2136802 The present invention is directed to a new process

-S-A-R wherein A represents cyclopentylene cyclohexyrlene or
| ene optionally substituted by one or nore 61134%3 groups and
ents a quat erni zed nitrogen-contdrni ng ar cmat %On- aromat i ¢
e attached to A through a quaternary nitrogen atom The
car bapenem deri vatives prepared by the process of the present invention are
di scl osed and cl ai ned by ny col |l eagues Choung U. Kim and Peter F. M sco,
Jr., in US. Patent Applications Serial Nos. 366,910, 471,379 and 389, 652
filed, respectively, April 9, 1982, March 8, 1983 and June 18, 1982; the

entire dis- closure of each of these applications is incorporated herei n by(F

ref erence. -2- U S. Application 366,910 and its continuation-in-part
U.S. Application Serial No. 471,379, f|Ied Nhrch 8, 1983, which
continuation-in-part corresponds t : B

The present invention is directed =o a new ©rocess fov
the preparatiosn of carbapenem éerivatives having 2 2-substicuens
of the formula )

14
-S§-A=R
é:g wherein A represents cyci entylene, clclﬂ-=<y eane or Cz-c6
i alxvliene optizsnally subs:tituted by one or mers C,-C4 aikyl crours
and R14 reprasents a guaternized ﬂz:ro"=n-c~1:a;;;n; argmatic ¢
non-arcmatic zeterscycle attached to A zhrouch 2 cuaternary

nitrogen atom.

The carkagenem darivatives preparad b- 2
the present inverntion ars disclesed znd claimed b % L
Cheung U. Kim and Peter F. Miscs, Jx., in U.S. Patent Appli
Serial Nos. 366,310, 471,379 and 389,632 filad, respec:zive
_April 9, 1982, March 8, 1983 and June 18, 1932; the entire dis-
clesure of sach of these appli atlors is incorporacad hare
by reference.
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Appllcatlon 3 312,533, disclose preparatlon of carbapenen1ant|: brotlcs of =
the formula [err] [err] wherein R8 is hydrogen and Rl is sel ected from t-he o
group consisting of hydrogen; substituted and unsubstituted: alkyl, alkeny],%*
and al kygyl, having from 1-10 carbon atons; cycloal kyl and cycloal kyl- " f
al kyl , having 3-6 carbon atons in the cycloal kyl ring and 1-6 carbon atons
in the alkyl noieties; phenyl; aral kyl, aral kenyl, and aral kynyl wherein
the aryl noiety is phenyl and the aliphatic portion has 1-6 carbon atons;
het eroaryl, heteroaral kyl, hetero- cyclyl and heterocyclyl al kyl wherein the
hereto atomor atons in the above-naned heterocyclic noieties are sel ected
fromthe group -3- consisting of 1-4 oxygen, nitrogen or sul fur atons
and tNe al kyl npieties associated with sald'hérerocycllc noi eti es have 1-6
carbon atons; wherein the substituent or sub- stituents relative to the
above-naned radicals are selected fromthe group consisting of Cl-C6 al kyl.
optionally substituted by ami no, halo,- - hydroxy or carboxyl halo [err]
v U.S. Application 366,910 and its continuation-in-part

U.S. Application Serial No. 471,379, filed March 8, 1983, which

continuation-in~-part corresponds to West German Published Patent

Application 3,312,533, disclose preparation of carhapenem anti-

biotics cf the formula
. &
S ==h aN ’

COOR

R?

Rl—

eon 9400303

d4-—-N

‘ Ia
wherein Ra is hydrogen and Rl is selected from the group consistinc
of hydrogen; substituted and unsubstituted: alkyl, alkenyl and
alkynyl, having from l1-10 carbon atoms; cycloalkyl and cyclecalkyl-
alkyl, having 3-6 carbon atoms in' the cycloalkyl ring and 1-6
carbon atoms in the alkyl moieties:; phenyl:; aralkyl, aralkenyl;
and aralkynyl wherein the aryl swiety is phenyl and the aliphatic
portion has 1-6 carbon atoms; heterocaryl, heterocaralkyl, heterc-
cyclyl and heterocyclylalkyl wherein the hereto atom or atoms in
. the above-named heterocyclic moieties are selected from the aroup

©) -



é Jerr] [err] [err] [err] [err] -4- Jerr] [err] wherei nrel ati ve to
'the alkpve- naned substituents, the groups R3 and R4 are independently

b d from hydrogen; aIkyI al kenyl %?d al kynyl, having from 1-10 carbon
cycl oal kyl , cycloalkylalkyl and kyIcycIoaIkyI havi ng 3-6 carbon
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or atons in the above-nanmed heterocyclic noieties are selected fromthe
group consi stthirerta-veBiies, taitho e ve—nanedy ragiged sasdet he al kyl

noi eti es assoEled €8 Wb Senél el gy eandiistiHY & es have 1-6 o/

C]_-C6 alkyl optionally substituted by
amino, halo, hydroxy or carboxyl halo
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carbaon atonms, or R3and R4 taken together with the nitrogen to which at
| east one is attached may forma 5- or 6-nenbered nitrogen-containing
heterocyclic ring; RO is as defined for R except that it nmay not be ,
hydr ogen; or wherein R and R8 taken togethez represent C 2-CI0 al kyfide
or C2-C10 al kylidene substituted by hydroxy; "A"is cycl opentyl ene, ,
cycl-ohexyl ene or C2-C6 al kyl ene optionally substituted by one or nor
al kyl groups; R is hydrogen, an anioni c charge or a conventional
renovabl e car boxyl protecting grgup, provi ding that when R2 i s hydrogé€
a protecting group, there -9S8,80 present a counter anion; and represents a
substituted or unsubstituteggs@ord-, bi- or polycyclic aromatic heterocyclic
radi cal containing at |east 0@@ ni yrogen in the ring and attached to A
thrdtlgh a ring nitrogen, thdReBPRorm ng a quaternary ammoni um group; and
phar maceutical ly accept- ablegsaltg thereof by the process shown in the

foll ow ng reacti on schene: fg”ﬁerr] [err] [err]
- : R
-Nr%coR*
-NO2
wherein, relative to the above-named substituents, the
4

groups R3 and R are independently selected from hydrogen;
alkyl, alkenyl and alkynyl, having from 1-10 carbon atoms;
A cycloalkyI, cycloalkylalkyl and aikylcycloalkyl, having
3-6 carbon atoms in the cycloalkyl ring and 1-6 carbon
atoms in the alkyl moieties; phenyl; aralkyl, aralkenyl and
aralkynyl wherein the aryl moiety is phenyl and the
aliphatic portion'has 1-6 carbon. atoms; and heteroaryl,
heteroaralkyl, heterocyclyl and heterocjelylalkyl wherein
_ the hetero atom or atoms in thé above-named heterocyclic
moieties are selected from the group cdnsisting of 1-4
oxygen, hitfogeﬁ or sulfur atoms and the alkyl moieties
associated with said heterocyclic moieties have 1-6
carbon atoms, or R3 and R4 taken together with the
nitrogen to which at least one is attached may form a
5~ or 6-membered nitrogen-contéining heterocyclic ring;
'Rg is as defined fog R3 except that it may not be hydrogen; -

and R~ taken together represent CZ—Clo

alkylidene or C2-—C10 alkylidene substituted by hydroxy;

A is cyclopentylene, cyclohexylene or Ca--C6 alkylene

or wherein R

optionally substituted by one or more Cl—C4 alkyl groups;

_ R2 is hydrogen, an anionic charge or a conventional

)



-6- [err] [err] [err] [err] [err] -7- Applicati.on 389652 .
€Qr.tinuation-in-part application 499,690 filed June-7, 1983 =
\PNepar ati on of carbapenem antibiotics of the fornmula [err] [err]

\ s hydrogen aid Rl i selected from the group consisting of
substituted and unsubstituted: alkyl, al kenyl and al kynyl, having
10 “cay bon atons; cycloal zkyl and cycl oal kyl - al kyl, having 3-6 .

in the cycloalkyl ring and 1-6 carbon atomnms in the alkyl

enyl ; aral kyl, aral kenyl ang -

‘readily removable carbexyl protecting gzoup, providing thas when :
Rz is hydrogen or a protecting g:bq?, there is also present a ~

cowncer anion; and é{:::j

Tepresents a substituted or unsubstituted mono-, bi~ or pelyeyelic
aromatic heterocyclic radical containing at least one nitrogen in
the zing and attached to A through a ring nitrogen, theceby

forzing a guaternacy ammonium group; and pharmaceutically acceps~
able sal;s thereost bg the process shown in the follawing Seaction

scheme: : :
\/
diphenyl chlorophesphate
o
N
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aral kynyl wherein the aryl noiety is phenyl and the aliphatic portion has
1-6 carbon atons; heteroaryl, heteroaral kyl, hetero- cyclyl and .
het erocycl yl al kyl wherein the hetero atomor atons in the above- naned ,
heterocyclic noieties are selected fromthe group consisting of 1-4/oxygef
nitrogen or sulfur atonms and the al kyl noieties associated with said
het erocyclic noieties have 1-6 carbon atons; wherein the substituent or
substituents relative to the above-naned radicals are i ndependent |y

sel ected fromthe group consisting of Cl-C6 al kyl optionally substltuted
by am no, hal o, hydroxy or carboxyl halo -OR3 O [err] -OCNR3 R4 O [err]

[err] [err] [err] [err]

N
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-9- [err] [err] wherein, refative to the above- naned substituents, the

grou and R4 are independently selected fromhydrogen; alkyl, alkenyl
antl- |, having from 1-10 carbon atons; cycl oal kyl, cycl oal kyl al kyl and
al kyl cycl ogl kyl , having 3-6 carbon atons in the cycloal kyl ring and 1-6

car ljo in the alkyl noieties; phenyl; aral kyl, aral kenyl and

ar al ' erein the aryl- noiety.is phenyl and the aliphatic portion has
1-6 on/atons; and heterparyl, heteroaral kyl, heterocyclyl and

hetero yl al kyl wherein the hetero.atomor atoms in the above-naned
heterocyclic noieties are selected fromthe group consisting of 1-4 oxygen,
nitrogen or sulfur atons and the. al kyl noieties associated with said

het erocyclic noieties have 1-6 3 4 carbon atons, or R and R' takenw
together with the nitrogen to which at |east one is attached may forma 5- .
or 6-. menbered nitrogen-containing heterocyclic ring; RO is as defined for
R3 except that it nmay not be hydrogen; or wherein R and R taken together

represent C 2- ClZ al ky‘ip_plication 389,652 and its continuatica-in-pars
epplication 499,630 filed June 7, 1983 disclcse preparation
jof£ carbapenem antibiotics of the formula

Iz

. PR - N . : PR
wherein R° is hvdrogen aiad Rl is selec:ec Zrom the grovz consisting

of hyédrogen; substituted and wnsubstituted: alkyl, alkenyl ang
alkynyl, having from 1-10 carben atoms; cycloalkvl ané cycloalkvi- )
alkyl, having 3-6 carbon atoms in the cvcloalkyl Eing ané l-6 o’
carbon atems in the alKyl moieties; phenyl; aralkyl, aralkenyl ané
aralkynyl wherein the axzvl moiezy is phenvl and &he aliphasi
portion has l-6 carbon atoms; hecteroaryl, hete-ca'a’kh‘, he:eéo-
. eycivl anéd h 1eterocyclylalkyl wherein the heterc aitem cr azems in
the above-raned he*e*ocycl;c moieties are selected frcxm the grous
consisting of 1l-4 oxygen, nitrogen ¢r sulfur atoms anéd the alkyl
mo;et.es associated with said heterocyclic moieties have ‘1-§ W/
carbon atoms; wherein the substituent or substituents relative to
the above-named radicals aze independently selected from the grous
consisting of

<
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idene or C2 - 10 al kytidene substituted by hydroxy; R5 is selected from
the group consisting of substituted and un- substituted: alkyl, alkenyl an
al kynyl, having from 1-10 carbon atons; cycl oal kyl and cycl oal kyl al kyl ,
havi ng 3 6 carbon atons in the cycloalkyl ring and 1-6 carbon atons in thg’
al kyl noieties; phenyl; aralkyl, aralkenyl and aral kynyl wherein the aryl
noi ety iIs phenyl and the allphatlc portion has 1-6 carbon atons; s
het eroaryl, heteroaral kyl, heterocyclyl and heterocyclyl alkyl wherein the .
hetero atomor atons in the above-nanmed heterocyclic noieties are sel ected
fromthe group consisting of 1-4 - 9a - oxygen, nitrogen or sul fur atons
and the al kyl noieties associated with said heterocyclic noieties have 1-6
carbon atoms; wherein the above-nanmed R5 ¥ adicals are optionally
sypstituted by 1-3 substituents independently selected from Cl -Co6

al kyl optionally substitut ed By-Came ¥ ¢dnderdtivehbxsrdruedr Boxyl , hydroxy or

car banoyl ; anino, hale, hvésexy or casboxyl

T halo

-or>
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; chloro or brono; 3 [err] [err] [err] [err] [err] [err] [err] phenyl

optAionkl |y subsstituted by 1-3, fluoro, chloro, bronmb, G -C5 al kyl, -OR3,
" RN err] RO in such R5 substituents are as cefined above; - 11 - or
; dpresent a dival ent phenyl ene or .Cl-C4 al kyl ene group joined to the
riyg s as to forma bridged polycyclrcggroup, A is cyclopentylene, or
cic\ ohexyl ene or C2-C6 al kyl ene optronally substituted by one or nore Cl-c4
al kN .groups; R2 .is hydrogen, an’ amNuﬁg;Ngﬂarge c=_a.conventional readily
renovatl e carboxyl protecting group, prdygd- ing that when R2 is hydrogen
or -a protecting group, there is also present a counter ion; and

' 3 4

-NRZCO R N

wherein, relative to the above-named substituents, the
groups R3 and R4 are independgntly selected from hydrogen;
alkyl, alkenyl and alkynyl, having from 1-10 carbon atoms;
cycloalkyl, cycloalkylalkyl and alkylcycloalkyl, having
3-6 carbon atoms in the cycloalkyl ring and 1-6 carbon
atoms in the alkyl moieties; phenyl; aralkyl, aralkenyl
and aralkynyl wherein the aryl moiety is phenyl and the \‘)
aliphatic portion has 1-6 carbon atoms; and heteroaryl,
heteroaralkyl, heterocyclyl and heterocyclylalkyl wherein
the hetero atom or atoms in the above-named heterocyclic -
moieties are selected from the group consisting of 1-4
oxygen, nitrogen or sulfur atoms and the. alkyl moieties
associated with said heterocyclic moieties have 1-6
3 and R4 taken together with the nitrogen \;/
"t6 which at least one is attached may form a 5— or 6-
" membered nltrogen-contalning heterocyclic ring; Rg_ls as
defined for R3 except that it may not be hydrogen; or
wherein R and R® taken together represent C,-C,,. alkyl-
idene or CZ'CIO alkylidene substituted by hydroxy; R5 is P
. selected from the group consisting of substituted and un- \/
substituted: alkyl, alkenyl and alkynyl, having from 1-10
-carbon atoms; cycloalkyl and cycloalkylalkyl, having 3-6

carbon atoms in the cycloalkyl ring and 1-6 carbon atoms

‘carbon atoms, or R

in the alkyl moieties; phenyl; aralkyl, aralkenyl and ¢
aralkynyl wherein the aryl moiety is phenyl and the
aliphatic portion has 1-6 carbon atoms; heteroaryl, -

heteroaralkyl, heterocyclyl and heterocyclylalkyl wherein
the hetero atom or atoms in the above-named heterocyclic
moieties are selected from the group consisting of 1-4



represents a substituted or unsubstituted nono-, bi- or polycyclic
non-aromati c heterocyclic radical- containing at | east one nitrogen in the
ring and attached to A through a ring nitrogen, thereby formng a
quat er nary anmoni um group; and pharnmaceutically accept- able salts thergof,
by the process shown in the follomnng reacti gn schene: [err] diphenyl
chl or ophosphate [err] - 12 - R[errT F rr] V[err] [err] [err] '
de- bl ocking [err] -

oxygen, nitrogen or sulfur atoms and the alkyl ﬁbieties!
associated with said heterocyclic moieties have 1-6

A carbon atoms; wherein the above-named R5 radicals are
optionally substituted by 1-3 substituents independently
selected from:

‘}
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-13- [err] [err] To el aborate on the prior art schene, starting materi al

'l is reacted in an inert organic solvent wth diphenyl chlorophosphate in
the presence of a base to give internediate IV. Internediate [V is then
redcted with a mercaptan reagent of the formula HS-A-OH in an inert organic
sefydnt and in the presence of 'a base to give internediate V. Internediate

\Shen acylated with nethanesul fonyl chloride in an inert organic

et and in the presence of base to give internediate VI' which is

¢gd with a source of igdide ions in an inert organic solvent to give

pdiate |1, Intermediate Il is reacted with the desired amine in an
inert organic solvent and in the presenc% of silver ion to produce the -
quat erni zed product 1'A or 1'B which may then be de- blocked to give tha
correspondi ng do-bl ocked carbapenem of Formula I A or IB. The
above-descri bed process.- has several disadvantages. Thus, for exanple, the
process invol ves sever al st epg, m@|thagwﬁgggggousgysgouLd de.reduced in
nunber. The overall reaction yqel |§_qlso gung Iomggguxjhe %uaternlzat|0ﬁ
step is performefd on the entiré carbapenedlconpodﬁd TH=Would 6& &S ranl e
to have a new prjocess for prodatfTy CorpRIRIsSTI"Fornmula | A or 13 which
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(1) "invol ves fewer reaction steps, (2) gives higher yields, (3) allows the
quatarni zed amne to be forned first and then attached to the carbapenem -
nucleus at a later stage in the synthesis and (4) can be used to nere’ _
easily formquaternary am ne products with a wide variety of amnes, i.e/f
amines With steric hindrance and those with | ow pKb val ues. -14- The/
present invention provides a novel process for preparation of carbapene
derivatives of the forrmula [err] [err] wherein R8 s hydrogen and. R i
sel ected fromthe group con- sisting of hydrogen; substituted and
unsubstituted: al kyl, alkenyl and al kynyl, having from 1-10 carbon atons;
cycl oal kyl and cycl oal kyl alkyl, havi ng 3-6 carbon atons in the cycloal kyl
ring_and 1-6 carbon atons in the alkyl ntieties; phenyl; aral kyl, aral kenyl
and aral kynyl wherein the aryl noiety is phenyl and the aliphatic portion
has 1-6 carbon atons; heteroaryl., heterc- . aralkyl:- heterocyclyl and

het eccycl yl al kyl wherein the hetero atom at atons in the above-naned

het erocyclic noieties are selected fromthe group consistinc of 1-4 oxygen,
nitrocen or sulfur atonms and the al kyl noieties associated with said

het er o- ) er R° may represent a divalent phenvlene or C;-C, alkylene group

joined to the

ring so as to form a bridged polycyclic gzous: A is cyclcpeastyleze,
er cvclohexVIene or Cz-c6 alkylene optiocnally substituted by one
or more cloc alkyl g=oups; Rz is hydrogern, a2n anionic chavge o=’
a.conventional readily removable carboxyl protecting grousn, provid-

- ing that when Rz is hyd-ogen or a protecting group, there is also
present a counter ion; and - .

v =

Tepresents a substituted or unsubstituted mono-, bi- or polycvelic
non-aromatic heterocyclic radical comtaining at least one nitzogen .
in the ring and attached to A through a zing nitrogen, thereby
‘forxming a Guaternary ammonium group; and pharmaceutically accert~
| able salts thereof, by the process shown in the fellowing reaction
U/ schenme:

r®

diphenyl chlozopheosphate
oor?’ >

/—-N

Iz

L3



sisting of - 15 - Ci1- CG al kyl optlonally subst.i tut ed” by ami no,
roxy or carboxyl -halo [err] [err] [err] [err] -CN -N3 - 16 -
[ £1ir] wherein, relative to the above-naned substituents, the groups
R4 are independently sel ected from hydrogen;. al kyl, al kenyl and
having from 1-10 carbon atons; cycloal kyl, cycl oal kyl al kyl and

al kyl cycl oal kyl , havi ng - 12 -
g% H o’
1 __E/\/‘O
R——F l PloceHs) , HS—A—0H
) h
0//-— N _-\COORZ' A=alRkylene Sz
- . . ) Cs--C6 cycloalkyvliens
— v —
8 &
i o S §=——h—CH .
o F 1 l rethanesulionyl chlcoride
7 coor?’ = U
v
%z
2 Z l 'S-A-CSC,CH, ;e
N ° ' _ﬁ
& coor?” .7
. VI
- g8 A 25 o
1 : _S~a~1 \NO
R S
N-———\ =1 T
/ 2! '
& COOR
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3-6 carbon atons in the cycloalkyl ring and 1:6 carbon atons in:the alkyl = -
noi eti es; phenyl; aral kyl, aral kenyl and aral kynyl wherein the-aryl noiety
is phenyl and.the aliphatic portion has 1-6 carbon™~atons; and heteroar)
heteroaral kyl, heterocyclyl and heterocyclylal kyl wherein t he ‘hetero
or atonms in the above-nanmed heterocyclic noieties are selected fromt
group consisting of 1-4 oxygen, nitrogen or sulfur atonms and the alk
noi eties associated with said heterocyclic noieties have 1-6 carbon §
or R3 and R4 taken together with the nitrogen to which at |east one i S
attached may forma 5- or 6-nmenbered hirogen-containing heterocyclic ring;
RO is as defined for R except that it may noi_ be hydrogen; 1 8 or
wherein RL and R8 taken together represeﬁtl%TZ-Clo al kyl i dene or C2-C10

al kyl i dene substituted by hydroxy; A is cycl-opentyl ene, cycl ohexyl ene or
C2-C6 al kyl ene optionally- substituted by one or nore Cl-C4 al kyl. groups; R2
I s hydrogen, an anioni c charge oghq;conventionaﬁ readily renovabl e carboxyl -
protecting group, providing t atlthn R is_hyghdgenNor a protecting group,
there is also present a count 2 S=A=" W

To elaborate on the prior art scheme, starting
~— material III is reacted in an inert organic sclvent with
diphenyl chlorophosphate in the presence of a base to give
intermediate IV. Intermediate IV is then reacted with a
mercaptan reagent of the formula HS-A-OH in an inert organic
solvent and in the presence of a2 base to give intermediate V.
Intermediate Vv is then acylated with methanesulfeonyl chleride
in an inert organic solvent and in the presence of base to
‘ give intermediate VI which is reacted with a source of iodide
k,/' ions in an inert organic solvent to give intermediate II.

) Intermediate II is reacted with the desired amine in an inert
organic solvent and in the presence of silver ion to produce
the guaternized product I'A or I'B which may then be de-
blocked to give the corresponding de-blocked carbapenem of
Formula IA or IB.

The above-described process has several disadvantages.
Thus, for example, the process involves several steps which
aevantagecuslﬁ could be reduced in number. The overall reaction
yield is also quite low and the quaternization step is performed
on the entire carbapenem cémpound. It would be desirable to have
a new process for producing compeunds of Formula IA or IB which
(1) involves fewer -Teaction steps, (2) gives higher yields, (3] allows
the guaternized amine to be formed first and then attached to the
carbapenem nucleus at a later'stage_ih the synthesis and (4) can be
used to more easily form guaternary amine products with 2 wide -
variety of amines, i.e. amines with steric hindrance and those with
low pK, values. '

)



- 17 - anion; "and R14 is a guaternized nitrogen-containing aromatic or
non~aronat|c heterocycle attached to A through a ring nitrogen, thereby
' quat ernary anmmoni un group, or a pharmaceutically acceptable salt

* which process conprises reacting an internediate of the formul a
kr] wherein R and R8 are as defined above, R2' is a conventonal,
‘ennvable carboxyl protecting group and L is-a conventi onal Ieaving

th a thiol conpound of the fornmula. [err] [err] wherein a and R14
fined above and X is a counter anion, in an inert solvent and in.
ence of hase, to produce a carbapenem product of the fornmula [err]

[efr Wwherein Rl, R3, R2, A Rl4 and Xe are as defined above and, if -
desired, renoving the carboxyl protecting group R2° to give the o/
correspondlng de- bl ocked conpound of~ f8rtwula |, or a pharma- ceutically

acceptabl e salt thereof.

The present inventi 5
for pragaration of carbidpenen dexivatives o

-

. wherein Ra is hyérogen and.al is selected Zzcom Th

==on e

sisting of hyérogen; substituted and vnsubstitutad: al

. alkenyl and alkyayl, having Zrem 1-10 carben atoms: cycloalky
ané cyclecalkylalkyl, having 3-6 carben atems in the. cycleal
ring and 1-5 cazben atoms in the alkyl mcieties; thanyl;
aralkenyl anéd aralkynyl wherein the arvl meciety is phezyl ané
the aligzhatic postion has 1-6 carben atems; hetercaryl, heterc-
aralkyl, heterocyclyl ané heterxocyclylalkyl wherein the heiero
étbm cr atcms in the abbve-nameé ‘eté*ocvcl;c meigties are
selected from the group cons‘s.zuc 0f 1-4 oxvgen, nitrogen or
sulfur atoms and the alkyl moieties associated with said heterco-
cyeclic moieties have l-§6 carben atoms; wherein the suzs“;* uent
‘er substitueants relative to the azove-ﬂaned radicals are selecs::
frém the group consxsulﬂg of



Al so provided by the present invention are internmediates of Fornmula VII ang
processes for oreparing such internedi ates. The carbapenem conpounds of
Formula | are potent antibacterial agents or intermedi ates useful int
preparation of such agents. The conpounds of general Fornula I .above
contain the carbapenem nucleus [err] [err]_ alrgj _may thus be naned as

| - carba- 2- penem 3-carboxyl c acid derivatives.” Alternatively, the conpounds
may be cons dered to have the hasig,Sir r Lerrl Jlernr] ng‘ nanmed as -
7- oxo- | - azabi cycl o( 3. 2. 0) heg?l ?@n“el- s oté(iyﬂ%lazchggi” Egﬁit\ylétel%v g AW|Pr e
the present invention includ@&lQciysinay wrecanboxyd hellative '
stereochem stry of the 5, 6-p.r(m%ns is cis as well as trans, the preferred
conmpounds have the 5R, 6S (trarhs:) stereochem stry as in the case of

t hi enanycin. The conpounds of g-or a |l may be unsubstituted in the

6- position or substituted by ituent groups previously disclosed for

ot her carbapenem deri vati \7es.O More specificallv,

: _dnr3g

-Nr3g?

3

NR
_<
NR3R4

~— -sozNR3R4

|
-NHCNRSR?

oS

R™CNR -

(8]



- 19 - R8 may be hydrogen and Rl nmay be hydrogen or a non-hydrogen
substituent disclosed, for exanple, in European Patent Application 38, 869
(see Mdef inition of R6) Alternatively, R8 and RL taken together may be
] t kylidene or C2-Cl10 al kylidene ggbstituted, for exanple, by
hyo;OXw)‘\o el abor ate on the definitions for RlL and R8: (a) The aliphatic
‘h‘lkenyl and 3§d groups may be straight or branched chain
hav\ ng 0 carbon atong® %¥ erred are 1-6, nost preferably 1-4, carbon
; vwhen part of anouhﬂyxé%bstltuent e.g. as in cycloal kyl- aikyl, or
al kyl or aral kenﬁ‘g’f%ﬁ?‘@l Ky al kenyl and al kynyl group preferably
contains 1-6, nost prefer , carbon atons. - (b) "heteroaryl™
i ncl udes nono-, bi- and polycycllc aromatic heterocyclic groups containigg
1-4 0, Nor S atons pre- are 5- or 6- menbered heterocyclic rings
such as thienyl, furyI tWN azonI oxadi azol yl, triazolyl, isothiazolyl,
t hi azol yl , inidazolyl, |sox onI tetrazolyl oxazol yl, pyridyl,
pyrazi nyl, pyrimdinyl, .QM{(ﬂﬁ§1 yI pyrrolyl, pyrazonI etc. (c)
"het erocycl yl " includes nmono- ,2 bi - and polycycllc saturated or unsaturated
non-arcmati c heterocyCHTN%goups containing 1-4 0, Nor S atons; preferred

are 5- or 6-
wherein, relative to the above-named substituents, the

groups R3 and R4 are independently selected from hydrogen;
alkyl, alkenyl and alkynyl, having from 1-10 carbon atoms;
cycloalkyl, cycloalkylalkyl and alkylcycloalkyl, having

3-6 carbon atoms in the cycloalkyl ring and 1-6 carbon

atoms in the alkyl moieties; phenyl; aralkyl, aralkenyl
and aralkynyl wherein the aryl moiety is.phenyl and the
aliphatic portion has 1-6 carbon atoms; and heterocaryl,
hetercaralkyl, heterocyclyl and heterocyclylalkyl wherein
the hetero atom or atoms in the above-named heterocyclic
moieties are selected from the group consisting of 1-4
6xygen, nitrogen or sulfur atoms and the alkyl moietieé
associated with said heterocyclic moieties have 1-6
carbon atoms, or R3 and R4 taken together with the
nltrogen to which at least one is attached may form a 5-

or 6-membered ﬁg%bogen—contalnlng heterocyclic ring; Rg

.is as defined for R3 except that it may not be hydrogen; \J/

or wherein rY and r® taken tcgether represent C2—C10

alkylidene or 02—010 alkylidene substituted by hydroxy;

A is cyclopentylene, cyclohexylene or 02 C6 alkylene
optionally_substituted by one or more Cl-C4 alkyl groups; ¥
R2 is hydrogen, an anionic charge or a conventional

readily removable carboxyl protecting group, providing -
that when R2 is hydrogen or a protecting group, there is

also present a counter



t

menber ed heterocyclic rings such as nDrphdIinyI, piperazinyl, piperidyl,

pyrazolinyl, pyrazolidinyl, imdazolinyi, imdazolidinyl, pyrrolinyl,"
pyrrolidinyl, etc. (d) "hal o" includes chloro, brono, fluoro and iodo 3
is preferably chloro or brono. -20- The term "conventional readily /.

renovabl e carboxyl protecting group"” refers to a known ester group wh'cﬁ;l‘
has been enpl oyed to block a carboxyl group during the chem cal reactlo

st eps descri bed bel ow and which can be renoved, if desired, by nethods
whi ch do not result in any appreciable destructlon of the remaining portlon
of the nolecule, e.g. by chem cal or enzymatic hydrolysis, treatnment with
chem cal reducing agents under mld const{ons,_irradiation wth
ultreviolet light or- catalytic hydrogenatton Exanpl es of such ester

pr-ot ecti ng groups i.nclude benzhydryl, p ni trobenzyl, 2-naphthyl net hyl,

allyl, benzyl, trich]agrget I14SLIyI cu_ S tnknet | si]yl henacy

p- et hoxybenzy! ace%})n9 Q& nltroﬁéﬁ%ae ﬁed yiTayrs ﬁ%?héf“ a'tf'C% al kyl
such as nmethyl, ethy?* 8¥ a‘BﬁTYF RYFEP %/!(T%d 4R~ ‘F‘Fﬂeﬁ SUSh=HGEREL FHG gr oups
are those which are M APEATY z ARG SPTPIRF S Gl TAFY CONRR I oFPUBUGH As

pi val oyl oxy net hyl , °l‘aC'6§wyn@t‘hylaC'pmahaélsdyt dhedenty| wmird methox pomi-yes

rsacting an intermediate of the Sormula

. . - - '. :
wherein Rl ané Ra are as defined adove, r? is a ~01Jen:;sra-,

readily remocvable cazboxyl p'otactzng group and L is a convenitisnal
leav;ng g*ou: wl-n a .nzol ccm:ou‘c o :he .c u’a

as-x-a-4 x®

VIiI

¢ 14 el

X wherein A anéd R*° are as defined zbove and xe is a counter anion
. . .. . ’

in an inert solvent and in the presence of bas% €2 prsducs a

carbapenem product of the formula

Il
. R S | 8 2!
wnerein R™, R, R® , A, Rl4 and xe are as deZined above and, if
desired, removing the carboxyl protecting group Rz| te give the
- : corresponding de-blocked compound of Zormula I, or a sharma-
ceutically acceptable salt thersof.



whi ¢ e readily renoved by catal ytic hydro- genolysts and allyl which
can / ed by Pd(P[err]3)4-catal yzed reaction. The pharnaceutically
accept a Falts referred to above include the nontoxic acid addition

3,4e. g/ salts with mneral acids such as hydrochloric, hydrobronic,
hydngi od ¢; phosphoric, sulfuric, etc. and salts with.organic acids such as
acetic, .citric, succinic, benzoic, tartaric, fumaric, mandelic,
ascorbic, lactic, gluconic and malic. Conpounds of Formula | in the form of
acid addition salts may be witten as [err] [err] R2 = Hor protecting
group -21- where Xe represents thej;gcid anion. The counter ani.on Xe nay
be selected so as to provide pharnmaceutically acceptable salts for o’/
t herapeutic adm nistration but, in the case of internediate conpounds of
Formula I, Xe may also be a toxic anion. In _such a case the ion can be
subsequent |y renoved or sr}gi‘_i ipf"ﬁ‘f"éadbj? T HRAFHECett°8at Yy *atcept abl e ani on
to formactive SRSeTIeEHEE PO FMEraEutIT PESEESSThe?*aRi%dRE"6r basic

such intermediates. '

The carbapenem compounds of Formula I aze

otent antibacterial agents or intermediatss usedul in tha

v
. The compounds cof general Formula I above ccntain
the carbapenem nucleus
: 1
6__5S 2
7 '
dér*-N N
4
and may thus be named as l-caéba-Z-penemfs-ca:bcxyl;c agid W/
derivatives. Alternatively, the compounds may be considered
£o have the basic structure 4
; 0.
N 2
g 1
and named as 7-oxo-l-azabicyclo(3;2.0)hepé-z-ene-z-ca;quylic o

acid derivatives. While the preseant invention includes ccmpcunds
wherein the relative stereochemistry of the 5,6-protons is ¢is
as well as trans, the preferred compounds have the S5R,65 (trzans)
stereochemistry as in the case of thienanmycin.

. The compounds of Formula I may be unsubstituted in
the 6-position or substituted by .substituent groups previously
disclosed for othar carbapenen derivatives., Mcre specifi:allyi.

[



groups—are present inthe R group or on the quaterni zed R14 radical, the
present invention nmay al so-include suitable base or-acid salts of thése
functional groups, e.g. acid addition salts in the case of a basic group
and netal salts (e.g. sodium potassium calciumand alum num,. the,K -
ammonium salt and salts with nontoxic amnes (e.g. trialkylam nes,
procai ne, dibenzylam ne, 1-ephenam ne, N benzyl-S-phenethylam ne, N, N
di benzyl et hyl enedi amine, etc.) in the case of an acidic group. Conpoyn
Formula | wherein R.is hydrogen, an anionic charge or a physiol 0gi ca
hydr ol yzabl e ester group together with pharmaceutically acceptable salts
thereof are useful as antibacterial agents. The renai ning conpounds of
Formya | .are val uabl e internedi ates which can be converted into the
above-mentioned bi o] ogically active conpound% A peferred enbodi nent of the
present invention conprlses conpounds of Formula | wherein R8 is hydrogen
and Rl is hydrogen, Cg3C2- [err] [err] Apong this_subclass, the preferred
cospounds are those i Wi ek WI’?%Q“C}H &r r"]“’n?fsf""frr’éfer'abfy‘°(:‘o'n‘ﬁﬁﬁ?ﬁd‘s

haV|I1g t he . substituent disclosed, for example, in Zuropean Patent ::al;-a:_cn

8,863 (see definitiou of Rs). Albe:nacirel', Ra and Q‘ tazen
together may be Cz'clo alkylidzne or cz-c10 alkylidane suhsticutesd,
-fc: exarmple, by hydroxy.

