1 O in theA&@@E a2u¥e8h Qléﬁ“&ﬁe same mixture active

= ' fractions are combined and concentrated to
dryness. The residue is mixed with methanol

10 and .insoluble material is filtered out and
discarded.

Further purification is achieved by applying

the methanol soluble material to a column of
DEAE cellulose. The column can be eluted

15 with a linear gradient. prepared from pH 5
sodium 0.0. M phosphate buffer and pH 5 sodium
0.1 M phosphate buffer. Active fractions are
combined, concentrated and methanol insoluble
materials are removed and discarded.

20 Still further purification of EM5117 is
accomplished by dissolving this material in
water and placing the solution on a column of
Sephadex LH~20, and eluting the column with water.
Active fractions are combined and concentrated.

25 - Further purification of EMS5117 is then accomplished

: by dissolving the material in water, placing the

solution on a column of Diaion HP-20AG and
eluting with water. Active fractions are combined
and concentrated. The concentrate is dissolved

30 in water and passed through a column of DowexlSLw-xz,
potassium form,.washlng with water. The effluent
can be concentrated to yield a crystalline material

: ¢



elution with the same m xture active fractions are conbi ned and
ntrated to dryness The residue is mxed with nmethanol 10 and
"Iuble material is filtered out and discarded. Further purificationgdss
achi eved by applying the nethanol soluble material to a columm of DEAE
cel | 0l ose. The colum can be-.eluted 15 with a linear gradient
prepared frompH 5 sodium0.0. M phosphate buffer and pH 5 sodium 0.1 M
phosphate buffer. Active fractions are conbi ned, concentrated and net hanol

i nsoluble naterials are renoved and di scarded. 20 Still further -
purification of Ewbich iis zedskpveivenubs EPEQ%F%&MQS%htSOﬁaﬁﬁﬁth-in mater
and placing the soluti ORnaNaBo¢a! dBc2ine@PLSYEK Libh 2na Jdk £F 1Ll st

colum with water. Active fractions are conbi ned. and -concentrated. 2

Furt her pur|f|catPGﬁcﬁﬁsEMBEl¢5|§hPhEﬁtﬁ§§bﬁﬁlF§h§d°5yEﬂ$§%3FV|Qgh%he

material in water samtaCIcag bbepaebui:eancozaraspohamgof;o Dtigé ofo - 20AG and
el uting mﬁt wat er

ti raciions ar nd_cgnceptrated. The
concentrate |s d|§§bf®§d¥§ exgﬁangﬁ ﬁg gﬁﬁfbﬁggeﬁntﬁg ugﬁnéﬁcolunn of
Dowex (rtn)SOMIXZPUEQtassmannfstep-mashlng with water. The effluent can be ...
concentrated to yield a crystalline naterlal_

Biological Production of the Antibiotic EM5210
- .Salts of (R)=3-[[N-(D-y-glutamyl)-D-alanyl]-
10 amino} -3-methoxy-2-oxo-l-azetidinesulfonic acid
. (formula I, Ry is D-y-glutamylépéalanyl and R,
is methoxy; referred to hereinafter as EM5210)
can also be prepared by cultivation of various

acetic acid bacteria. ' : -
15 - | - e

~The Microorganism

The microorganism Gluconobacter sPecLes
SCl1,435 can be used for the production of
EM5210:. A subculture of the microorganism can
20 be obtained from the permanent collection of the
" American Type Culture Collection, Rockville,
Maryland. Its accession number in the repository
is A.T.C.C. No. 31581. In additiog to the specific
microorganism described and characterized herein,
25 it should be understood that mutants of the
microorganism (e.g., mutants produced through
the use of x-rays, ultraviolet radiation or
nitrogen mustards) can-also be cultured to
produce EM5210. |

Sy



i sol ation and purification process yields the potassiumsalt of EM5117

QG her \sal ts can be prepared corresponding to the form5 - of the ion
exchangé resin utilized in the final purification step. Biological
Preduction of the Antibiotic EM6210 Salts of
(R-3-[[N(Dy-glutanyl)-Dalanyl]- 10 :

am no) - 3- met hgxy- 2- oxo- I-azetldlnesulfanc aci d (formula I, Ris
D-y-glutanyl -D-alanyl and [err] is nethoxy; referred to hereinafter as
EMG210) can also be prepared by cultivation of various acetic acid
bacteria. is The M croor gRtusRyehRackex, §8pgaRFsHFE utdPobReT 8- Gpeci es
SCl11, 435 can be used:of.mstsuecahod;uct;semaeédEWE&ihO réufdbréisg ure of the

m croor gani sm can 2Q he .obt ai ned.fromthe nt collection of the
American Type Cultureﬁﬁﬁﬁqégglg e ﬁ68E9PF?§n1EBr9¥aﬁﬂrs?t%n%RR%E%H?NInunber
in the repository i $ha grougd Noss3158a 108 aqdedusnpéctimesshetidn C

M croor gani sm gescrig rac z Pgi n. | d be
ander st ood t hat nutagﬁgzggq QEQW?cggg? ggl?%]? g,T%%ta %n%%%dgggd t hr ough
the use of x-rays, GPFWHPPbPé?lﬂﬁepaPYoﬁléFlHGt¢%geﬁmﬁ®§mmrQ@nt¢xnlng:ya be
cultured to produce EMb21@Extract of Spa Pha patens Grass <400 mi

L

-34- which is relatively pure potassiumsalt of EMb1ll7. The above descrléff§§§>

Distilled Water ° _ 600 ml

| -‘Yeast Extracﬁ . S | S g

10 ~ Glucose o 10 g
Crude Flake Agar - - . .17.5 g

. *Extract of Spartina patens grass is prepared
by addlng 500 g of chopped, dried grass to 3 liters
U of tap water, brought to a boil and simmered for
15 30 minutes. |
' The medium is adjusted to pH 6.0 and sterilized
in an autoclave at lZlOC.for 20 minutes. After
about 18 hours incubation at 25°C, colonies of the
Gluconobacter species SCl1,435 are isolated from the

20 plated pectin enrichment solution. These isolated
colonies are agen grown on afgsglum containing:

Yeast Extract ‘1l g
Beef Extract - ¥Yg
\O Nz amine A 2 g
- 25 Glucose _ 10 g
Agar 15 g

Distilled Water to 1 liter

> The medlum is adjusted to pH 7.3 and autoclaved
at 121°% for 30 minutes.

Ly 30 Gluconobacter.specxes S§Cl1,435 is a
Pleiomorphic gram negative rod motile by means




g d noss containing the mcroorganismby first incubating the ground.

in a 10% aqueous pectin solution 5 (pH 2.5) for 7 days at 25 O
The organi smcan then be isolated by plating on a nedi um cont ai nqng:
*Extract of Spartina patens G ass 49g.m Distilled Water .
600 m Yeast Extract ' - ' 59g-10. A ucose
10 g Crude Fl ake Agar . 17.5 g *Extract of Spartina patens
grass is prepared by adding 500 g of chopped, .dried grass . to 3 liters of
tap water, broughttf &ng G&-ﬁh&ﬁ&j?P&ﬂErggaEGFIES It3pspPRiteated¥e nedium-
is adjusted to pHa@rBbaBy shealhb@cpositivie dahdCoRVEativd erricfog 20
m nutes. After abgug 18ho¥ns igcgbati n_at- 25 C-: coltnigs.gf.the
G uconobact er spefr&ESeEeRtiaLsd, €°?sg§3¥éﬂﬂﬁﬂ%§1f%e L otted pectin:
enrichnent sol uti eytochitome pzdtiasednegabvivesand etdoberame oofh on a nmedi um
cont ai ni ng: ¥eaSte§%§Ega%g acid coﬁdgfgﬁﬁg.Ek§ﬁé§é charactﬁfﬁséhégrr] NZ

;iéé}@ uconobacter species SCl11,435, A T.C C No. 31581 can be isol ated from

am he A .2 _ 3 ucose . _ %.
indicate that the microorganism is more closely

‘related to the acetic acid bacteria than to true
Pseudomonads. | _
On BBL Trypticase soy agar Gluconobacter
10 species SC11,435 grows . as a mixture of rough
- and smooth colony types. The rough type is
associated with a faint yellow soluble pigment
whereas the smooth type is mucoid and pigmentless.
Dissociation between the two types is influenced )
15 by media, temperature and storage conditions. o’/
EM5210 activity tends to decrease in cultures
where the rough component is dominant.
On BBL Wart agar (pH 4.8) Gluconobacter
species SCl1,435 grows luxuriantly as heaped up

20 mucoid slimy colonies. . Similar growth is obtained
on malt-yeast extract agar (1% each) adjusted to
pH 4.5. '

On medium containing l% yeast extract, 10%
glucose, 3% calcium carbonate and 2.5% agar,

25 sufficient acid is produced from the glucose to
produce a zone of clearing of the calcium carbonate
around the grdwth. This is a characteristic
feature of Acetobacter and Gluconobacter.

-In the presence of Gluconobacter species
30 SCL11,435:(1) a brown soluble pigment is produced
- on yeast extract-glyéerol and yeast extract-calcium -




Agar 15 g Distilled Water to 1 liter The nediumis o
adjusted to pH 7.3 and autoclaved at [err] for 30 mnutes. 30
G ucanpbacter species SC11,435 is a pleionorphic gramnegative rod notile

by neans -36- of one to three polar Flagella. It is obligately aerobic,
catal ase positive and oxidative. It-is differentiated from Pseudononas in
that it. is cytochrone oxi dase negative and tolerant of 5 extrenely acid

conditions. These characteristics indggate that the microorganismis nore
cl.osely related to the acetic acid bacterla than to true Pseudononads. On
BBL Trypticase soy agar { uconobacter, speci es SC11, 435 grows as a

m xture of rough a[}tdﬁ%rmot rr%@%l %ﬁéﬁé@e?ﬁ Thgc@ﬁg? Bi‘gﬁubéaaéﬁoc' ated wt h '
e

a faint yell ow sol SNDO0 I'S mucol d and
pi gnent| ess. Di sSoogkucaBelnﬂmunmosﬂuaga&ad:ppes mannoSeyergddséas by

T o TR U SO S M (RERADSHN b BRSO,
agar (pH 4.8) d ucm@orgmﬂw 9@1% O§eowd aACHRERIF aRBFYO8E heaped up
5 or maltose, when these sugars are xncorporated
_ _ - into Hugh and Leifson's medium.
- _  The biological production of EMS210 is not
: limited to Gluconobacter species SCll,435, but
is broadly distributed throughout the acetic '
10 bacteria. The following cultures can each be
used for the production of EM5210:
Acetobacter pasteurianus subsp. pasteurianum
A.T.C.C. 6033 _
Acetobacter aceti subsp. aceti A.T.C.C. 15973
15 . - Gluconobacter oxydans subsp oxzdans
A.T.C.C. 19357
Gluconobacter oxydans subsp. uboxxdans
A.T.C.C. 23773 _ .
, Gluconobacter oxydans subsp. oxydans
20 A.T.C.C. 15178
' Acetobacter daceti subsp. liquefaciens
A.T.C.C. 23751
Acetobacter peroxydans A.T.C.C. 12874
Gluconobacter oxydans subsp. suboxydans
25 A.T.C.C. 19441 '
Acetobacter sp. A.T.C.C. 21780
o Gluconobacter oxydans subsp. industralis
- - A.T.C.C. 11894 |

'




) mucoid slimy colonies. Simlar growh is obtained.-on nalt-yeast
eXt'r/act” agar (1% each) adjusted to pH 4.5. On nedi um cont ai ni ng L% yeast
act, 10% gl ucose, 3% cal cium carbonate and 2.5% agar, 25 suf fi ckant
acid is produced fromthe glucose to produce a zone of clearing of the
cal ci um carbonate around the growth..ggis is a characteristic feature of
Acet obacter and G uconobacter. In the presence of d uconobact er species 30
SC11, 435: (i) a brown soluble pignent is produced on yeast extract-glycerol
and yeast extract IBg Angdbiotiq7s. |actate agar plates, (ii) acidis

produced on gl ucose, fI'NCbB&an.ng&haChﬁﬁebxeameosnsZXQI,Osbucdmds!ﬁné'oérand

ar abi nose, but no _gr.owth Ci o] t

sucrose 5 nﬁ%ﬁﬁ?@ %ﬁ&i 4%32@ g 8&# §$EC?%§%$Bo%a O'?ﬁt%lll ﬁgﬁsgnd
Lei fson's nedlunlmﬁbeobmqhmgsmal1ps@edcab9neofCEhEQQOQI@wno%tL|Q¥ted to
d uconobagg er sDe(‘a'b%tSC]z%oﬁﬁrudQQt shﬁmg??@dl YedbBL&] @Gﬁ&i’ti@ﬁ@@ﬁom the

acetic 10 bacteria oW n ures can each.be used,for_the
production of ENBZ@Oaqn9@ﬁ§bééﬁ€#eﬁ&s@GGFP&nGQnEEb§bngp%%t%ﬁ?+%h%%?h@T C.C
6033 carbon and nitrogen source. The fermentation is .
~ carried out until substantial antibiotic activity
is imparted to the medium, usﬁally about 16 to 24 -
10 _hours, preferably about 20 hours. ' .

Using the following procedure EM5210 can
be separated from the fermentation'medium_and
pﬁrified. After the fermentation ha$ been compléted
‘the broth is centrifuged to remove the bacteria
15 and the antibiotic is removed from the broth
supernateat pH 3.7 by absorption onto an anion
exchange resin e.g., Dowex 1l-X2. Antibiotic is
eluted from the resin with sodium chloride at about
pH 4, and the eluate is concentrated and passed
20 ‘through a charcoal column. EM5210 is then eluted
from the charcoal with methanol:water,l:l.
The active fractions are collected and dried,
and then placed on an anion exchange column, e.g.,
. Dowex 1-X2, and eluted with-a gradient of sodium
25 chloride buffered at pH 4. Active fractions are
concentrated and desalted on a macroreticular
styrene-divinylbenzene copolymer resin (Dianion
HP 20AG) column. Active fractions eluted with
water are concentrated and freeze drled and this
30 material represents the sodium salt of EMSZlO.

LY



Acet obacter aceti subsp. aceti A T.C. C. 15973 15 G uconobact er@
oxydans subsp. oxydans A T.C C. 19357 d uconobacter oxydans subsp.

suboxydans A. T.C. C. 23773 d uconobacjer oxydans subsp. -oxydans 20

A.T.C.C. 15178 Acetobacter aceti subsp. liquefaciens A T.C C. 23751

Acet obact er peroxydans A . T.C C 12874 d uconobacter oxydans subsp.

suboxydans 25 . Tha abQyv€ desdribddepubificat s pkoke@ue 21780

d uconobact er oxy, U el L.l o 894 h Libiotic
To obtain the ant‘?’ﬁt?’é%%%lu@ons(?pl?c}efrcggggéi%és 8&*1‘?1[453627 C C
No. 31581 or one©df PReORtaisgRghli Shangingebhaberdt usad HO glowe at, or 5

abogt, 25 C !Jndeir:MSlzlmeEﬁeﬁhéeﬁehLExéﬂaﬁbéi@H?oxﬁ!h&j}wf&é%dl‘ﬂﬂéc?m
medi um coir_g)t aining,an assim | abl e carbon and nlltaﬁ)*gﬁ%sourc,e. The

fermentatPon i s GRPYEadSa8e s uHEFNISHBERERALYAIC Y HAG vity is
inparted to -the rohéi potassaahl gadbout 16 to 24 10 hours, preferably
about 20 hours.. Using the follow ng procedure EMb210 can : '

-

"_’.



@s-épar ated fromthe fernmentati on nedium and purified. After the

rrment ation has been conpleted the broth is centrifuged to renove the
bacteria 15 and the antjbiotic is renmoved fromthe broth supernaigat

- pH 3.7 by absorption onto an anion ezg?*@nge resin e.g., Dowex 1-X2. °
Antibiotic is eluted fromthe resin with sodium chlori de at about pH 4, and
the eluate is concentrated and passed 20 t hrough a charcoal col um.
EM6210 i§S then eluted fromthe char Exdmplg H net hanol : vvater |:1. The active

fractions are collggt @ﬂgb,g d 1 4) :g _ag %g ﬁn eécha e
colum, e.g. mm%miwr% )Orb Qeq

chl ori de buffered er fractions are concentrated and desalted
on a nacroreticul q{et‘}bﬁepe .di vi nyl benzene copol yner resin (Dianion HP20AG
colum. Active fra uted W|th at e I

dried and tHis 303) et e : o 2.3 Me210.

-39- The above desggh Me&ylcammo)@ram&mw Il yi el d the sodium sal t

(I;R/Bgll/gzll(r)l t ﬁxehle{)nsgxcha%‘%e] l'ﬁo)j%éfaogr aphy %r |%%éﬁlg%ggsg, t g. Sl ?t © a.
usi ng pot assi um cllewankationifor savexalahvurs unptil the pH of the
_ water (5-6 times volume of that of the Raney
10 nickel) is 7.6. ' '
To a solution of 9.0 g of penicillin G
'(Na+) in 500 ml of water is added 54 g (90 ml)’
of Raney nickel. The flask, fitted with a
reflux condenser, is immersed in a bath at
15 155°c. when refluxing begins, it is continued
for 15 minutes. The flask is immediately cooled
in an ice-water bath, and the Raney nickel is
removed by filtration through Celite lﬂr’,'rhe pH is
'adjusted to 3 using dilute HC1, and the agueous
20 solution is concentrated to ca. 150 ml and cooled.
- The oily layer crystallizes upon scratching.
After washing with water and drying in vacuo
for 3 hours at 50°C there is 3.83 g of the title
compound.

25 : '
B) 1-[Acetyloxy-2-methyl (propyl)]-2-oxo-(3S)-{phenyl-
[acetyl (amino) ]]azetidine
Nitrogen is bubbled for 15 minutes through
a stirred suspension of 608 mg (2 mmol) of the
30 above compound in 20 ml of dry acetonitrile.
A water bath at 40-45°C is used for several _
minutes to dissolve all of the acid. The water =

1']




Example 1 (S)-N-(2-0xo-1-sul fo-3-azetidinyl)-2-phenyl acetam de, potassiu ETAL
salt Method I: 5 A)  1-[(I R)-carboxy-2-methyl (propyl)]-2-oxo-(3S)- .

[ PhenylJ acetyl (am no)]] azetidi ne Raney nitkel is washed with water by
decantation for several hours until the, pH of the water (5-6 times volune
of that’of the Raney 10 ni ckel )is 7% To a solution of 9.0 g of
pen|C|II|n GJlerr] in 500 m of water is added 54 g (90 m) of Raney
nickel. The flask, fitted with a reflux condenser, is imersed'in a bath at
.15 [err]. v%enbaehlusingmbvgdnsanatpbwdenedicupmhéoacéfhhénutes. The

flask is inmediatel ceswa ckel is
renmoved by f||trat|%%£§ﬁ#8gahgcgps ﬁ? T% ﬁm@?# 3£%s% ﬁ?ﬂg ng dilute
HC1, and the aqueousfter 1 msnugeugﬁ Bticvhnentbﬁi tmscéz mmnllﬂ and

cool ed. The oily Iaafrlsaaseakl.-Aﬁeeauaon £6& Hh £2¢ bie fété‘éxi@é&“ ng with

wat er and dryigig in vacuo for ours at [. there T's of the t|tIe
conpound. 25 é? 1- fﬁcﬁ???o??mEgﬁﬁPﬁﬁﬁ(ﬁng§P)T1§FE&% (B 1&%; itrile

solution is decanted from the precipitate, and
=" - the solids are washed with ethyl acetate. The
_ combined acetonitrile-ethyl acetate solution
= is evaporated to a residue, which is taken up
10 in ethyl acetate-water. The ethyl acetate layer
is washed sequentially with water '(3'times),
agueous sodium bicarbonate (pﬂ 7), and water.
The ethyl acetate layer is dried over sodium
sulfate and evaporated to a residue (515 mg),
15 which is used without further purification in
' the next reaction. :

C) 2-0xo0-(3S)-[phenyl [acetyl (amino)]]azetidine

To a solution of 911 mg (2.86 mmol) of

20 the above compound in 21 ml of. methanol is
added 3.5 ml of water followed by 383 mg
(2.86 mmol) of potassium carbonate. The mixture
is stirred under nitrogen for 1 minute, and then
160 mg (4.30 mmol) of sodium borohydride is

25 added. The reaction is stirred at room temp-
erature for 20 minutes. The methanol is removed
in vacuo, and the residue is taken up in ethyl
acetate and a small amount of water. This is
adjusted to pH 2.5. The ethyl acetate layer

30 is washed at pH 7.0 with aqueous sodium bicar-

“ . bonate and then a small volume of water and

+



‘[faggl\yl (ami no) | ] azetidine Nitrogen is bubbled for 15 m nutes through a

at ¥Prjed suspension of 608 ng (2 mmol) of the 30 above conpound in 20.n
oh_gfy acetonitrile. A water bath at [err] is used for several m nutesyo
di ssolve all of the acid. The water - -41- bath is renoved, and powdered
cupric acetate nonohydrate (182 ng, 1 EﬂD|) i s added, followed after 1

m nute of stirring, by 886 ng (2 nnDT? of lead tetracetate. The mxture is
stirred 5at roomtenperature for 20 mnutes. The acetonitrile solution is

decanted from t hg, precl pa : s S0l | hg¢aii hyl
acetate. The co féégfgd%%%%¥}??§g-%?ﬁ;ﬁﬂagg?g?ggso ut?ggﬂ?gggégporated to
a residue, whichtosgivethecnude produchy(483chg) e- WASALEiGROL! hy|

acetate |ayer is, gskerl SEoMeEtoAl ihyit BcwRhte gidebi @80)mgaqueous sodium
bi car bonate (pH i ' '

sul fate and-evapb&%ﬁgﬁg?_ t%$%5;E§e3%§¥%ea§$;§%%a&ixaéiBﬁoagéggegvﬁgtﬁggium
further purs ficapupthér dientitiescaftppodu€t can . be obtained
ol of 20 e GEFR AL E kAR an | G CbhELREpdGeRRRY | 0N Of P11 MO (286
D)  (S)=-N-(2-Oxo-l-sulfo-3-azetidinyl)-2-phenyl-
acetamide, potassium salt
10 | Pyridine°so3'camplex_(215 mg, 1.35 mmol) is
added to a stirred solution of 251 mg (1.23 mmol)
of the above product in 2 ml of dry dimethyl-
formamide and 2 ml of dry methylene chloride
under nitrogen at room temperature. The mixture
15 is stirred for 3 hours. The solvents are U
removed in vacuo, and the residue is taken up
in methylene chloride-water. The pH is adjusted
to 6.5 using ZN'potassium hydroxide. The agueous
laye:'is washed with methyiene chloride (3 times)
20 filtered and evaporated to a residue. The
residue is stirred with 20 ml of methanol, and
the'pbtassium sulfate is removed by filtration.
The filtrate is evaporated to a residue, which
is stirred with 10-15 ml. of methanol. The
25 solids are collected to give 49 mg of the title
compound, melting point'189°c. dec. '
Anal. Calc'd for cllnliuzossxs C, 40.99; H, 3.44:
' N, 8.69; s, 9.93

Found: C, 45.96; H, 3.83; s
30 | N, 9.86; S, 8.99
' The compound has identical spectral characteristics f_

to the product obtained in Method II.




added 3.5 m of water followed by 383 ng (2.86 nmol) of potassium ; |
carbonate. The m xture is stirred under nitrogen for 1 mnute, and then 16 :

mg (4.\830 mmol ) of sodi.um borohydride is 25 added. The reaction is
stirred at roomtenp- erature for 20 m nutes. The nethanol- is renoved in
vacuo, and the residue is taken up in et43d acetate and a snmall anount of
water. This is adjusted to pH 2.5. The ethyl acetate layer- 30 - is washed
att pH 7.0.wi th aqueous sodi.um bi car- bonate and then a snmall vol une of

wat er -and final ﬁé rlde gver sodium sul fate and evaporated to give the
crude product (493 ‘tion of a small ampbunt of ethyl acetate gives
250 ng (43%yiel d) of t hd dodiutioncofs 6l inge gf 0(:&0012-:5:0-3-Flllr(1ph(any1-

guantities of prod ST

chr omat ogr aphy. D). g; l%— éf?"’%?’ﬁ’%@ gaéz%#icé"ﬁg% ﬁld'

acet am de, pot assi PRtagsiuppsalt (see [FQWI}P @mef Fmrmml ) is
added to a st$rred ,_golslttlmdof;,nZQh '&n{ojs natfq,\fezproduct in 2

:: tfzggaya?' T e e 0K g B, o AT, Bt et
The sol vents are r&hawedtanyl&cds ﬁ&mtéﬁaﬁlaﬁﬁ(hhbIﬁin&ﬂﬁﬁt dﬁluted
with an equal volume of acetone and cooled in an
- ice bath. Over 30 minutes, phenylacetyl chloride
) 10 (eight 40 pl portions) and 10% potassium bicarbonate
' solution are added (pH kept between 5.2-5.8). After
40 minutes, the solution is concentrated in vacuo’
to remove acetone and applied to a 200 ml HP-20
_ column. Elution with water and then water-acetone
17 15 (9:1) gives 160 mg of crude product after TLC
examination of Rydon positive fractions, followed
by pooling and evaporation. Crystailization
from methanol-ether gives 101 mg of the title
compound, melting point 210° c, dec.
20 Anal. Calc'd for Cp,H,,N,0.5k- 12 H,0: C, 39.86;
' H, 3.65; N, 8.45; s, 9.68; K, 11.80
Found: C, 40.01; H, 3.37; N, B.59; S, 9.59;
K, 11.98 °
NMR(D,,) 3.66 (s,3), 3. 67(d of 4., )=6.4), 3.90
25 (e ym), 4.90 (4 of 4, _,-6_4), 7.36 pp™ (m.5).

=8



| ene chloride-water. The pHis adjusted to 6.5 using 2N potassi um

hyflr@Xi de. The aqueous | ayer is washed with nethylene chloride (3 tines) 20
d_and evaporated to a residue. The residue is stirred with 20 m pof
nethanol' and the potassiumsul fate is#4enoved by filtratien. The filtrate
I's evaporated to a residue, which is stirred with 10-15 m of nethanol. The

25 solids are ‘fﬁl%_lé%gglto give 49 ng of the title conpound, nelting -

poi nt 189 C, dec. ‘d for [err] N, 8.69; S, 9.93 Found: C, 45.96;
H 3.83; 30 To a solution of (S)=-3~amin®~BHxB-18. 99 The.

conpound has i dentyiedls I ri t tained in
vethod 11 - 43%2%; hﬁgﬁlaldﬂﬁ'g? Kk o‘%ﬂf&d&l#ﬁ“ﬂmﬁ“%aw

(S) - 2- ox0- 3- [ [ ( phdAL Mgs: RS8 EAMRHIR) | 6B i 1dxy MﬂmlﬁM@%m d,
potassi umssal t (sqa m1gmElse aa)adm 43031:@ of phdm/ldretic acdidrdmd i n an

0,

charcoal | The ext Sums of Micietoheiv barbedtiniad. ik BBESFRE AN cqua
vol unme of acetoneiamttitm:latl fior 48 hourmsmtadt roomertaperatnrs, udnyl acetyl
chloride filtered to remove dicyclohexylurea. The solvent

is removed in vacuo and ‘the compound residue is

10 taken up in acetone, filtered and the title

compound precipitated by the addition of 5 ml

- of acetone saturated with potassium iodide.

The supernatant is decanted, the residue washed

with acetbqe(3 times) and, after drying, 48 mg

15 of product is obtained, having spectral characteristics
in agreement with the products of Methods I and II. B
Method IV: \J_

A solution of 2.83 g of (s)—z-oxo—BII(phenyl—

mehhoxy)carbonyh]amino]-l-azetzdinesulfonlc acid,

20 pyr;dxne salt .(see Example 2) in 36 ml of water
is stirred in an atmosnhere of hydrogen with
707.5 mg of 10% palladium on charcoal (175 ml
of hydrogen taken up). After 2 hours the slurry

: is filtered, and the filtrate cooled to 0°C

25 and diluted with 46 ml of acetone {(initial pH=
4.25 adjusted to pH 6.7 with cold 10% potassium
bicarbonate solution). A solution of 2.4 ml
of phenylacetyl chloride in 10 ml of acetone is
added dtopwise over 15 minutes. The pH is

30 maintained between 5.2 to 5.8 by the simultaneous
addition of cold 10% potassium bicarbonate
solution. After 45 minutes the slurry is



10 (eight 40 [err]portions) and 10% pot assi um bi carbonate sol ution a
added {pH kept between 5.2-5.8). After 40 mnutes, the solution is
concerftrated in vacuo to renove acetone and applied to a 200 i HP-20
colum. Elution with water and then watds-acet one 15 (9:1) gives 160 ny.
of crude product after TLC exami nation of Ryden positive fractions,

fol | oned by pooling and evaporation. Crystallization from nethanol -ether

gi ves 101 ng of theiti i @d@é %ygi Anal
Calc'd for [err] Halg'dd& Qﬁ,@p%ﬁim&ﬁ@é oy 1155%' FOL? B 40.01; H,
3.37; N 8.59: S 9193‘?4 @) ffdgsﬁ’\&%’ﬁtrﬁ ed [h?rﬂem"e agetapahod I11: To a
solution of (S)-3- men@m:wymls ma:terdsmmidl washeda@ith Waltdelhut Yl anmoni um
salt (121 ny; see in | ene chIo i.de 3 ) is
added 40 ng of pheﬁ‘% "?éﬁ'l of angnﬁ'a%?‘ oia & &P dW@)éla&Slr ﬁ@?ﬁ"ﬁgd The
mxture is sti¥redtiooa 450holr §iPa20r cotumanpe Blukion aith il ldtes t o renove
di cycl ohexyl urea. Fe o3%ie/ Rleals® 11 PHBIphA 42 1pR-A1D), 'Y G3EAGUNd resi due

is-

e of water, and then 2.5 liters of 9:1 water-acetone
_ . gives 1.285 g of the title compound in fractions
— 14-19 (fraction 1-15 were 200 ml, fractions

10  16<21 were 100 ml). Spectral data is in agreement
. with that obtained in the foregoing methods.

p »

&



10(}i@ taken up in acetone, filtered and the title conpound precipitated

by \t addition of 5 m of acetone saturated with potassiumiodide. The,
supernatant is decanted, the residue washed with acetone(3 tines) and,
after drying, 48 ng 15 of product-gigss obt ai ned havi ng spectral '
characteristics in agreenent with the products of Methods | and 1. Method
I'V: A solution of 2.83 g of (S)-2-0xo0- 311(pheny| .

met hoxy) car bonyl ] ani no] -1 - azeti di ne |(:fmnd 20 pyri di ne

salt. (see Exanple 2) i n 36 m  of mat rred in an atnosphere of
hydrogen with 707 (8)ma I ' amdnank- hydr ogen

taken up). After fﬂgi fuiflggf@ue cooled to
[err] 25 anda { ) ~25 adj usted

to pH 6.7 with cold 10% potassi um bi carbonate solution). A solution of 2.4
m of phenylgcetyheehbarmde in 10 M of acetone is.added dropw se over 15
m nutes. The pH - nalntalned betmeen 5.2 to 5.8 by the

si mul t aneous addl )onloi(“ RO i t]e-25@xd= (BB) - After 45

mnutes the slurrypis ] Jggnpofa§§TUﬁT ..

phosphate (pH 4. 2T 3 - ffc acid
(12.98 g, 0.06 mole) in 140 ml of water- containxng
10 5.18 g of sodium bxcarbonate (stirred for ca.
10 minutes without camplete solution) is added
in one portion to a well-stirred (mechanical
stirrer) suspension of Raney nickel (washed
with water to pH 8.0, 260 ml of slurry=130 g)

15 in a 70°C o0il bath. After 15 minutes the slurry -
is cooled, filtered, and the filtrate treated : L
with 5.18 g of sodium bicarbonate and a solutlon
of 11.94 g (0.07 mole) of benzyl chloroformate
in 12 ml of acetone. After 30 minutes, the

20 solution is acidified to pH 2.5 and extracted
‘with methylene chloride. The organic layer is
dried, evaporated, and triturated with ether-
hexane to give a total of 6.83 g of the title
compound. |

25 )
B) 1-{(Acetyloxy)-2-methyl (propyl)]-2-oxo-(3S)~-
[[ (phenylmethoxy) carbonyl]aminolazetidine
- A solution of 6.83 g (0.0213 mole) of the
above acid in 213 ml of acetonitrile is treated

‘30 with 1.95 g (0.0107 mole) of cupric acetate: 2
monohydratg and 9.5 g (0.0213 mole) of lead ~




The slurry is filtered and washed with water. The filtrate and washi ngs a(éééb
conbi ned and applied 5 toa 450 mM HP-20 colum. Elution with 1 liter o

0. 5M1pot assi um phosphate (pH=4.2), 1 liter of water, and then 2.5 liters of
9: 1 - water-acetone gives 1.285 g of the=&%&le conpound.in fractions 14-19
(fraétion 1-15 were 200 m, fractions 10 16-21 were 100 m ). Spectral

data is in-agreenent with that obtained in the foregoing nethods.

Exanmple 2 (S) -2=CXO-3-[[QPhenyInetho;&? car bonyl ] .am no], - o

| - azeti di nesul f oni &ek¥paceppte.qi The Slurxry, is jumexsed in a) 65°C

1-[ (1R- Car boxy- 2- neilybathr apdl skiZzre@owith a [dteany oFenierbvhen |
carbonyl]anino]azehkgbggﬁg ghuréé of.6<aT nopeni ¢i.l.l ani c ggigg 12.98 g,

0.06 nole) in 140 wat e PaFHﬁh& By w & 8584 bi car bonat e
(stirred for ca. lfatemiadsisi cbhasumednpl The sirtryodis filieéded i n one
portion to agwel | - gtisr nj Lsher p ' of ey n icke
(washed mﬁthswaterakg %ﬁg ggg§a§68%%he§rh@ﬁ&i%§§§§0§§%k%%e. ?ﬁga [err] ol
bath. After 15 ni ngembingd £idtrytes andomashings: aredevaporakedii|trate

Jbreated with 5.18 gnoyasel 4ABPEAR Redddte?dKkenS AP in0100f miledéng 0. 07
nol e) of benzyl chiQrofOryate .

: . of ethyl_acetate and water and adjusted to pH 7.
- | The ethyl acetate layer is separated, dried, and

10 evaporated to give 6.235 g of the title compound.

C) (S)-(2-Oxo-3-azetidinyl)carbamic acid,
phenylmethyl ester '

_ A solution of 3.12 g (0.0093 mole) of the

15 above acetate in 70 ml of methanol and 7 ml of
water is cooled to -15°C and 1.33 g of potassium
carbonate and 349 mg of sodium borohydride are
added. The reaction mixture_is stirred at
-15°% - 0%. After the reaction is complete

20 (ca. 2 hours), the mixture is neutralized to

| pH 7 with 2N HCl and concentrated in vacuo.
The concentrate is adjusted to pH 5.8, saturated
with salt and extracted with ethyl acetate (3
times). The organic layer -is dried and evaporated

25 in vacuo. The residue is combined with material
from a similar experiment and triturated with
ether to give 3.30 g of the title compound.

A



ir(égpwﬂ of acetone. After 30 minutes, the 20 solution is acidified to
pH 2.5 and extracted with nethylene chloride. The organic |ayer is dried,
evaporated, and triturated with ether- hexane to give a total of 6.83 gf
the title conpound. 25 B) 1-[(Acetyl?%87 -2-nethyl (propyl) ]-2-oxo- (39S)
- [[(phenylnethoxy)carbonyl]an1no)azet|d|ne A solution of 6.83 g (0.0213
nol e) of the above aC|d in 213 m of - acetonltrlle |s treated 30 W th
1.95 g (0.0107 I C oh drat 0.0213 nol e)
of | ead -47- oL e'n-%& bat h and
- stirred with a suhazetﬂamneauiﬁnninﬂﬁﬁzdulpYriﬂigetsnlslurry until the
starting material 1's consuned. The slurry is filtered 5 and the solids
washed with ethyl acetate. The conbined filtrate and washings are
evaporated in vaMethedl Z:he residue taken up in 100 m each of ethyl

acetate andswater and adgsdtaddrd ¥ dao e 69 102 RS1eY ot s i S

separated, dried, and . evagfrated to glve 6,235 of the title
compound. © (S %&?heﬂﬂ@‘eﬁ:#@’% hyke B§1 ester _
chlorxde and dry dimethylformamide is stirred ..
for 2 hours under nitrogen with 350 mg (0.0022 mole)
- of pyridine-sulfur trioxide complex.' The bulk - -
10 of the solvent is then rémpved”ig,vacuo.and

the residue triturated with ethyl acetate to

give 758 mg of solid, which is primarily the

title compound. ' | S

NMR(D,,~CD3,D) 3.63(1H, d of 4, ,=6.4), 3.90 (lH, &,
15 . =6), 4.85 (1H, d of 4, ,=6.4), 5.10(2H,S) 7.27 (5H,S)

8-0~9.oppm(m's 5H).

Method II:
Chlorosulfonyltrimethy1511y1 ester. (18.87 qg)
is added dropwise at -20% to 7.9 g of anhydrous
pyridine with stirring under a nitrdgen atmosphere.
When the addition is complete, stirring is |
continued for 30 minutes at room temperature,
and trimethylchlorosilane is then removed in
vacuo. A solution of 20 g of the above azetidinone
(Method I, part C) in 120 ml of dimethylformamide
and 120 ml of methylene chloride is added and
stirring at ambient temperature is continued for
3.5 hours. The solvent is distilled off in vacuo .
and the oily residue crystéllized by addition )
of ethyl acetate, yielding 31 g of the title .
compound. NMR data is identical to that of the
Method I product.

20

25

30



met hanol and 7 ml of water is cooled to [err] and 1.33 g of potassium
carboﬁate and 349-'ng of sodi um borohydride are added. The reaction m xt.u

is stirred at [err]. After the reaction49%- conplete 20 (ca. 2 hours),

the mixture is neutralized to pH 7 with 2N HO and concentrated in vacua.
The concentrate is adjusted to pH 5.8, saturated with salt and extracted
with ethyl acetate (3 tines). The.organic layer is dried and evaporated 25
in vacuo. The residue is conbined wth material froma simlar experinent
and triturated with ether to give SEQEEéiEJihe title conmpound. D)
(S)-2-0xo-3-[[(ph I sheny e ¢ L eeind i c - aci d,
pyri di ne salt th%?i P : Iy ) nol e) of the
above azeti di none == et : Yy =6 .nd dry

di met hyl formam de is stlrred for 2 hours under nltrogen wi th-350 ng (O. 0022
nol e) of pyrgdi nesa¢hbd I oxi de conplex. The bulk 10 -of the sol vent
then renoved in vaCUU‘aﬁU'tEF residue triturated with ethyl acetate to glve
58 mg of solid, which i(8)59-9%a13r L hPhenylaethaxyirarbonyllamino] -

l-azetidinesulfonic acid, pyridine salt (135 mg;
‘n n ~ see Example 2) is dissolved in 2 ml of 0.5 M
monobasic potassium phosphate (adjusted to pH 5.5
10 with 2N potassium hydroxide) and applied to a
25 ml HP-20AG column. The column is eluted
with 100 ml of buffer, 200 ml of water and 100 ml
- of 1:1 acetone-water. Fractions (25 ml) 14-15
are highly Rydon positive. Evapdration_yields
80 mg of material which is primarily the title

- compound (spectral data identical to that prepared below).

A solution of 3.12 g (0.0093 nole) of the 15 above acetate in 70 ni OE:E;;)

Method II:
(S) =2-0x0~3~[ [ (phenylmethoxy) carbonyl]lamino] -

20 - l-azetidinesulfonic acid, pyridine salt (600 mg;
see Example 2) is dissolved in 2 ml of water and
mixed with 15 ml of pH 5.5 monobasic potassium .
phosphate buffer. A solid forms and the slurry.
is cooled to 0°C, filtered, washed with cold

25 buffer, cold 50% ethanoi, ethanol and ether to
give 370 mg of the title compound (containing
excess potassium ion by analysis).' A solution
of 280 mg of the salt in 10 ml of water is applied
to a 100 ml HP-20 column. The column is eluted

30 - with 200 ml of water and then water-acetone (9:1).

¥



[ %@] 15 " Jerr] [err] Method II: Chlorosulfonyltrinethylsilyl ester (18.87
g\"1 & added dropwi se at -20 Cto 7.9 g of anhydrous pyridine with stirring
under a nitrogen atnpsphere. Wien the addition is conplete, stirring is,
continued for 30 minutes at roomtenpesslure, and trifmethylchlorosilane I's
t hen renmoved in vacuo. A solution of 20 g of the above azeti di none (Method
|, part C in 120 m of dinethylformam de and 120 ml of nethyl ene chloride

is added and stirg ' e r LS acont, fs 3.5
hours. The soi very ERge b8 T8 L) PAPE' BodiBckaqsbavaRlF £ilh B2
crystall i zed by afEaetdano? givigs ac8edid. yTaisuxgtiongwith: geetones

Egnporndé (gyRédgiﬁlgﬁaFﬂéﬁtia?h §9yih t%ggvhbaowaabeé'hsnrﬁggeg; [?97,
a e - 2= 0- o- enyl net QOXy) . .am - -aZetl dl nesu oni c
acigP pot assi um s&le Sgtighﬁ?%ﬁﬁu?a! % itxng_ nt 235°1$6 c.

(S)-2-Oxo-38[ [ ( phmiglnecamyacﬁobooﬂ)!ﬂhgoksxliatzﬂ&bdi Qgs38f.o2i;c acid,
pyridine salt (13509, g 3,48; N, 8.06; S, 9.23; K, 11.25
. Pound: C, 38.19; H, 3.24; N, 8.15; S, 9.12;

K, 11.53
NMR(D20) 3.69(1H, 4, of d, ;=6.4), 3.91(1H, t, )=6),
10 4.76(1H, m), 5.16(2H,S), 7.43ppm (5H,S)

Method III:
(S)~=(2-Oxo-3-azetidinyl)carbamic acid,
phenylmethyl ester (20.0 g, see Example 2C) is
15  suspended in 200 ml of acetonitrile, 21.6 ml |
of monotrimethylsilyltrifluoroacetamide (25.3 g) -
is added and the mixture is heated to 50°C with
stirring for 1 hour. After coocling in an ice
bath to OQC, 17.2 g of trimethylsilyl chlorosul-
20 fonate is dropped in and the solution is stirred
at ambient temperature for 6 hours. To the
solution is added 24.2 g of potassium ethyl
hexanoate in 100 ml of butanol and stirring is
continued for an additional 1 hour. The slurry
25 is poured into 1 liter of dry diethyl ether and
the precipitate is filtered off and dried in
vacuo. The compound is dissolved in 500 ml of
water, the pH is adjusted to 5.0 with potassium
carbonate, insoluble material is filtered off
and the mother liquor is freeze dried. The yield
of crude compound is 19.4 g. The compound contains
small amounts of potassium chloride which is

removed by chramatography, spectral data identicai
to that of Method II.

30



see Exanple 2) is dissolved in 2 m of 0.5 M nonobasic potassi um phosphate
(adjusted to pH 5.5. 10 w th 2N potassi um hydroxi de) and applied to a

m HP-20AG col um. The colum is eIuted with 100 m of ‘buffer, 200 m of

water and 100 ml of 1:1 acetone-water.” Fractions (25 m) 14- 15 are hi ghly .
Rydon positive Evaporation yields 15 -80-ng of material which is

primarily the title conpound(spectral data identical to that prepared

bel ow). Method II1: (S)-2-0xo-3-[[(phenyl net hoxy)carbonyl]am no]- 20 -
1-azetidi nesul foni c acid, pyrldlne SExxamp bé see Example 2) is

dissolved in 2 m 2, f. DH 5y 5- non basi c

pot assi um phosphage’—%%f%ﬂ-'?gl

eoled to 00C,
filtered, washed

INES o5 plbazuho nmiummnol  and
ether to give 370§§15ﬁ(i1r;t|tle conpound (contalnlng excess potassiumion

by anal ysi s). sorartom or-280 ng of the salt in 10 M of water is applied
to a 100 m ﬁP 20 colum. The colum is eluted 30 wth-200 m of water
and t hen mater-acﬂbthb5514) Fractions (50 m) are collected,

-@vapor ati on of fractlon rltur tion wth acefong,
filtration, and drylngl vacu glig%}P r}t mlmltlng

point 193-196 C. l-azetidinesulfonic acid, pyridine salt (1:1)
(34.3 g; see Example 2) is dissolved in 800 ml of
10 water. The solution is cleared with chércoal,
: 30.7 g of tetrabutylammonium hydrogen sulfate
in 80 ml water is added and the pH is adjusted to
5.5 with 1lN-potassium hydroxide. The solvent
is removed in vacuo until a volume of about 200 ml
N 18 - is reached. The'precipitated'tetrabutyiammonium
salt is filtered off and dried in vacuo. The
compound can be recrystallized from water or
dissolved in methylene chloride, filtered and
- precipitated by addition of ether. Yield 34.3 g
20  melting point 108-110°C. "

Method II:
(S)-2-0xo-3-[I(Phenylmethoxy)carbonyllamlno]—
~ l-azetidinesulfonic acid, potassium salt (1:1)
28 (20.2 g; see Example 3) is dissolved in 500 ml
of water, filtered and 20.3 g of tetrabutyl-
ammonium hydrogen sulfate in 100 ml of water is
‘added. The pH is bfought to 5.5 with 1N potassium
hydroxide. The volume is reduced in vacuo to
30  about 100 ml and the prec;pltated tetrabutyl—
ammonium salt is filtered ‘off. The compound is



Anal. Calc'd for [err] H 3.48; N, 8.06; S, 9.23; K, 11.25 Pound: C
38.19; H 3.24; N, 8.15; S, 9.12; K, 11.53 [err] 10 4. 76(1H, m, :
5.16(2H,S), 7.43ppm (5H, S) Met hod 111 (S)-(2-xo- 3- azet|d|nyl)carbanlc;J
aci d, -phenyl net hyl ester (20.0 g, see Exanple 2C) is 15 suspended in 200
m of ‘acetonitrile, 21.6 nl of nonotriv®hylsilyltrifluoroacetam de (25.3
g) is added and the mixture is heated.to 50 Cwith stirring for 1 hour. _
- After cooling in an ice bath to 0 C, 17.2 g of trlnethyIS|IyI chl orosul - 20

6 hours. To the. SdedeLdd L, LEL FL e Shvlass Sidt ey iAo (n
100 m of but anolandng rebupwmadsbgomddiabﬂmfaétw tyﬁmz hour. The

oroci pitate is 1AL ?§§§% 5P ke Berbroritel. B e Efiit iy fﬁﬁ}s%m ved

in 500 M of water, the pHis adjusted to 5.0 with potaSS|un1carbonate

i nsol uble ngterial is filtered off 1 qu the nother- liquor is freeze
dried. The yield_of cr%d% conpoun&%&gu&éL#'g The conpound contains smal |

anount s of potasst 224 i REkaphy, spectral
data identical teakbéhyaﬂbUHiaﬂéddeth acid, phenylmethyl ester,

potassium salt (l:1)
A) (S)-3-Amino-2-Azetidinone
10 (S) - (2~Oxo-3-azetidinyl )carbamic acid,
phenylmethyl ester (3 g: see;Example 2C) is
'hydrogentated in 100 ml of methanol in the
presence of 1 g of palladium o charcoal catalyst.
When the theoretical amount of hydrogen is . : _
15 absorbed, the catalyst is filtered off and the | o’
'f;ltrate evaporated to dryness. On'standzng, '
1.1 g of the title compound crystallizes.

2

B) (38)-u-[I(24Oxo-3-azetidinyl)aminqlcarbonyl]-

20 benzeneacetic acid,-Ehenxlmethxl ester :

The above azetidinocne (3.0 g) is dissolved

in 100 ml of dimethylformamide. The solution is
cobled_to 0°c and 4.5 g of N-methylmorpholine is
added followed (dropwise) by 10.8 g of

25 a-(chlorocarbonyl)benzeneacetzc ‘acid, phenyl-
methyl ester in 50 ml of acetonitrile with
stirring. The mixture is stirred for about
16 hours at'SOC._ The solvent is distilled off
in vacuo and 100 ml of water is added to the

30 residue. The aqueous suspension is extracted
twice with 100 ml portions of methylene chloride.



-51- Exanple 4 (S)-2-0xo-3-[[(phenyl net hoxy) car bonyl ] am no] -
. | -azetidinesul fonic acid, tetrabutylammonniumsalt (1:1) 5 Method I:

(S) - 2<exo0- 3- [[(phenylnethoxy)carbonyl]an1no] 1-azetidi nesul fonic acid,
pyridine.salt (1:1) (34.3 g; see Exanple 2) is dissolved in 800 nml of 10
The solution is cleared with chéBeoal, 30.7 g of tetrabutyl anmoni

wat er .

hydrogen sulfate in 80 m water

| N- pot assi um hydr oxi de. The solvent is renmoved in vacuo untiI a vol unme of

about 200 m 15 3hleg§ggﬁgedlayggg Rl 1 Slalsiud ni um sal t

filtered off and

I'n _vacuo’ The conpoun can be recryst allized from

water or di ssol ve§oRdumebAgpzhOna%Ser |2%Phﬂqw\9rréﬁ acddhand Watexyd by

addi tion of ether grfe@l 4idh 8odidh sumﬂtfel n&ﬂ@éﬁed %rd MRIped tdd -
(S) - 2- Oxo- 3-

[[(phen Inethoxy rbon am noj - 1- esul.fonic aC|d
pot assi um salt (1%9) % $8¢20. éé Iq§¥§Fﬁ e@% 1&&6 in 500
f|5tereéthyd a&eﬁageoanaepethwwﬁum ether, yielding 8.7 g,

of water,

Jl

d

10

15

25

30

- melting point 164-166°¢C.

C) (3S)=a-[I(2-Oxo-l-sulfo-3-azetidinyl)amino]-
carbonyllbenzeneacetic acid, phenglmethyl ester,
potassium salt (1:1) -

_ The above compound (6.9 g) is suspended in
150 ml of acetonitrile. Monotrimethylsilyl-
trifluorcacetamide (5.7 g)is added and the
solution is heated for 30 minutes at”50°é with
stirring. The solution is cooled to_0°C'and

3.9 g trimethylsilyl chlorosulfonate is

added dropwise. When the addition is complete
the mixture is heated to 50°C for 5 hours.

After cooling to 20%¢, 7.6 g of potassium ethyl
"hexanoate in 10 ml of butanol is added and’
stirring is continued for 30 minutes. On
~addition of 300 ml of ether the title compound
precipitates and is filtered off.. The crude
product ‘is stirred with 100 ml of dry acetonitrile
for 30 minutes and filtered off, yielding 4.5 g
of the title compound, melting point 118-120%.
Further purification of the crude product by HP20

chromatography‘followéd_by freeze-drying yields pure
material having a melting Point of 188<190°C.

um

I s added and the pH is adjusted to 5.5 with

S



agggp)un1hydrogen sulfate in 100 m of water is added.. The pH is brought
.5 with 1N potassium hydroxide. The volune is reduced in vacuo to 30
about 100 mM and the precipitated tetr ﬁtyl anmonium salt is filterediyy

of f. The conpound is -52- dissol ved” 30 m of nethylene chloride,
filtered and precipitated by addition of ether, yielding 21 g of the title
conpound, nelting point [err] 5 Exanple 5 (3S)-g-

[[(2-Oxo-1-sul fo-3-azetidinyl)an RRanple fonyl | benzeneacetic acid,
Phenyl met hy| et ets) -yl ASqi-Af s 14 (thi (] Fledepn a0 fizgt | di none 10

(S)-(2-Oxo-3-aze ycar.ogm cla,, pnen HE[UXI ; see Exanple
20) is hydrogent &X@rizazetidyn eau nAc 1 g of

. pal I adi um or chamqom(sxﬂsﬂmmﬁnoAdMuxd4m+aisxﬁa&nesﬁlf&ﬁnwnacidhydrogen i s
15 absor bed, the cat st |s’T|FTer d off and the tiltrate evaporated to

dryness. On st adseh o +++e conpound crystallizes. B)
(3S)-a-[[(250xo0- 3- azet|@)mﬂ-m«qirbb¢pimw1}meﬂibxy)whmblmxmhm d,
phenyl met hyl ~est qi. aﬂhe;i&g&ﬁ%ﬂm@e&%ﬁﬁmlwdsmloo i of

di et hyl f or mam deé.
(2 g; see Example 4) is dissolved in 100 ml of

dimethylfb;mamide and hydrogenated for about 30.
minutes with 1 g of palladium on charcoal (10%)
10 as catalyst. The catalyst is filtered off and
- the dimethylformamide is removed leaving the
title compound as an oil. NMR (cnc13) 3.82 (lH, t, =
5.5),4.05(d. 1H, 4 of &, )= 5.5, 2.5 cps).
B) (S)=-3-I[[(2~Amino-4~-thiazolyl)acetyllamino]-
‘15 2-oxo-l-azetidinesulfonic acid, potassium salt Y
' The above compound (2 g), 0.5 g of amino- '
thiazole acetic acid and 0.4 g of hydroxybenzo-
triazole are stirred at 0°C in 100 ml of dry
dimethylformamide, while a solution of 0.7 g
20 of dicyclohexylcarbodiimide in 10 ml of dimethyl-
formamide is added dropwise. After the addition
is complete, stirring is continued for 12 hours
at 20°C. 1Insoluble urea is filtered off and
the solvent is evaporated in vacuo. The oiiy
25 residue is treated with a solution of potassium
' perfluorcbutane sulfonate in 20 ml of acetone at
room temperature for 15 minutes.'fAfter the
addition of 200 ml of dimethyl ether the title
_ compound precipitates, and is filtered off,
30 dried and puiified via a 300 ml HP-20 chroma-
tography column using water as eluent. The yield




cool ed to 0 Cand 4.5 g of N-nethyl norpholine is added foll owed (dropw s
by 10.8 g of 25 a- (chl orocarbonyl ) benzeneacetic acid, phenyl - met hyl g
_ester\#n 50 m of acetonitrile with stirring. The mixture is stirred for
about 16 hours at 5 C. The solvent is digtilled off in vacuo and 100 ni .of
water is added to the 30 resi due. The aqueous suspension is extracted
“twice with 100 ml portions of nmethyl ene chloride. The organic | ayers are
conbi ned, washed with sodi um bi carbonate, 2N phosphoric acid and water,
dried with sodi umisuBfftmg 6f theetitle eompanridd reltdngnewdntlhe residue

Is crystallized w oec ethyl acetate and petroleumether, yielding 8.7
g, melting point [érr]-C . (39 -a- [[(2-Oxo-1-sulfo-3-azetidinyl)anno]-
car bonyl ] benzeneacetic acid, phepylnethyl ester, 10 pot assi um sal t

(1:1) The above conpound (6.9 09) din 150 mM of acetonitrile.
Monot ri met hyl si | yl ~—7-Q).i s added and the solution is
heated for 3. m ndS8=ds Formylo: anylacetyl Iam i on is cooled:

ta.0 C and 3.9 g bkbﬁtbhzéenhxheﬁblfbﬁiw'&@ﬁaff adddesh GEQEMASG When the

~adflition is conplete th? m xture 1s_neate 0
-3-Am1no-2-oxo-l-azet;dznesulfonxc

‘-L'_‘ acid, tetrabutylammonium salt (1.5 g; see
Example 6A) in 100 ml of dimethylformamide .
10 and 2 ml of propylene oxide are cooled to 0°C.
A solution of O-formylmandelic acid chloride in
10 ml of acetonitrile is added dropwise with
stirring. The temperature is maintained for
| _1 hour and the solvent is then dzstilled of £
o 15 in vacuo. The oily res;due is treated with a
solution of 2 g of potassium perflubrobutane
~ sulfonate in 15 ml of acetone. After adding 200 ml
of ether, the title campound crystallizes and
is filtered off yielding 1.5 g of product.  The
20 product is purified by HP-20 chromatography, m.p.
180-185°C. with decompositibn.

Examgle 8
[3s(+)]1=-3-[[ (Pormxloxz)ghenzlacetxl]amino]-

_ 2-oxo-l-azetidinesulfonzc acid, potassium salt
25 _ Pollowing the procedure of Example 7, but
substitutxng D-O—formylmandelic acid chloride
_ _ for O-formylmandelic acid chloride, yields the
' ;jw. ' ~ title compound, melting point 120-125°c, after
T ' freeze drying. )

30



Aftgq cooling to [err] 7.6 g of potassiumethyl 20 hexanoate in 10 m of
b ol is added and stirring is continued for 30 mnutes. On addition of -
300 m" of ether the title conpound precipitates and is filtered off. TheQ
crude product is stirred with 100 M of dry acetonitfile 25 for 30
mnutes and filtered off, yielding 4.5 956f the title conpound, nelting

poi nt 118-120 C. Further purification of the crude product by HP20

chromat ography foll owed by freeze-dryi ng éi el %s pure. mat eri al having a

mel ting point of [err] 30 -54- Exa
(S)-3-[[(2-Ani no- 433h&a;ebyﬂX¢re-' Lo% laeet Ixﬁminb4msulfon|c aci-d,
tetrabutyl

potassiumsalt Al
#F] am no] -

ammi um salt 5 ; . ¥ _
1-azeti di nesul foni c aci Bplﬂ.em.abutbyﬂeammmf (@tag!pl@é £Exanple 4) is

%ﬁﬁ?gge\?m ![ 25100 H*lt Fﬁbg‘iu% (".')'n (r: arcoal g%ﬂé’ quﬁ:% yst. ':I))'ge :
catal yst is fil teﬁ@& erﬁom ﬁi@q's ¥iakdadtheayi ng the
title COWDOUHd astaglel bomyuanaer E:bnta:.ninq 1 mole of water,
melting point, 203-205 C. After careful dry:.ng
the product melts at 228-230° c. -
10
' Example 10
(S) -2-0xo-3—I ( l-oxooctyl) amino] —l-azet:.d:.ne-
" sulfonic acid, potassium salt
(s) -3-Am:.no-2-oxo-l—az_et;.d_inesu1fbnic: acid,

1s tetrabut'y'la_mnonim.n.salt (1.s gs see Example 63) -

f,'“

4 -

in 100 ml of dimethylfozﬁnamide_and 2 ml of . o/

propylene oxide are cooled to 0°c. At this-
temperature a solution of 0.8 g of caprylic acid
chloride in 20 ml of dry acetone is added dropwise

20 and stirring is continued for 30 minutes. The

. solvent is evaporated in vacuo, and the oily |
.residue is treated with 2 g of potassium perfluoro-
butane sulfonate in 15 ml of acetone. The
acetone is distilled off in vacuo. The residue

25 is dissolved in 5 ﬁl of_water_and chromatographed
using 300 ml of HP—ZO resin and water/acetone
(9:1) as eluent, yielding 0.9 g of the title
.compound, melting point 173-180°c, after freeze-
drying. L



is filtered off,

5.5), 4.05(d. I, dof d, ,=5.5 2.5 cps). B) ' :

(S)-3-[[(2-Am no-4-thiazol yl)acetyl]Jam no]- 15 2- oxo- | -azeti di nesul f opi®
aci d, \pot assi um salt The above conmpound (2 g), 0.5 g of am no- thiazole '
acetic-acid and 0.4 g of hydroxybenzo- triazole are stirred at [err] in 100-
m of dry dinmethylformanide, while a soPédrion of 0.7 g 20 of

di cycl ohexyl carbodiimde in 10 m of dimethyl- formam de is added dropwi se.
After the addition is conplete, stirring is continued for 12 hours at 20 C.
Insoluble urea is filtered off and t Examplecdd s evaporated in vacuo. The

oily 25 resi du eqL Salyhi k‘ ?g ebut
sul fonate in 20 ?35 z)i =3 fELhiidon %h;g&ogrlgqg?a &g??gFgggggTTgra?ﬁe
addi ti on of 200 o hi EM&&&LA&&&%

tes, and
: Qﬂoxo-ﬂr-aedtaadnasuu.tuadcv agid ,3potals sim?@adlt ona-
t ography colum u

conpound, | ting poin 7 28?8- -g&e%' '§efbif?§§cn?;§?'ﬁnslg;;;e

phenylacetyl]an1nabt:ﬁbutxbahmaneumdBﬂé&uKﬂoﬁlq.a@ﬁ@ Jsalt (9)
‘;geAm no- 2- oxo- 1- ggeqpdpiesy! A2RkEnyt sbematiiaahuorbaged yp)saL (1.5 g;
= ' ‘amino-a-[ [ [hydroxy (phenylmethoxy) phosphinyl]-
' methoxy] imino]-4-thiazoleacetic acid, 0.3 g of
10 hydroxybenzotriazole and 0.7 g of dicyclohexyl-
carbodiimide are stirred for 24 hours at room
temperature. The precipitated urea is filtered
off and the solvent is removed in vacuo. The
reamining oil is treated with an equivalent amount
w 15_ of potassium perfluorcbutane sulfonate in 10 ml |
of acetone. The title compound is filtered off
and purified using HP-20 resin and water as
eluent, yielding 500 mg, melting point 210-215°c,§gg;

20 . : Example 12
- [38(2)]-3-[[(2-Amino-4-thiazolyl)(ethoxyimino)-
acetyl]lamino]-2-oxo-l-azetidinesulfonic acid,
potassium salt " | "
(S)-3-Amino-2—oxo-l-azetzdznesulfonlc acid
25 tetrabutylammonium salt (1.5 g; see Example 6A)
in 100 ml of dimethylformamide, 0.6 g of hydroxy-
> benzotriazole, 1 g of dicyclohexylcarbodiimide
and 0.8 g of (2)-2-amino-a~-(ethoxyimino)=-4-
. thiazoleacetic acid are stirred at room temperatufe
30 for 24 hours. The solvent is Qistilied off and
| the residue is dissolved in 30 ml of acetone.

)



Ex éﬂre 6A) in 100 m of dinethylformam de 10 and 2 ml of propylene

oxi are cooled to 0 C A solution of O-fornylmndelic acid chloride in 10

m of acetonitrile is added dropwise with stirring. The tenperature is

mai ntai ned f.or 1 Hour and the sol vent Lggthen distilled off 15

The oily residue is treated with a solution of 2 g of potassium
perfl uorobutane sulfonate in 15 mM of acetone. After adding 200 m of
ether, the title conpound crystallizes and is filtered off yielding 1.5 g

of pr oduct. The 20rea psoflitteredpofif and itheHhiothexhddemicagriaphy, m p.
[err] wth decomp

[3S(+) 1- 3-[ 1( For rﬁ%§§§§h‘§§§$g§e?§if‘§%°ﬂo]°f 3 gng pgf&sls(ﬁ“ﬁ'esul fonic aci

pot assi um sal t 25perfluorob&tahewsudfonater dne@0r mlopfEasetionel. but
substituting [>C}£€EQ¥|€$Ed§hHEt§8§d QhPQbIQ& b o QP ¥ Premd8ld € acid
e

chl ori de, ylgl
drying. 30

.poi nt after Treeze

-SGCGER%ﬂﬁﬂePEeFQBlGBFB§4[F@F ﬂ#fﬁ@ ) n?P@betyl]anino-Z-

oxo-|-azetidinesiatpeac apugifReatishVisSaklcomplished by chroma-

10

1S

20

25

30

1

tography using anI-IP-zo column and water as
eluent, yzeldlng 1.1 g of the title compound,
melting.poznt 180-185° C, dec.

" Example 13
[38(3)]-3-[[(2-Amino—4-thiazolyl)(ethoxyimzno)-
acetyllgmznoj-2-oxo-l-azet1dinesu1fonxc acid,
potassium salt

Following the procedure of Example 12,
but substiﬁuting (E)-Z-amind-q-(ethoxyimino)-
4-thiazoleacetic acid for (2)~-2-amino-a-(ethoxy-
imino)-4-thiazoleacetic acid, yields the title
compound, meltzng po;nt 160-170 Oc after freeze
drying.

Example 14 .
[35(2)-3-[[(2-Amino;4—thiazolzl)](2,212-trif1uoro-
'ethdxx)iMino!acetxl1aminoi-z-oxn-l-azetidinesulfonic
acid, potassium salt o 5

. Following the prcéedure of Example 12, but
‘substituting (2)-2-amino-a-[(2,2,2-trifluoro-
ethoxy) imino]-4~thiazoleacetic acid for (2)-2-amino-
a-(ethbxyimino)-4-thiazoleacetic acid, yields the
title compound melting point 160-170°C after
‘freeze-drying.

i n vacuo.

d,

"';.(l

f “

L



Fol |l owi ng the procedure of Exanple 7, 5 but substltutlng
L-0-fornyl mandelic acid chloride for O-fornyl mandelic acid chloride,
the t M« e conpound, containing 1 nole of water, nelting point, 203-205 C.

Af ter

car ef ul

(S) - 2- Ox0- 3-

[ (1- oxooct yl ) am no] -
(S)-3- Am no- 2-oxo-1| -azetidinesul fonic acid, 15
(1.5 g see Exanple 6A)

drying the product nelts at 228- 230 C. Exanple 10
1-azetsgine- sulfonic acid, potassiumsalt
tetrabutylannnnlun1salt
in 100 mM of dinethylfornan1de and 2 m of propyl ene
oxide are cooled to 0 C© At this- t 21 At u a solution of 0.8 g of

caprylic acid chloride in 20 m of i s_added dropwi se -20 and
stirring i's cont{Sire2-Oxn-30[ (1 rakeprofyt) aninohrlrazetidinared in vacuo,

and the oily re
sul fonate in 15

resi due 25

s§ &@ﬁf"téé\f&'egﬂ# 55"’%% @i pot assi um perfluoro- butane
e distilled off in vacuo. The

is dissolved in 5 M of water and chromat ographed using 300 ni

of HP-20 resin apgened et/ acetone (9:1) as eluent, yielding 0.9 g of the

t|tIe conpound, TEWTTﬂg;ﬁg nt EQEL -oxo-l-;;§£1é£gg§gifon ing. = -57-

" a

#

-

10

15

20,

25

30

acid, tetrabutylammon;um salt (1.5 g; see Example
6A) in 100 ml of dry dimethylformamide and 4 ml

of propylene oxide are cooled to 0% with stirring.
At this temperature 0.5 g of propionic acid '
chloride in 10 ml of acetonitrile is added
dropwise and the mixture is stirred for 2 hours.
The solvent is distilled off in vacuo and the

oily residue is treated with an equivalent

amount of potassium perfluorobutane sulfonate in

5 ml of acetone. On addition of ether the title

-compound crystallizes and is filtered off, yielding

0.8 g of product, melting point 135-140°C after
freeze-drying. '

Method II:
(S)-Z-Oxo-B-[I(phenylmethoxy)carbonyl]amzno]-

l-azetidinesulfonic acld._tetrabutylammonlum salt

(4 g; see Example 4) is hydrogenated in 100 ml

of diglyme with 1 g of palladium on charcoal.

The hydrogenation is complete after 2.5 hours.

The catalyst is filtered off and 2 ml of propylene

_ oxide .is added. After cooling to O°C.0.5 g

propionic acid chloride in 10 ml dry diglyme is
added with stirring. After 30 minutes the solvent
is removed in vacuo and: the oily residue is treated



pl e 11 [3S(2)]-3-[[(2- Ani no-4-thiazol yl)[[[hydroxy(phenyl -

xy) phosphi nyl ] net hoxy] i m nol acetyl ] am no] - 2-oxo-1|-azeti di nesul foni c
potassiumsalt 5 "~ (S)-3-Am no- 2- oxo- | -azeti di nesul foni c\J
t &t rabutyl ammonium salt (0.8 g; see Exanpfe 6A) in 30 ml of

di met hyl f ormam de, 0.9 g of (2)-2-

am no- a- [[[hydroxy(phenylnethoxy)phosphlnyII-

met hoxyl i m no] - 4-t hi azol eacetic acid, 0.3 g of 10 hydroxybenzotriazole
and 0.7 g of dicy hgx Vg E@ﬁf@ﬂh'ﬂhﬂ I aeS -room
temperature. The §#§c$ﬁ %# urea Is %tgfegh&?%g E& P%g vent i s

renoved in vacudbu#%%eréﬁﬁgﬂﬂﬂﬁeoiﬁ 29 Fﬂe&@eécﬁtpﬁean GFFaIent anount 15
of potassium perihaos88it26R 68! behakS tnelemhepan@ehaae The tltle
conpound is filtered o and puri g gP resin %ai
el uent, vyi el di ngcBHBt ﬂ%i 1%8%ti 1 %5$ FIF BF 2@nd recrys 11%e
Exanpl e 12 538( Zﬁ-exﬁ \H.tér,bm:eherlet hiydeddihg( 0t.90xgy bifi papduct,
acetyllanino] ﬁ%iﬂknf LigaoE nggg)potassiun1salt-

i .

(S)-3-Am no- 2- oxo |nesu onlc aci tetrabutylamniumsalt. = ,
(1.5 g; see Exanple 6A) in 100 mM of dinethylformam de, 0.6 g of hydroxy-
benzotri azole, 1 g of dlcyclohexylcagggﬂ'EQIQg and 0.8 g of :
(2)-2-am no- a- (eEhox % 4- th|azo X gid.are
tenperature 30 L38( 321 (Hyd hgnylacetyl)a

10 l-azetldinesulfonic acid, potassium salt

tirred at ‘room - Y.

(S)=3~Amino~2-oxo~l-azetidinesulfonic
acid,'tetrabutylammonium salt (1.5 g; see
Examplé 6A) in 100 ml of dry dimethylformamide
is stirred for about 16 hours with 1.5 g of )
15- ‘gicyclohexylcarbodiimide, 0.5 g of hydroxy- _ \o/
benzotriazole and 0.6 g of mandelic acid. The
solvent is removed in vacuo -and the residue is
dissolved in 20 ml of acetone. The precipitated
urea is filtered off and the mother liquor is
treated with an equivalent amount of potassium
perfluorcbutane sulfonate. After the addition
of ether the title compound precipitates and is
filtered off, yielding 1.4 g of crude product.
After recrystallzzat;on from water, the product
_25 has a melting point of 138-140 C.

20

Example 17

(S)-3 [[[(Cyanomethyl)thio]acetyl]amlno]-2-oxo—
l-azetidlnesulfonlc.acld, potassium salt

(S)-3—Amino-2-oxo-l-azetidinesulfonic_
acid, tetrabutylammonium salt (1.5 g; see
Example 6A) and 0.72 g of [(cyanomethyl)thiolacetic
acid are dissolved in 70 ml of acetonitrile and
a solution of 1.04 grams of dicyclohexylcarbodiimide

Q

30



the residue is dissolved in 30 nl of acetone. -58- Urea is filtered of
and the nother liquor is treated wwth a solution of 2 g of potassium

per f huor obut ane sul fonate in 20 ml of acetone. After the addition of 200
of ether the title conpound‘pre0|p|tate§ _is filtered off and dried. "
Purification is acconplished by chrona- %ography usi.ng an HP-20 col um and
wat er. as eluent, yielding 1.1 g of the title conmpound, nelting point[err]
10 Exanple 13 [SS(E)] 3-[[(2- Ami no-4-t hi azol yl ) (et hoxyi m no) -

acetyl ] am no] - Qiioal:eééﬁilté'ﬂﬁs lihf %&H@daﬁ'ré wi3ed S S it %ﬁ:étul-:"é
Fol | owi ng t he procedure t SUbStIt@tll’;g( ~2-ani no- a-

Exa
(et hoxyi ni no) &stﬁF&ESPQaSQFléb&@FdlﬁogoPZ? a2t 0 Xy-
i m no) - 4-thi azol pﬁeeipitaeea diegbdahe&gmu:elae :.eorfﬁ.awui-emalﬂﬂ g poi nt

195(7) - (o bk EStERase SFpRdasSE IR cht g1y resiaue

ethoxy)|n1ns]acedyb?ahved]1B-acetbnezetom theubBdiitdods of aaci d, pot assi um

Sﬁ]t saturated solution of potassium: iodide in acetone,
° | the title compound preczp;tates. yielding 1.1 g of
& , product, melting point 150-155° c.

10 | .~ Example 18
(S)~2-Oxo-3- [ (1H-tetrazol-1-ylacetyl)amino]=1-
azetidinesulfonic acid, potassium salt
'To a solution of 0.005 mole of (S) -3-amino-
Z-exo-l-azetidinesulfonic_acid; tetrabutylammoniunm
O 1S  salt (see Example 6A) in 70 ml of dimethylformamide
' is added 0.77 g of lH-tetrazole-l-acetic acid and
~a solution of 1.13 g of dicyclohexylcarbodiimide
in 5 ml of dimethylformamide. The mixture is
stirred for about 16 hours at room temperature
20 and the solvent is removed in vacuo. The
' remaining oil is dissolved in 20 ml of acetone
and treated with 0.006 mole of a solution of
potassium perfluorcbutane sulfonate in acetone,
yielding 1.5 g of the title compound, melting
25 point 170-175°C, dec.

Example 19
(S)-2-Oxo-3-[(2H-tetrazol—2-ylacetyl)amlno]-l—
'azetldlnesulfonlc aczd, potaSSLum salt
30 Following the procedure of Example 18,
but substituting 2§ftétrazole-2-aéetic acid for
lH~tetrazole-l-acetic acid, yields the title
compound, melting point 175-177°C, dec.

-#

)

@



wi ng the procedure of Exanple 12, but substituting _
-amno-a-[(2,2,2-trifluoro- ethoxy)imno]-4-thiazol eacetic acid for

Fo \o

-am no- a- (ethoxyi m no)-4-thiazol eacetic acid, yields the 30 title
corfpound nelting point 160-170 C after freeze-drying. -59- Exanple 15
(S)-2-0x0-3- [(1- oxopropyl)an1no]-I-azet|d|ne- sul fonic acid, potassium

salt 5 Method |: (S)-3-Am no-2-oxo- r$27et i di nesulf onic aC|d

tetrabutyl anmonium salt (1.5 g; see Exanple 6A) in 100 ml of dry

di net hyl formam de and 4 m of - propyl.ene oxide are cooled to 0 Cwth
stirring. 10 At this tenperatur Exempke R0 propionic acid chloride in 10

m of aceton'”"@)'&-@mqm&h&ﬁﬁéé@mﬁm&41S-§£é£iei:‘£hé9r

hours. The sol ve T vacug-ang the o1ty restuueis
treated with an i L i ssi um per f | uor obut ane

sul fonate in 5 m of amm tﬂf&ilﬁj'd&edﬂretd’ﬂamﬁd’j@]té tig, conpound -
crystalllze and | &# | r mel ting point
[err] after free? Ii}l g é/éi{% é%fﬁ“%ét

1E+tetrazole-l-acetic acid, yzelds the title
compound, melting point 180-190° C, dec.

Example 21

10 [35(2)]-3-[[(2-Am1no-4-thiazoly1)(methoxy;mino)-
acetyl]amzno]-2-oxo-1-azet;dlnesulfonlc acid,
potasszum salt '

(S)~3-Amino-2-oxo-l-azetxdinesulfonxc

acid, tet:abutylammonxum salt (prepared as L

15 described in Example 6A from 7. 9 g of (S)- 2-oxo- o/
3-[[(phenylmethoxy)carbonyl]amzno]-l-azetldlne-
_sulfonlc acid;, tetrabutylammonium salt) is cooled
to 0°C and 3.53 g of (Z)-z-amlno-c-(methoxyxmlno)-
‘4-thiazoleacetic acid is added, followed by a

20 solution of 3.27 g of dlcyclohexylcarbodlzmlde
in 10 ml of'dlmethylformaﬁlde. The mixture is
stirred for 16 hours at 5°c, filtered and the
solvent removed 1n vacuo. The res;due is
dissolved in acetone and flltered. On addition

25 of 60 ml of a 10% solution of potassium perfluoro-
butane sulfonate in acetone, 4.7 g of crude
product crystallizes.' The crude product is
purified by chromatography on HP-20, 100~200 mesh
to yield 3.0 g of the title compound, melting

30  point 235°%.

P



~Method I'l1: (S)-2-0xo-3-[[(phenyl met hoxy) carbonyl ] am no] -
| -azetidinesul fonic acid, tetrabutylammoniumsalt- (4 g see Exanple 4) is
hydrogenated in 100 mMl 25 of diglyme with 1 g of palladiumon charcoal.