] To elahorate on the definitiens for R™ and 27
~— (a) The aliphatic “alkvl", "alkenyl"” and "alkynyl" groups
may bYe straight or branched chain having 1-10 carbon azconms;
preferred are 1-6, most prelfsrably l~-4, carion groups;
‘when par: of another substiluent, e.g. as in cyclcalkyl-
alkyl, or hetexsaralkyl or a:alkenyl, the zlxvi, zlkenvl
'znd'alkynylugrou; p:ef;éably contains l1-5, most preleraily
1-4, carbon atoms. '

o . : (b) "héte*oa*y’" includes moﬁo~, bi~= and polycyclic aromazic
hetexocveclic groups centaining 1-4 O, N or S atems; dre-
fer-ed are 5- or 6~ memae:ed neterocyclic rings such as
thienyl, fL:yl, thiadiazolyl, oxadiazolyl, +«ri
isothiazolyl, thiazolyl, imidazolyl, Iiscxazol

+ oxazolyl, pyridyl, pytaz;ny-, pyrimidinyl, pv
PYTT oly ,» Dyrazolvl, etc. N

(c) "heterocyclyl" includes mono-, bi- and polycyclic
saturated or unsaturateé neon-arcmatic hé:e:ocyclic gToups
containing 1l-4 o, N or § atéms; preferred are 5- or 6-
memberad het e:ocvclxc rings such as morpholiayl, piperazinyl
. : . ' . piperidyl, pyrazolinyl, pyrazolidinyl, imidazolinyl,
imidazolidinyl, pyrrolinyl, pyrrolidinyl, etc.

L9

{é) "halo” ‘includes chlero, bromo, fluoro and iodo and Es
preferably chloro br bromo.



- 22 - absolute configuration SR, 6S, SR Another preferred enbodlnent
conpri ses conpounds of Fornmula I in whi ch*R1 and R8 t aken t oget her form an
al kyl i deng radical of the formula [ERR] The al'’kyl'ene or cycl oal kyl ene

&J N the conpounds of Formula | nmay be cycl opentyl ene
pbhexyl ene or C2-C6 al kyl ene optionally substituted by one or

nor e al kyl substituted Preferred A substituents.are cycl opentyl ene,
cyclo ¢ne or al kylene of the forrmula [err] in which R10, Rl11l, R12 and
R13 ar dch i ndependent|y hydrogen or Cl1-C4 alkyl. A preferred enbodi nment

conprises those conmpounds of Fornula | in which substtituent Ais -C2CH2-,
-CHCH2-, CH3 or -CH2 CH CH3 In the case of certain conpounds of Fornula l
havi ng a cycl oal kyl ene or branched al ky®ehe A substituent, one or nore -
addi ti onal assymmetric carbon atonms nay be.created which result in

formation of diastereoisone:s. The present invention includes
The term "conventional readily removable carboxyl

Protecting group” refaers to 2 known ester group which has been
employed to block a cazbexyl group during the chemical reaction
teps described below and which can be removed, if desired, by

methods which do not result in any appreciable destruction of
the ramaining portion of the molecile; e.g. by chemical or
enzymatic hydrolysis, treatment with chemical reducing agents
under mild conditions, irradiation with ultraviolet light or
‘catalytic hydrogenation. Examples of such ester protecting
groups include benzhyéryl, p-nitzcbenzyl, 2-naghthylmethyl,
allyl, benzyl, trichlorcethyl, silyl such as trimethylsilyl,
phenacyl, p-methoxybenzyl, acetonyl, o-nitrobenzyl, 4-pyridyl-
methyl and °1'cs alkyl such as methyl, ethyl or t-butyl.
Included within such. protecting groups are those which are
hydrolyzed under phys;clog;cal conditions such as pivaloyloxy-
metchyl, acetoxymethyl, phthalidyl,-indanyl ‘and methomethyl.
Particularly advantageocus carboxyl protecting groups are p- N
aitrcbenzyl which may be readily removed by catalytic hydro- v
genolysis and allyl which can be removed by Pd(PQs) ~catalyzed

reactien.

The pharmaceutically acceptable salts refarred to
above include the nontoxic acié addition salts, e.g. salets with
mineral acids such as hydrochloric, hydrobromic, hydzciodic,
phosphoric, sulfuric, ete. and salts with organic acids such as - \;)
maleic, acetic, citric, succinic, benzoic, tartaric, fumaric, *
mandelic, ascorbjc, lactic, gluconic and malic. Compounds of
Formula I in the fgrm of acid addition salts may be written as

R

gl_ I __-S'A‘Rl4
e
X
S L\ . ‘
.4 CooR

R? = g or protecting gooup
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.m xtures of such diasterecisonmers as well as the.individual purified
-di ast er eoi soners. -23- The quaterni zed R14 substituent ‘may be an
optional ly substituted nono-, bi- or polycyclic aromatic or non-aromajtc
heterocyclic radical containing at |east one nitrogen in the ring ang . ;
attached to A through a ring nitrogen, thereby formng a quaternary )D/
Ted :

anmoni um group. One preferred class of Rl14 substituents nmay be
represented by the general fornmula which is neant to define a substi
or unsubstituted nono-, bi- or polycyclic heteroaryl radical containing at
| east one nitrogen in the ring and attached to a carbon atom of
substituent A through a ring nitrogen, thereby form ng a quaternary
ammmpi um group. The heteroaryl radical may gq optionally substitited by
sych substituents as C1-C4 al kyl, Cl-C4 al RYI™ substit ut ed by hydr oxy,
am no, carboxy or ‘halo, C3-C6 cycloal kyl, Cl-C4 al koxy, C1-C4 alkylthio,
am no, Cl-C4 al kylamno, di (C-CA4 alkyl) am no, halo, Cl-C4 al kanpyl am no,
Cl- C4 al kanoyl oxy, ®Be¥foXy FepraseE:s (he 39igd| anighdr ARy ORMYaFi A:°2g¥iani di no,
trifluoromethyl, pheaylbe piecyed salbsst kb Utrodidey parmaceusdcallyt évceptanieno,
hal o, hydroxyl, t-rishitsO#6r therapeutic administration but, in the case of
) intermediate compounds of Formula I, xe may also be a toxic
.anion. In such a case the ion can be subseguently removed or
substituted by a pharmacsutically acceptable arnion to fomm
active end product for therapeutic use. When acidic or basic
groups are present in the Rl group or on the Qquaternized Ru
Al zradical, the prasent invention may alsc include suitable
base or acid salts of these functional groups, e.g. acid
addition salts in the casa of a2 basic group and metal salts
{(e.g. sodium, potassium, calcium and aluminum}, the ammonium
salt and salts with nontoxic amines (e.g. .trialkylamines, procaine,
] é.i.lgenzylani‘.ne.' l-ephenamine, N-benzyl-3-phenethylamine, N,N'-
dibenzylethylenediamine, etc.) in the case of an acidic group.

' Compounds of Formula I wherein R® is hydrogen, an
anionic charge or a physioldgic_ally hydrolyzable ester group
together with pharmaceutically acceptable salts thereof are
useful as antibacterial agents. The remaining compounds of
Formula I are valuable intermediates which can be conversed
into the above-mentioned biclogically active compounds.

A preferred embodiment of the presen: invention
comprises cbmpcunds of Formula I wherein Ra is hydrogen and R
is hydérogen, cs3csz-

1

= B[ T
. _ /CB-, . - c- or csaca-
Among this subclass, the preferred ‘compounds are those in
which B} is ' -
o -
CH3CI-:-,_ most preferadbly compounds having the




met hyl, C1-C4 al kyl or Ci- m “al koxy groups' heteroaryl and het ero- aral kyl
I n whi ch the hetero atomor atoms-in the above- naned het erocyclic noietjes
are-sel ected fromthe group consisting of 1-4 0, 'Nor S atons and the al kyl
noi-ety~associated with hetero- aralkyl has 1-6 carbon atoms. The heteroaryl
radi ¢ __attached to substituent A i's preferably a 5- or 6- nenbered

iy “*heterocyclic radical containi n? a quaterni zed nitrogen atom (which
I s{ i |y bonded to a carbon atom of fe al kyl ene or cycl oal kyl ene
ragi cal) and, optionally, one or nore additional hetero atonms sel ected from
S. Wil abspiptgetrRafifuraginn ARt FoafR¢l radi cal bonded to A - 24-
via a quaternized nitrogen atomis found to produce biologically active
car bapenem deri vat i veSancxhpt @freEdz2dd adiBOdindR O tcchiffiRes SRABPSEABOSINAS i N Wheth
represents.a ra%&ﬂhé?'ﬁ%ﬂ&fib%&f? QLiQUAP £ &5 R0d S eb B 2R a2ky{ Adene [€1T1] .
[err] wherein R3, ﬁ&ﬁ* gﬁ,g ,J ndependenty sel ected from ﬁydrogen; cC-c4
al kyl; Cl1-C4 al ky stltute y hydr am no, carboxy or halo; C3-C6
cycl oal kyl; Cl-C4 al koxy; Cl-C4 ai kyl t%z am no; . .

A

The alkylene or cycloalkylene radical A in the compounds
of Formula I may be '

-~ .
. - (g
cyclopentylene 82 . if ’
B, C—H,

cyclohexylene | / gzi'/_!i/ i

or cz-cs alkylene opticnally substituted by one or more cl s o’/
alkyl substituents. Preferred A substituents are cyclopentylene, .
cyclohexylene or alkylene of the formula

R10 lRl.z

-.i_-_.f-

pil i3

iﬁ which Rm, Ru, R™" and 3_13 are each independently hydrogen or Y

Cl-c" alkyl. A preferred embodiment comprises those compounds of
Formula I in which- substituent A is ~CH,CE -, -(r'ED:Hz-

or -CHZCE- .
I .
c33 -

In the case of certain compounds of Formula I having a
cycloalkylene or branched alkyvlene A substituent, one or more -
additional assymmetric carbon atcoms may be created which resuls
iz formation of diasterecisomers. The prasent invention includas
mixtures of éuch diasterecisomers as well as the individual
purified diasterecisomers.

12



Cl-C4 al kyl am no; dl(t} aIkyI)an1ro 'haPo Ci CA alkanoylan1no Cl-c4
al kanoyl oxy; carboxy; [err] guant di-nos-. trlfluornethyl phenyl ; phenyl
substitutec by one, two or three. ani no: ‘halo, hydroxyl trifluoroneth_.
Cl-C4 alkyl or Cl-C4 al korxy groups; and hetroaryl and heteroaralk
whi ch thé hetero atomor atons in the above-naned het er ocycl i ¢ noi
sel ected fromthe group consisting of 1-4 oxygen, nitrogen or sul,
and the al kyl npiety associated with said hetero- aral kyl .npoiety
carbon atons; or wherein two of R5, R6 or 7 R taken together may
fused saturated carbocyclic ring, a fused aromatic carbocyclic ring, a
fused saturated heterocyclic ring or a fused heteroaromatic ring, [err]
[errd_(b) [err] [ecLrd; . -25- optionally substituted
.on, a carbon atom by one or nore sub- stituents independently selected from
C1-C4 alkyl; Cl1-C4-al kyl substituted by hydroxy, am no, carboxy or halogen'

C?_-CG cyclo- alkyl; C1-C4 al koxy una]Ee%Lz%ld ltDv.lxbg.:.guTnDOday 1e an opt.gn alm no,

substituted mono-, bi- or polycyclic aromatic or non-aromatic
heterocyclic radical containing at least one nitrogen in the
ring and attached to A through a ring nitrogen, thereby Zcrming
‘a Quaternary ammonium group.

One preferred class of 314
represented by the general formula

substituents may be

@
H

which is meant to define a subs.;tuted or unsubstituted mono-,
bi- or polycyelic hetercaryl radical containing at least one
nitrogen in the ring and attached to a carbon atcom. of substituent
A through 2 ring nit:egen, thereby forming a quaternary a=mmonium
. group. The hetercaryl radical may be opticnally substituted by

: such substituents as cl-c4 alkyl, cl-c4 alkyl substituted by
hydroxy, amino, carboxy or halo, c3-c5 cycloalkyl, cl-c4'alkaxy.
€1-C4 alkylthie, amine, Cl‘c4 alkylamino, di(cl-c4 2lkyl) amino,
halo, cl-c4 alkanoylanmino, Cl-c4 alkanovloxy, carboxy,

-C-0C,-C, alkyl,
hvéroxy, amidino, guanidinc, triflucromethyl, phenyl, phenyl
substituted by one, two or three amino, halo, hydroxyl, tziiluoro-
methyl, cl-c4 alkyl or cl-c4 alkoxy groups, heteroaryl ané heterc-
aralkyl'in which the heterc atom or atoms in the above-named
hete:écyclic moieties are selected from the group consisting of
1-4 O, N or S atoms and the alkyl moiety associated with hetero-
aralkyl has 1l-6 carbon atoms.

The heteroaryl radical attached to substituent A is -
= preferably a S5- or 6- membered arcmatic heterocyclic radical
' containing a guaternized nit:ogeh atom (which is directly bonded
£o a carbon atom of the alkylene or cycicalkvlene radical) and,
cptionally, one or more additional hetero atcms selected from O,
¥ or §. While, in general, any hetarsary) radical bondeé to A



aIkyI)an;no; hal o; Cl1-C4 al kanoyl amino; Cl-C4 alkanoylcxy; [err]

car C-OCl-C4 al kyl; hydroxy; -am di no; guanidino; trifluoro- nethyl;
phe enyl substituted by one, two or three am no, hal e, hydroxyl,
tri thyl, Cl1-C4 alkyl or Cl-C4 al koxy groups; and heteroaryl or
het | kyl in which the heteroatom-or atons in the above-naned

nitrogen or sulfur atons and the al kyl
het er oar al kyl noi ety has 1-6 carbon atons,
to forma fused carbacyclic or
[err] [err] optionally substituted on_

al koxy;
hal o;

Cl-C4 al kyl thio; am no;

het er ocyclic ring;

clic noieties are selected fromthe group consisting of 1-4 oxygen,
noi ety associated with said

or optionally substituted so as
[err]

carbon atom by one or nore
substituents independently selected from Cl-C4 al kyl; _
substituted by hydroxy, am no, carboxy or -hal ogen; C3-C5 cycloal kyl; Ci-
Cl-C4 al kyl am no;
C- C4 al kandyl amivabs=2CiedCAL pideamAeDXys, fewndhox procuceCr s iral kyl ;

d-c4 al kyl W
_ o7}
di (C1-C4 al kyl)- am no;

hydr oxy; am di ncsczguarigiarened defivaotenmt hydrezphedydrbogiveny|csabstst ut ed by

one, two or threQmgbidee, i:nahoon
Cl-C4 al koxy groups; and heteroar
at om or -8

hydr oxyl ,

N

-

N
[

R

represents 2

{a)

whe:ein'Rs. Rs and.R7

C.,-c4 alkyl; cl-c4_alkyl substituted b
.Y . - o~ . ] - ® . - "vc'l o i .
oz halo; c3 Cs cycloalkyl; C1 <, alkoxy: < C4 alxylsnio;

are independenzly' selected Zrcm hyéro
-

trifluoronethyl, Cl1-C4 al kyl or

r heteroaral kyl in which the hetero

rz2dical selectad Zrom the group consisting of

<
¥
<
A
L1}
3

=
2
v. amino, carboxy
e §

amnine:

cl-c4 alky;amino; di(cl-c4 alkyl)anino; halo; Cl-c4 alkanovlaming;

€;-C, alkanoyloxy; carboxy;

.-l-
0 -
[ 3
e
o
H
(9]
=]
ﬂ1b_
’J‘
<
.-‘

guanidino; tr T
w0 ¢r three amino, halo, hydrsoxy
1

or Cl-C4

the hetero azom or atoms in the above-named heterocyclic
are selected from the group consisting of 1-4 oxygan

sulfur atoms and £he alkyl moiety

7

R’ taken together may be a Zfused saturated carbocyclic

; phenyl; phenyl sud

alxoxy groups; and hekarsaryl and

‘ aralle moiety has 1l-6 cazbon atoms; or wherain two of

]
o
[]

1, trifluorcmetiavi, C -C, alxyl

h]
, ni
associatad with said h

fused aromatic carbocyclic ring, a fused saturaied heterccyclic

ring or a fused hetercaromatic ring,

)

"~

(b)

’d
NS

- 9£ 8,
~ d . =
| . A -
N } N
\_ o .



atons in the above-named heterocyclic rvieties are selected fromthe grou
consi sting of 1-4 oxygen; nitrogen or sulfur atons and the al'kyl noiety
associated with said heteroaralkyl noiety has 1-6 carbon atons, or /
optionally substituted so as to forma fused.carbocyclic or heterocycli
ring; [err] , [err] [err] (d) [err] [err
optionally substituted on a carbon atom by one or nore substituents

i ndependently selected from Cl-C4 al kyl; Cl-C4 al kyl substituted by .
hydroxy, am no, carboxy or hal ogen;, C3-C6 cycloal kyl; O -C4 al koxy, Cl-C4
al kylthio; am no; Cl1-C4 al kylam no; di (Cl-C4 al kyl)- am no; halo; Cl1-C4

al kanoyl am no; C -C4 al kanoyl oxy; carboxy; .0 -C OCl-C4 al kyl; hydroxy;

am dimo; guani dino; trifluoromethyl; phenyF phenyl substit ut ed by one, two
or, three am no, hal o, hydroxyl, trifluoronethyl C-C4 alkyl .or C1-C4

al koxy groups; and heteroaryl or heteroar.al kyl in which the hetero atom or
atoms in the above- pgeRfalf SEsMLClisd BDiackidenitenSy eaé @d heemizhe group
consisting of 1-4 oy anngplinwﬁe.myswltueeaammcw aDg 13! dvk, kgt v

associated with sal el. %r oaargl%lg% g@l e%x_ sca.lb %.étﬁqu&g,o ,_c6r clo

3
optionally substi tut e % a.kaxy‘ cl—c4 afxyltlu cycliG of h ,ue.cigcycl ic

"ing: dJ.(Cl-c4 alkyl)am;no. halo; cl-c4 alkanoylani nc, cl-c alxanoy}cxy.
o]
cachoxy: -g-ocl-c4 alkyl; hydroxy:; amidine: guanidine; trifluoro-
methyl; phenyl: phenyl substituted by ocne, two or three amino,
o : hale, hydroxyl, trifluorcmethyl. l-c4 alkyl or cl-c4 alkoxy

groups: and heterocaryl or hetercaralkyl in which the heterocatom
.0z atoms in the above-named heterocyclic moieties are selected
£rom the group consisting of l-4 oxygen, nitrogen or sulfur atoms
and the alkyl moiety associated with said heteroaralkyl moiety

" has 1-6 carbon atoms, or optionally substituted so as to form a
fused carbacyclit or heterocycl;c ring; '

| . el
. : o : ;’N\\N - N or 4
G G S

optionally substituted on a carbon atom by cne or more substituents
- independently selected from cl-c alkyl:; cl C4 alkyl substituted
by hyd:cxy, amino, carboxy or halogen; c3 cs cycloalkyl: C 1" 4
alkoxy; C1 C alkylthio. amino; cl-c4 alkylamino; di(cl-c alkyl) -
amino; halo; Cl'c alkanoylamine; cl-c a;xanovloxy, carbexy: -

-c-ocl-c4 alkyl; hydroxy:; amicéino; guanicdino; :ifluc:omethyl}
phenyl; phenvl subs:ituted_by one, two or three amino, halo,



sai d radical

[err] [err]-[éff}wﬁhérérn-x is-Or Sor NRin which Ris O-C4 al kyl or
bei'ng optionally substituted on a carbon atom by one

o] € substituents independently selected fromCl-C4 al kyl; Cl-C4 al kyl
slibst \t ™ ed by hydroxy, armno, carboxy or hal ogen; C3-C6 cycloal kyl; Cl1-C4
a -C4 alkylthio; amno; d-C4 al kylam no; di (Cl-C4 al kyl) am no;
h§ al kanoyl am no; Cl-C4 al kanoyl oxy; carboxy; 0 -C OCl1-C4 al kyl;
h m di no; guanidino; trifluoromethyl; phenyl; pheryl substituted by
ong, two/or three am no, halo, hydroxyl, trifluoronethyl, Cl-C4 al kyl-or
Cl- koxy groups; and heteroaryl =o#é lret eroaral kyl in which the hetero

atomor atons in the above-naned heterocyclic noieties are selected from..

t he group consi
noi ety associ at

ring; [err]

sting of 1-4 oxygen,
Rfhreid 1] S ubfinRtoal,atlor

errL jn

atoms in thL above

. |, dMy@tee hgse 1 afkai@l f@psd ONs,
optional I'y subsiid wbeslean, 25, maebfiatefohisednsar hat el

nitrogen or sul fur atons and the al kJ/

or
tefo Qkadi@Eerocyclic

\3hé heterccyclic moieties are selected

frem the group consisting of l1-4 oxygen, nitrogen or sulfur
atoms and the alkyl moiety associated with said hetercaralkyl
moiety has 1-6 carbon atoms, or optionally substituted sco as
to form a2 fused carbocyelic or hete:bcyclic cing:

! |
e

\\N/ﬂ
ol e}
rﬁ” - Z Ny
] , i
N\.\N N vN

optionally substituted on a carbon atom by one or more substituents
independently selected Zfrom Cl-c4 alkyl: Cl-c4 alkyl substituted
by hydroxy, amino, carboxy or halogen; CB'CS cycloalkyl:; c,-c4

alkoxy: cl-c4 alkylthio; amino; cl-C‘

amino; halo; cl-Ck alkanoylamino; cl-c4_alkanoyloxy; carbexy:;

i . :
--Ic-ocl-c4 alkyl; hydroxy:; amidino; guanidine; trifluoromethyl:

(g
o
N
37
- U
N
o/
alkylamino; éi(cl-c4 alkyl) -
v

phenyl:; phenyl substituted by one, two or three amino, halo,
hydroxyl, trifluoromethyl, Cl-c4'alky1 or cl-c4 alkoxy groups:
and heteroaryl or heteroaralkyl in which the hetero atom or atoms
ia the ;bove—nambd heterocyclic moieties are selected from the

gzoup consisting of l-4 oxvgen, nitrogen or sulfur atoms and the

alkyl moiety associated with said hetercaralkyl moiety has l-§

carbon atoms, or opticnally substituted so as %o form a fuseé -.
. carbocyclic or heterocyclic ring:



- 28 -Twherein Xis 0, Sor NRin which Ris O-C4 alkyl or phenyl, said
radi cal being optionally substituted on-a carbon atom by one or nore
substituents independently selected from Cl-C4 al kyl; Cl1-C4 al kyl
substituted by hydroxy, am no, carboxy or hal ogen; C3-C6 cycloal kyl; Cl1
al koxy; Cl-C4 al kylthio; amno; Cl1-C4 al kyl am no; di (C1-C4 al kyl) am no
hal o; Cl-C4 al kanoyl am no; C1-C4 al kanoyl oxy; carboxy; [err] [err]al kyl X
hydr oxy; am di no; guanidino; trifluoronmethyl; phenyl; phenyl substitute
one, two or three am no, halo, hydroxyl, trifluoronethyl, Cl1-C4 al kyl or
Cl-C4 al koxy groups; and heteroaryl or heteroaral kyl in which the heterao.
atomor atons in the above-naned heterocyclic noieties are selected from

t he droup consisting of 1-4 oxygen, nitrogew or sul fur atons and the al kyl
notety associated with said hetero- aralkyl noi ety has 1-6 carbon atons;
and [err] [err] [err] [err] ) : e

) (e) @ o [:B

wherein X is 0, § or NR-in which R is cl-c alkyl or phenvi,
said radical being optionally substituted on a cazbon atom by °
one or more substituenits independently selected Irom cl-c4 alkyl;
cl-C4 alkyl substisuted by hydroxy, aminoe, carboxy or halogen:
(N _ _ taocs eycloalkyl; cl-c4 alkoxy: cl-c4 alkylehio; amino; Cl'c4
alkylamino: di(cl-c4_alkyl)aminc; halo; Cl-c4 alkanoylamizo;
cl-c4 alkanovloxy: carboxy:;
ﬁ
-C-ocl-c4 alkyl; hydroxy; amidino; guanidino; tri:Z luoropeshvl;
phenyl; phenyl substituted by one, two or three aminc, halo,
- hydroxyl, trifluoromethyl, c,_-C4 alkyl. oz C1~C4 alkoxy grouss;
and heteroaryl or hetezscaralkyl in which the hetero atom or atoms
in the above-named heterocyclic moieties are selected from the

e group consisting of l-4 oxygen, nitrogen or sulfur atoms and
the alkyl moiety associated with said hetercaralkyl moiety has
1-6 carbon atoms, or optiocnally substituted so as to form a
fused carbocyclic or heterocyclic ring:
() | S
_ i \Na N// )
(% _ N\x/ ! \x !
e e
X- N- NN~



=l

+-29- wherein R:is  Cl-C4 al kyl or phenyl, said radical being optionally
sub tuted on the ‘carbon atomby a substltuent selected fromC -C al kyl ;

‘4 jal kyl substituted by hydroxy; am no, carboxy or hal ogen;. C3-C6
cycf kyl; d-C4 al koxy; Cl-C4 al kylthio; anino; Cl-C4 alkylan1no,
dif CN.C4 aIkyI)anino; Cl-C4 al kanoyl ami no; carboxy; 0 -C OCl-C4 al kyl ;

( , |am di no; guanidino; trifluoromethyl; phenyl, .phenyl substituted by
one, /twojor three am no, halo, hydroxyl, trifluoromethyl, Cl-C4 alkyl or
oxy groups and heteroaryl. or heteroaral kyl in which the hetero
ato atonms in the above-named heterzecyclic noieties are selected from
the group consisting of 1-4 oxygen, nitrogen or sulfur atons and the al kyl
noi ety associated with said heteroaral kyl noiety has 1-6 carbon atons. &

L 0 e B, B
wherein either (ASRAGH ?&i’fga?(%’rﬁf‘ﬁ'd'@t 01 %“51’85"&1? F35PPY afé”?l’]‘-' or (b) R8
i s hydrogen and °RP % BRTe SERRTE EHERTS otfettPeRIaBERD Se1qqEpE | Srom €y =C .

alkyl: cl-c4 alkyl substituted by hydroxy, anino, ca-boxy or i
halogen: cs-cs cycloalkvl; c1 c4 alkoxy; Cl-c alkylthio; amins;

_Cl-c4 alkylamino; di(c alkyl)am;no, halo; cl-c alkanoyiaming;

cl-c 4 alkancvlioxy: carboxy.

-C:-OC:;'_-C4 alkyl. hvd..axy, amidino;

guanidine:; t:ifluc*cmethyl, phenyl:; phenyl substituted by one, o
two or three anino, halo, hydroxyl, trifluorcmethyl, Cl-c4 alkyl \-.o"
or cl-c4 alkoxy groups, and heteroaryl or hete*oa.:alkyl in which
the heterc atom or atoms in the above-named heterocyclic mcieties
are sslected from the group consisting of l-4 oxygen, nitzogen

" or sulfur atoms and the alkyl moiety associated with said hetero-
aralkyl moiety has 1-6 carbon atoms; aad

gt

/20
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g
=
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[err] [err] Particularly preferred are .the conpounds wherein R is hydroge
and Ris [err] [err], preferably conpounds having the absol ute
configuration SR, 6S, SR --30 - Aparticularly preferred enbodi nent
the pregent invention conprises preparation of compounds wherein represeht,
a radical of the formula [err] R[err] in which R5, R6 and R7 are

| ndependently selected fromthe group consisting of hydrogen, Cl-C4 al k
C -C al koxy, G -C4 alkyl substituted by a hydroxy group, -Cl-C4 al kyl t hi
am no, carboxy and carbamoyl. Wthin this subclass, the preferred
conpounds are those wherein substituerit Ais -CH2CH2-, -CHCH2 - [err]

or [err] [err] and wherein ei ther (a) RL and R8 taken together
repriesent [err] - 29 ~

»

wherein R is cl-c‘ alkyl or phenyl, said radical being optionally
substituted on the carbon atom by a substituent selected from cl-c4
alkyl: cl-c4 alkyl substituted by hydzrexy:; amino, carboxy or halogen:.
CJ-CG cycloalkyl:; Cl-C¢ alkoxy; cl-c4 alkylthioc; amino:; cl-c4
alkylamine; di(cl-c4 alkyl) amino; Cl-c4 alkanoylamrmino: ca:bcxyf

-g-ocl-c‘ alkyl; hydroxy; amidino; guanidino; trifluoromecthyl:
phenyl, phenyl substituted by one, two or three amino, halo,

— hydroxyl, trifluoromethyl, C,-C, alkyl or C,-C, alkoxy groups;
and hetercaryl or heteroaralkyl in which the heters ateom or
atoms in the above-named haterocyclic moieties are selected
from the group consisting of 1l-4 oxygen, nitrogan or sulfur
atoms and the alkyl moiety associated with said hetercaralkyl

' moiety has l1-§ carbon atoms.

Within the above subclaés, the preferred compounds

. are those in which substituent A is. -CH,CH,-, -?HCBE'. o
p cx .
3
-csz$a- and wherein either (a) Rl and R taken together represent
o1 HOCH
3 2
\\c-
/
=
.\_/ X or (b) Rs is hydrogen and Rl represents hydrogen, CH,CH,-,
Sy e - T
”,CH- ¢ ’(,C- or cszca- .
C33 Cﬂs :

e is hyérogen

Particularly preferred are the compounds wherein R
and R! is o '
CH
CH3éE-, preferably compounds having the absolute -

cenfiguration SR, 6S, 8R.



‘[err] or (b) R8 is hydrogen—and Rl represents hydrogen, CH3CH2-, [err]

[err] Particularly preferred.are the conpounds wherein R8 is hydrogen and

R1 [err], preferably conpounds having the absolute configura- tion SR
-31 A nost preferred enbodi ment of the present invention c _

Rrepar ati on of conmpounds wherein represents a radical of the formula

err] in which R5, R6 and R7 are independently selected fromthe

ginsi sting of hydrogen, Cl-C4 al kyl, Cl-C4 al koxy, Cl-C4 al kyl

ted by a hydroxy group, Cl-C4 alkylthio and am no. Wthin this

sub s, the preferred conpounds are those wherein substituent Ais [err]

[err] or [err] [err] -3 - - [err] and wherein either

(a) R and R -taken together represent [err] o’

preferrad embcdiment of the srasens

d
invention comprises preparation o ccmpounds wherein

rspresents a radical of the formula .
’ 6

)
7
| —fN />5R{-—R7 o

. e w3 o8 7 f s s, s =
in which R7, R and R' are independsnily selectad fzsm the group
Roxy

_ consisting of hydrogen, C,-C, alkvl, C,-C, alkox
subst;tuted by & hycéroxy group, cl-c ‘alkxyvlchio, amino, cazbexy

and carbamoyl. Within this stbclass, the preferrad compounds are
those wheéeiféina substituent A is “&E -, mCEGE - S ‘or -CECE-
- . : i 1
o _ . CE CE.
. . L 1 8 _ o3 -
ané wherain either (a) R™ and R” taken “together rapresent W
KOCHZ
X
C=
&,
3
8 ., 1 : N .z povi -
or (b) R™ is hvérogen and represents hydrogen, C:3Chz-,
q&s CH ?H ?H _ .
: - . \ - ». e - e .- v
P , = or- CH ,CH . .
i, Gy
Particularly preferred aze the compounds whersin R8 is hydrocgen
and Rl is

CH ZH ' areferablv conoounds havi ng the absolute configura-
tion 5R, 6:, gRr. -



[err] or (b) R 8|s hydrogen and R1 represents hydrogen C3CH 2-, [err]
[err] Particularly preferred are the conpounds wherein R8 is hydrogen an
RL is [err], preferably conpounds having the absolute configuration SR 65
8R Anglher preferred enbodi ment of the present invention conprises
preparati on of conmpounds wherein [err] - 32 - represents a radical
the formula [err] Wthin this subclass, the preferred conpounds are thgse:
wherein substituent Ais - [err] and wherein either (a) Rl and R8 taken
together represent [err] [err] or (b) R8 is hydrogen and R represents
hydrogen, CH3CH 2-, [err] [err]

o - 31 -

A most preferred emdbodiment of the present iavention
comprises preparation of cempounds wherein '

-=O

represents a radical of the fo-mnla

R

in which n?, Rs and R7 are independently selected from the

group consisting of hydrogen, cl-c‘ alkyl, cl--c4 alkoxy, cl-c4
alkyl substituted by a hydroxy group, cl-c4 alkylthic and amine.
Within this subclass, the preferred compounds are those wherein

substituent A is -CH,CH.=, -fscsf T or -czzcs-
. - Lo 4 CE
\—/ 1 3s 3
: and wharein either (a) R™ and R taken together rep’esent
BOQEE
C=
P
s
or (b) Ra is hydrogen and Rl represents hydrogen, cs3ca
& (0):1 OH
_. -y | .
o CE~- ., . L ~C- or CH,CH- .
P _
S

Particularly preferred are the compounds wherein RB is hycérogen
and Rl is

Cﬂsz:-, preferably compounds having the absolute
configuration SR, 658, B8R. )

Another preferred embodiment of the present invention
comprises preparation of compounds wherein

be



the preferred conpounds are those wherein substituent

A CHCH2-, [err] [err] and wherein either (a) 1 . 8
3 Rl and R8 taken together represent - 33 - [err] [err] or (b) R is
hydrogen and Rl represents hydrogen, [err], [err] [err] [err]
- 32 =
o/
represants a racdical of the Zormula
2 s
._N1=:““SC33
/ (§§//N-C33 .
.l
Withi1 this subclass, =he prafsxred compounds are those wherein
subs veat & is -C?CH - -CHZCHZ- ’ . Or -CEZ?H-
. - G-i3- _ . C.-:3
and wheresin either {(a) Rl and Rg taksn togethar reprasent \_)
HOC:-!2 -
N
C=
&,
3 .
or (b) R8 is hydrcgen and Rl represents Hvd:oca 1, csac;

CH3 \é\\\ OH

”’ or CH3C3-

CHy 3 _ -
Par.:.cula:l prefaxred are the cempounds wherain ,.8 is -/
&yd:ogen and Rl is

(0]24 .
CH3CH4, preferably ccmpounds haviag the
absolite coniigurazion 3R, 6S, 8R.
Another preferred enbodiment of the p ent inventizsn -
comprises praparation of compounds wherein : : s
Q
—N

represents a pyridinium radical. Within this subclass, the

at

and Ra taken togecher represent

preferred compcunds are those wherein substituent A is -?HCHZ-.

- ' . : cH
i . 3
; -G CH,. -6::::> or -czzcs- and wherein either (a) -

C?3

articularly preferred are the conpounds wherein R8 is hydrogen and
grr] [err], preferably conpounds having the absolute configuration
S8R Anot her preferred enbodi mrent of the present invention conprises
on of conpounds wherein [err] represents a pyridiniumradical.

hi s subcl ass,



Particularly preferred are the conpounds wherein R8 is hydrogan and Rl is’
CH [err], preferably conpounds having the absolute configuration 5R 6S,.
SR. A nost preferred enbodi nent of the present invention conprises the
preparation of conpounds of the formula [err] ( R [err] [err]
wherein represents -34- Jerr] [err] [err] (7) [err] (9) [J[err] [err]
[err] (11) [err] [err] .

- 33 -
U,
Hoqﬁf
= /C=
CH,
or (b) Ra is hydrogen and Rl rapresents hydrogen, CHBCHZ-,
Cﬁa CH3 Ot CH
A ! .
ez u/c- . or  CH,CH-
c.=13 C..3
Particularly preferred are the compounds wherein Ra is nvérogan
S’ and = is '
C’

CH3 H-, praferably compounds haviang the absoluts

configuration 53R, 6S, 8R.

referred embodiment of the present invention

K}

A most p
comprises the preparacion ol compounds of the Sermula

: (R) /

8

2

i ) wherein

represents



cycl ohexyl group  -35- and R2 is hydrogen, an anionic charge or a
conveghtional readily renovabl e carboxyl protecting group, providing that
‘R 4§ .hydrogen or a protecting group, there is also present a counter

' pharmaceutically acceptable acid addition salts thereof. Another

pr gf ass of quaternized R14 substituents may be represented by the
gener a la [err] where R represents either (a) an optionally
substi tuthed jal i phatic, cycloaliphatic, cycloaliphatic-aliphatic, aryl,

ar al i heteroaryl, heteroaraliphatic, heterocyclyl or

het er -aliphatic radical or (b) a divalent phenylene or C1-C4

al kyl ene~group joined to the ring so as to forma bridged polycylic group.
Thus R16 nmay be sel ected from substituted and unsubstituted: al kyl, al kegy!
and al kynyl, having from 1-10 carbon -aténs; cycl oal kyl and cycl oal kyl al kyl , ,
having 3-6 carbon atons in the cycloalkyl ring and 1-6 carbon atons in the
al kyl noieties: phenyl; aral kyl, aral kenyl and aral kynyl wherein the aryl
noiety is phenyl and the aliphatic portion has 1-6 carbon

i . ——— e C33 .« —_— e e n

| | | . 7
(1) -c:-:z'czézen/ \> (2) -CI-IZCI-:fN N
- =/ t =/ cz,cz
' <3 - 4
e/ N\ . (4) ~CH,CE,°N |
(3) ~E,&E N /. i \_)—

H
4

~*3 ; v
N\ u ez 88 N - i
: _ | ' scz,
’ - ~ e / \ ~ 4 -l - e\./ \-
(1) -cE,c=, N@—_zcsz o ts) 52,55
JOC=, : \
7/
t9)  -~cE,cE,°N N oo ~ y
— i (o)
) o/
. o»
(1) -$£c5 N
o . — : - P N
L —-_%3' . .. : (12} CE,CET) =\
- .R or S Ziastexeoisoméss X V“CE3 .
- . NEZ ) /O .. s
- </ \5 . '
(13) . -eE,cE, N o= {14) ‘ o e
- | R,R or 5,8
NS diastereoisomers
at two assymmacsis
carbens os the =

Cyclchexyl grouwp

L]



wherein the hetero atom or atons inthe above-raned-hetero- cyclic noie
are selected fromthe group consisting of 1-4 oxygen, nitrogen or sulf
atonms and the al kyl noieties associated with said heterocyclic noietie
have 1-6 carbon atons; wherein the above-nanmed R16 radicals are option
substituted by 1-3 substituents independently selected from - 36-! - Co-
al kyl optionally substituted by am nos 3slsoro, chloro, carboxyl, hydroxy or
carbanoyl ; fluoro, chloro or brono; -OR3 3 -[err] -[err] -[err] -[err]
-[err] -[err] [err] [err] -[err] ‘
; and Rz is hydrogen, an anicnic charge or a convenzicnal readily
~ removakle carboxyl protecting gzocup, providing thas when R: is

hyérogen or a pretecting group, there is alsc present a ccunces

anion, and pharmaceutic;lly acceptable acid addition salts theres:,

Another preferre¢ class of quaternized 314 substituents
may be represented by the general fermula

R
)
Yoy

o where R16 represents either (a) an optionally substituted
aliphatic, cycloaliphatic, cycloaliphatic-aliphatic,
aryl, araliphatic, heteroaryl, hetercaraliphatic,
heterocyclyl or heterocyclyl-aliphatic radical or (b)

a divalent phenylene or Cl-C4 aikylene group joined
to the -

o/

rigg SO0 as to form a bridged polycylic group. Thus
R may be selected from substituted

and unsubstituted: alkyl, alkenyl and alkynyl, having from 1-10

carbon atems; cycloalkyl and cycloalkylalkyl, having 3-6 cacbon

atoms in the cyclealkyl ring and l1-6 cazhon atoms ia the alkyl
U moieties; phenyl: aralkyl, aralkeayl ané aralkynyl wherein the
aryl moiety is phenyl and the aliphatic portion Has 1-6 carbon
atoms; heterocaryl, heteroaralkyl, heterocyclyl and heterocyclyl-
alkyl wherein the hetero atom or atams in the above-rnamed hetero-
cyclic moieties are selected from the group consisting of 1-4¢
: oxygen, nitrogen or sulfur atoms and the alkyl moieties associaczad:
with said heterocyclic moieties have l-6 carbon atoms; wherein
the above-named RIS radicals are-optionally substituted by 1-3
substituents independently selected Srom:



r”rr] -[err] [err] [err] [errl -[err] -[err] phenyl op tionally '
substituted by 1-3 fluoro, chloro, brono, Cl-C6 alkyl, -OR3, -NR3R4 , -so

3R - - CONR3R4 ,whherein R3, R4 and RO in such: R16 substituents are
as: dg above; 37 or R16 may represent a dival ent phenvliene or C -C4
al ky oup joined to the [err] ring so as to forma bridged polycyclic
gro err] represents a substituted-.or unsubstitiuted nono-, bi- or

g non-aromati ¢ (which nmay be fuséd to another aromatic or non-

ar onmat ng) heterocyclic radical contgntng at |east one nitrogen in the
ring and attached to A through a ring nitrogen, thereby formng a

quat ernary ammoni um group. The heterocyclic radical

C,=C¢ alxyl opticnally substitused Ty amino,
£luoroe, chlozs, cashbexyl, hydrexy c- carbanmcvl;
£lvore, chileoxo or bromos;

-aad ;

. 3 .
-OCOZR ?

-0CoR® ;

[}
a
2
1)
w

)

g.

g
'

S =-NR COZB

e s -

U
ﬁm
w
0

(N
o
o
~o

-~COL,R" ; .

—conrzt

- =CN; or : _
phenyl cptionally substituted by 1-3 fluero, -
chlozo, bremo, cl-cs alkyl,'-oa3, -NR?R‘, N
-so3.3, -co,_l:" or -CoNR’RY, wherein 23, i ane”
R in such 6st.:':as1-.:|'.1:me-. nts are’as delfined adbove;




may be saturated or unsaturated {with 1-2 doubl e bonds) and may contain up
to two additional hetero atons in addition to the quaternary nitrogen, such
additional hetero atons being selected fromO S(Om N NR15 or NR17
R18 whefgin mis 0, 1 or 2, R15 i s hydrogen, opiionally substituted Cl
-06 al kyl or optionally substitut phenyl and R17 and R18 are each ..
i ndependently optionally substituted Cl1-C6 al kyl or optjonally substitute
phenyl. In a preferred enbodinent [err] represents a non-aromatic 4*7
menbered, preferably 5- or 6- menbered, N-<ctditai ning heterocyclic ring.
contai ning Q2 double bonds and 0-2 additional heterc-atons selected from
O s(Om N NR15 O NR17R18 wherein mis O 1 or 2, R is hydrogen, Cl-C6
al kyseptional | y subsdd &lé e.gvby,,l.;’,.subs.t vb Ut §h4-.mie,p£meat.l Y &®ke&deed from
-OR3, -NR3R4, - CO2R3,.o0% %oiRPEMS end | UOTO, chloro, brono, = SO3R3 and - CONR3
R4 or phenyl optiona Iy substltut ed by 1-3 su I tuents i ndependently
selected from C1C6 al kyl, -OR3, -NR3R4 flugr chl oro, brono, -SGBR4 ,
“@2OR and -CONR3 R4 and R 17 and R18 are=kach I ndependent|y C1-C6 al kyl
optionally substituted by 1-2 substituents i endently selected from

-OR3, -NR3R4, -Co2 X h fd He{dkeaCidy ihr p a03R3 and
R o Bhem] R3m9 £ a8 &¥orn dyeaC19ER:11RT OftRp 2

___n

zepresents 2 substituted or unsubsti uted mono-, bi- or polvevelic
N’ ‘non-arcmatic (which may be fused to another aromatic or ncn-
aromatic ring) heterocyclic radical containing at least one nitrogex
in the ring and attached to A through a ring nitrogen, therebdy
£o:ming a quaternacy ammonium group. The heterocyclic radical
may be saturated or unsaturated (with 1-2 double bonds) and may
contain up to two additional heterc atoms in addition to the
guaternary nit:cgen, such additional hetero atoms being selected
2rem 0, S(0)_, N, NR'% .or MR}2® wherein'm is 0, 1 or 2, &% is
U hydrogen, opi%onallylgubst;tu ted C;~C, alkyl or optiocnally substitut
' phenyl and R and R™" are each independently optionally substitused
€,~C, alkyl or cpticnally substituted phenyl.

In a preferred embodiment

:earesents a non-a:amatic 4~7 membered, preferably $- or 6-

membe:ed, N—conta;ning hetezocyclic ring containing Q-2 doubls

bonds and 0-2 additional heterc-atcms selected from O, S(0)

W25 or wal7r!® wherein m is 0, ler 2, RS is hydrogen, C, cs alky

optionally substituted by 1-2 substituents independently selectad

) ) grem -0R°, -¥rir¢, -CDZRS, oxo, phenyl, fluore, chloro, brome,

. ' ' - -50333 and -coun’a‘ or phenyl optionally substituted by 1-3
substituents independently selected from cl-C5 alkyl, -033, *'13R4
fluoro, chloro, bromo, -S0,%, -c0,R% and -conra® aad a7 an¢ 2*°

are each independently cl-c alkyl optionally substituted by

I

1-2 substituents independantly selectzad ::cﬁ -013, ha3 4. -Co RE
cxzo, shenyl, flucro, chloare, hrome, -SO3R ané -CO\i334 > she



optionally 'substituted by 1-3 -substituents independently selected from
+ -OR3,. --NRa4, fluoro, chloro, brono, -SBR3, -CO 2 and -CONR
and R4 in such heterocyclic NR 15 or NR17R18 groups are as
in connectior with the R 16 substituent. In such preferred
[err] ring may be optionally substituted by 1-3 substituents
selected from(a) Cl1-C6 alkyl optionally substituted by. 1-2
71 ndependntly selected fromfluorb, chloro, brono, -OR3 -CcoR3
0x0; -NR3R4, -NR3 COR4 - NR3BCONR3R4, -MR3 so02R4, -SR3  -so03R3,
1 -CONR3R4; (b) C2,-C6 al_kggny_l optional |y substituted by 1-2
substituents independently selected from fluoro, chlogro, broo, -OR3 [err]-
-[err] (C [err] alkynyl optionally substituted by 1-2 substituents o/
i ndependent | y spek6sd1a¢ fuseiddsdarsy, 16hisapst: coennd inddpenddnelf eralpcadeerr] (d)..
[err] cycl oal kglogOPlicOnghl Y, SIsR3] idPet Byucke? &itbss) bueRd S -saeependent | y
sel ected from fJ ugeh, gc-gogﬁ‘k“,bﬁﬂglg.n'speiﬁl A 8f Toher [1SkEdockBlie NS o=
- 0

3 n
cycloal kyl al ky!lalﬁgw r;-oups a.gearagogleﬁne a.bloge t*'.:xecccz&%lcgz‘:’gnkxit.‘z the P.ls ' *

substituent. In such preferred embodiment the

Yo

ring may be optionally substituted by 1-3 substituents independently
selected from '

(a) ¢€,-C. alkyl optionally substituted by l-2 substituents
independently selected from fluozo, chlors, breme, -OR’,
~ocor?, -ocowr3r?, cxo; -wa3ar!, -walcozt, -walcows®zt,
~ua’so,nt, -sa?, -so,r?, -co,x? ana -cavr’ity

{b) t:z-_cs alkenyl coptionally substituted by_ 1-2 substituents
independently selected frem fluore, chloro, brome, -O%°,
-ocor?, -ocawr’x?, oxo, -wR’r, -walcor!, -wnlconz®zf, 3
-NR’so,!, -s8%, -50,8%, -co,2® ana -cona’z!; /

. (e) C€,-C¢ alkynyl cpti_dxiany substituted by 1-2 substituents

. independently selected from fluers, chlore, bromo, -0R,
-ocor®, -oconr3rt, axo, -na’rt, -wmicort, -walcowz3a!,
-u=’s0,%, -sr?, -s0,2%, -co,x® ana -cawx’z’; .

(a) Cy-C¢ cycloalkyl opticnally substituted by 1-2 substituents
independently selected from fluero, chloro, breme, -01’.3 '

-ocor®, ~oconr3a?, oxo, -wrdr*, -wricont, -mricowaiat, u

-wr¥s0,2%, -sa%, -s0,8%, -co,x® ana -conr’a!;

(e) cycloalkylalkyl having 3-6 carbon atoms in the cyeloalkyl
zing and 1-6 carbon atoms in the alkyl moiety, opticmally
substituted by 1-2 substituents independently selected fronm

‘€luere, chlers, brome, =GRS, -0COR®, -OCONR'RY, oxe, -Na’r%,
-NR3coxt, -wadconzrt, -¥’s0,8%, -s2*, -s0,2?, -c0,3% ana
~-conz’z?; | o ' ®

ve e e Eiagemtan G m e aq weme—e om abmimibus s



ring and 1-6 carbon atons in the alkyl nmoiety, optionally substituted by

1-2 substituents independently selected fromfluoro, chloro, brono, -J[err]

[err] and [err] -[err] - 39 - (f) hat ar oaryl wherein the hetero.

atomor atons are selected fromthe group consisting of 1-4 oxygen,"

ni trogef™or sulfur atoms, optionally substituted by 1-2 substituents?

I ndependently selected fromfluoro, chloro, brono, -[err] -[err] -[err]

and -[err]; preferred heteroaryl radicals are 5- or 6-nmenbered aronati c}

hetero- cyclic rings; (g) heteroaral kyl wherein the hetero atomor ato

are selected fromthe group consisting of 1-4 oxygen, nitrogen or sulfu

atons and the al kyl noiety has 1-6 carbon-abso#rs, optionally substituted

1- 2 ‘substituents independently selected fromfluoro, chloro, brono, -[err]

-[err] -[err] and -[err]; preferred heteroaral kyl are those

. (£} hetercarsyl wherein the hetero.atom or atoms are selected
rom the group consisting of l-4 oxygen, nitzogen ox

: sulfur atoms, coptionally substituted by l1l-2 substituents

independently selected from fluore, chlezo, bremo, -OR3,

-ocor?, -oconzz?, oxo, =nair%, -Nadcon?; -nziconzia!,

- -Na?sozn4, -s3°, -50333,'-coza3 and -coNa’RY; preferred
hetezoaryl =adicals aze S5- or f-membered aromatic heterc-
cyeclia :iags:

{g) hetercaralkyl-wherein the hetero atom or atoms are selected
o’ T from the group consisting of l-4 oxygen, nitrogen or sulits’
atoms and the alkyl moiety has l-6 carbon atoms, optionall

_substituted by 1l-2 substituents independexntly selected frcx:

fluoro, chloro, bromo, -OR3, —ocoa3, -Oc083324, axo,
34 3 4 3 3_4 3 4 3 3

=NR"R ', =NRCOR , ~NR"CONR"R , =NR ;OzR » =SSR, -sosz :

-C0233 ané -coNa’a?!; presezzea hetercaraikyl are those

in which the hetearcaryl zadical is a 5- o 6-merbezed

arcmatic heterocyclic ring and the 2lkyl moiety has

1~2 carbon atoms; )

(k) heterocyclyl wherein the hetero atcm -Or atoms are selected
from the group consisting of 1-4 oxygen, ni::ogen or
sulfur atoms, opticnally substituted by 1l-2 substituencs

) independently selectad from fluoro, chloro, brens, -033,
‘ -ocor’, -ocanr’z*, oxo, -w*r%, -wacort, -wmlconz’zt, -
— ©. . -wr’soprt, -sa?, -so,r?, -co,} ang -conr’at; preferred
heterocyclyl are 5~ or 6-membered saturated or unsaturated
rings; . ) .
(i) heterocyclylalkyl wherein the hetero atem or -atoms ave °
) ’ _ selected from thé gzoup consisting of 1-4 coxygen, nitrogen
: or sulfur atoms and the alkyl moiety has 1-6 carbon atoms,
opticnally substituted by 1-2 substituents .independently

. selected from fluore, chlozre, bromo, -033, -océa’, -OCQN3334,
k| k] = .
exe, -NR°RY, -NR;C234, -na conrizrt, -NR’s0,r¢, -s&?, -se,3°,

-coza anéd ~CONR"R ; prelerred hetezocvelvlalkyl are those
in which the heterocyclyl moiety is a 5~ or §-memdered
saturated or unsaturated riag;



inwhich the heteroaryl radical is a 5- or 6- nenbered aronatlc het er ocyclic’
ring and the al kyl noiety has 1-2 carbon atonms; (h) hete:ocyclyl wherein

the hetgha atom -or atons are sel ected from the group consisting of 1-4
oxyge rogen or sulfur atons, optionally substituted by 1-2

substi i ndependent |y selected fromfluoro, chloro, brono, -OR3,
-[err] ey] and -[err]; preferred heterocyclyl are 5- or 6-nenbered

sat ur'a of unsaturated rings; (i) heterocyclylal kyl wherein the hetero
atom o

ons are selected fromthe group consisting of 1-4 oxygen,

ni trogex sul fur atons and the al kyl noiety has 1-6 carbon atons,
optionally substituted by 1-2, substituents independently selected from
fluoro, chloro, brono, -[err] oxo, -[err] -[err] and -[err]; preferred \J
heterocycl yl al kyl are those in which the “heterocyclyl nDiety is a5- or

6- menbered saturated or unsaturated rlng, -40- (j) fluoro, chloro or
br ono;
(§) £luozo, chlore o krcmo; .
(x) =-OR® ;
(1) -0c0,2’ ; -
(=) --O_t:c?,.3 ;
(n)_--oconz3z* ; X
(o) —050233 :
(p) oxo 3
o ) . . .
{g) -NXR"R ; . u
(z)  R3conNré-;
_ sy -wRPco,Rt )
() -wricowx’n?t ;
(w) -NR3s0,2t ;
v sz,
().. - 9
-S=2" : -
(x) 0 © o/
- K2 9 "
5%
(9) =80, :
(£) -coz.3 ;
(2a) -CONWR" R‘ ;
(bb) -C¥; or
(cc) phenvl cpticnally substituted by 1-3 Zluore, chleoso, bIc=o, -
A i 3,4 3 3 . 3.4 W
C.~C, alkxvl, -OR”, =-NR"R’, =S$0.,3%", =CO,R™ or -CONR"R . .
1l 78 b 3 2°
The 33-,'. ’:-14 a=nd 39 subs~ituensts meniticned adove arz as deiined iz
connecticn with sumstibfuent Rl.

I . The ' ‘ .
1 . .
E ' - —NeO i

Nd



(k) -[err] (1) [err] (m -[err]; (n) -[err] ; (o) [efr] (p)
[err] (a) ~-[err] (r) [ferr] (s) "-[err] (t) ~-[err] (u) -[err] (v)
-[err] (w [err] (x) [err] (y) -[err] (2) [err] (aa) -[err] (bh
-[err] or (cc) phenyl optionally substituted by 1-3 fluoro, chloro, bro
[err] The [err] and [err] substituents nentioned above are as défine

connection with substituent [err]. The [err]

rinc 25 cefined above is a non-aromatic heterocycls group.

i

Thiﬂ Ting, however, may be fused o another ring which may be
a saturated or unsaturated caxbocyclic xing, o= 1
ca:éocyclic zing, & phenyl ring, a 4-7 maxbered hessrocyclic
(sazurated or unsaturated) r aining 1l-3 hacter
selscted from O, N, 5(0),, ¥NR""-0

heteroaromatic ring containing 1l e
-/ 8, 15 oz w'7R'® in which @, 3%, R

apove.

seleckad Q, S(o)ml
are as defined

16 14

" The R*° substituen:t of the non-aromatic R radical
may be either (2) an cptionally substituted C,-Cs alkyl, C,-Cy,
alkényl, cz-c.,_0 2lkyavl, C3-C5'cycloalkyl, c3-C5 cycloalkyl~
cl-_cs al:;yl. shenyl, ','sl'xe::\__rl-c:l-c6 alkyl, ;:—:e::;v'l-cz--:'s 'a}:<anl,

) '=ai'xe:~.yl-l‘:2-c6 alkynyl, hetercazyl, hete:oar;’.kyl in which %he
alkyl moiety has 1-6 carben atoms, heterocyclyl or hatero- -
_eyclylalkxyl in which the alkyl moiety has l-6 carbea atoms cr (b)

2 divalent -pheaylene oxr Cl-c4 alkylene group ;oinec to the



-41- ring as defined above is a non-aromatic heterocycle group. This ring,
however, nmay fused to arother ring which may be a saturated or
cyclic ring, preferably a [err] carbocyclic ring, a phenyl
ered heterocyclic (saturated or unsaturated) ring
‘ ) etero atons selected from [err] or [err] or a 5-6
menbgyegd. niet erdaromatic ring containing 1-3 hetero atons selected [err]
- f]or [err] in which [err] and [err] are as defined above. The
[err] {sp#MFtituent of the non-aromati ¢ ®84 radical nay be either (a) an
optionally substituted Cl1-C6 al ky, C2-Cl10 al kenyl, C2-Cl1C al kynyl, C3-C6
cycl oal kyl, C3-C «cycloal kyl- C1-C6 al kyl, phenyl, phenyl-CC6 al kyl, phenyl
-C2-C6 al keny] rigghenyds €2- fGmak ksrnyted eiepedfeyelihateenaead kyl in whi ol
the al kyl noi et yuitigliafheCadigl Fh@NBeceREh 1064 E hiteRaEbE A anCyL! ¥l al kyl |
in which the al kx-.lemi.-atmh%;e&ugﬁéw PBord-, (- 8r LoYflyeil . Phenyl ene
or Cl-C4 alkyl eggoag.rtgggxeltgi'onc%gllco gtrot?p %zra{ ining 1-4 O, N or § atoms;
preferred are 5- or 6-membered heterocyclic rings such as
thienyl, fuxyl, thiadiazolyl, oxadiazolyl, t=iazolyl, isothiazolyl,
thiazolyl, imicdazolyl, isoxazolyl, tetrazalyl, oxazolyvl, pyvridvl,
pPyrazinyl, pyTimidinyl, pyridazinyl, pyrzrolyl and pvrazolyl. The
heterzocyclyl (or heterocyclyl pertion of hetezocyclylalkyl) sub-
stituent may be a mono-, bi- or polycyclic saturated or uasasu-
rated non-arcmatic heterocyclie group containing l-4 0, N or S
atcns; preferczed are S5- or 6-membered heterocyclic rings such as \/
morpholinyl, piperazinyl, piperidyl, pyrazolinvl, gyrazolidinyl,.
imidazolinyl, imidazolidinyl, py::olinyl and pyrrolidinyl.

_ In the case wheze the RY® gungtituent is an alxyl,
alkezyl, alkyayl, cycloalkyl, cycloalkylalkyl, phenmyl,. shenyi~ -
alkrl, ph_u:yla.lk_eayl, phenvlaliynyl, hete:’éa_:yl,._ hetercaraliyvl,
heti:acyclyl or _he‘.:e:ccyel:ylalkyl gToup, such groups may be
opticnally substituted by l-3 substituents independently ) . .
selected from: _ . ' o/
(a) cl-'cs alkyl c;tibua.lly substituted by, preferably 1-3,
. anino, fluezo, chlerc, caxboxyl, hydésoxy ¢z casbanmcyl

groups;
-{d) <£luerec, chlore or brome;
(e) -033 : .
(&) -oco,r’ ; ' ' -
(e) -ocoz® ; ’ . o
() -ocowz’zt ; )

(5) -0S0,%° ;

{(h) ~oxo :
3.4

. (1) -2zt ; ' - : -
: (37 Pcowrt- ;"
tx) -NRco.z? ;.

2R, 3 ' ' - .
(1) -sxconzal ;



v f

- 42 ~—ring so as to forma bridged ring pclycyclic group, e.g. a

qui nuclidine group. The heteroaryl~ (or heteroaryl portion of :

het er oar al kyl ) substituent may be a nono-, bi- or polycyclic aronmatic
heterocyglic group containing 1-4 0, Nor S atons; preferred are-5- or
6- menbered heterocyclic rings such as thienyl, furyl, thiadiazolyl,
oxadi azolyl, triazolyl, isothiazolyl, thiazolyl, imdazolyl, isoxazolyl \

tetrazolyl, oxazolyl, pyridyl, pyrazinyl, py?iﬁidinyl, pyri dazi nyl, £
pyrrolyl and pyrazolyl. The heterocyclyl (or heterocyclyl portion of
het er ocycl yl al kyl) sy_b- §§£$s%egt may be a nmono-, bi- or polycyclic
saturated or unsatu- Tated {i0R~ar'omati ¢ heterocyclic group containing 1-4
0, Neor S a-tons; prE¥er7®¥ dre 5- or 6-nenbered heterocyclic rings such as
mar phol i nyl, pi perazi{elyl ~S@&°peri dyl, pyrazolinyl, pyrazolidinyl,

I m dazol i nyl, im dazedy d-i-'sgia,’ pyrrolinyt -and pyrrolidinyl. In the case
where the R16 substi gdf,enjr.sbsa%rg al kyl, al kenyl, al kynyl, cycl oal ky|,

cycl oal kyl al kyl , pheg*l,_ggﬁpyL- al kyl , phenyl al kenyl , phenyl al kynyl ,

het eroaryl | hateroaral’kyl, #et érocyclyl or heterocyclylal kyl ‘group, such
groups may be opﬂ(nnéﬂy—sau&mﬂtned by 1-3 substituents independently
selected from (a) ity Ceegl kW= optionally substituted by, preferably 1-3,
anmo, fluoro, chlore,, cagRaXyles. ydh o Yeumat: GALEBANPYL: WBYRSTueLR 1ol Uor o,
.Chl oro or bromo; &ependently selectzed fzom fluore, chlero, bzome, C,-C.

alxyl, -or®, -n3°a‘, -so,%%, -co,2° or -cowa’at, wherein,

relative to the above-named R16
33 m:‘..R‘ are independently selected from hydsogen; alkvl,
alkenyl and alkyzyl, haviag 1-10 carbon atoms; cyclo-
alkyl, cycloalkylalkyl and alkylcyecloalkyl, having
3-6 cazbon atoms in the cycloalkyl ring and 1-6 cazhen
atoms in the alkyl moieties: phenyl; azalkyl, aralkeavl

S e e s . and aralkynyl-whesein the-aryl moiecy ‘is phenyl and ‘;he_
aliphatic portion has 1-6 casbon atoms; ané hetezcasyl,
heteroaralkyl, hetesocyclyl .and heterccyclylalkyl whesein
<he hetesocaryl and heterocyeclyl gooup o= portion ef a
gzoup is as defined adbove foz 26 and the alkyl moieties
associated with said heterocyclic moieties have 1-§8

cazben atams; o 33 and R‘ taken together with the nistcogex

substituents, the groups

to which at least cne is attached may fozs a 5- o
§-menbered nitrogen-ceoataining heterocyclic (as defized
' ; i abeove for 35) ziag;” and 2° is 2s Gefined avove for 33
— - except that it may not be hyd-ogen. A most prefessed R
substituent is cl-cs alkyl, especially methyl. )
In the case whers RS j5 a aivalent phenylene oz €,-C¢
alkvlane group,. such group is bonded to another atam of the

zing sc as to form a bridged palycyclic ring, e.g. a2 guaternized
guiauclidine ring of the formula

G

18

L7)



(o

-[érr];

(d) -[err] (&) -[err]: (f) -[err]; (g) -[err] (h) -oxo; -

(i) -lTerr] (1) -Terr] (k) -[err] (1) -[err] -~ -43- (m  [err] (p)

-[err]

)

-[err] (s) ~-[err]; (t) ~-[err] ; or (u) phenyl optionally

sub#tit(ited by 1-3 substituents in dependently selected fromfluoro,

chlorae,
“wher el

nmo, Cl-C6 alkyl, -OR3., -NR3 R4, -SOBR3, -CO2R3 or - CONR3R4,
ative to the above-naned R16 substituents, the groups R3 and
ependent |y sel ected from hydrogen; al kyl, ‘al kenyl and al kynyl,
carbon atons; cyclo-

- 44 - .
o/
'A particularly preferred embodiment of the present
invention comprises preparation of compounds of Formula I wherein

represents

‘o : o _ . , J u

wherein ¥ is hyérogen, Cl-c6 alkyl, "hydroxy, -scl-cs alkyl,
carboxyl, carbamoyl, chloroc, bromo, ibdo; £luoro or phenyl.
Within this subclass, the preferred compounds are those

| 4




al kyl . cycl oal kyl at ky1l and al kyl.cycl oi ¢l kyl, having 3-6 carbon atons in the < -
cycloal kyl ring and | -6 carbon atom in the al kyl noieties; phenyl;
aral kyl, aral kenyl and aral kynyl wherein the aryl -noiety is phenyl and t}e

al i phatic portion has 1-6 carbon atons; and heteroaryl, hateroaralkyl, N
heterocyclyl and heterocyclyl al kyl wherein the heteroaryl and heter ocyc ?)l

group or portion of a group is as defined above for R16 and the alky/
noi eties associated with said heterocyclic npieties have 1-6 carbon’ ato
or R3 and R4 taken together with the mtrob’en to which at |east one’is
attached may forma 5- or 6- menber ed nitrogen- cont ai ning heterocyclic (as
defi ned above for RS‘)‘: ngia a?d 1s as defi above for R3 except that
it ray not be hydrogen *R oS r e 2rred’ RL6 |t'ué'r?tz, 3 -C6 al kyI
especially nmethyl. In the case Wiare R16 is a al ent pt | ene or Cl-C6

al kyl ene group,. suchtSFebam iPs"HeRdRds: - a?u?Fhé'r DIFS FESELTHY [BPPE T Mt S

as to forma bridgedispelysIasFi c-dH,M8,CH-¢ -qczw-ate.rn' Ui Racicegeae ring
of_the fornula  -44- A particularly prefeuaged enbodi of the &resent

and mos: p:e..e:’_‘:ly those in which A is -C,CE,-, ané -he-e-n eithes
l

{a) R" and 2% taken togethes :ep'esent
: 80@2
C=
-
\w oz (®) R is hyd.cgen and R" -ep—esen.s hydzogesn, S35,

"% [ L

/ - . ,c- °: asa- .
.S 3

Pasticalacly prefeszed acve the ampm.nes w‘a.e-e:.- .’.8 is
hydrogen and 2t is _ . . - :

(N
o)-4
335‘ . F)
especially .compounds having the absglute coaf:.c'.:a‘"c-
SR, §S, 8R. L C .
N\ ' A still more preferred embodiment of the present

invention comprises preparation of compounds of Formula I wherein

,’{-s

sepresents

cu -

. 3 . -3
= Y D VAN
—— \
: ‘ o ' \_/ '



i nvention conprises preparati on of ‘conpounds ‘of Fornmula | wherein [err]
represents. [err] [err] wherein Y is hydrogen, Cl1-C6 al kyl, hydroxy, -SC C6
alkyr. car boxyl , carbanoyl, chloro, brono, iodo; fluoro or-phenyl. Wthin
| ass, the preferred conpounds are those -45- wherein Ais

[err] -[err] or 3 .
\dh which nis 2, 3 or 4, nore preferably those in which A S
rr] [err] - CH3 and nost preferably those

-CH2 CH2-, and mhereln either (a) RL and R8 taken together
r] [err] or (b) R8 i's hydgogen and R represents hydrogen,
rr] [err] Particularly preferred are the conpounds wherein R8

cn ce. I\ E Cx., ™\ cH
;ﬁi S=0 , ;Si Necz, - ‘i
5 N 7 - TEYN / A\ /\\cz-:3

c—izée‘ :  , c.“.\-jNg 'NH.. oz _9. ?
N N/

Wishina this ::e-e*:ed subclass, the preferrad compounds ars those

whnre".n Ais -‘E =SC I . =CH (iE T er
cH, | ; > cH, W/

-((:!-:2 a” in which A is 2, 3 or 4, more preferably thosa in which

A is -CH,CHp~, - N or -CE,Cx- , and
o . S - CHy

‘most a:e:e:ab’y those ia which

A
{a) &t ané R° taken ‘together rspzesent T _'. R

EOCEZ\
- . C= \J
, ~
_ B
or (b) Rs is hvérogcen and Rl reprasents hvércgen, SE4%2,7y
= : ’ .. o=
3. - \é . _ o
CH- ’ - or CE,CE~- .
e 7~ 3 -
Pasticularly prefexzzed aze the cempewnds whereiz Rs is \’
hyésogen aad Rl is
o
: G-:zc.'-:-i . @specially ccmpounds

having the a2bsolute configurasion SR, §S, 8R.
A still more preferzed emdodinment ¢f the present invenszic:
comprises preparation of compounds oI Tormula I wharein .



hydrogen and Rl is [efr] especially conmpounds having the'ébsblte

configuration 5R, 6S, 8R A still nore preferred enbodi-nent of the presen

i nvention conprises preparation of conpounds of Fornmula |I wherein

represents [err] -46- [err] Wthin this preferred subclass, the /“
preferred conmpounds are those [err] [err] [err] or -[err] [err] [err] t

preferably those in which Ais -CH2CH2-, and wherein either (a) Rl and

t aken toget her represent [err] or (b) R8 i s hydrogen and Rl reépresents

hydr ogen [err] [err] Particularly preferred are the conpounds wherein R6
i's .

- 47 -
Tepresents
VAR
o - in which ¥ is hyd=ogen, cl-cs alkyl, hydsoxy, =5-C,=C. alkyl,
carboxyl, carthamcyl, chlozs, bromeo, icdo, Zlucro or phenvl,
Within this prefezzed subclass, the preferred compounds aze
those wherein A is ~(GE,) s in which 2 is 2, 3 o= 4, most
'p:efe:ably those in which A is -C2,G,- and wherein either
- {a) al and Rs taken together represeat .
EocE ’
. : &\b‘
o= (b) Rs is hydrogen and.Rl -ep-esents.byd:ogea, CESCE -,
OH _
N - N -
/CE- ' C- or ESC‘E- -
—/ =0 cz,
" particulacly preferzed ate the compounds wherein R° is byésogen
a=d a? is -
7=
@3@-, - <" )

" especially compoufds: having the absolute configuration 5R, 65,
8R. o



" =

hydrogen and R1 iS [err] [err] , especially canpounds having the absolute -
configuration 5R, 6S, 8R A still nore preferred enbodi nent of the present
invention conprises preparaion of compounds of Fornula | wherein - 47 -
represent s which Y is hydogen, Cl1-C6 al kyl, hydroxy, -5-Cl-C6 al kyl,

car boxyl , panoyl , chloro, brono, iodo, quoro or phenyl. Wtin thIS
preferred|sUp¢l ass, the preferred conpounds are those wherein A.is -(CH2)n
i n which Qiy-2 3 or 4 nost preferably those in which Ais -[err] and
wher ei n ei {Her (a) R1 and R8 taken together represent [err] [err]
or (b) R8"is-hydrogen and Rl represents hydrogen, [err] [err] .

or [err] [err] - [err] [err]
[err] Paticulaly preferred are the conpousds wherein R8 is hydrogen o’

A mos:t preferzed embodixment ¢f the present inventien
comprises preparation of compounds of Formula I whezein

alé
O

Tepresenats
csg,@
Within this preferred subclass, the crefeczed compounds aze
" shese wheTein A is -(Csz)s in whieh n is 2, 3 or 4, mos:
seferably those in which a is -G, and wherein either ,
(a) 2t and 2% taken together represemt o ) N
BOCE ' )
LN
. )s
=y
o= (b) Ra is hydrogen and Rl Tepresents hyérsogen, GBEZ"
csq\ c=5 §E o e
/CE" ’ . /C- oz aaa- .
Gs CB3
Particularly preferced are the compounds whezel n Rs is hyd=ogesz
and RJ' is <|:a
’ . asﬁ-

especially compeunds having the absclute cc::f:.c-.::a:;cn 3R, es, *
i ER.
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and Rl is [err] especially conpounds: having the"-absel ute configuration
SR, 6S, 8R -48- A nost preferred enbodinent of the present invention
conprises preparation of conpounds of Formula | whe:ein represents [err]
Wthin this preferred subclass, the preferred conpounds are those wherein
is [err] in which nis 2, 3 or 4, nost preferrably those in which Ais
-[err] and wherein either (a) R and R8 taken together represent [err]
(b) R8 is hydrogen and Rl represents hydrogen, [err] [err]. - [err]
[err] [err] [err] [err] [err] Particularly preferred are the
conpounds mhereln R8 is hydrogen and Rl is

N - 49 -

A most prefarred embodiment of the present
iavention comprises preparation of the compounds of the
formula

gs
s-czzcsz‘w

T coor?

wherein -_\e_N represents _eg

¥

B

3 . _ cE, Gy~
\ / ¥ , %‘ ) \ g —y . SV
N \_/ N/

_ , (both e- arid 8-
dieste:eoi.some:s)

— ; qﬁi/-_ﬂ\e 3
\ oz \_/<‘=5

and R” is hyd-ogen, an anionic chazge or a conventional readily '
removable cazboxyl prosecting group, providing that when az is
hydrogen oT a protecting group, +here is also p:esen.‘.: a counter
ion, and pharmaceutically acceptable acid addition salts thereo:.
It will be appreciated that ceztain producss within
the scope of formulz I may be formed as opiical isomers as well
2s epimeric mixtures thereof. £ is intended that the present
invention include within its scope all s1.c. optical iscmess and
epimeric mixtures. 7oz exr:.:le..when the §-substituent

is hydroxyethyl, such subs:i:ue.... =2y be in either the R c=-8

configurasion and the =esuliing isomers as well as e'.:."m--c
mixtures thereol ac-e encoxpassed by the present inventien,



speci al ly conpounds havi ng the absolute configuration 5R 6S, 8R
Qpst preferred enbodi nent of the present invention conprises
prepar &t ivon of the conpounds of the fornula [err] [err] wherein [err]

&Nt g [err] [err] (both [err]- and [err]- diastereoisoners) [err]
] and R2 is hydrogen, an anionic charge or a conventional readily
¢ car boxyl protecting group, providing that when a2 is hydrogen or
a proteCting group, there is also present a counter.ion, and '
pharmaceutically acceptabl e acid addi Ti*8n"salts thereof. It will be
appreciated that certain products within the scope of formula | may be
forned as optical i songhe Scods pL the present invenszion uiilizss the

the 2l

Lntermediata oo

/ YT coor?

| : v

which has been disclosed, for examgple, in Zuxcpean 2atanc

Application 33,363 and which may be preparad by =ha seneral

methods described therein. L raprasents a conventional leaving

group (defined as "X" in Zuropean Patsnt Applicatica 32,2593)

such as chloro, bromo, :odo, benzenssulfonylox slisne- \_)

sulfonyloxy, p-nitrobenzenesulfonyloxy, methanes:ifcnylexy,
trifluoromethanesulcnyloxy, dishenoxvphosphinvioxy o= &i{er

Y E; i-
chloroethoxy)shosphinyloxy. The prelerrad leaving group is
diphenoxypnosphinyloxy. Intermediates of Formuia IV ars
generally formed in situ by reacting an intermadiats of tihe
formulia ’

R® &
R™ ! -. /o
i b [
: ] .
&% T coor?
III
. 1 _s8 s 52! 2t s :
wherein R™, R° and R are as cesilined above wiith a suizable

- &R
acylating agant Ro-L. The prelarrad intermadiacss IV whéra L
is diphenoxyphosphinyloxy may be prapared by reécting Keto eszax

_ III in an inert organic solvent suc“-as'methylene.chlo:ide. . \
acetonitrile or dimethylformanide with about an equimolar amount
of diphenyl chlorophosphate in the presance of a base such as
diisopropylethylamine, triethylamine, 4-Ginethylaninopyridine
or the like at a temperéture.gf from about -20°C to +40°C, most
prefezably at abcut 0°C.. Intermediate IV may be isolated, if -
desired, but is conveniently used as the starting material
the process of the presen: invention without isclation or
purificagion.