The hydrogenation is conplete after 2.5 hours. The catalyst is filtered off"

and 2 m of propylene oxide is added. After cooling to [err] propionic acid

chloride in 10 m dry diglynme is 30 addsd with stirring. After 30

- mnutes the solvent is renoved in vacuo and the oily residue is treated:"
-60- with an equival ent anount of potassium perfluoro- butane sulfonate in

20 ml of acetone. After the addltlodﬁﬁﬂmalﬁegi the title conmpound

crystallizes, is f(jgfuéuﬁEﬂj-@ﬁgLiggﬁyggzgLaggglélnylf5@@3 er/ acet one,

yleldlngOng)& mertin ggg)a.é lb&;poéé’s?%}ﬁu nple 16

[3s()]-3-[ (Hydrox Eﬁ&ﬂé@&kﬁ_&gﬂ 22+Esul fonic

acid, potassium salt (EDf§8y¥n¥m&ezioxb+lé§ﬁif@hxmszbﬁiuuﬁyrmamhnoj-

ot Uty aTgon, U S et ee AL ELE ) ol fe e efhyf (pétdr,

di tycl ohexyl car boiosassiunD skt of10Q drgicysee Example 5) is dissclved
in 20 ml of anhydrous methanol. Palladium on
charcoal (10 mg, 10%) is added and the mixture

. is treated with hydrogen for 15 minutes. The

10 catalyst is filtered off, and the methanol evap-
orated in vacuo. The residue is dissolved in
5 ml of water and the pH adjusted to 6 with
1IN potassium hydroxide. After freeze drying

_ crude product is obtained. The crude material

\5 15 is chromatographed'over'HP'ZO resin (water as
eluent), yleldzng 60 mg of the title compound

' meltlng point 80-85 C.
_ Example 23
(S)~-3~(Acetylamino)-2-oxo-l-azetidinesulfonic
20 acid, potassium salt
" Method I: o
A) (S)- 3-Amino-2-oxo-1-azet1d1nesulfonxc acid,
potassium salt

' (S) -3- (Benzyloxycarbonylamino)-2-oxo=1-~

25 azetidinesulfonic acid, potassium'salt (169 mg;'
see Example 3) is dissolved in 4.0 ml water
and hydrogenated over 37 mg of 10% palladium
on charcoal for 1 hour 40 minutes. The catalyst
is removed by letratlon and washed with 1 ml of

30 50% aqueous acetone. :

=
-
L

o



riazole and 0.6 g of mandelic acid. The solvent is removed in vacuo
residue is dissolved in 20 ml of acetone. The precipitated urea_is
d off and the nother liquor is 20 treated with an equival ent \
: of pot-assi um perfl uorobutane sul fonate. After the-addition of ether
the title conmpound precipitates and i sghil tered off, yielding 1.4 g of
crude product. After recrystallization fromwater, the product 25 has a
melting point of[err] Example 17
6 Iaharﬁd)oiz—%m Az@@ﬂiﬂ%m%ﬁﬂé“ ¢ acid,

D-1-azet ! dli aci d,

~c~;

tetrabutylannnn--n—»; EoEERE --Exanple 6A) and 0.72 g of
[ (cyanonet hyl )t hi o] ac @hiec aboive abautxunﬂoﬁxthemﬂ&beﬂaminecfson|tr||e and a

solution of 1.0 cetonitrile is

added dr opw se. é‘f'gé’%%?x?’&?:g S ?'B‘r CH) E%"F{bs %%lees@ AO C and the

preci pi t-at 8d d|aycﬂchebythneahpstmﬂtnhiarxﬁé (320 ¥3) tisitaddedporated and .

the oily residugygr cadl s%ﬁ%eds ass@t&mh tfi&@%&'ﬁ't&fné‘t gat urated
Tt

sol ution of potaSS|unr1o e 1.n acetone e Co ound preC|p|tates T .

yi el di i ng 1.1 g Withr gaddd Pﬁ&PFFﬁﬁmb&ltﬁaﬁhgﬁte £o maintain pH
6.5-7.2. After 30 minutes a silica gel TLC in S

acetone:acetic acid (19:1) and the Rydon test indicated = -
10  the reaction to be essentially finished. Six ml
of 0.5M pH 5.5 monobasic potassium phosphate
buffer are added and the solution is acidified
to pH 4.8 with 2N hyﬂrochloric acid. The acetone
is removed in vacuo and the aqueous solutxon
15 thus obtained is passed through a 50 ml HP-20 AG. o
column to give 2.197 g of solid. This is dlgested
with methanol to yield 282 mg of extractable
material which still contains some salt. The
product is further.purified by passage through
20 an IRC-50 column, followed by acidification to
pH 3.8 with subsequent stripping to dryness
in vacuo. Trituration with acetone gives 64 mg
of desired product containing ca. 0.5 equivalent
of inorganic potassium salts. Fiaal'passage
25  through a 200 ml EP-20 AG column, followed by
'lycphllizatzon from .5 ml of water gives 22 mg
of product as amorphous powder which is dried
in vacuo ‘for 2 hours at 50 C., meltlng pornt

O

170-180°C after softening at 100°C. *
30 Anal. for csa7osn2sx, Calc'd: C, 24.38; H, 2.87; -
N, 11.37; K, 15.9 .

Found: C, 26.06; H, 3.14;
N, 9.96; K, 18.04



10 Exanpl e 18 )
(S)-2-xo0-3-[ (I Htetrazol -1 -ylacetyl)am nol -1- azetidi nesul fonic acid, C

potassium salt To a solution of 0.005 nole of (S)-3-am no- .
2- oxo-|+azeti di nesul foni-c acid, tetrabutytamonium 15  salt (see Exanple
6A) in 70 m of dinethylformam de is addgg-0.77 g of | Htetrazole-I-acetic
acid and a solution of 1.13 g of dicyclohexylcarbodiimde in 5 nl of

di met hyl f ormam de. The m xture is stirred for about 16 hours at room

tenperature 20 d.th lvent is renoved in vacuo. The renmaining oil s
di ssolved in 20 n&gaagﬁieighe and treated with 0.006 nole of a sol ution of

.potassiun1perf!uorobutahk.smiﬁbhaneofnza@e§oﬂ§,(§?EFUPH©'§?QIQP595Y%§ title
(378 1 of Bt hepl sl o feelatnt ronie meid,
potassi um salt 30 PYridineF%#l%mﬁﬁﬁetﬁﬁaﬁPBEeabré“o# E&inﬁ%ewig?rbut
substituting §H t eig SPdFoFeRated Corerd500rmgHofel09zpakladiumt 60 aci d,
yiglds 0o Tl e PO ALY BOhel OLAD orbdonhi Pl Pedfed)
cooled to 0 C and 40 ml of acetone is added.
< The pH of the solution is kept between 5.2-5.8 by
’ simultaneous addition of acetyl chloride and cold
10  10% potassium bicarbonate solution. The pH of
~ the solution is adjusted to 4.2 with acetyl
chloride and the solution is concentrated on
the rotary evaporater to remove acetone.
Chromatography on a 300 ml HP-20 AG column
— . 15  (water eluant -25 ml fractions) gives 900 mg
of the title compound in fractions 13 and 14
-céntaminated with some potassium acetate.
Rechromatography on HP-20 AG gives an analytical
sample, melting point 205-210°C. :
20 . - |
' Anal.calc'd for CzH,N,0.SK: C,24.38; H,2.86; .
N,11.38; S,13.02; K,15.88 _
Pound: C,24.23; H,2.81; N,11.25; S,12.86;
K,15.74 | | |

)



onic acid, potassiumsalt Follow ng the procedure of Exanple 18, 5
ubstituting 2-thiopheneacetic acid for 1Htetrazole-l-acetic acid,. . .
s the title conpound, melting point 180-190 C, dec.. Exanple 21 10\
Z)]-3-[ (2-Amno-4-thiazolyl) (nethoxyimno) -

acetyl ] am no] - 2- oxo-1 -azeti di nesul fonic acid, potassiumsalt

(S) - 3- Ami no- 2- oxo- | -azeti di nesul.foni c <ffi=d, tetrabutyl anmoni um salt
(prepared as 15 described in Exanple 6A from 7.9 g of (S)-2-o0xo-

3- [[(phenylnethoxy)carbonyl]an1no] Exampiedizae- sul fonic acid,
| | e TO—O‘EC‘H'E?'

t et rabut yl ammoni um sal t 3.93.9,0f

(Z) - 2- ami no- a- ( L)aminpl=lsazatidines | qyed by a
.gp thsﬂcutmn gfsﬁlfangcoacﬂapy ehesihﬁasbmdllnhde in 10 ni fff | . '
i met hyl f or mam de S SLI d our.s rr iltere
and t he sol vent reaned?$ﬁ 5&@&5 °¥8$%Hﬁ§e£ daPsgg}géBLgn acetone and -
filtered. (35zukhacﬁd,ZﬁetrahﬁtiEEmmoniua s&%tsdluﬁlgn seepot assi um

per fl.uoro- butan
crystallizes. ThSB%ru%fgaéghlg?af66q£f éxg d nggga?ggﬂy on HP-20, . = =

100- 200 nesh to yi%l@oeledthfotGe tP?P?YéS#ﬁoGKGdenéPtW%Q i8 poi nt 235
C. added and 1 g of phenoxyacetyl chloride <

~ is added dropwise with stirring. The reaction is

10 completed within 1 hour. The solvent is removed
ig,vacuo'and the residue is treated with an
equivalent amount of potassium perfluorcbutane
sulfonate in 20 ml of acetone. On addition of
ether the title compound (1 g) crystallizes _

15  and is filtered off and dried. After recrystal- Q
lization from boiling water the title compound
has a melting point of 176-180°C.

-

Example 25
20 [3s(R*)]=3=-[[[[[3~[(2-Furanylmethylene)arino]-2-
’ . oxo=-l-imidazolidinvl]lcarbonyllamino]phenylacetyl] -
amino]-2—oko-l—azetidinesulfonic acid, potassium
salt

(S)-Z-Oxo—3-[[(phenylmethoxy)carbonyljamino]-'
25 l-azetidinesulfonic acid, tetrabutylammonium
salt (3 g; see Example 4) is hydrogenated in
100 ml of dimethylformamide with 1.5 g of
palladium on charcoal. After 0.5 hours, the
catalyst is filtered off and 1.8 g of dicyclo-
30  hexylcarbodiimide, 2 g of (R)=o=[[[3-[(2-furanyl-
methylene) amino] -2-oxo-l-imidazolidinyl]carbonyl]l-

Q



-63- Exanple 22 (3S)-a-[[(2-Oxo-I|-sulfo-3-azetidinyl)am no] -

car bonyl ] benzeneaceti c aci d, dipotassiumsalt _ -
(3S)-a~[[(2-Oxo-1|-sul fo-3-azetidinyl)anm no]- 5 car bonyl ] benzeneaceti c
acid, phenylnethyl "ester, potassium salLgglO0 ng; see Exanple 5) is

di ssolved in 20 m of anhydrous nethanol. Pall adiumon charcoal (10 ng,
109 is added and the mxture is treated wth hydrogen for 15 m nutes. The
10 catalyst is filtered off, and the nethanol evap- orated in vacuo. The

residue is dissol vailin81Befl é agtg yﬁ%o th I'N
pot assi um hydrOX| dgen Je? f:r:gege \: agié:tr t?glgogr?)guct%tflegl QPRM d. The

crude materi al EH?E BogFgpRades er Afikexo 3 BOUFS kR€er as el uent),
yi el ding 60 ngy of i.-laactuubhemmﬁmwindsmélvtapa»ﬁ-alt@ldntf:of3 e§s,E><afTD| e 23

() ool Foely am ok eioh £5°50p3%5H 131 Beatoneang B3 oo U 2
(S)-3-(Benzy|Bxycapneqypéﬁateﬁ ﬁreaorbmoﬁid.byatdﬂtdgmﬁaW'fomnc aci d,
ot caenm 50 ovbr SghatfisCAREbE g poelaithpleilubluliall or o
_ onate in 0 ml of acetoneis added and the '
£ _ txtle qompound precipitates. Crystallization

is completed by addition of 200 ml ether.

10  After filtratidn the. title compound is recrystal-
lized from water, yieldzng 2 g, melting point
- 220-225%, dec.

Examgle 26
N\ 15 [3S(R*)]-2-0xo-3-[[[[(2-oxo-1-1mxdazolldiny1)-

carbonyl] aminolphenylacetyl Jamino]-l-azetidine-
sulfonic acid,_gotéssium salt '
(S)-2-0x0-3~[ [ (phenylmethoxy)carbonyl]aminol] -
l-azetidinesulfonic acid, tetrabutylammonium
20 salt (3 g; see Example 4) is hydrogenated in
100 ml of dry dimethylformamide with 1.5 g of
palladium on charcoal; the catalyst is filtered
off after 30 minutes. (R)=a-[[(2-Ox0-l-imidazoli-
dinyl)cafbonyljamino]bénzeneacetic acid (1.8 g),
25 1.3 g of dicyclohexylcarbodiimide and 0.9 g
' hydroxybenzotriazole are added and the solution
is stirred for 2.5 hours. The solvent is removed
in vacuo and theresidue is dissolved in 50 ml of
acetone. The precipitated urea is filtered off
30 and the mother liquor is treated with an equivalent

uly

"



harcoal for 1 hour 40 minutes. The catalyst is renoved by filtration
ashed with 1 m of 30 50% aqueous acet one. B) .
-B- (Acet yl ami no) - 2- oxo- | -azeti di nesul foni ¢ aci d, pot assium salt The W
akove solution of the free amine is diluted with 3.5 nl of acetone. and
Stirred in 5 an ice bath. Acetyl chigride [err] is added over ca. 15
mnutes in snmall portions and alternated with solid potassi um bi carbonate
to maintain pH 6.5-7.2. After 30 minutes a silica gel TLC in acetone'acetic
acid (19:1) and the Rydg t di cate the r on.to be
essentially flnliﬂgﬂ§¥ ?xpﬂ?33fgﬂm59FﬁgI§%§°ﬁﬁﬁ s%g%gﬂﬁiﬁﬁ um phosphat e
buffer are addediman20tink efl atetones afhe fidle compotnd wirtystal-
hydr ochl ori ¢ aci h celo gueous
Solution 15 1hjzedpiad fa RIILarRATBIR ackel ey AL A" tol umn to
give 2.197 g of ©§| 280 mth?ﬁ eshergey eadwmehlnétwam& predpcd,d 282 ng of

extractabl ”Hteﬁéﬁklﬂﬁ 9815&1hhocemsacnsf%aﬁexeahysfﬂraﬂ@aaﬁaﬁ I's further
purified by passggﬂll wa an | RC-50 col umm, foll owed by .
33

acidification to ﬁ°§EB§QQUent stripping to dryness in vacuo. =
Trituration with acetone gives 64 ng of desired product containing ca. 0.5

equi val ent Example 27
[33(2)]-3-[[(Methoxyimino)phenylacetyl]a-inoﬂ-2-
10 oxo-l-azetidinesulfonic acid, potassium salt
A) 138(2)1-3-I[(Methogyzmino)phenylace;yl]amzno]-
2-azetidinone .
'(Z)-a-(Méthoxyimino)benzeneacetic acid
(3.58 g) is dissolved in methylene chloride,
15 cooled to 5°C, and treated with a solution of o’
4.53 g of dicyclohexylcarbodiimide in 50 ml
of methylene chloride. The mixture is stirred
for 30 minutes at 5°C and a solution of 1.72 g
of 3-amino-2~azetidinone (see Example 53) in
20 . 100 ml of methylene chloride is added. The
reaction mixture is kept at 5°C for 1 hour and _
for 2 hours at room temperature. After removal
 of the dicyclohexylurea by filtration, the filtrate
is evaporated, yielding 6.6 grams of crude product.
25 This material is purified by chromatography on
750 grams of silica gel, using a mixture of
methylene chloride/ethyl acetate (7:3) as eluent,
vielding 2.9 g of product.

P




of inorganic potassiumsalts. Final passage 25 through a 200 m HP-20 AG 1%
colum, followed by Iyophilization from.5 m of water gives 22 ng of :
produ¢t as anor phous powder which is dried in vacuo for 2 hours at 50 C,
nelting point [err]C after softening at 100 C. 30 Anal . for [err] N,

11.37;. K, 15.9 Found: C, 26.06; H 3684 N, 9.96; K 18.04 -65- Met hod
I1: A solution of 2.0 g of (S)-2-o0xo0-3-I[(phenyl -

nethoxy)carbonyl]an1no]-I-azetldlneuslfonlc aC|d pyrldlne salt (see
Exanple 2) in 25 B) oﬂ3saz¢n]53- . i . 5
paIIadlun1on char- |,

5.2-5.8 by S|nultaabbus addltlon of acetyl chlorlde and coId 10 10%

pot assi um bi car bonat e sBbiiioRe (BNS fl)OlLs! BesSEAVEORN § adl exted to 4.2
with acetyl chloride and“the solution IS goncentr d on @ Jotary

evaporater td rendo8osutecRethyhesRarBLPRAAR 0FO2 § tR =385 AG col umn 15
(Water eluant -25a8 &rselhedsdh ofvos9ISORLTBE trimethylsilyl

' chlorosulfonate in 5 ml of methylene chloride
e _ is added. The mixture is stirred at room
" temperature for 30 minutes and evaporated in vacuo
10 to dryness. The residue is dissolved in 10 ml
of d;methylformamide and treated at room temper-
ature with a salution 'of 1.23 g of the above azetidinone
in 10 ml of dimethylformamide. After stirring for two
hours at room temperature, the solution is
15 evaporated to dryness to yield 2.1 g of crude
[3S(Z)]-3-[[(methoxyimino)phenylacetyl]amino]-
2-oxo-l-azetidinesul fonic acid, pyridine salt.
Treatment of the pyridine salt with
tetrabutylammonium‘hydrbgén sulfate yields
20 . the corresponding tetrabutylammonium salt
which is extracted with methylene chloride
and remains as an oil after evaporation.
Treagmenr of the tetrabutylammonium
salt with an equimolar amount of potassium
25 perfluorobutane'sulfonate in acetone, evaporation,
' and treatment of the residue with ether, yields
1.6 grams of the title potasslum salt which is
purzfled by chromatography on HP-20. Elution
is carried out with water/acetone 90:10 and
30 yields a product having a melting point of 220°C,ggg.

o)




e title conpound in fractlons 13 and 14 contam nated with sone

si um acet ate. Rechromat ography on HP-20 AG gives an anal yti cal sanpl e,
Al ti/ng point 205-210 C. 20 Anal .calc'd for [err] N, 11,38; S, 13.02; K, 15;88
Found: C, 24.23; H, 2.81; N, 11.25; S, 12.86; ,15.74 -66- Exanple 24 (9S)
-2-Cko¥3-[(phenoxyacetyl) am noj -1-a?§Lidine- sul fonic acid, potassium
‘salt (S) -3-Am no-2-oxo-l-azetidinesultonic 5 aci d, tetrabutyl amoni um
salt (1.5 g; see Exanple 6A) in 100 M of dry dinethylformam de is cool ed
to 0 C. Propylene oxide (2 m ). is added and 1 g of phenoxyacetyl chloride

I s added dropwi se with stirring. Th@ggggggiggls 10 conpleted within 1

hour. The sol ven[t )r Qrg;vleld(iw
equi val ent anounbﬂ$—1n%155wnﬂrpaﬁi
acetone. On addi mefhaxylnlyd~d

and is fl|teredug&hﬂ%@¢43ﬂdﬂi gyégyaﬂﬁgyumgdatcla@EaJcgbégggaﬁﬁnI|ng mater
the title cgnpo 1t (L:1)
A solution of 0.005 mole of (s)-3-am1no- .
2-oxo-1-azetid1nesulfon;c aczd, tetrabutyl- _
ammonium salt (see Example GA) and 0. 006 mole of -
(Z)-Z-amlno-u-IIZ-(diphenylmethoxy)-l l-dzmethyl- '
10 2-oxoethoxy]1m1no]—4-thiazcleacet1c acid in 60 ml
of dimethylformamxde is treated with 0.7 g of
hydrOxybenzotxxazole and 1.13 g of dicyclohexyl-
carbodz;mide. The m;xture is stirred for about _
16 hours at room temperature, filtered and the —
15 filtrate evaporated. The residue is dissolved
in 30 ml of acetone, filtered and treated with
20 ml of a solution of 10% potassium perfluoro-

(0]
PP

butane sulfonate in acetone. After the addition
of petroleﬁm ether the title compound precipitates

20 and is treated with ether and filtered to yield
3.8 g of product,melting point 190°¢, dec.

_ Example 29
[3S(Z)1-3-[[(2-Amino—4-th1azolyl)[(l—carboxy-l-

25 methylethoxy) imino]acetyl]amino] -2-oxo-l-azetidine-
sulfonic acid, dipotassium salt
(3s(2)]1-3-[[(2-amino~4- thlazolyl)[[2-
(diphenylmethoxy)-1.l-dlmethyl-z-oxoethonyLmino]-

acetyllamino] -2=oxo-1-azetidinesulfonic acid, -
30 potassium salt (2 g; see Example 28) is suspended
in 5 ml of anisole and 25 ml of trifluorocacetic



has a. nelting point of [err] Exanple 25 20 3S ' “éﬂ{
(R)]1-3-JI[T[3-[(2- Furanylnethylene)anino] 2- -
dazo . '

oxo- | Kim l'i di nyl]carbonyl]am no] phenyl acetyl] -

am no]’-'2- oxo- 1- azet i di nesul foni ¢ acid, potassiumsalt .
(S)-2-0xo-3-[[(phenyl net hoxy) car bonyl_],ﬁu no] - 25 | -azeti di. nesul fonic
acid, tetrabutylamoniumsalt (3 g; see Exanple 4) is hydrogenated in 100
M of di met hyl formamide with 1.5 g of palladiumon charcoal. After 0.5

hours, the catalys I 1. 8pg
hexyl car bodi i m de, iczié iy ‘%&g 'ﬁé Pfqg fu? 19{:&&‘% ?en% i%x'r'r?%
-2-o0xo-1-i m dazol i%® & c67 ﬁoK%‘éﬂz’&hba&%t#@d id and

0.9 g of hydroxy- $EwD} raazol @raendiddesseq&éaexy?»smwx Sof hsetF¥&pet i on’

m xture is evapor at ed t ynes i ssol ved |n, 50 8]‘ dr acetone and the.
5 preci pi tat ed TR rﬁb?ﬁ) a%ﬁﬂ | Te HreRiPLtake éﬁu i of

pot assi um pesf | uorblﬁ_;tgaruf siid oz £l uorddcetiof acbdt gakti S 'Hutthadiand t he

‘title conpound pregidi .3 tad | ] | Sq C f:,j“ tion of
200 m ether. 10 %étﬁ%iﬁﬂyafﬁgh é%:&%?%fé%om S rec?%tal lized
fromwater, yiel diRfy 23 with dHg4ed npotassium h roxide and
< purified on an HP-20 c'olumn The title compound
is eluted with water and has a melting point of

10 _225 C, dec.

L 4

Example 30
13s(2)]1-3-[[(2-Amino-4-thiazolyl) [ [2-(diphenyl~
methoxy) -%xoethoxy'}i;ﬁinbl acetyllamino] -2-oxo-
l-azetidinesulfonic acid, potassium salt

Y, . 158 . °  Following the procedure described in
Example 28, but substituting (Z)-z-am.no-a-[[z-
(diphenylmethoxy) -2-oxoethoxy]imino]-4~-thiazole-
acetic acid for (2)-2-amino=-a-[[2-(diphenylmethoxy)-
1, l-dimethyl-Z-oerthofty] imino] -4-thiazoleacetic
20 ac:Ld, y:.elds the title compound, melting point
180° C, dec. ' :

: ")



280235 C, dec. Exanple 26 15  3S(R*)]-2-Oxo-3-[[]

-oy0-1-imdazolidinyl)- carbonyl]am nol phenyl acetyl ]an1no]-|-azet|d|ne-
sutfoni ¢ acid, potassiumsalt (S) -2-0Oxo-3-[[(phenyl methoxy)
carbonyl]am no] - 1-azetidinesulfontc acid, tetrabutylamoni um 20 sm\?

(3 g; see Exanple 4) is hydrogenated %2400 n of dry di net hyl f or mami de
with 1.5 g of palladiumon charcoal; the catalyst is filtered off after 30
mnutes. (R)-a-[[(2-Oxo-1-imdazoli- dinyl)carbonyl] am no] benzeneacetic
acid (1.8 g), 25 1.3 g of dlcnggﬂgﬂng§Lb0d||n1de and 0.9 g

hydr oxybenzotri a 4 B 2.5 hours.
The solvent is réﬁ¥§[g 1 a ) P;n 50 m of
acetone. The preéEﬁﬁiﬂiﬁiﬂﬂiﬁgﬂkﬁiiﬂiﬂuxﬂPtﬁ$5xﬂm saLgd the not her | i quor

is treated with an equi val ent -68 ampunt of potassium perfluorobutane
sul fonate in 20 Ekgﬁﬁgféﬁtone' The title conpound crystal- lizes and is
filtered of$ aft dition of 200 m - of ether, yielding 1.8 g of

product, 5 mela)i, n@_)ntc-mabl-m{(Za-fd:m-}ea:zqtsiéihy]zbbemﬂe-em

- wat er/ acet one. Eﬁ@@@éﬁﬁ?

(s)-3-Amino-2-azet1d1none (2. 15 g; see
. Example SA) and 2. l_g of sod;um bicarbonate
10 are dissolved in 50 ml of acetone/water (2:1).
(*)-a-Az;dobenzeneacetyl chloride (5 g) dlssolved |
in 10 ml of acetone is added dropw;se while
ma;nta;nrng the temperature at 0-5°C and the pH
at 6.8 with sodium bicarbonate. After stirring
15 for 1 hour, the acetone is distilled off and
. the remaining agueous solution is adjusted to e
pH 8 with sodiumlcarbonate and'extracted with
three 50 ml portlons of methylene chloride.
Evaporatzon of the sodium sulfate dried organic
20 'layers yields 3.6 g of the title compound as
i an oil which crystallzzes after trzturatlng '
with ether. Recrystallization from methylene
chloride/ether, Yields the title compound,
melting point 97-100°C.




[3S(.2Z2) -3-[[(Methoxyim no)phenyl acetyl]am no]-2- 10

oxo-|-azetidinesul fonic acid, potassiumsalt A) [3S(2)]-3-[]

(Met hyi mi no) phenyl acetyl ] am no] - 2-azeti di none --

(2) - a- (Met hoxyi mi no) benzeneacetic acid (3.58 g) is dissolved in nmethyl ene
chloride, 15 cooled to-5 C, and treased with a solution of 4.53 g ‘of

di cycl ohexyl carbodiimde in 50 m of nethylene chloride. The mxture is
stirred for 30 m nutes at SCandasqutlon of 1.72 g of

3- am no- 2- azeti di_none Of ) . Of t.hy| ene .
“chloride is added® 34 T - our and for
2 hours at room tle*mtﬁtdﬂrmsuﬂfﬂcanam&] pﬁt&ﬂmuﬁ csﬁ.’llt)hexyl urea by

filtration, the fiTtratg gas"]uq:\i%qpr&g of, 4dyb§ %n&,@ - S B etidindde

product. 25 ~ This matertal Ts purif romat o raphy on 750 grans of
silica gel, usingnd @ H&%W@M@i@fmwﬁmm Je!t l'«\31(7 3) as

' F'Bgf(?g;)] yi3 ?'(%toﬁ%o%%ﬁnwg}#tare tk -£4% 1 hour at 4a°c. i »
acid, potassium @éﬁépﬂ% el (% &Qﬁ % %ﬁrgs‘é %d"oﬁxorfxf%e%l Gresul font e
absol ute met hyl endtthilvegiey d@(ﬂzﬁﬁhdﬁhym]@l chlorosulfonate
< and stirred for 5 hours under argon. |
Finally 6.12 ml of a 2N solution of potassium-2-
10 ethyl hexanocate in n-butanol are added and
stirring is continued for 45 minutes. The
solution is poured into 300 ml of ether and the
precipitate is filtered off. A filtered solution
of 1.2 g of precipitate in phosphate buffer
— 1% (pH 5.5) is chromatographed on 100 ml of HP-20.
Elution is performed with: 1) 20 ml buffer:;
2) 200 ml HyO0; 3) 200 ml water:acetone (9:1);
4) 200 ml water:acetone (3:1).  The elution .
'is monitored with TLC (Rydon test on 5i0,). 25 ml
20 fractions are takén and from fractions 15 and 16
) 280 mg of the title compound are obtained. A
second column chromatograptiy of this material
yields 120 mg of the title compound, melting
' point 148°C, dec.

25 :
Method II:

(s) -3-Amino- 2-oxo-1-azet1d1nesulfon1.c acid,
tetrabutylammonium salt (2.03 g; see Example 6A)
and 0.9 g of ("-')-u-azido-benzeneacetic acid are

30 dissolved in 30 ml of acetonitrile and a solut:.on
of 1.03 g of dJ.cYclohexylcarbodJ.mJ.de in 10 ml



a solution of 0.93 m of trinmethylsilyl chlorosulfonate in 5 m of
| ene chloride is added. The m xture is stirred at rooemtenperature for
‘ nut es -and evaporated in vacuo 10 to dryness. The residue is o
dissolved in 10 m of dinethylformam de and treated at roomtenper- ature
with a solution of.1.23 g of the abovk-azetidinone in 10 ml of
di méthylformam de. After stirring for two hours at roomtenperature, the
solution is 15 evaporated to dryness to yield 2.1 g of crude 135(Z2) 1-3-
\\[ (et hoxyi m no) phenyl acet nol - 2-oxo-|-azetidi nesul fonjc acid,
_pyridine salt. Pfedf %‘Fkﬁﬁe Added- she Femperatuniti8 anmoni um

hydrogen sul f at ﬁa}i.h@Jad.&e&Ofor e wwwmﬂm@ﬁ@tf@dawml um sal t

whi ch is -extract dW|th rret &he chl Wn%ﬁrﬁ%o after

evaporation. Tr 8% F8M 5‘?“? é’FPetbu?‘s# equi mol ar

anount of potasyesuwlént ppecﬁ.pm:adiw,t aﬂ& ssd]fwemn es rdistekXied

evaporati ogn, an r ¢at &ap r.esy .6 grans of
4 drk’ 33! FEBhoOh ol el "ﬁér S a ygs%:ﬁ?e

the title ota55|um-sa S purl | onat ogr ap n- HP- 20.

Elution is carri@d QuﬂlmPfhaﬁSF@PPaéa%r#meﬁngoﬂo g/i el ds. a product =
~having a neltingopassiufif pé281Godebutane Hilfonate in acetone. |

The addition of 10 ml of ether crystallizes the .
title compound, melting point 149°¢C, dec. '
10 . . ] ’ .
Method III:
~-, % a-Azidiophenylacetyl chloride (2.5 g) is
added to a solution of 4.06 g of 3-amino-2-oxo-
l-azetidinesulfonic acid, te‘trébutylamonium :
15 salt (see Example 6A) and 5 g of ‘propylene oxide b
in 30 ml of acetonitrile. After stirring for
two hours the solvent is distilled off in vacuo
and the oily residue is treated with one equivalent
amount of potassium perfluorobutane sulfonate
20 in acetone. After the addition of ether the title
compound crystall:.zes and is f:.ltered off, melting
po:.nt 148-149 C dec.

Example 32
25 IBS(D)1—3-IW__&MMMW
amino]phenylacetyl]amino]-2-oxo-l-azetidinesulfonic
acid, potassium salt
To a solution of 2.03 g of 3-amino-2-oxo-
l-azetidinesulfonic acid, tetrabutylammonium salt
30 (2.03 g; see Example 6A) and 1.58 g of D-a-[[[(4-
methoxyphenyl)methoxy]carbonyl ]Jamino]lbenzeneacetic




Example .28 [3S(2)]-3-[[(2-Am no-4-thiazolyl) [[2-(diphenyl- - /08
nmet hoxy) - |, 1- di net hyl - 2-oxoet hoxy] i m no]acetyl]- (&0
am noj-2- oxo- 1- azet i di nesul fonic acid, potassiumb5 salt (1:1) A solution

of 0.005 nole of (S)-3-am no- 2-oxo-|-azetidinesulfonic acid, tetrabutyl -
ammoni um salt (see Exanple 6A) and O. QQ@.nole of : 4

(Z) - 2-am no- a- 112- (di phenyl net hoxy) - 1, 1- di net hyl - 10
2- oxoethoxy]lnlno] 4 t hi azol eacetic acid in 60-m of dlnethylfornanlde is

treated with O. 7 dr.ax otri and 1 13 of .di cycl ohexyl -
car bodi i ni de. ?é 8 éQSP rFEﬁ%P tdon 9f5om

égnpe{atgrg, ;BItQLOG gndfta¢c&Elahekygbaﬁgedﬁwm@aéahﬂd#OzghﬁfEE?ldue is

i ssolved in and t.reate t of a

sol ution of 10@6g%fgggggﬁ%gggff%o%ége ugﬁﬂgmgﬁﬁfongpg|ﬁ?@ﬁﬁ§5§ﬂ§e After the
addi ti on of petrolisumadntainedeati sPe forponadhpuecnapldtibasszo ‘and is -
Lerr] Bxanpl e 20 [9ars) a8, EBp fd"?"ni"*g B0, SeBRrRHISH o el 22' "
nethylethoxy)lnln% y# S eébeBrﬁaaEBﬂldﬂﬁﬁl ddingo @if

di pot assi um sal t sgBodht- 91&1&3 £4i g4 $16hEamgbundl b2~ an 011y
(diphenyl met hoxy) -

s d §¥I- ; 0X0€e hoxg# nlno
acetyl]amno] - 2- o§8 * gfétl AREHRI oFPLSa 1903°etBBFa§§t9nlsalt (2 g;
see Exanple 28) ipotaspiunicperfluorobutane sulfonate and. ether'

10 . yields 2.4 g of product, melting point 108-111%%
dec.

- Examples 33-37
Following the procedure of Example 32,
N & but substituting the compound listed in column I
' for (D)-a~[[[(4-methoxyphenyl)methoxylcarbonyl]-
amino]benzeneacetic acid, yields the compound
listed in column II.
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Exanple 31 13S [err] (A2|dophenylacetyl) am noj] - 2- oxo-1- azeti di nesul fonic
acid, potassiumsalt 5 Method |: A }
[err]AZ|do N ( 2- oxo- 3- azetldlnyl)benzene- acet am de.

(S)-3- Amino-~2-azetidinone (2.15 g; see Exanple 5A) and 2.1 g of sodium

bi car bonate 10 are dissolved in 50-W7-of acetone/water (2:1).

[err]-Azi dobenzeneacetyl chloride (5 g) dissolved in 10 m of acetone is
added dropwi se while maintaining the tenperature at 0-5 C and the pH at 6.8

wi th sodi um bi carbonate. After sti réi Bg ég 35 for | hour, the acetone is
distilled off and the renai.ning aq ifon is adjusted to pH 8 with
sodi um car bonat e 43S )esd=Hck EiMethyl tHikatisioxom } il ohennt ene
chloride. Evapor atj . ﬁéﬂﬁi & 4 POf & ad¥grs yields 3.6
g of the title conpum%?Tﬁr?ﬁigg%-wg2#rtrysf€¥§%%a§§§%erﬂ77+urat|ng\Mth
et her. Recryst al | itahxaduaylanmenium S % h| ori de/ et her, yields the title
conpound, nekting point 0gclYtieon of '173)3 % of ()-a-[[(methylthio)-.

[SS(t)] 3 [( |d|opT%¥Q£2¥i)&? J} enzeneacetxc acid and 1.63 g of
' 3-am1no-2—oxo-l-azetzdznesulfonzc acid, tetrabutyl-
< ; ammonium salt (see Example 6A) in 30 ml of acetoni-
trile is treated with 0.8 g of dicyclohexyl-
10 carbodiimide dissolved Ln 10 ml of acetonitrile
at -5°c. after st;rrzng for about 16 hours the
formed dicyclohexyl urea is filtered off and the
mother liquor is evaporated. The remaining oily
| residue is chromatographed on a column of 400 g
~ 15 . of silica (ethyl/acetate/methanol/water (8.5:1:0.5)
' is the eluent), yleldlng 1. 3 g of the title compound.

Example 39
3(S)=3-[[[[ (Methylthio)thioxomethyl]thiolphenyl-
20 acetyl]amino}-2-oxo-l-azetidinesulfonic acid,
. potassium salt ' | '
'(33);3-II[[(Methylthio)thioxomethyl]thio]—
phenylacetyl]amino-2-oxo-l-azetidinesulfonic acid,
tetrabutylammonium salt (1.3 g; see Example 38)
25 is dissolved in acetone and treated with.an
equivalent'ambuht of poﬁasSium perfluorobutane
sulfonate. The addition of ether crystallizes
the title compound, which is filtered off, yield
'0.18g of product, melting point 157°%, dec.




IgggEQidinesulfonic acid, potassiumsalt A solution of 2.45 g of the above
a ¥ di none and 3 g of nonosilyltrifluoroacetamide in 20 M S of
acetonitrile are kept for 1 hour at 40 C. After cooling to [err]the
solution is treated with 1.88 g of trinethylsilyl chlorosulfonate and
stirred for 5 hours under argon. Flnaq§y 6.12 mM of a 2N solution of
potassi um 2- 10 et hyl hexanoate in but anol are added and stirring is
continued for 45 minutes. The solution is poured into 300 ml of ether and
the precipitate is filtered off. Afiltered.solution of 1.2 g of

precipitate in phosphate buffer 15 54§)|s chr omat ogr aphed on 100 nf

of HP-20. Elution |s per f or ned mAt_ , _ buffer 2) 200 m [err]-200
m wat er : acet onel 38D} =31 BhD( 4+ Eby}r2 s3rd bexo X )~on i's

nmonitored with HasHdR ]éghno]izasibnms are taken
and fromfractiorT tained. A

second col urm cr2Zgkidines (tRetasgs) 20 ng of the title
‘conpound, %elting p0|MDXHH}[I(tksthﬁszkm¥d¢b*d-l-piperaz;nyl)-

(g?’)sieAEXQ?rp?ec’?%'*&éﬂ%'aS*g 2 rEi SofiEhferdElE UL ETRR 4,00 52 0 -
di ssol ved in 30 4¥2®fg @cfethﬁmim-ezmwsbelme@i@tnesulfomc acid,
tetrahutylammonzum salt (see Example 6A) and 1.3 g
of N—hydroxybenzotrxazole are dissolved in 25 ml
10 of acetonitrile. Dropwise addition of 2.06 g
of dicyclohexylcarbodizmlde dissolved in 10 ml
of acetonitrile at -1o°c takes 20 minutes and
stirring is continued for about 16 hours. Formed
urea is filtered off, and the solveht is evaporated
in vacuo. The remalnlng 0il is dissolved 1n
50 ml of acetone and after treatment with an

equlvalent amount of potassiium perfluorobutane
sulfonate, the title compound crystalllzes,
melting point 185-187° C, dec.

20

Example 41

[33;1!!-3-[(Bromoghenz;acetg;)amlno]-2-oxo—1-

a;etid;nesulfonxc_aczd, potassium salt
 o-Bromophenylacetyl chloride (1.4 g) in

25 10 ml of acetonltrzle is added dropwise to a
. solution of SmM 3-amzno-2-oxo-1-azetxdznesulfonlc
- acid, te;:abutylammonlum salt, and 3 g of propylene
oxide in acetonitrile at 0°c. After three hours
sﬁirring, the solvent is distilled off and the ' -
30 remaining oily residue is dissolved in 30 ml of
acetone. The equivalent amount of potassium
perfluorobutane sulfonate in acetone is added.
The addition of ether crystallizes the title




added.. The tenperature is maintained for one hour at 0 C and for 10 hour

at roem tenperature. After filtering off the resultant precipitate, the
solvent is distilled 5 off in vacuo and the oily residue is dissolved in -
20 M of acetone and ‘treated with 1.70 g potassi um perfl uorobut ane

sul fonate in acetone. The addition of_4§_m of ether crystallizes the title
conmpound, nelting point 149 C, dec. 10 Method II11: Azidi ophenyl acetyl
chloride (2.5 g) is added to a solution of 4.06 g of 3-am no- 2- oxo-

1-azetidi nesul f oniémpéusd, tﬁ%I@bHéYbéﬂﬁEnlﬂs$ﬂ§7 detl (see Exanple 6A)

of 1.03 g of dicyclohexylcarbodiimde in 10 m -74- of acetonitrile izi:éi?

and 5 g of propyl ene oxide in 30 of acetonitrileT After stirring for two
hours the solvent is distilled off in vacuo and the oily residue is treated
with one equival ent armount of pot asExampber42uor obut ane sul fonate 20 in

acetone. After tggizggilégﬂlgfgﬁiggg LQE Jigéﬁlﬁggfgugg géﬁi&ékbgégs and

is filtered off

1- 3 [[[[[(4 thhogggﬂgthiqmohbXQZegig bnesalfonic acid, potassium salt
Method I:

To a solution of 2 g of .(S)-3-amino-2-oxo-1-

C azetidinesulfonic acid, tetrabutylammonium salt
and 1.5 g of propylene oxide in acetonitrile is

10 added 1.1 g of (%)-2-amino-4-(2-thienyl)-5(4H)-
oxazolone, hydrochlotide. After three hours -
stirring at 0° C and one hour at room temperature,
the solvent is dlstllled off and the oily residue
is dissolved in 30 ml of acetone. By adding the

15 equzvalent amount of potasszum perfluorobutane
sulfonate in acetone, the title compound crystallizes
out. Purification by column chromatography on
HP-20 using water as eluent yields the title
compound, melting point 218-222°C, dec.




g l'ution of 2.03 g of 3-ani no-2-oxo- 1-azetidinesulfonic acid,
~abut yl amoni um salt 30 (2.03 g; see Exanple 6A) and 1.58 g of
D-a-[[[(4- methoxyphenyl) net hoxy] carbonyl ] am no] benzeneacetic -7.5- .acid
in 50 ‘M of acetonitrile, a solution of 1.03 g of dicyclohexylcarbodiim de
in 10 M of acetonitrile is added drofli-se. The tenperature is maintained

éngOIphenylacetyl]anino]-2-oxo-|-azetidinesulfonic acid, potassiumsalt To
t :

at 5 C for one hour and for 6.5 hours ‘at roomtenperature. Separation
of the forned dlcyc ohexyl urea and distilling off the solvent yields the
title conpound a *residue. Treating this oil in acetone with

pot assi um perfl uorobutrene suspensiemet Xeighef 1F) -af @miné~ 4 g of
Bcampl e 3. 15 cBapBEyaTpitinbIte-eiddirEnaiEotid MAYT YontinP) 552 5
-a- [[[(4- nethox9pnonyprRepuox}r@aﬁ&mﬂﬂqesumﬁqnqqxnmumeauamabuxykr yi el ds
the conpourgl |i shfflon3umObdT® hhd 10mM of N-hydroxybenzotriazole
in 50 ml of acetonitrile at 0°C is'aoded (with -
stirring) 10mM of dicyclohexylcarbodiimide
dissolved in 15 ml of acetonitrile. Stirring -
 is.continued for one hour at -15°C and for about ’
10 16 hours at room temperature. ‘After filtering
off the dlcyclohexyl urea, the solvent is
evaporated and the oily_reszdue_zs dissolved
1n 50 ml of acetone. Adding the equivalent amount
of potasszum perfluorobutane sulfonate in
15 ' acetone yields crystalllne product. ‘Purification g)
by'columh chromatography on HP-20, using water
as an eluent, yzelds the ‘title compound, melting
point 220-223 C.

20 o Example 43
13s(¥)1-3-11[[ (Methylamino)carbonyl] amino] -2=
thienylacetyl]amino}-~2-oxo-l-azetidinesulfonic
acid, potassium salt '

(%) -a~[[ (Methylamino)carbonyl]amino] -2~

25 thiopheneacetic acid (0.54 g) and 1.00 g of

| (S) =3~amino-2-oxo-l-azetidinesulfonic acid,
tetrabutylammonium salt (see Example 6A) are
dissolved in 20 ml of acetonitrile and 0.5 g of
dicyclohexylcarbodiimide is added at a temperature .

30' of 0°C. After stirring for 8 hours the dicyclo-
hexylurea is filtered off and after distilling off




-76- [err] >1441 > >t ' #- e4 >1 s

:04 erH -77- Exanple 38 (3S)-3-[[[[(Methylthio)thioxonethyl thio]
phenyL, acetyl]an1no] 2- 0xo0-1-azetidinesul fonic acid., tetrabutyl amoniu
salt 5:- -~ A solution of 1.03 g of [err](nethylthlo)
thioxonethyl]thio]benzeneacetic acid and 1.63 g of
3- am no- 2- oxo- | - azeti di nesul foni ¢ aci ¢:8%=etrabutyl - - anmoni um

salt (see Exanple 6A) in 30 mM of acetoni- trile is treated with 0.8 g of
di cycl ohexyl - 10 car bodi i m de di,ssolved jn 10 R ace onltrlle at -5
C. After stirringther sQdyent: fhgo@id¥t Fesidufd Hﬁﬁﬁ Rrea is

filtered off and emlviabetonedand ithes \ejuivaileht Emumm ng oily

residue is chromatographed on cqu of 400 :
(et hyl / acet at e/ me®PXATSANER aer% tang 5@%@%?&% SV e‘fdl ng 1.3 g of
the title conpoun@:yEta&ﬂhaeB@rﬁ@ﬁp%Bas filtered off and purification

Ty tFI ) ois O?gg?%?*%hhesul P/ s ity water as an aﬁlll nts,5 3-

acet yl ] am noP- 2- oxo- nic acid, potassiums

L[f[(wbthylthlo)tNﬁé%é#BtD?FHﬂm&ﬂi-cc dec.

<. | Example 44
' [35(+)]~3-[[[(Aminooxoacetyl)amino]-2-thienyl-
10 acetyl]amino] -2-oxo-l-azetidinesulfonic acid,
potassium salt
Following the procedure of Example 42,
method II, but substituting (%)-a-[(aminooxoacetyl)-
amino] -2-thiopheneacetic ‘acid for (f)-a={(amino-
— 15 carbonyl)amino]-2-thiopheneacetic acid, yields
the title compound, melting point 218-222%.

Example 45
[3S(R*)]-3-[[[[(4-Ethyl~2,3-dioxo-l-piperazinyl)-
20 carbonyl]amino]phenylacetyllamino] -2-oxo-l~azetidine-

sulfonic acid, potassium salt
Following the procedure of Example 40, but
substituting (R)-a=-[[ (4~ethyl=-2,3-dioxo-l~pipera~-
zinyl)carbonyl] aminolbenzeneacetic acid for
25 | (D)-a=[[(4-ethyl-2,3~dioxo~1l~-piperazinyl)carbonyl]~
amino]-i-thiopheneacetic ;cid. yields the title

compound, melting point 155-157°C, dec.



qyl acetyl "am no- 2- oxo-1-azeti di nesul fonic acid, tetrabutylamonium salt

g; see Exanple 38) 25 I's dissolved in acetone and treated with an

al ent amount of potassium perfluorobutane sulfonate. The additiongf
crystallizes the title conpound, which is filtered off, yield 0.18g

pr oduct, nelting point 157 C, dec, “§2m - (8- Exanpl e 40 [SS(D)

1 3-[[T[ (4-Ethyl -2, 3-di oxo- L-plpera2|nyl) - carbonyl] am noj

-2-thienylacetyl | am no] -2-oxo-l- azetidinéesulfonic acid, pota55|un1salt
(D -a- - [[(4-Ethyl-2, 3-dioxo-I-piperazinyl) -
car bonyl ] am no] - 2- thlopheneacetlc as ) 4.20 g of -

3- ami no- 2- oxo- | - 37 tAd ety e 2-0koi-1 -arerddiesulifdnSee

Exanpl e 6A) and Qc agnzo riazole are dissolved tnm 2o m 10
of acetonitrile. . of 2.06 g of di cycl ohexyl car bodi i m de
di ssolved in 10 m - of acetonltrlle at -10 C takes 20 nminutes and stirring
i's continugd foryabyd £6 hours. Formed urea is filtered off, and the

sol vent is” evaporatet—15. |n vacuo. The renalnlng oil is dlssolved in 50
m of acetone arf¥ afizl{¥NrAcetyhrNuchloxa)e 2rpxordnazest dimes

per f | uor obut ane gl foi &cid\ﬁ hikbe seamaﬂnanar potakbiaRSsalt
To a solution of 3-(acetylamino)-2-oxo-1-
azetidinesulfonic acid, potassium salt (172 mg,
10 -see Example 23) in methanol (17 ml) containihg
4% sodium borate decahydrate cooled to -15° to
-10°C is added tert-butyl hypochlorite (110 pl).
‘The mixture is stirred in the cold for 1 hour,
_ 45 minutes, poured into 0.5 M monobasic potassium .
15 _phosphate solution (50 ml), and the pH is lowered ' ~
to 5.5. Solvent is removed in vacuo, and the
residue is dissolved in a minimum amount of water
- and chromatographed on HP-20AG, 100-200 mesh (140 ml).
 Elution with water yields an oil (63 mg) which
20 crystallizes on standing. Trituration w1th
. methanol/ether and then ether gives a solid
(53 mg) melting point 124°c,slow.ggg.




a- Brongphenyl acetyl chloride (1.4 g) in 25 10 mM of acetonitrile is
added dropw se to a solution of 5mM 3-aghno- 2- oxo-|-azeti di nesul foni c aci d)
tetrabutyl amoniumsalt, and 3 g of propylene oxide in acetonitrile at .
[err]. After three hours stirring, the solvent is distilled off and the 30
remaining oily residueis dissolved in 30 mM of acetone. The equivalent

mel ting point 185-187 C, dec. 20 Exanpl e 41 [err]
[ (Bronophenyl acetyl ) am no] - 2-oxo-1- azetidi nesul fonic acid, potassiun1salt<i%§5

anount of potaSS|§glp§rQI The
addition of ether Cry > - poi nt
[err] Exanple 42 E3SRE (B2 2@ am noj - 2- thlenylacetyl] 5
am no] - 2- oxo- 1- azetldl @&qqhtmb%ﬁundcxﬂ@mmpdz-dmim |1 To a

solution of 2 g of .-.3- am ,0OXO0-|,- azetldln su i'c .acjd, '
t et r abut yl anmoni uﬁ\z 1&6&“2%9 S A, j*ede S e‘qu;] Beetdfhi trile is 10

added 1.1 g 5f [egdik3ocawedois- 0.25t mle )dﬂr(d:l)nemyﬂzﬁdmmidydrochl oride.
After three hoursand_added to a solution of lithium methoxide (50 mg)
T in methancl (1 ml). at ~78°C. After stirring far 15 minutes
-« ~ at -78°C, a 0.5 M solution of monobasic potassium
. phosphate (10 ml) is added, and the solution is
10 then acidified to pH 4 with 1N hydrochloric acid.
To the solution is added tetrabutylammonlum hydrogen
sulfate (70 mg) and the solution is extracted
four times w1th methylene chloride. The combined
_ extracts are dried (sodium sulfate) and solvent
N\ 15 is removed in vacuo to give 55 mg of an oil.
Chromatography on 5.5 g of silica gel yields the
oily product (41 mg) as the tetrabutylammonium .
salt (eluted with 8% methanol:92% methylene
chloride). The o0il (31 mg) is dissolved in water
20 and passed through an 1on-exchange column (5 ml
of AG 50W-X2, K form, 200-400 mesh, 0.6 meqg/ml).
Removal of water in vacuo gives an oil which
crystallizes from methanol-ether. Trituration
twice with ether gives the product as a colorless
25 powder (11 mg); melting point 182-183°C, dec.



stirring at [err] and one hour at roomtenperature, the solvent is |
distilled off and the oily residue is dissolved in 30 m of acetone. By
di ng the 15 equi val ent anobunt of potassi um perfl uorobutane sul f onat
acetone, the title conpound crystallizes out. Purification by colum
pmat-ography on HP-20 using water as eluent yields the title

pound, nel ting point [err] -80-_pgthod 11: To a suspension of 2 g of
()-a-[ (am no- carbonyl)am no] - 2-thi opheneacetic acid, 10mM of (S)-
3-anino-2-oxo-|-azetidinesulfonic acid, tetrabutyl- 5 ammoni um salt and

IOnNIof N—hydrox& thodtIfazole in 50 m of_acetonitrrle at_Q C is added
(wrth stirring) &P”“$95m958¥§iﬁﬁﬁﬁ¥&§§5-u .-E}QQeihgég é%ﬂf@@gég M of

acetonitrile. Stirrifg-Trs comntTmues {or—of _ r about 10
16 hours at roonREEApPcES B of f* the dlcyclohexyl urea,

the solvent is evaperqgeﬂ%aggdigﬂ gbggtgeabggﬁya§aqh§ ahay0 M of

acet one. Addi ng the equival ent pot-assSi um perfl uoro utane

sul fonate Sn 15 sol %E%?Bnél99epﬁgnéfy§ﬁéﬁﬁlﬁ@ Br Sugeenspen Pfcati on
by-col um Chr0nBlOﬂrpﬂhﬂa@ﬂmﬁFbﬁOchaﬁbbﬁlmﬂB6fm@$ ‘iR flethainolyi el ds the

title compound, Pflxaif'g and the mixture is stirred under an

atmosphere of hydrogen for 15 minutes. 3-Methoxy-
2-oxo—3-[[(phenylmethoxy)carbonyl]amino]-1- '

10 azetidinesulfonic acid, tetrabutylammonium salt (60mg;
see Example 49) in methanol (2 ml) is added and the
mixture is vigorously stirred for 15 minutes
under a hydrogen atmosphere. Catalyst is removed
by filtration through Celite en a millipore

15 filter (0.5 mu), and solvent is removed from s
the filtrate ig_vacuo} and the residue is extracted

with methylene chloride. Removal of solvent
uﬂde#-feduced.pressure yields'35 mg of the
title compound, &8s an oil.

20 .

' B) 3-(Acetzlam1no)-3-methoxy-z-oxo—l—azetldlne-
sulfonlc acid, potassium salt

. To a solution of 3-amino-3-methoxy-2-oxo-

ifazetidinesulfonic acia, tetrabutylammonium

25 salt (35 mg) in methylene chloride (10 ml) at
0°c is added propylene oxide (2 ml) and acetyl
chloride (74 ul). After 2 hours the solvent
is removed under reduced presshre and the residual

oil is chromatographed on silica gel (4 g). -
30 Elution with 6-8% methanol in methylehe chloride

gives an oil (18 mg) which is dissolved in water

and passed through an ion-exchange resin (3 ml



poi nt 220-223 C. 20
[

t hi enyl acetyl ] am no
[

1.

00 g of (S)-3-am

distilling off ofsAG SRM-X2&nt £OFR0iq 46 MG/ § s

oin
[ (Met hyl am no) car bonyl ] am no] -
hi

aamﬂe43[3ﬂew]}3{

| - 2- oxo0- I-azetldlnesulfonlc aC|d pot assium salt ()

i -a-
[ (Met hyl ami no) carbonyl ] ami no] -2- 25 thlopheneacetlc acid (0.54 g) and

no- 2- oxo-| - azeti di nesul fonic acid, tetrabutyl anmoni um
salt (see Exanple 6A) are dissolved i n=88=nl of acetonitrile and 0.5 g of
di cycl ohexyl carbodiimde is added at a tenperature. 30 of 0 C. After
stirring for 8 hours the dicycloghexylurea is filtered off ﬁnd fter

in 50 nl

€

acetone and the egaited Trom e lel¥a tiOlids Vabidyid1dy ane dwsidd onate is
added. Crystalline product,.is filtered ofT @and purification 5 i's :

performed on HP- 20FQ&uSF MH0PHs an el uent, melting point 205 C, dec.
Exanple 44 [3S [err] -3- [[[(An1nooxoacetyl)an1no] 2-thienyl- 10

acetyl | am no} - 2- oxo-

; I-azetldlnesulfgﬁgégg%%g¥lpota55|un1sa|t Fol | ow ng the
procedure of¥Exanple 42, nethod |1 tuting

[err]- [(an1nooxoa&bﬂﬁﬁﬂethoxy-Z-oxo-l-sulfo-S-azet:dznyl)-2fpheny1-
acetamide, tetrabutzlammonxum salt

N-Chloro-N—(2—oxo-l-sulfo-3-azet1diny1)—2-

ghenxlacetamide, potassium salt

.0 a)
10

(5

43

o~ 15 (2

To a solution of (S)-N-(2-oxo-l-sulfo-3-

azetidinyl)-2-phenylacetamide, potassium salt

0 mg; see Example 1) in methanol containing
sodium borate decahydrate (5 ml) cooled in

a -5°C bath is added tert-butyl hypochlorite

0 ul). After stirring for 32 minutes, the

mixture is poured into 0.5 M pH 5.5 potassium

phosphate buffer at 0°c. The resultant solution

(pH 5.9) is adjusted to pH 4.5, concentrated -

in vacuo to remove methanol, and chromatographed
20 on HP-20AG, 100-200 mesh (100 ml). After washing
' the column with 0.5 M pH 5.5 buffer (100 ml)

and water the desired product is eluted with 9:1

‘'water:acetone. Concentration ig*vacﬁo gives

'50 mg of the title compound.

25 .
B) N-(3-Methoxy—Z—qxo-lesulfo-B-azetidinyl)-2-
phenylacetamide, tetrabutylammonium salt
) o To a stirring solution of lithium methoxide
T (160 mg) in 5 ml of methanol cooled to -78°C is
30 added a solution of N-chloro-N-(2-oxo-1-sul fo-

3-azetidinyl)-2-phenylacetamide, potassium salt



amd noj] - 2-t hi opheneacetic acid for [err] (am no- 15

bonyl ) am no] - 2-t hi opheneacetic acid, yields the title conpound, nelting

ROINt [err] Exanple 45 [3S(R*)]-3- [[[[(4 Et hyl - 2, 3- di oxo- I-plpera2|nyILJ 20
car bonyl ] am no] phenyl acet yl | am nol --2- oxo- I-azetldlne- sul foni c acid,

pot assi um salt Followi ng the procedure of Exanple 40, but substltutlng (R

-a- [[(4-ethyl-2,3-dioxo-I-pipera- m#@d%carbonyl]anlno]benzeneacetlc aci d

for 25 (D)-a- [[(4-ethyl-2,3-dioxo-I|-piperazinyl)carbonyl]- :

ani no] - 2- t hi opheneacetic acid, yields the title conmpound, nelting point

[err] -82- EX3A9 mgle in 10AgH: pfadmpylimethylformamide. After

- 3- met hoxy- 2- 0X ggla1 34l @&%&Hﬁl@ﬂeﬁ At midhAsS N Seitréda Method 1: A
3-[ (N-Acetyl - N-chl or.q9) ani no] - 2- oxo-, Itazetldlne- SU|ngd§ acid, m xed sodium

and pot assi um s&PF 19 BiIMtes &F of 783 Qoo RAYACS NI -
azeti di nesul fonmenm&:.qo jsiirans @ Hodplﬁﬂ:e’rgso];hﬁ::.on SER0Embp, e 23) in

"0 C hs Sdded ??}a%&aﬁ”g‘ﬁvé’i%%“%% PYR Rt REERGT, L0 T e’
cold for 1 hour Petrabutylammonium bisulfate (213 mg) is added .
to the agueous layer, which is then extracted

three times with methylene chloride. The _ L~
combined extracts are dried (sodium sulfate),
10 and solvent is removed in vacuo giving an oil
(271 mg). Chromatography of the oil on silica
gel (25 g) and elution with 4% -methanol:96%
methylene chloride yzelds 149 mg of the product
as an oil. , _
15 S _ ' - o
Example 48

N—(3-Methoxy-2-oxo-l-sﬁlfo-3-azetidiny1)-2—

phenylacetamide, potassium salt
N- (3-Methoxy-2-oxo-l-sulfo-3-azetidinyl)-
20 2-phenylacetamide,'tetrabutylammonium salt
‘ © (91 mg; see Example 47) is dissolved in water
and passed through an 1on—exchange column
(10 ml of AG 50wW-X2, K form). The eluate is
~ concentrated in vacuo and theresidual oil solid-
25 ifies on scratching with a methanol-acetone-ether
| mixture. After triturating twice with ether,
the product is obtained as a solid (53 mg):
1762, 1665 am™l; NMR (CD,OD) § 3.41 (S, 3H, OCHy),
. 3. 59 (s, 2H, CH, ), 3.84 (ABq, J=6.3 Hz, 2H, 4),
30 7.30 (m, 5H, aromatzc).
Analysis: Cal. for CIZHISNZO\G'I/ZHzO
Calc.: C,39.88; H,3.62; N,7.75
Found : C, 39.62; H,3.65; N,7.60

-



A4 C
45 mnutes, poured into 0.5 M nobnobasic potassium 15 phosphate sol ution /0
(50 m), and the pHis lowered to 5.5. Solvent is renoved in vacuo, and the-
resi duesi.s dissolved in a mnimum anount of water and chromatographed on

HP- 20AG~. 100- 200 mesh (140 m ). Elution with water yields an oil (63 np)

whi ch 20 crystalllzes on standi ng. _gglturatlon w t h net hanol / et her and
then ether gives a solid (53 ng) nmelting point [err] slow dec. -83- B
3- (Acet yl am no) - 3- met hoxy- 2- oxo-| -azeti di ne- sulfonic acid, potassiumsalt
3-[ (N-Acetyl-N-chloro)am no] - 2- oxogl: Ql igdy nesul fonic aC|d m xed salt

(37 ng) is 5 dlssolved in 1.5 n1gégygé&-é#ﬂethylfornan1de and added to
a solution of IitBrMethoxyTerQs ’I'J ! gt )cR 2] amingl Af t er
stirring for 15 nmyn S hasj ¢ assi um
Shosphate (10 m)1 A8t ialk ne;% Foniclapild, (Hégf 1 RO T d to pH
4 wth 1IN hydrochE&EEE_aEJd To the solution is added tetrabutyl anmoni um
hydr ogen suldate @30 agbxend-ﬁhechmbnbhuﬁUjphﬁﬂykmﬁthbﬁymuaﬂbdgylNuth

net hyl-ene chloride. . and
splvent 15 s Feffos —Fr—v-6 ‘ aphy
on 5.5 g of silicsa g ylelds the

.« : (s}-Z-Oxo-B-[[(phenylmethoxy)carbonylj-
' ' . amino]-l-azetidznesulfonlc acid, tetrabutylammonium
10 salt (0.9¢: see Example 4) dissolved in 80 ml of
methylene chloride is added to a mixture (cooled
to 0-5°C) of 3.17 g of sodium borate decahydrate
and 11.8 ml of a 5.25% sodium hypochlorite
solution in 70 ml of water. The reaction mixture
i 15 is vigorously stirred for 55 minutes while
cooling in an ice bath. After diluting the
mixture with 0.5 M monobasic potassium phosphate
solution, the product is extracted with methylene
chloride (three 150 ml portions). Combination
20 of the extracts, drying (sodium sulfate), and
removal of solvent in vacuo yields the title
compound as an oil (0.94 g).

B) -3-Methoxz—2-oxo-3—![(ghenz;méthoxx)carbdnzll-

25 amino)] -l-azetidinesulfonic acid, tetrabutyl-

ammonium salt
To a stlrrzng solution of lithium methoxxde
(667 mg) in anhydrous methanol (10 ml) at =78 °c
is added a solution of 2-0x0=-3-[N-chloro-N=-[ (phenyl-’
30 methoxy)carbonyl]amino]?l-azetidinesulfonic acid,
tetrabutylammonium salt (0.94 g) in dry dimethyl-

]



oNy product (41 ng) as the tetrabutylamoniumsalt (eluted with 8
h&'hanol:92@6nethylene chloride). The oil (31 ng) is dissolved in water 20
angg passed t hrough an ion-exchange colum (5 mM of AG[err] form ZDO-QQD
sh, 0.6 neg/m ). Renoval of water in vacuo gives an oil which
crystallizes fromnethanol-ether. Triggration twice wth ether gives the
product as a col orless: 25 powder ( ng); mnelting point 182-183 C, dec.
-84- Method I1: A) 3-Am no-3-net hoxy- 2- oxo-1| -azeti di nesul fonic acid, '
tetrabutyl ammonium salt,_A,4% sodi u rat hydrat e _i.n et hanol 5
sol ution (100 uF?rP§2$éﬂeé£é; Sugbgﬁgfbﬁtg%&% RS BEFHESh char coal” (30
nmg) in nmethanol at(2787¢, fandlt houri,xtikr dsi pouried datends5S ¥ at nosphere of

hydr ogen for 15hghgg%$39ngétgggggmygggggﬁglg-g%&$§?EMJQﬁﬁpoxy)_carbonyl]

amno] -1- 10 aze urtonrc , tetra anmoni_um sai t (60ng; see
Exanpl e 49) in axtragsed(vith)meshyldegne shdogrdeni(three 1S imor ously
11 Lrati onot i olop ar st o  orn@ GUDIAR SxERSERS Rre B L) “and solvent
s renoved from?gﬂéggi"l sRLfaLE) '%‘éug?igﬁ'&tt e F@%‘P&#hé&ﬁ%t ed - -,

to give an oil (0.83 g). The desired product

is obtained by chromatographing the oil on silica : -

gel (100 g) and eluting with 4-5% methanol in

10  methylene chloride to give an oil (513 mg):

y ., (neat) 1767, 1720 cm™~; MMR (CDC1,) & 3.40

(s,0CH;), 3.03 (aBq, J=6.5 Hz, H,), 5.08 (s,CH,),

6.00 (s,NH), 7.27 (S, aromatic).

15 Method II: - ' )
To a solution of 3-benzyloxycarbonylamino-

3ﬁmethoxy-2-dxo?l-azetidinesulfonic acid, potassiﬁm
salt (400 mg) in water is added a 0.1 M tetra-
butylammonium bisulfate solution (10.9 ml, adjusted

20 . to pH 4.3 with potassium hydroxide). The mixture

' ‘'is extracted three times with methylene chloride,
the extracts are combined, dried (Nazso4) and
solvent is removed in vacuo to give a foam (625 mg),
having spectral characteristics approximating those

25  Of the product of Method I.



wi th methyl ene chloride. Renoval of solvent under reduced pressure yieIds(i::ZQ
35 ng of the title conpound, as an oil. 20 B) ;
-3- (Acaryl am no) - 3- met hoxy- 2- oxo- | - azeti di ne- sul fonic acid, potassiumsalt

To a solution of 3-am no-3-nethoxy-2-oxo- 1- azetldlnesulfonlc aci d,

t et rabut yl ammoni um 25 salt (35 ng) in methylene chloride (10 n1) at

[err]is. added propyl ene oxide (2 m) afP-acetyl chloride [err] After 2

hours the solvent is renoved under reduced pressure and the residual oil is
chr omat ogr aphed on silica gel (4 g). 30 Elution with 6-8% net hanol in
nmet hyl ene chloride gives an oil (18Example G0 is dlssolved In water and
passed t hrough ag Q03 exch: nge r pg/ m ) .
Renoval. of wat er P t (10

ng). 5 l-azetldlnesuEfa 'beacld, otassium salt

N- ( 3- Met hoxy- 2- oxo- | - sul fo-3-azetidinyl) -2-phenyl- acetam de,
t et rabut yl anmmoni um salt A) N Chl or o- N- (2- oxo- | - sul fo- 3-azetidinyl)-2-
phenyl acet afi de, MeghgdsTiim salt 10 To a sol uti-on of

(S N- (2- ox0- 1- sih f. 023 ox@2abifi-Bhil brd-Nel(HhRaRi 1 i P adsonil B2l t
amino]-l-azetidinesulfonic acid, potassium salt
. - 4> To a solution of (S)-2-oxo-3-[I(phenyl-
| . methoxy) carbonyl]amino] ~1-azetidinesul fonic acid,
10 potassium salt (1.00 g; see Example 3) in methanol
(90 ml) containing 4% sodium borate decahydrate
at -107C is added tert-butyl hypochlorite (420 ul).
| After stirring for 2 hours at -10°c, .0.5 M mono-
basic potassium phosphate solution (100 ml) is
15 added and the pH is édjusted to 6 with 1 N hydro-
chloric acid. After'concentiation of the solvent
in vacuo to 30 ml, the aqueous solution is’
. chromatographed on HP-20AG, 100-200 mesh (200 ml).
After passage of a solution of monobasic potassium
20 phosphate (50 g) -in water (1000 ml), followed
by water (2000 ml), the product is eluted with
10% acetone-90% water. Solvent is removed
in vacuo and the title compound is crystallized
from water to give a solid (530 mg), melting |
25  point 173-175°C.




Oyng; see Exanple 1) in nethanol containing 4% sodi um borate decahydrate
") cooled in a [err] bath is added tert-butyl hypochlorite 15 [err]
g¢r stirring for 32 mnutes, the mxture is poured into 0.5 MpH 5.5 \J
Ro¥'assi um phosphate buffer at [err] The resultant solution (pH5.9) is
adjusted to pH 4.5, concentrated in vacuo to renove nethanol, and )

chr omat ogr aphed 20 on HP-20AG 1002086 nmesh (100 nl). After washi ng the
colum with 0.5 MpH 5.5 buffer (100 m ) -and water the desired product is
eluted with 9:1 water:acetone. Concentration in vacuo gives 50 ng of the

title conpound. B35 B}Me%%@ﬁ%[@@@ﬁa&&méﬁﬂﬁ}e-

Phenyl acet am de . 1kl 1‘1, _ Q& LSO Ulfn of lithium
nmet hoxi de (160 A - ; ; : added &
sol ution of N-chlor om @wimuombfolm mcbtigmyxdb p(ﬁa‘M/Imm)et am de,

pot assi um sal t Pet e9 {nh:l._ﬁgngg_) (lm Qn@.) a“:o chq(-_.f ojrmm de. After

addition is con‘g e mxture is stir mnutes at -78 C,
5

poured inté& [NosbdesecNpdil mwmﬁt@r&ﬂnllmm n),
l-azetxdznesulfon:u: acid, potassium salt (857 mg)

in dry dlmethylformamzde (13 ml). After 15
minutes at -78 9c the mixture is poured into
0.5 M.monobas;c potassium phosphate solution
10 (200 ml) and the pH is adjusted to 5.5 with 1IN
hydrochloric acid. The agqueous mixture is washed
 with methylene chloride (three 100 ml portions),
and tetrabutylammonium bisulfate (1.169 g) is added.
The product is extracted with methylene chloride _
15 (three 200 ml portions), dried (sodium sulfate), o
filtered, and concentrated in vacuo. The |
residual oil is chromatographed on silica gel
(150 g) and the product is eluted with 2-4%
methanol in methylene chloride yielding the
20 tetrabutylammonium salt of the product as an
oil (701 mg). A portion of the 0il (51 mg)is
dissolved in water and passed through an ion-
exchange column (3 ml of AG 50W-X2, 200-400 mesh,
x® form, 0.6 meq/ml). Concentration of the
25 eluate in vacuo yields an oil (30 mg), which is
crystallized by scratching with acetone:
v, (KBr) 1760, 1725 cm™'; NMR (D,0) & 3.48 ]
(s, 3H, OCH3)p 3.92 (s, 2H, H4); 5.20 (s, 2H, CI-IZ),
7.42 (5, 5H, aromatic),; m.p. 196~198°.

-aw



5 and washed three tines with nethylene chloride. Tetrabutyl ammoni um
bi sul fate (213 ng) is added to the aqueous |ayer, which is then extracted
three\ines with nethylene chloride. The conbi ned extracts are dried §
(sodium sul fate), 10 and solvent is renoved in vacuo giving an oil (271,
ng). Chromat ography of the oil on silica gel (25 g) and elution with 4%

met hanol : 96% net hyl ene chl oride yiel ds-9¥® ng of the product as an oil. 15
Exanpl e 48 N-( 3- Met hoxy-2-oxo-1-sul fo-3-azetidinyl)-2- phenyl acet ani de,

pot assi um salt N-(3-Met hoxy-2-oxo0-1-sul fo-3-azetidinyl)- 20

2- phenylacetan1ck§ethndabntylannDnluntsalt (91 ng; see. Exanple 47) is

d | ved tef 9% 0 of AG
sow 2, Lerr] by S-SREoRy 3 IRUeH 800 (11 1phaRYIe oY catBoliva ],

es+ dual
oil solid- 25 2tazetidinonetching with a et hanol - acetone ether m xture.
After triturating tw b =solid (53

iturating twigg #&i&f‘éﬁgﬁf (%Bfttgagugtﬁéhggwﬁafﬂoggw <m

[err] 3 59 (s 2H CH? 7.30
5H aromau% Hls ‘t%i%e *‘!ﬂ-nmeH?QﬁE ©g1j 2Fe® ExpEPlec26d 83 H, 3. 62:

N, 7.75 Found : CixBQNBZu kh£3.46b métHandlic borax is cooled to
0°C and 0.5 ml of t-butyl hypochlorite is added.

. . After 30 minutes at 0°C, the solution is poured

" ' into 200 ml of cold water and extracted with two

10 100 ml portions of ethyl acetate. The combined

ethyl acetate layer is washed with watet, dried,
and evaporated in vacuo to give 546 mg of the
title compound as an oil.

Bd 15 ~ B) 3-Metho§x-3-[[(ghenzlmethoxx)carbonxl]amino]-

Z-azetldlnone
A solution of 730 mg (0.0025 mole) of l-chloro-~-
3= [N-chloro~N=[ (phenylmethoxy)carbonyl] amino] -2~
azetidinone in S ml of tetrahydrofuran is cooled
20 to -78°C and 4 ml of methanol containing 285 mg
of lithium methoxide is added. After 20 minutes at
-78°C, 0.6 ml of acetic acid and 0.6 ml of
trimethylphosphite are added. The solution is
stirred for 5 minutes at -78°C. allowed to warm
25 'to ambient temperature and stirred for 30 minutes.
The resulting solution is diluted with ethyl
acetate, washed with 5% sodium bicarbonéte,
_ . water, 5% potassium bisulfate, water, saturated
= salt solution, and dried. Solvent removal gives
30 an oil that is applied to four 20 x 20 cm x1 mm




-. Exanpl e 49 3- Met hoxy-2-o0xo0-3- | (phenyl net hoxy) car bonyl ] am nol -
‘etidi nesul fonic acid, tetrabutylamoniumsalt Method I: 5 A

0- 3-[ N-chl or o- N-[ ( Phenyl net hoxy) car bonyl | - anino]-I-aszjgipesulfonLg
cid, tetrabutyl ammoniumsalt (S)-2-0Oxo-3-[[(phenyl nethoxy)carbonyl]-

am no]--| -azeti di nesul foni c acid, tetraggtylannnniun110 salt (0.99g; see
Exanpl e 4) dissolved i-n 80 m of nethyf&he chloride is added to a mixture
(cooled to [err] of 3.17 g of sodium borate decahydrate and -11.8 ml of a
5. 25% sodi um hypochlorite solution in 70 m of water. The reaction mxture
15 i's vigorousiyicd igercpIatess> nbavetopmienicewith bemzienean i ce bath.

Af t diluti t he 1§ > W the O A ' " hat
Sol uti on. "t he prott deb€att iy AP REPTSEERROER ShTRBIBE L2 1o
portions). ConbiUitackiv® bandfof hRfefli2acgivedr 9lnpg( ofdiodd sul fate), and
| of | | n Vi Ll ' . d il (0.94 )
i oo e L i | (15 0
ani no] -1 - azet i diRReXYStAlkization Exrempether gives thesiitle
compound, melting point 112-114°c.