LY

or



as epimeric mixtures thereof. It is intended that the present invention
i nclude within its scope all such optical isoners and epineric m xtures.-
For exanpl e, when the 6-substituent is hydroxyethyl, such substituent
be in ether the Ror -S configuration and the resultlng | somers as mell
epinmeric mxtures thereof are enconpassed by the present I nvention.
The process of the present invention utilizes the internediate of the.f'
formula [err] [err] 1V which has been disclosed, for exanple, in Europea
Pat ent Application 38,369 and which may be prepared by the general nethods
described therein. L represents a conventicohl |eaving group (defined as
"X" in European Patent Application 38,869) such as chloro, brono, iodo,
benzenesul f onyl-oxy, p-tol ueng-tusudfeoemd 033tesP- RatS0baR7 enQstdd: ory 20X,

met hanesul fonyl oxy, tfdactdtOtoaphhanesMatpNMiaxridli PlgRGKY BROSRNBYL QXY or
di (tri- chloroethoxy)phosphinyloxy. The preferred |eaving group S

di phenoxyphosphi nyl oxy. I nternedi ates ?f For rula IV are generally forned
in situ by reacting an internediate of he' forrrulea

VII
wherein A is cyclopentylene, cyclohexylene or Cz-‘:6 alkylene
opticnally substituted by one or more lec4 aikyl groups, most
preferatly cyclopentylene, cvclohexylene or

ft10 lla12
) -?______f_
N’ . R11 R13
ia whics Rlo, Rll, Rlz ané Rl3 are each independently hyérogen c=

1-C4 alkyl, X ‘e is a canate: anicﬂ associaced with a streng acié
such as C17, Br , C53 3 ¢ CS 3 or

cz§_4<::>}—soa _ and - =

— 314 is a quaternized nitrogen-containing aromatic or non-arcmatic
) heterocycle as defined above. The reaction is carried out in an

inert solvent such as acetonitrile, acetonitrile-dimethylformamide.,
tetrahydrofuran, tet:ahydrofura:-szo, ace:cnit:ile-azo or ace:zcne
in the presence of base. ' The nature of the base is not critical.
Best results, however, have been obtained when a non-nucleophilic
tertiary amine base such as diisopropvlethylamine, 1,8-diazabicyclo-

U ' [5.4.0)undec-7-ene, 1,5-diazabicyclo[4.3.0]non-5-ene or a tri(C;-
c4)alkyiamine such as triethylamine, tributylamine or tripopylamin
is employed. Reaction of intermediate IV with thiol VII mey be med
out over 2 wide temperature range, e.g. =-15°C up to room temperature,
but is preferably done at a temperature in the range of fzom about

T -15°C to +15°C, most preferably at arcund 0°C.

The carbapenem product produced by reaction of the
- guaternary amine thiol VII wi.h intermediate IV wigl ave a -
counter anion associated with it [e.g. (Csﬂ O).?c2 . c1® o tne anica
associated with the guaternary thiol]l which may at this stage
e substityuted by a éifferent cocunter anion, e.g¢. cne wnich

. N .
b werdeheie WP ber A t. o =



Terr] [err] 111 wherein.Rl,- R8 and R2' are as defined above with a

-sui tdb acylating agent R -L. ‘The preferred internediate IV where L is
yphosphi nyl oxy may. be prepared by reacting keto ester IIl in-an
Qrigani ¢ sol vent such-as nethylene chloride, acetonit-ile or

N/f ormani de wi th about an equi nol ar anount of di phenyl

chl oWglnosphate in the presence of a base such as di.i sopropyl et hyl am ne,
triethyl am ne, 4-di methylam nopyri.dine. gy the like at a tenperature of from
about -200C to +40[err]C, nost preferably at about O[err]C. Internediate IV
may be isolated, if desired., but is conveniently used as the starting

mat eri al for tisempreoBRarPassutifally asesptabirvehy iconveristhmal sFswmiéatdon or -
purification. Alternafivelyl nti{ehecyiteasecatiopraycss repovdiapariar 4t er nedi at & V
is reacted w tsinfeqbeat HeRB1dexdnt MRebli Ghe £l RO U Onible cbokPdhan 14 HS-A-R _

xe VI compound and counter anion form-an insoluble product, the product

may crystallize out as it is formed and be collected pure by
fileration. ;

Following formation of the desired carbapenem product, the -

carboxyl protecting groud Rz{_éf Compound I' may be optionally

:;-mved by conventional procedures such as solvelysis, chemical -
reduction or hydrogenation. Where a protecting group such as T
p-nitzobenzyl, benzyl, benzhydsyl or 2-naphthylmethyl is used _
which can be removed by catalytic hydrogenation, intermediate I’ .

in a suitable solvent such as dioxane-water-ethanol, tetrahydTofuran~- \/
diethylether-buffer, tetrahydrofuran-agueous dipotassium hydrogan —
phosphate-isopropan®l or the like xnay: be treated-under a hydrogen

pressure of from 1 to 4 atmospheres in the presence of a hydrogenation )
- catalyst such as palladium on chiarcoal, palladium hydroxide, platinum

oxide or the like at a temperature of frem 0 to 50°C for from abouts

0.24 to-4 hours. When 2%’ is a growp such as o-nitrcobenzyl, phoselysi

may aisc be used for deblocking. Protecting groups-such as LT
2,2,2-trichlorocethyl may be removed by mild zine reducticm. The < :
allyl protecting group may be remcved by using a catalys: com— --

pPrising a mixture of a palladium compound and- triphenyl phosphine

in a suitable aprctic solvent such as tetrahydrofczan, methylene J—
chloride or diethyl ether. Similarly,other conventional -earbox; |
Protecting groups may be remcved by nethods known to those skil
in the art. TrFinally, as mentioned above, corpounds of formula I

where 32. is a physiologically hyérolyzable ester-such as acetoxy- W, -
methyl, phthalidyl, iadanyl, pivaloyloxymethyl, methoxymeshyl,
etc. may be administered directily to the host without de-blocking
since such esters are hydrolyzed in vivo under physioclogical
conditions. o .

It will be understood that wheze the R® and/or R®__
substituent or the quateranized ducieophile 314 attached to -
substituent A contain a functicagl'gteﬂp‘which might
interfere with the intended course of reaction,-such group e
m2y be protected bv a conventional blocking group and then
stbseqguently de-klockaed %0 regenarate the desirzed functicnal

i

S

2
=1

4

group. Suitable Slocking greouss and procedurzas Sor intro-
ducing and removing such groups ace well kacwWn to those
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wherein A is cyclopentyl ene; cycl ohexyl-ene or C2-C6 al kyl ene optionally:

substituted by one or nore Cl-c4 al kyl groups, nost preferably

cycl opentyl ene, cycl ohexylene or [efr] [err] in which RLO Rl11l, R12 and

are each independently hydrogen or C1-C4 alkyl, Xe is a counter anion,

associaFed with a strong acid such as [err] or [err]

and [err] R14 is a quaternized nttrogen-containing aromati c or non-arofafi!

het erocycl e as defined above. The reaction is carried out-in an inert

sol vent such as acetonitri-le, acetonitrite3dtnethylfornmanm de,

t etrahydrof uran, tetrahydrofuran-H20, acetonitrile-H20 or acetone in the

presence of base. The nature of the base is not critcal. Best results,

howewer, have been gkdaes8cm wher-e. non-nucl eophilic tertiary am ne base

such as diisopropyl ethylam ne, 1, 8-diazabicyclo- [5.4.0]undec-7-ene,

L > di azabieycl ol 4. 3. G non- 33 4Re el dlab dd Gsie= Pl AKY AHLNAIVED, BSmpopnes

triethylamne, tribujylan rl\eﬁ__or rlzgcéggl am ne is degg oy.ed. _I-geea 1 on._'of"n

i nt ermediate 1V witR t3PST* VI T TaY A PEYBTEC 8Y o Vi deS T Eperat ur e

range, e.g. -15[err PRAFACYEEFHIh ReapBerliey SalshiRicRs IiTcPRTREBEY SHofhe at a

tenperature in the PIsfgatcveryonraliet seossSherielly eguivadpet (YoChepop-salted

preferably at aroundongoendd.C. Thkse fxar bagpmgile ngnkoskyC 8igxodde e dotpounéadt | on

of the quaternary apbffiahi ohedih ## 48 id Qpi®dicada=by o bl sdiquSidAinest
solvent and then add an eguivalent of a pharmaceutically acceptabie
acid. The desired acid addition salt may be recovered by

_ ';euventianal piocedu:es, e.g. solveat p:ecipitatipn, lyophiliza-
P tion, etc. Where other basic or acidic frnctional groups ave

present in the compound of Formula I, pharmaceutically acceptable
base addition salts and acid addition salts may be similarly
prepared by known methods.

' A compound of Fermula I wheze _Rz is Hydrocez or an
anionic charge, or a pharmaceutically -acceptable salt thezeof may
also be converted by conventicnal procedures to _a.corresponding

U campound whers Rz is a physiologically hydrolyzable ester gToup, O
_a compouné of Formula I whersin Rz is a conventional cazboxyl
protecting g:éug miy' be converted to the corresponding compound
where 32:' is hydrogen, an anionic charge -or a physiclogically
hydrolyzable ester groé.;, Oz a pharmaceutically acceptadble sals
thereof. )

\/ . Certain of the thiol intermediates of Formyla VII may be
prepared, for example, by reacting a sulfide of the formula

Viiia VIIIb

- .. 8 .

7\ ‘
i 31° _C_Rlz . _

1H.J..'L 1,.JI.3 ) ' _

Viiie )
.3 . .
wherein Rlo, R"l, Rlz ané ?.13 are each independently hvdrogen o

C._-C‘ alkyl with a hetercarormazic amine (as defined ahove) o0f <he

Sermula




ani on associ at-ed mk{hnit.[e.g.(CBhBC»Z?CZG,-CIe or the -anion

count
. assofiated with the-quaternary thiol] which may ‘at this stage be
~subgtituyied by a different counter anion, e.g. one which -52- is nore
ph&f ry cally acceptable, by convent i onal procedures. Alternatively, the
-COURt njon may be renoved during the Subsequent de-blocking step. Were
t he™ | zed car bapenem conpound and counter .anion form an insol uble
prod he product nmay crystallize out as it is formed and be col |l ected

Iltration. Follow ng fornetisdn-of the desired carbapene product,

t he carboxyl protecting group R2 -of Commound |I' may be optionally renoved
by conventional procedures such as | ysis, chem cal-- reduction or

hydr ogenati on. Wlere a protecting group} such as p-nitrobenzyl, benzyl,
benzhydryl or” 2-napht hyl nethyl is uded #hich can be renoved by catalytic -
hydr ogenati on, e A I - Sas

di oxane- vvater-ec{zﬂgn'([) g‘%%t;rgi ?F% Srg:é%q dia‘g'kﬁyf!gt%%raﬁbﬁﬁg‘rrﬁ °
tetrahydrofuran- dlpotass rogen - phosphate-isopropanol or 3
the |i ke may be treated -under a hx pressure of from1l to 4

at nospheres in the presence of a hy¥rogehati on catal yst such as pall adi um
on charcoal, palladi um hydroxi de, plarfnum oxide or the like at a

tenmperature of fromO to 50C for from about--
and a strong acid. The reaction may be carried ocut in the

presence or absence of an inert organic solvent which is prefer-

ably a2 noa-polar cvga.nic solvent such as methylene chloride, '
benzene, xyleae ..e".uene or the like. Where the amine and U
sulfide rsagents aze liqn:.ds or where a s0lid amine is soluble

in a liquid sulfide reagent, it is prefecced to_ carsy out the

reaction without use of an additional solvent.

The particular strong acid' used in the reactiorn is
not critical and may be, for gxanple snr"" stIong {inerganic or
'ozgan:.c acids as hyd:ochio:-c, hyd.eb-mc, me&a.nesul‘oa.c,
p—tcluenesul’onic » trif luomethaaesul.cnic : sk,

Tormation of the quaternary amine thiol intermediate
VIZ may be cacried out at a 'tpe:atu:e in the zange of 2zon
about -20°C to about 100°C. Preferred tempezatures are geierally
.in the range of about 50-70°C.

_ The sulfide reagent, aromatic amine and acid arze _
‘preferably employed so that the sulfide and acid are used in \
approximately equimelar amounts with the amine being used in

. excess, e.g. two to three moles of amine per mole of sulfide or
acid.

The gquaternary amine thiol intermediate will have a
counter anion associated with it which will be determined by the
particular acid employed, It is, of course, possible %o -
substitute at this point a different counter anion by conventicnal
pzocedures for use in the subsecguent zeaction with cacbapenex
intermediate IV.



0.24 to 4 hours. Wen- R2' "i's a group such as 0-nitrobenzyl, photol ysi
may al so be used for deblocking. Protecting groups-such as
2,2,2-trichloroethyl may be removed by mild zinc reduction. The allyl
protectifgg group may be renpved by using a catal yst com prising a m xt
of a pall'adi um conpound and- triphenyl phosphine in a suitable aprotic
sol vent such as tetrahydrofuran, nethylene chloride or diethyl ether.
Simlarly, other conventional -carboxyl protecting groups nay be renove
met hods known to those skilled in the art. Finally, as nmentioned above,
compounds of formula I' where R2 is a physiologically hydrol yzabl e
ester-such as acetoxy- nethyl, phthalidyls Ssneanyl, -pi val oyl oxynet hyl,

met hoxynmet hyl , etc. nmy be adm nistered directly to the host without

de: bl ocki ng since such esters are hydrolyzed in vivo under physi ol ogi cal
conditions. It will be underﬁéo hat g v quAB8 sybstituent
or the quaternized nucl eophj ﬁﬁ"ﬁh 655?'1 tgﬁ 22X CoRthith a
functional group- whivesssigRt ir’nh@*‘PEFb Mt#-?h%: chrgedes catrsdelegicrdditt i on
such group may be prayesclexibly @sboryl Hrooeeiingl gokizngeyrduepsianthatetically
subsequent |y de- bl ocledptibYeCgenar Aherdd?e doSipoeehd URgib ks L URe acaizss
Sui tabl e bl ocking gr&@ae%dﬂ%qu%_-&og-w%& CLDGARY LRMYLNGFUSD

roups are well knomm t
9 P ed, -a: exa::p‘ e, 2s animal feed additives for promotion of growsh

as preservatives in food, as bactericides in industrial applica-

tions, for example in waterbased paint ‘and in the white water of
) paper mills to inhibit the -growth of hazmful bacteria and as

disinfectaits for destroying or imhibiting the growth of harmiul

bacteria on medical and dental equipment. They are especially

useful, however, in the treatment of inlectious disease in humans -

and other animals caused by gran-positive or gram-negatives

" bacteria,

R P T L C R0 T A O e e e e

'rhe "iphimaeeu"éica..llly active compounds provideéd by the
novel process of this invention may be used alone or formulated
as pharmaceutical’ compositions comprising, in addition to the
active carbapenem ingredient, a pharmaceutically acceptable '
cazrier or diluent. The compounds may be administered by a
variety of means; those of principal interest include: ozally,
topically or parenterally (intravenous or intramuscular injection).
The pharmaceutical compositions may be in solid form such as
capsules, tablets, powders; etc., or in liquiéd form such as
solutions, suspensions or emulsions. Compesitions for injeczicn.
the preferred route of delivery, may be prepared in unit dose forx
in ampules or in multidose containers and may contain forsmulaiory
agents such as suspending,'.stabilizing and dispersing agents. The
compositions may be in rsady to use form or in powdexr Zorm for
reconstitution at the time of delivery with a suitable vehicle
such as sterile waterz.



illed in fhe art. As in the case of other [err]-lactam anti biotics, -

conmpoufids of general Formula | may .be converted by known procedures to
phagf’ceutlcally acceptabl e salts which, for purposes of the present

i nygntiyo re substantially equivalent to the non-salted conmpounds. Thus,
f.or .exa one may di ssolve a conpound of Fornula | wherein R2 is an

ani oni ge in a suitable inert solvent and then add an equi val ent of a

cally acceptable acid. The desired acid addition salt may be
by conventional procedures, e.g. solvent precipitation,
| yophiliza- tion, etc. Were other basic or acidic functional groups are
present in the conmpound of Formula |, pharmaceutically accep-able base .
addition salts and acid addition salts may be sinmilarly prepared by knowas
met hods. A conpound of Fornula | where R3. is hydrogen or an anionic
charge, or a phanmacetically acceptabkesgsalt thereof may al so be converted
by conventional procedures to a correspondi ng conpound where R2 is a
physi ol ogi cal | y hydrol yzabl e ester group, or a conpound of Fornula I
wherein R2 is a conventional carboxyl protecting group nay be converted to
t he correspondi ng conpound where R2 is hydrogen, an anionic charge or a
physi ol ogi cal | y hydr ol yttebesagst e bgragmpnisnesgd FeRrHAfC 8013 dAFIY *XE¥Ept abl e
salt thereof. Gar&s papfichber tchimduniitieingeciedt csheopafdrnia=ac¥irosqEirabe
formulated, the route of administration, the nature aand condizion
of the host and the parsicular situs and organism being trsated.
Selection of the particular preferred dosage and route &f _
application, then, is left to the discretion of the therapist. W/
In genezal, however, the compounds may be adninistered parenterally
or orally to mammalian hests in an amount of from about 5 <o 200
mg/kg/day. Administzation is generally cacwvied out in divided
_dcses, e.g. three to four times a day.

The following examples illustrate but So not limis the
scope of the present invention.



prepared, for exanple, by reacting a-sulfide of the fornmula or [err]
[err] [err [err] wherein R10, R11l, R12 and R13 are each independently. *
hydrogen or Cl-C4 alkyl with a heteroaromatic am ne (as defined above)
the formul a -54- or a non-aromatic heterocyclic amne (as defined akg
of the fornmula [err] and a strong acid. The reaction nmay be carried.out \i
t he presence or absence of an inert organic<sd#dent which is prefer--.abl
non- pol ar organic solient such as nethyle iqde, benzene, xylene,
toluene or the |ike. vhere the am ne and E@F%Eggigéagents are liquids or
where a solid am nePt§ i ; ' injam)ethwilithio) -6 preferred
to carry out the re iggpﬂﬁ &EBE ; rﬁ-iubﬁyﬂMJ44aﬁic lo(ant2. dimae -2-e
partieul a strong act T TNe 1 rcal_and nay

exanpl e, such strongE SRt a lrganlc aC|ds as hydrochloric,

hydr obr omi c, nEthanE$U|fDﬂ(meercaptoethyl)pyridinium methanesulfonate

s . . * . ., .
-\ : > >
* N(::> t WSOE. | Tsseq, 151

.. .. To a suspension of pyridinium methanesulfonate
in-pyridine prepared by the dropwise addition of
U , methanesulfonic acid (1.95 mL, 0.03 mol) to pyridine
. (8.0 mL, 0.099 mol) with cooling, was added ethylene
~ sulfide (1.96 mL, 0.033 mol). The resulting mixture
was stirred at 55°C for 16 h and concentrated under
- reduced pressure to a thick syrup which was mixed
- with few mL of water. The solution was poured on top
W, - - of a column (40 x 16 cm) of J-bondapak C-18 which was
eluted with water. Lyophylization of the appropriate
" fractions gave a colorless syrup 6.5 g (91%), ir '
(£ilm) ¥ pay: 2300-2600 (br, SH), 1635 (pyridinium),
1490, 1200 (sulfonate), 1068, 1060, 1045, 791,
780 cm-l, lHmr (DMSO-dg) &: 2.32 (3H, s, CH3S03~),
. 2.61,2.70, 2.73, 2.82 (1H, B part of A9B system, SH),
3.07 (2H, m [with D20, 3.08 (2H, t, J=6.5 Hz) ],
CHpS), 4.76 (2H, t, J=6.5 Hz, CHgN'), 8.19 (2H, m, Hm
~ of pyridiuvium), 8.6 (1H, m, Ho of pyridinium), 9.08
(24, dd, J=6.8 Hz, J=1.4 Hz, Ho of pyridinium), uv
(H20) A pax: 206 (85230), 258 (£3760) mfJ .



p-tol-uen

.~—Fhe quaternary ami
associated with it which wi.

sul fonic, trifluoronethanesul fonic, etc. Formation of the
ity amne thiol internediate VII nay be carried out at a tenperature
oe of fromabout -20[err]Cto g&ogt | 00[err]C. Preferred
- about 50 70[err]C. The sulfide
Inine and acid are preferably enployed so that the

a hg.d ane (228 BaBBBEELY TP 9L TALANLADERLGRHRUN(S W Lh the ami ne
n excess, r nole of sulfide

ol internmediaje_w.JlL ha I count er anion

detyprdrined bﬁfiiﬁﬁ_pa;§+¥fﬁla> acid

are enerally in the range
54 avs

enpl oyed. It is, of ur, ibl'e to substitute at this point a :

di fferent count erasdni on by C nti enal procedures for use i'n the o’/
subsecuent reaction with carbapenen1in di ate- V. - 55 - The -
car bapenem derivatives of general XS%hrein R2 is hydrogen, an

ani oni c charge or a physiol ogi | @ carboxyl protecting group,
or the pharmaceutically acc abt e sal 'hereof are potent antibiotics

active agai nst various grampositive.and gran}negative bacteria and they

may b

mifi""

e w‘ .\l

e

-}5_“3. wh

An aqueous solution of crude
1-(2-mercaptoethyl)pyridinium methanesulfonate (9.4
g, 0.04 mol) was poured on top of column (2.5 x 41 cm)
of permutiﬁ's-l Ci®. The column was eluted with
water at a rate of 0.5 mL per min and the appropriate
fractions were combined and lyophylized giving a
yellowish syrup 7.0 g (100%) which was used as it was
for the next step, lHmr (D20) 6: 3.22 (sH, m, CHyS),
4.88 (m, CHoN ¥), 8.18 (2H, m; Hm of pyridinium), 8.7

(14, m, Hg of pyridin;um) 9.0.ppm (2H,. m, Ho of

pyridinium)..
METHOD B

O -© —
D)

To a precooled (ice bath) pyridine (5.6 mL, 70
mmol) was added pyridine hydrochloride (4.05 g, 35
mmol) and ethylene sulfide (2.1 mL, 35 mmol). The
mixture was heated at 65 °C and stirred for 75 min to
give a two phases system. The lighter phase was
removed. The remaining oil was washed with ether (5
x 10 mL) and pumped under high vacuum to give the

title compound (90-100%) which was used as such for
the next step..

* Registered Trade Mark
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used, ~for exanple as animal feed additives for pronotion of growh as

preservatives in food, as bactericides ir. industrial applica- tions, for
exanple in waterbased paint and in the white water of paper mlls to .
i nhibit the-growth of harnful bacteria and as disinfectants for destroy:n |
or inhibiting the growth of harnful bacteria oy nedical and dental “

equi pirent. They are especi al u eful oweve:, in the treatnent of / ~

i nfectious di sease ¥n h&“fl rh Vﬁﬁﬂkﬂﬂ@w or
gram negati ve bacte¢|Bl-ggz:giggggggggzkxﬂ43pd3341&3§§§E§¥§!§1332x0;§§§ -
t he novel process of this 1nventLon may, De, used al oneor Tormurated as
_phar maceut i cal. conpSgkﬁégﬁé-ﬁBﬁﬁLE§En§r_Eﬁ_ﬂﬂd|t|on to the active

car bapenem i ngredi ent, a pharmaceutically acceptable carrier or diluent.

- The conpounds nmay be admi nistered by a variéty,o ns t hose of princi pal
I nterest include: orall topically or parente}al Ei‘rt’uavenous or-
~intramuscul ar |nJect|gyg§ The_ghar maceuti cal conpos tlons may be in solid
formsuch as capsul es, t or a9 Nul d formsuch as

owyers et c.
sol utions, suspensionhs oL ns. Cbnp05|t|ons Tor -l TTom The
-preferred route of deli be prepared i A uP? ﬂ&j’n@ﬁln anpul es
or in nultidose containers and Ifegoormst ai n fornulat agent's such as
suspendi ng, stabilizing and dispersing agents. AThERY tgﬁ%agltions may .be in
ready to use formor in powder formfor reconstitution at the tinme of
delivery with a suitable vehiclog such as sterile vater.

_ heptane-Z-carboxylate (6 09 g, 17.5 mmol) in

“ acetonitrile (20 mL) was cooled to +5 °C under a
nitrogen atmosphere and treated successively with di-
isopropylethylamine (3.65 mL, 21.0 mmol) and diphenyl
chlorophosphate (4.34 mL, 21.0 mmol). The resulting

“mixture was stirred for 30 min at 5°C, cooled to -5°C

and treated successively with a solution of crude
1-(2-mercaptoethyl)pyridinium chloride (4.3 g, 24
mmol) in N,N-dimethylformamide (1.0 mL) and dropwise
with diisopropylethylamine (3.65 mL, 21.0 mmol). The
reaction mixture was stirred at 0°C for 1 hr, cooled
to -30°C and stirred for 15 min. more. The solid was

_ filtered off and washed with cold (7§0°C)

T acetonitrile 5.77 g (65%), ir (nujol) ypax @ 3300
(OH), 1775 (C=0 of B-lactam), 1690 (C=0 of PNB
ester), 1630 (pyridinium), 1605 (phenyl of PNB
ester), 1515 (NO2), 1335 cm~l (NO3), lHmr (DMSO-dg)
6: 1.17 (3H, d, J=6.1 Hz, CH3CHOH), 3.2-3.75 (5H, H-4,

* Registered Trade Mark
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- 56 - The dosage to be adm nistered depends-to a |arge extent on the
particul ar conpound being used, the particular conpositi-on fornmulated, the
route of adm nstration, the nature and condition of the host and the

ar situs and organismbeing tresdgd. Selection of the particul ar

FEeh dosage, an te ef e discretion
api gt6’lﬁﬂéggér§i J;Sh%w% gﬁﬁ’t I CO%Q&@% {’/%g ni stered

eiNal |y obrbsals SOH:nanﬁlii)_N » hDs18 (]:Harﬂarrb%mwmzjrmﬂ) pbout 5 to

o0 309 (heheed 8 ABQRCRIOHLY, SL, Snpibe LY, Folb 00°,

{
the gﬁi;edl)?e?gg plflésem ¢fw%h‘1$)ong 24 (d57J=85<dth eHird

Preparati on ofgf- pm;}(; Y08 Ri p@ﬁetmléblmB 6[}%% u _
-(1-(R)-hydroxyet hyl)-7-o0xo0-1- azabi cyclo(3.2.b)-hep-2-e ne-2-carboxyl ate A

1- (2-'mer capt oet hyl ) pyri di ni um et hanesul f onat e




[err] [err] To-asuspension of pyridinium methanesul fonate in pyridine

prepared by the dropw se addition of nethanesulfonic-acid (1.95 nL,” 0.03
nol) to pyridine (8.0 m,, 0.099 nol) with cooling, was added ethyl ene -
sulfide (1.96 nL, 0.033 nol). The resulting m xture was stirred at 55 ¥

m xed with few nL of water. The solution was poured on top-of a colum](40f

x 16 cm) of [err]obowapakniimw B 66 (Bas ehuuqﬂdntﬂyrwaimunmommm z tlrr;)

err] st 2500- 2680, (BP9, Sty - 4c%6: (B9l YLHLA LoD, 0 (ARTHfar o):
1068, 1060, 1045, aﬁalwagﬁﬂngmvére1drhn1b:(MQr€h6)di[Jame]d W 13D e(tm,r 4,150 mL).
Cwi th D20, 3,08 (She PubSrgasdny ves Febliteq ot R Yiyadlasghdiielt
8.19 (2H, m Hnloﬁnpyatdru(aﬁ)mLB Gonta#nrmgfthngnnﬂdQﬂQﬂiﬁﬁ21QLﬂN3WEMQ
?Eérffgégby? 2é81??errtgggaoaﬂfgﬁ'fég'ﬂgare& ot e8P d£74 1dBimr2Q&B x 10 cm)
ondapak c-1 The column was eluted with 10%
acetonitrile - 90% water (150 mL) and 50% acetonitrile -
50% water (100 mL) mixtures. The appropriate fractions
were combined and lyophylized after the acetonitrile has
been removed under vacuum giving a yellowish powder. An
NMR of it showed the presence of the title compound
mixed with some p-nitrobenzyl 3-[2-(l-pyridinium)ethyl-
thio]-6c~-[1-(R)-hydroxyethyl]-7-oxo-1-azabicyclo(3.2.0)
hept-2-ene-2-carboxylate diphenylphosphate (2:1). The
powder was diséolved in water (minimum aﬁount) and
passed through a column (1.5 x 21 cm) of permutit S-1C1l~
with water. Lyophylization of the appropriate fractions
gave 1.8 g (20%) of the title compound.

)



58 - METHOD A B. 1- (2-nercaptoethy|)pyr|d|n|un1chlor|de [err] [err] An
QuUS sol ution of crude 1-(2-nercaptoethyl)pyridinium nmethanesul fonate

§. 0.04 nol) was poured on top of colum (2.5 x 41 cn) of permutit S-1

he colum was eluted with water at a rate of 0.5 nL per mn and the

p 7.0 g (1LO0% _whic useq as it was for the next step | Hr (D20)
3.22 (¥, WEEEBEE££QEEEEZLHJ CH2N), 8.18 (2H, ‘'m Hm-of pyridinium,

1F ni Hg-oﬂZpKQhQWQiﬂEhiuﬁ)ch@ltﬁiﬂ ]Hﬁdkb[mﬁ(&yﬁhgdnony} METHCD B

err] To @ N

pyri di ne hydr &6 WLl & e—+4

mol ). The nlxﬁdméemaiphoa@@atat 65 C and stlrred for 75 mnto glve a td

phases system The |ighter phase was rennved1)1ﬂuzoﬂm&mhn|ng.0|I was washed .
with ether (5 og S y

. ; T2 C‘§(0=h) '
: 4 : - 3) _s‘/\"q<§€> a0

4) NEt(is z), ¢

N
i

A solution of p-nitrobenzyl 6«
- {1-(3)-hydroxyethy1 1-3,7-dioxo~1~azabicyclo(3.2.0)
heptane-2-carboxylate (0.174 g, 0.50 mmol) in
acetonitrile (2 mL) was cooled to 0°C under a
" niltrogen atmosphere and treated successively with di-
isopropylethylamine (0.105 mL, 0.60 mmol) and
diphenyl chlorophosphate (0.124 mL, 0.60 mmol). The
resulting solution was stirred for 30 min at 0°C and
treated successively with a solution of
. 1-(2-mercaptoethyl)pyridinium methanesulfonate (0.170
g, 0.72 mmol) in acetonitrile (0.6 mL) and di-
isopropylethylamine (0.105 mL, 0.60 mmol). The
reaction mixture was stirred at 0°C for 15 min,
diluted with cold (0°C) water (7 mL) and poured on
top of a column (1.5 x 6.4 cm) of PJ-bondapak C-18.
The column was eluted with a mixture of acetonitrile
(25%-50%) in water (75%-50%Z). The appropfiate
ractions were combined and lyophylized after the _

acetonitrile has been removed under vacuum giving a
yellowish powder 0.33 g (92%), ir (KBr)
Ynax:3600-3000 (OH), 1765 (C=0 of B-lactam), 1690
(C=0 of PNB ester), 1625 (pyridinium), 1585 (phenyl),
1510 (NOo), 1330 (NO2), 885 cm~l (NOj),



x 10 nt) and punped under high vacuumto give the title conpound (90-100% .
whi ch was used as such for- the next step. Registered Trade Mark -59-
Par ani t robenzyl 3- [2-(l-pyridiniumethylthio) -6[err] - .
[1-(R)-hydroxyethyl ]-7-oxo-I|-azabicyclo(3.2.0)hept-2- ene-2-carboxyl ate
chloride [err] [err] A solution of p-nitrobegzyl 6[err]-

[1-(R) -hydroxyethyl ]-3,7-di oxo-1-azabicyclo(3.2.0) heptane-2-carboxyl ate
(6t 09 g, 1t7 > mgvﬂhmknéaggbotawralel(ﬁ@ n:ba V@S _-F]éB)Jaed{ztoc’t losnclelm B7
ni trogen at nosphere an rea successi v SO ét am ne
(3.65 nL, 21.0 nmbRH.aR8Tdi prenGI HEnI OF ﬁosﬁm%é (‘(%P%e rfffr 'oigx;m) The
resul ting m xtureivwls thl rca 60rPRB) i 6. m755: (mmseﬁ)ldrﬂ)manw#&@at ed

sucoe85|vely with a s utlo r Y. [
chloride (4.3 g, B%> ﬂl&l— déﬁgﬁhgﬁl L8 §§-E’£ q;'g An%%ﬂp OpWI 3se
with dllsopropylemhylamloé pgro8inium®]. 8. ﬁﬂ%t§ hﬁmaﬁp 0 pyridinium),
9.09 (2H, dd, J=6.7 Hz, J=1.3 Hz, Ho of pyridinium).