C) 3-Methoxy-2-oxo-3-[[(phenylmethoxy)carbonyl]~

10 amino]-1-azétidinesulfonic acid, potassium salt
A solution of 25 mg'of 3-methoxy-3-[[(phenyl-

methoxy)carbonyl]amino] -2-azetidinone in 0.175 ml

each of dichloromethane and dimethylformamide

is stirred for 24 hours with 55.4 mg of a complex
15 of pyridine~-sulfur trioxide. The resulting —

slurry is dilyted with 5 ml of cold 0.5 M monobasic e

potassium phosphate (adjusted to pH 4.5) and

extracted with ethyl acetate. The agqueous layer

is applied to a 40 ml HP-20 AG column. Elution
20 with_additional buffer, water, and water-acetone

(9:1) gives 32 mg of the title compound as an

oil that slowly solidifes. Crystallization from

acetone gives the title compound, melting point

196-198°¢C, dec. | |




(10 mM) at [err] is added a solution of 2-o0xo0-3-[N-chloro-N[(phenyl- 30
met hoxyY car bonyl ] ani nol -1 - azeti di nesul fonic acid, tetrabutylamoni um salt -/
(0.94 g) in dry dinethyl- -88- formamde (10 m ). After stirring the

m xture at -78 Cfor 1 hour, it is poured into 0.5 M nonobasi c potassi um
phosphat e sol uti on and extracted mﬁth'ﬁ%*hylene-chloride.(three 150 M S
portions). The conbi ned extracts are dried (sodiumsulfate) and solvent is
removed in vacuo to give an oil (0.83 g). The desired product is obtained
by chromat ogr aphing the oil on S|I|gaaggue(309 g) and eluting wth 4-5%

h,I A

met hanol in 10 ! Ve 513, Eﬂ 1[err:] 6 00
(S,NH), 7.27 (S, =e¥ '

3- benzyloxycarboByhenhnny-Z- ohaxg EtaﬂanbsaiébndcnasuﬁbomQtaaaxnm
potassium salt (4Q9,ny) in water is added a 0.1: Mtetra- but yl ammoni um

bi sul fate sglutl 10.9_nl, adjusted 20 to -H 4 3 with potassium
hydr oxi de) . @ TheAki xBmldlj 3=F phe -i{Dhe 2 thooe

t’he extracts areaﬁﬂﬂal“3dmeéhbﬂﬁ;?hbigai%aﬁﬁéidznesulfonic acid,
- ' tetrabutylammonium salt
J Crude 3-am1no-3-methoxy-zéoxo-l-azetidine-
sulfonic acid, tetrabutylammonium salt (431 mg,
10 see Example 74), containing borax, is dissolved
in 30 ml of dry acetonitrile. Dry pyridine
( 317 ul) is added and the solution stirred well
at -10°C under dry nitrogen. a-(BenzYonyca:bOnyl)-
W, phenylacetyl chloride (568 mg) in 3 ml of_dry
15  acetonitrile is- added dropwise. Thin layer
chromatography indicates the reaction to be
complete after 15 minutes. Potassium phosphate
buffer (0.5 M, pH 5.5, 17 ml) is added and most
. of the acetonitrile is removed ig.vécuo. The
20 residue is diluted with water and extracted
three times with equa; volumes of methylene
chloride. The extract is dried over anhydrous
sodium sulfate and evaporated in vacuo to give
1.032 g of crude product, which is dissolved in
25 3 ml of methylene chloride and chromatographed
' on a szlxca column using methylene chlorlde-
methanol to glve 470 mg of the tltle compound

To a stirring solution of |ithium nmethoxide (667 ng) in anhydrous nethanol(izgi
fo




pnt i s renmoved in vacuo to give a foam (625 ng), having spectralf
PActeristics approxi mating. those 25 of the product of Method I.
Exanpl e 50 3- Met hoxy- 2- oxo- 3-[[ ( phenyl met hoxy) car bonyl ] am no] - = W/

dzeti dinesulfonic acid, potassiumsalt 5 Method |: A)
2- Ox0- 3-[ N-chl or o- N-[ (phenyl met hoxy) car bonyl ] - am no] -1 -azeti di nesul fonic
acid, potassiumsalt To a solution of (S)-2-oxo0-3-[[(phenyl- ’
met hoxy) car bonyl ] am no] - | - azeti di nesupdeni c acid, 10 pot assi um sal t

(1.00 g; see Exanple 3) 'in nethanol (90 m.) -containing 4% sodi um bor at e

decahydrate at rrladeSqadds arye YO e e After stirring
for 2 hours at %QO-', S A f'§ cvidechoky) | ution (100

m) is 15 adQgggﬂﬁdaﬁﬁ@gﬂﬁlﬁmggﬂgggfszxpfivaz¢mgd$nag§fonichIoric

acid. After conggiiy aty. fey vent in vacuo to 30 ml, the aqueous
solution is chr 5 _ rHP-2DAG, 100- 200 mesh (200 n1;. Af ter
passage of a sol uti o ~dillrsimBigna-3nrheaylmi2(chenyima®hex®) 150 g) in
vater (100§ ) progiilqeRidne)] P tHodPL2 o -1 ozt DeiikésuBE6hiked W th

10% acet one- 0% MGLET ¢ Rkl L amdbin ‘sddt 'S A5 L0°albibE,8g™Ou - -
in 15 ml of 30% acetone: water and put through a
Dowex SQWXZ(K*fGrmJ column using the same solvent
as eluent. The total eluate is evaporated in
10 vacuo to yield 345 mg of an amorphous solid
which is lyophilized to an amorphous powder,
~melting point 100-120°c. _
Anal. for CZOHISO'N SK Calc'd: C,49.37; H,3.94

872
15 Found: C,49.08; H,4.00; N,5.58; §,6.29
Example 52

(*)-3-[[[(Cyanomethyl)thio]acetyl]amino] -3-methoxy=-
2-oxo-l-azetidinesulfonic acid, potassium salt.3

20 To a solution of 3-amino-3-methoxy-2-oxo-
l-azetidineSulfonic acid, tetrabutylammonium -
salt (414 mg, see Example 74) in dry acetonitrile
(50 ml) at -=20°C is added diéthylani;ine (210 ul)
and cyanométhylthioécety;:chloride (169 mg).

25 After 10 minutes the solvent is removed under
reduced pressure and a 0.1M solution of tetrabutyl-
ammonium sulfate (22.8 ml) adjusted to pH 4.3 |
with potassium hydroxide is added and the product
extracted with three 50 ml portions of methylene

30 chloride, dried, filtered and concentrated under
reduced préssure. The oily residue is purified
on silica gel (60 g) and the product (294 mg)
is eluted with 4% methanocl-methylene chloride.

The purified product is passed through an ion



3- Met hoxy- 2- oxo- 3-[ [ (phenyl nmet hoxy) car bonyl ] - am nol -1 -azeti di nesul fonic
aci d, ‘pot.assiumsalt To a solution of I|th|un1nethOX|de (874 ng) in dry
met hanol. (10 m) at -78 C is-added 2-oxo0- 5

3-[ N-chl oro- N—[(phenylnethoxy)carbonyl]anlno] 1- azet i di nesul f oni ¢ aci d,
potassiumsalt (857 ng) in dry di methykds+smam de (13 nm). After 15 m nutes
at -78 Cthe mxture is poured into 0.5 M nonobasi c potassi um phosphat e
solution 10 (200 M) and the pH.is_adjusted to %.5 w:th 1N hydr ochl ori c
acid. The aqueouﬁxﬁhﬁ¥ﬁ¢erF§1Ga§%§dmﬁn@ﬁ ROWrKRd Ko EOFMri Qeb(t hree 100
portions), and teﬁé@@ﬂiY%ﬁmﬂnooumnblﬁébhqte Rém&@&lgbflﬁaadéed The product
is-extracted with pethy. *g e_chl orl [ 6§ é ggrtlons) dried
(sodi um sul fate), 9tY¢$ e Th! cBﬁf&ﬁF?&?e Fﬁ g u8r°4ﬂ residual oil is
chromat ogr aphed onhelprodugelzs15ﬁrgheanQutﬁexpﬂodncozaioalnceammzoh 2- 4%

of tho prodiit  ad 00 i) (atRa LELRE sl BEneRr.  1ib; B w{t%“"???' di ssal ved

fromwater to give a solid (530 ng), nelting 25 point [err] -90- B) (izgg

i*n wat er and passeenQﬁs@ugmden :educedcpangeucelsnngége 26fmgeosom¢x2
200-400 nesh, product which is triturated with ether to
-._.' give 76 mg of the title compound, meltxng point

~ ' 110-125° C.

10 Anal. Calc'd for C8310N35206K. C,27.66; B,2.88;
N,12.10; 'S,18.44
Found: C,27.25; H,3.00; N,10.84; S,17.53

Examples 53-56 _
15 - Following the procedure of Example 42, Method
II, but substituting the compound listed in

Column I for (*)-a-[(aminocarbonyl)amino]-2-
thiopheneacetic acid, yields the compound listed
in Column II.



xq form 0.6 neqg/mnm).~Concentration of the 25 ~luate in vacuo yields
a | (30 ng), which is crystallized by scratching with acetone: [err]

_ ] 7.42 (S, 5H, aromatic), mp. [err] -91- Method I'l: A) "
| - Chl or o- 3-[ N-chl oro- N-[ ( phenyl net hoxy) car bonyl ] - 2-azetidi none A solution
of 3-[[(phenyl nethoxy)carbonyll- 5 am no] - 2- azeti di none (440 ng.,; see
Exanple 2C) in 40 nml of 4% nethanolie98erax is cooled to 0 C and O. 5 m  of
t-butyl hypochlorite is added. After 30 minutes at [err], the solution is
poured into 200 M of cold water and extracted with two 10 100 m
portions of ethyl acetate. The conbined.é;Eyl ace&é?e layer is washed with

water, dried, and evaporated ijn vagy ‘Be 54 S@of the title conpound
as an oil. 15 B 3- thhoxy-s- (phem thogyg rbonyl] am no] -
2-azetidinone A solution of 78 Ie)aoﬁ -chl oro-
3-[ N-chl or o- N—[(phenyymgthoxy) yI] ﬁha] 2- Bafletidinone in 5 m of
tetrahydrofuran is doglgd ‘_‘”t,g 278 g gl 4 nfy B et hanol cont é ai ni ng
285 ng - L. L e e 1§ vl 8
or et I & ] St a
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of lithiumnethoxide is added. After 20 minutes at [err] 0.6 m of acetic( ¢/
acid and 0.6 m of trinethyl phosphite are added. The solution is O stirred X\~
for 5 Mhutes at -78 C allowed to warm 25 to anbient tenperature and ’
stirred for 30 minutes. The resultingsolution is diluted with ethyl

acetate, washed with 5% sodi um bi carboogte, water, 5% potassium bi sul fate,
water, saturated salt solution, and dried. Sol vent renoval gives 30 an

oil that is applied to four 20 x 20 cm xI mm 92 silica gel plates.

Devel opnment with benzene- ethyl aceta cariild) 52 nd i sol ation of the nmgjor
UV-active band of R ‘ | 0 o|4_§k o i 5&1 s a|||zes from
ether to give a st >, ~t | e

conpound, neltlrmgipnlnaiﬂn diggsuxfanimgggzd.ggotasszum salt
[ [ (phenyl met hoxy) car borpy 8z i ¢ acid,
Foliding the BUEAned EE HiatipLs PLV

potassiun1sag% A sol ution qgah Eg f
met hoxy) car bahy| [M&HIRA -EL o % tituting 765 hr2e Bhid) Br onet hane
and_di net hyl formdbanﬁétwi@@é@r(%Mﬁ&ﬁ&é&&mﬁ dci@ppl ex 15
of pyridi ne-sul fur, A(D% he resul t g sI S dlLui?go&A&h 5 m of
cold 0.5 M nonoba&} ?i ‘title dompound g poin ec.

L4

~ Example 58 .
10  [3S(R4)~-3-[[[[[2,3-Dioxo-4-] (phenylmethylene)amino]~
l-piperazinyl]carbonyll]amino]phenylacetyl] amino] -2~
.pmdﬁnﬁﬁmmumuadmpuuﬁmsﬂt
(R)-u-[[IZ,B-Diox6f4-[(phenylmethiléne)amino]~
l-piper;zinyllcarbohyl]aminojbenzeneacetic acid
\ 15 (0.7 g) and (S)43~amino-2-oxo-16azetidinesulfonic
acid, tetrabutylammonium salt (0.8 g; see Example
6A) are dissolved in 20 ml of acetonitrile.
While stirring, 0.4 g of'dicyclohexylcarbodiimide
is added dropwise at 0°c. Stirring is continued
20 for 18 hours and, after filtration, the solvent
' is distilled off leaving an oily residue. The
 residue is dissolved in acetone and treated with
pot;SSImn perfluorobutane sulfonate to precipitate the
title compound. Purification by column
25 chromatography on HP-20 using water as eluent
yields the title compound, melting point 193-194°¢.




po{ assi um phosphate (adjusted to pH 4.5) and extracted with ethyl acetate.
a aqueous |ayer is applied to a 40 mM HP-20 AG colum. Elution 20

h additional buffer, water, and water-acetone (9:1) gives 32 ny of\ﬂhe
| e conpound as an oiI that slowy solidifes. Crystallization from
acetone gives the title conpound,rﬁﬁiﬂng point [err] -93- Exanple 51
3-[[1, 3-Di oxo- 2- phenyl - 3- ( phenyl net y) propyl ] am no]
3-nethoxy-2-oxo-|-azetidinesulfonlc acid, potassiumsalt 5 A 3-[[1,
3- Di oxo0- 2- phenyl - 3- ( phenyl met hoxy) i 59

‘am no] - 3- net hoxy- 2- oxo- | -azetidin cid, tetrabutyl amoni um salt
Crude 3-ani no-[BSR) . DL (BerAmkino-ed +th bazolyl) { 62+ me thoxy=2-

tetrabutyla : - E%aagég Z £ Lni ng bor ax,
i's dissol vegﬂ'|Q-jn3%l‘wfﬁég’%r!ég-%1 = ﬁ&] E ﬁet-ggll?-l s added and
the sol ution Wﬂeﬁ.ﬂy ni t rogen.

a- ( Benzyl gxycar bonyl g mxﬁf-ea-yt Sy BESxdBrhbRy Pifiing] -dry 15

111
feaction to bd=EiARISARHe ti‘eia é@é%[i‘i% Bﬁﬁey-ée“d' res the
l-azetidxnesulfcnic acid, tetrahutylammonium salt
(2.03 g; see Example 6A) is dissolved in 50 ml 7 .
of acetonitrile and 1.03 g'of'dicyclqhekYI-
10 carbodiimide dissolved in 5 ml of acetonitrile
is added dropwise at 0°Cc. After stirring for
15 hours and'fiitering off diOYClohéxyl'urea the
'solvent is distilled off. The remaining oily
residue is dissolved in acetone and treated with
1S the equivalent'amohnt'of potéssium perfluoro=-
butane sulfonate. The title compound is isolated
and purified by column chromatography on HP=-20
using water as eluent, yielding the title compound
melting poxnt 195-198 %c. '

20
Example 60

[3S(R*)]=3=1[[[[3-[[(4=-Chlorophenyl)methylene]~
'aminol-2-oxo—1-imidgéolidinzllcarbongllamino]-
ghenxlacetxllaﬁino]-l-azétidinesulfonic acid,

25 potassium salt - -

(S)=3-Amino-2-oxo~l-azetidinesulfonic

acid, tetrabutylammonium salt (1.5 g: see\Example
6A) in 100 ml of absolute diglyme (diethylene-
glycoldimethyl ether), 1.5 g of (R)=a=[[[3-[[(4- -

30 chlorophenyl)methylenelamino]-2-oxo-l-imidazolidinyl]l-
carbonyl]aminolbenzeneacetic acid, an equivalent
amount of dicyclohexylcarbodiimide, and Q.5 g of




buffer (0.5 M pH 5.5, 17 m) is added and nost of the acetonitrile is
renoved in vacuo. The 20 . residue is diluted with water and extracte
threeNtd nes with equal vol umes of nethyl ene chloride. The extract is dr
over anhydrous sodium sul fate and evaporated in vacuo to give 1.032 g of
crude product, which is dissolved in 289= 3 m of nethylene chloride and
chromat ographed on a silica col umm usi ng net hyl ene .chlori de- nethanol to

give 470 ng of the tit]e conpound, -94-
3- Di ox0- 2- phenyhygr?ﬁﬁbﬁyFﬁ§¥ﬁﬁi9}9 prepﬁqured Jﬁgether for

am no] - 3- met hoxy22neyesl.- aPRbeI dsBiveheniis emdvedtils viadosal t 3- [,
3- Di oxo- 2- phenyl

h t hgx
propyl ] ani no] - Hét ﬁggyggxﬁggel gﬁﬁé‘lﬁ'?ﬁf’&é@ﬂ A% By 8F ASER® vI armoni um
sal t (gZSKg?L }&ndlfimterddLn AEetbnefzaﬂﬁmﬁhﬂmmuﬂ offt andand putttPrFugh a
Do + . i e total
el \llj\g;(e IS~ evﬁpo?é? 5895&% 13 ggcs;égi?%aminl 20?461@1 ot ?J altﬁl}tarm-rg;hous solid
which is Iyoph|chlenids-anThﬂnﬂphuséopowaeWiﬂmgd:Mﬁ@hpéﬁﬁﬁoﬂﬁo 120 C. Anal.

kof [err] N.5. 785aPufi- BicaPbonate anBOWAen withd adfiedds’ sddiubd 5. 58, S 6.29

- chloride solution. The methylene chloride

* : - layer is dried over sodium su;fate, evaporated

10 to dryness and cr&stﬁllized by the addit;on of
ether. The compound is recrystallized from
acetone-ether. The resulting white crystalline
powder is dissolved in acetone and treated with
an equivalent amount of potassium perfluoro~

15 butane sulfonate in acetone. The title compound
precipitates and is filtered off, yielding
1.4 g of product melting point 217-222°C.

: Example'ﬁl _
.20 [3S(R*)]-3-[[[LL;:Oxo-34[(phenylmethylene)aminol-
amino]-l—azetidinesulfonic acid, potassium salt
(S)=3-Amino=-2-oxo-l-azetidinesulfonic
. acid, tetrabutylammonium salt (2.25 g; see Example
25 6A) in 100 ml of dry diméfhylformamide_(DMF).an
equivalent of dicyclohexylcarbodiimide, 2.5 g of
(R)-a-[[[2-oxo-3-[(phenylmethylene)amlno] -1-
- 1m1dazolzd1ny1]carbonyl]amlno]benzeneacetlc acid
I and 0.85 g of hydroxybenzotriazole are stirred
30 together at ambient tempefature for 12 hours.
" . After this time, DMF is removed in vacuo and
' the residue is dissolved in 50 ml of acetone.




ggp e 52 [err]-3-[[ [(Cyanonethyl)thlo]acetyl]an1no] 3- met hoxy-

o/l -azetidi nesul fonic acid, potassiumsalt.3 20 . To a solution
3/am no- 3- net hoxy- 2- oxo- 1- azeti di nesul f oni c acid, tetrabutylammoniu

salt (414 ny, see Exanple 74) in dry acetonitrile (50 mM) at [err] is added

diethylaniline [err] and cyanonet hyl thl@®@&eetyl chloride (169 ng). 25

After 10 m nutes the solvent is renoved under reduced pressure and a 0. 1M

sol ution of tetrabutyl- anmoniumsulfate (22.8 m) adjusted to pH 4.3 with

pot?SSIun1pydr?§uf ééb éﬁ"hf{F*ﬂ%oﬁﬂgteﬁéPzaﬁfgﬁnﬁhkhethre? 5? ?
portions of nme ene oride, dried. filtered and concentrate
under reduced|94éﬂﬁﬁ %g Vith AR eAuEY Bi 8% i ca gel (60 g)

and the productancit mﬁ pcstaéslv.ﬁd per flyérobubanel sukfbnaeae chl oride. The
06 mequi v o W A o AR e aR RGBS £6T0R0m Lar il 1y
purified pSoducf ethegw dmmti'@.e Leampoundr pfeeipihabesai andAG HP 20 5
0T 1S SR gt o, ROy B SRR, (0002
76 ngy of the tidisscdsting fhe rﬁgmsmg\ omtbm"/acetone and *
prec;pztating with water, yield;ng 1.5 g of
_ product, melting point 2245226 . dec.
10 _ _ _ _
Example 62
I3S(R*)]- 3-[1__IB-(Methylsulfonyl)-2-oxo-1-
imidazolidznyl]carbonyl]amino]phenylacetggl_
am;no}i-oxo-l-azet;dlnesulfonic acid, potassium salt
15 (S)-3-Amino-2-oxo-l-azetidinesulfonic acid, o
tetrabutylammonium salt (2. 2519, see Example 6A)
in 60 ml of dimethylformamide is stirred for 12
hours with 1.9 g of (R)=-a=[[[3-(methylsulfonyl)-
2-oxo-l-imidazolidinyl]carbonyl]amino]benzeneacetic
20 ° acid, 0.75 g of hydroxybenzotriazole and 2.3 g
of dicyclohexylcarbodiimide. The solvent is
removed in vacuo and the residue is dissolved
in 20 ml of acetone and filtered. The mother
liquor is treated with 1.87 g of potassium
25 perfluorcbutane sulfonate in 20 ml of acetone.
After the addition of ether, the title compound
precipitates, yielding 2.0 g of material. The
compound is purified by recrystallization from d
water and has a melting point of 240-245°c, dec.




[err] 10 Anal . Calc¢'d for [err] N,,12.10; S, 18.44 Found: C, 27.25;

H 3.00; N, 10.84; S,17.53 Exanples 53-56 15 Fol | om ng the proced

of Exénple 42, Method |1, but substltutlng t he conpound listed in Colum I
for [err][(an1nocarbonyl)an1no] - thi opheneacetic acid, yields the
conpound Iisted in Colum I1. -96--1313] - 97 - Exanple 57
[3S[err]]-3- [[2-(Methylthio)-I-oxopropyl] am no] -2-

0xo0- 1- azetldlnesulfonlc acid, potassiumsalt Follow ng the procedure of
Exanple 31, 5 Method |1, but substg&gﬁ'mg Bgrr]-2-(methylthio)- propanoic
b

acid for [err]- yields the title cqonpound,
nel ting .poi nt 1¥2 : gpnxno =2-0x0~1-

[[[[[12, 3-Di oxoaﬁetid)tmsthhﬂéeaciam bassium salt ,
DN6¥-8%51- 22L18 nesulfonic acid,
5 tetrabutylammonium salt (1.5 g; see Example 6A)
- in 100 ml of dry dimethylformamide is stirred
for about 16 hours with 1.5 g of dicyclohexyl-
- - carbodiimide, 0.5 g of hydroxybenzotriazole
| and 0.6 g of R~a~hydroxybenzeneacetic acid.

10 The solvent is removed in vacuo and the residue
is dissolved in 20 ml of acetone. The precipitated
urea is filtered off and the mother ligquor is
treated with an equivalent amount of potassium
perfluorobutane sulfonate. After addition of

N - 15 ether, the tiflé-compound precipitates and is
filtered off, yielding 1.3 g of crude product.
The product is purifiedrby chromatography
using HP-20 -and water/acetone (9:1) as eluent,
and has a melting point of'l45—150°C, dec.

20 _
' Example 64
[38(3*)]-3-[(Hydroxyphenylacetyl)amlno]-2-oxo-
l-azetidinesulfonic acid,- potasszum salt _
Following the procedure of Example 63,
25 but substituting (S)-a-hydroxybenzeneacetic acid
for (R)=-a-hydroxybenzeneacetic acid, -yields
the title compound, melting point l95e1979c.




o] -b-azetidinesulfonic acid, potassiumsalt

( ?l -[[[2, 3-Di oxo-4-[[ phenyl net hyl ene) am no] - | -pi perazi nyl | car bonyl ]

“am benzeneacetic acid 15 (0.7 g) and '\
(S)-3-am no-2-oxo-|-azetidinesul fonic acid, tetrabutylamoniumsalt (0.8 g;
see Exanpl e 6A) are dissolved in 20 m of acetonltrlle While stirring, 0.4
g of dicycl ohexyl carbodiimnide is addetl@2®pwi se at 0 C. Stirring is

conti nued 20 for 18 hours and, after filtration, the solvent is distilled
off leaving an oily residue. '..-1éssg|ssolved in acetone and
treated with pofa [

conpound. Puri it - 3£ - 0 using water
as el uent y|eIdszét&dinééuitnm$uuadLdnEbbtassm&mnBaIQ3{192)C - 98-

Exanmpl e 59 [3S(Z) T- s#%iiLﬁﬁﬁ 22250627 0§g;£§%§gg§§E?§¥ﬁlc aci d,

oxoethoxy)|n1no] acet am noj - 2- oxo- 1= pota55|un1'
salt 5 d2- we#rabuty ammondunosgle- 62e35hgxyEeeni no] - . -
el d ""52{?2‘53? o ﬁf‘n"ia JAE)ef a8y Maqie, B806 (Tl h S0 .
m of acetonltr¢# faQ# 8c3d%e9§ldlﬂethYEEPbaﬂPYFiéénﬁlssolved *
in 5 ni of acetéfétéddrhd to 0 C. (R)-o~(Chlorocarbonyl)- i
benzenemethanesulfonic acid (1.8 g) in 20 ml
10 ©of diglyme is added dropwise. The temperature
is maintained for 2 hours, the solvent is
distilled off in vacuo and the residue is
 dissolved in acetorie. .The insoluble precipitate
is filtered off and the mother liquor is treated
1s with an equivalent amount of potassium perfluoro- -

butane sulfonate. After the addition of ether,
the title compound precipitates and is filtered
off, yielding 1.4 g of crude product; melting point
240~-245°¢C dec., after recrystallization from

20 water/acetone.

Example 66 |
[38(2)~3~][(2-Amino~4~-thiazolyl) [ [ (diethoxy~
Egosghinxl)methogx!iﬁino]acetxl]amino!-2-oxo-

25 l-azetidinesulfonic acid, potassium salt
(S)=3-Amino-2-oxo-l-azetidinesulfonic
acid, tetrabutylammonium salt (2.25 g; see
Example 6A) in 100 ml of dry dimethylformamide -
is treated with 1.87 g of (2Z)~2-amino-a-[[(diethoxy-
30 phosphinyl)methoxy]iminé]-4—thiazoleacetic acid,
0.75 g of hydroxybenzotriazole and 2.29 g of
dicyclohexylcarbodiimidé for 12 hours with stirring.
The precipitated urea is filtered off and the solvent




I s added dropw

se at [err] After stirring for 15 hours and filteri

di cycl ohexyl urea the solvent is distilled off. The remaining oily
is di&solved in acetone and treated with 15 t he equival ent anmoun _
uoro- butane sulfonate. The title conpound is isolated and-

pot assi um perf |
purifiéd by col

um chr omat ogr aphy on HP-20 using water as el uent,

ng off
residd
t of

yi el di ng

the title conmpound nelting point [err$l@®=-Exanple 60 [3S(R*)]- 3- [[[[[3
_[[(4-'Cnhl orophenyl ) met hyl ene] ani no] - 2- oxo- | -i m dazol i di nyl ] car bony
phenylacetyl]anlnol-l- etldlnesul onic acjd, 25 ,.pptassium salt

(S)-3-Am no- 2-

ether), 1.5 g ¢

Fegaved, & zemaining abhi 3% abheatedh sal

chl or ophenyl ) rret"h:(ﬁ@en%‘h[éaﬁ &(?ﬁ “f]m%%z%??*iﬁt}ﬁn] After the

car bonyl | am nol

0, then tikle donpgoumd precipitates

di cycl onexyd canpediiaisiacetad 32 0 yileraind. ¥4 B by i 2ol

stirred together for hour,s.

pesidue is d|S§GP9@Eq -n Pyrification af th s crude product

10

20

25

30

by column chromatography using HP-20 and water/

. acetone (9:1) as eluent yields the title compound,

melting point,1ss-1so°c; dec.

Example 67

| ] am no] -

A

fI'T

t (1.5 g; -
see Exanpl e 6Awiith &30 edum!hld!fﬂ)laﬁdmﬂt obF nbo £ ak Sy | pEEEL @l di et hyl

e are

n vacuo and the

[38(2)]-3-[[(2-Am1no-4 thiazolyl) [[2~-(1l,l~-dimethyl~ -

ethoxy) -2-oxo-l-phenylethoxyliminolacet llamlno] -2-

oxo-l-azetidinesulfonic acid, potassium salt
(S)=3-Amino-2-oxo-l-azetidinesulfonic acid,

tetrabutylammonium salt (2.25 g; see Example 6A)

in 60 ml of dimethylformamide is stirred at room

temperature with 2.4 g of (2)-2-amino-a-[[2-

(1,1-dimethylethoxy)~-2-oxo-l-phenylethoxylimino]-

4-thiazoleacetic acid, 1 g of hydroxybenzotriazole
and 1.5 g of dicyclohexylcarbodiimide for 12 hours.
The solvent is removed in vacuo and the residue

is dissolved ig S0 ml of acetone. The precipitated
urea is filtered off and the mother liquor is
treated with an equivalent amount of potassium
perfluorobutane sulfonate. After the addition

- of ethe:) the title compound crystallizes and

is filtered off. Purification of the compound
is achieved by HP-20 column chromatography using
water/acetone (7: 3) as eluent, yleldlng l g of
product, melting poznt >250° (o dec.




and filtered. Acetone is distilled off and 5 the residue is dissolved in
T yof net hyl ene chloride. The solution is washed wi th aqueous sodi um

@m ate and then with aqueous sodium chloride solution. The nethyle_p

chliori llayer is dried over sodlunysulfate evaporated 10 to dryness and

acet one-ether. The resulting white crysfalline powder is dissolved in
acetone and treated with an equival ent anount of potassium perfluoro- 15
butane sulfonate in acetone. The tgkhmpmenpeund precipitates and is
filtered off | ] 1 of . ‘ [-222 C. Exanple 61

20 [3S(R*)] - A8 4 ' 32947011 di ny!
carbonylIamluﬁixgggggggxLdﬁxnohaceg?lﬂaazabﬂdenesnkmmmaetwdnne-pota55|um
salt (S)-3-Am é di Hﬁfgg ¢ acid, tetrabutyl ammoni um salt
(2.25 g; see ry dlnethylfornan1de (DVF), an

equi val et of d|cycloﬁ%kyatkmtnmw2ncue-lzasegzdﬁneﬁpléonzc acid,
[ [ 2- oxo- 3- [(phﬂﬂiﬁim%@ﬂnﬂ%ait (1.9 g; sge Example 62)

i m dazol i di nyl nol benzeneacetic~acid and
hydr oxybenzot r %z{ﬁ) @QW By °@‘B§é§ﬂen“sattr&ﬁf9$n!‘"'tt&1§eﬂaﬁjre for 12

hours. After tdusxz)4u>aﬁlﬁb+&~[ennvedtraznaeseyaﬂdthb&yn&ﬂﬁﬁuq4 S
di ssol ved '“fﬁ)éﬂzéiofé éé%ic acid, 0.7 g of hyd:oxybenzotriazole
10 and 1.4 g of dicyclohexylcarbodiimide with stirring
for 24 hours. After the solvent is removed in vacuo,
the residue is dissolved in acetone and the pre-
cipitated urea filtered off. The mother liquor is
treated with an equivalent amount of potassium
15 perfluorcbutane sulfonate in 10 ml of acetone.
The title compound is precipitated'by the addition
of 200 ml of ether. Purification is achieved by
BP-20 column chromatography using HP-20 resin and
water as eluent and yields 1.05 g of product,
20 melting point 250°C, dec.

Example 69
. [35(2)]-3-[[(2-Am1no-4-thiazolz1)[(Ehenzlmethoxx)-
_ 1mino]acetyl]am1no]-2-oxo-1-azetxdlnesul£on1c aczd,
25 potassium salt
(S) =3-Amino=-2-oxo-l-~azetidinesulfonic acid,
tetrabutylammonium salt (1.5 g; see Example 6a),
1.23 g of (2)-2-amino-c-[(phenylmethoxy)iminol=4- -

thiazoleacetic acid, 0.57 g of hydroxybenzo-

30 triazole and 1.14 g of dicyclohexylcarbodiimide
are stirred in 60 ml of dimethylformamide at
room temperature for 24 hours. The precipitated
urea is filtered off, the solvent removed and



-100- The precipitated urea is filtered off and the nother liquor is “q
‘treated wth an equival ent anmount of potassium perfl uorobutane sul fongate. i'n
20 nl Nof acetone. After addition of 100 mMl 5 of-ether, -the title co
precipitates and is filtered off. Purification is achieved by dissol ving

t he conpound in DMF/ acetone and preci |5'|1t°§t‘| ng wwth water, yielding 1.5 g of
product, nelting point [err] 10 Exanple 62

13S(R*)]-3-[[[[[3-(Methyl sul fonyl)-2-oxo-1 -

i m dazol i di nyl ] gaebgesiias tekatedy witht wn equivalent amount of

am no] - 2- oxo- | - azeti di,nesul f ani c_aci ot ' sal,

(S)-3- Anmi no- 2- 028- P—sﬁé'g’t“i EFﬁggﬁPfBﬁP%aé% cf?lﬁ@#‘ry&t?utl)tﬂ é‘%mmnji uong salt (2.25g;

| _ieg Exa][rpI(eR) 6A) 'acegﬁﬁem hartérnthleylaﬂdlirta'.minj@ﬁ 204 imdr @f fefther, hours with
.9 go -a- A IR . .

SRR iﬁ%??%a§é§E$ ,QWP?8f68%§§ﬁ§§eeﬁi;f tered 4 0.75 g of

hydr oxybenz8t r i @£8| andnds2pyrdfapddbyy HPoiR0x Rodams FRGAMAS  The sol vent is

renoved . in VaCUQoﬁ?ﬂphgeubiﬁbduﬁtbi/gbi%ﬁhﬁﬁq§:Q)ZQdﬂelﬂéﬁ£¥ﬂOne and

#iltered. The nni ﬁr | Fquor Ts treated wth_1..87 g af um 25

per f | uor obut ane¥28 Fléyﬁgtg Hn°§0mﬂ‘l"eé'§"&6em}é‘.inﬁf g&“’t‘ﬁ%u vf et her,

the title conpound : ' ,

: ‘Example 70 : .
10 [3S(2))1-3-[[(2-Amino-4~thiazolyl) [ (carboxymethoxy) -
imino]} ace_tyl] amino] -_2-oxo-1 -azetidinesulfonic acid,

potassium salt (1:1) ,
[35(2)]1-3-[[(2~-Amino-4-thiazolyl) [[2- (diphenyl~-
methoxy) -2-oxoethoxylimino] acetyllamino]-2-oxo-1-
o 15 azetidinesul fonic acid, potassium salt (1:1) (1.3 g;

see Example 30) is mixed with 5 ml of anisole.
At -15°C'25 ml of trifluoroacetic acid is added
and the.mixture is stirred for 10 minutes. Ether
(100 ml) is added slowly at -10°C and subsequently

20 50 ml of petroleum ether. The precipitate is

- suspended with-cooiing in 20 ml of water and
adjusted to pH 5.0 with diluted potassium
hydroxide. The product is purified by chroma-
tography on an HP=20 column, yielding 3.0 g of

25 the title compound, melting. point 230—235°c,'ggg.




precipitates, yielding 2.0 g of material. The conpound is purified by
tallization fromwater and has a nelting point of 240-245 C, dec.
Exanple 63 [3S(R*)] - 3- [(Fydroxyphenylacetyl)an1no] 2- oxo-1- . <
axet ydi nesul foni c acid, potassium salt

(S)=3- Am no- 2- oxo- | -azeti di nesul foni c acid, 5 tetrabutylannDnlun1saIt
(1.5 g; see Exanple 6A) in 100 m of dlqsdlnethylfornan1de is stirred for
about 16 hours with 1.5 g of dicycl ohexyl- carbodiimde, 0.5 g of

hydr oxybenzotriazole and 0.6 g of R-a- hydroxybenzeneacetic acid. 10 The
solvent is renoved in vacuo and thegpggahtiderys dissolved in 20 Al of
acet'one. The preC|-|tated urea |s fTTTE$9U‘UPf | iquor is
treated with anl# : [ b2rimi 2L onat e.

After addition rﬁétﬂ&x )etmi idili?né]ééet DF&Qﬂﬂd]PEGGbcal-la-TaQ%taadnbs-
filtered off, nﬂg or_crude Dro Eg?"TﬁE“bToaUct 'S puarriied by
chronatography (9:1) as eluent, and has a
mel ting poiSnt of 145- EﬁmﬁnulgecthéOpﬁueﬂhreGdf Example 28, _

135(5)1- 8- [ ( Myl O Bbse¥ L€ Ry (2L 29%hm€a028= [ [2-0x0-2- (phenyl~-
methoxy) ethoxy] imino) -4-thiazoleacetic acid for
(Z)=-2-amino-a~[[2-(diphenylmethoxy)-1l,l~dimethyl-
2-oxoethoxy] imino] -4-thiazoleacetic acid, yields

10 the title compound, melting point ca. 170%¢, dec.

Example 72

{3s(2)]1- 3-[[[(Z-Amino-z-oxoethoxy)Lmzno](z-amlno-

4-th1azoly1)acetyl]am;no}ﬁ—oxo-l-azetzd;nesulfonic
15 acid, potassium salt

_ --—-\‘Followzng the procedure descrlbed in Example

28, but substituting (Z)-2-amino-a~[(2-amino-

2-dxoeth0xy)imino]f4-thiazoleacetic acid for

(Z)-Z-amino-a-[[2-(diphenylmethoxy)-l,l-dimethyl-
20 2-oxoethoxy]imino] -4~thiazoleacetic acid, yields

the title compound melting point 205—210°C, dec.

Example 73 -
[35(2)])-3-[[(2-Amino-4-thiazolyl) (hydroxyimino)-
25 acetyll]aminol- 2-oxo-1-azet1d1nesu1fonlc acxd,
potassium salt ' -
A solution of 0.6 grams of 90% hydroxy- -
benzotriazole in 100 ml of dimethylformamide
_ is stirred for one hour with 10 grams of 4A
‘30 molecular sieves, filtered, and the filtrate
added to a solution of 0.004 mole of (S)-3-amino-
2-oxo~-l-azetidinesulfonic acid, tetrabutylammonium




1-azetidi nesul fonic acid, potassiumsalt Follow ng the procedure of Ex mMle
63, 25 but substituting (S)-a-hydroxybenzeneacetic acid for .
(R) - a-\aydr oxybenzeneacetic acid, -yields the title compound, neltlng po
[err] . Exanmpl e 65 [3S () ]-2-Oxo- 3- [(Phenylsulfoacetyl) am no
azetidinesul fonic acid, potassium sal t=-}0i7-2)

(S.) - 3- Ani no- 2- oxo--azetldlnesulfonlc acid, tetrabutylamoniumsalt (2.25
g; see Exanple 6A) in 100 m of dry dlglyne 2.4 g of triethylam ne and 0.3

benzenenet hanesulf ok Loos, BepdPhe %‘35’ 19, i fé@?ag‘“%%é"f?iﬁﬁéh)

dropwi se. The teh%bT%ﬂQm¥n¢sﬂﬂﬁhH aoxsam#op)z4nﬁh#§z dfent is
distilled of f i nayagupg agel hezéeaadue, zouaﬁehvs9 leheaaaaqrﬁcn The

i nsol ubl e precipi aén%ts f| red off and t thér liquor is treated 15
with an equival € %b?&i%PUﬁFﬁéFFFBS@&lmBGFaneT§6Ifonate Af ter

the additi org of mmm:etm §tii-£edoﬁﬁﬁuaﬁoﬁteﬁGphbﬁi'§$ abdpbyaltdd ered of f,
Vheronrd 1 had oln e RS e FERLRYH BTRAVEA a5 s o
_ acetone and f;ltered. ‘The addition of a solution
- o of potassium perfluorcbutane sulfonate causes
the title compound to precipitate. Chxamatography
- 10 on BP-20 resin yields 0.44 g of product, melting
point - >240%c.

Example 74
N 15 3-Methoxy—2-oxo-3-t(Z-thienylacetyl)amino]-l-
'~ azetidinesulfonic acid, potassium salt |
A) '3-Am1no—3-methoxyr2-oxo-l-azet1d1nesulfon1c
acid, tetrabutylammonium salt '
(f)~-3-Methoxy-3-[![ (phenylmethoxy)carbonyl] -
20 amino]-2-oxo-l~az2tidinesulfonic acid, tetra-
butylammonium salt =~ (143 mg, see Example 49) is -
dissolved in 15 ml of dry methanol. Na234o7 10 H,0
(12 mg, 0.1 equiv.) is added, followed by 10%
palladium on carbon (72 mg). The mixture is
25 hydrogenated at one atmosphere pressure for 15
minutes. The catalyst is removed by filtration -
and the filtrate evaporated in vacuo, yleldlng
114 mg of the tltle compound.




xanple 66 [3S (2)-3-[[(2-Am no-4-thiazolyl) [[(diethoxy-

q gsphi nyl ) met hoxy i m no] acetyl ] am no] - 2- oxo- 25 1-azetidi nesul fonic

cid/ potassiumsalt (S)-3-Am no-2-o0xo-I|-azetidinesulfonic acid, "
t ‘abut yl anmoni um salt (2.25 g; see Exanple 6A) in 100 m of dry
dimethyl formam de is treated with 1.87 g of (Z)-2-am no-a-[[(diethoxy- 30
phosphi nyl ) met hoxy] i ni no] - 4-t hi azol eak@8+c aci d, 0.75 g of
hydr oxybenzotriazol e and 2.29 g of dicycl ohexyl carbodiimde for 12 hours
with stirring. The preC|p|tated urea is filtered off and the solvent
-103- renovedgyn YAAE: [
anount  of pota Si gnrpe y < ) ; . :
the additi on SERe&ARa 144 O 1.4 . RO = “~Ht|s filtered

of f, yielding 2. 7739-n%fth q%ﬁq!w-tz-ofdﬂl-fdfﬁiﬁhééuiPbﬁiéggdgl E;gf‘UCt

by colunn chronatograph HP- 20 and wat er/ acetone
yields the tifF& COH"ﬁé'ﬁy &315’51 e (102 gy %) @iggO1lved

[3S(2)) - 3- 5[(inA&Dnﬁi4tha&yohthhdﬂi%ﬁﬁld (MU?¥|%?rzdxne
ethoxy) 2- Oxo(kspgeﬂile&goﬁﬁhegln%ha%§:IJ&iut;Jn is stirred
well at -10° Cc under dry nltrogen. ThLenylacetyl
chloride (44 ul) in 1 ml of dry acetonitrile
is added dropwise. In 1S mznutes the react;on
10 is complete as shown by thin layer chromatog:aphy.
Potassium phosphate buffer (0.5 M, pH 5.5, 4.2 ml)
and tetrabutylammonium sulfate (8.5 mg, 0.1 equiv.)
are added and most of the acetonitrile is removed
in vacuo. The residue is diluted with water and
15 extracted with three 20 ml portions of methylene
"chloride. The extract is dried over anhydrous
sodium sulfate and evaporated in vacuo to yield
107 mg of a gun. The crude product is purified
by chromatography on silica gel using methylene
20 chlorlde-methanol. yielding 66 mg of the title
compound.

l-azetidinesulfonic acid, potassium salt
25 ' 3-Methoxy-2¥oxo-3-[(2-thienylacetyl)amino—
l-azetidinesulfonic acid‘tetrabutylammonium
salt (154 mg) is dissolved in 3 ml of 30% | -
acetone-water, passed through a column of
Dowex 50W-X2 (K* form) and eluted with the .
30 same solvent. The total eluate is evaporated
in vacuo to yield 95 mg of product which is.




0x0-1-azeti di nesul fonic acid; potassiumsalt 15 *
(S) - 3- Ami no- 2- oxo- 1-azeti di nesul fonic acid, tetrabutylamoniumsalt (3
g; se&Exanple 6A) in 60 mM of dimethylformam de is stirred at room -

tenperature with 2.4 g of (Z)-2-amno-a-[[2- .

(1, 1-di met hyl et hoxy) - 2- oxo- | - phenyl et hgygld M no] - 20  4-thi azol eacetic
acid, 1 g of hydroxybenzotriazole and 1.5 g of dicycl ohexyl carbodiim de for
12 hours. The solvent is renpved in vacuo and the residue is dissolved in

50 m of acetone dei)rempltated urea is Itered of f ang t.he not her
liquor is 25 ° Mht%rﬂ%’ﬁ% 39| IRTR Eﬂtp?)\" BEr B8t 5ART -
perfluorobutanqggiﬁéqua£13 ¢er the addition of ether, the title conpound

tall d f d. of f h d
by bR 20 cof uminsl ottt EIEReF 1ot Bé‘ﬁaﬁer/écé?oa£°?3"§§‘93'sse?ﬁe'nfve
yielding 1 g of prodec?,82el8$;X.8%i nt[err] -104- Exanple 68
[35(2) 1- 3- [ [ 2- Anln gPaglaqe 5)4é(l§+%e6§gfﬁg7. 2y|ge%9og¥) m no] acetyl]

|

.am no] -2-oXo-|-azet’idlne- onlc acf assiunf saf
65) - 3- Ami no- 2- oxo- | - azeti di nesul fonic acid, tetrabutylamoniumsalt (1.9 g;

see Exanple 6A) in 60 m of dlnethyqégéﬁg@d¢5|s treated with 1.4 g

- . [38(2))-3-[[(2-Amino-4-thiazolyl)l (carboxymethoxy) -
| 1mino]acetxl]amzno]-2-oxo-1-azet1d1nesulfonic ac;d!
10 potassium salt
[3s(2)]- 3-[I(2-Am1no—4-th1azoly1)Ilz-oxo-z-
(phenylmethoxy)ethoxy]1m1nq]acetyl]am1no]-2-oxo-
l-azetidinesulfonic acid, potassium salt (0.1 g;
. see Example 71) is dissolved in a mixture of
— 15 5 ml of ethanol and 5 ml of water and hydrogénated
at room temperature in the présence of 0.2 ¢
of 10% palladium on charcoal. After 2 hours
the catalyst is filtered'off'and the remaining
solution is freeze-drled yielding the title compound.
20 ®.p. 235°(dec.).

Example 76
3-[[(S)~- [(Aminocarhonyl)amzno]-z thienylacetyl]l-
am;no]-3-methoxy-2-oxo-1-azetzdznesulfonxc acid,
g_;ass;um salt, isomer A |
25 To a solution of 3-amino-3-methoxy-z-oxo-l-
' azetzdznesulfonzc acid, tetrabutylammonzum salt
(277 mg; see Example 46, method 'II, part A) in
15 ml of dry acetonitrile at -20°% is added
- pyridine (71 ul) 0.888 mmole) and (D)-Z-aminp-4-
30 (Z-thienyl)-s-(4H¥-dxazoline-hydrochloride_(166 mg) .
The mixture is stirred fqr'lo minutes and a second




. S 2-am no-A-[ (I H-tetrazol -5-yl net hoxy)i m nol - 4-thiazol eacetic acid,
0. t of hydroxybenzotriazol e 10 and 1.4 g of dicycl ohexyl carbodiim de
ithAtirring for 24 hours. After the solvent is renoved in vacuo, tRg
rdue is dissolved in acetone and the pre- cipitated urea filtered off.
The nother liquor is treated with an eguival ent anourt of potassium 15
per fl uorobut ane sulfonate in 10 L% etone. The title conpound is
“precipitated by the addition of 200m of ether. Purification is achieved

by EP-20 I t 1 4si P-20 [ Mat ent and
Jields 1,05 g ot prasE P0"BpFvating 1Pt Ginll 4 AR S 6k 48
[3S(2)]-3-[[(2-%¢ added hidErey|angthere il minuses -the solvent iS_

i m noJ acetyl | any@fidved OXfddr aFedicid Qe dAide aHd hhe residiy assiumsalt
(S)-3-Am no- 2-0éo-l -azeti di nesul foni c acid, tetrabutyl anmoni salt (1.5 g;
see Exanpl e 6A) ,"i?%gv oF? (Z)WREETIRRELNY M%t%ﬁﬁﬂﬁsrﬂ -4-

t hi azol eace$i c etrougld). & iprfesyttimyey hewin ml tAG SOW-X29/K+ 1. 14 g of

(€-1)
di cycl ohexyl carfgg‘gi i Bh" gﬁ, aﬁ%l: ti Eﬁg | 4 ' v] f ry_f;? q‘t at room
tenperature for ! t?our s.0 e§brﬁeC| pl#;togg ﬁqreegjalt? fi teref%ro ,° %ne
sol vent renovediapdgives jgmixture of di;stereomers (248 mg) .
The product is purified and the diastereomers
separated on Diaion AG HP 20 (130 ml) and eluted with

10 water. Isomer A is eluted in fractions 23-28 (30 mg),

)

and isomer B in fractions 35-45 (30 mg) (8 ml fractions).
The middle fractions (10 mg) are combined with fractions
from other runs and a total of 35 mg of isomer A and
59 mg of iéomer-B is isolated. | _
15 Anal. for isomer A, m.p. 158-165°C. o
Calc'd: Cy;H) 3N 0,8, K"1/2H,0 | |
C, 31.05; H, 3.29; N, 13.18
Found:C, 30.95; H, 2.97; N, 12.98
Anal. for isomer B, m.p. 160-170°C(dec) .
20 Calc'd for C,,H,;N,0,8, K-1/3H,0
¢, 31.05; H, 3.29; N, 13.18; S, 15.05
Found:C, 31.17; H, 3.09; N, 13.13; s, 15.09
Example 77 .
3fMethoxy-2-oxo-3-[(phenYlsulfoacetyl)aminoj-l-' '
25 azetidinesulfonic acid, dipcﬁassiuﬁ salt

To a stirred solutiqn of crude 3-amino-3-
methoxy-z-oxoél-azetidinesulfdnic acid, tetrabutyl-
ammonium salt (366 mg; see Example 74A) and 38 mg -
of borax in 35 ml of dry acetonitrile at -10°C

30 under nitrogen is added 0.53 ml of dry pyridine -
followed by a two minuﬁe addition of a solutioﬁ
of a-sulfopheﬁylacetyl chloride monoetherate

35



the residue treated with an equival ent amount of potassi um perf| uorobléiﬁﬂ

sul fonate in 10 nl of acetone. After the addition of 200 m of ether, _
titl e gonpound precipitates, is filtered 5 off and is purified by HP-20
colum chronma- tography using water/acetone (9:1) as eluent, yielding 1 g
of material, nelting point [err] Exanpildl?0 10 [3S(2)
-3-[[(2- Am no-4-thi azol yl)[ (car boxynet hoxy) -
i m nol acetyl ] am nal-2-0xQq-I|-azetidinesul fonic, acid, potassiumsalt (1:1)
[3S(2)]-3-[ [ (2- AdfRomg) ¢ APaBom} P AqefpHemALe neth 20, minte®x] i m no]
(130 coe DXanme ) e e S 25 i of
.3 g; see. Exanple s, m_xed wit _ 0 isol e. t - 0
trifluoroaceti CQSSF&'*as"ﬁBe&éaW& ﬂé ﬁj&ﬁé‘. sztﬂ"rtraeﬂf"fA‘ﬁ'f 10 m nut es.
Et her (100 nm) phosghHatiesbafiferat TeErr@bautgylanmaetientiydrsygen 50 ml  of
pet r ol eumeet her PregehPitat § o | 3% in 20 m of '
wat er and s‘:dj ungé-Eggeplﬁgg.bohgst %sdﬁdﬁée%geapr}’g%\g E‘%’# rémri}"l%de. The product
is purified by ewtoaatedoghxpiey timesn wirlymekliylene whlaide3. 0 g of 25
fhe title conpogid. mEehiiBAePehibrdde 43°@ridRe (sodivhd Ful fate)
and evaporated to give 685 mg of crude product.
s . The crude product is combined with 115 mg
: 10 of crude from a second run and the combined material
is purified on a column of SiliCAR CC-4 using
methylene chloride and then 2,4,6,8 and 10% methanol
+ in methylene chloride as eluent. The product, a
mixture (about 6:1) of racemic diastereomers in
15 the tetrabutylammonium salt form, is converted to
the potassium salt by passage through Dowex S50W-X2
(x* form) resin using 20% acetone in water as
solvent. The product is lyophilized yielding
171 mg of the title compound, melting point
20 205-210°c, dec. |
. Anal.. Calc'd for ClzﬁlzNzogszxz'Hzoz c,29.51; H,2.89;
N'5¢74; 5'13010 )
Pound: C,29.45; H,2.74; N,5.51; S,12.82

25 | Example 78
3~ [ (Carboxyphenylacetyl) amino] -3-methoxy=-2-oxo-
l-azetidinesulfonic acid, dipotassium salt
- 3-[[1,3-Dioxo=-2-phenyl-3-(phenylmethoxy) -
. propyl]lamino]-3-methoxy-2-oxo-l-azetidinesulfonic
- 30 acid, potassium salt (39 mg; see Example 51) is
- dissolved in methanol (5 ml). Anhydrous potassium




i 'aI e 71 135(2)]-3-[[(2- Am no-4-thiazolyl)[[2-0x0-2-( henyl -

n't{t)xy) et hoxy] i m no] acetyl ] am no] - 2- oxo- 1- azeti di ne- sul fonic acid, _
pot g6sium salt 5 Fol |l owi ng the procedure of Exanple 28, but W,
gyStituting (Z)-2-am no-a-[[2-oxo-2-(phenyl - _

met hoxy) et hoxy] i mi no] - 4- t hi azol eacetield@rd for '

(2)-2-am no-a-[[2-(di phenyl net hoxy) -1 ,1-dinmethyl -

2- oxoet hoxy] i m no] - 4-t hi azol eacetic acid, yields 10 the title conmpound,
nel ti ng poi nt earbanate, (3.8 mg)aapdc193 padladium om carbon

(2- Ani no- 2- oxogi §oxy¥) | #80hdedhAad the! Miktdrd iaC Hyddogenated

am no] - 2- oxo-| -azetTdi nesul fonic 15 %m d,. .potassiumsalt Follow ng the
procedure desc?FLREMPSPRERIC Bregsupe fox, 20 minutgs. The catalyst

(Z) - 2-am no- a- 1§ 2remdwed Byofdtthaxipnmand| the! Fiidtalatrecis c acid for

Z) - 2- angno- a- - (di ph | hoxyl-1.l.-disnet hyl - 20 :
(2- one?ﬂ%gg] ?r#%%?égi'?ﬁ?gigl Oxy%oagf'aihynlgepégstsﬁe :teﬁll%u%orrpound mel ting
point [err] Exbd$lmgyY3whdehzis- BybphilAzedots- ani amorphaus dr oxyi ni no)- 25
acetyl | am no] -Zs ",'ﬁéﬂ:%ﬂ'g“ 8Eh&om:'7§'igb?80§%&qssj umsalt A solution of -
enz

0.6 grans of Yo hydr oxy- trirazole 1n of dinethylformamde is
stirred for ordnaburfeFi@y38,9PaNpS0K24A038 H Q8| CodiP2rR0s dick. 187 )
filtered,and the filtypge3asdgg7i@3a solution of 0.004 nole of (S)-3-amno-~ ;

10 Found: C,35.51; H,2.96; N,6.29; S,6.92

. Example 79
[3s(2)1-3=[[(2-Amino=-4-thiazolyl) [{2~(l,l-dimethyl=-
ethoxy)-1-(methylthio)-2-oxoethoxy]iminojacetyl]-
15 amino}j2-oxo-l-azetidinesulfonic acid, potassium salt
Following the procedure of Example 73,
but substituting (2Z)=-2-amino-a~-{[2-(1,l-dimethyl-
ethoxy) -1- (methylthio)-2-oxocethoxy]imino}~4-
thiazoleacetic acid for (Z)=2-amino=-a-(hydroxy=-
20 imino)-4-thiazoleacetic acid, yields the title
compound, melting poiht 130%, dec. '

th



2-0xo-1-azetidinesul fonic acid, tetrabutylamonium -107- salt (see
Exanpl e 6A) in dinethylformam de. (Z)-2-Am no- :

- a- (hydeoxyi mino) - 4-t hi azol eacetic aci-d (0.89 g) is added, followed by th
addition of 0.91 g of dicycl ohexyl carbodiimde. The 5 m xture is stirred -
for about 16 hours, evaporated in vacupgifnd the residue dissolved in 20 n
of acetone and filtered. The addition of a solution of potassium

.per fl uorobut ane sul fonate causes the title compound to precipitate

Chromat ography 10 on HP-20 resin yE 16.88 g of product, neltlng poi nt

Z?gglglnggﬁrPLﬁléfgﬁfﬁﬂﬂgg %fﬁ) { e£ﬁ3x§7éﬁfﬁbﬁ9§§¥hlﬁ83QQL 1-

3- Ami no- 3- net hoexP=lpazgetidinesylfienic cacid scpgtassipmngal ammoni um sal t
[err]-3- Methoxy- 3- [[(ﬂﬂﬁand£E3£KB%0£%s Y6f 2-390-3-[N—chloro-N-

" am noj - 2- oxo-1| -azeti di nesul foni c aci ra- butyl anmpni um (143

nmy, see ERanple &&thﬁykﬂ%ﬁhﬂaxﬁ94#P92yLda@ﬁﬂﬁlylnﬁ?ﬂ&ﬁéFneSR§§BE6? 10 H20
(12 ny, 0.1 eqwacﬂa;stéxkkshtixﬁdmaﬁih@ysiﬂ&bpeébaﬁxumpna 48apodn( 72 ny).

fhe m xture is- %E%\%ﬂ %#_ﬁ id%c%at onedeat{rosgogiedpggss%e fg;‘d15 m nut es.

The catalyst is
- 0.73 N 1ith1um n-butoxide (3.8 ml) in an-butanol

: is added at -78°C. After 15 minutes, 0.5 M monobasic
10 potassium phosphate buffer is added and the ‘product
extracted into dichloromethane (three 40 ml -
portions), dried over sodium sulfate, filtered
and concentrated in vacuo to give 179 mg of
the corresponding tetrabutylammonium salt of
U 15 the title compound.

To a solution of 109 mg of the tetrabutyl-
ammonium salt in acetone is added perfluoro-
butylsulfonic acid, potassium salt (60 mg)
in acetone. The solvent is removed in vacuo

20 and ethyl acetate is added. The product
crystallizes and is collected and dried.to
yield 66 mg of the title compound. melting
poznt 186.5~187.5° C, dec. -

&

25 . Examole 81
(3% (E) ] -3-Methoxy=-3- [ [ (methoxyimino) [2- [ [ (phenyl-
methoxy)carbonyl]amino}-4-thiazolyl]acetyl] -
= ' amino;z-oxo-l-azetidihesulfonic acid, potassium salt

A suspension of 3-amino-3-methoxy-2-oxo-
30 l-azetidinesulfonic acid, tetrabutylammonium salt
 (Example 46, Method II, part'A) (0.175 mmole)
and sodium borate (0.0175 mmole) in 2 ml of



filtrate evaporated in vacuo, yielding 114 ng of the title

d. -108- B) 3-Methoxy-2-oxo0-3-'[ (2-thienylacetyl) am no] -1-
i nesul fonic acid,' tetrabutylamoniumsalt . NS
t hoxy- 3- am no- 2- oxo- | -azeti di nesul fonic acid, tetrabutylanmonium salt
(102 ng) is dissolved 5 in 10 nl of «dleacetonitrile. Dry pyridine [err]
is added and the solution is stirred well at -10 C under dry nitrogen.

Thi enyl acet yl E&%ﬁh@% ﬂﬂﬁﬁé15%rﬂoéﬁiékéiégéﬁgn*iﬁhlgﬁ E added dr opwi se.

In 15 mnutes t reactl o |l ete as 1 ayer -

chr omat ogr aphy. oﬁopagédumwpmaﬁﬂﬂxkﬂﬁnnnq;e(@f5(ﬁa-pf+@eShoxyz n) and

t et rabut yl ammonijmingy I.fza.t (chenyline thdxFred Pamifsy-g0d nost of the
acetonitrile is re éiy' n vacuo. The eS|d |Iuted th water and 15
extracted with |QH%9§ﬁ Eﬁ% HAQWF eletRhe extract is

dried over anhydﬁ.mnodjwraﬁlﬂﬁ‘éd av ittt mﬁm@lﬁhm«a@ua to yield 107 ny

isi ng ot hyl anc ABBREReR: WhER Jefbee f'i‘;‘r%ﬁ’#%%tﬁ%ﬁ%?hifﬂ ‘Q##P"io?él)uhd

C  3- Met hoxy- 2wuxhrga¢@r.thaaqﬁa#§§3sak£nrdqied, i evapstatedic acid, - .
potassiumsalt jin yacuo. The residue is purified on_nallxnckrodt
SilicAR CC-4 silica gel (20 g) to give 43 mg SR
10  of the corresponding tet;ahutylammoniuﬁ salt of

the title compound.

The tetrabutylammonzum salt (43 mg) is
dissolved in 0.5 ml of acetone and 20 mg of
potassium perfluorobutane Sulfonate in 0.5 ml

‘15 of acetone is added. After addition of 3 ml of
ether the solid 'is collected and dried in vacuo d

to give 28 mg of the title compound melting
point 144-146°C, dec.

20 | Example 82
[3* (2) ] -3-Methoxy=-3-II[ (methoxy:.m:l.no) [2-[[(phenyl-
methoxy)caqu_y;;amlno]—4 thlazolyl]acetyl]amlno]-
2-oxo-l-azetidinesulfonic acid, potassium salt

Foilowing the procedure of Example 81, but
25 substituting (2)-a-(methoxyimino)=-2~[I(phenyl-
methoxy) carbonyl]lamino] ~4-thiazolylacetyl chloride
'for_(E)-a-(methquimino)-z-[[(phenylmethoxy)-
carbonyl]amino]-4fthiazblylacetyl chloride,
X yields the title compound, melting point-168-l72°C,
30 dec.

a



25 3- Met hoxy- 2- oxo- 3-[ (2-t hi enyl acetyl )am no- 1-azeti di nesul fonic/~.
acid tetraputyl anmoniumsalt (154 ng) is dissolved in 3 m of 30%

acet ore-wat er, passed through a colum of Dowex 50WX2 [err] and elute
with the 30 sane solvent. The total eluaie is evaporated in vacuo to yield

95 ng of product which is.  -109 - I'yophilized to give an anorphous
powder, nelting point 120-135C. Anal. Calc'd for[err] N, 7.82; 'S,17.89 5
Found: C,33.46; H 3.08; N, 7.92; S, 17.64 e 75 -

[3S(2)]-3-[[(2-Am no- 4- th|azolyl)[(cgaﬁﬂﬁaéﬁgggxy)

i mi no] acetyl | am 3e]({ARdxa=~I{-[{4eEithiyled, F-ahicoxarel b ifér a@impl) 4m sal t
[3S(2)]-3-[1(2-Am Aobhiazal wl o QX 1R5 R _a. 9o

(phenyl net hoxy) e '?8 &ﬁh 8 Sty ql TOT™ ]fmgm.];3, ea e Foni ¢ aci d,
pot assium salt (Q@X@=d-as I-A,ﬂug-fJ;'d~ giids potassitm sakkure of 15 5 ni

of ethanog and 5 m of T\aahegtgﬂ.e@/g gﬁlgneqiiato g@ture in the
charcoa er

presence of 0.2 3 of ,10% pal | adi um_on ours the catal yst
n

is filtered off AnARiRE~ PeW&FﬁpﬁgTaﬁQ$91iT§%$?¥4&§§§Qﬂ LS idFHing t he
title compound. tetrabutylammonium salt (Example 46, Method II,

part A) in 30 ml of dry acetonitrile at -20°¢c .
s under nitrogen is added 242 pl of dry pyridine
i0 followed by a solution of 352 mg of (R)=a-[[(4-
ethyl-2,3-dioxo-1l-piperazinyl)carbonyllamino] -
phenylacetyl chloride in 4 ml of acetonitrile.
After 1 hour 84 ul of pyridine is added followed
by an additional 117 mg of the above named acid
. 15 chloride in 1 ml of acetonitrile. The reaction
is stirred for 20 minutes, diluted with 24 ml
of 0.5 M pH 5.5 monobasic potassiuh phosphate '
buffer and concentrated in vacuc to remove
acetonitrile. The agqueous remainder is extracted
20 ‘three times with methylene_chioride and the combined
extracts are dried (Naésd4) and evaporated |
leaving 546 mg of residue. Passage of the residue
through a silica gel column using methylene
chloride and then2%, 4% and 6% methanol in
25 methylene chloride, prdvides_two fractions
(285 mg and 173 mg) of the corresponding
tetrabutylammonium salt of the title compound.
. Passage of the 173 mg'fraction through
« 4.5 g of Dowex 50-X2(K*) resin using acetone-
-. 30 water as eluent yields 119 mg of the title _
.. compound. A 104 mg portion of this material is-



[err] Exanple 76-3-[[(S)-[(AmM nocarbonyl)am no]-2-thi enyl acetyl]-
3- net hoxy- 2- oxo-| -azeti di nesul fonic acid, potassiumsalt, isoner A
To a solution of 3-am no-3-nethoxy-2-o0xo-1- azetidi nesul foni

aci d,” tetrabutylammoniumsalt (277 ng; see Exanple 46, nmethod I, part

in 151 of dry acetonitrile at -20 C.is.added pyridine (71 ul) 0.888

mol e) and (D)-2-ani no-4- 30 (2-thi eMAY™5-(4H)-oxazol i ne hydrochl ori de
(166 ng). The mixture is stirred for. 10 m nutes and a second -110-
al i quot of pyraghDeed 74ola) cODUmAX @20 HPN Q0N ré®)in Srnddadky Af ter anot her

10 minutes the_solvept js [eppved under reduced perssure and the residue is
di ssol ved in asm%?ggeietﬁiﬂégg??tm'& H&tﬁfggd %etqqﬁ ddyh an i on- exchange
resin (20 mM AcatédVaRd Ki0soacetdne 400 wate)) yildlds #0 aig the water from
fractions 2-3 gives a nixiure of diastereoners & duct is
purified and t%% §$%§?€¥e%#e$sm§§§3%§t3§g623D§'iéﬁﬁﬂgghﬁég§ M) and

eluted 8 th 10Lyoplikizatignnef aAhes 68 mgefriactiionctyiiedds?>® 28 (30 ny), and

(107hg) Care coprianmeting p0iHW 173 Mr20AC ) s fotal of 36 g of - _
i soner A and- . - '
, - Example 84 o : .
N- (3-Butoxy-2-oxo-l-sul fo-3-azetidinyl)-2-phenyl- 4
10 acetamide, tetrabutylammonium salt

Following the procedure of Example 80, but
substituting N¥chlo:o-N-(2-6xo-l-$ulfo-3-azetidinyl)-
2-phenylacetamide; tetrabutylammonium salt (see
Example 47A for preparation of the corresponding

15 potasSiuh salt) for 2-oxo-3-[N-chloro-N-[(phenyl- <
methoxy)carbonyl]amino]-l-azetidinesulfonic
acid, tetrabutylammoﬁium salt,'yields the title
compound'as an oil: nmr (CDC13) 3.62 (s,Zﬁ,CGHSCHz).'
4.03 (aBq,2H,v=7cps, C-4 CH,), 6.98 (s,lH,NH)
20 and 7.30 ppm (S,SH,CGHS).

Example 85 _
(R) -3-Methoxx'-2-oxo-3- [( g'henxl acetyl) aminol-1-
azetidinesul fonic acid, potassium salt '

25 AlM solution of d’Methylfomamide-sulfur'
trioxide complex is prepared by the slow addition
of trimethylsilyl chlorosulfonate to dimethyl=~
formamide at 0°C followed by evacuation at 0.1 mm

for 30 minutes at 0-25°C. Under an argon atmosphere, - v
30 50 mg of (R) -N-(3-methoxy-2-_oxo-_l-azét:'i.dinyl)- _ .
phenylacetémide is dissolved in 0.2 ml of anhydrous T

dimethylformamide and cooled to 0°C. Cold 1M



59 ng of isoner Bis isolated. 15 Anal . for isonmer- A, mp. [err] Calc f
[err] .C, 31.05; H, 3.29; N, 13.18 Found: C, 30.95; H 2.97; N, 12.98 Anal
for isomer B, mp. [err] 20 Calc'd for [err] C, 31.05; H, 3.29; N,
13.18; S, 15.05 Found: C, 31.17; H 3.09; N, 13.13; S, 15.09 Example 77

3- Met hoxy- 2- oxo- 3- [ (phenyl sul f oacetyl )am no] -1- 25 azeti di nesul fonic
~acid, dipotassiumsalt To a stirred seiug+on of crude 3-ani no- 3-

met hoxy- 2- oxo- | -azeti di nesul fonic acid, tetrabutyl- amoniumsalt (366 ngy;
see Exanple 74A) and 38 ng of borax in 35 m of dry acetonitrile at [err]

30 under nltrogen I S Zf?% 5§§£1ﬁﬁi th BkQHQes‘ydﬂlﬁﬁp by a two

mnute addition ofdimesh eny acetyl chlori de nonoet herate
35 (348 ng) in gord28mhreisnaddede. thetBixeore dst s+imFedol vent is

removed in vacua ggﬁu?ferséé#ﬁdl ‘%&Fat SHeW tl? ﬁi e of. 50:,5 MpH 5.5

pot assi um phosphat anmoni um hydrogen 5 . sulfate (383
ng) is added and thenab§$&¢ePQEaéitﬁchbﬁsphﬂéé-t|ﬁ@§ wedt i@ty | ene

chlor|de 5 is extracted twice with dichloromethane (discard)
4 and 73 mg of tetrabutylammonium bisulfate is
- ‘added. Extraction with dichloromethaqg (three
10 ml portions) gives a viscous oil after drying
and evaporation in vacuo. Chromapography on
10 Mallincrodt CC-4 silica gel (50:1) "using‘2% methanol
in dichloromethane .as eluant gives 34 mg of
(R) -3-methoxy-2-oxo~3-[ (phenylacetyl) amino] -1~
azetidinesulfonic acid, tetrabutylammonium
; salt. Ion exchange on Dowex 50W-X2 (K+, 10
15 equivalents) give the title potassium salt after
lyophilization of the aqueous eluate: melting
point 130%, dec., [a]D=+52° (C=0.5, water).

Example 86
20 (S)=3-[[[{[(1-Ethyl-4-hydroxy-3-methyl- lH-pyrazolo-
[3,4-blpyridin-5-yl) -carbonyllamino]lphenylacetyl] -
amlno]-2-oxo-1-azet1d1nesulfonlc ac1d, potassium
salt :
. Following the procedure of Example 73, but
25 substituting a-[[(l-ethyl-4-hydroxy-3-methyl-1H-
pyrazolo[3,4-b]lpyridin-5-yl) carbonyl] amino] benzene=-
" acetic acid for'(Z)-Z-amino—a-(hydroxyiﬁino)-4-thia-
o zoleacetlc acid, ylelds the tltle compound, melting
- point 233-236°C, dec.




Thene | ene chloride is dried (sodiumsulfate) and evaporated to.give 685
ny ot de product. The crude product is conbined with 115 ng 10 of
cride ffoma second run and the conbined material is purified on a colugr

| CAR CC-4 using nethylene chloride and then 2,4,6,8 and 10% net hanol
in met-hyl ene chloride as eluent. The product, a n1xture (about 6:1). of
racem c di astereoners in 15 t he P@ﬂﬂabutylannnnlun1salt form is
converted to the potassiumsalt by passage through Dowex 50W X2 (K+ form

resin using 20% acetone in wat er asEﬁgh gat g7The product is |yophilized
yielding 171 n‘gﬁ)f > titd 20 . e_rr] Anal .
Cal.c'd for [err
Exanpl e 78 3-[ (fask
1- azetidi nesul f
3-1[ 1, 3- Di oxo-

propyl]a51no]:%3ﬂ&|ghv—*~u‘ ) = ;-fs‘fonlc 30 aci d, potassium

salt (39 ng; see Exa“i%ea?’ﬂalvhéxdhséf' ‘(Gﬁ-his?eﬁhie vl amiinb-7-Anhydr ous
pot assi um -112- canponate 3,9 ng_ a _AL pal | adi um n car on_
. ‘methoxy-3-methyl 8 ox 5 thza l-azabicyclo {4 Oloct

2-ene-2-carboxylic acid (650.mg) and sodium
bicarbonate (191 mg) in water is added a slurry

10 (11 ml) of commercial grade Raney nickel (0.6 g/ml),

' which has been washed to neutrality with water. .

The mixture is lowered into an oil bath preheated
to 170°¢ ahd proceeds to reflux in 2-3 minutes,
while maintaining the bath temperature at

15 150-170°C. After refluxing for 15 minutes, ~
the reaction is quenéhed-by cooling in an ice
bath. Catalyst is removed by filtration through
Celite and the filtrate (pH 11) is adjusted to
pH 2 with 1 N hydrochloric acid. After extracting

20 the agueous solution five times with ethyl acetate,
. the combined extracts are dried (NaZSO ) and

solvent is removed in vacuo- to give an oil
(487 mg). Chromatography on silica gel yields
the product (eluted in chloroform) as an oil

25 (381 mg) . -

B) 3-Acetylamino-1-(-1-(acetyloxy)-2-methyl (propyl)]-
(3R)-3-methOXy-2-okoazetidine | -
\;f‘§<mhe above azetidinone (464 mg)'is dissolved '
30 in dry acetonitrile (15 ml) and the solution is
purged with argon for 15 minutes. Copper acetate
(359 mg) is added, stirred for one minute to
dissolve the salt, and the lead tetraacetate’




20 m nut es.

(19 ng) are added and the m xture is hydrogenated at atnospheric press @
for ' The catalyst is removed by filtration and the filtrate z

evapdcated in vacuO to yield a glassy residue (34 ng) which is Iyophilized
to an anor phous powder, nelting point 178-190 Cdec. Anal. for C

N, 6.32;,. S, 7.23

79 [3S(2)]

[err]

10 Founds C3fb51; H 2.96; N, 6.29; S, 6.92 Exanple

-3-[[(2-Am no-4-thiazolyl) (2-(I; |-dinmethyl- ethoxy)

-1 - (et hyl t hi 0) - 2- oxoet hoxyl i m no]acetyll- 15

am noj

title conpound,
[err]-3- Butoxy

oxo-| -azéti di neﬁﬁrﬁ nCcfacl 5 pinutesum Thi mm iden ada‘lor&a my of

2- oxo0- 3-[ N-chl ogg- dbo? £ _room temperat
4 (phenyl et hoxy ca on

N 2-0><]9-|E;(@1917id' mesglfaaha.?c'tmiuao 2 B 0 ety -
procedure o ut. supstitutin amno-- i met hy
~ethoxy) -1 - (met hggg#]iﬂ) %?ggt ﬁg?yf"ﬂ'?ﬁtﬁ'&%%- 1% acid for

(2) - 2-am no- a- (bgdtheyredbtion iisi maliséd biya Z.Qi

HH: eny?3 g%ﬁé ?gg‘%g%ﬁd] gﬁ% ,?l@gqrg)ede Ry

fltered ugh
onic aC|

%am n(ék zetl nes%
t et r abut yl ammonFehitel angsehe i{'rﬁPE is washed well with

&

10

o 15

20

acetonitrile. Solvent is removed in vacuo
from the combined filtrate and washihgs.’ The
residue is taken up in water, and extracted
four times with ethyl acetate. The combined
extracts are dried (Na,S0,) and solvent is
removed in vacuo to yield the desired product
as an oil (382 mg).

C) (R)=-N-(3-Methoxy=-2-oxo-l-azetidinyl)acetamide
The above ©0il is dissolved in a methanol

(10 ml):water (1 ml) mixture, cooled in an
ice-methanol bath at -10° to -159C and potassium
carbonate (194 mg) is added followed by sodium

- borohydride (53 mg). .After stirring at -15° to

25 ~

30

-8% for 110 minutes, solvent is removed in vacuo,
the residue is taken up in water and the solution
is adjusted to pH 6 with 1 N hydrochloric acid.
Exhaustive extraction with ethyl acetate, drying
(Na,SO,), and removal of solvent in vacuo yields
an oil (224 mg). Chromatography of the oil on
silica gel, eluting with 5% methanol:95% methylene
chloride giving an oil (169 mg). The title
compound crystallizes from ether-pentane to give
131 mg of material, melting point 106-112°C
(sintering 103.5%C).

i 8ot inued Iaw ng the

t ehcifilasgk el ds t he



di met hyl formam de-is cooled to -78 C and 0.73 N |ithium n-butoxide
) in n-butanol is added at -78 C. After 15 mnutes, 0.5 M nonobasic
pot assi um phosphate buffer is added and the product extracted i ntQ,
di chl oronet hane (three 40 ml portions), dried over sodiumsulfate, filtered
and concentrated in vacuo to give 179 ng of the correspondi ng
t et rabut yl anmoni um salt of 15 t he~k3Q+ e conpound. To a sol ution of 109
ng of the tetrabutyl- amoniumsalt in acetone is added perfl uoro-

butyl sul foni c mid,m:)mm m{md-ﬁﬁ-md as%saaa-ﬁsﬁakﬁsm s

renmoved in vacuo 20 agoed; oav
crystallizes aRf= ield 66 nmy of the title

Eggpolugdmm[?'e';l ng p(l\)/gﬁgeﬁﬁxﬁ a'h%?.nﬁ ez?&,z 50 m% of
netﬂgxy)carbonJ )a %?iﬁmiﬂéﬁ%%ﬁiﬁaéfgfgaéxoliigzeEXélne

am no- 2-$x0- 1- dsetpleiceds dinf @nifl sk chmi)(no:smdmtcam?CA shspeMsi on of
3- am no- 3- math 0 jé,f%ﬁ%"ﬁi S

tetrabutylannnnluﬁﬁga aﬁggxmﬁth éga#u artt€§6%ﬁd?75 nnnle) and .
sodi um borate COmplex mmoldé)nemhxiﬁﬂmﬂude d(cﬂﬁdnbhewahbem [err] is -
treated with 23adba and the solution is stirred for 15 minutes.

The contents of the flask are then poured into
10 = 40 ml of 0.5 N K,APO, soultion and extracted
twice with 10 ml of methylene chloride. Tetrabutyl-
ammonium sulfate (1.2 equivalents) is added to
the aqueous solution and the resulting mixture
is extracted with four 10 ml portions of methylene
15 chloride. The extracts are then dried over : <
Nazso4 and concentrated to afford 39 mg of
product. The tetrabutylammonium salt is
converted to the title potassium salt by passing
it through a column of Dowex 50-X2 (K*).
20 Concentration of the aqueous fraction gives
19 mg of the potassium salt, with identical NMR
spectra to that prepared in EX46Ib and by isolation
from natural sources (Ex. 165).




of pyridine and 0.175 mml e of (E)-a- (nethoxy-

i m no) - 240{ (phenyl met hoxy) car bonyl ] am no] - 4- t hi azol yl acetyl chlori de.

After 1 hour, the 5 | mxture is dlluted wi t h di chl or onret hane and
guenched mnth water. The organic |ayer irs washed with water,, saturated
salt, dried, and evaporated in vacuo. Thejhgsidue is purified on

Mal | i nckrodt SilicAR CC-4 silica gel (20 g) to give 43 ng 10 - of the
correspondi ng tetrabutyl ammonium salt of_the title conpound. The
tetrabutyl ammoni um salt (43 ny) is EX®Ple-88in 0.5 M of acetone and 20 ny

of pota55|un1perttpnsopunﬁiubﬁh&ﬁfﬁiﬁétyinShfhdﬂ-35methox?¢2€6ﬁﬁeﬂﬂ i's

added. After auw ({ VR Uy SWUSLERY LIU S rortectedamd—dried in
vacuo to give 283agti¢inesu q g Rt 144-146 C, dec. 20

Exanpl e 82 [err] BUthhoxy 3- [[(nethoxy|n1no)[2 [[ (phenyl -
4=t Ry |

nethoxy)carb h%g -
2- 0X0- I-azet ul brfcedure of

Exanpl e 81, but aib-l-azemtﬂineanlggg§é3acd y&%sfgniﬁghggy
?en:a?g)c()iiucﬂ lralg)nylz] ([fjIm ;r)](r)\iené?'{ t hoxy{ wﬁﬁ%ﬁu i gir#%f [ azf?n{' acet yl
chtoride, vyiel dsa® t?ﬂ wanmenive saly b@ﬂ?}tm!% 249 Ex dec.
' " 74A) is dissolved in 20 ml of dry acetonitrile.