E.3-[2-(1-pyridinium)ethylthio]-6a-[1-(R)-hydroxyethyl]-
7-oxo0-1l-azabicyclo(3.2.0)hept-2-ene-2-carboxylate

Method A
’ 1o= :ae./c, L,
. SN *—\,—
E— °"

To a solution of p-nitrobenzyl 3—[2—(1¥pyridinium)
”ethylthio]-ai—[l-(R)—hydroxyethyl]—7—oxo-1-azabicyclo
(3.2.0)hept-2-ene-2-carboxylate diphenylphosphate (0.16
g, 0.22 mmol) in wet tetrahydrofuran (10 mL) wéé added

ether (10 mL), potassium phosphate monobasic-sodium
hydroxide buffer pH 7.4 (16 mL, 0.05 M) and 10%

palladium on charcoal (0.16 g). The resulting mixture
s was hydrogenated under 40 psi for 1 h at 25°C; The
two phases were separated and the organic phase was
- extracted with water (2 x 3 mL). The aqueous solutions
were combined, washed with ether (2 x 10 mL) and poured
on top of a column (1.5 x 6.2 cm) of u-bondpak C-18
after the traces of organic solvents have been removed



reactj mxture was stirred at 0C for 1 hr, cooled to -30[err]C and
stipred for 15 min. nore. The solid was filtered off and washed with col d

(-3 C) acetonitrile 5.77 g (65Z), ir (nujol) Vmax : 3300 (O, 1775

(C | actam), 1690 (C=0 of PNB ester), 1630 (pyridiniun), 1605 (phenyl
of er) 1515 (BKQ) 1335 cm 1 ( "I Hhr (DVBO-d6) [err]: 1.17 (3H,
d, , 3.2-3.75 (5H, H4, * Registered Trade Mark - 59a-

AR PEREIRCCe T N DA
7.69 (2H, d, dfger ]l-jzopl‘rjdim‘ad:ﬂ\l&) ,0f8.12% (abprbpPibtiez £ridetabnENg), 8.0-8.4
0117 (2h brdreiiisn ptgsl OXIE S () S oo o8 87085 g were
conbi ned and QQ@QH@QHNMt%V&ﬁk@&*XIﬂDﬂﬁupctam), 1630 (pyridinium), :
1590 cm - (carboxylate), 1Hmr (D20). 1.22 (3H, d, J=6.4

Hz, C}_{_3CHOH), 2.92 (d, J=9.1 Hz, H-4), 2.97 (4, J=9.1 Hz,
H-4), 3.20 (dd, J=2.5 Hz, i=5_.l Hz, H-6), 3.44 (t, J=6.0

Hz, CH S) 3.93 (dd J=9.1 Hz, J=2.5 Hz, H-—S), 4,82 (t,

J=6.0 Hz, CH N ), 8. 04 (m, Hm of pyridinium), 8.5 (m,

Hp of pyrldlnlum) 8.82 (dd, i 3.2 Hz, J=1.1 Hz, Ho of
pyridinium), uv (Hao) A nax: 259 (£5800), 296 (£7030) mu, _

t% = 13.5 H (measured at a concentration of 1()-4 M in \/
phosphate buffer pH 7.4 at 36.8°C).



theLsupenﬁaraﬁtﬁmaéﬁdécehiﬁduaﬁﬁaihexgﬂnmmaéwaégéthedﬁﬁﬁk@aﬁér1(40-nL)
cont ai ni ng enough acetonitrile to have a solution which was poured on t
of a colum (3 x 10 cn) of p-bondapak C- 18. The colum was eluted with
acetonitrile - 90% water (150 nlL) and 50% acetonitrile - 50% water (10 E)
m xtures. The appropriate fractions were conbi ned and | yophylized aften t
acetonitrile has been rempved under vacuum giving a yel |l owi sh powder. Al
NMR of it showed the presence of the title gymound m xed- with some

p- ni trobenzyl 3-[2-(1-pyridiniumethyl-

thio]-6c¢c-[1-(R gggﬁggygthyl] 7- 0x0- 1-azabi cycl o(3. 2.0)

hept - 2- ene- 2- car di phenyl phosphate (2:1). The powder was di ssol ved
i n water (n1n|nun1anownﬁ and passed through _a-colum (1.5 x 21 cnm) of
permutit S-1ClL with wat
1.8 g (2099 of the tit

]- 7 oxo- | -azabi cyl o( 3. 2.
'[err]

To a solution of p-nitrobenzyl 3-[2—(1-pyridinium)‘
ethylthio]-6a-[1-(R)-hydroxyethyl]-7-oxo-1-azabicyclo
(3.2.0)hept-2-ene-2-carboxylate chloride (5.77 g, 11.4
mmol) in potassium phosphate monobasic-sodium hydroxide
buffer (170 mL, 0.2 M, pH 7.22) was added tetrahydrofuran
(30 mL), ether (30 mL) and 10% palladium on charcoal
(5L7 g). The resulting mixture was hydrogenated at 22°C
under 40 psi for 1 h and filtered on a Celite'pad. The
pad was washed with water (2 x 15 mL). The filtrate
and washings were combined and diluted with ether (100 mL).
The aqueous phase was separated, washed with ether (3 x
100 mL) and poured on top of a column (4.5 x 20 cm) of
p#bondapak C-18 after the organic solvants have been
removed under vacuum. Elution of the column with water
followed by a mixture of 1% acetonitrile in water gave
after lyophylization of the appropriate fractions 2.48 g
(65%) of the title compound as a yellowish powder. The
analytical data were identical to those reported for the
compound prepared in the method A.

* Registered Trade Mark



] 4)

- hydr oxyet hyl
0.
at nosphere and treated successigely with di- isopropylethylam ne

, 0.60 mml ) and di phenyl chl orophosphate (0.124 ni, 0.60 mol).

[err] [err] OH [err] [err] A solution of p-nitfobenzyl 6[ err]

50 nmmol) in acetonitrile (2 m.) was cooled to OC under a

,slltlng sol ution was stlrred fog 3Rpknpat 0C and treat ed

at 0C for
top of a co

eluted with a m xture of acﬁonﬂrlle(ZS%SO%

' y with a solutlon o] (2 nertaprue th I)pyrldlnlum
et hanesul f onBEePRatTen Of 3 -n(qlm(\ Srdgmmlroryrrmlmw n.) and di-

i sopr opyl et hyéﬂmynau(@l}%xnm @mmﬁyetﬂﬁ]r%ﬁMJEz)éﬁﬁrc%cW@s stirred

]-3, 7-di oxo-1-azabi cycl o(3. 2. 0) hept ane- 2-car boxyl ate

n [ ut ed th colrd err wat er (/7 nL) and poured on .
u&—i—%‘s—jl;—@e—% ¥VI é)" %‘&3 w'?f‘t.cf)apak C— 18. The col um was U

ter (75%50% . The

appropriate fractions were _gonbi ned and Iyophy1rz adter the acetonitrile
has been renoved under VaiE&HIQIVIng a )

e ©
1 s~

d?——
. cw." .@3

A. 1-(2-mercaptoethyl)-3,5—dimethyipyridinium methane-

sulfonate

s ' '
L\ + NO + MSO¥ e—y

. Ms0

To a suspension of 3,5-lutidinium methanesulfonate
in 3,5~lutidine prepared by the addition of methane-
sulfonic acid (O.GS-mL, 0.010 mol) to cold 3,5-lutidine
(2.51 mL, 0.022 mol) was added ethylene sulfide-(0.655
mL, 0.011 mor); The resulting mixture was stirred under
a nitrogen atmosphere at 55°C for 24 h, coocled to 23°C
and diluted with water (5 mL) and ether (5 mL). The
organic layer was separated and the aqueous solution was
washed with ether (6 x 4 mL). The traces of ether were
removed under vacuum and the solution was applied on top
of a column (2.5 x 6.0 cm) of p-bondapak C-18. The
column was eluted with water and lyophilization of the

-



yel 'owt-sh powder 0.33 g (92%, ir (KBr) [err]max: 3600-3000 (OH), 1765 (
of [err]-lactanm), 1690 (C=0 of PNB ester), 1625 (pyridiniun), 1585

(phenyl), 1510 (NO2), 1330 (NO2), 885 cm 1l (No2), - 62 « Hm _
(DVMSO-[err]6) [err]: 1.16 (3H, d, J=6.2 Hz, CH3CHOH), 4.87 (2H: brt, J 6.6/2
Hz, CH2S), 5.37 (center of ABq, Ja, b 14.3- W6 -CH 2 of PNB), 6.7-7.5 )
(phenyl), 7.68 (d, J=8.8 Hz, Ho of PNB), 8.23 (d, J=8.8 Hz, Hm of PNB),
8.0-8.3 (M Hm of apyrogi-nate) fréc didhs8 dave Hradfoynlesd myuwp, 2940¢ (2H,

dd, J=6.7 Hz, J=1 . Ho pE. py{igi ni p _ o
2_(1-pyridi ni um e{ﬁy’(?‘fm - @% 1] -‘?ima:( R@??‘gr(c%}&)e't G38 (pyridinium),
7- 0x0- 1- azabi cycl ©6802. D¥9&pt132%nel 0% ar 4 dt2OQVEsIE o FtEr] 1040

[erryTo a sol uti of ni b | - 7 o nigem)> . .
ethyl t hi o]-6[err]igg?éé@?hyg?gx%ﬁw%ﬁr@fotf(%b'_léil?’? d)'binlz&ﬁiz 31 (3H, s
3

bi cycl
(.3. 2. 0) hept - 2- eneC gboxyRafd G@%heﬁyl%s‘ﬁh&f\@"(@’{%‘"&’ ? 27 mfoi®P i n
wet tetrahydrofurangl020s vis, agdgdretdera (8 Gsyddem pEkssisvoepi@hat e
nonobasi c- sodi um
m[with D,0 added (2H, t, J=6.5 Hz)], CH,S), 4.65 (2H, t,
J=6.5 Hz, CH2N+), 8.34 (1H, s, Hp of pyridinium), 8.79
: 271 (g£4860)

max’
0: C44.09, H 6.66,

(2H, s, Ho of pyridinium); uv (H20) a

mp. Anal. calcd. for ClOH17NQ352.O.5H2

N 5.14, S 23.54; found: C 44.26, H 6.49, N 5.17, s 24.18. .

o B. Paranitrobenzyl 3-[2-(1-(3, 5~dimethylpyridinium))
ethylthio]-6u-{}(R)-hydroxyethyl]-7-oxo-l-azabicyclo
(3.2.0)hept-2-enc~2-carboxylate diphenylphosphate

oH L . " 1) NEt(iPz)

_ 2
) . 2y Clngh)

. ] —mo . . 2 } )

04"“"\'.’/-,— . : .

T _ . YcorNE 3 HSNN@ us.o

. T {4 Des
4) hn.(*P-)z_

© QR . - .
)."’ L s/\/N@:/

COOPNB

_(?hO)zgo‘
To a cold (0°C) solution of p-nitrobenzyl 6&d-(1-
. (R)-hydroxyethyl)-3,7-dioxo-1-azabicyclo(3.2. 0)heptane-
2-carboxylate (0.523 g, 1.50 mmol) in acetonitrile (6.0
mL)} kept under a nitrogen atmosphere was added diiso-
propylethylamine (0.314 mL, 1.8 mmol) followed by



?hydrom de buffer pH7.4 (16 m._ 0.05 M and 10% pal 1 adi um on char coal (0. 16
Thenresul ting m xture was hydrogenat ed under 40 psi for 1 h at 250C

aftler\tRe [ agfshed pr&alruﬁop%éfgﬁmtse heve7deen 1r ermncﬂd The3- under
va Iutlon of the colum wth water. gave ter op%llzatlon of the

appN\opr\atle fFeRTIAR BiXHIHMah Htrrsd °6'6§ gm(1§4 e@k8) [ err]
3700\ may 30045 €¥OH) , sAIADE rCT aff - ( Benid rd aptio@rthy 1163Q SHaimedihyilsm) , 1590 cm

(car boXyl at e) ( X J=6. , 2 (d, J=9:1
Mz, H4), 2. ?%ﬁnﬁl%%ﬁ&a’%ﬁﬁ%‘% (603,4@35%.’5 g@’_’%’lf ﬁg’ H6), 3eh4
(t, J60Hza®-128):,tmm(dd J=9.1 Hz, J=2.5 Hz, H5), 4.82 (t, J=6.0 Hz,.
CH2N ), 8.04 (m Hmof pyridinium, 8.5 (m Hp of pyridinium, 8.82 (dd,
J=3.2 Hz, J=1.1 Hz, Ho of pyridiniun), uv (H20) [err] max : 259
([err]5800), 296 ([err]7030) mMerr], tX = 13.5 H (nmeasured at a
concentration of 10 Min



phosphate buffer pH 7.4 at 36.80C). - 64 - Method B [err] [err] [err]
[err] [err] To a solution of p-nitrobenzyl 3-[2-(l-pyridinium .

et hyl t hi e] - 6a- E1- (R) - hydr oxyet hyl ] - 7- oxo- 1- azabi cycl o .-
(3.2.0) hept - 2- ene- 2-car boxyl ate chloride (5.77 g, 11.4 mol) in pot assi_u
phosphat e nonobasi c- sodi um hydr oxi de buffer (éﬁo m, 0.2 M pH 7.22) was
added tetrahydrofuran (30 nL), ether (30 nmL) d~10% pal | adi um on char coa\;
(5.7 g). The resul tqm; mmt \fod 1eaedh by dddaspedpylebBytan] feu(@e8140Mbsi

n). The 111 trate and A ﬁgsﬁspi‘%@gﬁﬁr%ﬁﬁﬁq*‘ﬁ%?a“?i? gt‘-‘”frﬁd“?ke‘” 100

nL). The aqueous prmmmsﬁﬂaxtadediiumg@d g)evwnser(£26 mbd and and

poured on top of a o?O 1%¥%dl 7.0 Qogdgpe{ﬁ)cb@ after the
or.gani ¢ sol vants have en re Ve er vacu%m on of tple go.L.’Bg'n W th
wat er J-bondapak C-18. Elution o he do10mn with®2

acetonitrile - 75-507 water mixture gave after
lyophilization of the appropriate fractions 1.01 g
(90%2) of the title compound as yellowish powder, ir
(KBr) pax: 3700-3100 (OH), 1778 (C=0 of 8-lactam),
1700 (C+O of PNB ester), 1635 (pyridinium), 1595
(phenyl), 1521 (NO2), 1335 (NO3), 859 em~1l (NO3),
| lHmr (DMSO dg) b: 1.16 (3H, d, J=6.1 Hz, CH3CHOH),
~ 2.43 (s, CH3 on pyridinium), 4.75 (2H, m, CHaN!),
5.38 (center of ABq, J5 p=14.3 Hz, CH2 of PNB),
6.6-7.5 (10H, m, phenyl), 7.70 (2H, d, J=8.7 Hz, Ho
of PNB), 8.0.-8.5 (3H, m, Hp of pyridinium, Hm of
PNB), 8.82 (2H, s, Ho of pyridinium), uv (H20)
Amax:270 (€11570), 306
( € 7343) np. Anal. calcd. for C37H33N30105P H20: C
58.03, H 5.26, N 5.48, S 4.18; found: C 57.98,
H 5.05, N 5.22, S 4.34.



followed by a mixture of 1%acetonitrile in water gave after |yophylization
of the—~appropriate fractions 2.48 g (65% of the title conpound as a

pwi sh powder. The anal ytical data were identical to these reported for
pQund prepared in the nmethod A- %68Regi stered Trade Mark - 65-

Ex3 4\ Preparation of 3-[2-(1-(3,5-di.nethylpyridinium

et 0] 1 - 6F er r3=[24CY-H)3 iBdtimadhpyrifigiam) ) Ayl dndlod - 6o~

(3. ept - 2- enpr 2 LANRRAINE x A 1S 12 dx@I 1l 28iik y810(3.2.0) hept

1-(2 apt oeth =3 o- Or MECNYI PyT T ar i anr netirane-— sut fornate s jerr] To a
suspensi on of 3, 5=¢4T1ANGI3HSARTRRWAESS Ul fonate in 3,5-1utidine prepared by

the addition of nethane- sulfonic acid (0.65 nL, 0.010 nol) to cold -
3,5-lutidine (2.51 nmLo#0.022 nmol) was added et hyl ene sul fide (0.655 o/

¥, X R 10% ?d/c, 32
. ;J;-)l
o .

A
5/\/N @ THF, ether, Suffer

coorNa

.i?ho) go' -
. 2

To a solution of p-nitrobenzyl 3-[2-(1-(3,5-
dimethylpyridinium)) ethylthio];64-[1-(5)-hydroxyethy1]—
7-oxo—1-azahicyclb(3.2.0)hept42-ene-2¥carboxylate
diphenylphosphate (0.600 g, 0.80 mmol ) in wet tetrahydro-
furan (36 mL) was added ether (36 mL), potassium phosphate
monobasic-sodium hydroxide buffer (0.0SM, pH 7.4, 44 mL)
and 10% palladium on charcoal (0.60 g). The resulting
mixture was hydrogénated under 40 psi at 23°C for 1.25 h.
The'organic layer was separated and extracted with
buffer (2 x 5 mL). Water layers were combined, filtered
through a Celite pad, washed with ether (40 mL), pumped v/

" 'to eliminate traces of organic solvents and poured on
top of a column (2.5 x 10.0 cm) of p-bondapak C-18. |
Elution of the column with water and lyophilization of
the appropriate fractions gave the title compound 0.186 g N
(64%) as a yellowish powder, ir (KBr) ¥ __ : 3700-3100
(OH), 1760 (C=0 of p-lactam), 1595 cm ' (carboxylate), :
Hmr (D,0) 8: 1.21 (3H, d, J=6.3 Hz, CH,CHOH), 2.45
(6H, s, CH, on pyridinium), 2.81 (4, J=9.2 Hz, H-4), 2.96
(d, J=9.2 Hz, H-4), 3.22 (dd, J=2.6 Hz, J=6.2 Hz, H-6),
3.40 (¢t, J=6.2 Hz, CH2$), 3.84 (dd, J=9.2 Hz, J=2.6 Hz,

H-5), 4.15 (m, CH3C§QH), 4.71



m., 0.011 nol). The resulting m xture was stirred under a nitrogen
atnosphere at 55[err]C for 24 h, cooled to 230C and diluted with water (
m.) and ether (5 nL). The organic |ayer was separated and the aqueous
soluti.on was washed with ether (6 x 4 nL). The traces of ether.were rengved
under vacuum and the solution was applied_ogetop of a colum (2.5 x 6. 0. cnf
of [err]-bondapak C 18. The col um was eIuteg wth water and Iyophlllzat on/
of the - 66 - appropriate frgctions gave a colourless syru g (91%=
ir (film [err] (t.2820.2 BsjCH @@ytmmsml@mrpf RYAITEg0) ;824 ('?f‘,1325
1305, 1283, 1200 s Uf QN lingd 0, 33811, 895 08Q oo (esblrs)(DhGG d6)
[err] 2.31 (3H s, CH3 ), % (6H M@t pﬁr S{nlunl é 57, 2.66,
5.69,2.78 (1H, B&AF4bim Ao s;yste'm‘f%l% (30063 swityi1B28 Bdded (2H,
t J;_G-_S %2)153 704@@9 asd‘réiﬁ a(@d donobfﬁ:r‘é.ﬁibn GIﬂZN?LZ(I;I)8134p(\a>Hp2$§er of
pyri di ni unj, Y, u uv max

([err] 4860) np. “rrc%h‘ %‘f%%@? ‘NOS 2. 0.5H20: CA44.09, H 666, N
5.14, S 23.54; found: C 44. 26 H6.49, N 5.17, s 24.18. B. Paranitrobenzyl
3-T2-(1-(83, 5- dlnethylpyrldlnlun)) Example 3

Preparation of (SR, 68)-3-[[2-hydroxymethylpyridinio)
ethyl] thio]-6-]1~-(R)-hydroxyethyl]-7-oxo~1-azabicyclo
|3.2.0|hept-2~-ene-2-carboxylate

‘CH.CE




thyI thiol -6[err]-(R)- hydroxyethyl] 7- oxo-1-azabi cycl o
- (3i2.0) hept - 2- ene- 2- car boxyl at e di-phenyl phosphate [err] 1)
. [err..2) [err] [err] [err] [err] 4) [err] [err] To a cold,(0C) solution of
p- n/t.roQenzyl 6d- (i -
i xyethyl) 3, 7- di oxo- 1- azablcyclo(é)Z'O)heptane- 2- car boxyl at e
1. 5 /M8 JHydrdeateartivilr- 1l -of A-mel onp)t dedihly 1) weari dd niiutar ogen

at nosghef e was d diisq-. propysethylamne (0.314 ni, 1.8 mmol) fol I owed
by - 66a-ﬁﬁiiiﬁgﬁ—éﬁﬁéﬂﬁﬁﬁﬁféwa‘S(o 373 nL, 1.8 nmmol). The reaction
m xture was stirred fo mn and treated with a solution of

1- (2-nmercaptoeth . ﬂTﬁEthyI pyri di ni um met hanesul f onate (0.493 g,
1.87 nmmol ) in ag’ trile .
) o crssoax + f} - »
g 0{203
20
E'SCF2 5 .
C]
CE'3503

~ Trifluoromethanesulfonic acid (1.327 mL, 0.015

mol) was added dropwise to 3-pyridinemethanol (2.91 "/
mL, 0.030 mol), followed by ethylene sulfide (0.89

mL, 0.015 mol). The resulting homogeneous mixture

was heated (oil bath) at 50-70°C under Ny for 20 h.

The reaction mixture was then taken up in H20 (15 mL)

and extracted with CHpCly { 5 x 5 ml). The aqueous
'phase was concentrated in vacuo and then applied to a _
C18 reverse-phase column. Elution with H0 followed ()
" by evaporation of the relevant fractions gave a pale

yellow oil. This material was rechromatographed to

give a nearly colourless oil. After drying in vacuo

(P205) this afforded the product (4.50 g, 94%) as a

viscous oil. ir (film) Vpax:3450 (s, OH), 2560 (w,

SH) cm~l. lHmr (dg-acetone) &: 9.10-8.05 (m, 4H, v
" aromatic), 5.01 (&, J=5.5 Hz, 2H, N-CHp), 4.93 (s, 2H,
-CH90H), 4.43 (br S, 1H, -0H), 3.43-3.18 (m, 2H,

S-CHz), 2.34-2.10 (m, 1H, SH).



L T T T T L B R A L L LS

-67- (1.9.nL) followed by diisopropyl ethylamne (0.314 M1, 1.8 mmol).
reaction mxture was stirred at .OC for 1 hrdiluted with cold (O[err]C
water (26 nmL) and poured on top of a colum (7.0 x 3.5 cm of JJ-bond

C-18. Hlution of the colum with 25-50% acetonitrile - 75-50% water nj
gave after l'yophilization of the appropriate fractions 1.01 g (90% ok~
title c¢onpound as yellow sh powder, ir (KBr) rmax: 3700-3100 (OH), 177:
(GO of [err]-lactam, 1700 (C+O of PNB ested}, =1635 (pyridiniun), 1595

gpggnygL 552§ gNﬁz) teBehzy3o YLSRY68) B2 2-1BRhyd d@hgier;L

n
CI—|2N+§ 5. 38 (cenﬂgmn ethyl thiog 16— “pyyoxgeshyl)- ﬁm& o
phenyt), 7.70 (2Hoxd-~ lJ—a&aBi.ld?cIHO [3f. 2PAB)] heﬁt-@-eﬁeSZé&Hrbmcyﬂﬂtef
pyri di ni um Hm of ﬁ % S, Ho of pyridiniunm, uv (H0)
[err] max: 270 ([er r] 7343) nferr]. Anal . calcd. for

C37H38N30I OSP. H20: @8 03 H5.25, Nb5'48, S 4..18; found: C 57.98, H 5. 05,
N 5.22, S 4. 34.

co,PNB - - ($0) ZS@
"To a solution of p-nitrobenzyl (5R,68)-6-[1-(R)-
| hydroxyethyl]-3,7-dioxo-1-azabicyclo [3.2.0)heptane-2-
~ carboxylate (0.174 g, 0.50 mmol) in 2 mL of dry
acetonitrile was added diisopropylethylamine (0.096
mL, 0.55 mmol) at 0°C under N3. Diphenyl
chlorophosphate (0.114 mL, 0.55 mmol was then added
dropwise and the reaction mixture was stirred at 0°C for 30
min. A solution 3-hydroxymethyl-1l-(2-mercaptoethyl)
pyridinium trifluoromethanesulfonate (0.223 g, 0.70
mmol) in 0.50 mL of acetonitrile was then added,
followed by diisopropylethylamine (0.122 mL, 0.70
mmol). After being kept at 0°C for 30 min the
reaction mixture was concentrated in vacuo and the
residual yellow gum was tzken up in H20 (enough
acetonitrile was added to aid in dissolving the
gum). This solution was applied to a Cjg
reverse-phase column which was eluted with 15%
acetonitrile-H20. Lyophilization of the relevant
fractions afforded the product (0.305 g, 81%) as a



- 68 - C 3-[2-(1-(3,5-dinmethyl pyridinium )ethylthio] -6a-
[1-(R) - hydroxyet hyl ] - 7- oxo- | - azabi cycl o( 3. 2. 0) hept -2-ene-2-carboxyl ate

1 [err] [err] [err] To a solution of p-nitrobenzyl 3-[2-(1-(3,5-
di ni um) ethylthlo] -6[err] [1-(R)-hydroxyethyl]-

lol‘ o ttthd-f h 6 nmL
pot 4ssi i hésbﬁé-ﬁm Pt ydcrs‘é&&dﬂkaﬂf( {8z W@?«Z?ﬂ?@ U SEPY
hydr'o en e(:jpﬁlnlljw;xrg Z((F)B-Qra @?fb)l 19@?60 Grogmex m’r:rI ta:’ll gm:aanS@r-ﬁla\évas
separ ated and &&qté)aegpﬁm ﬁ}[%; Olcno((fl %?’WL r-g&%q' g’l z%c/g'rs)éwgre conbi ned,
f:ltere? t[lrougﬂn,a]&ﬂ; tcﬁ.mmdxyhmmt atiedh Set f dﬂ’npled to(2 5\-/
elimnate trac en o g¥elo) 0 um X
10.0 cm) of p-bo }gga’pﬁf(g?af%ﬁ% \L?tl 0550& ctttﬁ ggf;m?zt ?ffv\é?g&a)md
| yophi | i zati on &f72 h@ap@?o&ﬂ%ﬁ@ of cst"i3br43 L4y ddodfpound 0. 186 g

6.3 Hz, 3H, CHMe).




(64% _as a yell owi sh powder, ir (KBr) [err] : 3700-3100 (OH), 1760 (C=O

of [err]-lactam, 1595 cm (carboxylate), Hnmr (D20) 6: 1.21 (3H, d, J=6.3 —
Hz, CH3CHOH), 2.45 (6H, s, CH3 on pyridinium, 2.81 (d, J=9.2 Hz, H—4) T
2.96 (d, J=9.2 Hz, H4), 3.22 (dd, J=2.6 Hz, J=6.2 Hz, H6), 3. 40 (t, J
Hz, CH2S), 3.84 (dd, J=9.2 Hz, J=2.6 Hz, H5), 4.15 (m CH3CHOH), 4.71
-69- (t, J=6.2 Hz, CH2N+), 8.21(1H, s, Hp of-py2idinium, 8. 46(2H, s, Ho i
pyridiniunm), uv (H O)[ [ ] [ T .% rr] 714\ m
[[err] (nmeasured at'*a ss8he i A » £
36.8[err]C). Exanptris- ?Fépa[h%(mh-h&dt&iyethyl) 7 -0X0- 1 azabicyclo p
6S) - 3-[ [ 2- hydr oxy h [ y Nl _n_

ethyi}thlo] 6-1-( g Ql ne-2-carboxvlate |

[ 3. 2. 0] hept - 2- ene- 2- carboxylate [err] [err]

-
o, o

clo
: ,;L~___T::;z:_ : ;. ' —
Y an ) -
o 7 ) .
y (éo) .

To a solution of p-nitrobenzyl (5R,6S)-3- [2-
(3-hydroxymethylpyridinio)ethyl thio ]-6- [1-(R)-
W, ~ hydroxyethyl ]-7-oxo-l-azabicyclo [3.2.0 ]-hept-2-
. ene-2-carboxylate diphenylphosphate (0.145 g, 0.194
~mmol) in 10 mL of THF cbntaining 5 drops of Hy0, was
added 6.0 mL of phosphate buffer (0.05 M, pH 7.4),
. 0.145 g of 10% palladium-on-charcoal and 10 mL of
_ ether. The mixture was hydrogenated (Parr) at 40 psi
— o for 1 h and then filtered through a pad of Celite.
The filter cake was washed with a little H30 and
ether and the aqueous phase was separated and
extracted with ether (3x). The aqueous solution was
then cooled at 0°C and the pH was adjusted to 7.0
with pH 7.4 buffer. After removing residual
. ' volatiles in vacuo the aqueous solution was applied
to a C18 reverse-phase column which was eluted with
H90. Lyophilization of the relevant fractions gave
the product (36 mg, 51%) as a light yellow solid.
Further purification by reverse-phase hplc gave the
pure product (31 mg, 41%) as a solid. ir (KBr)



-70- A. 3-Hydroxynet hyl -1 - (2-nercaptoet hyl)pyridiniumtrifluoronet hanesul
fonate [err] [err] [err] Trifluoromethanesul fonic acid- (1.327 nL, 0.015
nol ). was added dropw se to 3-pyridi nerret hanol (2.91 ni, 0.030 nol),
foll'gmed by ethylene sulfide (0.89 ni, 5)15 nol). The resulting

Honog NS mxture was heated (oil bathz 2T 50-70[err] C under N2 for 20 h.
The [r €7 n hike 8880(ben OHkenlBHSi O #2Dadtdsm NCY) anpseXt r act ed wnth C
2C1% )_ Jaj AJUEOUP h s cuo and, t
applli Bd g |a rCT;E Coler s'g has}elgc ni@)sé% g ﬂé\/\ftﬁgl—é‘b 4/} I?’b‘&%%tb‘i/
evapyor &k of 4483 £l edn tOfHathanNgG\Hg)a ba82 (=] | 28y, CH20HNj s nateri al

was ne at ographed to give a nearly colourless oil. After drying in
vacuo Y2205) this afforded the product (4.50 g, 94% as a viscous oil. i
(film [err]max: 3450 (s, OH), 2560 -(w, SH) :cm 1. 1Hnr (d6-acetone) [err]:
9.10-8.05 (m 4H, aromatic), 5.01 (t, J=5.5 Hz, 2H, NCH2), 4.93 (s, 2H,
-CH20H), 4.43 (br S, 1H, -OH), 3.43-3.18 (m 2H, S CH2), 2.34-2.10 (m 1H,
SH) . '

-



- 71 - B. . p-Ntrobenzyl (5R 69 -3- [2-(3-hydroxynethyl- pyridinio)ethyl
thio ]-6- [1-(R -hydroxyethyl)-7- oxo-|-azabicyclo [-3.2.0
] hept - 2- ene- 2- car boxyl at e di phenyl phosphate [err] [err] [err] [err] To a
solutjon of p-nitrobenzyl (5R 6S)-6-[1-(R)- -
hydr oxyet hyl | - 3, 7- di oxo- 1- azabi cycl o [ 3. 2. 0) hept ane-2- car boxyl ate (0.1
g, 050 mol) in 2 nL of dry acetonitrile wag3added diisopropylethylamr

(0.096 nm, 0.55 f g@cﬂo def. N2 Qn%enyﬂ}l chy. q_ntjshgsglgat(g (@£l 4 rrL'.

0. 55 mol wasthenad se-an € Tet]dn t’|rre
O[err]C for 30 ninl=9A sﬂﬁut;{)'d’n? 5 Hzdr HHpndt4H)is- f‘-(@"@eﬂ@a;ﬁtﬂee@ﬁ?l,)
pyrldlnlumtrlfluot}& s“{fq}gtel((gzzq%gy% Z,OHErmlg,){lm@;e

acetonitril e was m fm‘{)% Odlrﬁlq%dpd'ﬁé%ryy’é(;z%ﬁm nip glé@a m_

0..70 mmol ). After
concentrated in vassl,cs%mpl 140 h.

£

Example 4

Preparation of

(5R,68) -3~ [2-(4-hydroxymethylpyridinio)ethylthiol-6-
[1-(R)-hydroxyethyl ]-7-oxo-l-azabicyclo [3.2.0]hept-
2-ene-2~carboxylate




resi dual yeIIom1gun1mas taken up i'n H20 (enough acetonltrlle was added to
‘aid in dissdlving the gun). This solution was applied-to a Cl18
rever se-phase col um which was eluted with 15% acetonitril-e-H20.

-71a- beige-coloured solid. ir (KBr) Vmax: 3420 (br OH), 1775

tgm CQ W@e% q)p%qtdq\r;‘qbnl_err 9.44-7.72

onat i ey phospiater—553, 5. 27 (ABC] J=
oenzyltnifl&btﬂmﬁthadﬁBuﬂﬂQnataﬁ N-CH2), 4.75 (s, 2H, CH20H),

(
4\5-371 (jm 8H), 1.21 (d,J= 6.3 Hz, 3H, CHNE) ' 7.2 C. (5R 69)-3-
[
[
[

nlo)ethyl) t hi o-9 -

-1 -azabicyclo'[ 3. 2 0 ]he 2- ene- 2- carboxylatéJ
B

-
CIZCE CFJSO H

To a solution of 4-pyridinemethanol (1.635 g, 0.015 \42

mol) in 10 mL of CH2C12, at 0°C under Na, was added drop-~

wise trifluoromethanesulfonic acid (1.327 mL, 0.015 mol).

A yellow-brown 0il rapidly separated out. An additional
equivalent of 4-pyridinemethanol (1.635 g, 0.015 mol)
- was. added to this mixture and the solvent was removed

under reduced pressure to give an oil. To this oil was

added ethylene sﬁlfide’(O.SQl mL, 0.015 mol) and the o/
‘' resulting homogeneous mixture was heated (0il bath) at
about 60°C for 3 h. The reaction mixture was then taken
up in 15 mL of Héo and the aqueous solution was washed

with CH2012 (5 x 5 mL). After removing residual organic
solvent in vacuo the aqueous solution was applied to a

C18 reverse~phase column. Elution with H20 and subsequent
evaporation of the relevant fractions afforded an oil

which was further dried in vacuo over P205 to give the
product (4.64 g, 97%) as a colourless oil. ir (film)

V_ .t 3455 (s, OH), 2565, (w, SH) cm™~; lHnmr (dg-acetone)
§: 9.07, 8.18 (ABq, J=6.8 Hz, 4H, aromatic), 5.03 (s, 2H,
CH20H), 4.96 (t, J=6.5 Hz, 2H, N-CHZ), 4,09 (br s, 1H, -0H),
3.5-3.1 (m, 2H, S—CHZ), 2.25 (brs,;, 1H, -SH).

. »
k:



[err] To a solution of p-nitrobenzyl (5R 6S)-3- [2-

(3- hydr oxynet hyl pyridinio)ethyl thio ]-6- [1-(R)- hydroxyet hyl .
]-7-o0xo-1-azabicyclo [3.2.0 ]-hept-2- ene-2-carboxyl ate di'phenyl phosphatd. %
(0.145 g, 0.194 mol) in 10 nL of THF containing 5 drops of H20, was addd
6.0 nmL of phosphate buffer (0.05 M pH 7-4)ys Q.145 g of 10%
pal | adi um on-charcoal and 10 niL of ether. The mxture was hydrogenated - g,f.
(Parr) at 40 psigfor _whyareamaﬁh%yt«@m;rbs)
filter cake was mas p

was separated and exatnH 'f'P0$H5tﬁumégﬁ<°&ﬁrﬁrﬁéﬁb&hxcl%en;
cool ed at O[err] C angh tmmm@m@mmmaw thpREng14hbubhate After
renmovi/ng residual vorarrtes Tn vacuo the agueous solrutron wasS applred to.a
Cl18 reverse-phase col umrm whi g was el uted with H20., Lyophilization of the
rel.evant fractions gave the roduct (36 g, 51% as -a i ght wyell ow solid.

Further purification by reversg- hpl ¢ gave the pure product (31 ng,
419% as a solid. ir (KBr) -T—z-%ﬁa\_q' »

o N\<’ '

Tc a sclution.of p—nitrobenz&l=(5§,6§)-6—[1—(§)-
hydroxyethyl]-3,7-dioxo-1-azabicyclo[3.2.0]heptane-2-

W, carboxylate (0.348 g, 1.0 mmol) in 6 mL of dr& aceto-
nitrile, at 0°C under N2’ was added dropwise diisopropyl-
ethylamine (0.191 mL, 1.1 mmol) followed by diphenyl
chlorophosphate (0.228 mL, 1.1 mmol). The resulting
golden-yellow.solution was stirred at 0°C for 40 min.