10 To the well stirred solution at -20°C under dry
nitrogen are added dry pyridine (167 nl) and
s~azidophenylacetyl chloride (96 nl). After 20
minutes, 0.5M pH 5.5 monobasic potassium phosphate
buffer (12 ml) is added and the acetonitrile

15 removed in vacuo. The aqueocus residue is
extracted three times with nmethylene chloride.

The extract is dried over anhydrous sodium _
' sulfate and evaporated in vacuo to give 281 mg -
of crude product as a gum. This is purified

20 by chromatograppY'through a column of silica
gel (30 g) using methylene chloride and mixtures
of methylene chloride-methanol up to 6% methanel,
and yielding 231 mg of the title compound.

ot

25 B) (+)-3-[(Azidophenylacetyl)amino)-3-methoxy-2-
oxo-l-azetidinesulfohic acid, potassium salt
(¥)~3-[ (Azidophenylacetyl) amino] -3~methoxy-
° ) 2-oxo-l-azetidinesulfonic acid, tetrabutylammonium
- salt (231 mg) in 308 acetone: water (15 ml) is
3o' passed through a column of Dowex 50W-X2 (x* form: 3 ml)
and eluted with water. The total eluate is
evaporated in vacuo to give a colorless glass

(v



le 83 3- [[(R) -a- [ [(4-Ethyl-2 3-dioxo-1-piperazinyl)-
rbpnyl ] am no] phenyl acet yl ] am no] - 3- net hoxy-2- oxo-|-azetidi nesul fonic

a , potassiumsalt 5 To a stirred solution of 0.69 nmole of

3- am no- 3- met hoxy- 2- oxo- 1- azeti di nesul foni c acid, tetrabutylamoni um salt
(Exanpl'e 46, Method Il, part A) in 301§é of dry acetonltrlle at [err] under
nitrogen is added 242 pi of dry pyridi follomed by a sol ution of

352 mg of (R) et hyl 3-.di.oxo- | era2|n car bonyl ] am no] -

phenyl acet yl @%a[o%(géeﬁsn 41n1§' Qorqo T8 qour 84 ul of

%ri di ne |h|s MQfeoldtO\MSbyzmugddld |8mai1 Jc’tﬂu:m cdfthe ab?ve ngrr]ed agi)d
chl or, 0 > irred for

m nut es, dil lﬁ?%? \ﬂ%# ?Egrﬂta% %g"*ll "}% Vi um phosphat e

buf fer and cdlicmgtlo@todll i m%mmtﬁasmrmm ‘aqueous

renalnder I S a4 téqg éa%é? de and the

conbi ned extracts ahgdg??gdl ﬁa an evaporate eaV|ng hg of

resi due. Pa¥hegd df “FGSF-GU 10| ¥aGK9)si ng

met hyl ene chlaqy m@cam e 2He mw thaﬂpla iHem3hydratdlet hyl ene .

chl ori de, prOV| tion 5 Ny and 173 ng) of the corresponding *
tetrabutyla sRP?nﬁfﬁﬁﬁe iﬁh ‘conpound.

Analysis for Cj,H, ,N O.°K- .5 H,0: Calc'd. c, 35.90; -
10 'H, 3.26; N, 17.45; s, 7. 93
Found: C, 35.34; H, 3.07; N, 17.24; S, 8.02

: " Example 89 '
3-[ (Azidophenylacetyl) amino] ~3-methoxy~-2=oxo=1=-
15  azetidinesulfonic, potassium salt, isomer A
‘The 1:3 mixture of racemic diasterecmers g
obtained in Example 88B is allowed to stand in
deuterated water at room temperature, and isomer A
crystallizes. After refrigeration, the mother
20 liquor 1s removeqd, and the crystals (28 mg) are
dried 1n vacuo at 40° C, melting point 130%¢, dec,

as a mcno-deuterate. :

- Example 90
[3*(3*)]-3-[[[1(4-Ethy1 -2 3-dioxo-l-pzperaz;ny1)-

25 carbonzl]amino|ghenzlacetzl]am1no]-3-metho§x-2-

oxo-l-azetidinesulfonic acid, potassium salt

To a stirred solution of 3-amino-3-methoxy-
2-oxo~l-azetidinesulfonic acid, tetrabutylammonium
salt (0.69 mmol; see Example 74A) in 30 ml of dry

30 acetonitrile at -20°c under nitrogen:is added
242 uyl of dry pyridine followed by a solution of °

]



Passage of the 173 ng fraction through 4.5 g of Dowex 50-X2(X+) resin usinéj:za
acetone- - 30 water as eluent yields 119 ng of the title conpound. A

104 ngwportion of this material.is applied to a colum of HP 20-AG resin

in water. Sequential elution with water,5% acetone in water and 10% acet one

in water .yields 60 ng of product as a n1xture (ca. 1:1) of diastereoners. 5
Lyophi l i zation of the 60 nmy fraction yr&R3s a solid, netling point 171-172

C, dec.” Exanpl e 84 N-(3-Butoxy-2-oxo-|-sulfo-3- azetldlnyl) 2- phenyl 10

gcet am'bde_, t et r38RImYg hamm(ml ya-spf (44-‘§J&1imz1gs-tmxumqipl eratinyd)pl e 80,

ut substitutin c 0- -0X0

2- phenyl acet am%e'% Hﬁfﬁ%mftﬂﬁsﬁf %bgce‘e rﬁ#l Aazf"l]A“?%r preparation
of the correspmt@iﬁile. Nmmm;)sc wl of pyri’dine

2-oxo-3-[ N-chl g qsﬁn R |
-1-azeti di nesuqf on| c aci t et rag{f ]?Q?n%n umé'sa?fjlrg y| eicdis the title
conpound a$ an M ine, PM%%MPW The Fegghiors. 93 (s, | H NH) -

20 and 7. Xk m:&%di*ﬁdiﬁffﬂ miniey ecﬁ&utea with 24 ml
(R 3 Wet oy 2% G904 Seoll 60 el 056 Wil o' © 201 @
- buffer, and concentrated in vacuo to remove
acetonitrile. The agqueous remainder is extracted
10 three times with methylene chloride and the
combined methylene chloride extract is dried
(Nazso4) and evaporated to a residue (546 mg).
Passage of this material through a column of
8ilicAR CC~-4, using methylene chloride and then
U 15 2%, 4%, and finally 6% methanol in methylene
' chloride provides two fractions (285 mg and
173 mg) of purified product in the tetrabutyl-
ammonium salt fom.
Passage of the 173 mg portion through 4.5 g
20 of Dowex 50-X2 (K+) resin using acetone-water
yields 119 mg of potassium salt. A 104 mg portion
of this material is applied _to' a column of HP20-AG
resin in water. Sequential elution with water,
5% acetone in water, and finally 10% acetone
25 in water provides 60 mg of product as a mixture
(ca. 1:1) of diasterecmers and 21 mg of product as
a mixture (ca. 9:1) of diastereomers. Lyophili-
- zation of the 60 mg fraction yields the title

-

> _ campound, melting point 171-172°C, dec.
_ 10 Analysis for clgazzusogsx H O Calc'd: C, 41.23;
-- . H_' 4.37' N' 12 65' S, 5 78

Found: C, 41.39; H, 4.12; N, 12.38; S, 5.63



- A 1M sol ution of dinethylformam de-sul fur trioxide conplex is
r'z?pa ed by the slow addition of trinmethylsilyl chlorosulfonate to i
Noei/hyl - formam de at O C foll owed by evacuation at 0.1 mm for 30 m nyes
at 0-25 C. Under an.argon atnosphere, 30 50 nmg of

(R) - N- (3- net hoxy- 2-oxo-1 -azeti di nyl )=_l Iagnyl acetam de is dissolved in 0.2
m of anhydrous dinethyl fornmam de and™Cooled to 0 C. Cold 1M

di met hyl f or mam de-sul fur -trioxide solution (0.428 m) is added, the m xture

bhosphat o TrEYSRE Zaéllin ot Efle | 24 tnd Sefactlofl p1018R EHAT C P7. SsStum
(di scard) andtitlenrcapaund aineltingopeintblilria@eCr sd@gded. Extraction

w th dichl oromgi?gfs( € 19 ' _GOoSkigne) ObNES'd:Vescous2gi!l after
dryi ng and evapor ationfﬁ@v’a%u%z. omat ®gr aphy on 10 & Mal Ti ncrodt CC-4
silica gel (50:1) U3t rfty38% Mt hkhio®3in di chl or onet hane. as el uant gives 34

ng of (R)s 3- met hoxypPdumd0- L] (4heay} arpt4Ll1byiNp]22:28z¢eti di nesul fonic
Saui val ont o) ot ve HEPHEREHE nr Se TAFE BT PReP IR o FRERRL O o 1he -
aqueous el uatbutylzmmoniypwisal § orith Mowexc5@6X2 (K ) provides
145 mg of potassium salt, which is combined with .-
the remaining 15 mg of the aforementioned 119 mg )
10 portion of Dowex resin derived potassium salt.
Passage of this material through EP20-AG, as
already des'cribe:d} provides an additional 31 mg
of produét as a mixture (ca. 1:1) of diasterécmers
and an additional 42 mg of product as a mixture
15 (ca. 9:1) of diasteréomers. The total amount W
- of (1:1) mixture of diasteréomers is 91 mg, and '
the .totfil amount of (9:1) mixture of diastereomers
is 63 mg.

20 | Example 91 o
"[35(2))-3-1[ (Methoxyimino) [2-[ (phenylmethoxy) -
y1] -4~-thiazolyl]acetyl]amino]-2-oxo- .
. _l-azetidinesulfonic acid, potassium salt
To a solution of (S)-3-amino-2-oxo-1-
25 azetidinesulfonic acid, tetrabutylammonium
salt (0.170 mmol; see Example 6A) and sodium
borate'(0.170 mmol) in 2 ml of methylene chloride
at 0°¢ is -added pyridine (62 ul) and (2)-c-(methoxy-
imino)-2-[ [ (phenylmethoxy)carbonyl]amino] -4~
30 thiazoleacetyl 'chlo:ide (0.51 mmol). The reaction
mixture, after 40 minutes, is diluted with
methylene chloride and water, followed by 0.1 M




20 (S)-3-[[[[(I-Ethyl-4-hydroxy-3-nethyl-IH pyrazol o-

[ 3, 4-b] pyri di n-5-yl ) - car bonyl | am nol phenyl acetyl ] - 2

am nok=2- oxo- | - azeti di nesul foni ¢ acid, potassiumsalt Follow ng the
procedure of Exanple 73, but 25 substituting
a-[[(I-ethyl-4-hydroxy-3-nethyl-lH =437 :

pyrazol o 3, 4- b] pyri di n-5-yl ) carbonyl ] am no] benzene- acetic acid for (2)

-2-amno-a- (hydy %Paﬁut,ﬂ %?l@%&ags}f%%o)g@lgs the title

conmpound, neltlng poi n
(R) - 3- Acet yl amﬁﬁo%hﬁt-ho%%ﬂmmaﬂ e sepaxatied and|, pot assi um

salt A) 3- ACGR&E&@anilth[ wateih Oy %s‘?efd‘%o(?i R Easf) 7-acet yl ani no- 7-

(3R) - 3- net hoxy- 2- oxoazet i di ne TO a sol ution o

. met hoxy- 3- rretﬁ;?l ugtedot9. PH; - "&Z’*&B’ Sptnzated G'Jld@"( sodiam- 2- car boxyl i ¢

?CI d m(§350f §0) a:hdo&eaeurrubu.earboe&teogl%( I‘s‘ﬁ)l.fh}te\fyatﬁ&ﬁei'ﬁdwba sl U”K éo
11 of co c Ran cke I C as been washe
to neutrali ty%h §,59§P@$ﬁg n&m I %ﬁ&rg |"ﬁ?“8 &T oil bath pr eheat ed

to-[err] and ppucdfdedt onr SildeARNCE~3 siddcasgelhi(1® gdi @ndi ni ng the bath

Fepoti on 15 QUERENBISEYCost Prgc fian 108 nuehiicl fmethyleld €2, 11C

10 The tetrabutylammonium salt, after dissolution
in acetone/water, is passed through an ion-exchange
) resin (8 ml, AG 50W-X2, K' form 100-200 mesh).
Removal of the water in vacuo from fractions
1-2 give 40 mg of the title compound
. 15 melting point 172- 174%%, dec.
- Analysis for C,,H, N-O,S,K-H,0: Calc'd: C, 37.84;
H, 3.33; N, 12.99; s, 11.87

Found: C, 37.95; H, 3.30; N, 12.73; S, 11.53

20 _ - Example 92 .
(¥)-3-Butoxy~-2-oxo=3~[(phenylacetyl)amino]-1-
azetidinesulfonic acid, potassium salt

A) 3-IChloro (phenylacetyl)amino]-2-oxo-l-azetidine-

,) ' 25 sulfonic acid_ tetra.bu’tzlamonium salt
A solution of (S)-2-oxo-3-[[phenylacetyl-

amino}~-l-azetidinesulfonic acid, tetra-
butylammonium salt (350 mg) in
methylene chloride (3 ml) is added to a suspension
of sodium borate (1.27 g) in a 5.25% solution of
sodium hypochlorite (4.72 ml) and water (20 ml)



are dried
Chr omat ogr
an oil 25
- 2- et hyl (

\Cat al yst

[err] and solvent is renoved in vacuo to give an oil (487

i s removed by filtration through Celite and the filtrate (pH
d adjusted to pH 2 with 1 N hydrochloric acid. After extracting 20
afjueous solution five times with ethyl acetate, the conbined extrao@;

ng) .

aphy on silica gel yi el ds +h26product (eluted in chloroform as

(381 3- Acetyl am no- 1- (- 1- (acet yl oxy)

ny) .
Pr ogybblﬁg) IS%SL 1, B S RS oeasd i 27015 1) ang

azetldlnone

t he sol uti onphespbaged (R5t mlar g-@nafdglemand ritee suixt@oreks acet at e (359 ng).

i s added, st the | ead
t et raacet atehk&ggcfta& ‘iﬁfe@ %%lagt adﬁw\ﬁﬁﬁie ar gon cofr?tuljnues to bubbl e
t hrough the 9%t BlePOF é°PE|’rper Fhe oTganiG: extgag ze [dxiadi by | owering

t he flasg
15 m nut es

lnbOeanseahubakblzatebeaha&e@aaIﬂﬁdﬂdvﬂaﬁaﬁaaééd 55-65

C for

' . ,The m xt wed t roomte ature, filtered
t hrough Cel i £8 E&E%g% P?’Y@ Eﬁadmﬁs %ag:??r?d t&ﬁ%lll %‘oni trile. Solvent

is removed in vacuo fromthe conbined filtrate and washi ngs. The

10

15

20

30

B) L;)-3h8utaxyb2bbx0h3bglpheny1acetyllamihgghl-
azetidinesulfonic acid, tetrabutylammonium salt
A solution of 3-[chlorophenylacetyl-
amino]~l-azetidinesulfonic acid,
tetrabutylammonium salt (344 mg) in dimethyl-
formamide (S ml) is added to 0.73 N n-lithium
butoxide in n-butanol (6 ml) in dimethylformamide
(1 ml) at -78°C under an inert atmosphere. After
10 minutes the mixture is diluted with 0.5 M
monobasic potassium phosphate solution (175 ml).

After extracting three times with methylene
chloride, the organic extract is dried over sodium
sulfate, filtered, and the solvent removed in vacuo.
The residue'is purified on SilicAR CC-4 silica

gel (80 g) and the title compound (130 mg) ‘is
eluted with 4-8% methanol in methylene chloride.

c) (¥)-3-Butoxy-2-oxo-3-[(phéenylacetyl)amino]-
l-azetidinesulfonic acid, potassium salt
'(i)-3~Butoxy-2-oxo-3¥[(phenylacetyl)amino]-
l-azetidinesulfonic acid, tetrabutylammonium salt
(43 mg) is dissolved in a water-acetone mixture

(9:1) and placed on a cation exchange column
(Dowex AGMP S0W-X2, 100-200 mesh, 5 g, K  form).

=

®

r



10 residue is taken up in water, and extracted four tines wth ethyl <115L)
acetate. The conbined extracts are drled [err] and solvent is renoved in '
vacuo\}o yield the desired product as an oil (382 nmg). 15 C (R -N
( 3- Met hoxy- 2- oxo-1-azetidinyl) acetam de The above oil is dissolved in a
met hanol (10 m):water (1 nml) mxture, cooled in an ice-nethanol bath
at[err] and potassium 20 carbonate‘%l@ﬂ ng) i s added foll owed by sodi um
borohydrige_(SS ng). After stirring at [err] [err]. for 110 m nutes, solvent
-is renoved in vagcuo, the regidu ssta 0 wa solutlon IS
adj usted to pH %%ﬁ|9ﬁ°§“ﬁ#h ﬂrSEH# Egg §8t2§ an gg? V& extraction
mnfh(géZyl ?Cetebecedt;angd[tnri;en tengiwe 20 mgl efnthenti%deo yiel ds an
oi ny : [ Pi.ca gel, eluting with 5%
hidin g ﬁBQ%& £nf i2931§5 9 9 | 9

met hanol : 95% ne grving an ng The title 30
conpound crystaﬂhﬂivgiﬁrGniefdefopeﬁigﬁggﬂgogﬁﬁellQ gﬁ-ofcnaﬂérﬁéﬁ,
mel ting poi 5t [err] H,” 4296; Dh 6:95; S, 7.94

R) - 3- Acet yI
éait cetyl am no- nEtunéy 24 7gzet|d|n$6'sulf8n58 agld7 ggta55|um
. : Exzmglé 93

(£) -3-Ethoxy-2-oxo=-3~[ (phenylacetyl) aminol=1-
10  azetidinesulfonic acid, potassium salt
3-IChloro(phenyiacetyl)amzno]-z—oxo-l-
azetidinesulfonic acid, tetrabutylammonium salt (200 mg;
see example 92A) in dimethylformamide (4 ml) is added
to 0.5 N lithium ethoxide in ethanol (12.20 ml)
N 15 at -73°c under an inert atmosphere. After 10
minutes the mixture is diluted with 0.5 M
monobasic potassium phosphate solution (15 ml).
After extracting three times with methylene '
chloride, the organic layer is dried over sodium
20 sulfate, filtered and the solvent removed
| ig_vécuo. The residue is purified on SilicAR
CC-4 silica gel (20 g) and the tetrabutylammonium
salt of the product (40 mg) is eluted with 2%
methanol in methylene chloride.
25 The tetrabutylammonium éalt_is dissolved
in a water-acetone mixture (9:1) and placed
on a cation exchange column (Dowex AGMP 50W-X2,
o ' 100-200 mesh (5 g, K form)). The product_is_
© _ eluted with water and the eluate concentrated
30 in vacuo to give 25 mg of the title compound,
| melting point 94-96° C.
Analysis calc'd for C13 lsuzossxz C, 42.62;
H, 4.10; N, 7.65; S, 8.74 :
Found: C, 40.36; H, 3.66; N, 6.77; S, 8.44




nHE? an argon atnosphere, 50 ng of - -

- 3~ acetyl am no- 3- net hoxy- 2- oxo- 1-azetidine 5 is placed in a flask
and cooled to [err]. A 1 Msolution of dinethylformam de-sul fur trioxidg
conplex in dinmethylformamde (.95 nl) is then added and the solution is
stirred for 15 mnutes. The contents of the flask are then poured into 10
40 mM of[err] soultion and extracted +128< With 10 m of nethyl ene
chloride. Tetrabutyl- amonium sulfate (1.2 equivalents) is added to the
aqueous solution and the resultjng.niituri is extracted with four 10 mi
portions of nethylene 15 ~ch e extracts are then dried over
Na2S04 and Comsemzu}Lsd[IQzahhﬂhd-zgthnaeb1yﬂnﬂatmnx§ﬁuﬁmeuﬁabutylannonlum
salt is converte AYS; ass 18] DV O lal. ough a

col um of Doméﬁ§§§-i2m%fgjf? BE h v-:73=5' '—°“ o6t ra:raus fraction
gives 19 ng ofcide potassium salt, mnth |dent|cal NMR spectra to that

D e ko & oy [ 3rfmbhoropabpR R e ohpaI e t%%}“ﬁ%% 492 oxo- 1-
azetldlnesulfacid,ateﬂrabutxiammnniubtsaltAXsee Example 6,
[err]-3-[(Azi dapfigaYracebyktagh "2k 3188bR0%YE 4n acetonitrile

(20 ml1) and pyridine (1 ml] and added to a

v:.go:ously stirring suspension of (2)-a-(methoxy-

10 imino) -2~-amino-4-thiazolsacetyl chloride in

acetonitrile (20 ml} cooled to G-5°C. After

stirring cold for 1 hour the mixture is diluted

with 0.5 M monobasic potassium phosphate solution

(100 ml) (pB of the mixture is 4.8) and solvent

15 is removed in vacuo. The residue is taken up Y

in a minimal amount of water containing a small
amount of acetone. Chromatography on ion exchange
resin (AG'SOWBXZ, 100-200 mesh, K+ form 200 ml)
gives the crude product as the potassium salt upon
20 elution with water. Further purification on
HP-20 resin (200 ml) using water as the eluant
gives 59 mg of the product as a powder after
trituration with acetonitrile-ether and then
twice with ether. The product is an amorphous
25 powder that melts slowly and decomposes above
150° C. :
Ana;ysis.calc'd for c16312N507SK. C, 28f777
H, 2.90; N, 16.78; S, 15.36; K, 9.37
Found: C, 27.77; H, 2.82; N, 15.87; S, 13.63;
30 K, 10.11 | o - )

¥

s



0x0-1-azetidinesul fonic acid, tetrabutylammoni um salt 43
3- Am no- 3- net hoxy- 2- oxo-1 -azeti di nesul fonic acid tetrabutyl ammoni um sal

(202 Ngs; see Example 74A) is dissolved in 20 mM of dry acetonitrile. 10

To the well stirred solution at -20 C under dry nitrogen are added dry
pyridine (167 pl) and a-azi dophenyl acetydg.chloride (96 ul). After 20

m nutes, O SM pH 5.5 nonobasi ¢ potassi um.phosphate buffer (12 m) is added
and the acetonitrile 15 renoved .i n vacuo. The aqueous residue is

extracted three tinmes wth nethyl leogisde. The extract is dried over
anhydr ous sodi UignSt a2Rd A0 LA _%-. vacuo to giyve .281 ng of crude
product as a gd i =G v ST AN E LU S ough a colum
of silica gel a inol -Remekhoxiyd2-axd-li-azetidine-ret hyl ene

chl ori de- met haggll F8R1ECa8ANE Béselu ngdayiel ding 231 ng of the title
conpound. 25 ‘BT"r7‘1?TT7QT%UphEﬂy¥§E€T7#% am nol - 3- met hoxy- 2-

oxo- | - azet Pdi nesul foni ¢ aci d, potaSS|un1saIt
[err]-3- [(A2|daphem age heny RZR;
e m) is 30

actd, tetrabutylg ggg kggéaf]_; . .t
passed t hrough 7 = ) and eluted with
wat er. The total eIuatt-as[exaﬁabphcﬂylﬂc&ﬁyﬂ@aﬁﬂnegugqﬁeegbﬁyLess gl ass
* 2-oxo-l-azetidinesulfonic acid, potassium salt
10 (209 mg; see Example 88)is dissolved in 60 ml

of dry methanol. Anhydrous trifluorcacetic acid

(0.6 ml) and 10% palladium on carbon (105 mgl .

are added and the mixture is hydrogenated for

1 hour. The catalyst is removed by filtration

U 15 and the filtrate is evaporated in vacuo to
yield 271 mg of crude product.

"-‘,Lnesulfonlc

B) I3R(R*) and 3S(S*)]-3-[[[(Aminocarbonyl)aminol-
ghenxlacetzl]amino]-3-methoxy42¥oxo-l-azetidine-
20 . sulfonic acid, potassium salt | _
(i)-3-[(Aminophenylacétyl)amino]-S—méthoxy-
2-oxo-l-azetidinesulfonic acid, potassium salt
{(271.mg) is dissolved in 6.5 ml of water.
. Potassium cyanate (87 mg) is added and the
25 mixture is stirred at room temperature for 3 hours.
The solution is concentrated in vacuo to approxi-
mately 2 ml and chromatographed on a 100 ml

e column of HP20-AG using water as eluant. Isomer A
3 (29 mg) is isolated after 1y0ph1112at10n, meltzng
N 30 point 160° C, dec.
- - Analysis for C13HISN4O7SK_mqhohydraté: Calc'd: C, 36.44;

H, 3.99; N, 13.07; s, 7.48
Found: C, 36.35; H, 3.79; N, 12.81; s, 7.32



60 cpl um of HP20O-'AG using water and water: 10% acet one gives 71 ng of a
1.1 ure of racem c diastereoners 5 and 70 ng of a 1:3 m xture of
racem c diastereoners. The 1:1 mxture is |yophilized and dried in vacuo at
40 C to give the dried product as a hem hydrate, nelting point dec. 1300C.
Anal ysis for [err] 10 H - 3.263g9Y% 17.45; S, 7. 98 Found C, 35.94;
H 3.07; N, 17.24; S, 8. Exanple 89 3-[

(A2|dophenylacetyl)anyno] 3- nethqg*-z ixogk- 15 azetldlnesulfonic,

potassium salt, isomer~A The 1:3 raceni ¢ di astereoners obt ai ned
in Exanpl e 888]33(&?) omﬂi IS(B‘!)aJ‘rqu-hIﬁémknal:adbmyMamlinobem t enperature,

and i soner A c {. - liquor is
renoved, and tégééiﬁ_ T mel ting point
130 C, dec asSyuliond FS | sadt
| (4- Et hyl - g, 3-di oxo- Awn %ﬁéﬁnw niﬁ 3s s*)]~3-{1] (amino~
carbonyllan1n ﬁﬁ@% ﬁﬁ§5¥g$f noJ - 3 gxo- -azet#dlnesulfonlc
aci d, potassiu P %ﬁﬁ%ﬁ 4“3‘ Ehax¥Eenoxy -
2- oxo0- 1- azetudogo«sm&wtmﬂceshlfﬁiabwﬂaawsnml gal€. 69 Mol ; see
Exanpl e 744) ig Sﬁhced {ndﬁﬁimple 95, there are produced
21 mg of [3R(S*] and 3SCR*)I-B-III(aminoca:bonyli-
10 amino]phenylacetyl]amino]-3-methnxy-2-oxo—1-
azetzdinesulfonic aciaq, potassxum salt as a
lyophzlate, melting point 160 C dec.
Analysis for C,,H 15 495K sesqu;hydrgte:
Cale'd: C, 35.69; H, 4.14; N, 12.81; s, 7.33
15 Found: C, 35.98; H, 3.87; N, 12.50; S5, 7.32 O

-126153?68 ng) as a 1:1 m xture of diastereonmers. Passage of this through a

Example 97
[3:(8*)]-3-Methoxy-3=[I[IIZ-oxo-3-I(Ehenzlmethzlene)-
amino]-l-imidazoiidinyi]carbonyl}amino]-Z-thiengl-

20 acety;lgm;noj-2-oxo-l-azet;dlnesulfonxc acxd,
" potassium salt '
™ a stirred solution of 3~amino-3-methoxy-
2-oxo-azetidinesulfonic acid, tetrabutylammonium
salt (306 mg of crude material assumed to contain
25 274 mg of organic material, prepared as described
in Example 74) in 20 ml of dry acetonitrile at
-20°C under nitrogen is added 0.30 ml of dry
pyridine (3.72 mmol) followed by 484 mg of |
(s)-I[[2-oxo-3-phenylmethy;ene)aminp]-l-imidazolidinyl]-
30 carbonyl]amino]-2-thienylacetyl chloride partially
dissolved and suspended in 10 ml of dry acetonitrile.

o



30 acetonitrile at [err] under nitrogen is added 242 ul of dry pyridi W
foll onwed by a solution of -123- 352 ng of (R)-a-l|
(4-etRyl - 2, 3-di oxo- | - pi perazi nyl )- carbonyl ] am no] phenyl acetyl chloride i n

4 mM of acetonitrile. After 1 hour, 84 ul of pyridine is added foll owed by
117 nmgnore of the acid 5 chloride <81k nm of acetonitrile. .The reaction
Is stirred for 20 mnutes., diluted with 24 ml of 0.5 MpH 5.5 nonobasic

pot assi um phos buffer and Gonc n_vacuo to renove acetoni

trile. The aqup%?s %%Pé’?fg'ﬁ GRS YR th net hyl ene

chl ori de and tHbQ:Mme:hemldw:lmeﬁcm twowte, extract is-dried (Na2SO4) and

evaporated to a resi f | h a col um
of ilicAR CC4, usi n%ne'gr% enech or| e%etf'(n& Hi‘e":?ll gtl%fﬁ %%d finally
6% net hanol i n 9% %paﬂmé-qg @ndd shen s rieated Mid:l‘l(285 ng and 173

ng) of purlflectzomduzt Q|,r5 M gtgtr 'E”BB’!: a@ssage of
the 173 ny por ? Sﬂ%%asi 4geifnd i s?hm n using

thro 0-_X2 %e
acet one- wat er iﬂ '11 b‘lsag'éiyﬁﬁ | pa edoyi this
paterial is apghledide andoltbmcdnblﬂﬁ%ﬂ Aethylene chlordde Sequent i al

elution wWth Waiact is washed with water, dried cnaéso4),_
‘o and evaporated to a residue (508 mg). This residue
10 is chromatographed on 50 g of SilicAR CC-4, using
methylene chloride and then 2% and 4% methanol
.in methylene chloride to give 251 mg of the
tetrabutylammonium salt of the title campound.
To this salt (251 mg) in acetone is added
15 a solution of 107 mg of perfluorobutanesulfonic
acid potassium salt in several milliliters of
acetone. Ethyl acetate is added, and the precipitate
is washed three times with ethyl acetate by
centrifugation, and dried in vacuo at 40°c/1mm
20 for 2 hours to give 95 mg of desired potassium
salt as a mixture (ca. 1:2) of diasterecmers
having a melting point 200°C, dec.
ICalgfd for Cy1H51Ng0gS,K:  C, 42.85; H, 3.60;
N, 14.28; s, 10.87

25 Found: C, 43.02; H, 3.74; N, 13.94; s, 10.71



5% Q; ne in water, and finally 10% acetone 25 In water provides 60 ng
of\agod ct as a nlxture (ca. 1:1) of diastereoners and 21 ng of product as
a re (ca. 9:1) of diastereoners. Lyophili- zation of the 60 ny ’
'fractlon yields the title conmpound, neltlng point 171-172 C, dec. Analys S
for [err] H 4.37; N, .12.65; S, 5.78 ggg C, 41.39; H 4.12; N, 12.58;
S, 5.63 -124- Lyophiiization of th fraction yields the title

conmpound, nelting point [err] Analysis for[err] H 4.37; N, 12.65 Found:

C, 41.43; H 4.11; N 12.28 Treatgpl L 4ge 285 ny fraction of tetra-
butylannDnlun1saIt w th Domex 50-'“ T OV|des 145 nmg of potassiumsalt,
whi ch is conbi{feurg e thyiii2roxo43~If (phenyitmethoxwiaarboeyll+o ng 10

portion of m%ﬁ@ﬂgd@&tﬁ@ﬁ@&&zmw §é‘i¢i- Foessgnut shiks material’
t hr ough HP20- 31 ng of

product as a mixture (ca. 1:11 of diastereoners and an additional 42 ng of
product asga nlxtLmiaéﬁzyléﬁi_tghéé*D&lﬂb@ﬁi@éﬁfﬁ@ramldzhe total anmount of
(4:1) n1xture of A solution of 6.9 g 'of d,lrsrboc-allothxeonine
and the free amine from 5.3 g of go-benzylhydroxyl-
amine-HCl (0.033 mole, ethyl acetate-sodium .
bicarbonate libergtioni_in 80 ml of tetrahydro-
10 furan is treated with 4.82 g of N-hydroxy-
benzotriazole and 6.5 g of dicyclohexylcarbodiimide
in 20 ml of tetrahydrofufan. After stirring for
about 16 hours at room temperature the slurry is
filtered, concentrated in vacuo and chromatographed
15 on a 400 ml of silica gel column. Elution with W
- 5=10% ethyl acetate in chloroform gives 6.8 g
of the title compound in fractions (200 ml
each) 7-22.

L7

20 B) ('h-ggng-Benzyloxy-3-t-butoxycarbony1amlno-4—
methylazetidinone ‘

A solution of 6.8 g 6f N-benzyloxy-t-
boc-allothreonine amide in 200 ml of tetrahydrofuran
is stirred for about 16 hours with 5.24 g of
25 triphenylphosphine and 3.2 ml of diethylazodicarboxylate.
The solvents are evaporated in vacuo and the
residue is chromatographed on a 500 ml silica gel
column. Elution with methylene chloride followed
by crysﬁallization from ether gives a total of N
30 2.65 g of azetidinone. Rechromatography of
the mother liquors and mixed fractions give an

* "boc" is used to describe butoxycarbonyl



the total amount of (9:1) m xture of diastereoners is 63 ng. 20
Exanple 91 [3S(2)]-3-[[(Methoxyi mno)[2-[[(phenyl met hoxy)- carbonyl
am nod4-t hi azol yl Jacetyl | am no] - 2- oxo- 1-azetidinesul fonic agid, potass
salt To a solution of (S)-3-amno-2-oxo-I1- 25 azeti di nesul foni ¢ acid,
tetrabutyl anmoni um sal-t (0.170 nﬂD|;_§ _Exanpl e 6A) and sodi um borate
(0.170 mmol) in 2 m of nethylene chlorifde at 00C 'is added pyridine (62
ul) and (2)-a-(methoxy- imno)-2-[[(phenyl net hoxy)carbonyl]am no]-4- 30
th|azoleacetyladdiﬁionakéd(BfiLrﬂu& taﬂi&hifﬁ&%léfléﬂg%t%fbnafter 40
mnutes, is diJufed wth r%q% r%qjacéyeoude wate .foliowed by 0.1 M
-125-" tetrabut ’a t r%’d’?%% 4”(% The organic
layer is separsannﬂ.amf vﬁmhehitole reomgound amglisi eyl poirp&-l]240¥h429cadj ust ed
to pH 7, water saturated with sodium5 - <chloride, dried over sodium
sulfate, filtered, Qnd concentrated in Vacuo. The residue is purified on
SilicAR C&4 K1 i . okaminast Lrthyd g 410 %

met hanol / met hietilgylddetidifon? -~ The tetrabutyl ammonium sal-t, after
dissol ution

A solution of 3.2 g of cis-N-benziloxy
.. . 3=-t-butoxycarbonylamino-4-methylazetidinone in
200 ml of 95% ethanol is stirred in an atmosphere

‘10 of hydrogen with 0.7 g of 10% palladium on

charcoal. After 40 minutes the slurry is

filtered (uptake 249 ml] and the filtrate is

evaporated and triturated with ether to give, in

two crops, 2.05 g of solid, melting point 134-136°C.

D) (x=—cis-3-t-Butoxycarbonylamino-4-methylazetidinone

A solution of 2.05 g of c¢cis-3-t-butyloxy-
carbonylamino-l-hydroxy=-4-methylazetidinone in
60 ml of methanol is treated with a total of
20 90 ml of 4.5 M ammonium acetate'(40,.20 and 30 ml
portions) and 45 ml of 1.5 M titanium trichloride
(20, 10 and 15 ml portions) the second and third
additions are made after 15 and 120 minutes,
respectively. After 135 minutes the solution is
25  diluted with an equal volume of 8% sodium chloride
. and extracted with three 300 ml- portions of ethyl
acetate. The combined organic layer is washed
with a mixture of 100 ml each of 5% sodium '
bicarbonate and saturated salt, dried, and
30 evaporated. Trituration wzth ether gives, in
two crops, 1.65 g of solid. A portion of the
first crop is recrystallzzed from ether to glve
the analytical sample, melting point 176-178,5 C.

L7}



etone/water, is passed through an ion-exchange resin (8 m, AG SOMX2,
4 f orm 100- 200 nesh. ). Renoval of the water in vacuo fron1fract|ons 1-2
'40 ng of the title conpound, 15 mel ting point 172-174 C, dec. '
Anat’ysis for[err] H, 3.33; N, 12.99; S, 11.87 Found: C, 37.95; H, 3.30; N,
12.73; S, 11.53 20 ' - Exanple 92 [err] azetidinesul fonic
acid, potassiumsalt A). 3-[Chloro(phkd§+acetyl)am no]-2-oxo-1-azetidi ne-
25 sul fonic acid tetrabutylanmonium salt A-.solution of

(S)-2-o0xo0-3-[[phe {Iacetyl am no) -1 -azetidinesul fonic acid, tetra-

but yl anmoni umEEJa ~Benzy: oxycarbonylammrﬁw%ﬁeylammn@m m)

Is added to a suspe ﬁg;? { a 5.25% solution
of sodi um hypochl orﬁ&?’ fsP?%lN;%bé%a%%s'ré-gjb 126- at [err]. After
1 hour 0.5 M rRarheRY Wﬁﬁ#ﬁ*ﬁﬁﬁ#& rﬁq 4 b oereh 08 t he i xture

is extracted tfwapldie chidridetdnd %s&ﬂ@riéie:ééﬂemwoa?cons) The

?Lgsglcﬁoe E)rg::ts g&%%ﬂ%@vg ,Sédl um sulf.fatec{él seréa degd concentrated
After 90 minutes the solvents are evaporated _
in vacuo (benzene added and evaporated three times).

The residue is dissolved in 25 ml of acetone,
the initial pE (2.5) is raised to 7 with 5%
10 sodium bicarbonate, and 2 ml of benzylchloroformate
'is added. The solution is kept at 0°C and pH 7
for 4 hours and the acetone is removed in vacuo
to give a slurry that is filtered. The filtrate
is saturated with salt and extracted with methylene _
15 chloride. The solid is dissolved in methylene o
chlotide and dried. The organic layers are
combined, concentrated, and the residue chromato-
graphed ¢n a 200 ml silica gel column. Elution
with 3;1 chloroform, ethyl acetate gives 850 mg
20 of the title compound in fractions (100 ml each)
4-11. Crystallization of a small sample from
ethexr gives the analytical sample, melting point
165-166°C.

25 F) (+-cis)-4-Methyi-2-oxo—3-[[(phenylmethoxy)-
carbonyl]amzno]-l-azetxdxnesulfonzc acid, potass;um salt
To alsuspens;cn of g5§73-benzyloxycarbony1-
amino~4-methylazetidinone (0.75 g) in 7 ml each of
dimethylformamidé (dried with 4A sieves activated .
30 at 320°C for 15 hours under argon flow) and
methylene chloride (dried through basic A1203)




B) [err]-3-Butoxy-2-o0xo0-3-[(phenylacetyl) anino] -1- azetidinesulfonic (i::;;
acid, tetrabutylamoniumsalt 10 A sol ution of -

3- [chkerophenylacetyl am no] -1 -azeti di nesul fonic acid, tetrabutylamonium
salt (344 ng) in dinethyl- formamide (5 m) is added to 0.73 N n-lithium
but oxi de i'n n-butanol (6 m) in dinethylformmde 15 (1 m)-at -78 C
under an inert atnosphere. After 10 W3®Tes the mxture is diluted with
0.5 M nonobasi c pot assi um phosphat e solution (175 m). After extracting

Sodium 20 sulb,aaedt E186c' 8F HeraaiRePoRiRuE TipRing Sompati, ®'
residue is purmﬂhoa énhenrscaﬁﬁt:inqsatlcaayetempérgﬁuzadunﬂertltIe
conpound (130 qgk ﬁlugﬁdga?iﬁignﬁy;g?bP?@obfl Exgagglggkorlde 25

C [err]-3- Butox - 0X0- am no -azet 1 dinesul fonic
aci d, pot assi ufrdgxide) cqmp ?5x§12 §x813 F(ﬂﬁéﬁ?kac@h?lf&ﬁ?ﬁé?n
1- azetldlngsulha&t&racud thaﬁrabﬂfrédnxﬁnru&hs&bﬁp&ﬂ&tﬁ?é tfigéiessol ved in a

et acel one HodbignStor dnodt S8°BLRECT, Mo atabiggy e change col un
eluted -with mafermamddahésenembwedoﬁnewacabed0|givecdostg gfve 20 ng of the
rigle . residue which is dissolved in 300 ml of Q.5 M
. monobasic potassium phosphate solution (40°c for
10 10-15 minutes). The solution is cooled, passed
through a column of HP-20 resin (3 cm x 60 cm)
with 400 ml of 0.5 M monobasic potassium phosphate 1L of
distilled water and (14:1]) water:acetone to give
280 mg of product in fractions 13 to 26 (100 ml
o 15 each). Crystallization from MeOH: petroleum ether
gives 757.5 mg of an analytical sample, melting
point 214-215.5°C, dec.
Analysis calc'd for c12H13N2506K. C, 40.%90; H, 3.72
N, 7.95; S, 9.10; K, 11.10

20 Found: C, 40.43; H, 3.60: N, 7.89; S, 8.69;
K, 10.82 '
Example 99

(3s-trans)-4-Methyl-2-axo—3-[lCphenyimethnxy)cazbonyl]-
25 amino]-l-azetidinesulfonic acid, potassium salt
Following the procedure of Example 98,
but substituting l-t-bbcﬁthréonine'for d,1-t-boc-
allothreonzne, yzelds the tltle compound, meltlng
point 133-135%.
30 Analysis calc'd for CIZQIBNZOGSK' c, 40.90; H, 3.72;
N, 7.95; 8, 9.10; K, 11.10 _ -
Found: C, 40.72; H, 3.60; N, 7.99; s, 8.80;
K, 10.82

€



Q\d, nelting point [err] Analysis calc'd for [err] 5 H, 4. 96;
.9p; S, 7.94 Found: C, 44.77; H, 4.76; N, 6.76; S 7.75 Exanple 93 (t)
Etroxy 2- 0X0- 3- (phenyla|cetyl) am no]-1- 10 azetidi nesul foni c acig,
potasium salt 3-1Chloro (phenylacetyl) am no] -2-oxo-|- azetidinesulfonic
acid, .tetrabutyl ammonium salt (200 ngi3gee exanple 92A) in
dinethylfornan1de (4 M) is added to 0.5 N lithiumethoxide in ethanol
(12.20 m) 0 15 at -78 C under an inert atnosphere. After 10 mnutes the
mxture is diluted with 0.5 Mlnnuﬁgpie n00a35|un1phosphate sol ution (15

m).. After exgigcilng i !EE .
| ayer is drie 2E§é§ ge&?g At =S8 snt r enoved
in vacuo. The fszetﬁdinegggﬁdnimiinidblgoﬂﬁasihm sal tca gel (20 g) and the

tetrabutyl ammoni um salt of the product (40 ng) is eluted with 2% net hanol
in nethylene chloride.” 25 a The tetrabutylannnnlun1salt I s di ssol ved
in a wat ers acdAbnel{3s AT 4 ' & : :

(Dowex AGWP SQUéP&, - #%m;% 6&1}% %gé] forr‘r)) The product is eluted
with water an ?fuo to ve 25 ng of the .

title conmpound, néTt‘*Er&iﬂ&ﬂ’Tﬁfﬁﬁ$¥¥l‘2‘°x°‘3‘ ethoxy

carbonyl]amino] -1-azetidinesulfonic acid, potassxum
salt (352.4 mg; see Example 92) is dissolved in
10 20 ml of distilled water and treated with 373.5 mg
(1 mmole) of tetrabutyl ammonium hydrogen Sulfate.
After 10 minutes stirring at room temperature,
the solution is extracted three times with 1d ml
portions of methylene chloride after saturation
15 with sodium chloride. The methylene chloride is
' drzed over sodium sulfate and evaporated in vacuo
to glve 536 mg of the tetrabutylammonxum salt
which is hydrogenated with 270 mg of 10% palladium
on charcoal in 25 ml of dimethylformamide. The
20 mixture is filtered through Celite and washed
twice with 2.5 ml portions of dimethylformamide
to yield the title compound in solution.

- B) (3S~trang-4-Methyl-2-oxo-3-[ (phenylacetyl)-
25  amino]-l-azetidinesulfonic acid, potassium salt
The crude (3S)-3-amino-4-methyl-2-oxo-l1l-
azetidinesulfonic acid, tetrabutylammonium salt
from part A (the combined filtrate and washings) .
are treated at 0°C with 206 mg of dicyciohexyl-
30 carbodiimide, 153 mg of N—hydroxybenzotriazole,
and 138 mg of phenylacetic acid. The reaction

»



Analysis calc'd for[err] H, 4.10; N, 7.65; S, 8.74 Found: C, 40. 36; H,<:EEEZ>

3.66; N, 6.77; S, 8.44 -128- Exanple 94 [err](2) ]

-3-[ [(#2- Ami no- 4- thlazoly)(nethoxy|n1no) acetyl]

anm no] - 3- met hoxy- 2- oxo- | -' azeti di nesul foni c acid, potaSS|un1saIt 5

3- Ami no- 3- met hoxy- 2- oxo-| -azeti di nesul fonic acid, tetrabutylamonium salt
(see Exanple 46, method 11, part A tE3%rssolved in acetonitrile (20 m)

and pyridine C all and added ‘to a vigorously stlrrlng suspension of Z -a-

Cret hoxy- 10 &t acetonitrile
(20 mM) cool e&‘%‘%%é%adgf er stilur?lln#g f;bccﬁec}'yfhcr lmougﬂ’{dﬁg m xture is

diluted with @t ngomrkempsnafunefon@ firmhat SheonesudEine0 m) (pH of
the mxture 'i#%méqy%%&ea'wm%a& \i%c%ap-gl‘-’aféﬁ;' due is

Chr onat 6gr aphyiih TAEH0 oy i B 1aHe 14 ABGNTRS, 103 boan) %&”ﬁ”t[iﬁr?ce%??n
200 nl) gigves atda:oewdexdormﬂareas. tlmaocﬁmmadttnmeio el ution
v L S Rt Al Vi Bl o racer a2 e
- iodide and then 200'm1 of ether. The resulting
;'» solid (752.7 mg] is a mixture of the potassium
) and tetrabutylammonium salts of the title ccmpound.
10 The solid is dissolved in 50 ml of 0.5 moncbasic
potassium phosphate and applied to an HP=20 column.
Elution with water and then water-acetone gives
several fractions that are combined and evaporated
to give the purified tetrabutylammonium salt. An
o 15 2aqueous solution of this material is passed
' through Dowex 50W-X2 (K form) to give the title
potassium salt (121.4 mg). Trituration with .
acetone~hexane yields 104.6 mg of the title
compound, melting point 211-213°.
20  Analysis calc'd from_C12313N2055K-1/2 H,0: C, 41.72;
H, 4.09; N, 8.11; S, 9.28; K, 11.32
Found: C, 41.70; H, 4.01; N, 8.07; S, 9.01;
K, 11.02 '

(cis)=-4-Methyl-2-oxo-3-[ (phenylacetyl) amino] -1~
azetidinesulfonic acid, potassium salt

- : A solution of 320 mg of (t—cis)=-4-methyl-
2-oxo-3-[ [ (phenylmethoxy) carbonyl]amino} -1~ azetidine-
30 sulfonic acid, potassium salt (see example 98) is prepared
T in 20 ml of water containing 483 mg of tetrabutyl-
- ammonium hydrogen'sulfate and adjusted to pH 5.5.

Ly
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trxt tion with acetonitfrle-ether and then twice with ether.. The product
nor phous 25 powder that nelts slowy and deconposes above [err]
ysys calc'd for [err] H 2.90; N, 16.78; S, 15.36; K, 9.37 Found: ¢,
27.777 H 2.82; N, 15.87; S, 13.63; 30 K, 10.11 -129- Exanpl e™95
- 13R(R*) "and 3S(S*)] -3-[[[(Aninocarb0£¥IIanino]- phenyl acetyl] am no] '

- 3- et hoxy- 2- oxo-1-azeti di ne- sul fonT 8zi d, potassiumsalt 5 A J[err]-3-

[ (Am-nophenyl acetyl) am no] -3-met hoxy-2- oxo-I|-azetidinesul fonic acid, -

i nner salt ()ﬁ%ﬁ%%%?ﬂ%%aﬂﬂﬁ%isg%gﬁﬁgé’fyxﬁ&ylene

2- 0x0-1-azeti oni c acl ot assi um ; see Exanple
88))is di ssol veRlonide ghves Sk y3 g rafiPil Anhdselatiens efor oacetic aci d

5,0,1),074 retinon o e gy piant 1005
(il trate i o esbiredait Aad e £ 1 sslladban’on hafretice 5
_[BR(R*) an§l 395*3n - Stnogphrere wofirbpdyogani for -90. minutes. _
The catalyst is filtered and the filtrate stirred <
with 150 mg of phenylacetic acid, 169 mg of | sy
N~hydroxybenzotriazole and 247 mg of dicyclochexyl- T
carbodiimide for 7.5 hours. The solvent is removed
10  in vacuo and the residue is dissolved in 20 ml
~ of acetone and filtered. The filtrate is treated
with 25 ml of 0.Q44 M potassium iodide in acetone.
Dilution with an equal volume of ethgr_gives'a_
solid (330 mg) which is applied to a 50 ml HP-20
15 column in 20 ml of 0.05 M moncbasic potassium
phosphate. Elution with 200 ml of water followed
by 1:9 acetone-water gives Rydon positive material
in fractions (50 ml) 6-10. Evaporation of fractions
7-9 gives 81 mg of solid. Recrystallization from
20 acetonitrile-water gives 46 mg of the title compound,
which decomposes at >205°C. A second crop (6 mg)
is obtained from the filtrate. A further 5 mg
is obtained from fractions 6 and 10 by evaporation
and recrystallization. '
25 Analysis calc'd for C,,H,,N,0.SK: C, 42.84; H, 3.89
N, 8.33; S, 9.53; K, 11.62 ' :
Found: C, 42.75; H, 3.82; N, 8.32; S, 9.26
K, 11.63 : - .

[



phenyl acet yl ] am no] - 3- met hoxy- 2- oxo- 1- azeti di ne- 20 sul fonic acid, ' ey
potassiumsalt [err]-3-[(Am nophenyl acetyl)am no] - 3- nethoxy- K
2- oxO~1 - azeti di nesul foni c acid, pota55|un1salt (271.nmg) is dissolved in

m of water. Potassiumcyanate (87 % I s added and the 25 mxture is
stirred at roomtenperature for 3 ho 2 The solution is concentrated in
vacuo to approxi- mately 2 m and chronatographed on a 100 m col um of

HP20- AG usi ng water as eluant Epcampple 1429 ng) is isolated after

| yophi l i zat'i oygs 44 =3. 99;

N 15 07 s, TS AR LTI L) e e il

[ 3R(S*) and SLAA i JAVLASA TS . . - . ”

- 3- net hoxy- 2 dsiame tsamtne- sulfonlc aC|d pota55|un1salt 5 Al ong
with 13R(R*) -[[[ (am no- carbonyl)
~-an1no]ph ylacetyl]an1no 3- met boxy- 2- oxo-1-azetidinesul fonic acid,

_pot assi um sal®) pricifirkzans) w&zm-ﬂr = pathay Iy of [ 3R(S)
:andﬂBS(R*) | -3y : - o da-Al NOJ

;:"‘3 t hoxy- 2-0X0~ T
,TE y- b%t&lammonxum salt'

(BS-txans)-4-Methy1-2-oxo-3-[1(phenyimethoxy)-
10 carhonyl]amino]-l-azetidinesulfonzc acid, potassium
'salt (352.4 mg; see Example 99) is dissolved in
20 ml of water and tetrabutylammonium hydrogen
sulfate (373.5 mg) is added. The aqueous solution
, is extracted three times with methylene chloride
15 and the combined extracts are dried over sodium
el sulfate. After removal of the solvent, 534.6 mg
of the title compound is obtained.

B) [3s-[3ac(2Z), 48]]-3-[[(2-Amino-4-thiazolyl)(methoxy-
20 imino)acetyl]amino] -4-methyl- 2-oxo-l-azetldlnesulfonlc

acid, potassium salt
A solution of 534.6 mg of (3S-transl-4-methyl-
2-oxp-3-[[(phenylmethoxy)carhonyl]am;no] l-azetidine~ .
- sulfonic acid, tetrabutylammonium salt in 20 ml of
25 | dimethylformamide is hydrogenated with 220 mg of
10% palladium on charcoal at atmospheric pressure
for 2.75 hours; the uptake of hydrogen is 26.3 ml.
The mixture is filtered and washed twice with 2.5 ml
of dimethylformamide. The filtrate and washings
30 (total ca. 25 ml) are stirred under nitrogen with
161 mg of (Z)=-a~{(methoxyimino)-2-amino-4-thiazole-
acetic acid, 136 mg of N-hydroxybenzotriazole

.'\, . ’ )
LSV T
P k



.

|y g@“ ate, nelting point [err] Analysis for [err] Calc'd: C, 35.69; H,
4.§ , b, 12.81; S, 7.33 15 Pound: C, 35.98; H, 3.87; N, 12.50; S
7. anple 97 [err]-3-Methoxy-3- [[[[[2-0x0-3-[(phenyl net hyl ene) - o/
am no] -1 -i m dazol i di nyl ] carbonyl ] am no] - 2-t hi enyl - 20 .
acetyl ] am no] - 2- oxo- I-azetldlnesulfoql _acid, potassiumsalt To a stirred
sol ution of 3--am no- 3-net hoxy- 2-o0xo- a etldlnesulfonlc aci d,
tetrabutyl ammoni um salt (306 ng of crude material assumed to contain 25
274 nmg of organic material, repared as described in Exanple 74) in 20 m
of dry acetonandil64s8 mgoof lohexylearbodidnides. 3Uhe1 of dry

pyridine (3. 7¢; 5Rke i&'Leﬁﬁﬂe@yuﬂﬁii”HiEEpgazofpgln

(S)-[[[2-o0xo0-3-phenyl met hyl ene) am no|-1-im
car bonyl ] am nb$- 9°¥ﬁ#eny ?H@a§&§9|&FI§eBF¥§€Ived and ‘suspended -

in 10 m of dtu vaShO Nand i the gumm§3ﬁesihﬁerQéCBLBBOIQe&tlFFEd and al | owed
hour The reaction was diluted with

;O|;LSZ ¥ T ﬁLﬁcﬂﬁﬁﬂéh§ﬁ§q€%f8?$%% SR TeReRe: RE’Bad WPth 5 22 m of 0.5 §§
MpH 5.5 nnnohhs filtratei isn addedhat sobutien. cdhtadnimgus | ayer is washed 7--
with nmethyleng7z mg (0.8 mmole) of perfluorcbutanesulfonic - -
acid, potassium salt in 0.8 ml of acetone. ‘The
slurry is diluted with an equal volume of ether
10 and filtered to give 325.5 mg of’ crude product
which is purified through chromatography on
75 ml of HP-20AG. Elution with 400 ml of water
and 400 ml of (9:1] water: acetone mixture (50 ml
fractions) gives 335 mg in fractions 3 to 10.
15 After trituration with acetone-hexane, 97.3 mg
of an analytical sample is obtained from fractions
3-5. Similar trituration of fractions 6-1Q glves
an additional 90.4 mg of product as a solid.
Analysis calc'd for cloalznsosszx. C, 29.92; H, 3.01;
20 N, 17.45; S, 15.97; K, 9.74
Found: C, 30.32; H, 3.49; N, 15.82; S, 13.95;
'K, 10.45 | |
NMR(D20) 1.57 (3H, d,;=7), 3.97 (34,5), 4. 30(1H, 4 of q,
)=7.3), 4.70(18, 4. )=7), 6.95ppm(1H,S).

25 : Examgle 103
[3S=[3a (Z) 48]]-3-1[(Z-Amlno-d-thiazolyl)[(l-carboxy-
1-methzletho_:_:z_ )iminoJacetyl] amino] -4 -methyl =-2-oxo~
- l-azetidinesulfonic acid, dipotassium salt - D e,

30 A) N-Benzyloxy-t-boc-threonine amide
A solution of 8.76 g of t-boc-threonine and
the free amine from 6.4 g of O-benzylhydroxylamine
HCl (ethyl acetate-sodium bicarbonate liberation)
in 100 ml of tetrahydrofuran is treated with 6.12 g

,.r_(?‘ .

yx
&




chl oride and the conbi ned nethyl ene chloride extract is washed wi th watery,
dried{err] and evaporated to a residue (508 ng). This residue 10 S

chromatographed on 5 g of SilicAR CC-4, using methylene chloride and thek
2% and 4% net hanol in nmethylene chloride to give 251 ng of the

t etrabut yl ammoni um salt of the title=dddpound. To this salt (251 ng) in .
acetone is added 15 ' a solution of 107 ng of perfl uorobutanesul fonic acid
potassiumsalt in several mlliliters of acetone. Ethyl acetate is added,
-and the preci piofatiehydroxybedzbitrda zolecand Bh 24t lgy lofaddicycd dvy

centrlfugatlonh chgi Rﬂiﬁﬁcﬁﬂ Qb.hﬂrbk %%tfaE%Péé to give 95 ngy

of desired potassrum Sa m xture (ca astereoners having a
nel ting point The @:-xme eal térrsd nader mltmgzax for 10.87 25

O 15,028 Nosdaipibkntesdtank aibpbiaed Hovat 0
an1n@]-l-a?eglaﬁﬁe§EP§GHL gchg¥°BOF8§ PR PP 5 3RP InNSALASH oxy-
. 3t-boc*-all ot hr gedi ecelanmnddedusdbnt withothioogoein dind: chdoraifioatr eoni ne
" Agnd the free agifg) Ladkaed $3911% §RAIMINT Yy of compound.
Crystallization from ether-hexane gives 4.18 g of
the title compound

10
B) (3S-trans)-N-Benzyloxy~3bt~butoxycarbonylaminc-
4-methy1azet1d1none
“+A solution of 12.67 g of N-benzyloxy-t-boc-
| threonine amide, 11.5 g of triphenylphosphine,
- . 15 and 6.23 ml of djethylazodicarboxylate in 380 ml
of tetrahydrofuran is stirred under nitrogen
for about 16 hours. The solution is evaporated
and chromatographed on a 900 gram silica gel
column. Elution with chlofoform—ethyl acetate
20 (3:1) gives 13.69 g of compound that crystallizes '
from ether-hexane to yleld 9.18 g of the txtle |
compound.

c) (3s-trans»-3—t—8uxoxycarbonylamzno-l-hydroxy-
25 4-methylazetidinone

A solution of 9.18 g of (3S-trans)-N-benzyloxy-
3-Efbutcxyca:bony1aﬁino;4emethylazetidinone in '
300 ml of 95% ethanol is stirred in an atmosphere
of hydrogen with 1.85 g of 10% palladium on charcoal.
30 After 141 minutes the slurry is filtered and
b evaporated in vacuo. The residue is recrystallized
from ether-hexane to yiela.s;lz g of the title compound.

b‘vj'
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[err] nole, ethyl acetate-sodium bicarbonate |iberation) in 80 m
of|[ ! yahydro- 10 furan is treated with 4.82 g of N hydroxy-
benzoyriazole and 6.5 g of dicycl ohexyl carbodiimde in 20 m of A
hydrofuran. After stirring for about 16 hours at roon1tenperature t he
slurry is filtered, concentrated in vacuo and chromatographed 15 .on a 400
nm of silica gel colum. Elution wk42-5-10% ethyl acetate in ‘chl oroform
gives 6.8 g of the title conpound in fractions (200 m each) 7-22. 20 B)

(-cis)-N Benzyl oxy-3-t-buto arbqn Ia o 4- one A sol ution
of 6.8 g of Rﬁbe$5ﬁ7§;§ S'é%ét i ]fﬁﬁﬁny §§%
.:etrﬁhyd{oLuh&@ﬁxaisknn!ed for about 16 hours with 5.24 g of 25
ri phenyl p ospﬁlne and 3.2 m of dieth dicarb The sol vents are
evaporated in vacud sedutien of A28 sﬂ:h&%mﬁf@ééﬁ&%? VOO nl silica
gel colum. Fafy \Md:h:d?ﬂt &F&fi\iﬂﬁé ié&é@mﬁz@ﬂecwsmdlﬂatlon -
fromethe gi vese&ht oth eé,g‘f &'aci J‘&.f M ammonium
Rechronatogr ﬁﬁgﬁﬁ X (?rnx ragflons gLve_an * "boc¥
is used to dmﬂah:a laich steay 66Nyl of -LIB-M eichan g trichkpride
Grystallizatigf Yei3Y #o¥" 4.5 hours. The aquecus solution
is diluted with an ‘equal volume of 8% sodium
chloride and extracted with ethyl acetate to give
10 3.48 g of crude product. Recrystallization from
ether-hexane yields 3.3 g of the title compound.

v

arbonylamino-4-methyl- .

azetidinone . ' o <
15 A solution of 3.3 g of (38—trans)-3—t-butoxy-
' carbonylamlno-4-methy1azetldlnone in 10 ml each
of dxchloromethane and anisole is cooled to 0%
and 112 ml of tr1fluoroacet1c acid is added.' The
solution is stirred for 90 minutes and evaporated
20  in vacuo (benzene added and evaporated three times).
The residue is dissolved in 70 ml of acetone and
the solution is adjusted to pH 7 with 5% sodium
bicarbonate solution. A total of 5.33 g of benzyl
chloroformate is added over 1 hour at pH 6.5-7.5.
25  fThe mixture is stirred for 30 minutes at pH 7,
diluted with 100 .ml of saturated salt, and
extracted with ethyl acetate (three 400 ml portions).
The residue obtained by evaporation is chromatographed
_ on a 1 liter silica gel column. Elution with *
30 chloroform-ethyl acetate (4:1) gives 2.19 g of '
compound. Crystalllzatlon from ether-hexane ylelds
1.125 g of the title compound. '

¢, f®



R

twice fromether [err] gives the analytical sanple of the title conpound / -
nel ting_point [err] 5 C (-cis)- 3-t-Butoxycarbonyl ami no-|-hydroxy-4- (/3 7
met hyl azeti di none A solution of 3.2 g of cis-N benzyl oxy

3-t-but oxycar bonyl am no- 4- net hyl azeti di none in 200 m of 95% ethanol is
stirred in an atnosphere 10 of hydr, with 0.7 g of 10% pal | adi um on
charcoal . After 40 mnutes the slurry is filtered (uptake 249 nl) and the

filtrate is ev%porated and trlturated with ether, to give, in tw crops,
2.05 g of soli ) né-Methyds2roxes3p) [ (phenylmethoxy) -

(-cis-3-t-But oxagboRon hﬁﬁhay-ﬂ-ﬂi&hﬂ&ﬂﬁéhudfaaae dcidl, Uteeracf 2.05 g of
§§§§3 E%RX

cis-3-t-butylo anlm"F'ﬁ7HF677‘ZTWETﬂVT§E§TTTﬁTﬁﬂﬁ?| n 60 m of

met hanol is tr “m*A‘“F of 20 90 ml of 4.5 M ammoni um acet ate

(40, 20 and 30. ﬂ1gﬂoktgemafiaﬂdo§550t ﬁg &£5 (Wst-kkansysptri chloride (20, 10
and 15 nl ort ons t he se e made after 15 and

d
20 i nut e, ?‘P?ng?r EX}%{‘@&%'BJI n?ﬁggggafﬁglgﬁf‘ﬂ Poh®i s 25 dil uted

-wi th an equal Qohmnafo&iﬂ&&hyﬂﬂmnmamide|ﬁs eadledt tec6c@ an@h t hree 300 ni
portions of ethyl.agetgt T, agl.c ¥@§§§ eWMth a
M xture of 100qn#legghao? g OSOdIU ?gﬁ?égngked%ﬁggﬁg% rate galt dri ed,

and 30 evapodst addedyr i Theasobutipnnist atirgedeat reom semperaturess g of
solid. A portiqaget hierogen for 1 hour and poured into 80 ml

10 of cold 0.5 M monobasic potassium phosphate
(adjusted to pE 5.5). The solution is extracted
with three 50 ml portions of methylene chloride

~ {discarded) and 868 mg of tetrabutylammonium
bisulfate is added. The resulting solution is

~ 15 extracted with four 75 ml portions of methylene
chloride. The combined organic layer is washed
with 8% agueous sodium chloride, dried, and
evaporated in vacuo yielding 1.54 g of the title
- compound.
20

G) [3s-[3a (Z),48]}3-[1(2-Amino~4-thiazolyl)-.
[(l—dighenxlmethogxcarbonz1-1-methzlethb§x)imino]

acetyllamino)-4-meth 1-2-oxo-1-azetxdxnesulfon;c
acid, potassium salt .
25 A solution of 1.54 g of (3S-trans)-4-methyl-
2-oxo-3-II(phenylméthoxy)carbonyl]aminoJ-l-azetidine-
sulfonic acid, tetrabutylammonium salt in 45 ml
of dimethylformamide is étirred in an atmosphere
R of hydrogen with 800 mg of 10% palladium on
30 charcoal for 2 hours. The catalyst is filtered
3 and the filtrate stirred for about 16 hours with




4qrop is recrystallized fromether to give the anal ytical sanple,
?bﬁ point [err] -134= ‘E) - [err]

3- Benzyl oxycar bonyl am no- 4- net hyl azeti di none A solution of 1.55 gwﬂ
ci s-3-t-butoxy- carbonyl am no-4-net hyl azetidinone in"4 m each of nethyl ene
chloride and anisole is cooled to 0 C.5 and 50 m of cold trifluoroacetic
‘acid is added. After 90 ninutes the“88vents are evaporated I n vacuo
(benzene added and evaporated three tines). The residue is dissolved in 25
m of acetone

he inptial pH (2.51 i ai;sed to.7 th 5% 10 sQdi um
bi car bonat e, éné‘zgn?k #gL§§'§$&ﬁ°r8riﬂé‘ -pgepgl g@ﬁxyc#%é°§gﬂuglon i s
kept at {err]meﬂﬁybétﬁoip)iﬁihomﬁs-ahdarb&eaéetdaeacidueonneg Ln v?cuo éo
give a slurry t i t S..Sallgr th salt an
extracted witf Ehﬁ #ﬁ%é%&%é?ggtﬁ%ggﬁég L#ﬁ gsg mé B! gS Ved in
met hyl ene chlhexmbcewkpéﬁimiﬂe:heTbsgahucrra&ersvaperaseﬁuned
concentrg§ed iAadhs iﬁ&'éﬂ@’f@é?&ﬁ&oi gﬁfﬂﬁﬁﬁaeadawiﬂﬁ m silica ge

col um

: uti EITH’ 1 chloro acet at Il ves 850 ng 20 of the
title conpoun gy PR cATOtRNE %®8n$}% ;dA C?}gFﬁFFantlon of a smal

sanpl e from e(pbus 02 vieb éﬁmﬁugspaissmheeanﬁithngsaomgto£65 166 C. -

potassium_pe:fluorobutanesﬁlfonate in 3 ml of
acetone. Dilution with 75 ml of ether gives a

10 solid thatis isolated by decantation of the mother

 ‘liquor, trituration with ether, and filtration

to give 0.91 g of the title compound. The mother
liquor is diluted with a further 100 ml of ether
to give a second crop, 0.45 g, of the title compound.
H) [35-[3a(2),48]}]1-3-[[(2-Amino~4~-thiazolyl) (1~
carboxy-l-methylethoxy) imino]-acetyl]amino]-4~-
methxl-z-oxoél-azetidinesulfenic acid, dipotassium
salt — T _ _

20 A slurry of 140 mg of [35-[3a(Z),48]]-3-
" [[{2-amino-4-thiazolyl) [.(1~-diphenylmethoxycarbonyl-
l-methylethoxy)iminojacetyl]amino]-4-methyl-2-
oxo—}-azetidinesulfonic acid, potassium salt (first
crop) in 0.5 ml of anisole is stirred at -12°

95 under nitrogen and 2.5 ml of ¢old (-10°C) trifluoro-
acetic acid is added. After 10 minutes, 10 ml of
ether and 5 ml of hexane are added and the resulting
slurry is stirred for 5 minutes at -12° C, and allowed

to warm to room temperature. The solid is isolated -

44
f

30 by centr;fugat;on and washed thce with ether. A

solution of this solid in 5 ml of cold water is +

. l@‘
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25 F) (-cis)-4-Methyl-2-0x0-3-[[ (phenyl nethoxy) - 75 g
carbonyl]am no] -1-azetidinesul fonic acid, potassiumsalt To a suspensio_,éP?

ci s- 3-wenzyl oxycar bonyl - ami no- 4- nmet hyl azetidinone (0.75 g) in 7 m each

di met hyl formam de (dried w th 4A sieves activated 0 30 at 320 C for 15
hours under argon flow) and nethylene ihlorlde (dried through basic [err]
-135- is added 1.66 g of pyridine-sulf R3Tri oxi de conpl ex. After 3 hours
stirring at room tenperature under nltrogen an additional anount of
pyridi ne-sul fur trioxide conplex gl 66 g) is added. The reaction 5
mxture is then dimmeddately: adius #ﬁe#&t9§é5u§d8#tﬁlPPGg@hPﬂ&aﬂﬂﬁﬁk 16

hours. The dinme xideTREd]ehes aggm!ea itd MACE0 2 #P“R04G 6 9 of
resi due which is di,ssol ve

n,300 nonoRasi ¢ ta um phosphat e

sol uti on C40 0C FG@“T& uf§°ﬂlﬁg%§ %;fhglgﬁFus Oﬂglgg Ggﬁed passed
t hrough a colunntﬁtlHPcBﬁpoaadni@3fzucti6ﬁscm10mm1m 4GQ1nhfa§:0 5

hobasi ¢ pgt assigy t L-"
&gter acetone to° g@BQggggﬁ ?a Huc kgﬁggwgéﬁse?ggfégég aQnm 15
~ eachl. Crystalli times n@dftrpsurehé9n1uuhbregheasn7$1492ﬁ@ °tdeca.
'5§“31¥t'ca|\SﬁQR.Qna&?EEB”EaEEFEt£3§4c%%ﬁlgngbagzﬁz. c, 30.51; H, 2.95;

| N, 13.62; S, 12.53; K, 15.28 |
FPound: C, 29.63; H, 3.20; N, 12.96; S, 11.94;

10 K, 12.78
NMR(D32q) 1.46(S, 6H), 1. 58 (12, d, ;=7) 4. 28 (1H, d of d,

J=%, 2.5), 4.67 (18, 4, ;=2), 6.95ppm(S, iH) .

)

The remaining 1.22 g of [3S-[3a(Z), 48311-3-
[[(2-amino-4-th1azoly11I(1—diphenylmethoxycarbonyl-
1-methy1ethoxy)1mino]acetyl]am;no-4-methy1-2-
oxo-l-azetidinesulfonic acid, potassium salt (crops
1 and 2) are treated as above (4.2 ml anisole,

16 ml of trifluorcacetic acid, 13 minutes at
-15%C). Chromatography on a 300 ml HP-20AG
column gives 694 mg of the title compound in
fractions (60 ml) 6-9 after treatment as above.

2Q.

Examples 104-133
. Following the procedure of Example 11, but
substituting the acid listed in column I for |
(Z)-2~amino-a- [ [hydroxy (phenylmethoxy)phosphinyl] -
methoxylimino]-4-thiazoleacetic acid, yields the
compound listed in column II.

25
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and then 200 m of ether.
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ﬁg,?- Exanple 102 [3S-[3a(2),4B 1]-3-[[(2-Am no-4-thiazolyl)

oxyi m nol - acetyl am no] --4-nethyl-2-o0xo0-1-azetidinesul fonic aci

p ssiumsalt 5 A) (3S-transl-4-Methyl-2-o0xo0-3- [[(phenyl met hboxyl -
carbonyl]am no] -|-azetidi nesul fonic acid, tetra- butylamoniumsalt -
(3S-trans -4-Methyl -2-oxo- 3- [[(phemilsrya.t hoxy) - 10 ‘

car bonyl ] am no] - 1-azetidinesul fonic acid, potassiumsalt (352.4 ng; see
Exanpl e 99) is dissolved in 20 ml of water and tetrabutyl ammoni um hydrogen

sulfate (373.5 ny) ig added. sThe aqueous solution is extracted three tines
wi th net hyl ene chl qrgde 15 -;@m the conigi ned extrgcts are dried over
sodi um sul f ate. rem)va the g Igvent 53!406=rrg of the title

conmpound i s obt al ngg 8) 5 (2), 42 ¥H-8- [[(2 g&glﬂo 4-t hiazolyl)

(et hoxy- 20 ety ]- 4-fr@ -2- 0@ B-fzetidinesul fonic acid,
pot assi um sal t Asci‘.ﬁ @y & &( S—tr,a §-4-methyl - 2-oxo- 3-
[ [ (phenyl net hoxy)c%ﬂoﬁyl) ]_-:l%’-laz%t_a s8irt ddic aci d, e
tetrabut yl anmonj, 283 in .?8 2§ :@m&t 1§ @r&ani de i s hydrogenat ed
with 220 ng of & (V #gadi g g arg g at BIpBegic pressure for 2.75
~hours; the uptag ~hydrog@ s =3 U .-23"5‘ s -
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C, 30.32: H, 3.49; N, 15.82; S, 13.95; X, 10.45 [err] [err] 25
e 103 [3S-[3a (2) ,4B]]-3- [[(2 Am no-4-thiazolyl) [ (I-carboxy- v
hyI et hoxy) i m no] acetyl ]-am no] - 4- net hyl - 2- oxo- 1-azeti di nesul fonic
acid, dipotassiumsalt 30 A) N-Benzyl oxy-t-boc-threonine am de A sol ution
of 8.76 g of t-boc-threonine and the %Ze amne from6.4 g of
O benzyl hydroxyl am ne EC1 (et hyl acel sodi um bi carbonate i ber at i on) in
100 m of tetrahydrofwuran is treated with 6.12 g -141- of
N-hydr oxybenzotrigzgl e and 8.24 g of dicyclo- hexylcarbodiinde in 20rr1 of
tetrahydrofuran. g mxture is stirred under nitrogen for 26 hours,
filtered, and eva@@€ated in vacuo. 5 The residue is chromat ographed on a
300 g si lica gel ®tEugn (elution with chloroformand chloroform ethyl
acetate (3:111 yle! fg 7.2 g of conpound. Crystallization from
et her - hexane gl ve g of the title conpound.” 10 B) (3S-trans)
- N- Benzyl oxy- 3 car bonyl am no- 4-net hyl azeti di none

inéw
Q

ot

ga

3 E

(s)y-3-[I[ (Sf-nethyl—a-phenyl-dci

carbonyl] amino]
P3

acid,

Column II

'=2-0x0~-1-azet

tassium salt; meltil
dec.

-230-232°C,

ic acid

Column I

133. S-methyl-3-phenyl-d-isoxazolecarboxyl



- A solution of 12.67 g of N-benzyl oxy-t-boc- threonine amde, 11.5 g of 93<
triphe phosphi ne, 15 and 6.23 nm ofdiethyl azodi carboxylate in 380 m of
tetrahydrofuran is stirred under nitrogen for about 16 hours. The sol ution

i s evaporated and chronat ographed on a 900 gramsilica_gel colum. Elution

with chloroformethyl acetate 20 (3~#53gi ves 13.69 g of conpound that

crystal lizes fromether-hexane to yield 9.18 g of the title compound. C)
(3S-trans)-3-t-Butoxycarbonyl am ng-| - hydr gx) -__ﬁ; 4- et hyl azeti di none A
solution of 9.18 g of (3S-trans)-

3-t - but oxycar bonyl am' nFodlowihygl shet pﬂbcedarienotosxninpdb 9% euttanol is

stirred in an a r - Wi Ish g alel fum on
charcoal . 30 k q%&%iﬁéng%‘g 89’&@"% llslggdfli g%@éﬂnﬂ & gga orated in
vacuo. The resdé&dzl)é°ﬁedrf3‘3tamlnged-thémoﬂwéﬂ{Iiaxddéphsnyﬂ-el d 5.12 g of
the title conpopg - -

(8S-tran) - 3- t But g)%%‘gr bonyf‘a%:ﬁgxxl imzﬂoﬂacetgllam%gﬁ(]a 2;\0%‘& ution of 4.98
of (3S-transP- raﬁeﬁéﬁ}neé!i;SBH;FaﬁFhétl PR§GP8§W45ﬂithV§r£&§Pd| none in

200 M of net haub b&mbbﬁﬁaeﬂiuéh iR%2collunh 2I5 M ammpni um acet at e and
then=66-m of 1.5 Mtitaniumtrichloride

P

o
L



g?&(s irred for 4.5 hours. The aqueous solution is diluted with an equal

% of 8% sodium chloride and extracted with ethyl acetate to give 1(
48 g of crude product. Recrystallization from ether-hexane yields 38 g
of the title conpound. E) ( 3S-trans)- 3-Benzyl oxycarbonyl - am no- 4- net hyl -
azetidi none 15 A solution of 3.3 g of (3S-trans)-3-t-butoxy-"~

car bonyl am no- 4- met hyl azeti di none i m18&«11 each of dichl oronethane and
anisole is cooled to [err] and 112 m of trifluoroacetic acid is added. The
solution is stirreq for 90 Minutes and evaporated 20 in vacuo (benzene
added and evapor at g4t hree';r.,l.rres) The residue is dissolved in 70 m of
acetone and. the so_Su.Ll n |§:§dﬁusted to pH 7 with 5% sodi um bi car bonat e

sol ution. A total 208 |08 benzyl chloroformate i s added over 1 hour
at pH 6.5-7.5. 25—- ;fn is'stirred for 30 mnutes at pH 7, diluted
with 100 ni of sat&r-atd 'fé'--'and extracted with ethyl acetate (three 400

m portions). The pegnﬂt ned by evaporation is chromatographed on a 1 ,
liter silica gel cglg 0 on with 30 chl orof orm et hyl acetate (4: 1)
gives 2.19 g of# omp,ggg “CeyStallization from ether-hexane yields 1.125 ¢
of the title cog o@ng.® & -SL%3€5| e .
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F) (3S-trans)-4-Methyl -2-oxo-3-[[(phenyl met hoxy) - carbonyl
am noj “\.lx azetidinesulfonic acid, tetra- butylamoniumsalt A solution o
600 ng of (3S-trans)-3- 5 benzyl oxycarbonyl am no-4 -methyl azetidi none in 2

m of dinmethylformam de is cooled to [err] and 4 m of 0.8 M sul fur '

trioxide in dinmethyl formanmide is added.isBwe solution is stirred at room
tenperature under nitrogen for 1 hour and poured into 80 m 10 of cold

0.5 M nonobasi ¢ pot assi um phosphate (adjusted to pH 5. 5). The solution is
extracted with three 50 m portlo&ég&fm ene chloride (di scarded) and
868 ng of tetrabuf3s ' (nestHdotyre sol ution is
15 extracted w e._The conbi ned

organic layer is =% and

evaporated in vagreilajlggx_ @ s:‘iunhesﬂtle corrpound 20 d [3S-[3a
(Z2) ,4B}]-3-[[(2- AMingt 4t : -4~

[+ - d| phenyl net hoxyca?éb 4811 hy etﬁﬁ xy)mq m no c:'-s)acfetmfﬁﬁ am noj

- 4-met hyl - 250x0-2=a%e=t3 mﬂmm W carhanyd laminglt-15 A
sol ution of 1.54 fpdifjdihedulFbnict 481d)) lpotasBiumisalt and 51 mg

?25?233%?2%38?1.”"““ CPa-pohetal M%Mﬁ% B ¥R eq in an
. atnosphere of hydm)gﬂtw tils Eiiﬁ;mtm‘d iﬂ.%tpaidﬁhynan)rehloride
(four 10 ml portions) to give 81 mg of oil.

10 fThis is stirred in an atmosphere of hydrogen
for 2 hours with 40 mg of 10% palladium on
charcoal in 4 ml of dimethylformamide. The
catalyst is filtered and washed with 1 ml of

O, . dimethylformamide. The filtrate and washings
| 15 are combined and stirred for about 16 hours
with 31 mg of (2)~2-amino-a=~(methoxyimino)-4-
thiazoleacetic acid, 27 mg of'N;hydroxybenzo-
triazole, and 31.5 mg of dicyclohexyl~-
carbodiimide. The solution is evaporated in

20 vacuo and the residue triturated with 3 ml of
acetone. The resulting slurry is centrifuged
and the liquid treated with 51 mg of potassium
‘perfluorobutanesulfonate. Dilution with 5 ml
of ether and filtration gives a solid. Chroma-

25  tography on HP-20 AG (40 ml) gives Rydon
positive material in fractions (20 ml) 3-5
(elution with water). Evaporation and ether

¢ . ' __trituration gives 23 mg of produc':_t., as a hygroscopic solid.

© Analysi ' :
o | y. is calc'd for c10H12N5°632K‘
= 30 C,29.91; H,3.01; N,17.44

Found: C,29.30; H,3.31; H,16.66



hdr coal f
for abo
~am no-a- [

(2)-

or 2 hours. The catalyst is filtered and the filtrate

ut 16 hours with 1.24 g of
(1- di phenyl et hoxycar bonyl -1 -

met hyl et hoxy) i m no] - 4-t hi azol eacetic acid, 0.4 g of N—hydroxybenzotrlazorg
I cycl o- hexyl carbodiimde. The slurry is evaporated 5 I n
“vacuo and-the residue is triturated with 20 nl of acetone and filtered. The
2 m of washings) is trd@bed with 868 ng of potassium
sulfonate in 3 mM of acetone. Dilution with 75 m of ether

l'i quor,

and 580 ng of d

filtrate (plus

per fl uor obut ane
gives a 10 so
trituration wt

gi ve a second c

lid thatis iSolaééggggﬁgggfntatlon of the not her
h ether, and fil ive 0.91 of the title

conpound. The not3fecis)paniminard mmeshylt

@cq-ahmtq@mﬁubfoemer to

(#d%a 0. 45 g, of the title conpound. 15 H)

[3S-[3a(2) 4, 48] |===1[ ( 2- Ani no- 4-t hi azol yI)[(l-

car boxy-1| - met hy

| et hoxy)i mi no] -acetyl ] amn noj -

net hyl - 2- gxo- 1| - azeti di nesul foni ¢ aci d, dlpota55|un1salt 20

of 140 nmg of [3
[ (I -di phenyl met

o 4-t hi azol yl)
I m noj

Mok

A slurry

Q0OXY)
acetyl ] am no] - 4- rret hy A zsuapansmeu (ﬁ-ﬁl&m Mlbaddt%bmm um sal t -
(first crop) in g 5qmObPYW dinleoudl 'diihri¥ islddeated with

'9.,45 ml o! triethylamine and 18. 1 g of t-butyl-

10

15

20

25

30

pyrocarbonate. The resulting mixture is
stirred at room temperature for 4 hours,

and

then dzluted with 70 ml of water and 140 ml
of ethyl acetate. After thorough shaking,

the layers are separated and the organic
is washed with 30 ml of 2:1 water:brine.

layer

Comb ined

aqueous layers are then back-extracted with

70 ml of ethyl acetate. -The aqueous layer is
cooled in an ice bath and 10% potassium bisulfite
solution xs added to pH 2.3. The acidified

solution is extracted w1th ethyl acetate

(four 150 ml portions). Combined organic layers
are dried over anhydrous sodium sulfate and
 stripped of solvent to give 9.13 g of the title

compound .

B) N-Methoxy-t-boc-l-allothreonine amide

t-Boc~-l-allothreonine (9.13 g) is dissolved
in 85 ml of water and 41 ml of 1N potassium
hydroxide solution. Methoxyamine hydrochloride
(5.22 g) and 8.67 g of l-ethyl-3,3-(dimethyl~-

aminopropyl)carbodiimide-HCl are added.

The

2



25

to roomtenperature. The solid is isolated 30 = by centrifugatior and
A solution efistyhis solid in 5 mM of cold water is
I mredi ately adjusted to pH 5.5 with 0.4 N potassi um hydroxi de and

washed twi ce with ether.
- 145-

under
added., After 10

then applied to

t he t|tle. corrpouﬁﬂé”ﬁacg“;gr &?[P %?Q%a%";}o?ﬁl% %g\rg%&e%\%gglr%‘ﬁ% ’

(acetonitrile added dhéencsatnrated mirthe soding
[err]

[err]

N, 1

12.96; S, 11. 94,

d,

j=2),

[[(2-am nosA-thi Jagle

pot assi um sal t (
of trlfluoroacetmompomuﬁ a3 @& ma&dd.at

Q'g :

ol

=

10

15

20

25

30

nitrogen and 2.5 m of col d (-10 O trifluoro- acetic acid is"

m nutes, 10 nl of ether and 5 ml of hexane are added and
t he régﬁltlng slurry is stirred for 5 mnutes at -12 C, and allowed to warm

i reduiting mifpure ﬁ%ﬁ%‘*‘“ﬁd WeiSediyl 20 T
6 gspamaSetate (FRuz 488 Ml por Lipng)oands SHes Arganks | -

h@ld&ﬁhﬂﬁawbﬁehhﬁwﬂﬁahhoﬁbﬁium sulfate and

ng of

potassium taxrtarate h et her,

(1H,

]-3- 15

potate) et“"xy"m ieied br $13Bat, BB dhve, oae B0 16

C) -O-Methanesulfonyl-thethoxy-gfboo-l-allothreonine

amide

N-Methoxy-t-boc-l-allothreonine amide (7.32 g)
is dissolved in 40 m1l of pyridine and cooled to
-20°C under nitrogen. Methanesulfonyl chloride

(3 ml) is added dropwise by syringe over'a

S5-minute period. The resulting mixture is slowly
warmed to 0°C and stirred at that temperature

for 3 hours. Ethyl acetate (500 ml) is added

and the solution washed with 250 ml of ice-cold

3N HCl solution, then 100 ml of 5% NaHCO, solution.
The ethyl acetate layer was dried over anhydrous
sodium sulfate and stripped of solvent to give

8.64 g of the title compound as a white solid.

D) (38-cis)-3-trButoxycarbonylam;no-lﬁmethoxy-
4-methylazetidinone
O-Methanesulfonyl-N-methoxy-t-boc-l—allo-.
threonine amide (8.64 g) is dissolved in 530 ml
of acetone and 11 g of solld potaSSLum carbonate
is added. The mixture is slowly heated to 65°¢C

under nitrogen and stirred at this temperature
for one hour. The reaction mixture is then



), /15 O). Chronatdgraphy on a 300 mM HP-20AG colum gives 694 ng of
tle conpound in fractions (60. m) 6-9 after treatnent as above.

| es 104-133 25 Fol | owi ng the procedure of Exanple 11, buts’
substituting the acid listed in colum | for (Z) -2-amino-a- [[[hydroxy
(phenyl met hoxy) phosphinyl] - nethoxyjsgd no] -4-thi azol eacetic acid, yields
the conpound listed in colum I1. -14 6- [err] -148- Jerr]

-149- Jerr] . _ . :
. filtered through Celite and the filter cake is

washed with ethyl acetate. The filtrate is

concentrated and the residue is taken up in

250 ml of ethyl acetate. - The ethyl acetate

5 'solution is washed with 100 ml of 1N hydrochloric

acid solution and 100 ml of 5% sodium °~ . -
bicarbonate solution. The ethyl acetate layer

is dried over anhydrous sodium sulfate and -
“stripped of solvent to give 6.63 g of crude

10 product. |

E). (35-gig}fshgrautoiycarbonyaamino—4emethyl—

azetidinone
Sodium (1.35 g) is dissolved in about 300 ml
15  ©of liquid ammonia at -50°¢ and 5.87-g of (3s-cis)- O

3-t-Butoxycarbonyl amino-1l-methoxy-4-methylazetidinone
in 35 ml tetrahydrofuran is added dropwise via
syringe. An additional 10 ml of tetrahydrofuran
is used for rinsing. Near the end of the addition
20 about 100 mg of additional sodium is added. The
mixture is stirred for five more minutes, then
quenched by adding 3.35 g of solid ammonium
chloride in one portion. Ammonia is blown off
with a nitrogen stream and 250 ml of ethyl acetate
is added to the residue. Aafter filtration and
washing the solid with ethyl acetate, the combined
£iltrate is stripped@ of solvent to give 4.82 g
of the title cOmpound. -

25



-150 - - 151 - -152- - 153 - Exanple 134-135 Foll owi ng the _
procedure of Exanple 70, but substituting the conpound listed in colum | /73
for [35 (2) 1-3-[[(2-ami no-4-thiazolyl)[[2- (diphenyl-
nethoxy)-2-oxoethoxy]ininp]acetylIanigf%gg-oxo- 5 1-azetidinesul fonic acid,
potassiumsalt, yields the conpound listed in colum I1I.. - 154- - 155-

F) (33-515143-EfButoxycarbony1amind-4-methy1—
2-ox0-1-azetidinesulfonic acid, tetrabutyl
ammonium salt _
[35,4R]-3-ErButoxycarbonYIaminoé4qmethyl-
_ 5 azetidinone (4.98 gl is dissolved in 30 ml of
= dimethylformamide. Pyridine-sulfur trioxide
_ complex 11.9 g is added and the mixture is
< < E stirred at room temperature under nitrogen.
After 14 hours stirring, an additional 1.8 g
10 of pyridine-sulfur trioxide complex is added
and stirring is continued for 8¢ hours. The
reaction mixture is poﬁred into 700 ml of 0.5 M
monocbasic potassium’phosphite solution and
washed with methylene chloride (three 300 ml
U 15 portions). tetra-n-Butylammonium bisulfate
(8.45 g) is added to the aguecus solution and
the mixture is extracted wiﬁh.methylene chloride
(four 300 ml portions). ' The combined methylene
chloride layers are dried over anhydrous sodium
20 sulfate and stripped of solvent to give 10.76 g
of the title compound as a gum.

G). (3s-cig)~-3-Amino-4-methyl-2-oxo-l-azetidine-
‘sulfonic acid | -

25 ~ (38-cis)=-3-t-Butoxycatbonylamino-4-methyl-
2-oxo-~l~azetidinesulfonic acid, tetrabutyl'
ammonium salt (10.76 g) is dissolved in 50 ml
of 95-97% formic acid and stirred for 4 hours
under nitrogen. A small amount of product from

30 a previdus reaction is added as seed and the
mixture is stirred for one more hour. The

o)



IHe 136 [3 a(Z),4a]-3- [[(Z-Am no-4-thiazolyl) (nethoxy- imno) acetyl]l
am \io]‘/4- met hyl - 2- oxo- 1- azetldlne- sul fonic acid, potassiumsalt A solution
8 ng of (cis)-4-nmethyl- 5 , L
2- oxo- 3-[ [ (phenyl et hoxy) car bonyl ] am no] - 1- azeti di nesul foni c aci d,
potassiumsalt and 51 ng of tetra-n-butyl-ammonium bisulfate in 5 nl of
water is extracted with methylene chlgjigde (four 10 ml portions) to give 81
ng of oil. 10 This is stirred in an atnosphere of hydrogen for 2 hours

W E h| 40t ng, 0; %?mdthkagurrsﬁaﬁeaa[ngpiﬂhe Ez?aeabrod_ Eod': faﬁdw:l pIcC mﬁ:@e The
catalyst is filter nd washed_wi of di Qr e
Frlcrare and wasAPythes£O2RE mimstne, Ly, Yarefl £’ Fobnl Bemberatita s witn
31 mg of (2)-2- aandos&i@weﬁhﬁnylannaﬂd@t;bhadzhbnacetEbea@pd;d27 ng of -
N—hydroxybenzo- tebirf Igs Sgitg}eﬁ ggdp&. gﬁpb&?&ue FP??%Q diimde. The

solution is evaporated in e res urated with 3 n

of acetoneS Thechdegidengosyield ﬁ§zcéﬂtpﬁf656dt e FomPoMd t r eat ed
with 51 ng of porgaseireeate! aer ahuh&@aswlfmnat itk oif mw'yubn'é m of -

ether and filtrat i,ves Chr, Q n HP-20 AG (40
nm) gives Rydon ﬁbgPFgés ﬁﬁ?ei?&lt Rk f'lzﬁéﬁl Sﬁ§ (‘25 g‘F)sp elution with _
wat er). Evapor at precdpdtateethati forms ds gemcystaligzeﬁ froduct, as a
hygr oscopi ¢ SO"Qater-methanol-acetone to give an additional

10 167 mg of title compound.

NMR(D,4) 1.63 (3H, d, ,=6.5 cps), 1R(nujol)1775 cm~t

'Example 138
135-13a(2) ,4g]1)~3-112-Amino~4-thiazolyl) -
_methoxyzmznd)acetyllamino-4-methy1-2-oxo-1-
azetidinesnlfonig ‘acid, potassium salt
1s | A solution of 201 mg of (Z)-2-amino-a-
(methoxyimino) -4-thiazoleacetic acid and 153 mg
of N-hydroxy-benzotriazole monohydrate in 3 ml
" of dimethylformamide is treated with 206 mg
of dicyclohexylcarbodiimide. The mixture is
20 stirred at room temperature for 20 minutes under
nitrogen and a solution of 180 mg of (3s-cis)-
3-amino~4-methyl~2-oxo~l-azetidinesulfonic acid
and 0.14 ml of triethylamine in 2 ml of dimethyl-
formamide is added (an additional 1 ml of
25 dimethylformamide is used for rinsing) and the
mixture is stirred for about 16 hours. The
slurry is evaporated in vacuo, triturated with
12 ml of acetone, centrifuged and the liquid I
treated with 338 mg of potassium perfluorcbutane-
10 sulfonate. Dilution with 10 ml of ether and
filtration gives a solid product which is chroma-
tographed on 200 ml of HP-20 resin eluting with

35



Anal ysis calc'd for[err] 30 C 29.91; H 3.01; N 17.44 Fo
C 29.30; H 3.31; H 16.66 NVR(D20) [err] apparent pentet, [err] - 156
Exanﬁ?é 137 (3S-cis)-3- Ami no- 4- et hyl - 2- oxo- 1- azeti di nesul foni ¢ aci d
t-Boc-|-all ot hreoni ne A suspension of 6.72 g of 1-allothreoni.ne in 70 m of
S0% aqueous dioxane is treated with 818b-nm of triethylamne and 18.1 g of
t-butyl- 10 pyrocarbonate. The resulting m xture i-s stirred at room
tenperature for 4 hours, and then diluted with 70 mM of water and 140 m of
ethyl acetate. watery tﬂnﬁqnﬂﬂmﬁﬂﬁ%@ mg, eesk)| 3P=B9 are sephiaeddandd the
organi ¢ layer IfyophiliSzetBshedibe 2730mg oFf tRel tWRLEN cBin fibBGnd £aNai ned
aqueous | ayers are then back-extracted with 70 ml of ethyl acetate. The
aqueous | ayer i Y FRRFGAPS; qw%ﬂ%#ace bath and 10% pot assi um bi sul fite sol ution
i s added to pHZhal. 'Hxicﬂd(Mﬂbna 1 0§séﬂtloc (R29.8%¢rHet 2dodgt h ethyl
acetate (fqyr 150 mN}¥yt4$ww) %eé ani c | ayers

. Found: C,30.03; H,3.21; N,17.06
NMR(D,o) 1.40 (3H, d, ;=6.5), 3.98(3H,S), 4.48 18, d of t,

T e . ;=6.4, 5.5), 5.36(1H, 4, ;=5.5) 6.97 (1H,S).
10 Example 139
(38~-trans)-3-Amino-4-methyl-2~oxo-l-azetidine-sulfonic
acid

A) Threonine, methyl ester; hydrochloride

Under an atmosphere of nitrogen, a flask containing
15 500 ml of methanol is cooled to =5°C (ice/brine) and
130 ml1 (excess) of thionyl chloride is added at such a
rate as to maintain -the reaction temperature between
0° and 10°C. After recooling to =-5°C, 59.5.g of 1~
threonine is added and the mixture is allowed to reach
20 room tempefature and stirréd.for 16 hours. The mixture

is concentrated and evacuated at 10-l torr for 2 hours
to yield a viscous oil. This material is used directly

in the following step.

)



arfe %b ed over anhydrous sodium sulfate and stripped of solvent to give
9. ﬁ} of the title conpound. 25 B) N Met hoxy-t-boc-1-all othreonine am.d
t-\Boc/l -al l ot hreonine (9.13 g) is dissolved in 85 m of water and 41 m  of

1N pot assi um hydr oxi de sol uti on. Methoxygm ne hydrochl ori de 30 (5.22 9g)
and 8.67 g of 1-ethy|;3,3-(dinethyl--hﬁ?nopropyl)carbodiinideHCl are added.
The -157- mxture is stirred at roomtenperature for 4 hours and then

saturated with sodium potassiumtartarate. The resulting mxture is
-extracted w th By hyrhréshthe &nbade 150 nml portions) and the organic 5

| ayer s aried over GyOot. SadhumUELahepaRy X' 1PATdsBlve Vot 1O
O Met hanesul f ongh- 2k Bel hofiymethanol - andochededi ko +5°C (ige/bwine).

N- Met hoxy-t - bocCq
pyridine and coo*ed %fﬁé%§RC?QGSQEhgsté& Sgtﬂ)ahﬁoﬁh&sﬁh¥?dth%hﬁgrrLEOEB

under nitrogen ha #
m) is adSed drepeiirghath i EeBogedaang th ﬁ&ﬁ§t¥e§§¥ od® The
resul ting n1xtugglbﬁeglgwﬂytaﬁanfdrtg aaysl aaﬁterlremdvahgthat t enper at ur e

the bulk of the unreacted ammonia via aspirator,

100 g of sodium Bicarbonate and 50 ml of water

is added and the mixture is stripped to a viscous
10 oil.

C) ' Benzyloxycarbonylthreonine amide
The crude product from part B (already
containing the requisite amount of sodium

15 bicarbonate is diluted to a volume of 1 liter o

with water. To this rapidly stirring solution,
94 g (88 ml of 90% pﬁré'material) of'benzyloky-
carbonyl chloride is added as a solution in 80 ml
of tetrahydrofuran over a 1 hour periéd._ The

20 . reaction mixture is then stirred for an additional

16 hours and extracted with ethyl acetate (one

500 ml portion, two 250 ml portions). The
combined extracts are dried over magnesium
sulfate and concentrated. The cryétalline

25 ‘residue is then dissolved in 250 ml of hot
ethyl acetate and 300 ml of hexane is added
followed by boiling until.a clear solution is
reached. Cooling and filtration of the crystalline
mass give, after drying, 104 g of the title

30 compound. , .

»



for 3 hours. Ethyl acetate (500 m) is added and the sol uti on washed éé?
250 f ice-cold 3N HO solution, then 100 mM of 5% /[err] solution. 7‘”
The ethyl acetate |ayer was dried over anhydrous sodium sul fate and .
stripped of solvent to give 8.64 g of the-title conpound as a white solid.
D) (3S-cis)-3-t-Butoxycarbonyl am no-Lygghoxy- 25 = 4-nethyl azeti di none
'0- Met hanesul f onyl - N- et hoxy-t-boc-1-allo- threonine amde (8.64 g) is

di ssolved in 530 m of acetone and 11 g of solid pota55|un1carbonate i's
added. The ni xtRk e Bepaylagycarhony S @mid 3%Ren and

stirred at this tenpenﬁkghedamhﬁmyg phdifle 5Eu§g tlbe gwe IS then
-158- filtered thro e and.t he fllte I S, was th ethyl
acetate. The f|#?9 5§9ﬁ§¥ ?e%ﬂ(ﬂﬁ§ Y en up in 250
m of ethyl aceti ecoorha e:m;dnlqmmtsep&ndxmlaﬁd @ooledvaixhed with 100 ni
of 1N hydr chlor f_ 2%

bi car bonat®' sol u l'|a:oira1c’%/%n ﬁ] t:I(i‘nac?al?’at e%gysgﬁ:ﬁr?ﬁ%gﬁ& ovl'(af’rn anhydr ous

sodi um sul fate a3ﬁj-33tnﬂ+ p@édi)fgls&fvme@ukf@m dhisirideide 10

QLroduct. B) (3% isaded dveldtla 15 aiibred Puried’ Malfder 2 hours

of stirring an additional 0.3 equivalents of
_ methanesulfonyl chloride is added. The reaction
10 is then stirred for 1 hour and poured into a
mixture of 1.5 1 of ice and 2 1 of water. The
resulting slurry is stirred for about 30 minutes
and filtered. Drying of the crude product at
60°¢ for about 16 hours in a vacuum oven gives
o 15 109 g of the title compound. |

E) N-Sulfonyl benzyloxycarbonylthreonine amide,
O-mesylate, tetrabutylammonium salt
A solution of 2-picoline (17.8 ml) in

20 90 ml of methylene chloride is cooled to -5°%¢
(ice-brine) énd chlorosulfonic acid 5.97 ml
is added at such a rate as to maintain the
internal reaction temperature below 5°C. The
resulting solution is added via canula, to a

25 suspension of 7.56 g of benzyloxycarbonylthreonine
amide, O-mesylate in 120 ml of methylene chloride. The
resulting heterogeneous mixture is refluxed
for about 16 hou:s yielding a Clear solutibp.
The solution. is poured intb 500 ml of pH 4.5

30 phosphate buffer (0.5 M) and further diluted
with 120 ml of methylene chloride. The separated




aﬁégggzpone Sodium (1.35 g) is dissolved in about 300 M 15 of liquid
a at -500C and 5.87 g of (3S-cis)- :

3-t t oxycar bonyl am no- | - met hoxy- 4- net hyl azeti di none in 35 ni b
tetrahydrofuran is added dropw se via syringe. An additional 10 m of
tetrahydrofuran is used for rinsing. 2ﬁ§£ the end of the addition.-20
about 100 ng of additional sodiumi's . The mixture is stirred for
five nore mnutes, then quenched by adding 3.35 g of solid amoni um
chloride in one peghnde 1A§@&nua taehlﬁuaheafdﬁb@hwatn.um@gan.streanland
250 m of ethyl age .added _t e. After filtration
and washing the ? FH%%FFh 39&9% Qeeﬁﬁpe%hﬁh °@§ﬁﬂﬁ§ %t e is stripped
of solvent to glpha&e&Zageotrehteﬂlwtehcdﬂpdugdof tetti&n-ﬁhtyl-
(3S-cis)-3-t-But gxyaas n?gggb %Fggg?sg % and Q%Qracded! idiggesul fonic acid,

tetrabutyl ammonium sa ut oxycarbonylan1no -methyl- 5
azeti di non8 (4.9meghyleng shipride {one AP0onlipexrtipni andani de.

Pyridine-sul fur {gbolsdemioppr®iohs) gar&eadd&§1agdthbecﬁuh&mha is stirred
at roon1tenperature ggder nitrogen. After, ,14 hoi |25|n% an ,addi ti ona
1.8 g ¢ extracts over sodium su fate. olution

is concéntrated to yield 12;7'g-of a foam.

10 F) (BShtrans)~3-Am1n0-4-methyl-z-oxo-l-azetidzne-
sulfonic acid :

A.mixture consisting of 5.52 g of potassium
carbonate in 20 ml of water and 160 ml of 1,2~
dlchloroethane is brought to reflux and 15.5 mmole

15 of N-sulfonyl benzyloxycarbonylthreonine amide, '

O-mesylate, tetrabutylammonium salt is added in
20 ml of 1,2-dichloroethane (20 ml used as a
rinse). After refluxing for 30 minutes, the
mixture is poured into a separatory funnel;

20 diluted with 50 ml of water and 100 ml of

' methylene chloride and the phases split. The

resulting organic phase is dried over sodium
sulfate and .concentrated to yield crude (3S-trans)-
3-benzyloxygarbonylamino-4-méthyi-z#oxoél-azetidine-

25 sulfonic acid, tetrabutylammonium salt. The
crude azetidinone is treated in 250 ml of ethanol
with 0.8 g of 5% palladium on charcoal catalyst
and hydrogen is bubbled through the solution.

After 90 minutes the mixture is filtered through .

30 Celite with 50 ml of ethanol used as a rinse.

&



10 . of pyridine-sulfur trioxide conplex is added and stirring is (iéégzg>
~continued for 80 hours. The reaction mxture is poured into 700 ml - of

nonoﬁaélc pot assi um phosphate sol uti on and washed with nethyl ene chl oride
(three 300 M 15 portions). tetra-n-Butylamonium bisulfate (.8.45 g)

is added to the aqueous sol ution and %%g m xture is extracted with’
) -

«O0ne nore hour

2

a

net hyl ene chloride (four 300 m porti The conbi ned net hyl ene chl ori de

| ayers are dried over anhydrous sodi um 20 sul fate and stripped of

sol vent to gi v&heoagdigieon phieltrtmd eénfermicaacid gten tigs

ggg ci Sg g tAmB%AtrIehBtbu%egxanl iﬁﬁé&igtée réaiﬁpaaﬁl@@:j&f 25 y "
-Ci S u gar,bon m nQ i nesul foni c aci

t et rabut yl nw&h l§&th%}%t7€18? gglﬂ¥s§5I§é§t?ﬁe§ ebf 95-97% formic -

acid and stirretifrering four 3 boder tai yieydn. aftenadtyimpuat of product from

30 a ggevu$p§-ggggtggg ishéqgedlai egg gggd&ﬁ@ mxture is stirred for

e

ré is's ored Int freezer for about 16
houts and the fEe§984 FrePuPé P§°GﬁﬁﬁeastBbF66ﬂ¢@e%B%$ature and stirred for
an additional kowcentFationl o thenedltgaté! 4Rd cdd@ieivmshednydd h net hyl ene

= formic acid to give 1.3 g of the title zwitterion.
m.p. »218°dec., [oz]D = =41.1(C=1, HZO)'

10 NMR(DZO) 1.58(3H, 4 ,=7), 4.80(2H,M).

Examples 140-143
Following the procedure of Example 138 but

- substituting (BS-trans)-3ram1no-4-methyl -2-0x0-

15 l-azetidinesulfonic acid for (3S-cis)-3-amino-4-
methyl-2-oxo-l-azetidinesulfonic'acid and the acid
listed in column I for (Z)-Z-amino—a-fmethoxyimino)-
4-thiazoleacetic acid; yields the compound listed in
column II. ) '



hloride to yield 982 ng of the title conpound. The filtrate is

with 1 liter of nethylene chloride and kept at -20 C for 4 hours.,
ecipitate that fornms is recrystallized from wat er - met hanol - acet on®t o
gi ve an_ additional 10 167 nmg of title conmpound. [err] Exanple 138 | 3S-
[3a.(Z), 4]]-3-[[2-Am no-4-thiazolyl)=1fethoxyi m no) .acetyl] :

am no- 4- net hyl - 2--oxo- 1- azeti di nésul fonic acid, pptassiumsalt 15 -

A solution of 201 ng of (z)-2-ami no-a- (methoxyingno)-4-thiazol eacetic acid
and 153 ng of N-hydroxy-benzotriazolge nmonohydrak@in 3 nml  of

imethyl formam de is treated wth. 1 10f - di exyl car bodi i m de. e
di met hyl f d dated with. 266 fdi ¢%dl éhexyl carbodiini de. Th
"mxture is 20 stirr@lgat r _g{r\rpﬁeggre fgrgi&) m nut es under nitrogen
and a solution of 18 a%gf (3§ 8isy >1 = -
3- ani no- 4- net hyl - 2- ogoE Ik @zet | 'ge_gmfo@ﬁ'pﬁacid;%é 0.14 nl of |
triethylamne in 2 £ & met M—,,.Fg)rrgggge isﬁaﬁ%d (an additional 1 m
of 25 di et hyl f o¥r@drg i sQu§ \%orggusi nod the mixture is stirred
for about 16 hours. Yh@ BugrySNEerapas & 8d i ngvlaguo, triturated with 12
m of acetone, centrSf& u'ﬁnd‘ﬁt’E&a 2 qué&' %eat%cﬁ'ﬁ th 338 nmg of potassium
per f | uor obut ane- 30_é5'§uléon§tg. i LG bh wi rgg m of ether and -
filtration gives a sef (rggquw_e;t \(g’n h;‘?ghrorﬁ-‘;ﬁ graphed on 200 nml of
HP-20 resin eluting mw@® S :Ea“ a8 L
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35 ‘water. Fractions (20 nl each) 18-30 are conbined and | yophili zed'f

give 274 ng of the title conpound as a hygroscopic solid. Anal. calc'd.
[errf‘S N, 17 44 Found: C, 30.03; H,3.21; N, 17.06 NVR(D20) 1.40 [err]
[err] 10 Exanplg 139

(SS-trans) 3- Ami no- 4 met hyl - 2- oxo- | - azet/idi ne-sul fonic acid A) Threonine,
met hyl ‘ester, hydrochl oride Under an atnosphere of nitrogen, a flask

cont ai ni ng 15 500 M of nmet hanol_ is §00|%g to [err] (ice/brine) and 130 m

(excess) of thionyl chloride is ch arate as to naintain the
reaction tenperunPdahﬂumeém]DeBF[[(ZNWmﬂndﬂ@@&hhﬁ@@lygluggﬂl;{hreon|ne i s
7t}

added and the m ] tAr- and stirred

for 16 hours. THRE=¥ —t-s—coOfrce a2 AT torr for 2
hours to yiel d dmino]age iod ~4prme ' dize ine
foll ow nggStep. gulfonic acid, potassium salt

T _ ) To a slurry of (3S-trans)-3-amino-4-methyl-
| S 2-oxo-l-azetidinesulfonic acid.
P oos _ (0.36 g; see example 139) in dry dimethylformamide
(30 m1) under nitrogen at 26 %¢ is added trlethyl-
10 amine (309 ul). After about 5 minutes a clear
- solution is obtained 3ndr65162?anino-a-{I1,1-
éimefhyl-z-l(4-nitrophenyl)methoxy]#z-oxoethoxyl-
iminc] ~4~-thiazoleacetic acid (0.816 g) is added
followed by N-hydroxybenzotriazole (0.334 g)
L 15 and dicyclohexylcarbodiimide (0.453 g). The
| mixture is stirred for twelve hours at 26°c,
whereupon the solvent is removed in wvacuo, and
the residue is triturated with acetone (30 ml).
After stirring five minutes, the solids are '
20 removed and the filtrate is treated with potassium
. perfluorobutane sulfonate (3.680 g) in acetone,
(5 ml). Addition of ether (approximately 40 ml)
‘affords a precipitate which is collected and
dried in vacuo (1.073 g; second crop 0 066 g;
25 total of 1.14 g).
Anal. calc'd. for CZOHZINGOIOSZK 1l Hzo. C, 38.33;
H, 3.70; N, 13.41; s, 10.23; K, 6.24
Found: C, 38.30; H, 3.63; N, 13.41; S, 9.88;
K, 5.98 - o




- 'mof 90% pure n?

-16'-' Threoni ne "am de" The crude product frompart Ais dissolved in
2.5(1
wi t N\ aproni a gas, the 5 | cooling bath is renoved and the seal ed vess

is alTowed to stand for 3 days. After renoving the bul k of the unreacted
amoni a-vi a aspirator, 100 g of sodi um bicarbonate and 50 m of water is
added and the mixture is stripped to=d68scous 10 oil. O

" Benzyl oxycar bonyl t hreoni ne ami de The crude product frompart B (al ready
contai ning the requisite anmount Bﬁampmeumu55 bi carbonate is diluted to a

volume of 1 liter mn% ya 25_7' tﬂhinaﬁg" Ya Bi' Q §8E¥Bb' . 94 g (88

." as a

solution in 80 nl-me th w“'":;u himine] 2 ' :'E -‘-“-'~h: 1@ 20
reaction ”‘XtUreoké-ihSBeEiaiﬁSQuifénﬁe QQQBE Béhsiﬁuﬂpﬁhitaﬁi @jtracted
w'th ethyl acetal®e (one 500 poOTtION, - TWO Z onbi ned

extracts aPe dried over nagne5|un1sulfate and concentr at ed. The crystalline

25 resi due i Ryt h¢BadZysédt eﬂ-lmzaﬂﬂinb-oﬁthﬁazolklb[daetate and 300 m =
of hexane is addgg f ¢ e o : .i's reached.
Cooling and filt¥s St re S |ng, 104 g of,

the title ace;g;}amino]-4-methyl-z-oxo-l-azetzdxnesulfonic
"acid, potassium salt '

10 Vﬁ’ﬁﬁ?a solu*ion of (czs)-4-methyl-2-oxo-3-[[(phenyl-
methoxy)carbonyl]amzno]-l-azetidinesulfonic acid,
tetrabutylammonium salt (201 mg.; prepared from
the corresponding potassium salt of example 98
as described in example 136) in 5 ml of dimethyl-

15 formamide is stirred with 90 mg of 10% palladium W

on calcium carbonate in an atmosphere of hydrogen
for 2 hours. The slurry is filtered and the
filtrate is stirred for about 16 hours with 146 mg of
(2)-2-amino—a-[1-dichenylmethoxycarbonyl~1-methyl ethoxy) imino] -

20 ‘4-thiazoleacetic acid, 73 mg of dicyclohexylcarbodiimide
and 51 mg of N-hydroxybenzotriazole under nitrogen. '
The slurry is evaporated in vacuo and triturated
with 4 ml of acetone. The slurry is filtered
and the solid washed twice with 2 ml portions

- 25 acetone. The filtrate and washings are combined

and treated with 113 mg of potassium perfluoro-
butanesulfonate. Dilution with 24 ml of ether
gives a solid that is isolated by centrifugation
and washed three times with ether yielding 186 mg

30 of the title compound.

nmet hanol and cooled to -5 C (ice/brine). The solution is saturated

é.



30 conpound. -163- D) Benzyl oxycarbonyl t hreoni ne am de, O0-nesylate

Under @an atnosphere of argon, 100 g of benzyl oxycarbonylthreonine am de ;ZPF?
di ssolved in 400 mM of anhydrous pyridine and cooled in 5 an ice/salt™

bath. To this stirring solution, 36.8 ml (54.5 g) of nethanesul fonyl

chloride is added over a 15 minute pert89- After 2 hours of stirring an

addi tional 0.3 equival ents of nethanesul fonyl chloride is added. The

reacti on 10 B} tmea(zoL4&¢d3$0[(2-ﬁmﬂnoaddthbazedem&m-earbnkyhe of 1.5

1 of iceand 2 1 L

m nutes and flltereg—ﬂ_

hours in a vacuukrag i = :
N Sul fonyl beney | oxyeas QQJ&*** hif‘)m Eéagms’“"“g’ ‘?Qﬁe”??‘;‘f’ﬁ'nimm”' o
chloride i 8 coolgaq‘bg i?}p?ﬁ el I%ﬁ RYSRERANYIALT acid 5.97 nml is

added at such a methyhethoxghlminohaeé2y1hmninal-4eneth9h-zeaﬁeﬁature bel ow

-5 C. The resulti §§§#g%%§F?h$£%&E Qagi&'CﬁQEL931ﬁﬁ Qafé in suspensi on of

7.56 g of benzyl
i .

- 6 ml of distilled anisole is cooled to -12°
_ and 3.0 ml of distilled trifluorocacetic acid
10 (at -lOOC) is added. The solution is stirred
for 10 minutes and 12 ml of ether followed by
6 ml of hexane are added. After 5 minutes at
-10°c and stirring for 15 minutes at ambient
temperature, the solid is isolated by centrifugation
15 and washed four times with ether to give 141 mg
of material. This is dried in vacuo, powdered,
dissolved in 5 ml of cold water and immediately
adjusted to pH 5.6 with 0.4 N potassium hydroxide.
The solution is applied to a 100 ml HP-20AG column
and eluted with water. Practions (10 ml) 8-12

20 _
- are combined and evaporated in vacuo (acetonitrile
is added three times and evaporated. The residue
is triturated with ether to give 101.7 mg of
product, as a hygroscopic solid. .
' » L d -
25 Anal ‘Calec'd for C13N15N50882 2K: C, 30.51, B, 2.95;

N, 13.69; S, 12.53; K, 15.28
Found: C, 30.11; H, 3.26; N, 13.35; S, 12.12;
K, 15.02 '

Y



anyde K -nmesylate in 120 M of nethyl ene chloride. The resul ti ng

het neous mxture is refluxed for about 16 hours yielding a clear

SO igh. The solution is poured into 500 mM of pH 4,5 30 phosphat &’
buf f (0.5 M and further diluted vvi_%ﬂ 120 M of methylene chloride. The
separ at ed organic layer is then wa ,%d once with 100 ml of buffer
solution and the conbi ned aqueous phases are treated with 10.2-g of =
tetra-n-butyl- amoni um hydr ogeExamnple cléhd extracted with 5 met hyl ene

chi ori de (one 399501300 | 981 FUSL | P2 AN~ AR 0ASYy1) AT {EL dTYing the -

conbi ned organi T EXTTACLS OVEl SOUT UNT SOl ate, 1t - T S concentrated
to yield 12.7 (Carbaxynhmmethylethoxy)iminglagetyl jamino] -4~

i no- 4- met hyl - 2-feeh 1a‘z-e¢s;'mu11-sazﬁﬂ5ﬂ{&§ula§3,did\ Adxdure consisti ng' of 5.52
g of potassiumTarbopaf €4 N, 20 T _v@ "'_'.;aE- %BE_@ of 1 2- _

di chl oroet hane is br 'F\[i‘f Bﬁr'eﬁ]tﬁ Y ‘% il "amf%f)'l\l- sul f onyl
benzyl oxycar bon(1+ecaxkoxye-lometdhyl® thoot Jdmd na reetyl Jamimoht um salt is
added in 20 nl pf ét% Ffl.LfJ:g W ORINANG didfadl fb??i: 3 rinse). After "
refluxing for 3 .nrln_n es, t’he M'xturéﬁla'%'polure |?latc%f%'se aratory funnel,
20 di | ut ed $HROLITSIM Rkt &7 -chPgroFen %am@emyl%g chloride and the
phases split. Ti® dissolved in 1.38 ml of water, cooled to 0°C,

10 treated with 0.34 ml of 1N hydrochloric acid and
the resulting crystals separated by centrifugation.
‘) The wet solid is dissolved in methanol, filtered,
concentrated to about 0.5 ml and mixed with 1 ml
of water, giving 55.9 mg of the title compound.

15 ) o .
_ Example 147 _ . o’
[35-{3a(2),48])]-3-[[(2-Amino-4-thiazolyl) [ (1-
carboxy-l-methylethoxy)iminolacetyllenino ] =4, —methyl-2-~
oxo-1 fo j '
20 A 99.7 mg sampie of [35-[3a(Z),48])-3~

[[(2-amino-4~-thiazolyl) [(l-carboxy-l-methyl-
ethoxy)imino]acetyl]amino]-4-methyl-2-oxo-1-
azetidinesulfonic acid is mixed with
0.207 ml1 of 1N sodium hydroxide and _

25 the resulting mixture is gently warmed to dissolve
the remaining solid. Water is removed ' |
azeotropically with acetonitrile and the residue
is crystallized from a mixture of 0.5 ml of
methanol (to dissolwve the residue) and 1 ml of

30 acetonitriie, giving 81.8 mg of solid. A second
recrystallization from 0.8 ml of methanol gives
47.9 mg, a third from 0.24 ml of methanol and
0.24 ml of absolute ethanol gives 44.8 mg, and

L



resul ting organic phase is dried over sodiumsulfate and concentrated to .
yield crude (3S-trans)- d
3- ben?jloxycarbonylanlno-4-nethy|- 2- QqGryl- azetidine- 25 sul foni ¢ aci t

tetrabutyl ammonium salt. The crude azetidinone is treated in 250 m of
et hanol with 0.8 g of 5% pall adi um on charcoal catal yst and hydrogen is
bubbl ed t hr oughat fleusthufiron. OAQESrm&CbEimu&hanbﬂeambxmumeﬂ mifiltered

through : n1 of t used as a
rinse. - 165- °$h anggoﬁth?gﬁi 52? EPO e *aci %Qﬁﬁls sol ution
causes an |nned#atérpﬁécﬁﬁl?ﬁtCoﬁndfOBﬁé mmtb& E@lﬁpcrﬂanhmhmsh is filtered
after stirring a4 éhEﬁUé%?91¥b§$éeda&i%h diﬁggﬂhékzé 1Qtubqrr for 1

hour, 1.1 g of grodgg second croB I s obtal ned upon
concentraBion o f????ﬁtegﬁﬁﬂnadﬂ t?oﬂgonnﬁPG FéF&Fcca@Peuﬂé-glve 1.3
g of the title zwitterion. mp. [err] 10 [err] Exanples 140- 143 Fol | ow ng

the procedure of Exanple 138 bﬂﬁ Eﬁg t 5 ting

(SS-trans) 3 an1no 4- nethyl 8 i g zetidi nesul fonic acid for
(3S-cis)- = (3e(F ;1 3= [ f2ehminoedthia; -labbd(bnd the acid
disted in colunaafbé ' -

10 oxo-l-azetidinesulfonic acid, disodium salt
‘A 3.00 g sample of [3S-[3a(Z),48)])-3-
y [{(2-Amino-4-thiazolyl)-[(1-carboxy-1-methyl-
ethoxy)imino]acetyllamino]-4-methyl-2-oxo-1-
azetidinesulfonic acid, (see example 146),
15 - is suspended in 30 ml of water and titrated with
1IN sodium hydroxide requiring 12.0 ml to give
the title disodium salt. The pH is reduced to
6.5 by the addition of a little Dowex 50W-X2 (&').
The mixture is filtered and the filtrate diluted
.20 to 66.3 g with water. A 6.63-g portion is
' removed for other purposes. The remainihg filtrate
is lyophilized, giving 2.38 g of solid. Partzal
equilibration (24 hours) with atmospherelc-
moisture gives 2.54 g of the title compound.

Examples 149-151
Following the procedure of Example 138,
but substituting the compound listed in column I

for (2)-2-amino-a- (methoxyimino)-4-thiazoleacetic
. 30 acid, yields the compound listed in column II.
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20 renoved and the filtrate is treated with potassi um perfl uorobut

afe
sul fopate (3.680 g) in acetone, (5 nl). Addition of ether (approximate y/£1
be '

m) a rds a precipitate which is collected and dried in vacuq (1.073 T,
.second crop 0.066 g; 25 total of 1.14 g). Anal. calcd. for [err] H,
3.70; N, 13.41; S, 10.23; K, 6.24 Fourd#3-C, 38.30; H, 3.63; N, 13.41; S,
9.88; K, 5.98 -168- Exanple 145 [3a(Z2), 4a]-3-[[(2-Am no-4-thiazolyl)

[ (1-carboxy- 1- nethylethoxy)lnlno)acetyll am noj - 4- net hyl - 2-

oxo-| -azetidinesulfonic acid, p 2t (1:2) 5 A [3a (2

, 48] -3|-[12-Amt nlpas-[m mjlwd I-(:f-rriw*mszhaeahamzs%l V[ €1 -dihBxy BB
imno I - acetyllamnols 4 NB s zaz¢ NESU C.acl d, _potassium
salt 10 A sol g%@i&%}%ﬁ%ﬁ‘? ,ac*‘ehff: ,r—mw&;ar bonyl
am no] - | - azet i d2+meartX-cagetizti It Yt - (@:2) prepared

fromthe qprrespondlng potaSS|un1saIt of exanple.98 as described In exanple

436)_in 5 'm of dingth rmam de is stirred with 90 ng of 10%
pal I'adi um A) [3S-[3a(z) 46]]-3-71(2-Am1no-4 -thiazolyl) -

[(l-dzphenylmethoxycarbonyl-l-metgylethoxy)1m1no]-

£ - acetyl]amzno]-4-methy1-2-oxo-l-azetidlnesulfonic
. acid, potassium salt
10 A solution of 440 mg of (2)-2-amino-a-
[ (l-carboxy-l-methylethoxy) imino]-4~-thiazoleacetic
'.) acid and 153 mg of N—hydfox?benzotriazole mono-

hydrate in 3 ml of dimethylformamide is treated
| with 206 mg of dicyclohexylcarbodiimide. The
U 15 mixture is stirred at room temperature for 30
minutes under nit#ogen and a solution of 180 mg
of'(35-215)-3-amino-4-methyl-2-oxo-l-azetidine-
sulfonic acid, (see example 137) and
'0.14 ml of triethylamine in 2 ml of dimethylformamide
20 is added (an additional 1 ml of dimethylformamide
is used for rinsing) and the mixture is stirred
for about 16 hours. The slurry is evaporated
in yacuo and triturated with 12 ml of acetone.
The slurry is filtered and the solid washed
25 ‘with acetone (two 3 ml portions). The combined
filtrate and washings are treated with 338 mg of
potassium perfluorocbutanesulfonate. Dilution
with 30 ml of ether gives a gummy.solid, which
slowly solidifies. The solid is filtered and
30 washed with ether to give 656 mg of the txtle

compound.

[y



¢i um carbonate in an atnosphere of hydrogen for 2 hours. The slurry
is V{Ryered and the filtrate is stirred for about 16 hours with 146 ng of
X am no-a- [ -di phenyl met hoxycar bonyl-1-neyhyl et hoxy) imno] 20
4-t1i azol eacetic acid, 73 ng of dicyclohexycarbodiinide and 51 ng of
N- hydr oxybenzotri azol e 'under nitrogen.. ;re slurry is evaporated in vacuo
and triturated with 4 m of acetone. e Slurry is filtered and the solid
washed twice with 2 ml portions 25 acetone. The filtrate and mashlngs
are conbined and_ tre -ota$5|un1 ro-
but anesul f onat €8) Di: o (* AN oL )That is
i sol at ed by cen[(1¢¢5x5¢}. Iﬂ&mimm]yueldlng 186
ng 30 of the t C D _ !
4a] 3[[(2 Am = y 3 v Al
1- nethylethoxy]_giguﬁkggiylIan1no] 2 nethyl 4-oxo- 1-azetidinesul fonic
aci d, potqf5|un1salt Isir Ay safugsg 186 350134 88 Aa¥pda3-[[2-amno- 5
/ il

~ 4-th | | - | th "
B nethL?é?hoxi%fniﬂﬁ? L ne car 'ngREPYH?%ﬁ¥R¥¥F§EERﬂY%n|c acid,

pot assi um sal t 1Jmékﬁy1§thdxymrmﬂﬂd}zbétyBIAmanQ]etmmethy1»2420C:and 3.0 m
of ot 1110 (L1 Spbeld fudiibofhc acld! fSiidalin e s The SOl ution
' 2.3 ml of distilled anisole is cooled to -12 %
10 and 11.5 ml of trifluoroacetic acid (precooled
to =10 %c) is added. The solution is stirred for
15 minutes and 46 ml of ether followed by 23 ml
of hexane are added. After 5 m;nutes at -10 c
and stxrring for 15 minutes at room temperature, .
15 the solid is filtered and washed with ether to -
give 457 mg of a very hydroscopic gum. This is
dissolved in 6 ml of cold water and immediately
adjusted to pH 5.6 with 0.4N potassium hydroxide
solution. The solution is applied to a 200 ml
20 HP-20 resin and eluted with water. Fractions
(50 m1 each) 7-11 are combined and'lyophilized
to give 239 mg of the title compound as a solid.

Anal. Calc'd. for C,,H, 0gN.S,K,*1/2 H,O0: C, 29.99;
B. 3-107 Np 13. 45' S, 12.32
25 Found._ C, 29.94; H, 3.30; N, 13 30 s, ll 93

NMR(DZO) 1.44 (3H 4, ,=75), 1.46(6H, S), 4.48(1H,d of ¢t
J=75, 5.5), 5. -34(1H, 4, ,=5.5) 6.96ppm(1H,S).



~for .10 minutes and 12 ml of ether followed by 6 mMl of hexane are added.
After 5 mnutes at [err] and stirring for 15 m nutes at anbi ent
tenperature, the solid is isolated by centrifugation 15. and washed
times with ether to give 141 ng of material. This is dried in vacuo, -
powdered, dissolved in 5 mM of cold waftgs-and i mredi ately adjusted to pH
5.6 with 0.4 N potassi um hydroxi de. The solution is applied to a 100 ni
HP- 20AG col um 20 and eluted with water. Fractions (10 m) 8-12 are
conbi ned and evaporated i n vacuo Eﬁéﬂﬂbﬁ;&ﬁile i s added three times and

evapor at ed. ThegtESBduﬂihé-hr4Laiﬁéeﬂzlbhhoﬁbhﬁﬁah@tﬂ&iﬁe&gianEB of
product, as a hx SCOpI C soll na C 3.69; S

12.53; K, 15.28 d: C 30. 11 H 3.26; N, 13.35; S, 12 12; K 15. 02
-170- Exanple 146 [3S-[3a(Z),4B]]-3- [[(2-An no-4-thiazolyl)-[(1-

carboxy - ”EthXEEt S¥X), 4 DhERbe: flg-£§81fgizeéidzne-tertbutyl-
et hyl - o | - e+t

[38—[30(2) 4B] -Giphenyhgsilane. thlazolyl) [ (I -carboxy-I-methyl et hoxy)
Jminol acetyl”]am nola-sd1aBidi of- #05| n875¢ | ELOEEPLERTEE0REpfleny1 -

silane in 112 ml of dimethylformamide is cooled
. to 0°C. * To this is added 22 ml of triethylamine.
10 A solution of 12.87 g of 4,4-dimethyl-2-azetidinone
in 25 ml of dimethylformamide is added dropwise
over 10 minutes to the cooled triethylamine solution.
The resulting cloudy solution is stirred for 18
hours at 5°C under argcn. This mixture is poured
I\ 15 into 400 ml of ice water and extracted with three
150 ml portions of 2:1 ether:ethyl acetate. The
combined extracts are washed with four 100 ml
portions of 0.5M monocbasic potassium phosphate
buffer, one 150 ml portion'of sodium bicarbonate
20 solution, two 150 ml portions of water and one

~ .

150 ml portion of saturated sodium chloride
solution. The solution is dried over sodium
sulfate and concentrated in vacuo to yield 33.03 g
of the title compound as a solid.
25 | | |
B) 1El:2:ez5ée:ﬁ;é:éé2ssaxi_zzezezizesssiésesr
tertbutyldlpheny1s11ane
: A solution of 4.25 ml of 1.6M (in hexane)
. ' n-butyllithium and 1lml of dry tetrahydrofuran
‘ 30 is prepared at -50°C under argon in a 100 ml
three-necked flask. A sblution of 0.083 g of
* triphenylmethane in 1 ml of tetrahydrofuran is




umsalt (87.3 ny; see exanple 103) is dissolved in 1.38 m of

, oled to [err] 10 treated with 0.34 m of |IN hydrochloric acid
and the’resulting crystals separated by centrifugation. The wet solid is\«
di ssolved in nmethanol, filtered, concentrated to about 0.5 ml and m xed
with 1 m of water, giving 55.9 ng of §{ title conpound. 15 Exanple 147
(3S-(3a(2),4]]1-3-[[(2-Am no- 4- thiazolyl???(l-

car boxy- | - net hyl et hoxy) m no] acet yl | am no] - 4- net hyl -

oxo- 1- azeti di nesaddeshi ¢ The diessddiing sdlutieon is cooled g 7-6ﬁg Qanpl e of

[3S-[3a(2)., 4B] lany ﬁUdiua'Hfﬁﬂ x%ﬂﬂélﬁix{é é?lﬁi?’ “drdfiiine - ethoxy)

I m noj acetyl] an1no azetl ont¢ acid is m xed
with 0.207 ml ofP¥ NI h °rt dkes Apdi xture is

gentlty war Wﬁd tmﬁfwd&d e lr-amﬁcc}l n@ sainwl:io\eﬁtoeﬂ i3 rgelrr.?wedd f
azeotropically C ni t r| e.and the resi.due | stalldize rom a
m xture of 50.5 mi)ﬂarﬁt (ﬂxsosg'l %iﬁﬁ% % 1 m of 30
acetonitrile, gldﬂp@tﬁ?ﬂ.ﬁl@&)ﬂm(ﬂ imd. oﬂmwdmmm 2iddesh from0.8 *
m of nethanol g &A s}&in@é hi rﬂgf rzgg‘ﬁé_q,gmsoq_ %q@l and 0.24 ni

i V€S

of absol ute ethano
stirred for 20 minutes at. -78%, during which time - .

heavy precipitation occurs- and uniform stirring
10 becomes difficult. A solution of 1.33 g of
p-toluenesulfonyl azide in 5 ml of tetrahydrofuran
is added dropwise. The resulting mixture is
allowed to stir at ~78°C for 20 minutes, and 2 ml
‘of trimethylsilyl chloride is added dropwise.
15 The reaction mixture is warmed to ambient temperature
and stirred for 1 hour. Then the mixture is cooled
to 0°C and poured into 150 ml of 0°c ethyl acetate.
Enough 0.5 M moncbasic potassium phosphate buffer
is added to make both the aqueous and organic
layers clear. The two layers are separaéed and

20 the organic layer is washed with three 150 ml
'portions'of 0.5 M monobasic potassium phosphate
solution, one 150 ml portion of sodium chloride
solution, one 150 ml portion of saturated sodium

23 chloride solution and dried over sodium sulfate.

The solution is concentrated in vacuo to 2.83 g
of oil, which upon trituration with hexane yields
~1.67 g of the title compound as a solid.



-171- a fourth fromO0.225 m of nethanol and 0.225 m of absolute et
gives; 38.8 nyg. The solid is dried at 20 C and 0.01 mmof Hg for 18
and thén equi librated with atnospheric noisture 5 for 24 hours,
40.9 ng of the title conmpound. Exanple 148

[ 3S-[3a(Z), 4B]]-3-[[(2- Ami no- 4- t hi azolyl94L{1- carboxy- I-nethylethoxy)
i m no] acetylJam no 1 --nmethyl-2- 10 0X0-1-azeti di nesul foni c acid,
di sodiumsalt A 3.00 g sanple of [38—[3a(Z) 4B] ] - 3-
[[(2- Am no-4-t hiazol. y
et hoxy) i m no] acet'yl |-+ acid, (see
exanpl e 146), 15 |Ensu§$bmde¢hneeﬁneﬂkeﬁ flask, dncP2 iF@fed with | N

sodi um hy dr oxi de £20411dJ 3 I, A diim A/f-a,kbﬂ-paﬂ&ﬁﬁ@a umsalt. The pH
by the addi’tl on of

|-2-oxq—1-azet1d1ne

is reduced to 6

Jtt mex S rr] The
mxture is filtcpenEteyrk lﬁ‘?}flrsa?t]éfiﬁl%ﬁ pive &’B?%“gfw%h water. A
6.63-g portg on i ryantidilel haro mmmrﬁ& sdruslummg.m [trate is

I
L opher at s oadh Grafal /4F% iR Rlo Uit R 1 24 hobr o) (i
d49-151 Foi | owi rmptdﬂn@aﬁr@hﬁe@qu@rﬁmt%&ﬁ Mk ing the
?gng?ggiLg?;??dggﬁox |mno)4cac'lr |amj¥§?i;? acid are. added every
minutes until, after 6.5 hours, a total of
10 3.25 ml of 48% hydrofluoric acid has been added.
The reaction mixture is then cooled to 0°C,
neutralized with saturated sodium bicarbonate,
and extracted with 120 ml of ethyl acetate. The . .
organic layer is then washed with 100 ml of
15 water, 100 ml of saturated sodium chloride solution,
and dried over'sodium su1fate. The dry solution
is concentrated in vacuo to yield 1.34 g of oil.
This impure oil is chromatographed on 27 g of
silica gel with héxané, followed by 33% ethyl acetate
20 in hexane, to yield 0.358 g of the title compound

as a solid.

D) (+)-3-Azido-4 4-dimethy1-2-oxo—1-azet.tdine-
~ sulfonic acid, tetrabutx;ammonzum salt
25 To 0.100 g of (%)=-3-azido-4,4-dimethyl-2-
oxo-l-azetidine at 0°C is added under argon
2.8 ml of 0.5M dimethylformamide-sulfur trioxide
complex. This mixture is allowed to warm to

ambient temperature and stir for 45 minutes.
. 30 The solution is then poured into 20 ml of 0.5 M
< . ~ pH 5.5 monocbasic potassium phosphate buffer.



152 [3S-13a (Z, 4a]
canhoayl - | - met hyl et hoxy) ’
2-oxo- | -azetidinesul fonic acid, potassiumsalt (1:2) 5 A) [3S " 3a (2 4

a] -3-{[(2-Anino-4-thiazolyl)-
i mi no] - acetyl]ani no] -Z2HET hyl - 2- oxo- | - azet i di nesul f oni c

1- met hyl et hoxy)

acid, potassiumsalt 10
[ (I -carboxy-| - nthihg| édshwaghedi with4thheaz@lcmdeportions aeffid 153 ng of

N- hydr oxybenzot

treated with 2o@h%ﬁ9h§n§D§§%?9ﬁ
stirred at roonte

i m noj

[

acid, yields the conpound listed in colum I1. -17 2- -173-
-3-[[(2- Am no- 4- thlazolyl)[(LLdlphenylnethoxy-

acetyl] amino] -4- met hyl -
(1- di phenyl met hoxycar bonyl -

A solution of 440 mg of (Z)-2-am no-a-

Héakaiéaagdgh)ognd'ﬁeb?z|505E8n1de i s

exy carb
§ﬁﬁ§F$¥&P@mPBF“BO hydrages gndEptei iFogddedn&oa sol ution of

lrmd mxture is

180 ng of (3S-cihe- aqaabﬁs dolutligh- 2- PHds lwasckkdiraetequivieni c acid, (see

le 137
TS added (5% ZSgPPFoﬁ8|“} RPT

10

of tg

$5h0) R Bl e pnbedad®ipi o ce 20

the combined organic extracts are washed with
20 ml of 8% sodium chloride solution. The '
methylene chloride solution is dried (sodium
sulfate) and concentrated in vacuo to yield 0.31 g
of oil, which appeared by nmr to be 50% dimethyl-
formamide and 50% of the title compound.

E) (*)-3-Aminof4;4b§imethylb2-oxo-1éazetidine-

. sulfonic acid

15

20

25

A solution of 0. 155 g of (+)—3-az1do—4 4~

dimethyl-z-oxo-l-azetldlnesulfonic acid, tetra-
butylammonium in 0.6 m 1 of methanol is hydrogenated
over 10% palladium on charcoal for 20 minutes at

1 atmosphere.

Th

e catalyst is flltered off and

rinsed with methylene chlorlde which is combined
with the methanol solution. This clear solution
is treated with 0.123 ml 97% formic acid. Upon
addition of the acid the solution immediately

becomes cloudy.

After standing for 1 hour at 5°C,

the solid is filtered off to yield 0.0664 g of
the titlg compound, m.p. 200-202°C(dec.).
NMR(D,,) 1.64(3H,S), 1.68(3H,S), 4.42(1H,S),

IR(KBr) 1765cm T



Is used for rinsing) and the mxture is stirred for about 16 hours.
slurry\is evaporated in Vacuo and triturated with 12 nl of acetone.
slurry is filtered and the solid washed 25
portions). The conbined filtrate and wp$
pot assi um per fl uor obut anesul f onat e.

gummy solid, which slowy solidifies.
washed with ether to give 656 ny
[3S-[3a (2) ,4a]l- 3- [[(2 An1no 4-

I M noj acetyll
salt (1:2) 5

| - met hyl et hoxy) i

aci d, potaaslun1salt |§1§bﬂhﬁﬂoﬁﬁoghnnhy

‘and 41.5 m of t
solution is stlr

10

20

25

Anal. Calc'd. for C

30

temperature.

with acetone (two 3 ni
§Lngs are treated with 338 ng of
Dilution with 30 mM of ether

The solid is filtered and 30

0 zléﬁélifhLéQx&Eﬂés&&fonxc

oxo I-azetldlnesulfonlc

The

gives a

[ gg conpound. -174- B)
[(I-carboxy I-nethylethoxy)
1yl pot assi um

ﬁ%&fri&zdlﬁﬂﬁyhﬁgt3120C 10

[, ) B () P 5 s ‘%f

S added.

The

owed by 23 ml of
hexane are addedthiad¥almacetiiaiacid at0 .328 @mﬂ:b)stin rOnSg nibrOﬂLS m nut es at

'FOO”‘te”perat“reaimethylformamide is treated with 67 mg of
dicyclohexylcarbodiimide under argon at ambient

‘The resulting mixture is stirred

for 1 hour at which time (%)-3-amino-4, 4-d1methy1-
2-oxo-l-azetidinesulfonic acid
{57 mg; see example 153) is added as a solid
followed by triethylamzne dropwise (0.05 ml).
The reaction is stirred at ambient temperature
The dimethylformamide is removed
under high vacuum at 3o°c, and the residue is
slurriéd in 4 ml of acetone and filtered. The
filter cake is washed with an additional 4 ml of
acetone, and potassium perfluorcbutanesulfonate
(85 mg) is added to the filtrate, followed by
ether. Trituration of the resulting gum with

for 16 hours.

ether gives 40 mg of a tan solid which is chromato-

graphed on a 70 ml HP-20AG column.
water gives 20 mg of the title compound in
fractions (5 ml) 16-40 after evapbration,
_trituration with 1: 1 acetone—hexane and drylng.
m.p. 225°(dec).

N, 16.86; s, 15.43

Found:

'C, 29.47; H,

3.48: N,

Elution with

14.98: S, 13.35



d to pH 5.6 with 0.4N potassi um hydroxi de solution. The sol uti on™s
applied to a 200 m 20 HP-20 resin and eluted with water. Fractions (50
m each)” 7-11 are conbi ned and | yophiLiggd to give 239 ng of the title
conpound as a solid. Anal Calc'd. [err] H 3.10; N, 13.45; S, 12.32 25
Found: C, 29.94; H, 3.30; N, 13.30; S, 11.93 [err]-[err] -175- Exanpl e

153 (t)-3- Ami no- 4, 4-di net hyl - 2- ogahnegeisgi nesul fonic acid 5 A)
()-4,4-Einethyl=g-oxo-l-azetldinETTEF$%UTyE- difhen | silane A solution of
40.5 m of t-bufglrs pame b 2-G [{ghenyl acekyl ' formami de is

cooled to 0 C. Jocatbtsdifesdlpenle atiaf potasbybmansare 10 A sol ution of
12.87 g of 4,4-Trne -azell di pone or.mani de i s

- One, | . 0 LNE I
added dropwi se over l% ﬂ?%ﬁ?ﬁgntﬁftH§h¥aﬁ?§ﬂb???%Fﬁ§?é '%egggFﬁFFon. The
_resulting iloud}450hg1immdipheﬁylaedtioradﬂd (40 mg) in 0.5 ml

of dimethylformamide is treated with dicyclohexyl-
~ carbodiimide (61 mg)'under argon at ambient '
temperature. The resulting mixture is stirred.
. for 1 hour and (%¥)-3-amino-4,4-dimethyl-2-oxo-
10 l-azetidinesulfonic acid, (52 mg; see
' example 153) is added as a solid, followed by
triethylamine dropwise (0.04 ml). The reaction
is stirred at ambient temperature for 24 hours.
The dimethylformamide is removed under high .
15 ‘vacuum at 30°C and the residue is slurried in o’
acetone and filtered. Potassium perfluorcbutane~-
sulfonate is added to the filtrate, ether is
added and the mixture is cooled. The resulting
solid is washed with acetone, hexane, and dried
20 yielding the title compound as a powder.
Anal. calc'd. for Cy 38y sN055K: €, 44.55; H, 4.32;
N, 8.00; S, 9.15; K, 11.16
Found: C, 43.83; H, 4.16; N, 7.96; S, 8.76;
'K, 11.43° | | o
25  NMR(D,,) 1.33(S,3H), 1.58(S,3H), 3.68(S,3H), 4.70
(S,1H), 7.56ppm (broad s, SH). .

Example 156

-

g] £

-k

- 5 -

(3s-trans)-3-[[(2-Amino-4-thiazolyl)oxoacetyl]-
amimg-4-methzl-z-oxo-l-azetidinesulfdnic acid,
potassium salt o '

30 To a solution of diphenylphosphinyl chloride
(1.85 g) in dry dimethylformamide (15 ml) cooled
in an ice-methanol bath (-15° to -20°C) is added
(2-amino-4-thiazolyl)glyoxylic acid, triethylamine




hours at [err] under argon. This nmixture is poured 15 into 400 M of j >
mater\gnd extracted with three 150 ml portions of 2:1 ether:ethyl acetaj
The conbi ned extracts are washed with four 100 m portions of 0.5M

nonobasi ¢c_pot assi um phosphate buffer, one 150 m portion of sodium
bi car bonate 20 solution, two 150 nLigprtions of water and one 150 ni
" portion of saturated sodiumchloride solution. The solution is dried over

sodi um sul fate and concentrated in vacuo to yield 33.03 g of the title
compound as a s%*1H. (2514)9) () Bfter wtirzing nfonyd .3-bawr|aazeti di ne-

tertbutyl di phenybsat s e SPAsLixihg)- -t ib-Hindtid L boolsxane)
n-butyllithiumand |Im. of éig'TETTah drgiuagn 30  "is prepared at [err]
under argon i n A 3PRtHRiReFRLEIORIGK AFHF-atk-OR €&l ution of 0.083 g of

triphenyl met hanseé netampl©f13%) rany kmietteyl atine (1/$2 mlljled. The -
added dropii se 5 4§58 St Slldad (s t) e adbp 28R 100 P o
to -780C. A solceldmixed snhydside solution and the reaction
[err]-4, 4-di methydegerdXis | seaiddli -5 1408 Y34 KORAEDYI Sblddgein 8 M of
& et rahydrofuran,i s added : .
is removed in vacuo, the residual dark oil is
dissolved in water, and chromatographed on
10  powex 50 X 2-400 resin (XK® form, 200 ml). Upon
' elution with water (15 ml fractions) the crude
product is collected in fractions 13-27 (3.37 g).
Chromatography on HP-20 resin (200 ml), eluting
with water (15 ml fractions), gives the desired
N\ 15 product in fractions 18-26. Removal of water
in vacuo gives the title compound as an amorphous
powder. '
Anal. Calc'd for C989N40652K (372.42): C, 29.02;
_ H, 2.44; N, 15.04; s, 17.22; K, 10.50
20 . Found: C, 28.87; H, 2.62, N, 14.85; S, 15.09;

K, 10.81

. Example 157
3S(R*)]=-3-[[{(Aminocacetyl) amino]phenylacetyllamino]~-
25 2-oxo-l-azetidinesulfonic acid, potassium salt,
trifluoroacetate (1:1) salt
. The deprotectiun of [3S(R*)I-3-TIIIIII(4~ .
' methoxyphenyl)methoxy]carbonyl]amino]acetyl]amino] -
.__' phenylacetyl]amino]42-oxo-l-azetidinesulfonic

30 acid potassium salt (see'example 127) using
trifluoroacetic acid and anisole yields the title
compound, melting point 165°¢C, dec.



sl/oml, vy by syringe. The resulting solution is stirred for 20 m nutes at -78
ditfoig whi ch time heavy preci pik8& on occurs and uniformstirring 10 -
b g difficult. A solution of 1.33 g of p-toluenesul fonyl azide in Lt}
of etrahydrofuran is added dropw se. The resulting nixture is allowed to
stir at [err] for 20 minutes Example d8&f trinethylsilyl chloride is added

dropw se. E E;%)rr %&ﬁ)@;ﬁ&ﬁﬁ%jq P(SH&Q} _Lerrperature and

stirred fo TETT llb"lllXTUIC rs—ctour edto terranmd poured into 150
m of [errmethexy)sanbonyllamingl vl -p3ewidingsylionic agide phosphat e

buffer is ditindag thot h t he aqueous and organic 20 | ayers cl ear.
The two Ia?gggg%T§‘§§ﬁaThted and the organic layer is washed with three 150
m portions of 0.5 M nonobasi c potassi um phosphate sol ution, one 150 mi
porti org ofAaodMuntghggggdd<Mﬁtnylnﬁ-naﬁhdﬁg}Zﬁoxgﬁj+on of saturated sodi um

25 chi orgﬂ&!seqm L e QA LR Sil {8 €. The solution is
concentr at m—eR—er—t ri t urati on Wi th hexane

yields 1.67 g of t&l@qlrltﬂl@m@ﬁ)cir-rﬁj as(Qa-QslcQS anole) <f77- C) - -

[err]-3- Azidg gdjg o¥y)d three-necked

flask, 1. 52 ferr] azr ﬁt%@ oxo azet I di ne- -
car n amino]azetzdine (prepared from -

10 threonine in 12.6% yield essentially as
described for the racemic cis isomer in
Example 98C) in 112 ml of 4% borax in methanol
is cooled to 0°C and 3.5 ml of t-butyl hypo-
chlorite is added. After 20 minutes the

15 solution is poured into 1 liter of cold water
and extracted with two 750 ml portions of '
cold ethyl acetate. The organic layer is
washed with cold water (two 750 ml portions),
saturated salt, dried and evaporated to give

20 3.05 g of crude N,N'-dichloroamide.

A solution of 426 mg of lithium methoxide
in 20 ml of dry methanol is cooled to -78%
and diluted with 40 ml of dry tetrahydrofuran.
Over 30 seconds a solution of the above chloro-

25 amide in 20 ml of tetrahydrofuran (-78°C) are
added via syringe. After 20 minutes at -78%¢c,

2 ml each of acetic acid and trimethyl phosphite
are added. After 40 minutes at room temperature
the solution is poured into 500 ml of water

30 and extracted with ethyl acetate (two 300 ml _
portions). The organic layer is washed with ' :



tertbutyl di phenylsHane Is dissolved in 25 m 5 of acetonitrile. To s
stirred ,solution is added 0.25 m .p§348% hydrofluoric acid. This is st r /ex

at anhient tenperature, and 0.5 nl portions of 48% hydrofluoric acid a

added every 60 minutes until, after 6. 5 hours, a total of 10 3.25 ml of

48% hydr of | yogd £ a&peé'nas%ggeé\, 3 sod| unf%;caﬁg dixture is then cool ed

‘to [err], neufralized wth saturate onate, and extracted with
120 M of cEPzomakegrARhY 9R 3r¢Mhiml |silica gehPli®hed with 100 M of 15

water, 100 gluPingaritltPdl mmméﬂ@pc&ﬁtﬁb and dried over sodium
sul fat e. The, dr sol uti s, concentyated 1 n vacuo to yield 1.34 g of oil.

" This inpure b‘f? i t9F %ﬁa?%g}agﬂe% cbér’1 FHHLLiFIRPYH - with hexane, :

fol | ondd by 3396ethy| acetate 20 ~ in hexane, to y|eId 0.358 g of the

title corrp e -
Lol TO)d s feptd fl3Methoxy-4 L-279%973 ¢ acid

Tet r_abutyl Ltpheny pethd agefridinesulfonic

[err]-3- azq@ﬁlﬂﬁ@gmﬁyls&toxo I-azetldl neat 0 Cis added under argen
2.8 m of O or mam de-sul fur trioxide conplex. This mxture is
Y1 owed to warm th %?%-P*e#ﬂ“ tRERIG MG 000 323 male) &F ninutes. 30 The

sol utlon i s(idereausYy ef-nakipy L03tHe tHoxr—2-Mxd1 & By (BheRAas ¢ pot assi um

phosphat e bUftt.heoxy)carbonyl]am.no]azet:.d:.ne in 2 ml of dJ.methyl-

formamide is cooled to 0°C and 4 ml of dimethyl-
formamide-sulfur trioxide complex is added. After
1 hour at 0°C and 4 hours at room temperature the
15 solution is poured into 80 ml of 0.5 M monobasic
potassium phosphate (adjusted to pH 5.5) and
extracted with methylene chloride (two 50 ml
portions, discard). The agqueous layer is treated

with 1.04 g of tetrabutyl ammonium sulfate and
20 extracted with dichloromethane to give 1.42 g of
0il. This is dissolved in acetone and treated
with 1.04 g of potassium perfluorcbutanesulfonate
in 10 ml of acetone. Dilution with 250 ml of ether
and extensive trituration of the oily solid gives
25 584 mg.of crude product. Chromatography on HP-20 AG
(200 m1) gives 418 mg of purified product in fractions
(100 ml) 13-16 (elution with 1 liter of water and then
9:1 water-acetone). Trituration of 114 mg of thls
material with ether gives 104 mg of an analytlcal
30 sample. _
ol ~ Analysis calc'd for C,.H, ,N,0,5K- HZO‘ C, 39.06;
H, 4.04; N, 7.01; S, 8.03; K, 9.78
Found: C, 38.91; H, 3.62; N, 6.91; s, 8.06;
K, 9.51 ' '

35 NMR(D,,) 1.33(3H, d, ,=7), 3.46(3H,S), 4.22(2H, d of 4,
y=6), 5.18(2H,S), 7.43ppm(5H,S). |



A78-NThis is washed with three 20 ml portions of nethylene chloride

{ &8ar ded) and 0.237 g of tetrabutyl anmoni um hydrogen sulfate is adde o]
e gqueous solution. This was extracted with 5 four 20 m portions of
methyl ene chloride and the conbi ned organic extracts are washed with 20 ni
of 8% sodi um chl oride sol ution. The gl hyl ene chloride solution is dried
(sodi um sul fate) and concentrated in vacua to yield 0.31 g 10 of oil,
whi ch appeared by nnt to be 50%di nmethyl - formami de and 50% of the title
corrpound E) [err] - 3- Ami no- 4, @:ﬁmﬂéwSQ 0x0-1-azetidine- sulfonic acid

15 A of i j.do-4 .4- -
di net hyl - 2- ox e 94 %:&-QI-IQ 22 i i : : 6 m1l of
-y , SinEen ‘achd REtass

met hanol is jaim fS&1®0 minutes - at 1

. atnosphere. The Cat@oéL ?I )fllte.red of f_ and 20 _rinsed wth methylene

chloride which is co RO AMethon -4omewre- is cl ear sol ution
is treat&d wi mmﬂgaxeaul@mﬁcomi@.ad:etrammylmmm sfalthe acid the
sol ut-i on i mredigtg P ledba Wi H§d¥3q1 bgour at [err] 25

EZ?r]S"'N'N%(bZo;f””ed JAC to%leew' e'dg—;ne YrAng-3 1fpx< C°”pr‘é§2?m e
methoxy)cazbonyl]amlno]-l-azetidinesulfonic acia, '
potassium salt (see example 158) after conversion to

10 the tetrabutylammonium salt. -‘Pollowing the procedure
of example 88,but utilizing (3s~trans) —3:a11!jm-3-nm<yh '
4-methyl-2-oxo-l-azetidinesulfonic acid, tetra-
butylammonlum salt and phenylacetyl chloride yxelds

~ the title compound. .