To this solution was added a solution of 4-hydroxymethyl-

N\, . 1-(2-mercaptoethyl)pyridinium trifluoromethanesulfonate

' (0.447 g, 1.4 mmol) in 1 mL of acetonitrile, followed by
diisopropyiethylamine (0.191 mL, 1.1 mmol). A reddish-
black gum separated from the reaction mixture. After
20 min at 0°C the reaction mixture was filtered and

_ concentrated in vacuo. The residue was taken up in a

. minimum volume 6f acetonitrile—HZO (1:1) and applied to

a C18 reverse-phase column. Elution with 25% acetonitrile-

HZO and subsequent lyophilization of the relevant fractions



Vmax 3300(br, OH), 1755 ( [err]-l'actam CO), 1590 (-CO2-) cm1; | Hnnr
(D20) [err]: 8 78-7.94 (m4H aromatic), 4.83 (t, J=6.0 Hz, 2H, N-CH2), 4.83
(s, 2H CH2OH), - 73 - 4.16 (d of q, J=J'=6.2 Hz, 1H, H1'), 3.98 (d, of

-9.1 Hz, J'2.6 Hz, 1H, H5), 3.75-3.20 (m 3H), 3.20-2.65 (m 2H), 1.22
6.4 Hz, 3H,~CHWe); uv (H20) [erV¥Pamx: 294 ([err]7614), 266

& 6936) nm t, (pH 7.4, 36.8[err]C) 14.0 h. Exanple 4 Preparation .of
RNOS) - 3- [2-(4-hydroxynethy|pxridinio)ethglthio]-G- [1-(R)-q¥droxyethyl
X Qxp-1- azalgevgcitbe] 8redorapl 0. 858ng. 24487 bRy Raf BEPBTFPLPRFFS -74- A
o oxymet hyrha(2- Tor ¢rpirgey Nyl )} Byubd(Brymol) | f Lues o(pt hasesan| Conat e
1695 (-COZPNB) cm -1Hnmr (ds-acetone) 6: 9.24-7.84 \‘)
{m, 8H, aromatic), 7.4-6.9 {m, 10H, diphenylphosphate), -
5.52, 5.24 (ABq, J=14 Hz, 2H, benzylic), 5.15-
4,80 (m, 4H), 4.45-3.05 (m, 7H), 1.35 (d, £_=6._6 Hz,

3H, CHMe).




[err]~f{err] To a solution of 4-pyridinenmethanol (1.635 g, 0,015 nol) in 10
mL of CH2C 2, at O[err]C under N2, "'was added drop- w se

trifluoromethanesul fonic acid (1.327 ni, 0.015 nol). A yell ow brown oi
rapidly separated out. An additional equival ent of 4-pyridinenmethanol )
(1.635 g, 0.015 nol) was added to this m xtu and the sol vent was renoved
under reduced pressure to give an oil. To This ©il was added et hyl ene

sul fide (0.891. i, 0 015 nol) and the resulting honbgeneous m xture was
heated (oil bmg%
taken up in 15

X 5 nm). After rennvsniiLéRDdhyhrorganhyl$97vmxm 1¥azannﬁyq PSR I

sol utvon was applled!to g% rgv % E encolunn Elution with H20 and
supsequent evaporat i 2 Rel S{ELREORDRAE, ions afforded an oil .which was
ffurther dried in vacuo ovelpgP205 to give the product (4.64 g, 97% as a
colourless oil. ir (film nax 3455 (s CH@ o, (w, SH cm1; 1Hnnr

(d6-acetone) [err]: 9.07, aro c) 5.03 (s, 2H,
CH2OH), 4.96 (t, J=6.5 Hz, 2 (m
2H, S-CH2), 2.25 (brs; 1H

L
A mixture of p-nitfobenzyl (55,6§)—3—[2-(4fhydroxy—
methylpyridinio)ethyl thio]-6-[1-(R)-hydroxyethyl]-7-oxo-
o l—azabicyplo[3.2.0]hept—2-ene-2-carboxylate diphenyl-

phosphate (0.348 g, 0.465 mmol) and 10% palladium-on-
charcoal (0.35 g) in 11 mL of phosphate buffer (0.05 M,
pH 7.4), 5 mL of THF and 10 mL of ether was hydrogenated
at 40 psi for 1.25 h. The mixture was then filtered
through a Celite pad and the aqueous phase was washed
o/ | with ether (3 x). The pH of the aqueous solution was

then adjusted to 7.0 using additional pH 7.4 buffer..
After removing residual volatiles in vacuo the aqueous
soclution was.applied to a C18 reverse-phase colunmn.

- Elution with 2% acetonitrile—H20 and subsequent lyophil-
ization gave a yellow-brown solid. This material was re-

. ' chromatographed (C18 reverse-phase/Hao) to give the
desired product (0.060 g, 36%) as a light yellow solid.

ir (KBr)'Omax: 3400 (br, OH), 1755 (B-lactam CO), 1590

(=CO, ) eml; lynne (D,0) 8: 8.73, 7.96 (ABq, J=6.8 He,
4H, aromatic), 4.93 (s, 2H, CH,OH), 4.77 (t, J=6.0 Hz,



- 7% = B. p-Ntrobenzyl (5R 6S5)-3-[2-(4- hydroxyrrethlyl pyr| di ni 0) et hyl
t hi 0]._6 [I - ( R) hydr oxyet hyl]-7-oxo-1-azabicyclo

0N pnltrobenzyl (5R, 6S)-6-[1-(R -

hydioxyed hyll | - 3, 7- di oxo- 1- azabi cycl o[ 3. 2.7 hept ane- 2- carboxyl ate (0.348 g,
Bl ) iy/n 6 nL of dry aceto- nitrile, at O[err] C under N2, was added

dr opwi se g |éidprl§4pvlﬂ )ethyl&n(d\eoth,lQJl-JTL-, 6.3 HmpIJ)Hfo-H]oWe,d fpali phenyl
chlorsph 042 1 ) her t g |l ow sl ution
was sti rred fe??é% %ﬁr" 'i%) jﬂTDé 0 %ﬂ S }gol utgl')g’n %éﬂ@a%oe (51’5 t’i on of
4- hydr oxymet-ﬁy13-§ ¢2- fmy caihl oelh%fl)(@ﬂ&&uajmzt,rlffﬂucﬂfmm)t shanesid jonat e -

(0.447 g, 154 mmmol n f t e I f?ﬁg] S
di i sopr opyl e)i'ﬁ J‘arr?ng %406%%’) gg@ %ég%% 22*4) (i I's )bX" k'ﬁgum separated «
from the reabPiloh-f xB8r8°Chri4rs 2‘@) mn at O[err]Cthe reacti on nixture was
filtered and concentrated in vacuo. The residue was taken up in a m ninum

vol une of acetonitrile-H20 (1:1) and applied to a Cl18 reverse-phase colum.,

Elution with 25% acetonitrile- H20 and subsequent |yophilization of the
rel evant fractions




-75a- gave the-product (0.353 g~ 47% as a creamcoloured solid. ir
(KBr)[err]3240 (br, OH), 1775 ([err]-lactam CO, 1695 (-CO2PNB) cm  ,
(d6-acetone) [err]: 9.24-7.84 (m 8H, aromatic), 7.4-6.9 (m 10H,

di phenyl phosphate), 5.52, 5.24 (ABq, J=14 Hz,_,2H benzylic), 5:15- 4. 8 Tt
4H), 4.45-3.05 (m 7H), 1.35 (d, J=6.6 Hz,”3H THW). _76- C. _ .
(5R, 6S)-3-[ 2-(4- hydroxynethylpyrldlnlo)ethyl t hi 03- i
6-[1-(R)-hydroxyethyl]-7-oxo-1|-azabicycl cf8aip1¢ %ept - 2- ene- 2- carboxyl ate -

2 A bt openzyl ¢ 4E r OXy-
et hyl byt i b oy bttt repaBablof b, SOPEICI (L% Gl Arlct it

1- azabi cycl of 3. 2 O]hepteﬁhﬁkﬁbDO}aﬁﬁn +bib~@w¢wnﬁﬂﬁﬁhy1] 7-0%0-1-
~ azabicyclo(3.2.0)hept-2-ene-carboxylate

=

GE' e

A. f—(2-mercaptoethyl)—2-methy1pyridinium methanesulfonate

N _
T e "+ mson - >

A "'NO i ss°c, 210 -

: . HsO
S~ : ns/\/"®

To a suspension of 2-methylpyridinium methanesulfonate
in 2-methylpyridine prepared by the addition of me thane-

O sulfonic acid (0.65 mL, 0.010 mol) to cold 2-methyl-

pyridine (2.17 mL, 0.022 mol) was added ethylene sulfide
(0.655'mL, 0.011 mol). The reaction mixture was stirred
under a nitrogen atmosphere at 55°C for 21 h, cooled to
23°C and diluted with water (5 mL). The ageuous solution
was washed with ether (6 x 4 mL)'pumped to remove traces
of organic solvents and poured on top of a column (2.5

- : x 10.0 cm)



Rat e (0.348 g, 0.465 mmol)) and 10% pal I-adi um on- charcoal (0.35 g) in
™ phosphate buffer (0.05 M pH 7.4), 5 nL of THF and 10 niL of ether
vgenated at- 40 psi.for 1.25 h. The mixture was then filtered

\ Celite pad and the aqueous _phase was washed with ether (3 x).

TRe pH of} the aqueous sol ution was then adjusted to 7.0 using additional pH

- reeSi I u e o} sol ution
i, dpi@ Hod agisalga RAL1EST Ay c%%% 'w%% 'eﬂu‘ﬁ@ﬁ Qﬁ‘th wa@H@OURg

ver se- phase col um. tion wt oacetonltrlle H20
and subseqdempmgﬁdmﬁﬂmﬂ o4t ithe @&P@W@@IWO#@PG\W%OE?M‘? ?Rt3 Bateri al

was re- chragmppgapied dieh® rc%v@ro'iﬁdohase/(&@@)n)tg vezt5b© dsgred product
(0.060 g, 36%%%%§H? 11 ght el | ow salid. KBr.) %Q hg& 3400 gbr Oﬁg/
1755 ([err]L8 thipblo 176ap Y512 (148 m14(1 > §sydfonasg)eap

J=6.8 Hz, 4dH3mremiet é')Hmr4 (Qﬁas(& %H, ngaaa) 24 377 ((sn,, 356CH 8D, "), - 76a -=
oH, N CH2),

J =)' = 6 , 6 £12 329 2 He,
J=2.6 H, %11831 %? a%p(yrﬁl%m "3 913 )ézﬁfh %zﬁ)g W00 (d, J=6.3
Hz, 3H, CHNE,S v 4m0)(2mx t,295§[%H2],6 880N " )256 . @Re(2H5585) K224 (68111) -
nm  (pH 7'Apy1231 ﬁ&@)m)l“éz{h (14, m, Hp of pyridinium), 8.89 (1H, m,

Ho of pyridinium), uv (H20) xmax.;zss (£3550) mpu.

B. Paranitrobenzyl 3-[2-(1-(2-methylpyridinium) ethylthio]
-6~ [1-(R)-hydroxyethyl] -7-oxo-1-azabicyclo(3.2.0)
hept-2-ene-2~carboxylate diphenylphosphaté : o/

: ° . 1) wEe(izx 2
B e . ."- ? ’
,ji% A . 2) Cl2(oPh)

To a-cold (0°C) solution of p-nitrobenzyl 6a-[1=(R)-
hydroxyethyl]-3,7-dioxo-l-azabicyclo(3.2.0)heptane—2-
carboxylate (0.523 g, 1.50 mmol) in acetonitrile (6 mL)
kept under a nitrogen atmosphere was added diisopropyl-
ethylamine (0.314 mL, 1.80 mmol) followed by diphenyl
chlorophosphate (0.373 mL, 1.80 mmol). The reaction
mixture was stirred for 30 min at 0°C and treated with
solution of 1-(2-mercaptoethyl)-2-methylpyridinium
methanesulfonate (0.530 g, 2.16 mmol) in acetonitrile

(18 mL) followed by diiscpropylethylamine (0.314 mL,

=



77 Exanple 5 Preparation of 3-[2-(1-(2- nethylpyrldlnlun)) et hyl t hi o]
-6[err]-[1-(R) - hydroxyet hyl]-7-o0xo0-1- .

azabi cycl o( 3. 2. 0) hept - 2- ene-car boxyl ate [err] A .

1- (2-mer capt oet hyl ) - 2- nethylpyrldlnlunlnethanesulfonate [err] [err] To a
suspensi on of 2-nethyl pyridi ni um et hanesdl ¥9nate in 2-net hyl pyri di ne
prepared by the addition of methane- sulfonic acid (0.65 m, 0.010 nol) to
cold 2-nethyl - pyBi dmod )(2. Thentreadt@d mbkjuneswasdeti eréy|ah Yulfane
(0.655 nm, 0.01 e c h¥bur t{.pgen
at nosphere at 5 [er&j%(liuft-c%i %ﬁ Etc)ggl gg &}' gg\é%ﬁandédﬁﬁgt%%@%c{%‘%at%?

m.). The aqeuou§°§opﬁt?oﬁ°&&§nwé§hédxmﬁtﬂ @Whe@f(nrRoﬂdﬁﬁﬁkd%ﬁB%d to reane

tracses of organiggutgbyeirs taedcBoURRdweBht 98%0hc@tE@1 HFT1 & 2- 5750 Mh £ M

and with 50% acetonitrile - 50% water gave after

lyophilization of the appropriate fractions 1.06 g, (96%)

C - of the title compound as a yellowish powder, ir (KBr)
W 3650-3100 (OH), 1770 (C=0 of B-lactam), 1695 and
1690 (C=0 of PNB ester), 1630 (pyridinium), 1595 (phenyl),
1518 (NO,), 1335 (NO,), 890 cm = (NO,), ‘Hmr (DMSO, d)
8: 1.15 (3H, 4, i_—-—-G.l Hz, CEBCHOH), 2.87 (s, CH:3 on
pyridinium), 3.6-4.4 (2H, m, H-5, CH,CHOH), 4.75 (2H, m,

el CH,N"), 5.37 (center of ABq, J=14 Hz, CH, of PNB), 6.5-7.4
(10 H, m, phenyl), 7.70 (2H, d, J=8.8 Hz, Ho of PNB), 8.0
(2H, m, Hm of pyridinium), 8.24 (2H, d, J=8.8 Hz, Hm of
PNB), 8.50 (1H, m, Hp of pyridinium), 8.95 (1H, brd, J=6.1
Hz, Ho of pyr_‘idin_ium), uv (HZO) "7\max: 265 (£11990), 314

(£8020)mp
C. 3-[e-(1-(2-methylpyridinium))ethylthio]-6ua-[1-(R)~
hydroxyethyl]-7-oxo-1-azabicyclo(3.2.0)hept-2~ene-
carboxylate '
* om o |
' .)"'. . log Pa/CI Hz %
- : ~yT, ether, buffer
o .
Ry
. OF :
- 5/”\~/i'(::)
- . ' 7"“ .
o) -



- 78 - of [err]-bondapak C-18. The colum was eluted with water and
rzation of the appropriate fractions gave 2.13-.g (85% of the title
conpoynd, N(film [err]max: 2520 (SH), 1623 (pyridiniunm 1574, 1512,

1485, 195 (sul fonate), 1038 cnil, 1Hw (DVSO-[err]6 + D20) 6: 2.37
(3H, SpP3) 2.83 (3H, s, CH3 on pyr-roﬁQn-un) 3.09 (2H, J=6.9 Hz, CH2S),
4.71 \ J=6.9 Hz, CH2N+) 7.93 (2H, m Hm of E dlnlun) 8.44 (1H, m -
Hp of |n|un)T°838§°%§FF°ﬂ]°$tptﬂ1kﬁQ¢?ﬁ$ﬂluﬁ Qgi thwd-~ 266
([err]3 nferrp rBde’athé’th benzy) - @o{QEiJ{'I(?-ﬁ'S&iM ydi i um

ﬁgg¥|§h;gL é6§%rb8x§58f£yg%%ﬁg %ﬂL%g%gfﬁhf%g'fblc % —Fr Qﬁxgaﬁﬁwr] [%Lj]
To a cold (0C) sokuphenybphpsphbtebbdzgt §) edrdo [dmdR) -in wet
hydr oxye iyl 1-3, 74 Le6g s BEARAEYELR . P- OLDCRAADE- Con PTG (0. 523 0.
mmol) in acet a ni rogen atnosphier e was
added di i sopropyl posesgliumi ppogphate monohagicrsedium dydnexids di phenyl
chl orophosphate (@u3fdr"ko,1s58, MBS mdNepHORCES Pand 10% palladium
on charcoal (0.66 g). The resulting mixture was
hydrogenated under 40 psi at 23°C for 1.25 h. The
10 organic layer was separated and extracted with
buffer (2 x 6 mL). Water layers were combined,
‘filtered through a Celite pad, washed with ether
(40 mL), pumped to_el;minate traces of organic .
solvents and poured on top of a column (2.5 x 10 cm)
15 of p-bondapak C-18. Elution of the column with
- water and lyophylization of the appropriate fractions
gave the title compound 0.098 g (31%) as a yellowish
powder, ir (KBr) \Imax: 3650-3100 (OH); 1755
(C=0 of p-lactam), 1630 (pyridinium), 1595 cm
(carboxylate}, ‘Hmr (D,0) &: 1.20.(3H, d, J=6.3
. Hz, CH,CHOH), 2.83 (s, CHy on pyridinium), 2.7-3.1
(5H, H-4, CHy on pyridinium), 3.1-3.7 (3H, m,
CH,S, H-6), 3.90 (dd, J=9.1 Hz, J=2.6 Hz, H-5),
3.1 (m, CHCHOH), 4.78 (t, J=6.2 Hz, CH,N'), 7.8
(2H, m, Hm of pyridinium), 8.3 (1H, m, Hp of J
pyridinium), 8.65 (1H, m, Ho of pyridinium), uv
(Hy0) ) o, 1268 (€9350), 296 (£8840) mp, [
+41° (¢ 0.5, H20), T% 15.0 h (measured at a
concentration of 10™4 M in phosphate buffer
pH 7.4 at 36.8°C).

-1
20

25

30



mxture was stirred for 30 min at O[err]C and treated with sol ution of

1- (2- mer capt oet hyl ) - 2- et hyl pyri di ni um net hanesul fonate (0.530 g, 2.16 .
nmol ) in acetonitrile (18 nL) followed by diisopropyl ethylamne (0.314 ni,
- 79 - 1.8 mol). The reaction mxture was stirred at OC for 1°h dilwutgd
with cold (000) water (26 nL) and poured Qnghop of a colum (3.5 x 7.0 cm
of [err]-bondapak C18. Elution of the colum with 25% acetonitrile - ¥5%
wat er and with 50% acetonitrile - 50% wakghppave after |yophilization of
the appropriate fractions 1.06 g, (96% itle conpound as a

yel | owi sh powder, pjép 4 KBt or €64 1 3P0 - S Q-HEAP Y19 a1 AZAm) C=O of
[err]-lactam, 1695—and ;QF%NkRTL)CT PNB ester 5b50 (qyrldlniun), 1595
(pheayl ), 1518 (NeRlhylthbel ¢ \E!ré}sﬂmtﬁéﬁ(%;ﬁé&:@wsq de) [err]:
1..15 (3H, d, J=6.&z%ic%w&ﬁigt-(&er@ﬁmm%ﬂaﬁwm, 3.6-4.4 (2H,
m H5, CH3CHOH), 7. - m . O. center of ABq, J=14 Hz, CH2 of
PNB), 6.5-7.4 (10 HL m phenyl), 7.70 (2H, d, J=8.8 Hz, Ho of PNB), 8.0
(2H m Hmof pyridinium, 8.24 (2H, d, J=8.8 Hz,.Hmof PNB), 8.50 (1H,

m Hp of pyridinium, 8.95 (X¢8. brd, J=6.1 Hz, yridinium, uv (H20)

max: 265 ([egﬂ]&ggo), 314 .. N 33“
afl"“
coo
K/'
A. 1-(2-mercaptoethyl)-4-methylpyridinium methanesulfonate
[N+ “O - WS e R
To a'suspension'of 4-picolinium methanesulfonate in
4-picoline prepared by the addition of methanesulfonic
10 acid (0.65 mL, 0.010 mol) to 4-picoline (2.14 mL, 0.022
mol) in cooling was added ethylene sulfide (0.655 mL,
\—/ 0.011 mol). The reaction mixture was stirred under a

nitrogen atmosphere at 55°C for 24 h, cooled to 23°C
and diluted with water (5 mL) and ether (10 mL). The
15 organic layer was separated and the aqueous layer was
: washed with ether (5 x 5 mL) and applied on top of a
' column (2.5 x 10 cm) of p-bondapak C-18 after traces
. of ether have been removed under reduced pressure.
Elution of the column with 15% acetonitrile 85% water

20 mixture gave after lyophylization of the appropriate

fractions a colorless



SRS ¥ U NN L LS IICE-+ vy S YISO S e P . B LY SN

. ﬁ‘.h""_- -e 1

. I .
P m'-&—i RPN

hydox yl ]-7-o0xo0-1-azabi cycl o(3..2.0) hept-2-ene- carboxylate [err] [err]
[er[] [ [err] -80- To a solution of p-nitrobenzyl 3-[2-(1-(2-net hyl -
pyr+ )ethylthio)-6 [err]- [1-(R)-hydroxyethyl]-

7-0 ¥ abi cycl o( 3. 2. 0) hept - 2- ene- 2- car boxyl at e di phenyl phosphate (0. 66

g, 0\90 Dl ) in wet 5 tetrahydr @ku~an (34 nL) was added ether (34
m.), pe¥assi um phosphate nonobasi c-sodi um hydroxide buffer (0.15 M 16:5
m., pH 7. 22)s3amb V%6 = I(ai@Q%ﬁ,orimKaﬂidoél Q%g%? @pOOTIHSH)gs@bBbNg mi xt ure

was hydroge cﬁggﬁ{m ?22%0 C,f 1 rgani c

| ayer was s EPar ated an extract tl“c’r8 & (sag'?n%)gtevﬁt 104péyers wer e

conbi ned, 33 ranf (165 50 CAHmr (PHMSO héd wi-B3 éBHar s, W,
CH5S04 ), 2.62 (s, CH; on pyridinium), 2.2-2.9 (4H,

5 SH, CH5 on pyridinium), 3.04 (2H, m, CHas), 4.68 (2H, t,
J=6.4 Hz, CH,N'), 8.01 (2H, d, J=6.6 Hz, Hm of
pyridinium), 8.89 (2H, d, J=6.6 Hz, Ho of pyridinium),
uv (Hy0) )\ po.° 256 (€4100), 221 (e7544) my.

B. 1-(2-mercaptoethyl)-4-methylpyridinium p-toluene-

10 sulfonate |

d + @- + p'!scm ————-) . . ;
e AO)

‘To a suspension of p-toluenesulfonic acid (1.72 g,

0.01 mol) in benzene (6.5 mL) was added 4-picoline _

(1.17 mL, 0.012'mol).  The resulting mixture was stirred o/
15 under a nitrogen atmosphere at 23°C for 30 min, treated

with ethylenesulfide (0.65 mL, 0.011 mol) and stirred

at 75° for 24 h. More ethylenesulfide (0.65 mL, 0.011

mol) was added and the stirring was continued at 75°C

for 24 h more. The reaction mixture was cooled to 23°C _
20  and diluted with water (5 mL) and ether (8 mL). The v

aqueous layer was separated and washed with ether

(3 x 8 mL). The traces of organic solvents were

removed under vacuum and the compound was chromatographed

on )&-bondapak C-18 with water as eluting solvent to
25 give 2.94 g (90%) of the title compound as a colorless

-syrup; ir (film y _ : 2510 (SH) 1640 (pyridinium),

1595, 1582, 1475, 1200 (sulfonate), 1031, 1010, 818

em™t , lume

8020) € 3-[2-(1-(2- m5‘”1y||Oyr|d| mun))ethylthuo] 6[err] .[.i-(R)._m"

o



PRRES kv St SR ' T R )
(40 ‘mk), punped to eI i m nate traces of orgam ¢ solvents and poured on taop
of a colum (2.5 x 10 cm) 15 - of )A-bondapak C 18. El ution of the
colum with water and |yophylization of the appropriate fractions gave'th
title conpound 0.098 g (31% as a yellow sh powder, ir (KBr) [err]max &
3650-3100 (OH); 1755 [err] (C=O of [err]-lactanm), 1630 (pyridinium,: '1 9
cm 20 (carboxylate), 1Hm (D20) 8: 1.20. (3H, d, J=6.3 Hz,
CH3CHOH), 2.83 (s, CH3 on pyridini ur’r) 2.7-3 83(5H, H 4, CH3 on
pyridiniun), 3.1-3.7 3HmCHZS %[390(dd J=9.1 Hz, J=2.6 Hz,
H5), 3.1 (m CH3CHRY$O, dgl7d:( R 233;63 gg’ Gﬁﬁbmpspggs?iﬁgum), 2. §2H m
Hm of pyri dini um (&, T fﬂhmzHﬂl-Qspﬁ | BHYMLH, 8p 3
pyri\difﬁ%/ur’r), uvrr% H(Z% x)268 err XSSG) QQT@ [err 8840%1 ir] +4§0 (c
0..5, H20), T[err] PR rﬂ;fa &Y€ # tondsnbrét Ham 8F M:Hg ),
phosphate buffer 30.68 (2H, t 0=6.4t H3G. & NF’])C)7 11,7.89 (4Exapale 6

Preparat'on 05 3-[2:4 15 Gt "RUAWAY, 9,868k, a, 3=6.5 Hz, Bm of
- pyridinium), 8.89 (2H, d, J6.5 Hz, Ho of pyridinium),
uv (H20) kmax: 256 (€ 4315), 222 (617945) mp.
C. Paranitrobenzyl 3-&-(1-(4-methylp’yridinium))ethyl-
thid-6«-{1- (A-hydroxyethyl]-7-oxo—1-—azabicyclo(3.2.0)
10 hept-2-ene-2-carboxylate diphenylphosphate

<ot 1) NEt(i.P')
— cE - X . 9 :
)..‘ 2) @?(orh),
. _GO )
o— N ) uso
© “ooriE _3) asN._
) - -4 e,

. (?hO).
To a cold (0°C) solution of p-nitrobenzyl 6%-[1-
(R)-hydroxyethyl] -3,7-dioxo-1-azabicyclo(3.2. O)heptane-
- 2-carboxylate (0.522 g, 1.5 mmol) in acetonitrile (6 mL)
W, 15 kept under a nitrogen atmosphere was added diisopropyl-
ethylamine (0.314 mL, 1.8 mmol) followed by diphenyl
chlorophosphate (0.373 mL, 1.9 mmol). The reaction
mixture was stirred for 45 min and treated dropwise
. with a solution of 1-(2-mercaptoethyl)-4-methylpyridinium
20 - methanesulfonate (0.539 g,2.15 mmol) in &écetonitrile
(1.8 mL) followed by diisopropylethylamine (0.314 mL,
1.8 mmol). The reaction mixture was stirred at 0°C
for 1 h, diluted with cold (0°C) water (24 mL) and
'poured on top of a column



ethylthio] -6[err]-[1(a)-hydroxyethyl]-7-oxo-1- :
azapi-eygl o(3. 2. 0) hept - 2- ene- 2- car boxyl ate 5 [err] A

QSiYN of 4-pico|iniun1nethanesu|foqgg§;Lp 4-picoline prepared by the
( af net hanesul fonic 10 acid (0. m., 0.010 nol) to 4-ptcoline
(} 0. -nplg dn ol j %%g? athyl [ . 655 ni, .0.011
iThe/re %tz?gg érncé’(tcfﬁr;je) %99'5%‘% u;bdglréla ﬁgilt%r%zgged;l Of’;lif[arrt&).%phere at 550C
for 7/ coob bamn of PBYE whth R 3%itagk Wenitvidier-75% Watemhmistvae (10 nl).
The 15 orgeo6 Alﬁyeeha\@w@rpaé@z%@ﬁ%fmﬁgtﬁgyw@wrm\e&w@ashed wi th
ether (5 x 5 nH% and agglled on top of a colum, (2.5 x 10 cm of . :
[err] - bondap&kO@®-mB) AT EPTIFARELYF BRI HRAL IR PT dfifved under reducee

pressurg. El gpppoppiatbersat tidnsiio o1l o @3RPOHE rile Hibevaidtipolhd -
mxture gave,afiel o] YSRIUh! B8UASR, Ofr | (pAPRYOP! | Al dd AdP T o O ! ess

1770 (C=0 of A-lactam), 1700 (C=0 of PNB ester), 1640
(pyridinium), 1595 (phenyl), 1520 (NOZ),'134O (NOZ),
890 cm™' (NO,), 'Hmr (DMSO,d 4) 8: 1.16 (3H, d,
10  J=6.2 Hz, CH4CHOH), 2.61 (s, CH; on pyridinium),
3.1-3.7 (3H, m, H-6, CH,S), 3.7-4.4 (2H,m,H-5,
CH,CHOH) , 4,79 (2H, brt, J=6.3 Hz, CH2N+), 5.17 (d,
J=4.9 Hz, OH), 5.37 (center of ABq, J=14.1 Hz, CH, of [
PNB), 6.7-7.4 (10 H, m, phenyl), 7.69 (2H, 4, J=8.8 Hz,
15 Ho of PNB), 8.00 (2H, 4, J=6.5 Hz, Hm of pyridinium),
8.23 (2H, d, J=8.8 Hz, Hm of PNB), 8.92 (2H, d, J=6.5
' Hz, Ho of pyridinium), uv (H,0) X pax ¢ 262 (€10835),
311 (£9670) mp. Anal. calcd. for CggHggNz0,0SP-1.5
H,0: C 56.84, H 5.17, N 5.52, S 4.21; found C56.89, E
20 H 5.13, N 5.19, S 4.41. et
D. 3-[2(1-(4-methylpyridinium)ethylthig]-6%-[1-(B)~
hydroxyethyl)-7-oxo~-l-azabicyclo(3.2.0)hept-2-ene-2~-car-

boxylate

- ®

CH

.
-,
) Ty

10% Pd/C, E, : -
THF, ether, buffer

¥




syrup 2.66 g (100%, ir (film [err] m 2500 (SH), 1640 (pyridinium

1572, 1520, 1478, 1200 (sulfonate); 1040, 833 and 768 cm 1, 1Hnr -
(DVBO-[err]6) [err]: 2.31 (3H, s, CH3SM), 2.62 (s, CH3 on pyridiniun,,
2.2-2-9 (4H, 5 SH, CH3 on pyridiniunm, 3.04 (2H m CH2s), 4.68 (2H, .
=6.4 Hz, CH2N ), 8.01 (2H, d, J=6.6 Hz, Hm eof gpyLi dinium, 8.89 (2H\ d,\}
=6.6 Hz, Ho of pyridinium, uv (H20) [err]max: 256 ([err]4100), 221
e7544) n{err] B. 1- 02>wemmﬂmﬁdehhpﬁ)p4nﬁtbbpbpzyld39[®ﬂ(p-(0¢uene-

sulfonate [err] IheeARAaslial ) ot ALUSASSY 69016 PR} hidod 2y o 01
resul ting n1xtureWmﬂanhﬂaﬂﬁyl$5010&ﬁd8ﬁOéhnptrageneaeﬁosphexmlate230C for

30 rn, treated R RS 5,0 800 | s d at
750 for 24 h. \%%;thylenesglflgg ?o(ga6 g-897 A$°F§ In30eeotetrad o
|

stirring was cont MEEMransd8o: BL)owag aghed ¢ﬁBeFeé i Bh) ni RetReSiwm

cool ed to 230C 20phd§yha$é %b@@ thﬁc“@bﬁ&uﬁ5h }oﬁﬂéeebbffeﬁs olis mThe
aqueous | ayer was s

e h e he traces of
organi c sol vents wer@a 3ﬁn 393 &h%\&ﬁ ?ﬂé @oﬂBoﬁﬂﬂg%%%l (0.59 g).
chromat ogr aphed oﬂ*ﬁemﬁsdktmﬂmaﬁxﬁura wiashhydiregenatetduthdgrsad vesi to 25

give 2.94 g-(90% LHf ééuétfég §. %gnnounghgsoggggkgriayer was separated
10 and extracted with the buffer. (2 x 6 mL). The aqueous
extracts were combined, filtered through a Celite pad,
washéd with ether (3 x 20 mL), pumped to remove
traqes of organic solvents and poured on top of a
/ column (2.5 x 10 cm) of p-bondapak C-18. Elution of the
15 column with water and lyophylization of the appropriate
fractions gave 0.136 g (49%) of the title compound as
a yellowish powden, ir (KBr) v max” . 3700-3000 (OH),
1770 (C=0 of A-lactam), 1642 (Pyr‘ldlnlum) 1592 cm
. (carboxylate), lump (D,0) 6: 1.19 (3H, t, J=6.3 Hz,
20 .CH5CHOH), 2.59 (3H, s, CH; on pyridinium), 2.84 (d,
i?gfl Hz, H-4), 2.90 (d, J=9.1 Hz, H-4), 3.0-3.6 (3H, m,
CHZS, H-6), 3.86 (dd, J=8.1 Hz, J=2.6 Hz, H-5), 4.12 (m,
CH5CHOH) ), 4.5-4.9 (CH,N" masked by HOD), 7.80 (2H, d,
J=6.6 Hz, Hm of pyridinium), 8.58 (2H, d, J=6.6 Hz, Ho
\/ 25 of pyridinium), uv (H20) A hax? 256 (€5510), 262 (€5360),
296 (£7050) m, [Zx] + 20.8° (C 0.48, HZO), Ty=12.8 h
(measured at a concentration of 10~ -4 M in a phosphate
buffer pH 7.4 at 36.8°C).

J
J
(

-1

30



syrup; ir (film [err]nmax: 2510 (SFD 1640 (pyridiniunm), 1595, 1582, 1475,
sul fonate), 1031, 1010, 818 cnt, | Hnr -83- (DMBSO, d6) [err]: 2.29
on pyridiniunm), 2.61 (s, CH Ph), 2.4-2.8 (4H, SH, CH3 Ph), 3.03
Jition of D20 gave a t, J= 6.4 Hz, at 3.04], CH2S), 4.68 (2H, t,
CH2N ), 7.11,7.49 (4H, 2d, 5 _ gd=1.9 Hz, Phenyl), 8.00 (2H, d,

m of pyridinium, 8.89 (2H_ d, J6.5 Hz, anof pyridinium, uv

A 256 ([err] 4315), 222 (eEIQEBl_nierr] C. Paranitrobenzyl 3-
2t hyl pyepdiratiioh) efhfba)tbt-otz @L%é&h lthlo ridinio)-

1\( B) *hydf oxyet oX 0 =car boxyl ate
di p enylohosphgtﬁthgi i - = :

p- nit+obenzyl Bgebitykle [3.2.0 Jhept- 2-ene 2-carboxylate hd
(R) - hydroxyet hyl ] -3, 7- di oxo- I- azabi cycT o( 3. Z'U)ﬁﬁﬁfé%ET“Z-carboxylate .

(0.522 g, 1.5 mmmol) in acetonmitrile (6 nL) 15 Kkept under a nitrogen

at nosphere was added di®¢Bopropyl - . . .
| )' . . . . .®@m
j ' 3

&

A. '4-Methy1fhiopyridiqe

l) MeI/EtOH
: : >> N (:::) Me
2) NaOH :

4-Mercaptopyridine (5.55 g, 50.0 mmol; Aldrich)

was dissolved in boiling abs. EtOH(50 mL). The
insoluble material was removed by filtration over
~Celite. The filtrate was heated to re~dissolve, and
when it cooled to ca. 50°C, methyl iodide (3.17 mL,
51.0 mmol; Aldrich) was added at once. The mixture g_y
was cooled to crystallize. Filtration of the solid

gave 6.77 g (26.7 mmol, y.53.5%1) of the title

compound as hydriodide: lHmr (D20) &: 2.70 (3H, s,

-SCH3) and 7.65-7.77-8.35-8.48 ppm (4H, A2B2 type,

aromatic Hs); 4ir (Nujol) ypax: 1615, 1585 (aromatic

and 780 cm-l; uv (H20)




ethylamine (0.314 m_,~ 1.8 nmol) followed by di phenyl ‘chl or ophosphate (0.473
m., 1.9 mmol). The reaction m xture was stirred for 45 mn and treated

dropwi se with a solution of 1-(2-mercaptoethyl)-4-nmethyl pyridinium 20-~
met hanesul fonate (0.539 g,2.15 nmol) in acetonitrile (1.8 nmL) foll owed by
di i sopropyl ethylam ne (0.314 nL, 1.8 mml). The reaction mxture was .
stirred at O[err]C for 1 h, d||uted with cold8fOferr]C) water (24 nL) an

oured on top of a Hol unn f ak .
EI ution of the col umﬁlaPﬁ r37127vm(2% 9 /oa&étlﬁnlat“ﬁnpgg ‘?@%ta%it’ga f? ?é (100
m.) then with 50% acet offihter hyd rioidat €6.33xgyr 5¢ 006mol ) uaéodﬂedohﬁeér

| yophyl i zati on of e g@omp%  §o! 690610 ShearlBPNo hBLi I ©
corpoina sz el S IR SIEEIEBE L FOIRE Bsbeilovrth i

(phenyl) . 1520 (NO&)adem& P NeOBOpeTLer( 0S2E) oY ek D¥GELEAI (heh [or ]
1.16 (3H, d, 10 \k &&Z %ﬁﬂ?—i} az u Slnlgg)wt
(3H, m H6, CH2S) Et X §éﬂ9€f’1@ﬂ) &?QFQH BAY Jész
CH2N ), 5.17 (d, NaCl. The combined organic extracts were washed with
brine (x 2), dried (MgSO4) and evaporated, yielding
2.92 g (23.4 mmol, overall yield 50%) of the title
compound as an oil: lHmr (CpCl3) ©&: 2.48 (3H, s,
-SCH3) and 7.03-7.13-8.38-8.48 ppm (4H, A2B3 type,
aromatic-Hs); ir (film) ¥ pax: 1580 and 800 cm-l.
*Preparation of this compound was reported by King

and Ware, J. Chem. Soc., 873 (1939). The procedure,
described in this reference was followed.