-
15 Anal. calc'd for c13315N2065K. c,42.61; H,4.31; N,7.65

Found: C,39.67; H,4.09; N,7.30

NMR(DZO) l 29(BH, 4, ;=7) 3.45(3H, S), 3.73(2H,S8),
4.36 (2H, 4 of 4, ,=6), 7.38ppm (5H, S).

Ex;ﬁple 160
20 [3s-[3c(z) 4811-3-[[(2-Amino-4- -thiazolyl) [[2-
(dlphenylmethoxy) -2-oxoethoxylimino]acetyl] -
amino] - 2-methy1—4-oxo-l-azetldlnesulfonlc acid,
potassium salt : '
_ Following the procedure of example 138,
25 but substituting (Z)-Z-amino-c-[[2-(dlphenylmethoxy)-
2-oxoethoxy]im1no]-4-th1azoleacet1c acid for
(Z)-Z-amlno-u-(methoxy:mlno)-4—th1azoleacet1c
acid and first treating the (3S-cis)-3-amino-
4-methyl-2-oxo-l-azetidinesulfonic acid,

30 with triethylamine, yields the title compound,
" melting point 155-160°C, dec.

%



-179- Exanple 154 [3 (Z) ]-3-[[ (2-Am no-4-thiazolyl) (nethoxyimno) -
acetyl]am no] -4, 4-dinethyl -2-o0xo0-1-azetidinesul fonic acid, potassium a/t??
5 ~ A sol ution of N-hydroxybénzotriazole hydrate (50 ng) and

(Z) - 2- am no- a- (et hoxyi m no)-4- thiazol eacetic acid (0.323 mmole) in 0.5 m "~
of dinméthylformam de is treated wth-@8s+ .of dicycl ohexyl carbodiim de

under argon at anbient 10 tenperature. The resulting mxture is stirred
for 1 hour at which time [err] -3-anino-4,4-dinethyl -

2- oxo0- | -azetidi nesul fonic acid (SEggmghﬁui@kanple 153) is added as a solid

followed by tri ¢ QA ) stirred
at anbi ent yterrp%ral 2.4 3'5'61 .dl'i- e]t'ilox )-E.Iﬂﬁ.rfdﬁat@-'ﬁid&-

. enoved under
hi gh vacuum at 3 damino]aénme acet one and
filtered. The flalz*e«tr;daab@uudmwaéi\ath a@@ﬂmprﬂl& m of 20

£iTtrate, ol oned by THenBPPERERCHIan gf JASnIda @lutaiAgSgam @t h et hor
gi vés 40 ny of amimo-deithdawolyd )ild2ct{ddpenylpethiony )n2-9xpe thox@l--20AG
CO' um. Bl ution j4ihd12ee tyl Yahi nod-2ehethyid 42oxd1d JalZetd dagiground in
S sulfonic acid, potassium salt (see example 160)
. using trifluorocacetic acid and anisole yields
10 the title compound, which decomposes'aﬁ:>250°.c.

'----‘L

Example 162
(s)-3-1I11(2, 6—Dxchloro-4-pyr1&1gyl)thio]acetyl]-
amino]-2-oxo-l-azetidinesulfonic acid, potassium salt
W, 15 Acylation of (S)-3-amino-2-oxo-l-azetidine-

sulfonic acid, tetrabutylammonium salt (see example
6A) with [(2,6-dichloro-4-pyridinyl)thioclacetic
~acid, 4-nitrophenyl ester, followed by treatment

with potassium perfluorobutane sulfonate, yields

20 the title compound, melting point 212-214°c.

Example 163
[3S(R*)]-3-I[]] (4-Amino~2,3-dioxo-l-piperazinyl) -
carbonyl] amino] phenylacetyl]amino] -4-methyl -2~
25 oxo-l-azetidinesulfonic acid, potassium salt
[3S(R*)]-]4~-{][2-[(4-methyl=-2-Ox0=-1-sulfo-
3-azetidiny1)amin6]-2-0xo-1-pheny1ethyl]amino]-
carbonyl]-2,3-dioxo-l-piperazinyl]carbamic acid,
a . _ phenylmethyl ester, pbtassium salt (see example 149)
' 30 is hydrogenated using gaseous hydrogen and 10%

palladium on charcoal as catalyst, yielding the
title compound, melting point 1659C, dec.



lons (5 m) 16-40 after evaporation, trituration with 1:1
pore- hexane and drylng mp. [err] (dec). Anal. Calcid. for[err] 30
C, 29.47; H 3.48: N 14.98: s, 13.35 Examdl e

155 ([err]-4,4-EXnethyl-2-oxo-3- (phenyl acetyl )am no] - 1-azetidi nesulfonic
aci d, 7potassium salt A solution of N-b88-oxybenzotriazole hydrate 5 (45
ng) and phenylacetic acid (40 ng) in 0.5 m of dinethylformam de is treated
wi t h di cycl ohexyl - carbodiinde (61 ng) under argon at anbi ent tenperature.
The resulting mxture is stirred Examnléoh64and

“()-3- 4, 4- =
g;amﬁg‘ Toa ] £ ii‘ﬂsZIPt@.

m). The reactPR@BRYLE EY E¥ ee i aEpexotirazatdine-

di met hyl f or mam gig1 £6ni& Eved,- qgﬂ@iuﬂngIQS(l 2yacuun1at 30 C and the

At BEVARARIY e st e B S TR S D

cooled. The remmmmummfﬂu1iﬂimathuiﬁmkotbéthoxyDﬂminbhaeeeylhmd;do]ed 20 -

yielding the ti3l& COTDUNKE P lelP¥ERic acid, tetrabutylammonium salt
(see example 28) is deprotected using trifluorcacetic
acid and anisole to yield the title compound,

10 melting point 185°c, dec, after conversion to the
disodium salt with aqueous sodium hydroxide and
purification on HP-20. o -

) Examples 165-~168 _
_ ~ Following the procedure of Example 11, but _

15 ' substituting the acid listed in column I for | g

(2) -2-amino~a~][hydroxy (phenylmethoxy) phosphinyl]~
methoxy]imino] -4-thiazoleacetic acid, yields
the compound listed in column II.




Anal . calc'd. for [err] N, 8.00; S, 9.15; K, 11.16 Found: C, 43.83;
4.16; N, 7.96; S, 8.76; K, 11.43 25 NVR(D20) 1.33(S,3H), 1.58(S,3
3.68(3 3H), 4.70 (S,1H), 7.56ppm (broad S,5H). Exanple 156 (3S-trans)-S-
(2- Am no- 4-thi azol yl ) oxoacetyl ]- am no-4-net hyl - 2- oxo- 1-azeti di nesul foni c
~acid, .potassiumsalt 30 To a_sol ution of di phenyl phosphi nyl
chloride (1.85 g) in dry dinethylforﬁ&ﬁﬂdé (15 nl) cooled in an

i ce-net hanol bath [err] is added (2-am no-4-thiazolyl)glyoxylic acid,

"~ triethylam ne satt (2.14 g). After stirring for 0.5 hour a solution of
(3S-trans) - 3-am no- 4- et hyl - 2- oxo- | - adeti di nesul fonic aci d. (1.08 g; see
exanpl e 139) and trietfhylamine (1.92 ng) 5  in dry dinethylfornmamde (5
m) is added to the cgfg m xed qp@ydri@p'solution‘a the reaction m xture
is stirred at [err] farm24 hour5+~SoIvzmg:hs rempve® i n vacuo, the residua
dark oil is dissolvedy R watdrh BT chigsdd ogr a wn 10 Dowex 50 X
.2-400 resin [err] forfg §200 T X Boon BPH on WFﬂ;hﬁ\&ﬂer_ (15 m fractions)

the” crude product is @ul.ectgglaTgfracgrgrg; 137 B3 37 9).
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ography on HP-20 resin (200 m), eluting with water (15 n

b5

ons), gives the desired 15 product in fractions-18-26. Renoval of

"in vacuo gives the title conpound as an anor phous powder. Anal .
Calc'd for[err] H 2.44; N, 15.04; S, 17.22; K, 10.50 20 Found: C,
28. 87;- 2.62, N, 14. 85 S, 15.09; K,,10. 81 Exanpl e 157 [3S(R*)

1-3- [[[(An1noacety|) an1no|pheny|acet§p amino]- 25 :
2- oxo-1-azetidinesul fonic acid, potassiumsalt, trifluoroacetate (1:1) salt

. The deprotection of I13S(R*)I-3-[[[[[[[(4-

' -nethoxyphenyl)nethoxy]carbonyl]ani ; % m nol -
phenylacetyl]an1no] 2- 0x0-| -azeti =X f&%ﬁ%i% 30 aci d potassjum salt
(see” exanpl e 127it¥ansh-3ripizprizethyl-2ro¥palnpIptidinesulfoniercidt| e
conmpound, nelting point 165 C, dec. -182- Exanple 158 (3S-trans)

- 3- Met hoxy- 4- net hyl - 2- oxo- 3- ((ph
nethoxy)carbonyl}gn1EEEE?‘QDERFQP%%@%T*Qﬁﬁ??ﬁkykﬁeﬁiﬂiﬂ%ﬂansaJt 5 A

E??phéﬁgfne?hgsifzgrgon %?an?no gé%ﬁféﬁerlne (1.33 g) is dissolved
_ _ n 10 ml of 2N pctassxum hydroxide and 5 ml of
t-butanol. Attgr the addition of 2.46 g of
di-t-butylpyrocarbonate the two-phase mixture
is stirred for 4 hours at ambient temperature.
10 o-Methylhydroxylammonium chloride (1.25 g) is
added and the pH - is adjusted to 4 with 1N
hydrochloric acid. 1l1-Ethyl-3-(3-dimethylamino-
propyl)carbodiimide, hydrochloride (1.92 g} is
added and the pH is again adjusted to 4. After o
15  gtirring for 1 hour the reaction mixture is
saturated with sodium chloride and extracted
with four 50 ml portions of ethyl acetate.
'The ethyl acetate extracts are combined and
" dried over MgSo, . Removal of the solvent
20 in vacuo yields 1 g of the title compound.

B) t-Boc-o-methanesulfonyl—N-methoxy-B-threo—
prqplonamlde
t—Boc-N-methoxy-B-threoethylserlnamxde (10.5 g)
25 is dissolved in 65 ml of pyridine. Methanesulfonyl
chloride (4.65 ml) is added dropwise at 0°c.
After stirring for 3 hours at ambient temperature,

the reaction mixture is poured into 200 g of .
ice and 300 ml of 1N hydrochloric acid. The pH

30 s adjusted to 4 with concentrated hydrochloric
acid. After extraction with three 85 ml portions



A solution of 2.5 ¢g (0 0106 nole) of -
(3R-trans) - 4- met hyl - 2- oxo- 3[ [ ( phenyl net hoxy) car bonyl ] am nol azetidine g2/
(prepared from d- 10 threonine in 12.6%yield essentially as descri

for the.racemc cis isomer in Exanple 98C) in 112 m of 4% borax in
methanol is €ooled to 0 Cand 3.5 m of t-butyl hypo- chlorite is added.
After 20 minutes the 15 solution i§ 53Gred into 1 liter of cold water and
extracted with two. 750 mi portions of cold ethyl acetate. The organic

| ayer is washed with cold water (two 750 ml portions), saturated salt,

dried and evaporated tqQ give 20 3.05 g_.of crude N, N -di chl oroam de. A

sol ution of 426 9%y eshyl; Fﬁﬁ%tﬁet%lmweﬁj eRtIACtH PR ARSI s cool ed

tol [terr] a?dtﬁl |d=b§9.d | ﬁﬁd”t:o%é:edfﬁtidt@d’ alwwra@fw?n'th/Qﬁsc?}&u?econd? 318
sol ution o e ,abqv Joro- am,de iM.20 M, of tetrahydrofuran (-
C) are added vi d'ssﬁrer?% Kf"it@'r c33bot K q a8d{ ecach of acetic

acid and tri et tcplnqeh&rplteﬂeaga&naddatin&fmrg wiﬂ:h”nemmes fotl lowed
Lenper af ur os | ne pyoledhkdastnPGeIdd .9 Pheletl b oo o 1 act ed

with ethyl acet ortlon e organlc ayeP I's washed with

C) (trans)-3-t-Butoxycarbonylamino-4-ethyl-l-
methoxy-2-azetidinone
Anhydrous potassium carbonate (4.15 g)
10  and 125 ml of dry acetone are brought to reflux
and 3.4 g of t-Boc-O-methanesulfonyl-N-methoxy-
- B-threo-propionamide in 25 ml of acetone is added.
After 1 hour the reaction mixture is cooled:
and filtered, and the filtrate is concentrated
15  in vacuo. The oily residue is stirred with
hexane to yi'eld 2.2 g of the title compound.

D) (trans)-3-t-Bu+.oxycarbonylam:.no-4-ethy1 -2-
azetidinone

20 (trans)-Q-Efaufoxycarbonylaminoé4-ethyl-1-
methoxy-2-azetidinone (3 g) is added to 170 ml
of liquid ammonia at -78°C under nitrogen and
1.68 g of sodium is added in 5 portions with
stirring over a 5 minute period. Stirring is
25 continued for 30 minutes. Ammonium chloride is
then added slowly until the blue color of the
reaction mixture disappears. After removal of
the ammonia under nitrogen the solid is extracted
_ with two 100 ml portions of ethyl acetate.
° 30 Removal of the solvent followed by drying in vacuo
o yields 2.7 g of the title Compdund. '



, dried, and evaporated to give an oil. Chromatography on a 200 m

3 ¢a gel columm eluting with 3:1 chloroformethyl acetate gives a tOKQ
of—1.25 g of the title conpound. 5 B) :
(3S-trans) - 3- Met hoxy- 4- net hyl - 2- oxo- 3-

[ [ (phenyl net hoxy) car bonyl ] am no- 1- aze;gglnesulfonlc aC|d potassiumsalt A
solution of 800 ng (0.00303 nole) of .

(3S-trans) - 4- et hyl - 3- met hoxy- 2- oxo- 4-[ [ ( phenyl -
nethoxy)carbonyl]an1no]azet|d|ne in2m of: dlnethyl fornan1de I's cool ed

to [err] and 4 of5§!g§§ﬂy e JRHR 2225 npl-ex i s added.
After 1 hour de .B?' HEeT =2~

. —solution is
poured into 80|ﬂRQﬁlf329¢d 1 gttty lanmatiiigt ed to pH
5.5) and extractghith nethylene chlorlde (two 50 ml portions, discard).
The aqueous layeT TS treated with 1.04 g of tetrabutyl ammoniumsulfate and-
20 extracted with 20 ¢hldmiqhahksalntg pydidineg iof 20 Iml This is

di ssolved i® ac éH%ﬂh §¥%£§§ﬂ

perfluorobu?anegcfﬁ)f aiaei"éﬁr%%?éﬁ a?;ieét)ganéea% I on t y2'|50 m of ether
and ext ensi ve tr#"c]tfr%lﬂorFrHP:'{’H’@ oﬁ-?r-y ) dyiyal of dr¥eg4 ny of crude -
product. Chrommmwmalﬂézorh@(mﬁﬂangw% TikHaia purified

D e e ki fes A b 1 o2t e
104 ng of an anahmmqﬂu After.stirrlng at ambient temperature
- 10 for 30 minutes)'the-flask is evacuated to yield
‘a pyridine-sulfur trioxide complex. (trans)-3-
't—Butoxycarbonylamino—4-ethyl-z-azetxdznone
(2.67 gl and 20 ml of dry pyridine are added .
to the flask which is then placed in an oil ~
15  bath preheated to 90°C. After 15 minutes a
- clear solution is obtained and poured into 200 ml
of a 1M solution of dibasic pdtassium phosphate.
After the addition of 27 g of dlba51c ‘potassium
phosphate and 100 ml of water a clear solution
20 is obtained. The solution is extracted with
two 60 ml portions of ethyl acetate. Tetrabutyl-
ammonium hydrogensulfate is added to the aqueous
layer, and the aqueous solution is extracted
with three 100 ml portions of dichloromethane
25 and the combined organic layers are dried over
MgSo, . Concentration in vacuo yields 6.9 g
of the title compound.




30 sanple. Analysis calc'd for [err] H 4.04; N, 7.01; S, 8.03; K(ééé%ég}k
Found: C, 38.91; H, 3.62; N, 6.91; S, 8.06; K, 9.51 35 .NWR(D20) 1. ;
d,[er 3.46(3H,S), 4.22(2H, d of d, [err], 5.18(2H'S), 7.43ppm 5H, S).
»-184- Exanple 159 (3S-trans)-3-Methoxy-4-nethyl-2-oxo-3- (phenylacetyl)-
ani-no} - 1-azeti di nesul foni ¢ aci d, pota§§ umsalt (3S-trans)

- 3- am no- 3- Met hoxy- 4- et hyl'- 2- oxo- | - azetidi nesul foni c acid,

‘tetrabutyl ammonium salt is prepared by the catal ytic hydrogenatlon of
(3S-trans) -3-nethoxy-4-nethyl -2-o0xo0-3-1 [phenyl -

gg;ﬂgrg)igg?og¥ikﬁni33!-I- ZELE%LnesHIfng cid | otas Uy salt %S%
Fol | owi ng t he pram&dure of exanpl e 88, but ut|I|2|ng (SS-trans) -
o m”e e ek RS S AR
“Anal . Calc'd forc@ari}aﬁe&nﬂ;n@sﬁ&f&i;cHa¢169 thet2abh tiydammoneam
I 5 salt (6.75 g] in 40 ml of 98% formic acid is
stirred for 3 hours at ambient temperature.
Dichloromethane (60 ml) is added and the mixture
is refrigerated for about 16 hours. The resulting
precipitate is separated by filtration and then
10  dried in vacuo to yield 0.85 g of the tltle compound,
meltzng poznt 185° C, dec.

_ " Example 170
— -~ (trans,Z)-3-[[ (2-Amino-4~-thiazolyl) [ (l-carboxy-
15 l-methylethoxy) imino)acetyl]amino] -4~ethyl-2-

oxo-l-azetidineSulfonié'acid, dipotassium salt

A) (trans,Z)-B-II(Z-Amino-4-thiazoly1)[(1-
diphenylmethoxycarbonyl-l-methylethoxy)iminol -
20 ' acetyl]amino]-4-ethyl- 2—oxo-1—azet1d1nesulfonlc

acid, dlpOt&SSlum salt
(trans)-3-Am1no-4-ethyl-z-oxo-l-azetxdlne-

sulfonic acid (0.55 g) and 335 mg of triethylamine
are dissolved in 50 ml of dry dimethylformanmide.

25 (Z)-é-kmino-a-[(l—diphenylmethocharbonyl-1-
methylethoxy)imino]-4-thiazol§acetic acid (1.14 g)
is added with stirring at 0°C followed by 450 mg
of hydroxybenzotriazole and then 0.69 g of '

_ dicyclohexylcarbodiimide. After stirring for
L 30 about 16 hours at 0°C the flask is evacuated.
Dry acetone (25 ml) is added to the solid with



60 20  [3S-[3a(2),4B]]-3-[[(2-Am no-4-thiazolyl)[[2-
71 met hoxy) - 2- oxoet hoxy] i m no] acetyl ] -

vot- 2- net hyl - 4- oxo- | - azeti di nesul foni ¢ aci d, potassiunisalt Follow ng«
t he procedure of exarrpl e- 138, 25 but substituting
(2) - 2-anmino- a- [ [ 2- (di phenyl met'hoxy) 2-oxoet hoxy]ini no] -4-thiazol eaceti c
aci d for (Z.)-2-am no-a- (net hoxyi m no).1§2Lh| azol eacetic acid and first
treating the (3S-cis)-3-anino- 4-nmethyl-2-oxo-1-azetidinesul fonic acid, 30

with triethylamne, yields the title conpound, nelting point [err] -'185-

Ex?hrml e |16|1) [ BSiwthinng] b3 hﬂdfiﬁ;@oxynzineéﬁanhﬂe] alz?amgrm- d :
i azo ace - 2- esu ac
di pot assi ﬁm sal tg% atassium 'ﬁf‘é‘& I%‘E‘f??)ﬁs‘éigRQ.gLfSéf 8&%% 3411 (2-
am no- 4- th|azolyté[tﬁé!ﬂxﬁ#ﬁ&tgﬂﬁuﬁlnng# Eyak@@tmqut etheno] acet yl

| - 2- met hyl tas | t
2>Ta28| e 1g8) ﬁ3| n %&O %ﬁgoroaﬁeﬁ ggké}%}inﬁtam SOFRQ F%an%%a 'Ef]:et itle
conpound, whi ch terrdcvaghed witloether and dejed- iniyacuo '
6-Dichloro-4p PYryfé1wing M Hecpiof ]the title compound.

B) - ‘(t‘r‘a'ns-. 2) -3--I_'[-Cﬁ-mino—f4-th-ia-2011il-) T (1-carboxy-
* 1-methylethoxy] imino] acetyl]amino] -4-ethyl-2-
oxo-l-azetidinesulfonic acid,” dipotassium salt

10 To a suspension of 1.31 g of (i::r:_anSl,Z)-3-

[[ (2-amino-4~thiazolyl)] (1-diphenylmethoxycarbonyl~
l-methylethoxy] imino]acetyl] amino] ~4-ethyl-2-

oxo-l-azetidinesulfonic acid, dipotassium salt w

in 10 ml of anisole is added 5 ml of trifluoro-
acetic acid over a 10 minute period at -15°C.
After stirring for 2 hours at -10°C a clear
solution is obtained. At -30 ©c 80 ml of dry
ether is added and the resulting precipitate

is filtered and then tréated with 5 ml of water.
The pH is adjusted to 5.5 with 1IN potassium
hydroxide at 0°C, and the mixture is filtered
to remove unconverted starting material. The
filtrate is_chiqmatographed on HP-20 with water
as eluent. - Lyophilization yields 185 mg of

the title compound, melting point 160°c, dec.

15

20

25



ami noj - 2- oxo- | - azeti di neslt foni ¢ acid, potassiumsalt 15 Acyfati
of (SL;S am no- 2- oxo-| -azetidi ne- sulfonic acid, tetrabutylamoni um(sald.
(see exanple 6A) with 1(2,6-dichloro-4- pyrldlnyl)thlo]acetlc aci d,
4-ni'trophenyl ester, followed by treatnent wth potasslunlperfluorobutane
sul fonate, yi.elds 20 the title coppound, nelting point [err] Exanple 163
13S(R*)]-3-[[[[(4- Am no- 2, 3-di oxo- I-plgerazinyl - carbonyl] aino] '
pheenyl acet yl ] am no] - 4- nethyl 2- 25 8%o- | - azeti'di nesul foni ¢ acid,
potassiumsalt [3S(R*)] -14-112-1(4-nethyl-2-o0xo0-1-sul fo-

3-azetidi nyl)am nol - 2- oxo- | - phenyl et hyl ] anmi no] -

car bonyl ] - 2, 3-di oxo- 1- pi perazi nyl TAcid, phenylnethyl ester,
pota55|un1salt Q%%qudaﬁpﬂQ(i4ﬁh139-4-th§d2ﬂ$’ qat-hgdedikpg4gaseous
hydr ogen and 10% pal 1 adi ar co _as Cq [ N '
conmpound, nelti & ' = > -
{ 2- Ami no- 4- thlas&ﬂfbhhc[Gbidarbot;sbzunemhghethoxy) i mi no]lacetyl ] am no]

2osen | anetidine. el A ?gi%q ES” 537p153-P1 (3-amino-s-
aret hoxy) - 1, | - di kbiagplgldiddrikdiphe &b@ﬂyﬂrdnpﬂsput08311m1no]—

2- oxo- | - azeti di Q‘éé%#rﬁ?%ninéiLi-okstiaﬁ%&hamah!%ﬁibt atsey exanple 28) is
deprotected using t oro%cetlc
i potassium salt (see example 166) using trifluoro-
acetic acid and anisole yields the title compound,

10 melting point >200°cC.

Example 172
{S)=-3-1[2- (Amznomethyl)benzoyl]amzno]-z-oxo-l-
azetidinesulfonic acid, inner salt -
15 The deprotection of (S)-2-oxo-3-[[2-[[[(phenyl-
methoxy)carbonyl]amino]methyl]benzoyllamino]-1-

azetidinesulfonic acid, potaSSLum salt using
hydrogen gas, palladlum on charcoal, and hydrochloric
acid, ylelds the tltle compound, meltlng point

20 162-165°¢C.

o Example 173
(S)-3-[[[2- (4-Formyl-1-piperazinyl) -5-hydroxy-
pyrido[2,3-d]pyrimidin-6-yl]carbonyl]amino] -2~
25 oxo—l-azetidinesulfoﬁic'acid, potassium salt
(s) =-3-Amino-2-oxo-l-azetidinesulfonic. acid,
- tetrabutylammonium salt (see example 6a) 1is

. coupled with 2-(4—formy191-piperazinyl)-5-hydroxy-
f ‘ ' 6-[(4-nitrophenoxy)carbonyl]pyrido[2,3-d]pYrimidine
s 30 2and treated with potaesiﬁm perfluorobutanesulfonate
' in acetone to yield the title compound, melting
point 290° C, dec.



acj d 4 sole to yield the title conpound, 10 melting point [err]
aPOdConversion to the disodiumsalt wth aqueous sodi um hydr oxi de .

and puorification on HP-20. Exanples 165-168 Foll owi ng the procedure of

Exanpl e 11, but 15 substituting the acid |isted in col um I for

(2) -.2- ami no- a- | hydr oxy( phenyl met-hoxy) phosphi nyl ] -

met hoxy] i m no] - 4-t hi azol eacetic acid, %lelds the conpound Ilsted I n colum

1. -187- [err] [err][[] Exanpr £69 (trans) --3-Am no

-4-ethyl - 2-oxo-1-azeti-dinesulfonic acid A

t - Boc- N-met hoxy- B-t hr eoet hyl seri nan de 5 t hreo-D, L-B-Et hyl serine (1.33

g) is dissolved in 10 m of 2N pot Bxampliehdddoxi de and 5 m of t-butanol.

After the addlth.sgg~- B Xb RYLQCRLRRIALE3L DRe YR RPRFE
mxture i s stirree—+o et ..ﬁ-&fk-———-—-—-—
C)N@thylhydroxyl'r;'” ] - njahpatagsim salkdj ust ed
to 4 withIN (BS-ttansl-3-Amino—4-methylez#oxo-l-azetidine-
5  sulfonic acid (see example 139) is coupled with

a-(carboxyl)benzeneacetyl chloride and treated

with triethylamine and potassi&h perfluorcbutane-

sulfonate to yield the title compound melting point

147° C, dec.

10
" Example 175
[3S-trans]-3-km1no—4—cyc1ohexyl-z—oxo-l-azetldxne-
sulfonic acia

15 a) a-(t—Butoxycaibonylamino)?ﬁ-cYclahexyl—e-
hydroxy-threo-proplonlc acid '

-Cyclohexyl-u-amxno-B-hydroxy-threo-proplonlc
acid (15 g) is suspended in 150 ml of acetonitrile
and 70 ml of water. Triethylamine (17.8 g) is

20 added and the mixture is heated with stirring
to 60°C. At this temperature a clear solution
is qbtaided and 21.0 g of di-t-butylpyrocarbonate
is added and stirring at 60°C is continued for
1.5 hours. The solvent is removed in vacuo

25 and 50 ml of water is added. The aqueous layer
is- extracted with ethyl acetate at a pH of 2,
which is adjusted by addition of 3N HCl. The

- organic layer is separated,'dried over Nazso4
and evaporated to dryness. The remaining

30 crystalline material is filtered with petrol
ether, yielding 20.4 g of the title compound,
melting point 113~ -115%.



hydrochloric acid. |-Ethyl-3-(3-dinethylam no- propyl)carbod||n1de _
. hydrochloride (1.92 g) is added and the pHis again adjusted to 4. ‘f5¥¥7
15 .\ﬁirring for 1 hour the reaction mixture is saturated with sodi um
chloride and extracted with .four 50 nml portions of ethyl acetate. The ethyl
acetat-é extracts are conbined and dried over[err] Renoval of the solvent 20
In vacuo yields 1 g of the title conb%%ﬁﬁ B)

t - Boc- O net hanesul f onyl - N- met hoxy- B-t hr eo- prop|onan1de t - Boc- N- net hoxy-
-threoethyl serina ide (10.5 g) 25 is dissolved in 65 nl of pyridine.
thhanesulfonyléﬁﬂlorle (4. ' _ | . After stirring.
for 3 hours at | el I L] - 1 S ooured i nto 200
g of ice and SOderm+WﬂumM is adjusted to 4

PR e o WD )
Jerr] and concerhy@texlwthmmroﬁimimsam (Ztl.tzeﬂandm'dt.rﬁ @nr bon
T on S SRS el Tollowed s by
.(tran-s.)-3-t-BiA afb i o350l of HAten.and 175 ml of
t-butanol. The pH of the mixture is adjusted
with potassium carbonate to 4.1-Ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide (16.4 g} is added and
10  the pH is maintained at 4 with stirring for 1.5
hours. t-Butanol is removed in vacuo and the
remaining'aqueous solution is saturated with
sodium chloride and extracted twice with 100 ml
(7 ’ portions of ethyl acetate. The organic layers are
15 coﬁbined, dried with Na2804 and evaporated to
dryness. The remaining grystals are filtered
off with petrol_éther.yielding 18.6 g of the
title compound, melting point 125-127°%¢.

20 ©) c-iEjButokycarbonylamino)-B-cyclohexyl-s-
(methanesulfonyloxy)-N-methoxy-threo-prqpionamide

. a=~(t-Butoxycarbonylamino)-g-cyclohexyl-8-~
hydroxy-N-me thoxy-threo-propionamide (18.3 g)
is dissolved with stirring in 100 ml of dry
25 pyridine. The solution is cooled with stirring
" to 0°C and 9.3 g of methanesulfonyl chloride
is dropped in. After dhe'hour at 0°C an additional
. . 3.3 g of methanesulfonyl chloride is added and
. stirring is continued for one more hour. The
. 30 solution is poured into 300 ml of ice water,



me Xy )- azet i di none Anhydr ous pot assi um carbonate (4.15 g) 10 and 125
m acetone are brought to reflux and 3.4 g of :

t- met hanesul f onyl - N- et hoxy- B-t hr eo- propi onam de in 25 n1 of aceitdne
is added. After 1 hour the reaction mxture is cooled and filtered, and the

filtrate is concentrated 15 I n vacuo. The oily residue is stirred W th
hexane to yield 2.2 g of the t|tIe corpoéwxd. D) (trans)

- 3-t - But oxycar bonyl am no- 4- et hyl - 2- azeti di none 20 _
(trans)-3-t-Butoxycarbonyl am no- 4- ethyI-I- met hoxy- 2- azetldinone (3 9g) is

| added to 170 nl of liquid anmmonia at [err] under nitrogen and 1.68 g of
.- sodium-is added i#06 mbrof ethyl tacetate iy added ;andnthetpHpbsi od.

Stirring is 25  gaRhsFaPted Of BN ALLSSe sUYFPPLEMAERSOTiBgei S then added

slowy until the blue color of the reaction mxture di sappears. After

removal of the anPFFARLIGIAYER 1S FRRATARED dRAed WiIEA AR%0xith two 100
m portions of etiyd ﬂi@tﬁnrer?@ is ResivtAdd oin tWiowel vemhef ol | oved by

drying in vacuo yield the tifd e colmo , -190-, E (trans) :

-3-t- Butoxyggrbon ?%ﬁi#l éh#%ﬁ ?°55é?%%¥gf-éﬁ¥% [Ehex g,

tetrabutyl amoni uyielding 12 g of the title compound, meltlng
point 150-152%.

-

D) [3S~trans]-3~(t-Butoxycarbonylamino)~4-
10 cyclohexyl-1-methoxy-2-azetidinone

, a- (t-Butoxycarbonylamino) -g~cyclohexyl-g-
(methanesulfonyloxy)-N-methoxy—threo-prop;onamide
_(18 7 g) is dissolved in 500 ml of dry acetone.
Potassium carbonate (9.8 g) is added and the

15 suspension is heated to reflux temperature with
stirring for 5 hours. - The insoluble inorganic
material is filtered off and the solvent removed
in vacuo and the remaining oil is dissolved in
30 ml of ethyl acetate. Upon the addition of

20 petrol ether, the title compound precipitates
and is filtered off (12 9 g), meltlng point
110-112%.

E) [356transJ-34(EfBﬁtoxycarbonylaminol-4—
25 - cyclohexyl-2-azetidinone

_[3s-trans]-3-(t-Butoxycarbonylamino)~4~
cyclohexyl—l-methdxy-z-azetidihohe (1 g) is
added to 50 ml of liquia ammonia with stirring.
Sodium (0.154 g) is added in 5 to 6 portions

30 ‘within 5 minutes. After this time an additional

=

2



salt Toa 2 m of absolutéfbyridine in20mM 5 of dry dichl oronet ha
added ¢rinethylsilyl- sulfonyl chloride (3.7 mMl in 5 m of dry
di chl oronet hane. The addition is acconplished at -30 C;/ under nitrogen

over a,l0 ninute period. After stirring at ambient tenperature 10 for 30

~mnutes, the flask is evacuated to yield a pyridine-sulfur trioxide

conplex. (trans)-3- t-ButoxycarbonyIaq?ﬁo-4-ethyl-2-azetidinone (2.67 9)
he

and 20 m of dry pyridine are added_ta > flask which is then pl aced in an

oil 0 15  bath preheated to 90 C. After 15 mnutes a clear solution is
obt ai ned and poured_into_20 of a 1M soluti f _dibasic_pot assi um
phosphate. After Fﬂ@“ﬁ%d?gigna%§ §7sﬁémed?ﬁa§$§ego és?gﬁfﬁﬁﬁgphate and
100 Ml of water aisl eantinhedi for29 minhatestai Armionidwimeckbobniden i s

extracted with tmq06§8g%)p9£t%gg§do;ngtQ¥%y§§ﬁgg%§.F%e}&a@yéa[- anmoni um

hydrogensul fate is added to the aqueous S e aqueous solution is
extracted with thThe residuepbs:eshractedi ¥ithrwarmhehbylsacahatehe

conbi ned orggni ¢ pRECHEgaREc dekeradl cisMavaforieBacbr akyABssnN vacuo yields

6.9 g of the'title Sogﬁound. . _

P an e remaining crystals of the title compound
| are filtered with petrol ether, yielding 0.5 g,

melting point 130-132°C.

10 F) [3s-trans]-3-(t=-Butoxycarbonylamino)=4-~
cyclohexyl-2-oxo-l-azetidinesulfonic acid,
- pyridine salt '
I3s-trans] -3~ (t-Butoxycarbonylamino) -4-
cyclohexyl-2-azetidinone (5.3) is dissolved in
15 20 ml of methylene chloride and 80 ml of
dimethylformamide. After‘ﬁhe addition of
60 mmole of pyridine-sulfur trioxide complex
the solution is stirred for ¢ hours at room

temperature. Removal of the solvent ig vacuo
20 yield 11.3 g of the title compound as an oil.

G) [3s-trans]-3-Qgrautoxycaibonylamino)-4—
cyclohexyl-2-oxo-l-azetidinesulfonic acid,
tet:abu;ylammonium salt

25 . [35-trans]-3—(EfButoxycgfﬁonylamiho)-4-
cyclohexyl-2-oxo-l-azetidinesulfonic acidg,
| pyridine salt (11.3 g) is dissolved in 250 ml
* | of water. Tetrabutylammonium hydrogensulfate
- (9.0 g) is added with stirring and the pH is
® : 30 adjusted to 6.5 with 1N pdtassium hydroxide.
The aqueous solution is extracted twice with



(trans) -3-Am no-4-ethyl-2- oxo | -azeti di nesul fonic acid

(tyans)#3-t - But oxycar bonyl am no- 4- et hyl - 2- oxo-1-azeti di nesul foni c. acid, _
abut yl anmoni um 5 salt (6.75 @g) in 40 mM of 98%formic acid is stied
for 3.hours at anbient tenperature. Dichloronethane (60 m) is added and
the m-xture is refrigerated for about 16 hours. The resulting precipitate
Ls separated by filtration and then H198=dried in vacuo to yield 0.85 g of
the title conpound, nelting point [err], dec. Exame 170

(trans, Z2)-3-[1(2- An1no 4-t hi azol yl) [(I-carboxy 15

1- nethylethoxy)l cet am no o-|.-azet | di nesul fonic acid,
dlpotaSS|un1saIt Lit?ﬁﬁ£l2¥=3°¥[@3§hxiﬁﬁs ﬁgiﬂF&QSPyIFgF(l- o

di phenyl net hoxycerbamd: boﬁflb;!behhexﬁ):u.éﬂnwichE n filtered
ety amnol o SheY ko BBtykat” Sh. BLRERILLATbESC ﬂsﬂg B8 U 2o s
my of tr|ethylanoﬂetheetdtleocanpoundSOmaitangdp9intn%35y BBrﬁan1de 25
(.2)-2-Anminp-a- [ (1-diphenyl methoxycarbonyl -1.- -

: nethylethoxy)lnlno] 4 t hi azol eti-¢ acid (1,14 s added with stirring
cat [err] followeB)pyl3 U.Eﬁ&ﬁf‘%vﬂ?&??ﬁénﬁé?;?ﬁfg}l‘aﬁﬂx?ﬁ i 0.69 g of
d|cyclohexylcarbadétﬂaﬂﬁesﬁifenletaeﬁang for 30 - about 16 hours at 0 Cthe”
flask i s evacuat€d. . _
: _[33—trans]-36(grﬂutoxycarbonylaminol—4-.
cyclohexyl-2-oxo-l-azetidinesulfonic acid,

10 tetrabutylammonium salt (3.8 g) is stirred in’
20 ml of formic acid for 3 hours, followed by
the addition of 20 ml of methylene chloride.
The precipitated title compound (1.0 g) is )
filtered off, melting point 217-219%. -’

15

Example 176 :
[3S-f3a(ZY.4B]]v3-[[(2-Amino-4—thiazolyl)--
(methoxyimino) acetyl]amino}-4-cyclohexyl-2-

oxo-l-azetidinesulfonic acid, potassium salt
20 [3s-traﬁs]43-Amino-4-cyclohexyl-z-oxo-
l-azetidinesulfonic acid (0.25 g) is dissolved
in 30 ml of dry dimethylformamide and 0.12 g
of triethylamine with stirring. When a clear
solution is obtained,'(Z)-Z—amino-a-(methoxy-
25  imino)-4-thiazoleacetic acid (0.2 g), 0.16 g
of hydroxybenzotriazole and 0.42 g of dicyclo-

hexylcarbodiimide are added. Stirring is

continued for 48 hours at ambient temperatﬁre.

The precipitated urea is filtered off and the
30 solvent is removed iﬂ_Vacﬁo. The residue is



Dry acetone (25 m) is added to the solid with -192- stirring. The
m xture is filtered and 0.94 g of potassi um perfl uorobutanesul fonate
added o the filtrate fol |l owed by 100 m of ether. After standing fQ
hour at O Cthe solid is filtered, washed with ether and dried in vacuo
yielding 1.58 g of the title conpound. B) (trans, Z) -3-[- |
(2- Ami no-4-thiazolyl) [ (1-carboxy- Ll t hyl et hoxy) imno] acetyl] am no]
-4-ethyl -2- oxo-I|-azetidinesulfonic aci'd, dipotassiumsalt 10 To a
suspension of 1.31 g of (translZ)-3- [[(2-am no-4-thiazolyl)]
(1-di phenyl met hoxycar bonyl - | - net hyl et hoxyl i m no] acetyl | am no] - 4-et hyl -2-
oxo- | - azeti di nesdifssulvedciin 10 mlt afsiacetome and 0041 gofofani sol e i s added
5 m of trifluor -ot]aisti“?lggr %%% b%\f:%rrﬁe%‘u]l(}dﬂa@g § PS4 at -15 C. After

&he

stirring for 2 hdurs a gar solution Is obtained. " At [err] 80 ni

of dry ether is itdom ©fh$Omdciaf etheri,sthe tered and then
treated with 5 ngiqfie'@otibousd Proacipitatdd Wheds iltared.h | N potassium
hydromdengé 0 O%o and the m xture bsrfll,ter%% ragﬁove unconvert ed
starting mePeri alCoLR FBFFP&F@gFép T SRSy rapifed WBESE/wi th wat er
s . acetone (9:1} as eluent, yields 0.36 g of product,

melting point 200-205°C (after lyophilization).

Example 177 |
10 [3S-[3a(Z),48]]1-3=[](2-Amino-4=-thiazolyl)](1-
' carboxy-1l-methylethoxy) imino] acetyl]amino]=4-
cyclohexyl-2-oxo~-l~azetidinesulfonic acid,
dipotassium salt

15 A) [38-]3a(Z),48]]1-3-[[(2-Amino-4-thiazolyl) [(1l-
diphenylmethoxycarbonyl-1l-methylethoxy)imino] -

acetyllamino] -4-cyclohexyl-2-oxo-l-azetidinesulfonic
acid, potassium salt

[3S-trans]-3-Amino-4-cyclohekyl-z-oxo-l-
20 azetidinesulfonic acid (0.2 g; seé example 175)
is dissolved in 30 ml of dimethylformamide and
0.09 g of triethylamine with stirring. Hydroxy-
benzotriazole (0.12 g), 0.30 g of (Z2)-2-amino-a-
[(1-diphenylmethoxycarbonyl-l-methylethoxy) imino]-
25 4-thiazoleacetic acid and 0.33 g of dicyclohexyl-
carbodiimide are added and stirring at ambient
temperature is continued for 12 hours. The
- precipitated urea is filtered off and the mother
| liquor is evaporated to dryness. The remaining
* 30 oil is dissolved in 5 ml acetone, treated with
0.3 g of potassium perfluorobutanesulfonate and



as 61 uent Lyophilizatio& yields 185 ng of 25 the title conpound, nelting

pai ¥60/C, dec. -193- EXanple 171 [3S(Z2) ]1-3-[ [(2-Am no-4--thiazolyl)
[ (4- hydréxy-4- oxobutoxy) imno] acetyl] am no] -2-oxo-1-azetidine- \/
suNonaf’c acid, potassiumsalt 5 The deprotection -of

[3S(2)]-3-[[(2-ami no-4- thiazolyl)(14-

Cdi phenyl net hoxy) - 4- oxobut oxy] i m no] —200et yl ] am no]
-2-oxo-|-azetidinesul fonic acid, potassiumsalt (see exanple 166) u5|ng
trifluoro- acetic acid and anisol e yields the title conpound, 10 mel ting
point [err] Exanple 172 (S) -3-[[2- An1none hyl ') benzoyl anino] -2-oxo-I-

azeti di nesul f oni pouEed ink@el0ami @ gsdrsingei on of

(S) - 2- oxo- 3- [[%hé(-pbsmxi 4§r3hgxx)[<€2£hﬂmﬁbl-whnﬂwswxb]-benzoyl]am nol -1 -
azetldlnesulfonlg g f go m sal t_ usi D¥d££§§ palladlun1on'

charcoal, and hydf B? §YEFH§°PH £ ﬁﬁﬂﬂﬁgl mel ti ng poi nt

zg ) é62 165 0OC. nﬁinupkeeﬁﬁB]ﬁﬁﬁno3-4Eéﬁe1ohéxfbﬁaybxb-mraeeazamué% _
ot A AT R OLOT B pdacthicaces
. and is flltered off. _ _

B) [3S-[3a(2),4 81). --'3-;1 I (2-Amino-4~thiazolyl) [ (1-
carboxy-1-methylethoxy) iminc]acetyl]amino] -4~
10 cyclohexyl=2=-oxo=1l-azetidinesulfonic ac;d.
dipotassium ‘salt
[38-[3a(2), 43]]-3-[I(2-Am1no-4-thiazolyl)-
[(1-dxphenylmethoxycarbonyl—l-methylethoxy11mino]-' _
acetyllamino] -4~-cyclohexyl-2-oxo-l-azetidinesulfonic o/
15 acid, potassium salt (0.61 g) is suspended in
6 ml of anisole, cooled to -15°C and 5 ml of
trifluorocacetic acid is dropped in with stlrrlng

The temperature is malntalned for one hour and
then lowered = to -30°C. About 100 ml of dry

20 ether is added at such a rate, that the temperature
does not exceed -10°. The precipitated compound
is filtered off and chromatographed using HP-20
resin and water/acetone (2:1)} as eluent, yielding

. 0.3 g of the title compound, melting point
25 11-120%¢, dec. {after lyophilization).



~ (S)-3-Am no- 2-oxo-1 -azetidinesul fonic acid, tetrabutylamoniumsalt (see
exanple 6A) is coupled with 2-(.4-fornyl-I-piperazinyl)-5-hydroxy- o

6- [(4\ﬁitrophenoxy)carbonyl]pyrido[2 3-d] pyri mi di ne 30 and treated w

pot assi um per f| uor obut anesul fonate in acetone to yield the title conpoyn

mel ting point 290 C, dec. -194- (3S-trans -a-[ |

(4- Met hyl - 2- oxo- | --sul f o- 3-azeti di nyl )=-2@1% no] car bonyl | benzeneacetic acid,

di potassiumsalt (3S-trans)-3-Am no-4-nethyl - 2-oxo-1-azetidine- 5

sul fonic acid (see exanple 139) is coupled with a- (carboxyllbenzeneacetyl

chloride and treated with triethyl am ne and ot assi um per fl uor obut ane-

sulfonate to yield the title conpdﬂﬁ!EﬂﬁEﬂﬂEEg p0|nt 147 C, dec. 10 Exanple

175 [SS-trans] 3t3gnm 4;93@4 Q i ¢ acid 15

A) (t-But oxycarponyt Y] -5 NYC DrqQpj oni c acid
B—Cyclohexyl -a%'-44=- - = o - grsoended i n
150 ml of acetOnlﬁﬂdoqﬁiﬁiﬂ&détﬂ]m]-ZFro:&i-Ilyﬁlm'uiﬂJ(antﬁg}:)nis 20

addéd and tlge m >g[ "irde 'ﬁ:gesasti% \Igaﬂ stirring
[3S-trans] -3-Amino-4-cyclohexyl-2-ox0-1~

azetidinesulfonic acid (0.1 g; see example 175)
is dissolved in a mixture of 30 ml of d4ry
dimethylformamide and 0.05 g of triethylamine

10 with stirring. [[I[(2-Furanylmethylene)amino]-
2-ox0-1-imidazolidinyl]lcarbonyl] amino]phenylacetic
acid (0.14 g), 0.06 g hydroxybenzotriazole
and 0.17 g of dicyclohexylcarbodiimide are added

391

s -

e and the solution is stirred for 5 days at room
15 temperature. The solvent is removed in vacuo,

the residue is dissolved in 10 ml of acetone
and the precipitated urea is filtered off.
The mother liquor is agitated with 0.15 g of
potassium perfluorcbutanesulfonate and diluted
20 with 50 ml of etheér. The precipitate is
filtered, and chromatogravhed with HP-20 resin
using water/acefone (9:1) as eluent yielding
0.14 g of product, melting point 195-200°C, dec.
(after lyophiliaztion). '



to B At this terrperature a clear solution is obtained and 21.0 g of
di.- A pyrocarbonate is added and stirring at 60 Cis continued for 1.5
ho e solvent is renoved in vacuo 25 and 50 m of water is addedss
The“aqueous | ayer is extracted with ethyl acetate at a pH of 2, which is
adj usted by addition of 3N HCl. The ¢ nic layer is separated, dried over
[err] and evaporated to dryness. The rai ni ng 30 crystalline material is
filtered with petrol ether, yielding 20.4 g of the title conpound, melti ng
poi nt 113-1150C. -195- B) a- (t-But oxycar bonyl ami no) - B- cyclohexyl

hydr oxy- N- met hoxy-t hr eo- pr opi ona

a- (t-But oxycar bonyl am no) - B-c dr oxy-threo-propionic acid
(20.2 g) and 7. d3§'ﬁ3a(@’)Q§ﬁ§ﬂ{fW'ﬁE‘ﬁf& -@tblvbﬂ de are suspended

|n 350 nm of vva12 mxturels

ami nopr opyl ) car avanail e ECLe (GRS
"4 with sti®ing for [§M5§51L3BMQL4I_§ mlawand t he .
remai ni ng aqueous S.*;Qldznes?x_ffo—g-;%%t tér‘g_tded( .1 %cgeuné‘cam ri cie asnd extracted
twice with 100 M2etd g7 ple
is dissolved in 30 ml of dimethylformamide and
0.5 g of triethylamine with stirring. (R)-a-
{[(4~ethyl~2,3-dioxo~1-piperazinyl)carbonyl]-
) 10 amind]!_ienzeneacetic acid, 0.06 g of hydroxy- _
benzotriazole and Q.17 g of dicyclohexylcarbodiimide
are added, and the mixture is stirred for about
16 hours at room temperature. The solvent is
distilled off in vacuo and the remaining oil <
15 is dissolved in 10 ml of acetone. The precipitated
urea is filtered off and the mother liguor is
agitated with 0.15 g of potassium perfluoro-
butanesulfonate and diluted with 50 ml of ether.
The precipitate is filtered off and c_hromatographed
20 with HP-20 resin, using water/acetone (9:1) as
eluent, yielding 0.15 g of the title compound,
melting point 175-180°%¢ (after lyophilization).

'Example 180 .
25 (trans, 2)-3-1[[(2-Amino-4-thiazolyl) (methoxyimino)-

acetyllamino2-4-ethyl-2-oxo-l-azetidinesulfonic

acid, potassium salt

Following the procedure of example 170,
part A, but substituting (2)-2-amino-c-(methoxy-
30 imino)-4-thiazoleacetic acid'for (Z)=-2-amino-a-
[ (1-diphenylmethoxycarbonyl-l-methylethoxy) imino]) -
4-thiazoleacetic acid, yields the title compound,
melting point 190°C, dec.



portions of ethyl acetate. The organic |layers are 15 conbi ned, dried. with
[err] apd evaporated to dryness. The remaining crystals are filtered off

with petrol ether yielding 18.6 g of the title conpound, rrelting poi nt @
125-127.C. 20 C) a-(t-Butoxycarbonyl am no) - B—cyclohexyl
(nethanesulfonyloxy) N- net hoxy-t hr eo- pr opi onam de

a- (t-But oxycar bonyl am no) - B-cycl ohexyksBs- :

hydr oxy- N- met hoxy-t hr eo- propi onami de (18.3 g) is dissolved with stirring in
100 M of dry 25 pyridine. The solution is cooled with stirring to [err]
and 9.3 .g of methanesul fonyl chloride is dropped in. After one hour at 0 C

an-additional 3.3 g of nethanesulfn&aﬁpxélnalde is added and stirring is
continued for one —Qi 0 m of ice

wat er, - 196- : 1ded ] adjusted to
3with dilute sulsnﬁfenamlablﬁhe organlc Iayer i s separated dried with
[ferr] and the solvent is renoved in vacuo. The 5 remaining solid is

collected with petrol ether yielding 19.0 9 of the title compound, nelting
point 150-1%2 C. &) tfﬁi(tf&ﬁ&}€a46xd%n4phﬁmytﬁuwﬁiétiuﬁnd-téﬁt-

¢ycl'ohexyl -1 - met hgm
A solution of tert-butylchlorodiphenylsilane
(20.56 g) in dimethylformamide (45 ml) is cooled
_ to @°c under argon and treated with triethylamine
10 (10.4 ml) and then (t)-2-oxo-4-phenyl-l-azetidine.
- After several hours at 0°c, the resulting mixture
is treated with additional triethylamine (1 ml)

s and. tert-butylchlorodiphenylsilane (2.11 g),
and allowed to stir for 65 hours at 5°C. The
15 reaction mixture is poured into ice water (300 ml)

and extracted with 3:1 ether-ethyl acetate
(three 125 ml portioné). The organic extracts
are washed with pH 4.5 phosphate buffer (three
50 ml portions), saturated sodium bicarbonate
20 solution (50 ml), water (two 50 ml portions)
saturated sodium chloride solution and dried
(Na2504). Filtration, and concentration
in vacuo yields a''solid which is washed with
- hexane to give after drying (high vacuum)
25 15 g of the title compound as a solid.



- Qf oxycar bonyl am no) - B- cycl ohexyl - B- (net hanesul f onyl oxy)
- M- gptifyoxy-t hr eo- propi onamde (18.7 g) is dissolved in 500 mM of dry
P Pot assi um carbonate (9.8 g) is added and the 15 suspen5|onﬁﬂs
heated to reflux tenperature with stirring for 5 hours. The insoluble
inorganic material is filtered off and the solvent renmoved in vacuo and the
remaining oil is di ssolved in 30 M of et hyl acet at e. Upon the addition of
20 petrol ether, the title conpound®$recipitates and is filtered off
(12.9 g), nelting p0|nt 110-112 C. E) [3S-trans]
- 3-(t-But oxycar bonyl am no) - 4- 25 cycl ohexyl - 2-azeti di none
. 13S-trans] - 3- (tBBut6¥yeéhgggglaﬁfazﬂdd~2egxbohegbenyiﬁi%hzetad;aget|d|none

(1 g) is added tg _gﬁtqggdﬁﬁgma WTh strrring. Sodrum (0. 154 g)
is added in 5 t 5 mnutes. After this tine an

addi ti onal -197 andud® mi Dlagk eguippedh vithdstiruhogshariing is
continued for 5 g guigfet /\ARd sdpElthOfs dﬂéﬂesarﬂed' nd@flesrgonl t he

The or gani 2§?¥§€4 cisegadortineetr] Alendim s&ﬂeﬁ”emiah#nécﬁﬁi‘iteari of
.the title conpoumdﬁ M solution in hexane] which is cooled to .
-40°¢c and dissolved in tetrahydrofuran’ gz ml).
Diisopropylamine (0.16 ml] is added dropwise,

the resulting mixture is stirred for 3Q minutes
10 and cooled to -78°c. a solutien of (tI-(trans)-
_2-oxo-&-phenyl-l-azetidihe-tertfbutyldiphenylsilane
(400 mg) in tetrahydrofuran (1.5 ml) is added
dropwise over about 5 minutes. After stirring
an additional 20 minutes the solution is treated
15  with p-toluenesulfonyl azide (204 mg) in
tetrahydrofuran (0.5 ml). The resulting mixture
is stirred 10 minutes at -78°C and treated dropwise
with chlorotrimethylsilane (0.4 ml). After an
additional 10 minutes of stirring, the coollng

20 bath is removed and the reaction mixture is
stirred at ambient temperature for 2.5 hours.
Then, while cooling at 0°C, ethyl acetate (20 ml)
is added followed by pH 4.5 phosphate buffer
(8 ml). The organic layer is washed with additional

25 buffer (two 8 ml portions), 5% sodium bicarbohate
solution (three 10 ml portions), 50% sodium
chloride solution (10 ml), saturated sodium
chloride solution (10 ml) and dried (Nazso4).
Filtration and concentration in vacuo yields

30 500 mg of oil which is flash chromatographed
with 5% ethyl acetate-hexane, yielding the
title compound (253 mg).

&



are filtered wth petrol ether, yielding 0.5 g, nelting point [err] 1Q ‘
F) " [3&trans -3-(t-Butoxycarbonyl am no)-4-. - X
cycl phexyl - 2- oxo- 1-azeti di nesul foni c acid, pyridine salt

[ 3S-trans] - 3- (t-Butoxycar bonyl ant#@5= 4- cyclohexyl 2-azetidi none (5. 3)
di ssol ved in 15 20 ml of nethylene chloride and 80.m of
dlnethylfornan1d$ After the addition of 60 mmuol e of pyridine-sulfur

trioxide cofpl ek® )pdtzans) rin aFidQT?rP§8‘ﬁoPhﬁnﬁﬁﬁisaaﬁtiééﬁ?tenperature
Renoval of the sohvggfugg?ﬂaguolgoga?gybgngel%t? g ané eﬁtltle conmpound as

an oil. G 13S-trans t OX exyl - 2- oxo-
1- azetldlneglidenZCOGQrG‘Phenrhbbtyzahwdnnentsattbﬂﬁyl-

[SS-trans] beay,
cyclo xyl - é é §¥1g§£§?élﬁﬂs%?$%ﬁ?%egc% methaa?%e(gg t %il 39 is

dlssolved i Andsprepted dEPRYisecakaf( FyP&ﬁﬂDﬁPﬂﬁ?ﬂ?ﬁ?Bﬁénsulfate (.9.0. g)
s added w h&lsusrmnn.anﬂuémoaﬁng Bath ad] !'&héde&? éhé with I N potassium

L Tk N R
filtered 1l houx, and recooled to O C whereupon saturated
" sodium bicarbonate solution is added to neutrality.
10 The resulting mixture is extracted with ethyl
‘acetate (one 300 ml portion and four 100 ml
- portions) and the organic extracts are washed
with 1:1 5% sodium bicarbonate 50% sodium
chloride solution, saturated sodium chloride
15 solution, and dried (Na2504). Filtration and
concentration in vacuo yields 15 g of a heavy
oil which is chromatographed on 100 g of silica

gel with 20% ethyl acetate~hexane, yielding.

: 460 mg of the title compound.
- 20

D) (¥)-(trans)-3-az ido-2-oxo-4~phenyl-1 —azetidine-

sulfonic acid, tetrabutylammonium salt

A solution of (%)-(trans)-3-azido-2-oxo-
4-phenyl-l-azetidine (300 mg) in dimethyl-

25 formamide (3 ml) is cooled to 0°C under argon
and treated dropwise with a complex of dimethyl-
formamide and sulfur trioxide (4.78 ml of a
0.5 M solution in dimethylformamide). The
cooling bath is removed, the reaction mixture

30 is stirred at ambient temperature for 2 hours



3ol vent is distilled off, yielding 8 g of the title conpound,
ﬁ,' poi nt 135-138 C. 5 H) [3S—trans] - 3- Ami no- 4- cycl ohexyl - 2- oxo- kJ
esul fonic acid [3S-trans]-3- (t-Butoxycarbonyl am no) - 4-
cyctohéxyl - 2- oxo- 1- azetldlnesulfonlc acid, 10 tetrabutylannnnlun1salt
(3.8 g) is stirredin20mn of  form@@6=acid for 3 hours, followed by the
addi tion of 20 nml of nethylene chloride. The precipitated title conpound
(1.0 g) is filtered off, nmelting point 217-219 C. 15 Exanpl e 176
[3S-[3a(2),4B]]-3-[[(2- An1no 4-t hi azol yl

- (et hoxyi mi no) aard ypoured olnte 3| BheRy I&25 Mymopchasic PARAEFLBH ¢ acid,
EOtan'3”1sa|}f sphate é3§5$ nsthé £$}ﬂ@16n0£§|eﬁexa$t§aox0-

azetidi nesu onlc apl [ SsO of dry
di net hyl f or rramﬂét%n‘él"#‘ ‘3“%?!9 ¢ F %\n?ﬂg ?Hr’}‘%g When a cl ear
solution is obtdfrtﬁhriﬁﬂtilamnamnum(b&sﬁmﬂgte2£s addedo) - mhehlazoleacetlc
acid (0.2 enzo
hexyl carb i mﬁ%gu%ga%gy%%%r%n%’i%‘g% ggg ‘?gcg]ﬂfg{‘%ours at anbi ent”
tenperature. Thandrthe mrganis m:e'arastmnermql whth 128 380diul| vent is
renoved In VacUghl oride '$81dkion Sand’ dried CNast4l. Piltration -

and concentration in vacuo affords 800 mg of
. oil; approximate;y'4a% the desired product,
10  the remainder dimethylformamide. This mixture
') ' is used without purification in the next step.

E) ()= (trans) =3-amino=- 2-oxo-4~-phenyl-1-azetidine-
sulfonlc acid

15 A solution of ( ) (trans)-3- a21do—2~oyo—4—phenyl—
l-azetidinesulfonic acid, tetrabutylammonium salt
in 4 ml of methanol is hydrogenated over 30 mg
of platinum oxide'at 1 atmosphere and room
temperature. After 15 minutes, the system is
20 evacuated and'fresh'hydrogeh is introduced.
After an additional 45 minutes the reaction
is complete, and the system is flashed with
nitrogen. After several days at room temperature
) in dichloromethane-methanol (4:1, 200 ml)
25 catalyst aggregation is complete and filtration
is accomplished. ' The filtrate is concentrated
in vacuo to 18 ml and 0.2 ml of 97% formic
acid is added. After cooling at 5°¢ for several
hours the resulting solid is filtered and
30 washed with dichloromethane to afford, after
drying, 150 mg of the title compound as a solid.
Analysis calc'd for C9819N204S: C, 44.62; H, 4.17;
N, 11.57; S, 13.23
Found: C, 43.36; H, 4.31; N, 11.09; S, 13.02



-199- dissolved in 10 m of acetone and 0.41 g of potassium

per fl uorobut anesul fonate is added. After the addition of 50 ml of
“the tiXle conmpound precipitates and is filtered. 5 Col um chro OLAS
using HP-20 and water/ acetone (9:1) as eluent, yields 0.36 g of prac ,
nmelting point [err](after |yophilization). Exanple 177 10
[3S-[3a(2),4B]1-3-[[(2-Ami no-4-thi a207nH ) [ (1-

car boxy-1 - net hyl et hoxy)i m no] acetyl] am no]-4-

cycl ohexyl.- 2- oxo- | - azeti di t nesul foni c' aci d, dipotassiumsalt 15 A)
[3S-13a (2) ,4B]-3-[(2-Am no- 4-thi &11841- '
d|phenylnethoxycarbonyl-l-neth

acet yl ] ani no] - 4{&)t( EEEESA“Z?Qﬁ&rﬁfﬁhsmYQﬁﬁmﬁithNVlﬁG&tﬂl)wmiaskrun1salt

[3S-trans] - 3- Anlquétgagaéguyggngbcagta gesurtomcacid (0.2
g; see exanple or manmi de and 0.0 9 g

of triethylamne mnth stirring. Hydroxy- benzotrlazole (0.12 g), 0.30 g of
(. Zy- 2- anisio- aAI(I(:Ul e, mdm-wepmm-%mbﬁéﬁaﬁlmw;mmolﬁ |
4-t hi azol eacet ¢, Al et

and-stirring a L Gt 22xE The
preci pitated urea |s'$|SQ¥§ﬁiPQﬁqfzﬂnhxﬂﬂpﬂmhenaotrzazole mono-

hydrate (52 mg) and phenylacetic acid (46 mg)

. in dimethylformamide (0.3 ml) is treated with

10 solid dxcyclohexylcarbodlimlde (70 mg) under
‘argon at 0 °c. The cooling bath is removed and

the resulting mixture stirred at ambient temperature
for 1 hour. After dilution with additional dimethyl-

\ ' formamide (0.3 ml), (t)-(trans)-3-amino-2-oxn44-
15 phenyl-l-azetidinesulfonic acid is added as a

solid (75 mg, see example 181) followed by |
triethylamine (0.05 ml) dropwise. The reaction
is stirred at ambient temperature for 23 hours,
filtered and the filter cake washed with dimethyl-
20 . formamide. The filtrate was added to 20 ml
0.5 monobasic potassium phosphate (pH 4.5),
the mixture washed with three 8 ml portions of
ethyl acetate (discard), and 105 mg of tetrabutyl-
ammonium bisuifate (0.31 mmole) is added. The
25 resulting mixture is extracted with dichloromethane
(three 15 ml portibns) The extracts are washed
with 10% sodium chlorlde solutzon (two 15 ml portlonsh
s saturated sodium chloride solutlon (10 ml) and
dried (Na SO )._ Flltratlon and concentration
. - 30 in vacuo ylelds (after heatlng at 32°C under high
vacuum) 165 mg of oil;’ approxlmately 40% is the
desired compound, and 60% dlmethylformamlde



¥quor. J s evaporated to dryness. The remaining 30 oil is dissolved in 5
one, treated wwth 0.3 g of potassium perfl uorobutanesul fonate and
‘poured into 100 m of ether with stirring. 13S-13a (Z1, 4B]]-3- [FJ
(2- Am no- 4- thlazolyl) [ (1- di phenyl met hoxycar bonyl -1 - net hyl et hoxyl - - -
~imnol acetyl ] am no) - 4-cycl ohexyl - 2- oxo- 1- azeti di ne- 5 sul'fonic acid,'
potassiumsalt (0.61 g) precipitates and is flltered off. B) [3S-[3a
(2),4,4B]] -3-[[(2-Ami no-4-thiazol yt30§<I - .

car boxy-1 - net hyl et hoxy) i nmi no] acetyl] aninoj -4- 10

cycl ohexyl - 2- oxo-1 -azeti di nesul foni c aci d, - di potassruntsal t ?S—lSa (2), 48B]
]1-3-[[(2- Ani no- 4BA hi 42brprans-2-oxo-4-phenyl-3=I(phenylacetyl]-

[ (1-di phenyl met hgxygg hQﬂ&Le&i&!hQ&hﬂbﬁﬁ) agia ] ota‘s‘si'u‘m‘ salt
acetyl | am no] - 4- TYT! = esu g pot assi um
salt (0.61 g) is suspehdéﬂlﬂﬁiennpfo &n&saea,2583P-ﬁ'PB°n¥ =8~and 5 m of
trifl uoroacet I c qqpﬂehyldeeaywammnwu t-m-stzetaaagesiimeomupacaaure i s .

thor | adtiod aPetERRuSYIamRORIHE, “RHE 1bnkerony, aCRBEberdR O 2o Yo'c

S no exceed -10 C.
. The precipitatedteeapednwith 41| mgr €0.321 andlehroﬂapogﬂaﬁhaa using HP-20 -

resin and mater/%8%&298:88u&5n3§u2EUQQEe.y'ﬁhihﬂﬁon with 12 ml
| of ether affords a glass, which upon trituration
with ether affords 43 mg of solid which contains
10 about 20% of an impurity containing a tetrabutyl-
ammonium moiety. - The solid is dissolved in
50% agueous acetone and passed ‘through a
Dowex 50w~x2 K® 1on-exchange reszn (1 m).
Removal of solvent ylelds a solld which is
15 washed with acetone, hexane and dried (60°c,
: high vacuum). The yield of the title compound
"~ is 15 mg. ' '
Analysis calc'd for C17 15NZOSS-K: C, 51.23; H, 3.80;
N, 7.03; S, 8.05; K,,9.8}
20 Found: C, 50.44; H, 4.20; N, 7.01; S, 7.59;
K, 9.40 S

Uu—

- | Example 183
() - (trans, 2)-3-[[2-Amino-4-thiazolyl) (methoxyimino) -
25 acetyllamino]-2-°x044—pheny1-l—azetidihesulfbnic

acid, potassium salt

A solution of N-hydroxybenzotrlazole hydrate
(52 mg) and (Z)-z—amlno-uf(methoxylmlno) -4~ ¢
thiazoleacetic acid (69 mg) in dimethylformamide
30 (0.3 ml) is treated with solid dicyclohexyl-
carbodiimide (70 mg) under argon, at ambient



3 g of the title conpound, nelting point 25 [err] (aftér .
yophi {i,zation). -201- Exanple 178 [3S-[ 34, 4B] - 4- Cycl ohexyl - 3- @
[[[[3-[(2-furanyl- methyl ene)am no}-2-o0Xo-1-im dazolidinyll carbonyl

n

0.
I
[ |
am no] phenyl acetyl] am no]-2-o0xo-1-azetidinesulfonic 5 acid, potassium
salt [3S-trans]-3-Am no-4- Cyclohexyl %on | - azetidinesulfonic acid (0.1
g, see exanple 175) is dissolved in a xture of 300m of dry

di met hyl f or mam de and 0.05 g of triethylam ne 10 with stirring.
[[[[(2-Furanyl net hyl ene) am no] -

2- 0x0- | -i m dazol ivémpedatareany itheirechltdny adsitureadisd stirredq), 0.06 g

rydroxybenzotr | agale it g O eyclolapbont Boallim e ghe added and
IS renpved in vadugzetﬁéznesuMﬁenme dcidokvsdmga §een§xahpaeeuene and t he
G of bot asei um paPt FIBPBLAPaRSLEanaFaLaRHCR, PY{ BRiebRy dmiAR"S, i ol T
et her. - Thed pr ecApbpwisei 40.05iwldd, The raackicngispssdrwedhalP- 20 resin
;3:29 ?gﬁfilgggteﬂsiéatlkeaﬁefhuees ¥oe! ganfolird4 JTRE H&ﬂﬂ%ﬁ&l-”ﬁ|t'”9
formamide is removed under high vacuum at 30° C,
and the residue triturated with 2 ml of acetone
and filtered. The filter cake is washed with
10 additional acetone (two 3 ml portions) and potassium
perfluorcbutanesulfonate (86 mg) is added to the
 filtrate. Dilution with 10 ml of ether produces
_ a gummy solid which is triturated, washed with
L acetone and hexane to yield, after drying, 82 mg
15 of the title compound as a solid.
.Analzsis for C15H14N50682 K
Calc'd: C, 40.26; H, 3.16; N, 15.65; 'S, 14.33;
K, B8.74
: Found: ¢, 38.60; H, 3.19; N, 15.07; S, 13.87;
20 K, 7.5 | | |

f— ——

Example 184
(cis)~2-Oxo-4-phenyl-3-[(phenylacetyl)amino]~-1~

azetidinesulfonic acid, potassium salt

25
A) N-Benzylidene-2,4-dimethoxybenzylamine
. _ 12.0 g Of_2,4-diméthoxybenzylamine hydrochloride
. . is added to 100 ml of 1N sodium hydroxide solution
| and the mixture is extracted with 125 ml of ethyl
- ; 30 acetate. The_organic layer is dried over anhydrous
sodium sulfate and stripped of solvent to give




.ft && yophiliaztion) -202- Exanple 179 2

1- pi per azi nyl car bonyl ] am no- phenyl acetyl] am no
. - ox0- 1 azetidinesul fonic acid, potassiumsalt 5 d

[ 3S-trans] - 3- Ami no- 4- cycl ohexyl - 2-oxo-1- azetidinesulfonic acid (0.1 g; see
exampl'e 175) is di ssolved in 30 m of dlnethylfornan1de and 0.5 g of
triethylamne with stirring. (R -a=2Lp¢4-ethyl -

, 3- di oxo-1 - pi perazi nyl ) carbonyl |- 10 an1no]benzeneacet|c acid, 0.06 g of .
hydroxy- benzotriazole and 0.17 g of dicycl ohexyl carbodiim de are added,
and the mxture-is stirred for about 16 hours at roomtenperature. The
solvent is d|stllﬂfijgﬁdf|2y4nﬂnnsthnkxﬁnnzximminmgam|anLSLI. is dissolved

in 10 mM of acet Wa_n?]'{}ge gé;td%gm L.‘it?aJ.Sds Iéfr Q%Q%xfx and t he nother

liquor is agitate potaSS|un1per uor.o- anesulfonate and

diluted with 50 44bfg éiﬂméenzméi e Anditd. § g 1of tpreelueneand
chromat ogr aphed sif) fonvid fadi %ﬂa@&awliﬁe VEdddd acopp@aniLedpe as el uent,

ly;glpﬁ: Inlgza(@)1 Ilgn? of theséitjg%cor}_p Q& rrrelil‘g‘}ﬂgg Q?a'é“:l‘? tf%80 C (after
. (trans, 2)- 3- [[(mefan-rﬁ:t-akk epatatior rmd dtyitwoHours the -
acetyl)am no2- 4&1%I¥te‘3‘%ﬂon‘ﬁ¥tetdfjwfﬁmlcmll separates
~out. The. mixture is cooled to room temperature.
Upon fnrther cooling the benzene solution
10 deposits some precipitate. Benzene is removed
under reduced pressure and 60 ml of petroleum
ether is added to the residue. Aan oily layer
separates out w1th more preclpltate. Benzene .
(10 ml) is added to make the layers homogeneous e
15 and the remalnlng precipitate is filtered. The
filtrate is stripped of solvent to give 1l4.2 g
of the title compound as an oil.