B. &4-Methylthio-N- g2-mercaptoethyl)pyridinium
methanesul fonate

: * : ; o+ N He . . [
. ) 50-60°

- ' w5 NS \._j—scr;,so?'
/ . <. s 2.
" 4-Methylthiopyridine (2.75 g, 22.0 mmol) was

added slowly to methanesulfonic acid* (0.65 mL, 10.5
mmol) by cooling in an ice-bath. To this solid was
added ethylene sulfide* (0.66 mL, 11.0 mmol, Aldrich)
and the mixture was heated at 50-60°C for 21 h. As

- reaction proceeds the solid went to solution. After

cooling,




J=4.9 Hz, OH); 5.37 (center—of ABg, J=14.1 Hz, CH2 of PNB), 6.7-7.4 (10-H,
7.69 (2H, d, J=8.8 Hz, 15 Ho of PNB), 8.00 (2H, d, J=6.5 Hz,
{niun), 8.23 (2H, d, J=8.8 Hz, Hmof PNB), 8.92 (2H, d, J=6.5
i di nium, uv (H20) [err] 262 (10835), 311 ([err]9670)
cal cd. for C36H36N3 01SP-1.%5 H20: C 56.84, H5.17, N5.52, S
e8xeqry iorHmExtyreNwasi disgol ved. ip. H29- 163 (nL)(Anr-iet hyl pyri d

'd&gﬂﬂdﬂﬂﬂfﬂlE& (5 x 4 L) The cloud aqueous
- /- oxo0- 1-azabi ¢ycl (% ept-2-ene-2-Car-" boxylate [err]
[err 5 Layny aiasolkiditerest oyer, pndz the. filtrate was

I Ry 'dLnl lﬂf%?dwﬂ ?e&br@hebMEsélsﬁﬁﬁchy @eqX o1 ) - ] 0 SGW
. (080 mrol) GHFARAELGERARIS O o P ban b, JL S BAAEIT her (30 ni) .-
pot assi um phosgitt dgmno Baedi Eraediiion l@ﬁirmlmleviusf feolleeteéd.M 14.7 nl, pH
5ot o8 BRSO Gl (Ll o UER By o
reverse phase column. Fraction 2 gave 1.258 g (4.48

mmol, y. 42.6%) of the title compound as a viscous

oil: lHmr (DMSO-dg, CFT-20) 8: 2.32 (3H, s, MeS03 ©),
2.72 (34, s, -SMe), 2.68 (1H, m, SH), 2.9-3.2 (3H, m,
-CHS-), 4.59 (2H, t, J=6.4 Hz, -CHoN@ ), 7.97 (2,

4", J=7.2 Hz, aromatic-Hs) and 8.72 ppm (2H, "d",

J=7.2 Hz, aromatic-Hs); ir (neat) Ypay: 1630, 1200

(br, -503 ©), 7.83 and 770 cm~l.

- *These reagents were distilled prior to use.

-C. (5R) p-Nitrobenzyl 3- [2- (4-Methylthiopyridino)
ethylthio ]1-(68)~ [(IR)-hydroxyethyl ]-7-oxo-1- w,

" azabicyclo [3.2.0 lhept-2-ene-2-carboxylate chloride
' O '

)..,_ - o _ 1') ciPo(W)z
1 o
/—- N ?S/\/ O SMe
: ’ -
COZP*B HSCQ W/

PNE
CO 2

To a solution of (5R) p-nltrobenzyl 3,7-dioxo-~
(65)- [(1R)-hydroxyethyl ]l-l-azabicyclo [3.2.0 ]
heptane-(2R) -carboxylate (475 mg, 1.36 mmol) and di-
isopropylethylamine (0.24 mL, 1.4 mmol) in CH3CN
(5 mL) was added at 0°-5°C under a nitrogen atmosphere
diphenyl chloro-



at 230C for 1.25 h. The organic | ayer was separated 10 and extracted Wi h
the buffer. (2 x 6 nL). The aqueous extracts were conbined,. filtered /
through a Celite pad, washed with ether (3 x 20 nlL), punped to renove
traces of organic solvents and poured on top of a colum (2.5 X 10 cn) of
[err].-bondapak C-18. Elution of the 15 cQlum with water and

| yophyl i zation of the appropriate fracti ons~g8%e=0.136 g (49% of the ti

compound as a yel | gHiosprangden. 257 ntiBLl f chab1ye TﬁZOQ*QQQréqJ‘Qs 1770
(C=O of [err]-lact 1642 ggyrb di eﬂé@}eiy cn% cgrboizlate)
(D20) 8: 1.19 (3Hstirres=gt30Hz5 30f0 Tgoth
pyridinium, 2.84 gdded= inoﬂly Budpenzibfl 64, AJmQtﬁyfﬂnoPN4IZ-3 0- 3 6 (3H,
1545 (OBN moBeleBptRRRpYLIbsIashtun oathabes i 2Enatt EEPFCHR) Iy
8.58 (2H, d, J=6. 61HJ!+5 Wmo25 60%ppuicd)ni dn) CHaON( K20 {nb)rf@b‘howed by
{521 252 (bl B o Yot gl o) 26 0
buffer pH 7. 4 at 3@istore ygs stirred at -5 for 1 h. Immediately
after addition of the base, ye110WlSh precipitate
formed. The precipitate was filtered and washed with
cold CH3CN (3 mL), yielding 413 mg of yellowish
solid. This was triturated from 10% MeOH in H20 (5
mL) to obtain 341 mg (0.618 mmol, y. 45.4%) of the
title compound as white crystals: mp 118°-120°C;
lHnr (DMSO-dg, CFT-20) §: 1.16 (3H, d, J=6.1 Hz,
1'-CH3), 2.72 (34, s, -SCH3), 3.1-3.7 (5, m),
3.7-4.3 (24, m), 4.71 (2H, t, J=6.3 Hz, -CH9N), 5.15
(14, d, J=4«9 Hz, OH), 5.20-5.35-5.40-5.55 (2H, ABq,
COgCHy-Ar), 7.70 (2H, "d" J=8.8 Hz, nitrophenyl-Hs),
Ui - 7.97 (24, "d", J=7.0 Hz, pyridinio-Hs), 8.25 (2H,
- "4", J=8.8 Hz, nitrophenyl-Hs), and 8.76 ppm (2H,
"d", J=7.1 Hz, pyridinio-Hs); ir (Nujol) »pax: 3250
(OH), 1775 (B-lactam), 1700 (ester) and 1625 cm-l
(pyridinio), uv (abs, EtOH) Amax: 308 nm (e4.47 x
10%); [c]D3 + 24.8 (c 0.5, MeOH); Anal. calcd. for
W Co4HogN30gS2C1.Ho0: C 50.56, H 4.95, N 7.37; found:
C 50.63, H 4.72, N 6.89.
D. (5R) 3- [?-(4-1‘ethylth:.opyrldim.o)ethylthlo) -(6S)-
_ [(1R) -hydroxyethyl) -7-oxo-1l-azabicyclo [3 2.0)hept
. -2-ene-2- carooxylate
OH

» : __—E::;>”’5’/\“5;§ i 7.4 buffer

a




- 86- Exanmple 7 Preparation of (5R) 3- [2-(4-nethylthiopyridinio)-
WVIthio ]-(6S)- [(IR)-hydroxyethyl ]-7-oxo-1- azabicyclo [3.2.0

cene-2-carboxylate [err] [err] 4-Mercaptopyridine (5.55 g, 50.0

Adrich) was dissolved in boil~n§Qabs. EtOH(50 nlL). The insol uble

was renoved by filtration ov?{ gelite. The filtrate was heated to
ve, and 4ffen ANidgebeazyd Sal2sdpemetrby libippyridande) (3. 17 ni,

et o oo ges saeiine
o cdionfl Res frmensaas arbany Legsop it afi e 5598 an, 958880y and
. . 77- 8 mibk>19. 4tspIssbivePB2 tTyFe ( 31 6MALI)C ahld) pHI 7. @buphbjpheate] max:
to15. 1965 (AT P00 E ek pbelBOksg cullrelCialinye 67

(31.5 mL). This solution was mixed with 10% Pd-C (380 mg,
Engelhard) and hydrogenated at 35 psi on the Parr shaker
at room temperature for 1 h. The aqueous layer was
filtered over Celite to remove the catalyst and the Celite
pad was washed with H,0 (2 x 5 mL).. The filtrate and
washing were combined and washed with Et20 (2 x 30 mL).
The aqueous layer was pumped off to remove any organic
solvents and purified by reverse phase column chroma-
tography (018 microbondapak, 13 g, Waters Associates)
eluting with H20. Fractions having a uv absorption at

307 nm were collected (ca. 1 L) and lyophilized to obtain
127 mg (0.334 mmol, y. 48.5%) of the title compound as a
yellowish powder: 'ler (D20, CFT-20) &: 1.20 (3H, 4,
J=6.4 Hz, 1! -CH3), 2.64 (3H, s, -SCH3), 2.81 (2H, m,
'-SCHy-), 3.19 (1H, dd, J. ,, =6.1 Hz, Jg =2.6 Hz, 6-H), o
'3.32 (2H, dd, J=11 Hz, J=5.5 Hz, 4-Hs), 3.92 (1H, dt,

J=9.2 Hz, J . =2.6 Hz, 5-H), 4.1 (1H, m, 1' -H), 4.61

(2H, t, J=5.9 Hz, -CHaN@), 7.70 (2H, "d", J=7.1 Hz,
aromatic-Hs), and 8.40 ppm (2H, “¢", J=7.1 Hz, aromatic-Hs);

ir (KBr, disc) V__ : 3400 (OH), 1750 (f-lactam), 1630
(pyridinium) and 1590 em™t (carboxylate); uv (H20) A

_ . 239 max :
231 (29800) and 307 nm (£25000); [dJD + 3.14 (E 0.5, HZO).

o/



The "hydri odide (6.33 g, 25.0 Mol ) was dissolved in H20 (40 nmL) and the
i nsoluble material was renoved and-washed with H20 (10 m ). To the filtra
was added at O-5[err] NaOH pellet (5 g) and extracted with Et20 (3 x 25
mL), saturating the aqueous layer with NaC . The conbi ned orgahi c extract
were washed with brine (x 2), dried (MySO4) 9and evaporated, yielding 2. 9
(23.4 mmol, overall yield 50 of the title conpound as an oil: | Hw -
(CDC13) [err]:- 2.48 (3H, s, -SCH3) and 7Example388.38-8.48 ppm (4H, A2B2
type, aromatic-Hs); ir (filmV max:_1580 and 800 cm 1. *Preparation of.this
conpound was reporReepanatkiany afhB-Vid-d 3-ne thivew-13pyridgniuni gzbyl tirhe] -

pracedure, describgd [R5 HR{RHGMSEMAS 7-Jxo2WedzaBicyclo(3.2.0) -
4- Methyl t hi o- N-( 2- err]
4- Net hyl t hi opyr i difkgR¥2ener o CATbaxkydiateras added slowy to

net hanesul foni ¢ aci d* (0. 65 s, .10.5 nnDI) by ‘cooling in an ice-bath. To

this solid was added et hyl ene fide* (0.66 niL, 11.0 mmol’, Al drich) and

the m xture was heated at 50- r. 21 h. A@;reactl proceeds the
solid went -to solution. After coo |nb S\~/~\N : .

A. 1-(2-mercaptoethyl)-3-methoxypyridinium methanesulfonate

Qe

‘To precooled (5°C) 3-methoxypyridine (698 mg, 6.4 mmol)
was added dropwise methanesulfonic acid (0.216 mL, 3.0S
mﬁol) and ethylene sulfide (0.19 mL, 3.2 mmol)._.The
mixture was then heated at 60°C for 18 h, cooléd to 20°C,
diluted with water (10 mL) and washed with ether (3 x 10
mL). The aqueous phase was pumped under high vacuum for
15 min and péured on a C18 reverse phase column. The
title compound was eluted with water. The appropriate
fractions were combined and evaporated under high vacuum
to give the desired thiol (61.6 mg, yield 76.3%); ir
(CH2012) \) '2550 {w, SH) and 1620, 1600, 1585 cm'1
(m, aromatlc) Hmr (DMSO d ) &: 8.90-7.90 (4H, m,
aromatic C-H), 4.72 (2H, t, i 6.6 Hz, CH N ), 4.01 (3H, s,
OCH3), 3.5-3.0 (m, hidden cgzs), 2.66 (1H dd, J=9.5 Hz,
J=7.5 Hz, SH) and 2.31 ppm (3H, s, CH,SO —)

3



F8 ™\ the reaction mxture was dissolved in H20 (5 nL) and washed with
20 (1D 4 m). The cloudy aqueous |ayer was filtered over Celite and the
fifl tr & e\was purified by reverse phase silica gel colum ehromat ography

18 §¢rp bondapack 10 g) eluting with420. Each fraction of 10 nL was

MeSOR[ er']), '2. ***** , 2S-),
4.59 (2H, t. J=eeinybthiedreg g .:ﬂwﬁd 7HW§*ﬁra%WHﬁﬂPhQ Hs)
and 8.72 ppn\(2FK3"g"o)Jhao2-?tenéuzu6aﬁ5b£#matdr (neat) [err]max: 1630, -
1200 (br, -S@3 [err]), 7.83 and /70 cnrl. *These reagents were distill et
prior to use. C. (5R) p-Ntroben Xl 3- [2-(4-Methylthiopyridino) ethylthio.
]-(6S)- [(1R)-hydroxyethyl ]-7-ox®-l- azabicyclo [3.2.0

] hept - 2- ene- 2- car boxyl ate chl or'i ﬂJﬂJTk’bQL:L,
o]

R N
o”
‘ CO, 2B
1) ﬁtﬁ&#{)z IS /jﬂ ;' _. - = Ome
2) c1?0(0¢) s T l e ®
: s -
.. ’:e '.f—-;::>>— \\(A\N <:> \j
3) HS\\/N\ o ‘ ) .
@ Q) mso” co,71@ '

4) 2=Ne<02

A cold (0°C) solution of p-nitrobenzyl 64-[1'-(R)-
hydroxyephyl]-3,7-dioxo-1—azabicyclo-(3.2.0)-heptane—2-
carboxylate (1.04 g, 3 mmol) in acetonitrile (12 mL) was
treated dropwise with diisopropylethylamine (0.63 mL,

3.6 mmol) and diphenylchlorophosphate (0.75 mL, 3.6 mmol)
and stirred at 0°C for 30 min. The resulting enol
phosphate was treated with 1-(2-mercaptoethyl)-3-methoxy-
pyridinium methanesulfonate (1.14 g, 4.30 mmol) in
CHSCN(7 mL), diisopropylethylamine (0.63 mL, 4.30 mmol), W
stirred for 30 min. and cooled at -10°C for 30 min. The

solid that precipitated out of the mixture was filtered,

washed with cold acetonitrile (2 mL) and dried to give

the title compound (1.3é g, yield 82%); ir (nujol)\}max -
3320 (m, OH), 1780, 1765 (s, B-lactam C=0), 1700, 1695
(m, ester C=0) and 1520 cm™ (s, NO,); ‘Hmr (DMSO ofy)
§: 9.01 (1H, bs, H-3 aromatic), 8.75 (LH, bd, J=5.4 Hz,
H-6 aromatic), 8.35-7.95 (4H, m, H-aromatic), 7.70 (2H,
d, J=7.7 Hz, H-aromatic), 5.37 (2H, center of ABq, J=13
Hz, CH,PNB), 5.17 (1H, d; J=4.9 Hz, OH), 4.87 (2H, t,



To a solution of (5R). p-nitrobenzyl 3,7-dioxo- (6S)- [(IR)-hydroxyethyl
]-1-azabicyclo [3.2.0 ] heptane-(2R)-car boxylate (475 ng, 1.36 mml) and
di - isopropylethylamne (0.24 n, 1.4 mol) in CH3CN (5 nl) was added at !
O[err]-5[err]C under a nitrogen atnosphere- digghenyl chl oro- - 89- ‘,
phosphate (0.29 nL, 1.41 mol). The m xture was stirred at 0-5, for 30 m'n._-
To this m xture was added an oi I% suspensi on of 4-nethylthio-N(2-

mer capt oet hyl ) pyr 6 n3unz reCgAeS)) fores-e3 (B & 3, M. 45-Smald l'15{10/”0)|c3ur‘*e)00i n’
CHBCN (1.5 i) o hgued bycA! 5S§p§@p@§wyéﬁrarf (s o, Lt gy0ld s-Bieo

m xture was stirr at~o[efrB=5[err diatel’y aftéer ’‘addit |

of the base, yell 63H$hmprﬁe6p|1ﬂa$b anrd n%cﬂs‘mé“p@%‘bq o« ai-eﬁ-vlaé‘zf’l IGHeyCEQ and
washed with cold CH3CN (3 nlL), yielding 413 ng of yellow sh solid.. This
wags triturated from10% MeOH in H20 (5 nL) to obtain 341 ng (O. 618 mol , vy.
45.49% of the title conpound as white crystals: np. 118[err]-120C; | Hnr
(DVBO-d6, CFT-20) 8: 1.16 (3H, d, J=6.1 Hz, 1'-CH3), 2.72 (3H, s, -SCH3),
3.1-3.7 (5H, m :




3.7-4.3 (2H, m), 4.71 (2H, t, J1=6.3 Hz, -CH2N), .5.15 (1H, d, J49 Hz, OH)

5. 20,5, 35-5.40-5.55 (2H, ABq, CO2CH2-Ar), 7.70 (2H, "d" J=8.8 Hz,

it/ oph | -Hs), 7.97 (2H, "d", J=7.0 Hz, pyridinio-Hs), 8.25 (2H "d"

i trophenyl-Hs), and 8.76 ppmdH "d", J=7.1 Hz, pyridinio- FB)

[err]max: 3250 (OH), 1775 (B— actam, 1700 (ester) and 1625 cm 1
1 \

(
2
7.

2-

%(I hygf oxyet hyT) - 7-0X0- I-azablcyclo [ 3. 2 hept -2-ene-2-carboxylate GH
[err] ] - 90 - (5R)\ p- Nitrobenzyl 3 (4- hylfhlopyr|d|n|o) W/
ethylthio]-(6Serr][ (1R dr oxyet. hyl ] - abl cyc

[ 3. g 0] hept - 2- ene- 2- carbéﬁg Iorlde ( 0. 688 ) was dlssolved
in THF (31.5 nL) and pH 7. 40 phosphaige™~". »

A solution of para-nitrobenzyl 3[2-(3-methoxy-1-
pyridinium chloride)ethylthio]-6a-[1'-(R)~hydroxyethyl]
-7-oxo-1-azabicyclo(3.2.0)-hept-2-ene~2-carboxylate
(600 mg, 1.12 mmol) in THF (25 mL), ether (25 mL) and .
PH 7.4 phosphate buffer (0.1M, 25mL) was hydrogenated b
in a Parr shaker over 10% Pd/C (1.1 g) for 1 h at 40
psi. The mixture was diluted with ether and the aqueous
phase was filtered through a #52 hardened filter paper.

The aqueous layer was washed with ether (2 x 20 mL)
pumped under vacuum and poured on a silica gel reverse
phase column. The title compound was eluted with water \~
containing 2 and 5% acetonitrile. The appropriate
fractions were combined and lyophilized to give a
yellow solid that was repurified by hplc togive the penem _

- carboxylate (150 mg, 38%); ir (nujol) Joox 1750 (s, )
f-lactam C=0) and 1580 cm"1 (s, carboxylate); 1nmr

: (D-O) 5: 8.55-8.30 (2H, m, H-2, H-6 aromatic); 8.17-7.75
(2H m, H-3, H-4 aromatlc) 4.77 (2H, t, J=5.9 Hz,
CH N ), 4.10 (1H, part of 5 lines, J=6.3 Hz, H-1'), 3.97
(3H, s, OCHj), 3.85, 3.82 (2 lines, part of dt, J=2.6 Hz,
part of H-5), 3.42 (2H, t, J=5.9 Hz, CH2-S), 3.25

i



buffer “(31.5 nL; 0.05M Fi sher) and diluted wwth Et20 (31.5 nL). This
solution was m xed with 10% Pd-C (380 ng, Engel hard) and hydrogenated ay 35
psi on the Parr shaker at roomtenperature for 1 h. The aqueous |ayer Wa
filtered over Celite to renove the catalyst _and the Celite pad was washe
with H20 (2 x 5 nL). The filtrate and waSh ﬁ@ Wer e conbi ned and washe
with Et20 (2 x 30 nL). The aqueous |ayer was punped off to renpve any \ \,\
organi ¢ sol vents dng,pud,f iJed. byﬁzeveaaesphaseﬁceburmzcbmozrasotpgmmy it}

i crobondapak, 13 igett Sy 0B AL Re LA ot LIS, 51804 005 R
obtain 127 ng (0. 334 (H%f@i cy O. %)%ﬁgf 280 (ewswm;rpaaad(aesesyemﬁw sh
powdes’ Hr (D2 4 1 CH3) T3H,
s, :- SCH3), 2.81 (gﬁ s %Q’)ge(léhggﬁ ?8 furtgh ﬁzlil,zc) 20 R 0 6 e, 6-H),
3.32 (2H, dd, Jlle J=5.5 Hz, 4-Hs), 3.92 (1H, dt, J=9.2 Hz, J5-6=2. 6
Hz, 5-H), 4.1 (1H m 1" -H), 4. 61 (2H, t, J=5.9 Hz, -CHZN[err]), 7.70 (2H,
"d',, J=7.1 Hz, aromatic-Hs), and 8.40 ppm (2H, "d", J=7.1 Hz, aromatic-Hs);
ir (KBr, dISC) [err] max : 3400 (OH), 1750 ([err]-lactam), 1630
(pyridinium and 1590 cm 1 (carboxylate); uv (H20) [err]max 231
([err]9800) ‘and 307 nm ([err]25000); [err] + 3.14 (c 0.5, H0).



-- 9.1 -, Exanple 8 PreparatLon of 3-[2- (3 nethoxy 1- pyrldlnlun)ethylthlo]
elerr]-[1 -( R) -hydroxyethyl]-7-o0oxo0-1-azabicyclo(3.2.0) -
hept - 2- ene- 2- car boxyl ate OH [err] 2 A

" (5] ehrla) 8- net hoxypyridine (698 ng, 6. 94nwpl) was added dropw se
mef haf fonic acid (0.216 nL, 3.05 nmol) and ethylene sulfide (0.19 ni,

The m xture was then heat 0g@C far 18 h, cqgoled to 200C,
Qa% 8 9her (3 x 10 nmL). The aqueous

phakevwas, PG Uen ON SEeuTd 0o 15 K _@hﬁ?e ed4oR; 8)CL8 reverse

roprlate

( ) 8 the
desired thidtz (HBblhdpt- auee,led.gl@a}%x 1rat(eCHZClZ) Vrrax 2550 (w SH and .
1620, 1600, ‘I585’lﬁE‘tﬁf‘ﬁTﬁﬁﬁTTCTT“%%ﬁr‘(DNBO [err]6) [err]: 8.90-7.90

(4H, m aromatic CH), 4.72 (2H t, }=6.6 Hz, ‘CH2Nt), 4.01 (3H, s, OCH3),
3.5-3.0 (m hidden CH2S) ,2.66 (1H, dd, 3=9.5 HgSHe

-

dﬂ

A. 3-Methylthio-1-(2-mercaptoethyl)pyridinium chloride ~
e o+ A >
-« | ) me. .~
@ o C N
zsezczno .

To a solution of 3-methylthiopyridinel (2.00 g,
0.016 mol) in 10 mL of ether was added 15 mL of 1 N HC1
and the mixture was well shaken. The aqueous phase was
separated, washed with 10 mL of ether and then evaporated. -/
The residual hydrochloride was then dried in vacuo (P205)
to give a white solid. To this solid hydrochloride was
added 3-methylthiopyridine (1.88 g, 0.015. mol) and
ethylene sulfide (0.89 mL, 0.015 mol) and the resulting il
mixture was heated (oil bath) at 55-65°C under N, for 15 h.
This gave a slightly turbid oil which was taken up in £
125 mL of HZO and washed with CH2C12. The aqueous solution
was concentrated to about 25 mL and then a few drops of
acetonitrile were added to make the mixture homogeneous.,
The resulting aqueous solution was applied to a C

18
reverse-phase column. Elution with HZO and subsequent

evaporation



J=7. 5 Hz, SH) and 2 31 ppn1(3H s, CH 3S03-)  -92- B. para -Ntrobenz
3[ 2- ( 3- |nethoxy 1- pyrldlnlunlchlorlde) ethylthlo] -6[err]- [1 -
'-(R) - hydroxyet hyl] -7-oxo-1-azabicylo (3.2.0)-hept-2-ene-2-carboxyl at e
[err] [err] 1) [err] 2) [err] 3) [err] 2 4) [err] A cold (0C solutiof.
p-ni trobenzyl 6[err]-[1 -(R) - hydroxyethyt] 95 -

-3, 7-di oxo- 1- azablcyclo (3.2.0)-heptane-2- carboxylate (1.04 g, 3 mol') -
acet

onitrile (12 r SOULO | b o
. 3.6 mol) an d eﬁ!;/ 1eﬁﬁ£rﬁd RIS \éaffrgréba QRE aybahax apioe £

| or ophaosphat e : ZﬂD%% and stirred
at 0C for 30 min. Boﬂh)e FesIR3 Ry Y@%&O‘"’phdéﬁ’ﬁ&t“é fAd - tréﬁt ! max 2
1-(2- nﬁrcaptoethyédrd3aﬁﬁiHDSH)rdmﬂxy nﬂmmm&emhgnamsbno ated(18188g7.4830

nmoly_ i n CH3CN( 7 {7‘111_) ’41-P,i S tp Iet khyl,?aom(r)ce (JOGG§ mz, HSONWHBW 3.08
7 (skewed t, J=6.5 Hz, 2H, S-CH,), 2.64 (s, 3H, s Me).
1Prepared by the method of J.A. Zoltewiez and C. Nisi,
- J. Org. Chem. 34, 765 (1969).

B. p-Nitrobenzyl(sR,6S)-3-[2-(3-methylthiopyridinio)ethyl
thio] -6-[1-(R)-hydroxyethyl]-7-oxo-1-azabicyclo{3.2.0]
hept-2-ene-2-carboxylate chloride

K/’ ) ) /ig

0%

A solution of p-nitrobenzyl (5R 6S)-6- (1- (R)-hydroxy-
W - ethyl] 3, 7-dioxo-1l-azabicyclo[3.2.0]heptane-2-carboxylate
(0.522 g, 1.50 mmol) in 7 mL of dry acetonitrile was
cooled at 0°C and then diisopropylethylamine (0.287 mL,
1.65 mmol) was added dropwise. To the resulting yellow-
brown solution was added dropwise diphenyl chlorophosphate
(0.342 mL, 1.65 mmol) and the reaction mixture was kept at
0°C for 30 min. Diisopropylethylamine (0.313 mL, 1.80 mmol)
was then added, followed by a solution of 3-methylthio-1-
(2-mercaptoethyl)pyridinium chloride (0.398 g, 1.80 mmol)
in 0.70 mL of dry DMF. About a minute after the addition

was complete a precipitate separated from the reaction



stirred for 30 min. and cooled at -10[err]C for 30 mn. The solid that
preC|p|tated out of the mxture was filtered, washed with cold acetonitrile
_and dried to give the title conpound (1 32 g, yield 82%; ir (nujol)
ax 3320 (m OH), 1780, 1765 (s, [err]-lactam C=O), 1700, 1695 (m
CrO and 1520 cm 1 (s, N2); H¥wa~DMS( err]6) [err]: 9.01 (1H, bs,
S @‘-tic), 8.75 (IH, bd, J=5.4 Hz, H6 aromatic), 8.35-7.95 (4H, m

F 1) ik Hindl el Hootthdl Aithehe, okt 162urcaals” of AR,

CH2PNB) , OH) (2H, t, 92a J=6.3 Hz,

4. 33 3sozlslq manﬂeﬂ%-loamdrmas 4. %1%3‘@15‘1 WESJUB- 56 (part of
-3 ste(g‘&ﬁ)ly Jbr kB th ddefontttPi1rnenk theppm (3H, d, J=6.1
Hz, C}BCHO g o
3-[2-(3- n‘et ho‘iﬁ/s’i "b%/r"f’%ﬁ AUHEAERA O Jllé[ré‘rﬁlfq 1' Ihg) residue

hydr oxyet hyl ] - 7- oxo- 1- azabi cycl 0( 3. 2. 0) - hept-2-ene- 2-c arboxylate [err]




[err] A sol ution of para-nitrobenzyl 3[2-(3-nethoxy-1- pyridinium
chloride)ethylthio]-6[err]-[1" -(R) -hydroxyet hyl ] . _

- 7- 0x0- 1- azabi cycl o( 3. 2. 0) - hept - 2- ene- 2- car boxyl ate (600 nmg, 1.12 mmol)/i
THF (25 L), ether (25 nmL) and pH 7.4 phosphate buffer (0.1M 25n) wa
hydrogenated in a Parr shaker over 10% Pd/CH{1.71 g) for 1 h at 40 psi.
m xture was diluted with, ether and the agueous .phase filtered fhro
#52 har dened fiIt@?spgﬁérTETﬁéL%q%%bb%n} §QONM£§€%a§ﬁ§g%ﬂftHggtﬁngPQ“xs
nL) punped under dadednmiandzpearte give the imepdyet (OudbSerphae) cosum.
The title compound vas,mlubedusbd NsdBis! CAI AdHiihed 39ds2akacahenitrile.

PBAl -3 T y o .

The appropriate fracfions were co |ned!a ITizedto give a yell ow
sol it hat was regiripbirededy tapBEve ogi Yelidie Pdnethich Wegy baken( ¥B01hy,
o byl t o) ot bt B $89uks. of Sedsbmpt Aoy audieseatOnes,
8 177 75 (2H, m ﬁq13,30)Hm&narohE%%‘&}”?’G%‘?l??O%zd‘P’einﬁ}t nixigre pﬁoeﬁ?@ ?2?’ 4.10
(1H part of 5 |inRAaiticBald DZ136t4 of Ghd phcithcts . asOGH)ighd. §8113w82 (2
ines, part of di, 152 6 e, RaihiQlaMhplia %d? d Hhs ty (V02 HE OR-9),
' ir (XBr) ygax: 3345 (br, -O0H), 1770 (B-lactam CO),
16 1680 (-C0,Pi3) em™'; 'Homr (4,-DiS0) B: 8.98-7.96
(m, 4H, pyridinium aromstic), 8.20-7.65 (iBq, J=7.0 iz,
- 4H, PNB aromatic), 5.53-4.80 (m, 4H), 4.3-3.7 (m, 2H),
— . 3,6-3,25 (m, 6H), 2.66 (s, 3H, S-He), 1.16 (4, J=6.0
Hz, 31, Cikie).
15 C. (R,65)-3=[2-(3-methylthicpyridinio)ethy] thig] -6-

[1-{R)~-hydroxyethyl] ~7-oxo-1~2z2bicyclo[3.2.3] hept-2~

ene-2-carbazylate

OH

o A

v

20 To a mixture of p-nitrobenzyl (R,6:3)-3-[2-(3-
methylthiopyridinio)ethyl thio]-6-[1-(})-hydroxy-
ethyi]-7-oxo-1-a:abicyclo[3.2.0]—hapt—z-ene—z—carboxy—
late chloride (0.%51 g, 1.9 mmol) :nd 105 palladium-—
on-charcoal (0.55 g) in 25 mL of phosohste buffer

25 (0.05 K, pil 7.4) was added mi of %MF and 25 wl of



=6.1 Hz, J=2.6 Hz, H6), 2.99-2.60 (2H, 6 lines, part of
(3H, d, J=6.4 Hz, CH3); uv (H20, c 0.05) max : 290

23 ([err]6643) Tl[err] (0.1 MpH 7.4 phosphate buffer,
: 94 Exanple 9 Pre_pa?@éi_(_)n of (5R;
yl t hi opyridinio) eth

) tydroxy ehltyl ha£50x- &Taz}%mzcx@érp Ak 38rr)

-carboxyl ate [err]

1402 p8dr €95t bebmyl T ?rrwwfmﬁ dH IR ody rqilcrerr] To a
QUL 3- &&tlmékﬁgll Qarbughneeizt@ ] ﬂa&lﬁmﬂﬁ kd-ﬂcol_?gﬁ@ of et heL was
adde > : ure vel | - shaken e _aqueous phase
was separ at ed, W%agﬁéd’ tshg 6 ENRF her Lo P AP RIGSEMES. The o/
resi dual hydroshbamadedmasdthashddlwﬂthra&dmiﬁnﬁdkneﬂhdn)Qﬁ w).a white

solid. To this solid hydrochl ori de was added 3-nethylthiopyridine (1.88 g,
0. 015, nol ) and

<~



ethyl ene sulfide (0.89 nL, 0.015-nmpl) and the resulting m xture was heate
(oil bath) at 55-65[err]C under N2 for 15 h. This gave a slightly turbid
oil which was taken up in 125 nL of H20 and washed with CH2CL 2. The. -}
aqueous sol ution was concentrated to about 8,2 nm. and then a few drops of \
acetonitrile were added to make the nixtufe’honogeneous. The resul ting

aqueous solution was applied to a C18 reverse-phase colum. Elution with
20 and subsequent e\Bigsy atdmving re@3dundf ot{yenxelmhrﬂnﬁsaicrti‘moafbhmded-

2870 (br sty om AURGuE SRR Yy Bo1 LACEEUPE dna e il ks VITRX
aromptic), 4.70 (t,2dissiEdto A0 Nl@hz)saugreﬂe%s%eW$ -‘Q}’*{S';fy HARsH

S-CHY, 2.64 (s, 3"bo§11'?'f‘an 1P{seﬁaf'%@.1b)ﬁelbeaf§§ﬁﬂ@d b o G Zeddepiieez and C.
Nisi, J. Og._Chem 34 76

p- Nit robenzyl ?5R, 6538 aﬁ? 2Q°( PSBy‘r‘FHPnﬁg?e%f}lSuDS@Guent
thio]-6-[1-(R)- hydrmﬂiimijaﬁm@ﬂ thazalkelyebnt 3f2268ions afforded

hept - 2- ene- 2- car boxéflf‘geg L Or'bmg?xt yellow solid. This material wos
repurified by reverse~phase hplc to give the product
(0.210 g, 55%) as a light yellow solid. ir (KBr)\)max.
10 3400 (br, -OH), 1755 (f-lactam CO), 1590 (-CO,")
en”'; THomr (D,0) 8: 8.60-7.76 (m, 4E, aromatic),
4.76 (%, J=5.8 Hz, 2H, N-CH,), 4.13 (d of g, J=J'=
6.3 Hz, 1H, H-1'), 3.95 (d of t, J=9.0 Hz, J'=2.8 iz,
1H, H-5), 3.45-2.75 (m, 5H), 2.59 (s, 34, S-le), 1.20
15 (d, J=6.4 Hz, 3H, CHie); uv (H, 0)1 L4 296 (£8509),
273 (£13005), 231 (€11576) nm; t, (p‘i 7.4, 36.8°C) 20 h.