_ B) (¥)- (cls)-4-Phenyl 1-(2, 4-d1methoxybenzyl)-
20 2-oxo-3-azidoazetidine

a~Azidoacetic acid (1.62 g) is dissolved
in 25 ml of methylene_chloride_under .-nitrogen.
To this solution are added 3.24 g of triethyl-
amine and 1.02 g (4.0 mmole) of the imine
25 N-benzylidene-2,4-dimethoxybenzylamine dissolved
in 10 ml of methylene chloride. The mixture |
is cooled in.an ice-bath and 3.36. g of trifluoro- _
acetic anhydrlde is added slowly, the solution T
becomes dark colored. After stlrrlng for 1 hour
30 in an 1ce-bath, the mlxture is warmed to room
temperature and stirred an additional 15 minutes.



acid, potassiumsalt Follow ng the procedure of exanple 170, part A, but

substiguting (Z2)-2-am no-a-(nethoxy- 30

(2) - 2-ami no-a- [(I-diphenyl met hoxycarbonyl -1 - et hyl et hoxy) i mi no] -

4-t hi azol eacetic acid, yields the title compound, nelting point [err],

-203- Exanple 181 [err]-(trans.)

sulfonic acid 5

i n di met hyformam de C45 )

triethylamne 10

After
addi t.i onal

sever al

ho

i m no)-4-thiazol eacetic acid fer

- 3- A no- 2- 0x0-=4- phenyl - 1- azeti di ne-

A) [err] - (transPlEroxo-4-phenyl-1-azetidine-tert-
but yl di phenl|silane A solution of tert-butylchlorodi phenyl ail ane (20.56 g) .

is cooled to [err] under argon and treated with

e sk B R TR O

triet 13N MaHEO. Osolhitisnd (tewct S6umll gordrictigiherandildne (2. 11

, d all d ' 6 s at : N K
0): and ol oved e S S oMs) b Uroer i e SRR
acetate (three 17ven ankhydroms) sofiiam

m Xt ure
I

sydfiate andy @t ipredvedhed with. pH

4.5 phosphage bufddafrenithtRe gide™ .HQ' i ¥¥Soruddl Priiavibes ol WaLdx car bonat e

-

10

15

20

25

30

gum. The gum is treated with charcoal several

times and the resulting Brown mixture is chromato-

graphed on 40 g silica gel eluting with 1l:1
petroleum ether:ethyl acetate. The combined
fractions yield crystal upon quick-freezing

' in a dry ice-acetone bath. Using this as a

seed the product is recrystallized from petroleum
ether-ethyl acetate to give 817 mg of the title
compound as needles which melt upon warming to
room temperature.

c) (i)-(cis)—4-Phenyl-2-oxd-3-azidoazetidine

(i)-(gii)-4-Phenyl-l-(2,4-dimethoxybenzy1)-
2-oxo-3-azidoazetidine (737 mg) is dissolved in
25 ml of acetonitrile and heated to 80°-83°
under nitrogen. To the resulting solution are
added over a 1 hour period 943 mg of'potassium
persulfate and-570'mg of potassium monochydrogen
phosphate, both dissolved in 25 ml of water.
After the addition, the mixture is further heated
at 80°-83°C for 7 hours. The mixutre is cooled

"and the pB is adjusted to 657 by adding solid

potassium monohydrogen phosphate. Most of the
acetonitrile is removed under reduced pressure
and the resulting mixture is extracted with



ion (50 M), water (two 50 ml portions) saturated sodi um
lution and dried (Na2SO4). Filtration, and concentration in

D

vac yiefds a solid which is washed w t.h hexane to give after drying (hegh
vacu 25 15 g of the title conpound as a solid. -204- B)
[err]-:(trans) -3-azido-2-o0xo0-4-phenyl-I|-azetidine-

tert- butyldlphenyIS|Iane A 50 nl flask equipped with stirring bar, gas
inlet, and septumis flane dried unde?lérgon 5 ~and char ged Wit h n- but yl
lithium (0.65 mM of a 1.6 Msolution in hexane) which is cooled to [err]
and di ssol ved in_tetrahydroturan (2 n Di_ i sopr l-anine (Q. 16 mM} is -
added dropwi se, phe’_“ﬁ'e?él f"aﬁrﬁrﬁi??%ﬂ‘re %?SF?@PE&% %yﬁé}&ses 10 and
cooled to [err]. wadhed wiithnwatefer(60- fliandried over anhydrous

2- 0X0- 4- phenyl -1 - d t Vi | dﬁ?
tetrahydrofuran ?éghh %ﬁifﬁ%%dggﬁ &EQ ?§9b3§isﬁﬁ§ﬁ%ﬂ§ I€é1§ After
stirring an addlprﬁﬂslP!Qdﬁﬂﬁuﬁésaph§1§olu@h@h is with

p-tol uenesud f ony khasmdeo g?ghga) hn4be§ra|§y§riq_&waa@410 ﬁﬁj_hg The resul ting

m xture is stirred. 10. -78 ¢ and ted dropmn W th
-chlorotrlnethylswg§ﬁ eﬁF?ieﬂPtS 5&&Vﬁ s of stirring,_

the cooling comhined fractions yield crystals and the
product is recrystallized from petroleum ether-
ethyl acetate to gzve 267 mg of the t;tle compound
10 . . . ;\
D) Ct)-(gig)-4-Phenyi-z-oxo-B—azido-ieazetidine-
sulfonic 5;33}'tetrabutyl‘ammbnium salt

(f)4(dis)-4¥Phenyl-2-oxo-3-azidoazetidihe

(162 mg) is cooled to 6°C under nitrogen and | -

15 3.5 ml ofcal.5M dimethylformamide-sulfur trioxide
complex solution in diﬁethylformamide is added-
dropwise via syringe. The resulting clear -
solution is stirred at 0°C for 15 minutes. The
mixture is then poured into 50 ml of 0.5M

20 monobasic potassium phosphate solution and
washed with methylene chloride (three 50 ml:portions).
tetra-n-Butylammonium bisulfate (292 mg) is
added to the aqueous solution and the mixture is
extracted with‘methyiéne chloride (six S0 ml

25 portioﬁs). The combined methylene chloride
layers are dried over anhydrous'sodium sulfate
and strlpped of solvent to glve 272 mg of the
title compound as a gum

-



20 bath is renmoved and the reaction mxture is stirred at anbi ent ‘ _
tenpergture for 2.5 hours. Then, while cooling at 0 C, .ethyl acetate
o I

m) is added followed by pH 4.5 phosphate buffer (8 m). The organic
is washed with additional 25 buffer (two 8 ml portions), 5% sodi.um

bi car bonate solution -(three 10 ml portions), 50% sodi um chl oride sol ution

(10 m ), saturated sodiumchloride seRaB8on (10 m) and dried [err].
Filtration and concentration in vacuo yields 30 500 ng of oil which.is
flash. chromatographed with 5% et hyl acetate hexane yielding the title
conpound (253 ng) 5-, ©) [err] tra

- 3- azi do- 2- oxo- her@"’l(‘_’&iét‘lm"ﬁi‘ﬁg# lma-oﬂp}_:qexgﬂ@cqﬁm}d@mino]—

[err]-(trans)- 3 197 28 dimeend TR lad i Z Yot g hint saltut VI -

di phenyl sil ane i o m )~ 5 . and treated dropw se
at [err] with concentrdﬁﬂd(ﬁ@ﬁ)ﬁ&&ﬂﬂ@nyl'Eﬂoxnxﬂﬂag}dmﬁﬂ?aaetmﬂnn&xi t he
reaction- stlrred | or, r to 0 C

wher eupon sgturate& socFﬁ%% |cgmbonate aﬁhﬂ%#%?aa ed rality. 10

The resul ting m dsuddsselyed: 4o ddmli ©of &ﬂbﬁn@c@nﬁ ay@ammeeﬁ portion
-and Tour 100 m REH 8AShgred DA LI ickei®e 'Htlal y3te a2 S

atmosphere. After 1 hour stirr1 the catalyst

is filtered through a Milli e[}ilter with

Celite; some catalyst particles pass through the

filter to give a Black filtrate. Ethanol is .

removed under reduced pressure and the residue

is dissolved in 4 ml of dimethylformamide.
N-Hydrpxybenzotriazole'”mnnohydrate (81 mqg),

78 mg of phenylacetic acid, and 117 mg of -

10

13 _ dicyclohexylcafbbdiimide are added and the

mixture is stirred for about 16 hours under
nitrogen. The'slurry is evaporated in vacuo
and triturated with 10 ml of acetone. The
resulting slurry is filtered through a Millipore
20 - filter with a Celite top and the brown filtrate
is treated with 193 mg of potassium perfluoro-
butane sulfonate. Upon adding 20 ml of ether
a gum separates out. Liquid is removed and the
‘gum is washed with ether. The gum is dissolved
25 in 10 ml of methanol. Upon adding ether, a
small amount of precipitate is formed. The
mixture is filtered and the colored filtrate
is treated with more ethér. The precipitate
formed is flltered and recrystallized twice
* 30 from ether-methanol to- give 26 mg of the title
compound. :
Ana;151s calc'd for cl7H1505N28K 2H20-
C, 46.99; H, 4.41; N, 6.45
Found: C, 47.24; H, 4.19; N, 6.34



ith : 1 5% sodi um bi carbonat e 50% sodi um chl ori de sol ution, saturated
i\®h'chloride 15 solution, and dried [err] Filtration and
entration in vacuo yields 15 g of a heavy oil which is chronatographéd
p0 g of silica gel with 20% et hyl acetate-hexane, yielding. 460 ng of
e title conpound. 20 D) [err] - (trans) -3-azido-2-o0xo0-4-phenyl -
-azetidine- sulfonic acid, tetrabutylzmgwoni umsalt A solution of
[err]-(trans)-3-azido-2-o0xo- 4-phenyl-I|-azetidine (300 ng) in dinethyl- 25
formamde (3 m) is cooled to [err] under argon and treated dropwise with a
conpl ex of dinmethyl- formam de and sul fur_trioxide ¢4.78 mM of a 0.5 M
sol ution in dinethylforman de). TEEEEB&ELEQibath I.s renoved, the reaction

mxture 30 s %éiﬂ@ﬂ-i“[P(@*ﬁﬁiné%ﬂiﬂéﬁyip(m&tﬁ@ﬁfﬁuno)206 and
pour ed into 80 ntor— VI 1 DSl C,a Pt OIS _u, 1TO. Tl C. D . J) The
solution is ext rmmmL v%wé":é, iﬁé—gg&i&g of
t et rabut yl ammoni acid, swtassium adhed The 5 resulting mxture is
o ract o it LS O RV FS0 a0 LUk FASLE ONbAPRAGesif) ARBAGY v 11 100
_ -azetldlnesulfonzc acid, potassium salt (560 mg;
see example 184, part D] is dissolved in 5 ml of
ethanol and hydrogenated with 110 mg of platinum
oxide catalyst at one atmosphere. After one
10  hour stirring the catalyst is filtered through a
Millipore filter with Celiteé éatalyst particles
pass through the filter to give a black filtrate.
Ethanol is removed under reduced pressure_and'
the residue is dissolved in 4 ml offdimethyl- C)
15 formamide. 'N-Hydroxybenzotriazole monohydrate
(168 mg), 221 mg of the (2) Z-amlno—a-(methoxylmlno)-
4-thiazoleacetic ac1d and 227 mg of dlcyclohexyl—
carbodllmlde are added and the mixture is stirred
for about 16 hours under nltrogen. The slurry
20 is - evaporated in vacuo and trfturated'with 15 ml .

-

=

of acetone. The resulting slurry is filtered
through a Millipore with Celite and the filtrate
is treated with 372 mg of potassium.pérfluOro-
butane sulfonate. Upon adding 15 ml of ether a
25 gum separates out. Liquid is removed and the
gum is washed with éther. The gum is dissolved
in 5 ml of water and applied on 150 ml of HP-20
resin eluting with water. Fractions (30 ml each) .

16-34:are combined and lyophiiized to give 201 mg
30 of the title compound as a solid.

Analysis calc'd for C15H1406N5 2K-ll/2 HZO:
C, 36.73; H, 3.49; N, 14.28; §, 13.07;
K, 7.97 | | -
Pound: C, 36.65; H, .3.00; N, 13.99; S, 13.48;
K, 8.30 | |




and congentration in vacuo affords 800 ng of oil; approximately 40%the.
desired product, 10 - the remai nder dinethylformamde. This m xture )
is used without purification in the next step. E) o
([err]~(trans)-3-anm no-2-0xo-4-phenyl - 1-azetidine sulfonic acid 15
A.solution of [err]-(trans)-3-azido-2-0x0-4-phenyl- 1-azetidi nesulfonic
acid, tetrabutylamoniumsalt in 4 m of nethanol is hydrogenated over 30
ng of platinumoxide at 1 atnosphere-ah8~roomtenperature. After 15 .

m nutes, the systemis 20 evacuated and fresh hydrogen is introduced.

After an additional 45-m nutes EQE Eﬁgctié§1i s conplete, and the systemis
t

flashed with nitrogen. After se : roomtenperature )
i n di chl or omet hixries v +hariaio < 2+-aixo 200 Intphaaiy letdmnytblstlaggregation i s

conpl ete and fgg;ﬁﬁééﬁéﬁ-qﬁgiiﬁgaéﬁgﬁxL The Tiltrate 1s concentrated in
vacuo to 18 m G . al 1c acid is added. After cooling at 5 C
for several hours the resulting solid is filtered and 30 washed wth

ol il Angl yai & oo ertEherd L 2oyl op LI € nde oy dd B SO0 T
4.31: N, 11.09: S, 1Ppisidine (12.32 g) is dissolved in 160 ml
o -of methylene chloride and 20 g of anhydrous
magnesium sulfate is added. The mixture is
cooled in an ice bath and 13.22 g of trans-
10 cinnaméldehyde is added. The mixture is stirred
under nitrogen for 2 hours and then filtered.
The filtrate is evaporated to give a solid. ,
N : The crude product is recrystallized from methylene
chloride-petroleum ether to give 20.96 y of the

15 title compound as a solid.

B) (*)=~(cis)~3~Azido-1-(4-Methoxyphenyl)~-2-oxo-
4-(2—phenylethenyl)azetidine

2-Azidoacetic acid (24.26 g) is dissolved
ih 100 ml of methylene chloride and cooled in an
ice bath. To this solution is added 48.57 g
of triethylamine and 14.24 g of N-(3-phenyl-2-
propenylidene)-4-methoxyaniline dissolved in
250 ml1 of methylene chléride._ To the resulting
25 solution is added 50.41 g of trifluorocacetic
anhydride dropwise over a one hour periocd. After
stirring for one hour in an ice bath, tie mixture
is warmed to room temperature and stirred for
about 16 hours. The mixture is then diluted
30 ©  with 250 ml of methylene chloride and washed

20



afpl e 182 [err] (trans) -2-Oxo-4-phenyl-3-1(phenyl acetyl) amno] -
1-4 eﬂ” nesul foni c acid, potassiumsalt 5 A ()

-t r ans=2- oxo- 4- phenyl - .(phenyl acetyi) am no] - 1-azetidinesulfonic abfd
tetrabutylannnnlunlsalt A sol ution of N-hydroxybenzotriazole nmono- hydrate
(52 ‘ny) and phenyl acetic acid C46 ng) in dinethylformanide (0.3 n) is
treated with. 10 solid dicycl ohexyl carbodi-imde (70 ng) under argon at
[err]. The cooling bath is renoved angjtgae resulting mxture stirred at
anbi ent tenperature for 1 hour. After dilution with additional dinethyl-
formam de (0.3 m), [err]-(trans)-3-am no-2-o0x0-4- 15

EQE?Y}-:[azeélglﬂeﬁﬁl?ﬁﬁéﬁ 950 miladdcdsgazﬁmsahbdrﬁaﬁaﬁﬁ t$ee ?Xa”F!e q

ol | owed by i e ro ction is stirre

at anbi ent tenpe?&iBFé ¥oi Kégrgi ??%Fé?ﬁgygnanghgufh&ier cake washed

wi th dinmethyl -" 28olutdonaivse. mlThe Thétoagennaslaﬂdzdxsodiﬁed1 0.5 :
nonobasi ¢ potass ( r kth three 8 m = .
portions of ethy aceFB?gg?é|§C§§ sgi€§§g1éh§fsP¥?§§§uty anmoni um s

bi sul fate (9. 31 sadventi toagive. a sn ids Th@sgtudﬁgpnbduetelss extract ed

Wi th dichloronmet paggystlieezda f&oﬁO&hﬂsaeeIQeeeas&r?%a afe3gaghed with o .
10@6sod|un1chlor|de soluitgﬁdétmo 15 port| urat ed sodium

chloride sol uti oRE(thent ﬂ??%ﬂn?e?? ?iF@ratlon and concentration

c) ()~ (cis)-B—Azido-ﬂ-oxo—4-{2—phenyiethenyi)
10 azetidine

To a solution of 10.22 g of ceric ammonium

nitrate in 13 ml of water at 0°C is added 1.9% g
of (i)-(gig)-3—azido-1-(4-methox?pheny1j-2foxo-
4~ (2-phenylethenyl)azetidine iS'diSSolved in

15 - 65 ml of acetonitrile during a 15 minute period
(additional 10 ml of acetonitrile is used for
rinse). The mixture is stirred for an additional
15 minutes at 0°C, diluted with 750 ml of ethyl

_ ) acetate, washed with water (six 600 ml portionms),

20 dried over ahhyﬁroﬁs sodium sulfate, and stripped
of solvent to give an oil. The crude product
is chromatographed on 90 g of silica gel, eluting
first with 250 ml of 30% ethyl acetate/petroleum
ether, then 50% ethyl acetate/petroleum ether.

25  Fractions (50 ml each) 11-16 are combined and
evaporated to give 802 mg of the title compound
as an oil. '



30

oi |
-208- B

of ether affords a gl ass,
of solid which

I n vacuo yields (after heating at 32 C under high vacuun) 165 ng of

approxi mately 40%is the desired conpound,

[err]-trans-2-oxo-4-phenyl -31 (phenyl acetyl)-

am no] -1 -azeti di nesul fonic acid, potassiumsalt A solution of
[err]-trans-2-oxo-4-phenyl -3- | (phenyl acetyl)am no]-1-azetidinesul fonic
acid 5

tetrabutyl anmoniumsalt in 5 m acetone is treated with 41
(0.121 nmol e) of potaSS|un1perf|uoro%utanesulfonate Dilution with 12 mi
which upon trituration with ether affords 43 ny

tetrabutyl -

”‘P

\

Y i

anmmoni -8 N St
and passed t hr GREEISIRER '
of solvent yields a sgﬁ,;i
dried (60 C, hlgh vacuu

ﬁP“te‘.PS(é&)- -ﬂ?ﬁ& -.29%39&-@11 ) i G R] UJO 2

44, H 54 20;g fhethfforhanidid anl $68 PGP ihe-sulfur

o

10

15

20

25

30

trioxide is added. The mixture is stirred at
room temperature for 40 hours under nitrogen and

then poured into 200 ml of 0.5 M moncbasic potassium

phosphate solution and washed with 30 ml of
methylene chloride. tetra-n-Butyl ammonium
bisulfate (530 mg) is added to the agueous
solution and the mixture is extracted with
methylene chloride (four 50 ml portions). The
combined organic layers are back-washed with water
(two 100 m]l portions), dried over anhydrous
magnesium sulfate and stripped of solvent to

give 824 mg of the title compound as a gum.-

E) (¥)-(cis)~- 3-Azldo-2-oxo-4-(Z-phenylethenyl) ~-1=-

.azetldlnesulfonlc acid

(i)-(gig)-3-Azido—zfoxo-4-(Zéphenylethenyl)—
l-azetidinesulfonic acid, tetra-n-butylammonium salt
(300 mg) is dissolved in 4 ml of tetrahydrofuran
and stirred rapidly. To the mixture is added
600 mg of zinc dust followed by 0.8 ml of 1N
monobasic potassium phosphate solution. The
mixture is heated to 45°C and stirred at this
temperature for 3 hours. The mixture is then
filtered and the filtrate is taken in 40 ml of
methylene chloride and 10 ‘ml of water.. The

and 60% di net hyl f or mam

Found:

g

g

eeereedS acet one

%“ﬁfﬁ%ﬂg 21?2’?'? 1?%“%%%%’%%@2“”6 e

| ysis calc' cBZQ#quenﬁ](”‘i ‘NQ)B iss dissoived in & mip of
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e (trans, Z) - 3-[[ 2- Ami no- 4-t hi azol yI') (et hoxyi m no)- 25
] ] am no] - 2- oxo- 4- phenyl - 1- azeti di nesul foni c acid, potassiumsalt @J
sotufi on of N-hydroxybenzotriazole hydrate (52 np) and '
(2) - 2- ani no- a- (et hoxyi m no) -4- thiazol eacetic acid (69 my) in

di net.hyl formamide 30 °~ (0.3 m) is treated with solid dicycl ohexyl -

carbodiinmde (70 ng) under argon, at-2né+ent  -209- tenperature. The
resulting mxture is stirred for 1 hour, [err] '
(trans)-3-am no- 2- 0xo- 4- phenyl | -azeti di nesul fonic acid (75 ng; see

exanpl e 181) is added as, a_so | owed by tri am n dropw se
(0.05 m). The ?‘@b%‘?%??"’fﬁfse’st#ﬁ' rfé’cfo“':h BeRAC ff%&rp‘éiéhﬁ%&g]fe% hogrs
The di met hyl - f cehilbor te | Cchree il minger tiicys v candintlhe d@n!ﬁnedld t he
«residue triturat ' Sg!iT gcake is
washed with 10 fg%i%}f %l%ie One%\/\%'@-é g%ﬁ ons dipo assi um
per f | uor obut aneste fgpive 23BHaPL & famed (Thisheryde rm@u@\‘-l ution with 104
m of etheg pro eéis”sleEB’ 5Pd Gmdliic hncuds idg!red edzagashed with acetorre

Solia: Anal ;2.1‘«# PRateR et Al en - %a%“c?ﬂtﬁév'see:sé&“ﬂs?”i’f‘%sﬂ ‘.
resin (0.7 meqg./vnl] eluting with 4G ml of
water. The eluent is evaporated to give 151 mg
of foam, which is dissolved in 2 ml of water
10 and acidified to pH 2 with 1N HCl solution.
A small amount of acetonitrile is added &o
dissolve the precipitate and the resulting solution .
is applied on 15 ml of HP-20 resin, eluting with
150 ml of water, then 10% acetone/water. Fractions v
15 (15 ml each) 2-13 are combined and evaporated |
to give 101 mg of the title compound as a foam.

_ Exémple 187
("')-(c:.s Z)=- 3-[[(2-Am1no-4-th:.azolyl) (methoxyimino) -
20 acetxl]amlno] -2-ox0-4- (2-phenylethenyl) l-azetJ.dJ.ne-

sulfonic acid, potassnnn salt

A solution of 68 mg ‘of (Z)-z-amlno-a-
(methoxyimino)-4~thiazoleacetic acid and 51 mg
of N-hydroxybenzotriazole monohydrate in 2 ml
25 of dimethylformamide is treated with 69 mg of
dicyclohexylcarbodiimide. The mixture is stirred
at room temperature for 30 minutes under nitrogen. -
_(gig)—3-Amino-2-oxo—4-(Z-phenylethenyl)-lh g s
azetidinesulfonic acid (90 mgz see example 186) _
30 and 34 mg of triethylamine are added and the. _ : .
mixture is stirred for 20 hours under nitrogen. '



K, 8.74 Found: €, 38.60; H 3.19; N, 15.07; S, 13.87; 20

"Exanpl e 184 (ci s)-2-Oxo-4-phenyl - 3-[ (phenyl acetyl ) ami no] -1 - 2
azetiY nesul fonic acid, potassiumsalt 25 A)
- N-Benzyl i dene- 2, 4- di net hoxybenzyl am ne 12.0 g of 2, 4-di net hoxybenzyl am-ne
hydrochl oride is added to 100 ml of 1N sodi um hydroxide solution and the

mxture is extracted with 125 nl of ethyl 30 - acetate. The organic |ayer
is dried over anhydrous sodiun1suPﬂ§Fe and stripped of solvent to give
-210- 10.2 g of 2, 4-di met hoxybenzylamne as an oil. This amne is dissol ved

in 150 nm of 18eNZARRryd 14’ érdtordiEd idf Rt Hhd) 2 itk u¥atied Ol uene-
~sulfonic acid mn drat e are added. re 5_...08S at ed under
ref | ux r'enpvi"fmp]wqfh acefone.c; é‘ge _ &= fidteF hours the
cal cul ated arandntehef fdditaate]l ik Hrestgdvaltds 118 mg Bfe mxture is cool ed
deposi s sonPorrbE Be 1o GHES G IR AR R Ccure and
60 .. o8 pet r38 admodt ledhers andi & ltratiion aivese 164hmg Iof | ayer '
a solid product, which is dissolved in a small
amount of ca. 10% acetonitrile/water and applied
on 34 ml of HP-2Q0 resin, eluting with 150 ml
. of water, then 10% acetone/water. Fractions
10 (15 ml each) 16-13 are combined and stripped of
solvent to give 110 mg of the title compound
as a solig. _ - :
- Analysis cale'd for C,.H, O,N.S,K-H,0: C, 40.23;
k/ . H, '3.57; N, 13.80; S, 12.63; X, 7.70
15 Found: C, 40.03; H, 3.05; N, 13.61;
S, 12.31; K, 7.56

=~
»

-

Example 188
(cis)=3-Amino-4- (methoxycarbonyl)-2-oxo-1-

20 azetidinesulfonic acid

a) [ (4-Methoxypheh'yl') i‘mirio] acetic acid, methyl ester
A dry 3-necked, 1 liter flask equipped with a
nitrogen inlet and stirring bar is charged with
25 56.88 g of MgsO, followed by a solution of
recrystallized anisidine (19.43 g) in dichloromethane
_ (250 ml). After cooling to 0°C a solution of
s = . methyl glyéxylate hemiacetal (19.92_9) in
dichloromethane (250 ml) is added over 1.5 hours.
£ - 30 After stirring an additional 20 minutes at 0°¢c,




parates out with nore precipitate. BenZzene (10 nl) -is added to nmake the
q%@% honmobgeneous 15 and the renaining precipitate is filtered. The,
iltpate is stripped of solvent to give 14.2 g of the title conpound as\én
off™. B) ()-(cis)-4-Phenyl-1- (2,4-dinmethoxybenzyl)- 20 :

2- 0xX0- 3- azi doazeti di ne a- AZ|doacet|c acid (1.62 g) is di ssolved in 25 m of
met hyl ene chl ori de under nitrogen. =B@0=hi s solution are added 3.24 g -of
triethyl- amne and 1.02 g (4.0 nmole) of the imne 25

N—benzylldene 2, 4- dlnethoxybenzylan1ne di ssolved in 10 m of nethylene

chloride. The m &arfag 5&9@ Extﬂrﬁ”:.é C.fuéeianafsﬂléeéégg gk ikl f1 uoro-

acetic anhydride 1s a Hg e_solution becones colored. After
stirring for 1 hewer3godium syhfate. philtered ﬂ¥§t896°9§tﬁaFﬁ€d to roeom

tenperature and ihl{r&@doaﬂoadﬂe-t ezl Syl e €5 Hexand1{30dha13ol ution is

th hed wi t h7Wa 60 | pt O] t d
IN HCL <ol ut i on £80% @%ixr%w‘x’ &' Spneanbeabed tBarBuc soui um,

sulfate andg stri oﬂhdwhic!i sankeiwhidif:beglan &tandingf undagehpghduct as

-

dark gum The gu@%ﬁﬁu%afetchm”th ‘charcoal several tines and t he resultlngy

brown m xture

B) - (cis)-3~(1, 3-nihydro-'1 3-dioxo-2H-isoindol
2-yl)—4-methoxycarbonyl-z-dxbhldC4-methoxypheny1)
10 azetidine . _
A dry 3-necked 500 ml flask equipped with
stirring bar, addition funnel, septum and nitrogen
inlet is charged with a solution of [(4-Methoxy-

\ 4

phenyl)imino]acetic acid, methyl ester (21.09 g) Q)_

15 in dichloromethane (150 ml) and cooled to 0°cC.
Triethylamine (19.2 ml) 0.14 mole is added
dropwise followed by a solution of (N-phthalimido)~-
acetyl acid chloride (28.4 g) in dichloromethane
(150 ml) over 1 hour. The resulting mixture is

20 stirred for 1.5 hours at 0°C, and diluted with
2.5 1 of dichloromethane. The organic solution
is washed with pH 4.5 monobasic potassium phosphate
(two 500 ml portions), 5% sodium bicarbonate
{(two 500 ml portions), saturated sodium chloride

25 solution (500 ml), and dried over sodium sulfate.
Filtration and concentration in vacuo yields
a solid which is washed with ethyl acetate,
cold acetone and hexane to yield 18.653 g of
product.



graphed on 40 g silica gel eluting with 1:1 petrol eum ether:ethyl ace Eﬁﬁr‘
The cowhi ned 10 - fractions yield crystal upon quick-freezing in ad

i ce-acetone bath. Using this-as a seed the product is recrystallized from
petrol eum et her-ethyl acetate to give 817 ng of the title conmpound as
needl es which nelt upon warmng to 15 roon1tenperature (@) '
[err]-(cis)-4-Phenyl -2-o0xo- 3-azi.doazet i di ne ' _
()-(cis)-4-Phenyl-1-(2, 4- dlnethoxybgaiyl) 2- 0x0- 3-azi doazetidine (737 np)
is dissolved in 20 25 m. of acetonitrile and heated to [err] under

nitrogen. To thf syl g,sol.ution agre % Deriod 943 ny
of potassium p suEEiia §nﬁ“§ﬂ%&m I

---sphate
bot h di ssol ved2+a:a53-r=rt mma@xcﬁbaxﬁmwuz@muﬁe mxture is
further heat ed af’80 q%ﬂf urs Tﬁe myutre Is, cooled and the pHis
%usted to 6-7 by €E Phate. Most of
acetonitriimles, rsmmei:hguﬁhar, rmﬂx mmsnsas ecl%.&-gedamlthhe resul ting

F;;é?r?sbaagﬁ; éfﬁg { $c Z}Zfl drléﬁﬁ%déglan é#é%ég- BL?QST?;?L and
§tripped of s04vm#ﬂhﬂtygﬁnhpnyl-2-oxo-1-(4-methoxyphenyl)azet;dine
and 325 ml of dichloramethane, The resulting
suspension is cooled to ;3u°c, and methyl.
hydrazine (3.52 ml] is added dropw1se. The
10 reaction is warmed to G°C and stirred for 1 hour.
An additional 0.4 ml of methyl hydrazine is added
and the mixture is stirred for 10 minutes. This
w sequence is repeated with a total of 2.9 equivalents
of methyl hydrazine (7.7 ml) has been added.
15 The solvent was removed in vacuo; 200 ml of °
' fresh dichloromethane is added, and the mixture
is again concentrated. This sequence was

repeated two additional times, the resulting foam
was dried under high volume for 20 minutes, _

20 redissolved in 225 ml dichloromethane, and allowed
to stand'at'aﬁbient temperature for about 16 hours
during which time a conside:able amount of solid
precipitates. The mixture is filtered under
nitrogen, the filtrate cooled to 0°¢ (nitrogen .

25 atmosphere) and treated with diisopropylethyl
amine (17 ml) followed by benzyl chloroformate
{7 ml) dropwise. The reaction is stirred.at'
0°c for 30 minutes, then at ambient temperature
for 1.5 hours. The mixture is washed with two

.30 300 ml portions of pH 4.5 moncbasic potassium
phosphate buffer, 5% sodium bicarbonate (two 300 ml
portions), saturated sodium chloride (300 ml),

P



pr oduct as an oil. The crude product is 5 chr omat ogr pahed on 40 g
ica gel eluting with 1:1 petrol eumether-ethyl acetate. The conbi ned
a€tions yield crystals and the product is recrystallized from petrol éufh
ether- ethyl acetate to give 267 ng of the title conpound. 10 D): [err]-
(ci s) - 4- Phenyl- 2- oxo- 3- azi do- | - - azetidine- sulfonic acid, tetrabutyl
ammonium salt ()-(cis)-4-Phenyl -2-o0xo0-3-azi doazetidine (162 ng) is cool ed
to O C under nitrogen and 15 3.5 m+222-ca 0. 5M di net’hyl f or mram de- sul f ur
trioxide conplex solution in dinmethylformam de is added dropw se via
syringe. The resulting clear solution_is stirred at :[err] for 15 ninutes.
The mxture is t#Ashedodpedinn: suifaselof apdsfitberedypnSRREEBEFAEASN um
Pﬂhosp[lat e )sol ;Jt L 98 9RGuYRSHedlakt A gmhﬁ{ws gglzeﬁdaxéa:hggeg&?h .
portions). tetTa-N-BO nigum bis ate ) 1§ adde .t.he
aqueous solutionzghﬂrtﬁgxﬁgg?gré ?s°§x¥hﬁc?éﬂiﬁﬁ?ﬁg§épﬂéléﬁeacﬁPgﬁpde (six
50 mM 25 portions). The conbined methylene chloride layers are dried . ..

over anhydrgpus sadi unsul fat ; ' ot _solvent_ta AL 72 nmg of the
OVEl Annyabus 58T “Tiu) LEL tudPodlChbREHy ) - 306150519 kvl
: methoxy)carbonyl]aminc}-~l-azetidine - -

A solution of ceric ammonium nitrate
(8.59 g) in 60 ml of 1:1 acetonitrile-water
is treated with a slurry of 2 g (cis)-4-
10 (methoxycarbonyl) -1~ (4-methoxyphenyl]-2-ox0=3=
[ { (phenylmethoxy)carbonyl]amino)azetidine in
50 ml acetonitrile over 10 minutes. The reaction
mixture is stirred an additional 10 minutes
at ambient temperature and diluted with ethyl s
15 acetate (100 ml). The separated agqueous layer
is washed with ethyl acetate (three 40 ml portions)
‘and the combined organic¢ extracts are washed with
50% sodium bicarbonate (three 70 ml portions).
The basic washings are back-washed with ethyl
20 acetate (50 ml) and the combined organic extracts
are washed with agueous sodium sulfite, 5%
aqueous sodium carbonate (100 ml), 5% sodium
chloride solution (two 100 ml portions), saturated
sodium cl{%%:")iae (two 50 ml portions), and stirred
25 over Darco|G-60 charcoal for 30 minutes. Sodium
sulfate is added, and the mixture is filtered
and concentrated in vacuo to yield an oil which
on trituration with ether yields 685 mg of the
title compound as a solid. '

u
?



E) [err]-(cis). -2-0Oxo-4-phenyl-3- | (phenylacetyl)am.no.]-
1-azetiginesul fonic acid, potassiumsalt _ : o
[err]-(cis)-4-Phenyl -2-o0xo-3-azido-|-azetidine- sulfonic acid, tetrab
anmmonium salt C293 ng) is dissolved in 4 mM of ethanol and hydrogenated

vi th 8G ng of pl ati num oxi de catal yst-giz.one atnosphere. After 1 hour
stirring the catalyst is filtered through a MIlipore (RTM filter wth.
Celite;, some catalyst particles pass through the 10 filter to give a
black filtrate. Ethanol is renpved under reduced pressure and the residue

is dissolved.in _
monohydrate (81 fg), Lﬁé—gﬁ% o
di cycl ohexyl car bmedthaky 2o! b e _
hours under nitr ] f¥uh Ss£ygporated in vacuo and triturated with
10 m of acetoneege d Yo Is filtered through a MI1lipore 20

filter with a Celite tbmmheoi)rbgﬁgl‘ritflaebhmsycamwlwzh 193 ngy of

pota55|un1gprfluE )céﬁﬂ@nﬁﬂﬂbﬁﬂn@?—ﬂiaﬂétﬁabﬁé a gum
separates out |gU|d |s reaned a was E i The gum
i 5 di'ssolved 25 (199 mg) ,and¢ h%ﬂﬂédﬁf a 2%5 Yﬁe?r ox amount

of precipitate igchpleedin Thel oK ipyeidinéi isesedrﬁed ﬁﬁmetolored filtrate
is treated with m)re %hers hguréjref'fdd’éte ,kgrnggaé |_I‘for€&gnd

recrystall.iZed t F
is poured into 70 ml of 0.5 M moncbasic potassium

10 phosphate (pE 5.5) and extracted with four 30 ml
portions of dichloromethane (discard]. Tetrabutyl-
ammonium hydrogen sulfate (122-mg) is added to
the agueous layer which is then extracted with
dichloromethane (four 30 ml portions). The organic

15 extracts are washed with 8% sodium chloride solution,
dried over sodium sulfate and filtered. Concentration
in vacuo yields 186 mg of the title compound as
a viscous oil. ' '

20 F) (cis)-3-Amino-4-(methoxycarbonyl)-2-oxo-1-
azetidinesulfonic acid

A solution of 186'm§ of (gig)-4-(méthoxy-
carbonyl)-2-0xo0-3-] [ (phenylmethoxy)carbonyllamino]~-
l-azetidinesulfonic acid, tetrabutylammonium salt

25 . in 2 ml of methanol is hydrogenated over 10% |
palladium on charcoal (95 mg) for 1.5 hours at
1 atmosphere. The catalyst is filtered off and
rinsed with dichloromethane and the filtrate is
treated with 97% formic acid and cooled to

-50°C (the presence Oof a seed crystal at this .

b

30

stage is necessary to induce crystallization).
After crystallization commences, the mixture is
allowed to stand for about 16 hours at 10°c.



3
cal"c

d for

fromether-methanol to give 26 ng of the title conpound. Anal ysis

[err] C 46.99; H 4.41; N, 6.45 Found: C, 47.24; H, 4.19; N,

-214- Exanple 185 (cis, Z)'-3-[[(2-Anino-4-thiazo|y1)nethoxyiMH%n

-'aceLyI] am no] -2-o0xo-4-phenyl -1 -azetidinesul fonic acid, potassiumsalt 5
(c)is)-2-Oxo-4-phenyl -3-[ (phenyl acetyl ) 0Oam no] - 1-azeti di nesul fonic acid,
potassiumsalt (560 ng; see exanple 1 $4_partTDI Is dissolved in 5 m of

et hanol and hydrogenated with 110 ng~

at nosphere.

pl ati num oxi de catal yst at one
After one 10 hour stirring the catalyst is filtered through

a Mllipore filter with Celite;_ catalyst particles_pass.through the filter
to give a bl ackThe | ¥esplting sobid; is Eashed whblkrdiehleremptRanere and the

residue is

di sSodwstle } Nadd drDéd dinbvavho, 1Pielding "sai fg - of

N- Hydr oxybenzot i azol e, nonohydr at€® (T68 ng), 221 ny of the
the

(2)-2-am no-a-( :
di cycl ohexyl - carbodiimde are added and the m xture is stirred for about,

- e

hoxSHi FHROWE 1 az0l eacetic acid and 227 ng of

16 hours ynder nitrogen. The'slq&h¥m&ﬂ§.isgs evaporated in vacuo and

triturate

10

15

20

25

wth 15 m

(cis)-3-[[2-Amino-4-thiazolyl)][l-(diphenyl~ " -
methoxycarbonyl)-1-methylethoxy]imino]acetyl] -

amino] ~4- (methoxycarbonyl) -2-oxo-l-azetidinesulfonic

acid, potassium salt | S

_' A solution of N-hydroxybenzotriazole hydrate

(34 mg) and 1041 mg of 2-amino-a=II[1~(diphenyl-
methoxycarbonyl}-1-methylethoxy] iminoJ-4-

thiazoleacetic acid in 0.5 ml of dimethylformamide

-

is treated with solid dicyclohexvlcarbodiimide o/

(45 mg) and the mixture is stirred under argon
for 45 minutes (ambient temperature). (cis)-3-
Amino¥4-(methbxycarbonyl)-2-oxoél-azetidinesulfonic
acid (45 mg; see example 188) is then added as
a solid followed by triethylamine (0.03 ml)
dropwise. The reaction is stirred at ambient
temperature for about 16 hours. The dimethyl-
formamide is removed under high vacuum at 30°C
‘and the residue is triturated with acetone.

The supernatant is treated with potassium
perfluorcbutanesulfonate (67 mg). Dilution
with ether produces a solid which is washed
with ether and dried in vacuo to yield 93 mg

of the title compound. ‘



of acetone. The resulting slurry is filtered through a MIlipore with

Celite atd the filtrate is treated with 372 my of potassi um perfl uoro- - \
but ane sul fonate. Upon adding 15 m of ether a 25 gum separ at es ou
Liquid is renoved and the gumis washed with ether. The gumis dissol vet~n .

5 m ‘of water and applied on 150 m of HP-20 resin eluting with water.
Fractions (30 m each) 16-34 are conbined and |yophilized to give 201 ng 30
of the title conpound as a solid. Analpssis calc d for [err] C 36.73;, H,
3.49; N, 14.28; S, 13.07; K, 7.97 Found: C, 36.65; H, .3.00; N,.13.99; S,
13.48; X, 8.30 -215- Exanple 186 (cis) .
- 3- Am no- 2- oxo- 4- (2- phenyl et hengldmnia 244ti dinesulfonic acid 5 Al N
C3- phenyl - 2- pr gpen Iidene} - 4- Xyarmrrne ?-Anisidine 12.32 g) is
di ssol ved in 16gisd -3rikéenimine-dntbiraelyhylfd-~GaERPoMANYdr ous magnesi um
Sl ﬁat‘-elb s addgdthylethoxyVinins] 866Lel] anins] F4< Rathorp< 13:- 22dg of
t - ] . s a3 LLXT. L
AL s M PR AN P
.5 5 dipotassium salt '
| A slurry of (cis)-3-[I2-Amino-4-thiazolyl)-
[[1~ (diphenylmethoxycarbonyl) ~1-methylethoxy) -
imino]acetyl]amino}~4~(methoxycarbonyl] -2-ox0o-1-
azetidinesulfonic acid, potassium salt in Q.4 ml
10 of anisole is stirred at -12°C under argon, and
0.9 ml of cold (~10°¢C) trifluoroacetic acid is
| added. After 1.5 hours, 4 ml of ether and 2 mli
~ . of hexane are added and the resulting slurry
is stirred for 15 minutes at -10°c, then 15
15 minutes at ambient temperature. The solid is
isolated by centrifugation'and washed with
ether. 'The pH of a suspension of this material
in 0.5 ml of cold water is adjﬁsted to 6 with
1N potassium hydroxide_and then applied to a
20 30 ml HP-20AG column. Elution with water yields
30 mg of the title compound after evaporation
(acetonitrile added and evaporated twice).
Analysis calc'd for C,,H,;K,Nz0oS,: C, 31.15;

H, 2.81; N, 12.98
25 Found: C, 29.08; H, 3.03; N, 12.19

Eat
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rate is evaporated to give a solid. The crude product is

allized fromnethyl ene chloride-petroleumether to give 20.96 y of
title conpound as a solid. B) .[err]-(cis)-3-Azido-I- e

(4- Met hoxyphenyl ) - 2- oxo- 4-(2-phenyl et henyl ) azeti di ne 2- Azi doacetic acid

(24.26 g) is dissolved 20 in 100 nk2p§-net hyl ene chloride and cooled in

an ice bath. To this solution is added 48.57 g of triethylam ne and 14.24 g

of N-(3-phenyl-2- propenylidene)-4-nmnmethoxyaniline dissolved in 250 m of

nmet hyl ene chloride. To the resulting 25 solution is added 50.41 g of

trifluoroacetic anhydride dropw %%re ggane hour period. After stirring

for one hour in an ice bath, themm war med to roomtenperature and
stirred for about{Sk Herans) - IpAriRcadnethyaitdraxaUragesddineni th 250 n
of net hyl ene chl ogu Doy awisdhed -216- with water (750 m 1, 5% sodi um

bi car bonate solutTon (two /750 m portions), and 1IN HCL solution (750 ml.
The organic layer is dried over anhydrous sodiumsulfate and stripped of § » .
solvent to @i ve aapoli<(Trikecorisia v 3inv imalRRieisimibdoradel r om et hyl

acetate to give 11.39 % at £ P ﬁsasi:?n%il_n ained
under positive nitrogen pressure is added 20 ml
of dry tetrahydrofuran, 2.20 ml of trimethylsilyl
acetylene and 5.05 ml of 3.06 M solution of
10 methylmagnesium bromide in ether. The mixture
is stirred for 140 minutes yielding the title
compound. N . '

B) (S)-(tfdns)—4-[2-(trimethylsilyl)ethynyl]-2- | ;J
15 oxo-3-[(triphenylmethyl)aminolazetidine ' '
To a flame dried 250 ml 3-necked flask
is added 6.00 g of (S)-(cis)-4-(methylsulfonyl)-
2-oxo-3-( (triphenylmethyl) amino]azetidine. The
flask is flushed with nitrogen, and then
20 maintained under positive nitrogen pressure.

After the reaction mixture is cooled in a dry
ice/isopropanol bath, 4.65 ml of a 3.06 M
solution of meﬁhylmagnesium bromide in ether :
is added dropwise via syringe with rapid
25  stirring. The solution of 2-(trimethylsilyl)-
ethynylmagnesium bro ige prepared in part A
is added via a Teflonitube under positive
nitrogen pressure (the flask containing the
. reactant is rinsed with 7 ml of tetrahydrofurén).
30 When the addition is complete the cold bath is -
removed. After 45 minutes, a solution of 3.5 g |

i
»



C© ()-(cis)-3-Azido-2-0x0-4- (2-phenylethenyl) 10 azetidine To a
solutign of 10.22 g of ceric ammoniumnitrate in 13 nl of water at [e

added 1.99 g of ()-(cis)-3-azido-I-(4-nmethoxyphenyl)-2-o0xo- .

4- (2- phenyl et henyl.) azeti dine is dissolved in 15 65 m. of acetonit

during a 15 minute period (additi om22688 nl of acetonitrile is used for
rinse). The mxture is stitred for an additional 15 mnutes at 0 C, diluted
with 750 m - of ethyl acetate, washed with water (six 600 m portions), 20
dried over anhydrous- sodium sul fate, and stripped of solvent to give an

?il. ThehcrLukbﬂnpuhggsﬂum,ﬁh@@g&ﬁ@gra?hed QP ee'gaﬁérsihhca gel, eLu}ing
irst with 250 of 3Q% et ~acet at e/ petrol.eumether, then 50% et hy
acetate/petrohéﬁﬂ%éhe 10 a%lﬁg ckﬁ§ﬁ§R¥§G°ﬁPr88ch? Eimﬁ%egre conbi ned and
evaporated to gnel)Zotprnyf evaporatioer.cofpeundsaduanisil . -217- D)

- (ci s)-3- Azi 4= 2r Pk 2Phe - nazelidin onic ac:id,
'E'Za*t Eal- n2 but ylia%&maﬁll um sr;%d'g e?’r %)él"?%??)%%) X%‘f‘&%‘z‘z&’%g% %—Eigé-{-ph;nyl et Ihenyl ) -
azeti di neS5(334 3Rf) WaeaF ss Hater3 lavesi is serarabefyAP8r mani de and 868

mg. of pyridi ne-gitdddtdd itwiicde withadeadr . Thenai ybrbenkd stirred at
) ether layers are washed once with saturated
agueous sodium chloride, dried ovér sodium
sulfate, and filtered. Removal of the solvent
10 gives a foam which is chromatographed on a
silica column. Elution with 2 liters of
dichloromethane, 1 liter of 1% ether/dichloromethane,
_ 2 liters of 2% ether/dichloromethane and 1.5
o liters of 10% ether/dichloromethane (fraction
15 1=1000 ml; fraction 2,3=500 ml; fraction ' _
' 4-end=250 ml) gives 1.30 g of the title.compound
in fractions 2-8 and 1.80 g of the corresponding
trans-isomer in fractions 12-19. Fractions 9-11
contain 1.19 g of a mixture of cis and trans isomers.

20

C) (S)-(trans)-4-ethynyl-2-oxo-3~[(triphenyl-
‘methyl)amino]azetidine ' '
(S)-(trans)-4-[2-(trimethylsilyl)ethynyl]l- *
2-oxo-3—[(triphenyimethyl)amino]azetidine (2.97 g)
25 is dissolved in 30 ml of dichloromethane and |
330 mg of tetrabutylammonium fluoride (containing
20-25% water) is added. After 20 minutes, the
- ' solvent is removed in vacuo. The residue is

taken up in-ethyl acetate and water. The organic

i)

30 layer is separated, washed once with water and
once with saturated aqueous sodium chloride,



. t etrahydrofuran a

4;?ierature for 40 hours under nitrogen and then poured into 200 m of
' obasi ¢ pot assi um phosphate sol ution and washed with 30 m of 10

| #he chloride. tetra-n-Butyl amonium bisulfate (530 ng) is added™ o
- the aqueous solution and the mixture is extracted with nethyl ene chloride
(four 50 m portions). The conbi ned ord#8Pc | ayers are back-washed with

wat er 15 (two 100 nl portions), dried over anhydrous magnesi um sul fate
and stripped of solvent to give 824 ng of the title conpound as a gum E)
[err]-(cis)-~3-Azido-2-0x0-4-(2-phenylethenyl)-1- 20. azetidinesul fonic

acid [err]-(cis)-3:2Azk00:2%0 s ﬁgbﬁﬂ? et Yé dredrarzet i di nesul fonic
acid, tetra-n- butéfggn%ndﬁ‘l’%rm iﬂ?ﬂ?zfo ngy %_'i sg}gilpsésl%)l.ltvég In4nm of

Remayatrefl £hei Ve GHETIAR (il WhigHId# 25 600 Ny
of zinc dust foll guegrdy £68 1% WindedNONREET MIOleFs JahBanosphat e

solution.  The m xture_Ls heat to [err -stirred this *
temperature for 3%ﬂoﬁft9rQT€e§ﬂ1%t eﬂq% éggi?quqp &% ne filtrate is,

F =

taken in 4051 of p8@der mbafiyéeniryinorinderaqub)l0 i of water. The -218- 7

aqueous layer is further extracted with nethylene chloride (three 40 nl

portions) and the combi ned . , . -
D) (S)=(trans)-3-Amino—-4=-ethynyl-2-oxo-1-

azetidinesulfonic acid
(§)-(trans)-4-ethynyl-2-oxo-3-[(triphenyl-
10 methyl)aminolazetidine (404 mg) and 560 mg of
a complex of pyridine and sulfur trioxide
are added to a 25 ml flask. After the flask
is flushed with nitrogen, 4.0 ml of dry pyridine
is added and the mixture is heated at 80-85°C : W
15 for 3 hours. The mixture is added to a rapidly
stirred mixture of 4.0 ml of concentrated
hydrochloric acid, 50 ml of water, and 50 ml
of ethyl acetate. The pH is adjusted to 3.15
with sodium carbonate. .Thé water layer is
20 separatéd and extracted once with ethyl acetate.
The combined organic layer is washed once with

saturated aqueous sodium chloride, dried over
sodium_sﬁlfate and filtered. Solvent removal
in vacuo gives a foam which is taken up in

25 10 ml of dichloromethane. Formic acid (98%, 8 ml)
is added, and after 15 minutes the mixture is
concentrated to 4 ml and 10 ml of dichlorqmethane
is added to give a solid suspended in solution.
Filtration gives 100 ml of thé title compound

30 as a solid (obvious discoloration with melting
>180°¢) . - *



met hyl ene chloride 'layers are stripped of solvent to give 256 ng of a
foam This crude product 5 Is dissolved in a snmall amount of ca. 30

acet on¥/ wat er and applied on 7.5 m of Dowex [err] resin (0.7 neq./v

eluting with 40 ml of water. The eluent is evaporated to give 151 ng--

foam wvhich is dissolved in 2 m of wabegs10 and acidified to pH 2 mnth

1IN HC1l solution. A small anmount of acetonitrile is added to dissolve the
precipitate and the resulting solution is applied on 15 mM of HP-20 resin,
eluting with 150 ml of water, then 10% acetone/water. Fractions 15 (15

m each) 2-13 are conbi ned and evaporated to give 101 ng of the title
conpound as a foam Exanple 187 (BXample; 192 3.

[ [ (2-Ani no- 4-t hi azeéy| 34 (et hpxyl F8-1D) ¢2-Hh ino-AcahylalaTyno|(methsgyd-
(2- phenylethenyl)'7T7a?€FTHT"T'§UTTB'TE'5ETE; of assium sal.._A _sol ution of
68 ng of (2)-2- aﬂbﬁ-@ﬂ%mml 1883 51 g of

thydroxybenzotr|subfennmnm¢mduzﬂatassihmﬂsd&t of di nethyl formam de is

treated withs 69 ng of dig fFﬂ HdﬂyﬁilﬁBBQAEEﬁEQleba stirred at
roomtenperature for 30 nlnutes un nitrog
{& ) - 3- Ani no- 2- 038 i¢ 23N (4% 4)8-51-“‘9'aﬁt NrhwdseryBRPEOaci d (90 ny;

see exanpl e 186) gPiazoRdhSorpimitd,) iaaid\l1mmie oF @iegddd-and the mxture
is stirred for 20hhouicaH9q§r ni I rogen.

exy imide e weighed into a 10 ml
flask. The flask is flushed with nitrogen and
10 cooled in an ice-water bath. Then 0.6 ml of

dimethylforﬁamide is added and the mixture is
stirred for 10 minutes, at which point an
additional 0.6 ml of dimethylformamide is
- added. (S)-(trans)-3-Amino-4-ethynyl-2-oxo-1l-
15 azetidinesulfonic acid (95 mg; see example 191)
is added as a solid with 1.0 ml of dimethyl-
formamide and 56 ul of triethylamine. The cold
bath is removed and the mixture is stirred
_ for 22 hours. Acetone (3 ml) is added and
20 ‘the solids present are removed by filtration
and washed with an additional 4 ml of acetone.
All solvents are removed El vacuo and the
residue is taken up in 5 ml of methanol and
162 mg of potassium perfluorcbutanesulfonate
25 is added and dissolved. After standing, a
solid is depbsited'and then isolated by
_ _centrlfugatlon to afford 68 mg of the title
» s . compound, melting pOLnt >230%.

tis



“ati on gives

eluting with 150

m per f | uorobut anesul f onat e.

-2}9-"Jhe slurry is evaporated in vacuo and triturated with 10 m of
gqi? The slurry is filtered and the filtrate is treated with 113 n@)
Y u Dilution with 530 mM of ether and

169 ng of a solid progyct, which is dissolved in a smal
anount of ca. 10% acetonitrile/ water aﬁﬁ°ﬁpplled on 34 ml of HP-20 resin,

m of water, then 1% acetone/water. Fractions 10
m each) 16-19 are conbi ned and'stripped of solvent to give 110 ng of the
title conpound as a solid. Analysis calccd for [err] H, 3.57; N, 13.80; S,

(15

12.63; K, 7.70 15 Found: Ex&gof‘eo l% H 3:05; N, 13.61; S, 12.31;
K, 7.56 Exanple 188 (cis)-3-Am n %carbonyl) -2- 0X0- % 20

azetidi nesul f oni c{Str3= b [(2 .s:xa;cﬂ&b;L;
ester A dry 3-nec]
stirring bar is cf

cooling to [%rr]

10

et hyl

Kealxoillﬁ@héi@ééﬁmame%ﬂa t ot A¥islifRg@a il et and
ar ged_W TIT 25, rTowed Dy a sol ution
of recrystallized anlS|%FQR9QQI?AQFQDIT§?4% Q§%%nul1 GedC380 m). Afters

160! my ) ohs adisedlndd glry ey dimdthyilfoetmamided. 92 g) in

(2 ml) with triethylamine (0.083 ml). 2,5~

Dichlorophenylthicacetic acid (123 mg) 0.602 mmol,

N-hydroxybenzotriazole hydrate (8l mg) and
dicyclohexylcarbodiimide (124 mg) are added,
the mixture is stirred for 2 hours at room
temperature, and then 2,days.at_5°c. Solvent
is removed in vacuo, the residue is taken up

in water, filtered through Celite, and the

15

20

25

30

filtrate is washed with ethyl acetate. The

aqueous layer is combined with dichloromethane,

tetrabutylammonium bisulfate (612 mg) is added,
the pH was raised to 3 with 1N potassium .
hydroxide solution, and after extracting a
total of three times with dichloromethane, the

combined extracts are dried (NaZSO4), and solvent
is removed in vacuo yielding an oil. A solution

of the oil in acetone is added to a solution of
potassium perfluorcbutanesulfonate (612 mg)

in acetone causing precipitation of the product.
After addition of a small amount of ether the
solid is cbllected by filtration, washed several
times with acetone, and dried to give a powder
(206 mg). _ '
Anal. Calc'd for C11 gNo SSZClZK

C, 31.21; H, 2.14; N, 6.62; Cl. 16.75

Found: C, 27.90; H, 2.11; N, 5.84; Ccl, 18.04

-
T



di chl oromet hane (250 m) is added over 1.5 hours. 30 After stirring an
additional 20 mnutes at [err], -220- the reaction mxture is suction 4
filte$éd, dried over sodiumsulfate, filtered and concentrated in vacuo A0
one- quar ter volune. Hexane C300 m) is,added, and the solution is - ko
- concentrated to an 5 oi I which sew 99@d.di fies on standi ng under high 7y
vacuum at [err]. B) (cis)-3- (1, 3-Di hydro-1, 3-di oxo-2Hisoindol - 2-y

- 4- met hoxycar bonyl - 2- oxo- | - (4-met hoxyphenyl) 10 azetidine A dry
3-necked 500 m flask equipped with stirring bar, addition funnnel, septum
and nitrogen inlet is charged wth Q ytgison of [ (4-Met hoxy- .
phenyl )i m no] acetic acid, nethyl —09 g) 15 I n di chl or onet hane
(150 m) and cool é@ﬁTm.‘%{b&WI%ﬂMlmpgem)(‘}hi@]ﬁﬁﬁéﬂl%'added

dropwi se f ol | owedaRynd) SPlud i) - -1t ididebu1 8684l aggay chl oride
(28.4 g) in dichloromer] m xture is

20 . stirred forRAt3S$HIMSakt 0 ¢ " and diluted with 2.5 1 of
di chl oronet fiane. The or gegH a3 13 -Qh iin® ~d4ameetyWi-Rhorbl-4~5 Monobasi c

R UL Al o A R (10
: _ is dissolved in dimethylformamide (2 ml) with
triethylamine (193 ul). 2,5-Dichlorophenyl-
thioacetic acid (285 mg), N-hydroxybenzotriazole
- 10 hydrate (213 mg) and dicyclohexylcarbodiimide
(287 mg) are'adde§. After stirring for about

16 hours at room temperature, the mixture is
filtered and solvent is removed in vacuo. The
N\ residue is taken up in water and filtered.
- 15 The filtrate is washed with ethyl acetate,
' layered with dichloromethane and tetrabutyl- :
ammonium bisulfate (4.2 mmol) is added. After
a total of three eitractions with dichloromethane,
the combined extracts are dried (Nazso4) and
20 solvent is removed in vacuo vielding an oil
(920 mg). To a solution of the oil in acetone
is added potassium perfludrobutanesulfonate '
(946 mg) dissolved in acetone. A solid slowly
precipitates, is collected, washed twice with
25  ether, and dried to give a powder (306 mg).
Chromatography on HP-20 resin (100 ml column),
eluting with 20% acetonitrile: 80% water, yields
. : - ‘the desired product, which crystallizes upon
evaporation of a water:methanoi mixture.

¥y,

30 Trituration of the residue with acetone gives
a powder (233 mg); melting point 212-213%(dec.) .
Anal. Ca;c‘d for chHilNZOSClZSZK:
C, 32.95; H, 2.54; N, 6.41; Cl, 16.21; s, 14.66
Found: C, 32.91; H, 2.60; N, 6.42; Cl, 16.50;

35 - s, 13.77



2 sl ution (500 m), "and dried over sodiumsulfate. Filtration and
on@thatl on in.vacuo yields a solid which is washed with ethyl acetate,
ol d_acet one and hexane to yield 18.65 g of product. .-221- O i
(ci's)-4-{Met hoxycar bonyl ) -1 - (4- net hoxyghenyl) 2-oxo0-3- [[(phenyl net hoxyl
. carbanyl] am no]azetidine A dry 50a nT #9535k equi pped with nitrogen-inlet,
stirring bar, and septumwas charged with 5 18.65 g of

(cisl-3-(I,3-di oxo-2Hi soi ndol -2-yl) -

4- et hoxycar bonyl - 2- oxo- 1 - (4- net hoxyphenyl )azetidine and 325 ml of

di chl oronet hane. The resul ting SUs régl q_@sl_q_gqgool ed to [err], and nethyl
hydrazi.ne (3.52 m | is added dropm reaction_iis warned to
[err] and stirred for 911619"1% t&’(ﬁjlpcro&ﬁélurﬁ 2L examrie: hyh rhydrazine is

added and the i x§ug eswsﬁiﬂdtn&d; f(cxs-mamsnww&mmshusmeﬁy&nce is repeated

with a total of vaI Tyl h dra i ne has been
added. 15 TheZ%o‘?’?/%;#t é{ﬁtﬂ{’y a N(v] rﬁg; ﬁ—g%sh

di chl or onet Rane |3>amw-4‘cmathyﬂe'2moﬂmfle'a|@ta.gamnsm:ﬁoanw ated. This :
sequence was fepeag %&’tﬁ@'éél@qlsféé@% EQQuEn?xSlil tf'oeg éwam-ws dried:

under hi gh vol unme m nut es redi ssolved in -
di chl or omet hane, W%Tq-o(whoxyunlno)-4-th1azoleacet:.c ac:.d,

yields the compound listed in column II.

10

195. (R)~-[ (aminooxoacetyl)amino] (4- [3s-[3a(R*),48])-3-[[]
' hydroxyphenyl)acetic acid (aminocoxoacetyl)amino] -
: ' " (4-hydroxyphenyl) acetyl] - i
amino] -4-methyl-2-oxo~1- \)
15 azetidinesulfonic acid,
potassium salt
196. (R)={(aminooxoacetyl)amino]- [3S-[3a(R*),48]]-3-{[([-
phenylacetic acid - {aminooxoacetyl)amino] -
_ phenylacetyl]amino] -4~
methyl-2-oxo-l-azetidine~- .
sulfonic acid, potassium
20 . ~ salt; melting point
187°%¢, dec.



to stand at anbient tenperature for about 16 hours during which tinme a. '
consi der abl e anobunt of solid precipitates. The mxture is filtered unde
nitrogén, the filtrate cooled to 0 C (nitrogen 25 at nospher_e) and

treated sith. diisopropylethyl amne (17 .m) followed by benzfl
chloroformate (7 m) dropwi se. The r. ion is stirred at 0 C for 30

m nutes, then at anbient tenperature for” 1.5 hours. The mixture is washed
with two 30 300 m portions of pH 4.5 nonobasi ¢ potassi um phosphat e
buffer, 5% sodi um bi carbonate (two 300 m portions), saturated sodium -

chloride (300 ni}, -222- drleg Sﬁgﬁéuf§2U|fate) “and filtered.

Concentration in vacuo, yields a on trituration with ether

yields 9.9 g of tBé(RFﬂﬂe3cdﬁﬁéamdnegxaasgtx§)amlnolCﬂ-hXQﬁQﬂY‘

- 4- (Met hoxycar bonylehs 41 %@t 1hLmQHQ?DyLoxmhgmf@iMimm] 1- azetldI ne
A solution of ce

acetoni tril e- wat @ids POLAESHUR SALE slurry of 2 g (cis)-4- 10
(et hoxycar gonyl | - 1- C#otmbhﬁng‘phﬁéybfoae@!xm3descr1beo. in

[ [(phenyl et hoxy nyI am.noj ne A58 ' ver 10
m*nuates. The rea@ |o%(i %u?%u?sgggg#géﬂ 9 agg%P1 éﬁ%#%%%% e? at
anbi ent t enper at aménaid4cdhlydredyphehybl agetic acid for (z)-2-amino-
a-[ {2~ (diphenylmethoxy) -1, l-dimethyl-2-oxoethoxy]~-
imino]-4-thiazoleacetic acid, yields the title

10 compound melting point 128°C, dec.

Example 198
[3S(R*)]-3-[[(2-Amino-4-thiazolyl) [[[3-[(2-furanyl-
. methylene)amino]-2-oxo-l-imidazolidinyl]carbonyl]-

15 aminolacetyllamino] -2-oxo-l-azetidinesulfonic

ac1d, potassium salt

_ Following the procedure of example 6,

but substituting (R)=2-amino-a=[[[3-[(2-furanyl-

methylene)amino]-2-oxo-l-imidaiolidinyl]carbonyl]-_
20 amino]-4-thiazoleacetic acid for aminothiazoleacetic

acid ylelds the title compound, melting p01nt

>250 C

»



JLf etate (100 m). The separated aqueous |ayer is washed wth ethyl
te/(three 40 m portions) and the conbi ned organic extracts are washed
wi't 50% sodi um bi carbonate (three7#0 nl portions). The basic washings »fe
back-washed with ethyl 20 acetate (50 m) and the conbi ned organic
extracts are washed with aqueoug sodkun1sglfite,.596aqueous sodi um
carbonate (100 m), 5% sodiumc tion (two 100 ml portions),

sat urat ed sodi um chl Biolegirad PRoductdon efsEM5dAF stirred 25 over

Darco (RTM g;@gré?éiﬁgﬁkakﬁbn30 mnutes. Sodium sulfate is added, and the
m xture is rated in vacuo to yield an oil which on
trituration w t fhcemebagterdumcyiojgcenm $€ dil,B3@8cArPodnd€.as a solid.

-223- E is h ' | by 2 sRheRYls-5 1 ¢
nethoxy?ca?gén3%$ggrggl@§¥§§g??§¥n§gu%?%ﬁ?gaggﬁggetg%?gé&ﬁﬁgghnnniunlsalt A
mixture of daFspedimmo(Adsycarbonyl)-2- 5 - oxo-3-[[( phenyl met hoxy)

! carbonyl] am no] -1-azetidine (100 ggamsgnd 172 ng of a pyridi ne-sul fur

! trioxide conpley._i & LS ¢

in,lonl _of .pyridiné (S stirred under argon for 3 hours at =
[err]. The-reagFPﬂﬁ ﬁgkfﬁF- is poure¢ into 70 i of 0.5 M nonobasic

pot assium 10 BeafspktractpH 5.51 and extracted with four 30 m -
10 NZ Amine A 2 o
Glucose 10
Agar ' 15

Distilled Hzo'to 1 liter
The pH is adjusted to 7.3 before sterilization
15 at 121°C for 30 minutes.
A loopful of surface growth of the micro-
organism is used to inoculate each of thfee
500 ml Erlenmeyer flasks, each containing 100 ml
of the following sterilized medium (B):

20 _ : . Grams
Oatmeal 20
Tomato Paste 20

Tap H,0 to 1 liter
Adjust pH to 7.0 before sterilization at 121°%¢
25 for 15 minutes.
The flasks are then incubated at 25°¢ on a rotary
shaker (300 rpm; 2 inch stroke) for approximately
24 hours.
After the appropriate incubation as
30 described above, 1% (vol/vol) transfers are made
from the growth culture flasks to one hundred
500' ml Erlenmeyer flasks each containing 100 ml of

& =



portions of dichloronethane (discard). Tetrabutyl- amoni um hydrogen

sul fate\f122-ng) is added to the aqueous layer which is then extracted with .,
di chl oronet hane (four 30 ml portions). The organic 15 extracts are
washed .wi th 8% sodi um chl ori de solution, dried over sodiumsulfate an #
filtefred. Concentration in vacuo yields 186 ng of the title conpound as_a
viscous oil. 20 F) (cis)-3-Am noz4, énnthoxycarbonyl) 2- oxo- 1| -
azetidinesul fonic aC|d A solution of 186 ng of (cis)-4-(nmethoxy-

car bonyl) - 2- oxo 3 henylnethoxy)carbonyl]anlno] 1-azeti di nesul fonic
acid, tetrabut¥h éﬁ#@ﬁuitﬁﬁﬁ 112¢4, meqium; (Gdt hanol i s hydrogenat ed
over 10@6pal|ad|un1on charcoal (%r#&mg for 1.5 hours at 1 atnosphere. The
catalyst is filterj? of f nd ri nSe th dichl oromethane and the filtrate
is treated with 97%% cid an ooled. to 30 [err] (the presence.of a
- sged crystal at thlmfzg asterecesdlmry to i nduce crystallization). After
crystalllzglon co[ll;m the m xtyge is allowed to stand for about 16

hours at 10 C. he resulting sol1d is washed w th dichl oronethane,
hexape, and dried iTAR R to/ik|ldtrRr 50 ny of the title conpound. 5

Exanpl e 189 rhe pa is adjusted to 7.0 before sterilization
of 121°C for 15 minutes. i
After inoculation, the flasks are incubated at
10 25°% on a rotary shaker (300 rpm; 2 inch stroke)
for approximately 18-24 hours. At this time the
contents of the flasks are pooled and.the broth
is centrifuged yielding approximately 9 liters
. of supernatant broth.
15

250 Liter Fermentation
- A loopful of surface growth from an agar
slant (medium A) of Chromobacterium violaceum
sC 11,378 A.T.C.C. No. 31532 is used to inoculate
20 each of five 500 ml Erlenmeyer flasks each
containing 100 ml of sterilized medium (B).
The flasks are then incubated at 25°C on a-
rotary shaker (300 rpm; 2 inch stroke) for
approximately 24 hours. After the appropriate
25 incubation, as described above, 1% (vol/vol)
' transfers are made from the grown culture
flasks to five 4 liter Erlenmeyer flasks each
- containing 1.5 liters of sterilized medium B.
After inoculation the flasks are then incubated
30 at 25°C on a rotary shaker (300 rpm; 2 inch
stroke) for approximately 24 hours. Aafter the

»n



[2- Amino-4 -thiazolyl) [[[- (di phenyl- methoxycarbonyl)

- | et hoxy] imno]acetyl] - am no] -4- ethoxycarbonyl) .
axd- | - azeti di nesul fonic acid, potassiumsalt 10 A solutionw#_

N—hydroxybenzotrlazole hydr at e (34 ng) and 101 ny of

2-am no-a-[[|-Cdi phenyl - nmet hoxycarbonyl | -1 -net hyl et hoxy]i m no] - 4-

t hi azol eacetic acid in 0.5 m_of dinebhylformamde is treated with solid
di cycl ohexyl car bodi i m de 15 (45 nmg) and the m xture is stirred under’
argon for 45 mnutes (anbient tenperature). (cis)-3-

Ami no- 4- (nethoayﬁﬁgﬁﬁﬁa%é Znéuvat @aeasdaegaghbealabaebq @45 ;- see
|

20" ropw sci® Sranstet: (eRLrestl | £5 BedR ERoRBnRLERRERAl e for about

16 hours. The ¢hqwipped - féfmémmﬂtﬁbnstanhnuedta&d&nghegb vacuum at 300C and

the residue is upe nt d W th

pot assi um 25 1£€ﬁ#$1§%)%%%%%ﬁﬁgﬁﬁf %8* 897 AE%E? &F°§H&é?§h et her

produces a 50IthbvfntmamtathMedswﬁontbnhgd undeartbe tnllavuogto yield 93* ¥~

mg of the t't'éb£§§%¥&ﬂg %§¥§E apbec; 13Pekehze ~ 10 ;

-3-[[(2- Ami no-4-t |azonI -cé?%%xz Boe psig; .
aeration- 0 cfm, agita ion - 155 rpm. UCoanTH) _ ~
is added as needed as antifoam agent. After -

.approxxmetely 18-24 hours the fermentation is
- 10 completed. The fermentation broth is then
adjusted to pH 5.0 using HCl and the broth
contents of the tank is centrifuged yielding
approximately 230 liters of supernatant broth.

15 Isolation and Purification
The broth supernatant from the 250 liter
fermentation is adjusted to pH 5 using sulfuric
acid and flltered using 3-5% dlatomaceous earth
(Celite). The broth filtrate is extracted
20 with two 30 liter portions of 0.005 M cetyl-
dimethylbenzylamhonium chloride in methylene
chloride.
The combined lower phase is extracted wzth
"6 liters of 0.05 M sodium iodide which has been
25 adjusted to pH 5 with acetic acid. The lower
phase is discarded and the upper phase is

concentrated in vacuo to 500 ml.
The concentrated material is extracted with
400 ml of n-butanol. The upper phase is



met hyl ethoxy) iminolacetyl] am no] -4- (methoxy- carbonyl) . .
-2-0xQ- | -azetidinesul fonic acid, 5 dipotassiumsalt A sl urry of @
(CIS|Q§/[12 Am no- 4-t hi azol yl) - ' _ :

[[!-(di phenyl met hoxycar bonyl | -I - et hyl et hoxy) - .
I m nol:acetyl | ami no] - 4- (met hoxycar bony1- 2- oxo- 1- azetldlnesulfonlc aci d,
- potassiumsalt in Q4 nm .10 of ant23e is stirred at [err] under argon,

and 0.9 m of cold [err] trifluoroacetic acid is added. After 1.5 hours 4
m of ether and 2 ml of hexane are added and the resulting slurry is
stirred for 15d4isgardedaandithe, lower phase isnicomcentaiataddi ent

tenperature. IReasphieds $nl 98 [E_.Jg&ed gxecg.gg h{uggq.rsl ags%%qv%%(s:hed Wi th

et her. The pH of a SuspensTo teria old water is
adj usted to 6 WtPhthR pxtent passibier da 359 mhecofamethadolo a 20 30 ni

HP- 20AG colunnrheEhuhbmabmetﬁaue££51yheldaséQrEEaOEnhh%w@ e®hagEround

af#t er . evapor at IO acetonitrile eva or at e tw ce) Ana YSI S
calc'd for Eﬁg i9ngis ﬁ?niﬁng aggd t° drynegsndn vacugg 0g: H, 3. 03; N,
12. 19 - 226 y&h&ﬁhg 3916 (9)of t czude- antdbiotdcet hynyl - 2- oxo- | -azeti di ne-

The crude product is dissolved in 10 ml of
‘methanol-water (l1:1) and chromatographed on a. 500 ml

column of cross-linked dextran gel (Sephadex G6~1Q} in
10 the same solvent mixture,ielutiné-at 2 ml/minute "and
dolleéting 20 ml fractions. Active fractions (19-26)
are combined and concentrated ig'Gacuo, The residue
(5.23 g) is mixed with 50 ml of methanol. Insoluble
w material is filtered out and discarded. The filtrate

15 is concentrated in vacuo.
- The re51due. 5.0 g of material, is dissolved

in 10 ml of pH 5 sodium 0.0l M phosphate buffer
and applied to a column of DEAE cellulose (Whatman (RTM)
DE52 cellulose) packed and equilibrated in the

20 same buffer. The column is'eluted_at 5 ml/minute
with a linear gradient prepéred from 4 liters of
pPH 5 sodium 0.01 M phosphate buffer and 4 liters
of pH 5 sodium 0.1.§_pho$phate buffer, collecting
20 ml fractions. Active fractions (192-222) are

25 combined and concentrated in vacuo, and méthahol- _
insoluble material is removed, washing well with
methanol. Removal_of.solveﬁt leaves 576 mg of

. . material. |

2



su NC acid 5 A)  2-(Trinmethylsilyl)ethynyl magnesi um brom de To a
fian ted 50 mM flask maintained under positive nitrogen pressure is
added 20 m of dry tetrahydrofuran, 2.20 m of trinethylsilyl acetylene gud
5. m -of 3.06 Msolution of 10 met hyl magnesi um brom de in ether. The

mxturé is stirred for 140 mnutes yielding the titte conpound B)
(S)-(trans)-4-.[2-(trimethylsilyl)ethynyl]-2- 15

. 0XO0- 3- [(trlphenylnethyl) am no] azeti d~R31¥o a flane drled 250 nl 3-necked
~flask is added 6.00 g of (S)-(cis)-4-(nethylsulfonyl)-

- 2-0x0- 3 [(Lr] pheny| gkl o A2eLb s 1s THEsELEVE $of-hUgheggwi t h

. nitrogen, and the t al ned positive nitro en ressure. After

" the reaction mm@@b&s&.ﬁksﬁqﬂ.%ﬁwﬁbm 4.65 nl of a
~ 3.06 M sol uti oggofp Tetom ume HydPdiidE Je tHe dMiticn @Eied dropwi se via

syringe with rapid 25 Irrin The sol 2-(trinethylsilyl
et hynyl magnesi Gﬁﬁrmﬁ%é'aﬁi" Pé’gq 7 L% ?%?é aFrlfsl%'f IyonI (éT?\/) t ube

under positige ]JiJMd&x}traasghﬂ. ((SepHddmk LH#R0) Nimodter s eactant is £

rinsed with 7 nl | ete

the cold bath |§ %@h%ﬂ#gkﬂ%@ﬂﬁsnggd cogﬁggFapgon ?139§aE%;89ER '
Active fractions (38-44) are combined and concen- ' =Y.

trated, glving 459 mg of residue.
Three hundred and forty eight (348) mg  of
10 the ahove residue is dissolved in water and the
solution placed on a column of macroreticular
styrene-divznylbenzene copolymer resin (Diaion HPZOAG),
the column has been first prepared by washxng with
methanolic potassium hydroxide, methanol, methanolic
15 hydrogen chloride, methanol and water, and then
packed in water. The column is eluted with water
at 1 ml/minute, collecting 10 ml fractions.
Active fractions (36-43) are combined and concen-
trated giving 186.4 mg of material. Chromatography
20 (in the same way) of another 100 mg of the 459 mg
| of residue from the prévious step yields 51.5 mg
of material. At this stage the 186.4 mg of material
and 51.5 mg of material are nearly pure EMS117
as shown by thinslayer chromatography and nuclear
25 magnetic resonance spectra.
The 186.4 mg portion of EMS5117 from above
is dissolved in water and passed through a
column of ion-exchange resin (Dowex S50W-X2,
100-200 mesh, potassium form), washing with two
30 bed volumes of water. Concentration of the effluent



-226a- of potassiumbisulfate in 20_m of water is added. Mst of the ,
tetrahydrofuran is renoved on the rotary evaporator. The residue is )
transf*érr_ed to a separatory funnel with ether 5 and water. The vvat
| ayer is separated and extracted twice with ether. The conbi ned ether

| ayers are washed once wi th saturated aqueous sodium chloride, dried over
sodium sul fate, and filtered. Renpvalzzaf- t he sol vent 10 gives a foam -

whi ch is chromat ographed on a silica colum. Elution with 2 liters of

di chloronethane, 1 liter of 1% ether/di.chloronethane, 2 liters of 2%
ether/d|chIoronethaakdanHSQ.G<mgteo§ @tysﬁ&&bihersdlbﬁLorBeeryaheléfract|on

15 olrio00 m: 11ggtion geSEROD Mhietiat!|e adeangT ofed bydives 130 o

of the title compound In fractions espondlng
trans-isomer in féh88ebvibngoitoin9 38 imhsoD- H§t€§n§%¢n84519993®42am%1 xture

oftglf)and transtéﬁQﬁ8£52?8ﬂ CDTﬁéDrééﬁﬁﬂfﬁ 4mﬁ*€uaa:;§ e?ﬁléarfhrlphenyl
AR am nQd azet |l di n ri Sl e. -

2- oxg 3-[(tr phenﬁ?ﬁe?ﬂé %hﬁ%ﬁﬁ?§2e¥*éfﬂ£“ fg% %9 ¥ g ¥ﬂ¥§50lved in 30
m of d|chloronetmamefanﬂhéBOregrpétabl1abuiqhanﬂnntuﬂsfbanneﬂe (contai ni ng
28-25%vater) 1S AgdR%achiSheeRalblL £59, ' Pfelas 95.9 mg of EMS117,

potassium salt, m.p. 194°(dec.).
Optical rotation in water at 21% (c=1)

10 . 2 fmn) o Ia)
. 589 - +94.3°
579 +98.6
w | ' 546 : +113.1
15 o 436 ' +203
' 365 : +348
- The following fermentation media are effective
for the production of EM5117, and may be substituted
for medium (B) and (C) in the above example.
20 - MEDIUM D '
_ Grams
Nutrisoy Flour 30
Glucose .50
Yeastamine 2.5
25 caco, 7
Distilled H,0 to 1l liter
MEDIUM E
. ' ) _ _ Grams
Yeast Extr&ct -4
30 Malt Extract . 10
| Glucose . - 30
Glycerol ' 2

Distilled HZO to 1 liter
Adjust pH to 7.3 before sterilization



'Jis renoved in vacuo. The residue is taken up in ethyl acetate and
he arganic 30 | ayer is separated, washed once with water and; .
th saturated:-aqueous sodi um chl ori de, -226b- _dri ed over sodihﬁr
sulfate, and filtered. Renoval of the solvent gives an oil which is stirred
for 15 mnutes with 60 mM of pentane to afford 2.35 g of the titl-e conpound’
as a 5 powder (after drying in vacus3-. D) _ = '
(S)-(trans)-3-Am no- 4-et hynyl - 2- oxo- 1- azetidinesul fonic acid
(S)-(trans)-4-ethynyl-2-oxo0-3-[(triphenyl- 10 = nethyl)am nol azeti di ne
(404 ng) and 560 ng oMEDMIME ex of pyridine and sulfur trioxide are added
toa 25 n flask. After-the flask is flushed witge&ihgrogen, 4.0 nl of dry
pyridine is added and the m xture is heated at | 15 for 3 hours.

The mixture is added {AF¥Fe%Qh dly stirred mixture B 4.0 m of concentrated
hydrochloric acid, 50 pRaspar@firie and 50 'm of ethgl acetate. The pHis
adjusted tq 3.15 \Mtht@)gt m car bonate. The water layer is 20 separated = -
and extract’ed once w _é;ﬂ acetate. The conbi ned-organic |ayer is washed.
once with saturated amméﬂm;‘sodi um chl oride, dried 2ver : :

Glucose | 50 " v
MgSO, .7H,0 | 0.2
Yeast Extract . 25
10 | Tap H20 to 1 liter ' |
MEDIUM G
_ Grams
(I~1114)2SO-4 2 |
L-asparagine S , v
15 Glucose 50
' Glycerol ' 10
KH,PO, ' ' 3
K,HPO, 7 '_
Mgso4.7320 --0:2
20 ~ Yeast Extract 2.5
Distilled H,0 to 1l liter
Adjust pH to 7.0
MEDIUM H
: Grams
25 K HPO, - . 7
KH2P04 _ 3
] Na Citrate - 0.5
Mgso, 0.1 L
(NH4).2_SO4 1 .
30 Glucose i 30 ) -
| Yeast Extract 2.5

Distilled HZO to 1 liter



sodiumsulfate and filtered. Solvent renoval in vacuo gives a foam whi
taken\Bp in 25 10 M of dichloronmethane. Formc acid (98% 8 ml)
added,”and. after 15 mi.nutes the m xture is concentrated to 4 m and 18
of dlchloronethane is added to give a solid suspended in sol ution. .
Filtration gives 100 ml of the title compound 30 as a solid (obvious

di scoloration with nelting [err] HZEQSC- Exanpl e 192 13S-[3a(2),4B]]1-3-[[
(2- Am no- 4- thlazolyl)(nethoxy-

i m no) acetyl ] am no] - 4- et hynyl - 2- oxo- | -azetidine- sul fonic aci d, potassium
salt 5 (Z)éégﬁggggia (et hoxyi'm no) - 4-thi azol e- acetic acid (100
nyg), 85 ng of N hydr = triazol e nmonohydrate, and 113 ng of dicycl o-
hexyl carbodi i m de are weighed into a 10 nm fl'as@ZaMBe flask is flushed with
nitrogen and 10 Coghefis8yar16ae- Wat er bat h. Ioen 0.6 nl of -

di met hyl formam de is gdded gnd the mxture is stirged for 10 m nutes, at
aRi ch point an additi Bam  of di met hyl f or mani"de 1s added.

(S)-(trans¥®- 3- Am no- 4@Bﬁbgmql-2 oxo-1- 15 azet B@i nesul fonic acid (95 ng

see exanple 191) (S aggggtaéx@rgngd with 1.0 m of ginethyl-

Caco3 5
Distilled nzo to 1 liter °
: MEDIUM J .
10 : ' Grams
Gerber's Baby Oatmeal 20
Contadina Tomato Paste S
Glucose : 20
— Tap H,0 to 1 liter
' 15 Adjust pH 7.0
MEDIUM K |
Grams
Gerber's Baby Oatmeal 5
Contadina Tomato Paste 20
20 - .Glucose 20

Tap H,0 to 1 liter
Adjust pH 7.0

MEDIUM L
- Grams
25 Yeast Extract _ 4
" Malt Extract 10
. Glucose - 34
s - " MEDIUM M
| Grams
: 30 Amberex (1003) 5
Glucoée 30

Tap HZC to 1 liter



de and 56 ul of triethylamne. The cold bath is renoved and the
e/is stirred for 22 hours. Acetone (3 m) is added and 20 t he
present are renoved by filtration and washed with an addkti onal “f m
acetone. All solvents are renmpved in vacuo and the residue is taken up
in5 M of methanol and 162 ng of potassi um perfl uorobutanesul fonate 25

i s added and dissolved. After standrR3p=-a solid is deposited and then

i sol-ated by centrifugation to afford 68 ng of the title conpound, nelting

poi nt >230 C. Exa%
(S)-3-[[[(2,5-Dichlor hi o] acetyl ] am no] - _2-oxo0-1-azeti di nesul fonic
aci d, potassium salt 3-Am no-2-oxo-|-azetidi nesuBEBBBc acid 5 (100 ng)

i s°di ssol ved in dry digpidwdgormanmide (2 nl) with tsi ethyl amne (0.083 m).
2,5- Dichl orophenylthl oacetl C :i g%)( 123 ng) 0.60..2 gm)

N- hydr oxybenzotri azol &€ ? ng) and dicycl oﬁ xyl car bodi imde (124
ng) are addsed, 10 'fga’-,rn ue® 1siitegred for-2 hours at room %
tenperature, and then 2 da at 5 C. Solvent is renpved in vacuo, the .
residue is taken up in water, filtered through Celite, and the filtrate is
washed with ethyl acetate. The | : : o ~

=
¥

x

»



15 aqueous | ayer is conbined with dichloronethane, tetrabutyl amoni _
bi sul fate (612 ny) is added, the pH was raised to 3 with | N potassi um
hydr oxi de sol ution, and after ex23geting a total of three times with -
di ¢hl’or onet hane, the 20 conbi ned extracts are dried [err] and solvent is
renoved in vacuo yielding an oil. A solution of the oil in acetone is added
to a solution of potassiun1perﬂbaumwanzmMSulfonate (612 ng) in acetone
causing precipitati (gla%o Elr&]_prﬁ&g@ct- £ {8 addition of a small
amount of ether the redfégitrgéié§+ﬂn, washed several tines

wi th acetone, anmgmmg@mméckmm-rm Calc'd for[err] 30
C, 31.21;, Ko 2311‘581'\‘1156“?%&; ,5% &1&7 90; H, 2.11; N, 5.84;

c, 18._04 ge- Exanple (SS-tr ans) - ﬁ

[[[(2, é-aaﬂeﬁrl&mm|w&]% -

am_no] - 4- net hyl - 2- oxo- | - azeti di nesmﬁmc acid, potassiumsalt 5

(3S—trans) 3- Am oxo- - etldlnesulfonlc acid (250 ng; see
exanpl e 139) i's ?%ﬁﬂﬁﬁﬁg¥4aﬁaﬁlnethyl ormamde (2 m) with triethylam ne

(193_ul). 2, 5- DEeefoBxtract -

NZ amine A 2

10 Glucose 10
Agar ' 15
Distilled 820 to 1 liter

.The pH is adjusted to 7.3 before sterilization at
121°c for 30 minutes.
15 A loopful of surface growth from the agar
N\~ slant (medium A) of Gluconobacter species SCl1l1,435
is used to inoculate each of three 500 ml Erlenmeyer

flasks each containing 100 ml of the following
sterilized medium (B):

20 Grams
Yeast Extract _ 4
Malt Extract 10
Dextrose - 4
Distilled 820 1l liter

25 ' The pH is adjusted to 7.3 before sterilization
at 121°C for 15 minutes.

After inoculation, the flasks are incubated
at 25°C on a rotary shaker (300 rpm; 2 inch
stroke) for approximately 24 hours. After the

30 appropriate incubation, as described above,
| 1% (vol/vol) transfers are made from the grown
- culture flasks to one'hundred'SOO‘ml:Erlenmeyer
flasks each containing 100 ml of the following



ageli ¢ acid (285 ng), N-hydroxybenzotriazole 10 hydrate (213 ng) and

anmoni um bi sul fate (4.2 mmol) is added

exyl

carbadiimde (287 ng) are added. After stirring for about 16

room'tenperature, the mxture is filtered and solvent is renoved
The residue is taken up in water and filtered. 15 The filtrate
S mashed with ethyl acetate, | ayered_ ;h di chl oronet hane and tetrabutyl -

Tter a total of three extractions

wi t h di chl oronet hane, the conbi ned extracts are dried [err]) and 20

sol vent

oil in acetone s$exddigegdomgddumm(

isr

enoved in vacuo yielding an oil (920 ng). To a solution of t he
ﬁgﬂfluorobutanesulfonate (946 ny)

di ssolved in acetone. A solid slowmy premapid ates, is collected, washed
twice with 25 ether, and_dried to gi V& _x powder (306 ng).’ Chronatography
on HP-20 resin (100 nFeBSEURFETagtting wikh 20% acetonitrile: 80% wat er,
yiel ds the desired prgluebsewhi ch crystamo zes upon evaporation of a

. water: nmet hapol . m xtu stﬁg turatl af the resi due with acetone
? EFIH 2

glves a po .
32.95; H 2.54; The sediumCis s@en;medla%azao@cﬁor @5 mmittes), 2.60; N,

16. 50; 35_ Af@erlinzéulation, the flasks are incubated =

6.42;, d,

10

15

20

25

30

er (233 oi nt [ Calc'd for[err] G,

at 25°C on a rotary shaker (300 rpm; 2 inch stroke)
for 18 hours. At this time the contents of the
‘flasks are pooled and the broth is centrifuged
yielding approximately 9 liters of supernatant
broth.

Isolatzon and Purxfzcatlon (small scale)-

Activity from the broth supernatant (10 liters)
is absorbed on a 500 g column of strongly basic
anion exchange resin with quaternary ammpnidm
groups attached to a styrene~divinylbenzene
copolymer lattice (Dowex AGLl~X2(Cl-)),washed
with water and eluted with 5% sodium chloride
in aqueous 0.01 M NaH2904. The eluate is ..
concentrated in vacuo.

The residue is adsorbed on 250 g of charcoal
which is washed with water. EM5210 is eluted
with methanol-water (1:1). The active ffactions
are combined and concentrated in vacuo yielding
crude EM5210. _

The crude EM5210 is chromatographed on

a 280 ml columg Qf strong base anlon exchange
resin (Bio. -Rad)AG 1-X2 (C17)) using a linear
gradient prepared from 1l liter of water and



-226f- Exanpl es 195-196 Follow ng the procedure of exanple 138, but ' '
substitWuing (3S-trans)-3-am no-4-nethyl- 2-oxo-|-azetidinesul fonic acifly 2

for (3S-ci's)- 5 - 3-am no-4-net hyl - 2- oxo- | -azeti di nesul foni c ,acid an
acid listed in colum | for (Z)-2- am no-a- (met hoxyi mi no) - 4-t hirazol eaceti-c
aci d;"yi el ds. the conpound listed in colum I1. 10 195.

(R) - E(an1nooxoacetyl)an1no](4- [352b§a(FF) 4B]1-3-[[1

hydr oxyphenyl )acetic acid . (am nooxoacet yl ) am no] -

(4- hydroxyphenyl )acetyl ] - am no] - 4- net hyl - 2- oxo-1 - azetidi nesul fonic acid,
pot assi um sal t 11%6texr( 8F- RMapyrddind o yllc)ea:mteo](pa 4.5). The

[3S-[3a(R*), 4B [ a |

(am'nooxoacetyH"'i""%V[a Fragﬂgﬁﬁkagg%y anlno ‘zn ﬂ?ﬁeﬁfﬁ%&)? azeti di ne-

sul foni ¢ aci d, 1Bov¥agy¥Pum 2 sal t;
”?LthQ point 187 C, Tﬁécpart1§11§zﬁﬁr1f1ed EMS5210 is further

. 5 < purified by gel filtration of the residue on

$ - a 500 ml column of cross-linked dextran gel
(Sephadex G-10) eluting with water. The active
fractions are combined and concentrated yielding
26 mg of EM5210. The potassium.salt of EM5210

10 is prepared by passing EM5210 through a column

of cation-exchange resin (Dowex 50-X2) in the
potassium form.

— Isoiaﬁion and Purification (large séale)
15 The broth filtrate of a 250 liter fermentation
(pH 3.7) of Gluconobacter species SC11,435 is
absorbed on 10.8 kg of strong base anion exchange
~resin (Dowex 1-X8(Cl7)). The resin is washed

‘with water and eluted with 5% sodium chloride
20 in 0.01 M sodium dihydrogen phosphate. The
active fractions are combined and concentrated
to a small volume. The precipitated salt is
removed and the filtrate is desalted by passing
it through a column of charcoal (1.1 kg of 20-40
25 mesh Darco) in water. The column is washed with
water and the EM5210 is eluted with methanol-
water,l:1. Active fractions are combined and
concentrated. The residue (16 g) is dissolved
in water and chromatographed on a column (600 ml)
: 30 of strong base ion exchange resin (Bio.Rad AG l-
' X2(Cl7), 200-400 mesh),'elutlng with a linear



? o 97 [3S(R*)]-3-[[[ (Am nooxoacet yl ) am no] (4- hydr oxy- phenyl)acetyl -
- gxo-1-azetidinesul fonic acid, potassiumsalt 5. - Fol | o@ng

t he \proc&dure described in Exanple 28, but substituting: )

(R -[ (am nooxoacetyl)- am no] (4-hydroxyphenyl)agetic acid for (Z)-2-am no-

a- 1[ 2+( di phenyl met hoxy) - 1, 1- di et hyl239exoet hoxyl - i m no] - 4-t hi azol eacetic

acid, yields the title 10. conpound nelting point 128 C, dec. Exanple 198

[3S(R*)]-3-[[(2- Anino 4- thiazolyl)[[[3 [ (2-furanyl -

t hyl ' I
g'rsn n)c/)] ggg% slml gn% Oég%x%*# aze fdmn@s/%} #n?g”ég ga%égt gggl um sal t
Fol | owi ng t he plobMeOf)fl%&aWM cmrséss@m gwP g¥ sodium

(R - 2amnoa[+i ) .
net hyl ene) ami no %oxo -| m plazoaltledl n ﬁcJé‘F tions are combined,

am noj - 4- t hi azofeneentrated (LB yaguo n h?ai‘B? Pﬂ'b'm&cl 8%l el ds the title
conpound, n@lt 'ﬁﬁeé)i)pﬂtaeeéosﬂts ar&&?em&é&pby £39 tBattiogi.cal Production

of EVBL17 O LitSf e PRIBRLEL' o0 SHEPIRRAES L' HB) Ul %eﬁgb§gr£1:u.%zﬁa§1_ c.c
styrene-~divinylbenzene copolymer resin. The -
. column is eluted with water. The active fractions

are combined, concentratéd to a small volume

10 and freeze-dried, yielding 1zo'mg_of the sodium_
salt of EM5210. o

To transform the sod;um salt to the lithium
-salt an ion-exchange resin (Dowex 50 W-X2, lithium
form) column is used. The sodium salt (100 mg)

15 is dissolved in 0.5 ml of water, applied to the
colum and eluted with water. The active fractions are com-
humﬂ<mﬁldunaﬁﬂy'ﬁmeze«hned,yuehium;951m;of1&e lithium
salt of EM5210 or as an amorphous solid.

The free acid (inner salt) of EM5210 is

20 prepared by passing a base salt of EM5210 through
a column of weak acid ion-exchange“resih in
the HY form. For example, about 2.5 mg of the
lithium salt can be applied to a column of
Bio.Rad Bio.Rex 70 (H') and eluted with water

25 to give l.45mg of the free acid (inner salt).

Chemical properties of EM5210

1) Ninhydrin positive. _

2)  Acid hydrolysis (6N HCl at 115°C for 16 hours)
30 gives two major ninhydrin positive spots by

paper'chrbmatography.(Whatmén No. 1, butanol-acetic

w

-

T



‘5 No. 31532 is maintained on . the following sterilized agar nedium (A): ‘
G ans Yeast Extract ' 1 Beef Extract 110 NZ Ai fie DA
2. -3 ucose 10 Agar 15 Distilled [err] ta 1l
liter.The pHis adjusted to 73 befoLglaLerilization 15 at 121 C for 30
m nutes. A |oopful of surface growth F the mcro- organismis used to -
“inocul ate each of three 500 M Erl enneyer flasks, each containing 100 m of
the following sterilized medium (B): 20 . " Gans

di st pH to 7. BRATERERE GPITHY. ARG, One wom st gHAR The”!
fl asks are thenspetuttha¢dquengbe€ UN-excdited) Shwkmsde@r® . prfhe inch
deser | bed above Vo, BRIEE/ piAnbRLLR pllditivel SRAN MDY HLBudia On B0 30
flasks to one h@fdReandoB-alanipenneyer flasks each containing 100 m of
b 5 _ _
| ' Physical characteristics of EM5210

‘1) UV spectrum of the sodium salt in water:

end absorption | s

2) IR - Maﬁor peaks of the lithium salt in KBr:
10 1770, 1640, 1530, 1384, 1242, and 1051 cm"l.

3) PMR - Chemical shifts of the lithium salt

in deuterated water, ppm down field from TSP:

1.40 (4,J=7Hz), ca. 2.14 (m), ca. 2.44 (m),

3.49 (s) - |
15 3.73 (t,J=6Hz), 3.94 (s), 4.28 (m) _

Optical rotation of the free acid (inner
salt) in water at 24°C (C=0.15%) (pH 2.7):

3 o - P
A (nm) la]
20 - 589 +73°
578 +79°
546 . +91°
436 +159°
365  +263°
25 : The following fermentation media have been

found effective for the ptoduétibn of EM5210 and
may be substituted for medium (B) and (C) in

i - the text.
N ' '
. 30 MEDIUM D - '
' Grams
Oatmeal 20

Tomato Paste 20



-228- \the following sterilized medium (C): G ans QCatneal 20 Tomat o
'ai@b” - 20 5 A ucose 30 Tap [err] to 1 liter The pH is\).
ayjusyed to 7.0 before sterilization of 121 C for 15 minutes. After

inocul ation, the flasks are incubatedagi-10 [err] on a rotary shaker (300
rpm .2 inch stroke) for approximately 18-24 hours. At this tinme the
conténts of the flasks are pooled and the broth is centrifuged yielding
approxi mately %Q%EEQQZ&fL Su ernaégnt broth. 15 250 Liter Fernentation A
| oopful of surf KPR Ggar sl ant (nedi'um A) of Chronobact eri um
vi ol aceum SC 11,378 A. T.C. C. No. 31532 i sGuamé t-0 i nocul ate 20 each of five
-500 M Erl enneyer fl Sgeach.cont ai ni ngy 190, of sterilized nmedium (B)
The flasks are then iﬁ%ﬁb%fgdg%t 25 C on é_?gfgky‘shaken (300 rpm 2 inch.
stroke) for approxi mA@iystiplot®s? - AfbeforaesippidprrEdO™m 9L ncubati on, as
descri bed above; 211% (Fot/ V9 pihheesiers are nade fromthe grown culture

MEDIUM E - .
' : Grams ' h
. Yeastamine | 5
10 ' ' Cerelose 1
| ~Tap H,0 to 1l liter

Sterilization at 121°c_for 15 minutes.

MEDIUM F
15 ' _ -Grams k;
Glucose ' 5 ' '
Tartaric Acid 2
Yeast Extract 0.5
(NH4)2PO4 1
20 (NH4)ZSO4 2
K,HPO, 0.5
NaH2P04 0.5
Mgso4.7H20 _ 0.2
CaCO3 1.
25 . Distilled HZO 1 liter

Adjust pPH to 6.0 before sterilization of
121°¢ for 15 minutes. B :

MEDIUM G
30 Grams
Nutrisoy flour 30
Glucose g 50
Yeastamine ' 2.5
Caco 7

3

Distilled H,0 to 1l liter

2

y



flasks to five 4 liter Erlenneyer flasks each containing 1.5 liters of
sterilized nediumB. After inoculation the flasks are then incubated
25 C aﬁ'a rotary shaker (300 rpm 2 inch stroke) for approximtely 24
-hours. After the - -229- appropriate incubation as described above, a
transfer (vol/vol) 'is nmade to an agi t<242-equi pped fernmentati on tank
containing 250 liters of sterilized nmedium (C). After. inoculation 5 the
fernmentation is continued under the foll ow ng conditions: tenmperature- 25

C, pressure - 10MERIGM GefeontinuedDd cfm agitation - 155 rpm Ucon(RTM is
added as needed as antgééqufggggonﬁggeizgﬁergg}nghehin&@é 4 hours the
fermentation is 10 conpleted. The fernentation broth 1s then adjusted to
pH 5.0 using HO and the broth contents of the tank is centrifuged yielding
approxi mately 23¢ebiters of supernatant broth. 15 Isolation and ' :
Purificatigon The broth supernatant fromthg 250 liter fernentation is

adj usted o pH 5 using sulfuric acid and f ed using 3-5% di at onaceous
earth (Celite). The MNdtAmindtAate is extrat@ed 20 with two 30 liter
portions of 0.005 M cedylaiglidret hyl benzyl anmggi um chloride in nethylene

: Yeastamine . 2.5
| ; Tap H,O to 1 liter
10 Sterilization at 121°C for 15 minutes.
MEDIUM I .
' _ Grams
Nutrisoy flour - 15
w15 Soluble starch - 15
Glucose | 50
CoCl, . 6H,0 " 0.005
CaCo3 _ : 10 H
Distilled H,O to -1 liter

2
20 Sterilization at 121°c for 30 minutes.



The conbi ned | ower phase is extracted with 6 liters of 0.05 M
sodii® i pdi de whi ch has been 25 adjusted to pH 5 with acetic acid. The
ase is discarded and the upper phase is concentrated in vacuo ther -
500 AT, The concentrated material is extracted with 400 m of n-butanol.

The upper phase is -230- discarded,grd the | ower phase is concentrated
to dryness in vacuo. The residue is dissolved (to the extent possible) in
150 m of nmethanol. The insoluble nmaterial is discarded and the nethanol -5
solution is concentrated to dr §0638giRaYadkdiviies! ding 38.6 g of crude’
antibiotic. The crude_product . of. net hanol -wat er -(1: 1)
"and chr omat ogr aphed ofiR® -feblowing methodrlegys 45 usedd tRextran gel

.(Sephadex Gj'0)déﬁeﬁﬂrnéhﬁhéaﬁﬁniﬁhMEEhth&EbEQ cendlentgation? M /M nute
and col |l ecting %8 n1.fr$ﬁt|ons tIV% frachkgqs %1 - 26), gre conblned and
- concentrated in‘U8EEd® %rrﬁgfﬂﬁﬁe?S 932§) "its I nf e%hﬁ il -
met hanol .51 nsol ofi| thimt énvehtionii | tered out and discarded. The flltrate 15, .
is concentrated in v g ri ved in
10 M of pH 5 sodlun?gy 1t%F€hos§%g#gm§u??e gQBwE?ES %&ﬁyé§¥y
15~20 ml of Antrb otic Assay broth (Difc _
inoculating (in tubes) the broth with a loopful
of the organism from a BHI (Difco) .agar slant.
10 The inoculated tubes are incubated at 37°C for
18 to 20 hours. These cultures are assumed to
contain 10° colony forming units (hereinafter
CFU) per milliliter. The cultures are diluted
- 1:100 to give a final inoculum level of 104 i
15 CFU; dilutions are made with K-10 broth*. : o/
The compounds are dissolved in the appropriate

-
A 4

‘@iluent at a concentration of -1000 ug/ml. Two-
fold dilutions are made 'in K-10 broth resulting
in a range from 1000 ug/ml to 0.5 pg/ml. 1.5 ml

. 20 of each dilution is placed into individuval
square petri dishes to which 13.5 ml of K-10
agar** is added. The final drug concentration in
the agar ranges from 100 ug/ml to 0.05 ug/ml.
Organism growth control plates containing agar

25 only are prepared and inoculated before and

after the test plates. The organisms are applied
to the agar surface of each plate with the Denley
Multipoint Inoculator (which delivers approximately
0.001 ml of each organism) resulting.in a final .o
inoculum level of 104 CFU on the agar surface.



and applied to a colum of DEAE cellul ose (Whatman (RTM DE52 cel |l ul ose ,
'packeq~9nd equilibrated in the 20 sane buffer. The colum is eluted & .5 )
‘m/mnute with a linear gradient prepared from4 liters of pH 5 sodi uf
M phosphate buffer and 4 liters of pH 5 sodium 0.1 M phosphate buffer,
collecting 20 ml fractions. Active. fractions (.192-222) are 25 conblned and
concentrated in vacuo, and net hanol -244s0l ubl e material is renoved, washing
well with methanol. Renobval of solvent |eaves 576 ng of material. -231-
The 576 ng of residue is dissolved in 4 m of water and the pH adjusted to
5 wth about 1 m o di | T I [
chr omat ogr aphed on &hg %&ﬁﬁgg %E %E‘Bgt%?osast Iago%?r%dq{jse@ugns gel
(Sephadex LH 268 thewMI6's aixet mgemlmﬁ-/ niTe MIfndscAh&cting 10 m
fractions. Ac r A b £2eRmpduNd Ahhabd +4 Wit ed, giving
459 ny of resig f8st §ggg rﬁ ﬁékﬁ for{y eight (348)§%F§?"Eo t he above
F@SIdUGSIS dlggotbedorﬁaﬂéﬁ@r and the solution placed on a colum of

macroreti cul ar styrogeidl5gafhbquange@anpkunﬂi coritioind: 20AG ; the
col um. has been first prep % g&t ashi ng mnﬁp hanol i ¢ potassi um
hydroxi de, met hanol , netha * - -
' Yeast extract 3.0g

_ Peptone ~ 6.0g

10 . Dextrose . - 1.0g

Distilled water?q.sJ'l liter

**K-10 agar .
Beef extract : 1.5 g

~ 15 . Yeast extract 3.0¢g
| Peptone o 6.0 g
Dextrose : l1.0g¢g
Agar . 15.0 g
Distilled water q.s._i liter
20 '

The tables that follow are tabulated results
obtained when the g-lactams of this invention are
tested against various organisms. The number
following each organism refers to the number of

25 the organism in the collection of E. R. Squibb &
Sons, Inc., Princeton, New Jersey. A dash (=) in
the tables means that the compound tested did not
show activity against the particular organism at
100 ﬁg/ml. The symbol "N.T." means not tested.



en chloride, nethanol and water, and then packed in water. The
eluted with water -at 1 m/mnute, collecting 10 ml fractions.--
ractions (36-43) are conbi ned and concen- trated qi ving 186. 4 nw of
A Chr omat ogr aphy 20 (in the sane way) of another '100 ng of the 459
ng of “residue fromthe previous step yields 51.5 ng of material. At this
stage the 186.4 ng of material and 5lppsny of material are nearly pure
EMS117 as shown by thin-layer chromatography and nucl ear 25 magnetic
resonance spectra. The 186.4 ng portion of EMb117 from above is dissol ved
i'n water and passed through a colum of ion-exchange resin (Dowex 50W X2,
100- 200 mesh, potassiumform, washing with two 30 bed vol unmes of water.

Concentration of thd eifhupntiyem -232- - yrelds 189.0 ng of C [ i ne
solid. Recrystal- 8|78L] 9W & miii's! ntattetibl! 1 Gdcdohpt ilshe@l by df ssol vi ng
it in 0.38 m of wafer and-celcfai ng 3.42 m of methanol. The resufting-
m xture is cooled o T oy T et 25" Erystal s
- Two further recryst 3?3 oM Th b o Sees &9 Vai ar 1 i@tihanol, 1: 9,
. . P ° ° N . . .
yields 95.9 ng of @ELPA PEASTI BSWEIMP.JMEE] Ooti CAl rothtion.in
water at [err] . _ ' : -
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rilized medium (C): Grans Yeast Extract 5 G ucose
Distilled [err] 1 liter The nediumis sterilized at 121
5 mnutes. After inoculation, the flasks are incubated at [erT] a
rotary shaker (300 rpm 2 inch stroke) for IS hours. At this time the
contents of the lo f.l asks are pool e@sard the broth is centrifuged
yi el ding approximately 9 liters of supernatant broth. I|solation and
Purifitation (small scale) 15 Activity fromthe broth supernatant
(10 liters) is absorbed on a.500 g colum of strongly basic anion exchange
resin with quaternary amoni um groups attached to a styrene-divinyl benzene
copolyner lattice (OOWEX /-\b.[-deu w,;, warer ang el ut ed
with 5% sodi um chl a4
i'n vacuo. The resi d®
water. EMb210 is elu Wt TRt Tanor - wWat g (L. 1) . 1ne acr|ve
fractions are conbiﬂ et and corme:n‘Prqred‘Pm melfq)ﬁy?epdiﬂgcefqu FVB210.
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The crude EMB210 is chr émat ogr aphed on a 280 nml col um of strong base é €

excha 30

prepared from1l liter of water and

acetate (pH 4.5).
vacdo.

concentrated yi el di
prepared by passing
50-X2) in the potas
The broth f||trata~
speci es .SC11,435 is
(Dowex |-X8(C1-)). -

chl oride 20 in Gnp
are conbi ned and-éﬁ

- > -

ol
A

67
25

resin (Bio.Rad) (RTM AG 1-X2 [err] using a linear gradi

. .-238- 1 liter of 2M pyridinium
The active fractions are, conbined and concentrated in
The partially purified EMb21
filtration of the residue on a 500
(Sephadex G- 10) eluting with water.

further 5

752

B 72

purified by gel

Col urm of cross-1linked dextran gel
The active fractions are conbi ned and
ng 26 no _of ENB210. The potassiumesalt of ENG210 10

S

51 um form

EM6210 t hrough a colum gf cation-exchange
mqumwmvaM¢®ﬁﬁmﬁﬁmesuﬂ@ 15
328 250 & & e reomans at dan o Pl 3 Ao ef NG U
ab§01bed off 10. 8 kg of sYrong base anion ex

esi n ( Dowex

onobact er
hange resin

ntra

L?S' N 1S, Ws e W'«RE'— oL & a0 AT U d

LRt q&ﬁXQigﬁﬁ s 21g

une. The pﬁeC|pﬂtat

2D b G @ SR 8 v

h ‘5% sodi um
e fractions -
ed salt is

50°
50

i

™M

w0 @Wﬂ&\b“"@@ﬂw&@
'|o|ﬂ-o.oo-‘oouloo|n
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50

e O |
n Mmun

12.5
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(ug/ml)

N
(3]

66
25
25
25
12.5

12.5

25

65 .

M.I.C.
Product of Example

100

6.3

64

- 100

12.5

63

100

100

1276
2399
2400
10165
9011
9287
2495
8294
10857
10896
10909
110440
9527
3855
8479
9416
1195
8449
8236
10078
9518

lis,
enes,

.

Citrobacter freundit,
Serratia marcescens,

Organism
Streptococeus agalactiae,

Mierococcus luteus,

Escherichia coli,
Entarobacter cloacaz,

Klebsiella aerogenes,
Enterobactzr azro

Staphylococcus aureus,
Staphylococcus aureus,

' Staphylococcus aureus,
Staphylococcus aureus,
Streptococcus faeca
Escherichia colt,
Escherichia colt,

. Escherichia colti,

" Klebsiella pneumoniae,
" Proteus mirabilis,

. Proteus rettgert,
'Proteus vulgaris,
Salmonella typhosa,
Shigella sonnect,

9783

9545

Pseudomonas aeruginosa,

8329

Actnetobacter caleoaceticus, 8333

Pseudomonas aeruginosa,



conbi ned,

and freey

(Dowex 50 W X2,
is dissolved in 0.58
The active frdg

(ug/ml)
76

Product of Example -
74

M.I.C.
73

72

71

Organism

dthefiltrate is desalted by passing it through a col um of

1.1 kg of 20-40 25 nesh Darco) in water. The columm is washed .
£r and the EMb210 is eluted with nethanol - water,|:1. Active
fractions are conbi ned and concentrated. The residue (16 g) is dissolved in
wat er “and chromat ogr aphed on a colum (600 nml) 30 of strong base ion
exchange resin (Bio.Rad AG 1- [err]), 200-400 nmesh), eluting with a |inear
-239- gradient prepared from1l liter opsgpater and 1 liter of 10% sodi um.
chloride in 0.01 M sodi um.di hydrogen phosphat e.
concentrated in vacuo to.a small volune, and 5 precipitated
salts are renoved by filtration. The filtrate is applied to a colum of
macroreticul ar / VY ' '
wth water. The act ig
vol unme 10
To transformthe sod

Enis B IHMECAR & BAD] B S MR M Nat atirhg @
e Ned S 7 wl-dicng L 20O DE Phre ~SOdP MMMl t
umsalt to the lithiumsalt an ion-exchanae

Active fractions are

is eluted

of EMb210.

um form col umn msmused. The SOt urmsamt - ((1(

ctiions are conr?
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bi ned and directly freeze-dri ed, yleldlng 95 ng of the lithiumsalt of :
EVMB210 & as an anor phous solid. The free acid (inner salt) aof EMB210 i s, 20
prepafred by passing a base salt of EMb210 t hrough a columm of weak acid

I on-exchange resin in the [err] form For exanple, about 2.5 nmg of the
lithiumsalt can be applied to a colum of Bio.Rad Bio.Rex 70 (H+) and
eluted with water 25 to give 1.45ng of the free acid (inner salt).

Chemi cal properties of EMb210 1) Ninhydrin positive. 2) Acid hydrolysis (6N
HCl1 at 115 C for 16 hours) 30 gives two mgjor ninhydrin positive spots by
paper chromatography (Whatman No. 1, butanol -acetic -240- aci d-water
(5:1:4), and one weak ninhydrin posh%ﬁ@e spot that quenches UV-excited
fluorescence. The two major ninhydrin positive spots are D-glutamc acid .
and D-al anine. 5 Physical characteristics of EM6210 1) UV spectrum of the =
spdiumsalt in water: end absorption 2)..1R -.Mjor .-peaks -of -the |ithium

salt “in KBr: 10 , . , 3) PMR -
Chemi cal shifts of the I|th|un1salt ' -
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ppm'down field fromTSP: 1.40 (d,J

3.49 (s) 15

.ca. 2. 14.(n),
4.28(m Optical

7Hz)

rated water,

(M,

(C=0.15% (pH™

3.94 (s),

3.73 (t,J=6Hz),
of the free acid (inner salt) in water at [err]

¥ (nm

546

578

589

20

[ a]

[err]

[err]

The followi ng fermentati on medi a have been found effective for the

ptoducti on of EMb210 and nmay be substituted for

in the

365 25
medi.um (B) and (C)
20 Tonat o Paste

[err]

[err] 436

30

t ext.
20

-lerr]

VEDI UM D G ans Cat neal

MEDI UM D (continued) Gans Tap H2O to

1 lTiter Adjust

15 m nut es.

- 241-

pHto 7.0 before sterilization of 5_-255121 C for
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MEDI UM E Grans Yeastam né" 5 10 Cer el ose

11 Tap ferr] to - 1liter OSterlllzatlon at 121 C for

MEDI UM F 15 G ams d ucose

Tartaric Acid . 2 Yeast Extract 0.5 [err] _

[err] 2 [err] 0. 5 [err]. 0.5 [err]
0.2 [err] .1 25 Distilled[err] 1 liter Adjust
pH to 6.0 before sterilization of 121 C for 15 m nutes. MEDI UM G 30

Grans Nutrisoy flour

30 d ucose

50 Yeast amne

2.5 [err]

7 Distilled [err] to

1

liter
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‘Organism

100
100
50

00

Staphy lococous ‘aureus,

2400

1276
2399
10165

Staphylococcus aureus,

Staphylococcus aqureus,
Staphylococcus aureus,

9011
9287
2495
8294

10857

10896

10909

10440
9527
3855
8479
9416
1195
8449
8236

10078
9518
9783
9545
8329
8333

aris,

Salmonella typhosa,
Shigella sonneti,

iehia coli,

Klebetiella aerogenes,
" Klebsiella pneumoniae,

iehtia coli,
Aoinetobacter calcoaceticus,

Pseudomonas; aeruginosa,
Pgeudomonas aeruginosa,

Serratia marcescens,

Streptoooccus agalactiae,
Microooocus luteus,
Eacherichia coli,
-Baoherichia coli,
Enterobacter aerogenes,
Citrobacter freundii,

Streptococcus faecalis,
Enterobacter cloacae,

Proteus mirabilis,
Proteus rettgeri, .

Proteus vulg

Ea
Rac



0.005 [err]

Sterilization at [err] for 30 m nutes.

UM G (continued) Sterilization at [err]C for .30 ninutes.

Gans NZ Am ne A
2.5. Tap [err] to ' : lliter 10

i zation at [err] for 15 mnutes. MEDIUMI| G ans Nutrisoy flour
15 15. Sol ubl e starch

15 G ucose
10 Distilled [err] to - 1 liter 20

foll owi ng nethodol ogy is used to determ ne the mninmuminhibitory
concentration (hereinafter referred to as MC) of the B-lactans

VEDI UM H
.10 Cerel ose

50 [err]

-243- Biological Activity The
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.100

Organism

Staphy Ib_ébaaus aureus,

1276
2399
2400
10165
9011
9287
2495
8294
10857
10896
10909
10440
9527
3855
8479
9416
1195
8449
8236
10078
9518
9783
9545
8329 -
8333

lactiae,

aris,
uginosa,

' Salmonella typhosa,

ichia coli,
Shigella sonnet,

lococcus aureus,
Eachexrichia coli, .

tococcus faecalis,

hylococcus aureus,

Y
Aoinetobactér calcoaceticus,

Klebetiella aerogenes,
Klebaiella pneumoniae,

" Proteus mirabilis,
Enterobacter cloacae,
Enterobacter aerogenes,
Citrobacter freundii,
Serratia marcescens,
Pseudomonas aeruginosa,

Proteus rettgeri,
Pseudomonas aer

Proteus vulg

Staphylococcus aureus,
S

Staph

Strept, |
‘Streptococous aga
Micrococcus luteus,
Focherichia coli,
Escherichia coli,

EBaol



5 . of this invention. 15-20 ml of Ant|b| otic Assay broth (D|fco RTM -
i nocul a{iing (in tubes) the broth with a | oopful of the organismfroma R

(Di fco).agar slant. 10 The inocul ated tubes-are incubated at 37 C or
18 to 20 hours. These cultures are assunmed to contain-[err] colony form
units (hereinafter CFU) per milliliter. The cultures are diluted 1:100 to
give a final inoculumlevel of [err] 15 CFU, dilutions are nade with-

K-10 broth*. The compounds are dissolved in the appropriate diluent at a
concentration of 1000 Ug/m . Two- fol-@58d utions are made in.K-10 broth
resulting in a range from 1000 ug/m to 0.5 ug/m. 1.5 nm 20 of each
dilution is placed into individual square petri dishes to which 13.5 i-al of
K-10 agar** is added. The final drug concentration in the agar ranges from
100 ug/m to 0.05 ug/m. Organismgrowh control plates containing agar 25
only are prepared and inocul ated before.and after .the .test. plates. The

of gani sns are -appl i ed—i—e—%-he—wm—s&#—aee—of—eadﬁﬂ—at-e—mh—ﬂw—ienl ey
Mul ti poi nt I noculatof (which delivess pr oxi maieel 01 m of ch .

or gani sm resulti_ng'h i3 &"T"rﬁ&lﬁj%“?&/‘&l“&‘ "&r';fg ; ﬁ hd agar
= .
-t

O—lﬂleO\DOdO\DOHOQO ™Mo m
surface. V4

n o € ged \D o= O M 1ol o= (N s \D o ™ 1)
N O ® & @ & ¢ ¢ & * ¢ ® " " ° s e NI
3 o~ zomwm-—lm—funncm-—dnw:mﬂ
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6
6
6
2
3
12
100

1276
2399
2400

10165
9011
9287
2495 -
8294

10857

10896

10909
10440
8329
8333

aris,

Salmonella typhosa,

[ehia coli,
Shigella sonnei,

chia colt,
" Klebetiella aerogenes,
Acinetobacter calcoaceticus,

Streptococcus agalactiae,
Klebstiella pneumoniae,
Proteus mirabilis,
Enterobacter cloacae,
Enterobacter aerogenes,
Citrobacter freundii,
Serratia marcescens,
Paeudomonas aeruginosa,
Pseudomonas aeruginosa,

Staphylococcus aureus,
Staphylocooccus aureus,
.Staphylococcus aureus,
Staphylococous aureus,
Streptococcus faecalis,
Micorococcus luteus,

" EBacheriochia coli,
Escherichia colti,
Proteus rettgeri, -
Proteus vulg

. Organism
Eesc
Easc




| ates are incubated at [err]for 18 hours and the MC s are
The M Cis the | owest concentration of conpound 4 nhibiting

of the organism J[err]-10 broth is a yeast beef broth o/
containi ng: Beef extract 1.5 g Yeast extract - 3.0 g Peptone ' .
6.0 g 10 Dext r ose 1.0 g Distilled water g.s. 1
liter [err]-10 agar Beef extract 1.5 g 15 Yeast
extract 3.0 g Peptone - 6.0 g Dextrose 1.0 g Agar

*15.0 g Distilled water g.s. 1 liter 20 The tables that follow are tabul ated
resul ts obtai ned when the B-lactans o his invention are tested agai nst
various organi sms. The number fol | ow fitf each organismrefers to the nunber
of 25 the organismin the collection of EE R Squibb & Sons, Inc.,
Princeton, New Jersey. A dash (-) in the tables neans that the conpound =
tested dld not show activity against the partlcular organism-at- 100 ug/ m .
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-263% o ani | CLAI M5 1. -A B-lactam having a sulfonic acid

substi t [err] wherein [err] is hydrogen or a cation in t'he .
it¥on and an ami no.substient [err] or a protected formthereof in tNae
3-position with the proviso that when the B -lactamring is unsubstituted
at the 4-position, the second val ency at the 3-position is not hydrogen or

nmet hoxy. 2. A B -lactamin accordance with claim1 having a sulfonic
acid [err] substituent [err] wherein M is hydrogen or a cation in the

| -position, an am no substituent -NH2 in the 3-position and an al kyl
substituent in the 4-position. 3. A B -lactamin accordance with
claim2 having a sulfonic acid [err] substituent [err] wherein [err] is

hydrogen or a cation in the 1-positi Qgsan ami no substituent -NH2 in the
3-position and a nethyl substituent in the 4-position. A A-lactamin

accordance with claim1 having the formula [err] wherein [err] is hydrogen

or alkoxy of 1 to 4 carbon atons; R and R are the sane or different and
each is hydrogen or alkyl, of onhe of [érr] ‘and Terr] is hvdrogen and the

ot her is al koxycarbonyl, 5 phenylethenyl or 2-phenylethynyl; and M} is
hydrogen or a cation. }5. A B -Lactamin accordance mnth cl aijm 4, -
wherein [err] is hydrogen.
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- 265 - 6. A B-lactamin accordance with claim5, wherein R and R
are netfyl. 4 7. A B-lactamin accordance mugllm“wmmmrel n Ry
and [efr] are hydrogen. 8. A B—IAG&Q-m in a aim 5,
wherein [err] is hydrogen and R4 is nethyl. 9. “A'A Maltamin .

accordance with claim5, wherein R3 is net hyI and R is hydrogen. 4 10.
A A -lactamin accordance with any of ¢pars 4 to 9, wherein the am no

~substituent (NH2-) in the 3-position iS protected. 11. A B -lactam

havi ng a sul foni cacid substituent [err] wherein [err] is hydrogen or a

cation in the-1-position and an azido group in the 3-position. A
n

B -lactami,n accordange,wi.th claim 11 V|ngt la R 48§ noer ei
R and R are‘,t he san® gr LR havire a%(f aehsi %cidia}“gsgtn%u%m 'éo RFQ ‘]41" Ele
and [err] is™ himlingdeagenr om aceaiion. i 3he 1-pOSAtJBn-arattaanamoslmsmgttm-ucl aim
12, wherei nyg [& &l frdteStdd Borif PRebordih fHetBlpdRei i &1 82 GRe 205N OF

nét=hyl . _ :
Y _ that when the A -lactam ring is unsubstituted at the 4-position, tre
o second valency at the 3-position is not hydrogen or methoxy.
2. A /B -lactam in accordance with claim % having a sulfonic aci

-sei» substituent -SO?Me wherein M® is hydrogen or a cation in the
1-position, an amino substituent --NH2 in the 3-position and an aikyl
substituent in the 4-position.

3. A B-lactam in accordance with claim 2 having -2 sulfesic scid

- —imete- sSUbstituent -SO?MQ’ wherein M@ is hydrogen or a cation in the

1-position, an amino substituent -NH2 in the 3-position and a methyl
substituent in the 4-position.

4. 4 A -lactam in accordance with claim 1 having the formula
2 B
NH.,~C———C~
2 C T R 3
_ onB. 8
67 N SO3M

wherein R2 is hydrogen or alkoxy of 1 to 4 carbon atcms; RB and P‘z;
are the same or different and each is hydrogen or alkyl, or one

of R3 and R n is hydrogen g&d the other is alkd:qrcafbonyl, 2-phenylethenyl
or 2-phenylsthynyl; and M~ is hydrogen or a cation.

5. A j3-lactam in accordance with claim 4, wherein R, is

nydrogen,



66 . A B -lactam having a sulfonic acid salt substituent [err]
e&&ﬁ) err] hydrogen or a cation ipn the 1-position and an acyl am no
sibsti'tdent in mm“m‘u‘ﬂﬂl ith the proviso that when the B-Iact am\"l'ng
ST 'ubstitutu , ion, the second val ency at the 3-position is
not hydrogen or *net hoxy." 15. * A B -lactamin accordance with claim 14
“having a sulfonic acid saltsubstituent -[err] wherein [err] is hydrogen or

a cation 3 in the 1l-position, an acyl am%%' substituent in the 3-position
and an al kyl substituent in the 4-positTi®on.16. A B-lactamin
accordance with claim 14 having a sulfonic acid salt substituent [err]
wherein [err] is hydrogen or a cation in the 1-position, an acyl am no
substituent in the 3-position and a nmethyl substituent in the 4-position.

17. A.B -1 actﬁangi-la@&gmoirdaﬂ@@dm{:h wiithj ¢haln havherpinhB, fagdnul a R
R [err] whgrejin [ng}&,]l.i s acyl; R2 is hydrogen or al koxy of 1 to 4 carbon
at ons; [erfﬁro and re the same or different and each is hydrogen or alkyl;, «
3 4 and in addition where one of [err] is hydrogen, the other can be
styryl, al koxy, alkylg biéhtaﬁairb@.&&drdﬁhc@ﬁtiﬁhkddbiﬁSA,EF.fhéi‘biJhERé,a.nd'
hydr oxynet byl , | gv\%r al kyl sul fonyl net hyl, phenyl sul fonyl met hyl , wherein the:
phenyl grothp ey BEEGBstituted with methyl or hal ogen, hal onet hyl,
_mercaptonet hyl or a benzyl or triphenyl methylthio derivative thereof,

azi domet hylg and am pofei ik, ANdcESidkhed SARKIRYENs Otndrid! ROMs
hydrogen and R 4 is methyl. :

9. . A j-lactam in accordance with claim 5, wherein Ry is
methyl and R 4' is hydrogen. '

ﬁO. A" S -lactam in accordance with any of claims 4 tc 9,

wherein the amino substituent (NHQ-) in the 3-position is protected.
. . . . : o ®

1. A A-lactam having a sulfonicacid substituent —SOBM

wherein M@ is hydrogen or a cation in the 1-position and an azido

group in the 3-position.

120 A A -lactam in accordance with claim 11 having the formula
Rq
N3—CH Cl——R3
-+
gzC—N-s0, ™M

wherein R3 and R 4 are the same or different and each is hydrogen or .
alkyl and W 15 hydrogen or a cation.

13, A ﬁ—lactam' according to claim 12, wherein R3 and R 4, 2Te ths
same or different and are sach hydrogen or methyl.



- 267 - 18. A A -lactamin accordance with claim17 wherein R
hydr ogeq., 19. A B-lactamin accordance with clﬁmllﬂml IIHH mrel n
and R -are the sanme or different and each i s hydrogel

B-lactamin accordance with claim 18, wherein [err] and R are rrethyl [er

21. A B-lactamin accordance with chakm 17, wherein R and 3 R4 are
hydr ogen. 22. ) A B-lactamin accordance wt h claim 18, wherein R is 3
hydrogen and [err] is nethyl. 23. A B-lactamin accordance with claim
18, wherein [err] is rrethyl and R is hydrogen. 4 24, A B -lactamin

al kenyl ; cyc ewhydreih MY Ls diydreghncoy g catiad kyl ther 1apdednydn anbstitut ed
W th one or %? C?cgﬁﬁl%ge&bs%¥%%t {H 5183 %@Eﬁpion”ﬂﬁqagﬁg’pr%bkﬂ %HAE’ or

cyanonet hyl t
- when the If -lactam ring is unsubstituted at the 4-position, the

accor dance th a | ai,ns, 17 to V\/ner I n I.s an aliphatic
group havi n\g,;V|1 g afor%u(t:j‘{a %‘?“T h&ﬂg}gepnsﬁ%%gl%a@ "“é%c ‘b‘l@fl?é?‘}e"g’l ko;s; |

second valency at the 3-position is not hydrogen or methoxy.

15. A B -lactam in accordance with claim 14 having a sulfonic
acid eedd substituent -SO? M@ wherein bp is hydrogen or a cation
in the 1-position, an acylamino substituent in the 3-position and
an alkyl substituent in the 4-position.

16. 4 A=lactam in accordance with claim 14 having a sulfonic
acid sedk~ substituent —SO? M@ ‘wherein M9 is hydrogen or a cation in
the 1-position, an acylamino substituent in the 3-position and a
methyl substituent in the 4-position.

17. " A AB-lactam in accordance with claim 14 having the formula

]
o

=2 -

Rl-NB-C——-?-—-R 3
_ 6@
P SN SOM

wherein R1 is acyl; R2 is hydrogen or alkoxy of 1 to 4 carbon atoms;
R, and R, are the same or different and each is hydrogen or alkyl;

3 4
and in addition where one of R3 or R, is hydrogen, the other can be

styryl, alkoxy, alkylthio, carboxyl ér an alkyl ester thereof,
hydroxymethyl, lower alkylsulfonylmethyl, phenylsulfonylmethyl,
wk%‘ein the phenyl group may be substituted with methyl or halogen,
‘halomethyl, mercaptdmethyl or a benzyl or triphenylmethylthioc
derivative thereof, azidbmet.hyl and aminomethyl; and is aydrogen

or a cation.



5. A B -lactamin accordance with any one of <clainms 17 to
" bt I n ELrs—a—earbﬁtyCTT‘_aronat|c group having t-he fornula (CH2) n-
_ rr] R 6 [err]- wherein nis 0, 1, 2 or\z;
[err] each is mn rogen, hal ogen, hydroxyl, nitro, .am no,
cyano, trlfluo \ of 1 to 4 s@rbon atons, alkoxy of 1 to 4
carbon atons or anrnonethyl and [err] is am no, hydroxyl, a carboxyl salt,
prot ected carboxyl, fornyloxy, a sulfo salt, a sulfoam no salt, azido,
hal ogen, hydrazino, al kyl hydrazi no, phenyl hydrazi no, or

al kyl t hi gkt hi oxongt hiyl ] t.hi o, 7- Iacta I.n accordance
\[M(t h gny oﬁé of cl gll?ré' giffﬁg ]Zréacmég@f:ﬁ ‘ﬂtpscjzflﬂe?é’r 6’5?’6‘?1‘& $r oup havi ng
t he fornul &ydrogen. 0 [err
[err] [err] wherein nis O, 1 2 or 3; RO is amno, hydroxyl, a
-car boxyl salt, protected car boxyl fornylox a sulfo salt, a sulfoanrno
salt, azidd?-hal ogeh X niantan %acmndﬁnﬁ?dﬂ&glmlmpﬁéwl Mdmaeteia or
R3 and R4 are the same or different and each is hydrogen or alkyl.

20. A S -lactam in accordance w1th claim 18, wherein R3 and
R 4 are methyl. '
21. A B -lactar in accordance with claim 17, wherein RB and

R4 are hydrogen.

2. A A -lactam in accordance with claim 18, wherein _R3 is -
hydrogen and R4 is methyl. O
23. A /S -lactam in accordance with claim 18, wherein RB is

methyl and R4 is hydrogen.

24. A B -lactam in accordance with any one of claims 17 to 23,
wherein R1 is an aliphatic group having the formula

-

5

wherein R5 is alkyl; cycloakyl; alkoxy; alkenyl; cycloalkenyl;
cyclohexadienyl; or alkyl or alkenyl substituted with one or more
halogen, cyano, nitro, amino. mercapto, alkylthio,_or cyanomethylthio
groups.



[ (al kyl t hi o)t hi oxonethyl Jthio; and R'is a substitutes—erunsubstituted

6- or 7Lgenbered het erocyclic aromatic ring containj 2. 3 or 4 _
ni trogen, oxygen and sul fur atoms. 27. A B -l I u, ’ﬂ ce W
any one of clainms 17 to 23, wherein [err] is a groups 5 | a

[err] wherein R is (i) a group having tagsﬂprnula'[err] - 270" -
wherein [err] each is independently hydr6gen, hal ogen, hydroxyl, nitro,

am no, cyano, trifluoronethyl, alkyl of 1 to 4 carbon atons, al koxy of 1 to
4 carbon atons, or am.nonethyl, or (ii) a substituted or unsubstituted 5-,
6- or 7-menbered heterocyclic ring containing 1, 2, 3 or 4 nitrogen, oxygen
and sul fur agdbms; and Ridacsan dnrgcqosdaniceariill aay bowythifladms dﬁkg? or al kyl
substituted it RLHERSAOR, MR & é&lb@&ﬁlic%ﬂgtid"'ﬁ%ﬁa haM A0 thE fERRGEDL O

groups. 28. A B-l1Actamin accordance with any one of clains 17 to 23,
wherein Rl is a group having the formula O [err] wherein R is (i) a group
having the formula R 6 8 wherein[err] each is independently-
hydr ogen, hal o , hydroxyl,o ' R,
_ R R
<~ - 8 8 g i . R 0
CH,) =-C-, R 1]
(CA2)n 6 3 0-CH,-C-
Rs
Rg Rg
(‘ZB-C-
Ry
(e R -
7 . o R.,
RG RS i R R. 0
CH,-0-C~ 6 8 it
2 CH_-S-C-

wherein n is 0,1, 2 or 3; R6, R7 and R8 each is independently
hydrogen, halogen, hydroxyl, nitro, amino, cyano, trifluoromethyl,
alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms or
"aminomethyl; and R9 is amino, hydroxyl, a carboxyl salt, protected
carboxyl, formyloxy, a sulfo salt, a sulfoamino salt, azido,
halogen, hydrazino, alkylhydrazino, phenylhydrazino, or

{ (alkylthio)thioxomethyl]thio. '



T4 .
am no;——cyano, trifluoronethyl, alkyl of 1 to 4 carbon atons, al koxy
gjﬂ 4 car onethyl or (ii) a substituted or
¥Stituted ﬂi\ﬂ ﬂmﬂwmered heterocycl icring containing 1, 2, & or

4 nitrogen, oxygem a ulsfur atons; and [err] is hydrogen, alkyl,
cycl oaLkyl, al kyl am nocar bonyl , - 211¢g Lerr] or alkyl substituted With
one or nore hal ogen, cyano, nitro, am no, nercapto, alkylthio, [err],
carboxyl, carboxyl salt, am do, al koxycarbonyl, phenyl nethoxycarbonyl
di phenyl net hoxycar bonyl , hydroxyalkoxyphosphinyl di hydr oxyphosphi nyl ,
"~ hydroxy(phepyl net hoxy phi nyl di al.kpox hos hiny] .substituents.

A B -1l act a%gi'n accat an%%qﬂn 3%(90 c%fmé’g ’gutfo iﬁ’s" \A;,é @inRis a
group havi Rg, thereir iyl s [eeheferbarevadiei gropprhagving the) farmyplaup havi ng t he
formula R7 wherein [err] each is independently hydrogen, hal ogen, hydroxy,

nitro, amno, cyano, trifluoromethyl, alkyl of 1 to 4 carbon atons, al koxy
of 1 to 4 carbon atons, orQam nonethyl, or (ig) a substituted @x

unsubsti t ut ed 6; ¢Enbered heteroc clil c ringgconpha _1 2, 3 or”
4 nitrogen, ox 5?1[82)sml ut atons; & E&HTCTs R7 étflr]b t(".\r/\yﬁf'lerel nnis O,

1, 2 or 3), amno, alkylam no, (cyanoalkyh@anlno -

(@]
fe)
o

——
—3
—

i
-S-CHZ-C—, or

x

R1o R, y=C-C-
wherein n is 0, 1, 2 or 3; R9 is amino, hydroxyl, a carboxyl salt, o’

protected carboxyl, formyloxy, a sulfo salt, a sulfoamino salt,
azido, halogen, hydraiino, alkylhydrazino, phenylhydrazino or
[ (alkylthio)thioxomethyl]thio; and R1 o is a substituted or
unsubstituted 5-, 6- or 7-membered heterocyclic aromatic ring

containing 1, 2, 3 or 4 nitrogen, oxygen and sulfur atoms.

27. A /A -lactam in accordance with any one of claims 17 to
23, wherain R is a group having the formula

B T
-C-CE-NE-C-¥  N-R,,
R —

o o0

wherein R11 is (i) a group having the formula

-



am do, al kyl am do, (cyanoal kyl )am do - 272 - h#k—m~ -

O [err], HO[err] 30 A B -lactamin accordance one of cI'
17 to 2%/ wherein [err] is a group having the fornu m’muﬂ wl,“um 0
C wherein R is (i) a group having the forrmula 7 [ ] each

I s i ndependentl|y hydrogen, hal ogen, hydroxyl, nitro, am no, cyano
trifluoronmethyl, alkyl of 1 to 4 carbon atons, alkoxy of 1 to 4 carbon
atons, or am nonethyl, or (ii) a substituted or unsubstituted 5-, 6- or

7- menber.ed heterocyclic ring containing 1 2%1 3 or 4 nitrogen, oxygen and

sul fur

"

and R i s hydrogen, - 273 alkyl sul fonyl ,[err] O [err]

wherein R6’ R7 and R8 each is independently hydrogen. halogen,

'hydroxyl, nitro, amino, cyano, trifluoromethyl, alkyl of 1 to 4
. carbon atoms, alkoxy of 1 to 4 carbon atoms, or aminomethyl,

or (ii) a substituted or unsubstituted 5-, 6- or 7-membered
neterocyclic ring containing 1, 2, 3.or 4 nitrogen, oxygen and
sulfur atoms; and R12 is -N=CH—R11,

— N—— L__—Rn

alkylcarbonylamino, alkyl or alkyl substituted with one or more
halogen, cyano, nitro, amino or mercapto groups.

28. A £7-iactam in accordance with any one of claims 17 to
23, wherein R, is a group having the formula

wherein R,. is (i) a group having the formula

R,

Re Rg

wherein R6, R7 and R8 each is independently hydrogen,.halogen, hydroxyl,
nitro, amino, cyano, trifluoromethyl, alkyl of 1 to 4 carbon atoms,
alkoxy or 1 to 4 carbon atoms orlaminométhyl, or (ii) a substituted

or unsubstituted 5-, 6- or 7-membered heterocyclic ring containing

1, 2, 3 or 4 nitrogen, oxygen and sulfur atoms; and 313 is hydrogen,
alkyl, cycloalkyl, alkylaminocarbonyl,




er®& n R16 is hydrogen, alkyl, or halogen substituted.alkyl), R11, alkyl
qlﬁyl substrtuted—mrth—UHE'or nore hal ogen, cyano, mitro,” antno -or -
capto gr B -lactamin accordance with clatn128 - wher ei n
X S 2 amni mﬂ"—ufﬂummmnm% A BB | actam i n accor dance Wi t h cl a| m’
31 which is a sal i ..
[3S—[err] 3-[[(2-am no-4-thiazolyl) (nmetH¥My+ni no)acetyl | -

am no] - 4- met hyl - 2- oxo- 1- azeti di nesul fonic acid. 33. A B -lactamin
accordance with claim31 which is a salt of
[3S-[err]-3-[[[(carboxynet hoxy)i m no] (2-am no-4-

t hi azol yl ) acet yl ] am no] - 4- et hyl - 2- ox@& 1- azeti di nesul foni ¢ aci d. 34

A B-lactamin accordance with claim 3% which is a salt of

[err]-3-[[(2-am no-4-thiazolyl)[(1-carboxy-1-
met hyl et hoxy) i mi no] acetyl ] am ® - - -1-azetidi nesul fonic acid.
35. A B -lactamin accordgnce with claim 31 which is
'[38—[err]-3-[[(2-anino-4-thiazo%?léé{ mCar boxy- 1- net hyl et hoxy)- i m no
acetyl]anino) -4- et hyl - 2- oxo-TeFPNT®Mhesul foni ¢ acid, dipotassiumsalt.

G h of ~" »
305 [err) . B (RS ECHARN EBACHMIOBGE o hdboChal dBeril HBLSN di%ed. Siltho!
4- et hy| - 2meResPto, aﬁé&ﬂ‘@mﬁes%f,om@owld carboxylogalt, amido, A B-| actam

i n accor dapTitoxychPbonyd (phdhy MeiteBxycarBorsal §ighéaylfithbxiedrbonyl,

i nol acet 3&%&%@#@%&%&?&%&0&%& e %mpmaéreaﬂmemom-

phospninyl or dialkoxyphosphinyl substltuents

29. A A-lactam in accordance with any one of claims 17 to 23, _
wherein R1 is a group having the formula -H;
C-CH-NH @
) “C-Ryy
R11
wherein R, is (1) a group having the formula
R.7 '
wherein R6’ R.7 and R8 each is independently hydrogen, halogen, hydroxy,
nitro, amino, cyano, triflucromethyl, alkyl of 1 to 4 carbon atoms,
alkoxy of 1 to 4 carbon atoms, or aminomethyl, or (ii) a substituted .
or unsubstituted 5-, 6- or 7-membered heterocyclic ring containing 1,
2, 3 or 4 nitrogen, oxygen and sulfur atoms; and_R14 is B “ A

; - : o R7_ '
- R Rg |
_ \ (Cﬂz)n‘o

{wherein n is 0, 1, 2 or 3), amino, alkylamino, \cyanoalkyl)amlno

anmido, alkylamido, (cyanoalkyl)amido.



38. A A -lactamin accordance with clai m30 roup
havi ng the formula 0 [err] O 0 C 39. Im ., mﬂﬂ tﬂr .
accor darte with claim 38, wherein [err] is a group la O

0 Clerr] 6 CB-CH2 s CE~2 C2 4 o AB—Iactamln
accordance with aim 38 which is a salt of '
[3S[err]-3-[[[[[([3-](2- furanylnethylenelquno] 2- 0xo0-1- i m dazol i dinyl
carbonyl ] am no ] phenyl acetyl am no] -4--nethy| 2- 0x0-1- azetidi nesul fonic
acid. 41. B -lactamin accordance with claim38 which is a salt of
[3S-[err]]-3-[[[[[3-[(2-furanyl nethyl ene)am no] - 2-

oxo- | -i m dazol i di nyl]carbonyl]am no] phenyl acet yl an1no] 4- nethyl

oxo- | -azetidi nesul foni c acid. - 275 - 42 A A -Iactanlln

accordance with claim 27, %%[err]i? a groﬁp having the formula [err]
C

cl
([
ph
A
[

43. ' A B-| act angHPANRSC e N t,h-cnacmz.qrz—m—mj,s a salt of
(3S:[err]-3-[[[[(4-etHyl-2,3-di - 1- pi perazi nyl)

HO
. L. o _ - ) / \ .

od

~ OH | OH |
; . - Q- o ~ Q
i ! s : ] A T
N , or Iy ,(_J-—N -CH .

30. A A -~lactam in accordance with any one of claims 17 to
23, wherein R, is a group having the formula

wherein R,, is (1) a group having the formula

wherein Ré’ R7 and RS each is independently hydrogen, halogen, hydroxyl,
nitro, amino, cyano, trifluoromethyl, alkyl of 1 to 4 carbon atoms,
alkoxy of 1 to 4 carbon atoms,or aminomethyl, or (ii) a substituted

or unsubstituted 5-~, 6- or 7-membered heterocyclic ring containing 1,

2, 3_or 4 nitrogen, oxygen and sulfur atoms; and R15 is hydrogen,



. ¢4r boly! ].ani no}-phenytacet yl | ani no] - 4- et hyl - 2- oxo- 1- azet i di nesul foni ¢ aci d.’

Adw G H A B- ' mgrdance with claim42 which is a salt of ~—
rr] - \ mmm\“‘“ - di oxo- 1- pi perazi nyl) . ] -
gnyl | ardi nyMacet yl ] ami no -4-met hyl - 2- oxo- 1- azet i.di nesul foni ¢ aci d.
45, : A pharmaceuti cal conposition &dprising an ef fective amunt of a
A -lactam having the formula [err] wherein [err] is hydrogen or al koxy of 1
to 4 carbon atons; [err] are the sanme or different and each'i$ hydrogen or
alkyl; and in addition where one of [err] is hydrogen, the other can be
Cstyryl,  al XDxdsuBfdeiygh | ml\acﬂqa‘r1boxyl or an al kyl ester thereof, - 276 -
hydr oxynmet hyl, | ower al kyl sul f'onyl met hyl, phenyl sul fonyl net hyl, wherein the
phenyl group may be substituted withOnethyl or hal ogen, hal onethyl,
mer capt onmet hyl or a benzyl or tri pheﬂyl met hyl thi o derivative thereof,
azi domet hyl and ani nonet hyl ; and [€r ] ifigghydrogen or a cation, and a
pharmaceutically acceptable carrier therefor, with the proviso that when . .

the -lactamring is unsubstituted at the 4-position, the second val ency at
the 3-posi tindrelis IO idIHGRPERM, 0iLIFRE XKl GRA SuidRatalaeylioagl, garrier.
46. A.-lac in aﬁ{;ord nce.wth clarm 1 having a sul f_oml: acid =°* 4
subst i tuené']fyéf PT allgrh cubs i taited rith jong o BRTe halogeRn GYRP hditrQosi ti on,

an ani no samiic briemircapdd? ghdugshe 3- position and a cycl oal kyl, phenyl or
substituted phenyl substituent in the 4-position.
31, A A -lactem in accordance with claim 28, wherein Rqyq is
2-amino-4-thiazolyl.

32. A A -lactam in accordance with claim 31 which is a salt <
of [38-[3(2),4 A11-3-[[(2-amino-4~thiazolyl) (methoxyimino)acetyl]- u
amino ] -4-methyl-2-oxo-1-azetidinesulfonic acid.

33. A R -lactam in accordance 'with claim 31 which is 'a salt
of [38-[3 &(2Z),4R]]1-3-[[[(carboxymethoxy)imino] (2-emino-4--
thiazolyl)acetyllamino]-4-methyl-2-oxo-1-azetidinesulfonic acid.

34.. A A-lactam in accordance with claim 31 which is a salt
of- [3S[3at(2),4 A)}}-3-L[(2-amino-4~thiazolyl) [ (1-carboxy-1-
methylethoxy)imino Jacetyllamino ]-4-methyl-2-oxo-1-azetidinesulfonic
acid. |

35. A A -lactam in accordance with claim 31 which is

(38-[3(2Z),4 A)1-3-[[(2-amino-4-thiazolyl) [ (1-carboxy-1-methylethoxy)-
imino)acetyl Jamino }~4-methyl-2-oxo-1-azetidinesulfonic acid, -
dipotassium salt. |

36. A A -lactam in accordance with claim 31 which is a salt of
{35-{3 A(2),4 o] 1-3-[ [ (2-amino-4~thiazolyl)methoxyimino)acetyl lamino ]~
4~-methyl-2-oxo-1-azetidinesulfonic acid.



47. A A -lactamin accordance with claimlmrwI%ﬁt‘?Cid '
substituent [err] wherein is hydrogen or a cation.in the ony .an #
anino 3bstituent -NH2 in the 3-position and an al ﬁnmmﬂﬂl en{1o¥}
al kyn-1-yl, 2-phenyl ethenyl or 2-phenyl ethynyl sub 'm,m E"r
4-position. 48. A B -lactam having a sulfonic *aci d 'subst Bt uent’ [err]
wherein [err] is hydrogen or a cation m_%JE 1-position, an azido
substituent -N3 in the 3-position and an a €I substituent in the
4-position. 49. - A B-lactam having a sulfonic acid substituent [err]
wher ein i s hydrogen or a cation in the 1-position, an azido substituent
-N3 in the 3-position and_a cycloal kyl, phenyl or substituted phenyl
substituent i#-the 4-podifpretn &p accordanca withaglaim Bhwhigh sssal $adti ¢ aci d
substi t uent [[ejsnl3a(wb1%eun-j£{r[(i-am.aom@h_ épr[(a-satuosay-umemﬂemoxy)

1-position, an.az st.lt ent err osi tjon_ and

al koxycar bonyt™ ng?arggﬁyﬁ S é‘I'R?/ %T°x°2 ﬁ%Tﬁﬂnl‘E)ra phenyl et hynyl

substit uent |nthe4p03|t|on - 277- A A-lactamin _
accordance w cl ai J.er 5 el hydr ogen or
al koxy of 1 t§08h4 car lr)rgr(3 ﬁXﬁﬂ%@%e&?@égfygt héj“asl\ﬁt(n wp‘%‘%ﬁerﬁént and each
i's hydrogen, i ﬂygrors@yl@a\@agkfﬁe f@ﬂ@ﬂ&l or substituted phenyl or one of R3

and R4 is hydrogen and the ot her is al koxy@ar bonyl, al ken- yI, al kyn-1-yl,

8]
AT
T |1
CH2 CH2
39. " A 3 -lactam in accordance with claim 38, wherein R, is
(N a group having the formula
a
0 o]
i i ~C

~N
-C—CH‘NH,-C—T N—N=CH
I .
@ CH,—CH,

40. A A -lactam in accordance with claim 38 which is a salt
of [3S-[3a(R*),4A1)1-3-[[[[[3-[(2-furanylmethylene)amino]-2-oxo-1-

imidazolidinyl]eerbonyllaminoJph renylecetyl ]anino |--4--nethyl~2-oxo-1-
azetidinesulfonic acid.

4. A 5 <-lactam in accordance with claim 38 which is a salt

of [38-[3a(R*),40t]]1-3-[([[ [3-[ (2-furanylmethylene)amino]-2-
.- oxo-1-imidazolidinyl}carbonyl Jamino ]phenylacetyllamino]-4-methyl-2-

oxo-1-azetidinesulfonic acid.



- phenyl)et henyl or— 2=phenytethynyl; and Mis hydrogen or a cation. 52.

A%cq:'o nd imml €rr] wherein [err]4 arg as defined in clajm4. .
53. @ Aﬂ'llmmmmw,ﬂmfor'wl a:.- [err] - 278 - vhgreinRjs J S
h gen or &cyt or thesgreup[err]- is protected am no; R3sand R4 aré the
sanme or different and each is hydrogen, alkyl, cycloal kyl",” phenyl or
substituted phenyl, or one of R3 and R4 is hydrogen and the other is
al koxycar bonyl, al ken-1-yl, alkyn-1-yl ~ Zphenyl et henyl or 2-phenyl et hynyl ;
and [err] is hydrogen or a cation. 54. A B -lactamin accordance with
claiml1, 11 _or 17 a a in,any of.the Ex es. b5, . A process for
preparing é‘zcorrpoung @r T;Td]témfb‘? F&r‘faé'FF]m[tngaJ\%h%%ei‘"’he{%‘lnr fi stsh#dexry@n
and one of hpeirg the fordubgen and the other is al kyl, cycloal kyl, phenyl,
substituted phenyl, al koxy-carbonyl, alken-1-yl, alkyn-1-yl,
2- phenyl et henyl or 2-phenylethynyl; and M+ is hydrogen or a cation
characteri zed by Cyslizing conpound of the fornmula [err] wherein Ais an. » .

am no protecting grqup and | ya—t=]avi ng group '
~C-CH-NH-C~—N N—CH,CH..

; ( 2773 R
@ o 0 : .

43. A 5 -lactam in accordance with claim 42 which is a salt

of {38-[3+(R*),4.21]-3-[[{[(4-ethyl-2,3-dioxo-1-piperazinyl)
carbonyl Jamino Jphenylacetyl Jamino ]-4-methyl-2-oxo-1-azetidinesulfonic
acid.

by A /2 -lactam in accordance with claim 42 which is a salt

of [38-(3x(R*),4 k]]-3-[[[({4~ethyl~2,3-dioxo-1-piperazinyl)

carbonyl lamino Jphenylacetyl Jamino ] -4-methyl-2-oxo~1-azetidinesulfonic
acid.

45. A pharmaceutical composition comprising an effective amount
of’a /3 -lactam having the formula '

R, R4
lenn-c—-—?—% |
0.0
o N-s0%

%

wherein R1 is acyl; R2 is hydrogen or alkoxy of 1 to 4 carbon atoms;
RB and_RA are the same or different and each is hydrogen or alkyl;
and in addition where one of R3 or R4 is hydrogen, the other can be_
styryl, alkoxy, alkylthio, carboxyl or an alkyl ester thereof,



by treatnment with a base and renoving said anfno‘protecting group after t
cyclizatd on. -279- 56. A process accordi n erein one- 7
[err] is--hydrogen and the other is-alkyl. 57. tmmﬁtﬁﬂrdi ng to
claim 55 wherein one of [err] is hydrogen and eco hyl..and Mis
hydrogen. 58. A process in accordance with cIa|n155 substantlally as
described in any of the Exanples. 59. [ 3S-[ 3a (2

,4B]1-3-[[(2- Ami no-4-thiazolyl)-[(I- - 276 -
carboxy I-nethylethoxy)ln1no]acety|]an1no] 4- et hyl -

2- 0X0- 1-azeti di nesul foni c aci d.
hydroxymethyl, lower allqylsulfonylmethyl, phenylsulfonylmethyl,

wherein the phenyl group may be substituted with methyl or halogen,
halomethyl, mercaptomethyl or a behzyl or triphenylmethylthio
= derivative thereof, azidomethyl and aminomethyl; and M9 is hydrogen

L

or a cation, and a pharmaceutically acceptable carrier therefor,
with the proviso that when the #-lactam ring is unsubstituted at
the 4-position, the second valency at the 3-position is not

hydrogen or methoxy, aid=te—phaiiesouitiotn~0arni-om,

46. A /3 -lactam in accordance with claim 1 having a sulfonic

acid substituent -SO?DP wherein NF) is hydrogen or a cation in the
_ 1-position, an amino substituent -NH2 in the 3-position and a
o cycloalkyl, phenyl or substituted phenyl substituent in the 4-position.

47. A /? -lactam in accordance with claim 1 having a sulfonic
acid substituent -SO?VI wherein 1"‘59 is hydrogen or a cation in the

1-position, an amino substituent -NH2 in the 3-position and an
alkoxycarbonyl, alken-1-yl, alkyn-1-yl, 2-phenylethenyl or
2-phenylethynyl substituent in the l.-position.

48. A AR-lactam hav1ng a sulfonic acid substituent -SOGMe
wherein N@ is hydrogen or a cation in the 1-position, an az:.do

substituent --N3 in the 3-position and an alkyl substituent in the
4L~-position.

49. | A /?-lactam having a sulfom.c acid substituent --SO?«I9
- wherein bp is hydrogen or a cation in ‘the 1-position, an azido
' substituent -I\I3 in the 3-position and a cycloalkyl, phenyl or
- substituted phenyl substituent in the 4-position.

50. A /A-lactam having a su.Lf'onlc acid substituent —SOQ'N?
wherein IP is hydrogen or a cation in the 1-position, an az1do
substituent —N3 in the 3-position and an alkoxycarbonyl, alken-1-

¥l, alkyn-1-yl, 2—ohenylethenyl or 2-phenylethyny1 substituent in
the 4-position.
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51. A A-lactam in accordance with claim 11 having the formula
2 &
NB-C C—R3 |
®
F -S03M

wherein R, is hydrogen or alkoxy of 1 to 4 carbon atoms; Ry and

RA are the same or different and each is hydrogén, alkyl, cycloalkyl,

phenyl or substituted phenyl, or one of-R3 and RA is hydrogen

and the other is alkoxycarbonyl, alken-1-yl, alkyn-1-yl,
2-phenylethenyl or 2-phenylethynyl; and M' is hydrogen or a
cation. ' '

52. A compound of thé_formula:—

07

wherein R,, R3 and R4 are as defined iﬁ'claim 4.
53. A compound of the formulaﬁ-

Cl H

S

Ry-N . 3
- J,_-—N-SO "
0 3

]
L;n.

som——



@®

<}

-

- 278 ~

wherein R1 is hydrogen or acyl or the group R] -NH~ is protected
aminos; - Pl3 and R 4 are the same or different and each is hydrogen,
alkyl, cycloalkyl, phenyl or substituted phenyl, or one of

RB and R 4 is hydrogen and the other is alkoxycarbonyl, alken-1 -yi,
alkyn-1-yl, 2-phenylethenyl or 2-phenylethynyl; and Me is hydrogen
or a cation. - '

54 . A A -lactam in accordance with claim 1, 11 or 17 as named
in any of the Examples. g

55. . A process for preparing a compound of the formula
H, N TR,y
-t
o S N-SO-3 M

wherein R2 is hydrogen and one of R3 and R 4 is hydrogen and the other
is alkyl, cycloalkyl, phenyl, substituted phenyl, alkoxy-carbonyl,
alken-1-yl, alkyn-l1-yR, 2-phenylethenyl or 2-phenylethynyl; and

Mt is. hydrogen or a cation characterized by cyclizing a compound

of the formula

| =
ANH—CH ' c< 4
. A - +
; o=< NHSO; M

wherein A is an aminq protecting group and V is a leaving group

by treatment w:.th a base and removing said amino protecting group
after the cyclization. '
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56. A process according to claim 55 ‘wherein oné or

R3 and R4 is hydrogen and the other is alkyl.

57. A process according to claim 55 wherein one of
R3_and RA is hydrogen and the other is methyl and M o -
is hydrogen. o _ _ o %
58, A process in accordance with claim 55 substantially
as described in any of the Examples. - '

59. [3S-[3a (Z),48 1]-3-[[(2-Amino-4-thiazolyl)-[(1-

carboxy-l-methylethoxy)imino]acetyl]amino]-h-methyl—

N

 2-oxo~l-azetidinesulfonic acid.

r '