Example 10 _
 Prevaration of 3-{2-(1-(2,6-dimethyloyridinium)-.
" ethylthiol ~6a— (1-(23)-hvdrcxyeth:

20  azabieyclo(3.2. O)hmt-z-ene-z-cerbox rlate




[err] A solution of p-nitrobenzyl (5R 68) 6- Cl- (R) - hydroxy-
- 3, 7- di oxo- 1- azabi cycl o[ 3. 2. 0] hept ane- 2- car boxyl ate (0.522 g, 1.50
\ (n 7 mL of dry acetonitrile was cooled at O[err]C and then
opropyl et hyl ami ne (0.287 nL, 1.65 nng ) was added dropw se. To the
T rex ng yell ow brown solution was ad aropmnse di phenyl
chl orophosphat e 3 | as kept at
0C for 30 ngh lLQZ*%% oPYHe ¥ A lﬁ% é%ﬁ% en added,
f ol | owed bysmkﬁﬂmﬂhan1cﬁ 3- nethylthlo 1 (2- nercaptoethyl)pyrldlnlum
chloride (0.398 g, 1.80 mol) in 0.70 nL of dry DMF. About a mnute after
the addition was conplete a precipitate separated fromthe reaction -
-95a- m xtureand furtheMcaoling at -10C for 10 mn gave a solid b
_orange- colouragzga : olid was sub- sequently triturated with -
acetonitrile he* rey' & ¥8PFect ed by TIITTaiion. The residue
M L

A mixture of 2,6-dimethylpyridine (19.2 mL, 0.165 o/
mol) and methanesulfonic acid (3.27 mL, 0.050 mol) was
5 stirred for 15 min, treated with ethylene sulfide
(4.17 mL, 0.070 mol) and stirred at 100° C for 42 h
under a nitrogen atmosphere. After cooling to 25°C,
the reaction mixture was dlluted with ether (45 mL)
- and water (30 mL). The two layers were separated and
10  the organic layer was extracted with water (2 x § mL).
The aqueoﬁs layers were combined, filtered through a
Celite pad, washed with ether (2 x 15 mL), pumped to
remove the traces of orgahic solvents and poured on
top of a column (3.0 x 12 cm) of p-bondapak C-18.
15 Elution with 3% acetonitrile 97% water mixture gave
after lyophylization of the appropriate fractions 2.5
g of the impure title compound as syrup. It was
repurified by hplc (F—bondapak C-18) to give 0.90 g
(7%) of the title compound. ir (film) V max: 2520 (SH),
20 ' 1640 and 1625 (pyridinium), 1585, 1490, 1200 cm t
(sulfonate) ‘Hmr (DMSO-< + D,0) 6: 2.36 (3H, s,
CHyS057); 4.62 (2H, m, CH,N"), 7.74 (2H, m, Hm of
pyridinium), 8.24 (1H, m, Hp of pyridinium), uv (HZO)—
max’ 272 ( 4080) mp | )
25 :

-



96 was-'washed with acetonitrile, then acetone and flnaIIy dried in vaguo to
give the product (0.455 g, 55% as a creamcoloured solid. The conb'ned -
filtrate was evaporated to give a yellow oil which was taken up in g- "
m ni mum vol une of acetonitrile and cooled at O[err]C for 30 min. :
Filtration of this m xture afforded an addi t4 ®@®al- 0. 139 g of the pr duc
a light yellow solid. The conbined yield was 0.594 g (72%. ( KBr
3345 (br, -OH), 1870 Péeanitfammm ['31@()(1-]((2 6 dHERE - i 1@,1'@ v
1HnnT (d6- DVB0) [e%ﬁ : { , iy 1 i 8.20-7.65
(ABg, J=7.0 Hz, 4 R o

3.6-3.25 (m 6H) (2. BGOOBPDBHE @qmarqoma@ Jha)rmnﬂzlprmsmmiﬂn) 15 C .
([ere})-3-[2-(3-nethylthiopyridinio) ethyr] th|o] - 6- - (R) - hydr oxyet hyl ]

- 7- oxo- 1-azabicyclo [3.2,0] hept-2-. ene-2-c % [err] [err] [err]
[errt 20 To a ture of p- nitroben?ﬁlgfé 23-[2-(3- methy'
t hi opyri di ni o) ethyl thi l;__L;.{E? hydr oxy- 2) cifoen), -
. ' o) ] >
09‘ “\/— 3) as/\/@ )

. coopMB |, : HsO

4} NEt(i?r)z

. /jm ' r'l
i\/' - e,
. s/”\/’
o
a coor " (enoy ?o

5 To a cold (0°C) solutién of p-nitrobenzyl 6%-[1-
- (B)—hydroxyethyl]-S,7-dioxo-1-azabicyclo(3.2.0)heptape—
o 2-carboxylate(0.658 g, 1.89 mmol) in acetonitrile
(6mL) kept under a nitrogen atmpsphere was added
.diisopropylethylamine (0.394 mL, 2.26 mmol) and diphenyl
10  chlorophosphate (0.468 mL, 2.26 mmol). The reaction
mixture was étirred 30 min and treated with a solution
of 1-(2-mercaptoethyl)-2,6-dimethylpyridinium methane-
W, ' sulfonate (0.720 g, 2.73 mmol) in acetonitrile (3 mL)
o followed by diisopropylethylamine (0.394 mL, 2.26 mmol).
15 The reaction mixture was stirred at 0°C for 2 h, diluted
with cgld (0°C) water (27 mL) and poured on top of a
; column (2.5 x 9.0 cm) of p-bondapak C-18. Elution
with aéetonitrile-water mixtures and lyophylization of
. the appropriate fractions gave 0.92 g (65%) of the
20 title compound, ir (KBr) V) max’ 3700-3000 (OH), 1765
(C=0 of‘ﬂ lactam), 1690 (C=0)of PNB ester), 1620
(pyrldlnlum), 1590 (phenyl), 18517 (NO,), 1330 (NO,),
880 cm ' (NO,), ‘Hmr (DMSO, dg) &: 1.15 (3H, d, J=6.2 Hz,



[err] | ate chloride (0.551—g, 1.0 nmol) and 10% pal | adi um on-char coal

™g) in 25 nL of phosphate buffer 25 (0.05 M pH 7.4) was added niL
and 25 nL of - 96a - ether. This mxture was hydrogenated (Parr)
Wpgi for 1 h. The reaction mxture was then filtered through Celite -
e |filter cake was washed with H0 &9@ et her The aqueous phase was

gd and e wit d 3 -97- . After renoving
‘org ?%n a(c}go@t hgﬁ'[ague% § 30Pt Péfﬁl%glt"aol ed at 00C
h¢ pH Wars-éa,djm-sﬂt)e,ld 3.9-4.G v(/rzg-tq cHa)HedHaqL)eouwNaEﬁgBm, ;I'hr S
H4on was atel.y, 0 A r asg.col um.
Blution with %mn’d % a@@i—:’nt "l )?loﬁlﬁr I Hf'at %‘ Ig t?'ﬁ (ng%sgnf’ fractions
af forded 0. 25‘\1’11}10fJ4313)-r21 di, i, of PHB)d. 6TH- .FatféOHal mwabengpiyified by’
reverse-phase; fplg, O(ﬂrv%ﬂi%l?ﬁ%#ch's of PNB), uv (H,0)

Nmax: 274 (E14150), 319 (€9445) mp




(0.210 g,~-555% as a light yellowsolid. ir (KBr) [err] 10 3400 br .
-OH), 1755 ([err]-lactamco), 1590 (-CO c ; 1Hnnr (D20) [err]: B
8.60-7.76 (m 441i, aromatic), 4.76 (t, J= Hz, 2H, N-CH2), 4.13 (
J-J '"=6.3 Hz, 1H H1), 3.95 (d of t, J= Hz, J'=2.8 Hz, 1H,
3.45-2.75 (m 5H), 2.59 (s, 3H, S-M), 1.201pp - (d, J=6.4 Hz, 3H,5j
uv (H2O [err] 273 ([err] Exanple 10 Prenaratlon Tof 3- [2-(1- X

2. 6-di met hyl pyri i g - hud tduaz]m@{yqrpy]mhmmemmmeq bkE [1-
- 0OX0-

x|ae1err1_ err
-98- A 1-(2- mer it aXdnlngzal ﬁia;éaaéhgﬁ;saég

[err] [err] A n1x2¢uaruﬁx§adkem nethylpyrldlne (19 2 m., 0.165 nol) and
met hanesul fonic acrd (3.27 ni, 0.050 nol) was 5 stirred for 15 mn,
treated with ethylene 5§nf|de ..

(@ Neoly )

A ‘ 10% . Pd/C, H, R
- N &
] | s\ THT,  ether, buffexs
3 >
° I
coorns (PhO) PO
- 2©
s//\v/u
- 5 . To a solution of p-nitrobenzyl 3-[2-(1-(2,6-di-
O methylpyridinium))—ethylthid]—Gdr[l—(g)-hydroxyethyl—

7-0oxo-l-azabicyclo(3.2.0)hept-2-ene-2-carboxylate
diphenylphosphate (0.80 g, 1.07 mmol) in wet
tetrahydrofuran (42 mL) was added ether (42 mL),

10 potassium phosphate monobasic-sodium hydroxide buffer
(0.15M, pH 7.22, 21 mL) and 10% palladium on charcoal

U (0.80 g). The resulting mixture was hydrogenated for

1 h under 40 psi at 23°C and filtered through a Celite
pad. The two layers were separated.and the organic

15 .layer was extracted with the buffer (3 x 8 mL). The
aqueous phase were combined, washed with ether (50 mL),
pumped to remove traces of organic solvent and poured on
top of a column (3.0 x 10.2 cm) of p-bondapak C-18.
Elution of the column with 5% acetonitrile - 95% water

20  mixture and lyophylization of the appropriate fractions
gave the title compound 0.246 g (63%) as a yellowish
powder, ir (KBr)\Jmax: 3700-2800 (OH), 1750 (C=0 of



(417 nL, 0.070 nol) and stirred at: 100[err].C for 42 h under a nitrogen
prosphere. After cooling to 25[err]C, the reaction m xture was dil uted
- & her (45 nL) and water (30 mL). The two layers were separated and 10
the @ .n|c | ayer was extracted with water. (2 x 5 nmL). The aqueous | ayers
bined, filtered through a Celitelf8& -washed with ether (2 x 15

ped to re e the traces of organic solv s amd poured on top of a
fhi (3.0 xthe %Wﬁtﬁt@r d&ﬁ&l&dé"fel"‘%zs %%EI GMion with 3%
itfile QIpv&kErate X} ;ga( ogf Ser 1.papl(BH,zat,i Jr60# Hbe appropriate
actions 2. e a ot s repurified by
err] - b“o’%mé%‘?ﬁp %gﬁ%d: ,0?—889) lﬂ{l%% %Sé t’h%C )eqacorrpougd ir
(fil [err] pseddoen) SH).820.4 (540 m5ﬂ(—|ﬁw,| @i |5|-l4r:j9 (ca? . 11490w/
1200 crrfL (suI t (.pl\ﬁp r] err] .
CH3SMB) ; Z’Il(?@ff %,I':%}\? 7(1?11{ Iﬁ' paz%_{%)f TA %3%1 ni u%n %g 24 (1H, m
Hp of pyri d| nmxm;dnmwr(t)rlzcﬁ Qr7a,x BB o %G@))anﬁ{ erdr ]2725‘51H Bogart of
A,B system, Hp of pyridlnlum), uv (H20) \max'- 277
(€9733), 300 (€8271) mp, [u]n + 50.7 (C 0.48, H,0),
Anal. calecd. for C18 22N204$ 1.5 H20: C 55.51,
H 6.47, N 7.19; found: C 55.14, H 6.23, N 6.46.

10



B. Paranitrobenzyl 3-[2-(1-(2,6-dinethyl pyridinium
ethylthio-6[err]-[]-(R)-hydroxyethyt-7-o0x0-azabicyclo
(3. 2.0) hept - 2- ene- car boxyl at e di phenyl phosphate [err] [err] [err] [err],
To a cold (0C) solution of p-nitrobenzyl 6[err]-[1- (R)-hydroxyethyl]
- 3, 7- di oxo- | - azabi cycl o( 3. 2. 0) hept ane- 2-car gyyl.ate(0.658 g, 1.89
acetonitrile (6nL) kept under a nitrogen atnosphere was added

di i sopropyl ethylam ne (0.394 L, 2.26 mmgampi@® dizphenyl 10

chl orophosphate (0.468 nL, 2.26 mmol). The Teaction mxture was stiryed 30
mn and treated mpbbparaeiuml@ﬂ BR, 68)-3-[2-(2-methylthio-3-methyl-
1-(2- nercaptoethy. - ane- sulpra e7(0 720 g, -

2. 73%mol ) in ace (0.394
m; 2.26 mol). 15-azabicyebc{3o. @ﬁtxepm-eem-ﬂﬂdarmwlaa@ for 2 h,
diluted with ¢ Id (0C) water (27 nL) and poured on top of a colunn(2 5 X
9.0 cm of [err]-bondapak C-48. Elution with acetor§Merile-water nixtures
and | yophylization of the apBropriatesfractions gav 92 g (65% of the 20
title conpound, ir (KBr) [efrifma

3780- 30 AT O of
[err}-lactan), 1690 (C=o)of PNB e ter>ﬁl @anfpgzgwhnlyp)&g?59o (phenyl ),

1517 (NCR), 1330 (NR), o,;——u

5 A. 2-Methylthio-3-methyl-1-(2-mercaptoethyl)imidazolium

N\ - trifluoromethanesulfonate
N
. + CF.S0.E + /\ \
o 3773 >
SMe
) o
Me

CF3803
Trifluoromethanesulfonic acid (1.38 mL, 0.015 mol)
was added dropwise to 2—methy1thio-l-methylimidazole1
10 (4.0 g), 0.03 mol) at 0°C under N,. Ethylene sulfide
(0.9 mL, 0.015 mol) was then added and the mixture
was heated at 55°C under N2 for 24 h., The reaction
mixture was ‘triturated with ether (3x) and the residue
_ was taken up in acetoné, filtered and evaporated. This
15 gave the product (4.2 g, 82%) as a semi-crystalline
solid which was used-as such without further purification.
ir(£ilm) v max® 2550 (w, sh) cm-l; inmr (dg-acetone)
§: 7.97 (s, 2H), 4.66 (t, J=7 Hz, 2H, methylene), 4.17"
(s, 3H, N-Me), 3.20 (d of t, J=7 Hz, J'=9 Hz, 2H,



880 cm'1l (NCJZ) 1H (DVBO, [err].15 (3H d, J=6.2 Hz,  -99a- CH CHOH),

2.7- H CH2S, 2-CH3 on pyridinium. H4, H6), 3744(2H CH3CHOH,
H 5) m CH2N+), 5.14 (1H, d, J=4.5 Hz,- OH), 5.37 (center of ABq,
J=18. of PNB), 6.7-7.5 (10H, nlphenyl), 5 7.5-8.7 (7H

pyr di ni s of PNB), uv (HO) [err]ngx; 274 ([err]14150), 319

([err err] C
3-[1 N di met hyl pyridiniumethylthio]-6[err]-[I-
(R -\ydrgxye hyie]th_?;l@ne)l azahi ¢ggl 6H3. 8-Ahepe:20ehe; 2=gapppxyl ate [err]
[err]\5 gﬁﬁolutlon of p-nitrobenzyl 3[2(1T26d|

i_d nl&#)) ylthio]l-6[err]-[I-(R)-hydroxyethyl-
7- 0x0- 1- azabi cycI 0o(3. 2. 0) hept - 2- ene- 2- car boxyl at e di phenyl phosphate (0. 8Q/
. 1.07 mol |n we 0 a r mL 10
g ) brteﬁag%ﬁy% purag, %@My@gﬂ%gé@&f&, §fén™) -

pot assi um phosphat e no asi c-s m hydr oxi
22, 1353 (1889).



(0.15M pH 7.22, 21 nL) and 10%pal | adium on charcoal (0.80 g).
resul ting .mxture was hydrogenated for 1 h under 40 psi at 230C a d

organi-c 15 | ayer was extracted with the buffer (3 x8n). Th
phase were conbi ned, washed with ether (50 nL punped to renove
organi c-sol vent and poured on top of a col um E@ 0 x 10.2 cm of

C-18. "El ution of the it } )
and Iyophyllzatlo% ofﬁ+$éi§? 3R (2 -Fr¥nyaten 029

(() 246 g (63% as my@&Z@WQ_Mé‘rhiCﬂr-G( Br(B)m drwam.tbgéé—lcﬂ)&‘tl?so.
C=0 of - 10Ca
(carboxyl ate), 281

(l.I'H, H4, HE6, on pyrldlnlun), 3.8-4.4 (2H CH CHOH, ++5)
4.5-4.9 (CH2N 5 HOD), 7.64 and 7.74 (2H, A part of A2B system Hm of

pyridinium), 8.07, 8.16, 8.18. ¥ 8.2 (1H, B part of A2B system Hp of
pyridinium, uv (H20) [err] i er Q$9733), 300 err]8271) np,

[[err] + 50.7 (C 0.48, H20),
,,L_-—,;\/_
0

COZPNB

?
COa.HB

To a solution of p-nitrobenzyl (SR, 6S)-6-[1-(R)-
hydroxyethyl] -3,7-dioxo-1-azabicyclo[3.2.0] heptane-
2-carboxylate (1.40 g, 4.0 mmol) in 50 mL of dry

o acetonitrile, at 0°C under N,, was added dropwise
10 - diisopropylethylamine (0.76 mL, 4.4 mmol) followed by
diphenyl chlorophosphate (0.91 mL, 4.1 mmol). After
stirring the reaction mixture at room temperature for
ih, diisopropylethylamine'(0.76 mL, 4.4 mmol) was added
_ and then a solution of 2-methylthio-3-methyl-1-(2-mercapto-
—/ 15 ethyl)imidazolium trifluoromethanesulfonate (2.0 g, .
5.9 mmol) in 5 mL of acetonitrile was added dropwise.
The reaction mixture was kept at room temperature for
1.5 h and was then concentrated in vacuo to give a gum.
This gum was taken up in H20 and applied to a C18 reverse-
20 phase column. Elution with H,0, then 20% acetonitrile-
= H,0 and finally 30% acetonitrile-H20, followed by
lyophilization of the appropriate fractions afforded
the product (0.90 g, 30%) as a light yellow soli%:
ir(KBr)

nax® 3380 (br, OH), 1770 (ﬁ-lactam co) em T
25 lhnmr (dg-acetone) §: 8.35 (br, s, 1H), 8.24, 7.78



."al . cal cd.

fof C18H22N204S1.5 H20: C 55.51; 10

. 46. -101 - Exanple 11 Preparation of (5R
r!’7 (2- rrethylthlo 3-met hyl - i m dazolio)ethyl -thio]-6-.

hydrioxyet hyl - 7- oxo- 1- azabi cycl 0L3182Q] hept - 2- ene- 2- car boxyl at e
xe r] [err] 5

'th'O thgf_oals(% mepgapkag thzomﬁlag@lwm s, 1H),
uo orret ane nat e gerr err err uoromaf hanesul fonic acid
, 0. 0125mhl-Plnéd,ad@Hd dippan¥erhespbate hyl npds 1° n%%hy||n1dazo|e1

4.0 0) (A @3 TRhh Ak ,0barr bendpder) 24, 7§1hyé¢nem$u$m)de (0.9 ni,
0. 015 nol) Was t hén—added and .t he _ni

éture was Rg gds 550C.under N2 for
24 h. The redcO3d smi #Hur ¥-W&d - LPufar 8d (Wit B ?3& §:and’ t he resi doe
was taken up gaMedgetuqre (i, Ueed Had emMapeCHMed. This

H6.47, N 7.19: found:



15 gave the product (4.2 g, 82% as a sem -crystalline SO|Id whi ch

used-as such without further purification. ir(film [err] max: 2550/(w, s
cm1; 1Hnmr (d6-acetone) [err]: 7.97 (s, 2H), 4.66 (t, J=7 Hz, 2H
nmet hyl ene), 4.17 (s, 3H, NM), 3.20 (d of t, J=7 Hz, J'=9 Hz;, 2H,
| A a- nmethylene), 2.72 (s, 3H S M), 2.20 (% J=9 Hz, 1H, -SH. 1.
Prepared as per A Whl and W Mar ckwal d, %R'Ber 22, 1353 (188

-102- B.  p-Nitrgben Mé@h Eﬁy&tﬁlﬁbﬁhﬁﬁ¥ﬁ9ﬂazollo)

i m dazol i o) et hyl

1- azabi cycl o[ 3. 2 e@hlydpithd cefe : i kﬁﬂ%-[err]
To a solution of p ﬂh% Qb@n%%b §5 -(R)-
hydroxyet hyl | - —2- ept ane-
- - . Sie:
OB ' ' ;/
) =% \ _c,/\'}N “':" -
/) ' — i
X 3
. 0),PO
° co, PNB (40,
2
Me
) 4
L ]
"-———”/ﬂ\\h_ N-Me
I\, l S/\/N
/’_—B\( 3 —
o
C02
-5 To a sovlution of p-nitrobenzyl (5R, 6s)-3-[2-(2-

methylthio-3-methylimidazolio)ethyl thiq]-6-[1-(R)-
hydroxyethyl] -7-oxo-1-azabicyclo[3.2.0] hept-2-ene-2-
; carboxylate diphenylphosphate (1.20 g, 1.56 mmol) in a
mixture of 70 mL of THF, 70 ml of ether and 31 mL of
10 phosphate buffer (0.05 M, pH 7.4) was added 1.2 g of
10% palladium-on-charcoal. This mixture was hydrogenated
(Parr) at 35 psi for 55 min. The reaction mixture was
then filtered through Celite and the filter cake was
o washed with H20 and ether. The aqueous phase was
15 separated, cooled at 0°C and the pH was adjusted to
7.0 with saturated aqueous NaHCOa. After removing
residual organic solvents in vacuo the aqueous solution
was appliéd to a C18 reverse-phase column. Elution with
H20 and then 8% acetonitrile-H20 and subsequent
- 20 lyophilization qf the relevant fractions gave 0.25 g
of a solid. This material was repurified by reverse-
phase hplc to give the product (0.114 g, 19%) as an
off-white solid. ir(KBr)wv max " 3420 (OH), 1750
(B-1lactam C0), 1590 (-C0,%) cm™l; 'Hnmr (D,0) &: 7.58



|ate (1,.40 g, 4.0 amol) in 50 nL of dry acetonitrile, at OC under

hdded dropmnse 10 di i sopropyl ethyl am ne” (0.76 niL, 4.4 mol)

¢ by di phenyl " chl orophosphate (0.91 nmL, 4.1 mml). After stirring
ion mxture at roomtenperature ég | h, diisopropylethylam ne

4.4 rmol) was added and then~al@3Rution of

| hi 0- 3- net hyl - 1-( 2- nercapto- 15 ethyl)im dazolium

added dr/fopwi S(csdnc trl\gt |0|§ Ué?oms gﬁzt at 460ﬁg1t§}gpe§aﬁé1¥e for 1.5 h

ahd wag/ t hen i M °vacdo fvea’gim T UmWwas taken up in
H2O0~ard appl i eded d G @]F@ -dellzr,s8H, ZGCHMHASe UUI (HB0) XEl H%kOnZWt h H20, t{ljn
20@6aceton|tr I 20 Eignzlglyy iyt Ie H20, foll owed by
Iyoph|I|zat|oni§7%%ezggg505??§9e %?giﬁfggggaf?grded t he product (0.90 g, .
30% as alight yellowsolid. ir(KBr) [err] max 3380 (br, OH), 1770
([err]-lactam CO cm 25 1Hnnr (d6-acetone) [err]: 8.35 (br, s, 1H), 8. 24,
7.78 - 102a - (AB q, J=8.8 Hz, 4H, aromatic), 7.89 (br,s, 1H), 7.25-6.91,
(m 104, di phenyl phosphate), 5.50, 5.25 (AB q, J=12 Hz, 2H, benzylic), )
4.75-4.27 (m 3H), - :




403(s 3H, N-NE) 415275(m 8H), 2.59 (s, 3H 5 SM), 1.22 (d,

J=6.2 Hz, 3H, -CHW). -103- C (5R i

6S) - 3-[ 2- (2- Met hyl t hi 0- 3- et hyl i mi dazol i 0) ethyl-thlo] 6- e

[ 1- (R) - hydr oxyet hyl ] - 7- oxo- 1- azabi cycl o -D. 2. 0] hept - 2- ene- 2- carboxylate [
[err] [err] [err] 5 To a solution of p-nitrobenzyl (5R |

6s)-3-[2-(2- methylthio-3-nmethylimdazolio)ethphd thio]-6-[1-(R)-
hydr oxyet hyl ] - 7- oxo- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl ate

di phenyl phosphate (1.20 g, 1.56 nmol) in a Ewxsmple d2 70 nL of THF, 70 m
of ether and 31 h (040 , 3

g of 10% pal | adi
psi $or 55 min. TfhndkﬁﬁﬁEIH(Rneﬂmdnanwxthﬂéﬁ7FkaeﬁedZahﬂGMGhotﬁb?t@land

the filter cake Ve Igﬁg_ 1 HeQ Lther. The aqueous phase was 15
separ at ed, cooleggégﬁgiefr}2éané§éwgﬁ%ﬂFmas adjusted to 7.0 with saturated

aqueous NaHCCO3. After renDV|ng r esi dual organlc sol vents gn vacuo the

aqueous sol ution jrﬁ ® ol
e,
5 _ // AN ( )
8 ~co,°®
2
: A. 3-Amino-1-(2-mercaptoethyl)pyridinium chloride
~ ): 9 4
PR 2 X 5
i e —
N',.BCl N’l
NE2
H CE(DN/' \
BSC 2CBy
~ Cfa
3-Am1nopyr1dine (1.50 g, 0.016 mol) was taken up
in 15 mL of 1 N methanolic HCl and the resulting solution
10 was evaporated to give the hydrochloride as an oil. To
this oil was added 3-aminopyridine (1.32 g, 0.015 mol)
" and ethylene sulfide (0.89 ml, 0.015 mol) and the

resulting mixture was heated (oil bath) at 60-65°C under
N2 for 2 h. Another equivalent of ethylene sulfide

15 (0.89 ml 0.015 mol) was added and heating was continued
at 55-65°C for 65 h. The reaction mixture wss washed
with CH2C12 and then taken up in H,0 (25 ml). The
aqueous so;ution was applied to a 018 reverse-phase
cclumn which was eluted with H20. Evaporation of the

20 relevant fractions gave the product (1.26 g, 44%)as a

colorless, viscous oil. ir(film)Vy T 3180 (NH2) em~1

max*
YHnmr (dg-DMSO) §: 8.19-7.59 (m, 4H, aromatic), 4.59
(t, J=6.2 Hz, 2H, N-CH,); 3.5 (br s, 2H, -NH,), 3.20-
2.77 (m, 3H).



was ‘appl i ed Yo a C18 reverse-phase colum. Elution with H20 and then 8%
acet onf t M H20 and subsequent 20- |yophilization of the rel evant

fracti e 0.25 g of a-solid. This material- was repurified by reverse-
phase gi ve the product (0.114 195 19% as an off-white solid.
I'r (KBr)

Hnr (D2dY6: 5g¥¢it _
(m 20, 3.90 Co RRITRD ' o O
(d, J=6.4 Hz, Shi.o)ebie)]- &ﬂ/flﬂy@r@zanmgl)zg?o(peﬂr]zsvzyxopﬁz

gls)efgl %S?é aﬁg.ggg RLPP2- MR 2- e bt K 10 X AR, o ZoRbERRLELT on of (SR

thio]-6-[1-(R)- hydroxyethyl] 7-0xo0-1-azabicyclo[3.2.Q -

hept - 2- ene- nguboxylate [err] [errg .
. v ) /]
/ ! . . } . s /\/

—> L /
0 PO

3420 (OH), 1750 ([err]-lactan1CI» 1590 ( Co2[err]) cm1;
2 . . 28-3.82
1.20

5 To a solution of p-nitrobenzyl (5%, 63)-6-
(1-(R)~hydroxyethyl)-3,7-dioxo-1~azabicyclo(3.2.0) .
heptane-2-carboxylate (0.696 g, 2.0 mmol) in 10 mL of s
dry acetonitrile, at 0°C under ]2 was added Gropwise
diisopropylethylemine (0.382 mL, 2.2 mmol) followed by

10 diphenyl chlorophosphate (0.457 mL, 2. 2 mmol). After
stirring 2% 0°C for 30 min. a solution of 3-amino-i-
(2-mercaptoethyl)pyridinium chloride (0.475 g, 2.5
mmol) in 1-ml of dry DMF was added, followed by
additional diisopropylethylamine (0.435 ml, 2.5 mmol).

15 The rezction mixture was kept at 0% for 1.5 h and

' was then concentrated in vacuo. The resulting gum was
taken up in acetonitrile-H,0 (1:1) and apnlied %o a
018 reverse-phase column. Ilution with H 2O followed
by 207 acetonitrile—H20 and subsequent lyophilization L

20 - of the relevant fractions afforded the product .
(0,730 g, 50%) as a beige-colored solid. ir(KBv)v ax’

3330 (br, OH), 3180 (oz, 3H,), 1770 (f-lactam CO),
1690 (-coszB)cm ; ‘Hnmr (d -Dif30) &: 8.29-7.63
(m, 8 aromatic), 7.2-6.7 (m, 1OH, diphenylchosphute),

25 5.47, 5.18 (4B q, J=14 iz, 2H, bvenmylic), 4.73-4.45
(m, 3H), 4.2-3.8 (a, 1H), 3.6-2.6 (m, 5H), 1.15
(d, J-6.2 Hz, 3, CHie),



A 3 Anlno 1 (2-ner capt oet hyl ) pyri di ni um chl ori de [err] [err] ~
3- Am nopyridine (1.50 g, 0.016 nol)-was taken up in-15 nL of 1 N nethary
HCO and the resulting solution 10 was evaporated to give the
hydrochl oride as an oil. To this oil was adgfgiB-aninopyridine (1.32
0.015 nol) and ethylene sulfide (0.89 m~ 5 nol) and the resulti
m xture was heated (oil bath) at 60-650C under N2 for 2 h. Another
equi val ent of et hylGane (S&,f 688-35( 2¢0389mimhonPrlic imidtyds thddddsand
heating was continygd (afy 58-83L€ ok_bo, Ny _ The sreagtian mxiure was
washed with CH2C12q§né=%hen—Lé L) o ﬂh“'%éi(i J e i it
was applied to a C Ayt sdcitias&ecol umm whi ch ‘was el uted with H20.
Evapbdbtati on of the 20 rel evant fractions gave the proggpt (1.26 g, 44% as

on

a colorless, viscous oil. iogfilm[err] max: 3180 mrl 1Hnnr
(d6-DVBO) 6: 8.19-7.59 (m J ic), 4.59@x . 2H, N-CH2);
3.5 (br s, 2H, -NH2), 3.20* 2.74 (m ,f\\v/£©§ By 'NFt)bbenzy](SR, 6)
-3-( 2-
( 2-[err] S—u .0
0 e
- CO,PRB (i:o)z?o
o1 N’?z
Vi ® /=
\// N N/
5 Vot 1/
0 ©
' CO2

To 2 mixture of p-nitrobenzyl (52, 63)-3( 2-(3-
aminopyridinic)ethyl thic)-6-(1=-(R)=hyiroxyethyl)-T—-
W oxo-t1-azabicycle(3.2.0)hept<2~ene~2-carboxyiate
diphenylphosphete (0.730 g, 1.0 mmol) and 10 palladiun-
10 ‘on-charcoal (0.7 g) in 25 mL of a2 phosphate buffer
(0.05 M, vH T7.4) was added 8 mi of fHF and 20 ml of
ether., This mixture was then hydrogensied (Parr) =
40 psi for 1 h. The resulting mixture was filtered

\./ through « vad of Celite and the filter cake was washed
15 with H20 and_ether. The agueous phase wes separated,

washed with ether (2 x) and then residual volatiles
were removed in vacuo. The agueous solution was

P . immediztely zoplied to a C,q reverse-phase coluun
which was eluted with H 0. Lyophilization of the

L ' 50 relevant froctions afforded 0.45 g of on off-white
solid., This material wos LeparL‘Lcd bJ reverse-shese

ivory-colored solid.



t hi 0)=6-( 1-(R) - hydroxethyl)-7-oxo0-1-azabicyclo (3.2.0)-he -

pt - 2¢ene- A- car boxyl at e di pheryl phosphate [err] [err] [err] 5 To a

1t'i on-Qf p-nitrobenzyl- (5R, 6)-6-

,'* oxyet hyl ) -3, 7-di oxo- 1- azabw £1.0(3.2.0) hept ane 2- car boxyl at e
gN®.0 mol) in 10 rL of dry acetoritrile, at O[err] C under N2 was

adfded\dr opwi se dii sopropyl et hyl am ne (0.382 ni, érz nol ) foIIovved by .10

di phenyd chl or c@m) (0355@ ﬁr’er)z Y19l hT, Arrlostedt C9%ing at 000 for

ol ut @@‘b” ? m(' s MeVgamk oD tdy 18 )3 Jah-+T. 5% chl ori de
-m 20 8

wa Q addi ti onal
dii sop pyI eth Ham‘We G@'OZ{’Q?'flﬁ’L9 é-EMr;(r’ér) ‘ag%gd“’ﬂ#éi \(gﬁg:fllbzﬁﬁ m xture was
kept at 00C fory ll ra Qﬂ’d vyas'_Uhea gonggznmatlem th, vadb.( dTkef rigsul ting=

gum was taken u ) trile- pl C18
rever se-phase Z»E ﬁzoﬁ % 5ibl ?%d@gy %’35/‘6 aceZ?onl trile-H 20
and subsequent ézyomudri t|3Q|2420ia of af, «ﬁhé ®eIanaJJt fractions afforded the

duct (0. 730 g | K 3330 (b
o 5180 b %ﬁ 2 B m%?:&?‘) T RS . 2P
( d6- DVBO) [err](dB 296,73 GBa,(rﬁH,8CéE"@ tuuy(Hzo xﬁai (%9 9),

di phenyl phosphajsd - (es22) nm; ) (s 7.4, 36.8°C) 18.5 h.




25  .5.47 , 5.18 (AB q, J=14 Hz, 2H, bennylic), 4. 73 - 45 (m 3H),-
4.2-3.8 (m 1H), 3.6-2.6 (m 8H), 1.15 (d, J-6.2Hz, 3H CHW).  [err

[err] [err] 10 on-charcoal (0.7 g,) in 25 nL of a phosphate buffer/:
(0.05 M pH 7.4.) was added 8 nL of THF and L of ether. This nmixtuge
was t hen hydrogenated (Parr) at 40 psi for i . The resulting m xtur s™1
filtered through a pad of Celite and the filter cake was washed 15 ,
with H20 and et her. The aqueous phase w%iqﬁgggrgsed, washed with )
(2 x) and then residual volatiles were réemt rTT<vacuo. The aqueou
solution was i mediately applied to a Cl8 reverse-phase col unm which

eluted with [err] Lyophilization of tggp2®. . .rrokel eyant fractions afforded
0.45%g of an off-white solid. This material was repurified by
reverse-phase hplc to give the desired product (0.123 g, 35%) as in

i vory-col ored solid. : ' : '

OR

S

-

k_" (58,68)3- (1 -(8)-methyl-2-(1-pyridinium) ethylthic] —6-
5 {1-(R)~hydroxyethyll =7-oxo~1-azabicyclo(3.2.0)hept-2-
ene-2~carboxylate
and
\

(5R,568)3 =[1-(2)-methyl-2-(1-pyridinium)ethylthio)-6- ‘
10 [1-(R)-hydroxyethyl) -7-oxo-1-azabicyclo(3.2.0)hept-2-
ene-2-curboxylate '



-1 - Jerr] 5 [err] - 107- Exanple 1 3 PREPARATI ON  OF [err]

: 1- (S)-net hyl -2- (1 -pyridiniunmethylthio] -6- 5
oxyet hyl ] - 7- oxo- 1- azabi cycl o( 3. 2. 0) hept - 2- ene-2-carboxyl a.te
err] -108- A dl-1 -( 240 capto-2-nethyl ethyl.) pyridinium
fonate dl -1-( 2-nmercapto-1-nethyothyl) pyridinium

sulfonrte d1l=1-(2-erc nio-1-methylothyl)
pyridinium methrnesulfonate.

A.;'n@ +u.eior:z_- >
- /si,n® Ms'o.'.'
. . o.

5

.' QS&NCD | uso'

Methenesulfonic acid (1.95 mL, 0.030 mol) was
added slowly to cold pyridine {7.03, C.097 mol) and the
resulting mixture was stirred at 40°C for 15 min,
_treated.#ith dl-propylenesulfide (2.59 mL, 0.033 mol) \J

10 and stirred zt 60°C under a nitrogen atmosphere for 90 h.
Pyridine was removed under vacuum; the residue was
mixed with water and purified by chromatography (hplc,

Prep. Bondapak C-18). The approvriate fractions were
combined and lyophilized giving dl-1-{2-merc=pto-2-

15  methyl-ethyl)pyridinium methanesulfonate 1.14 g (15:%) -/
2s a colorless syrup; ir (fllm)v <& 2520 (sH), 1640
(nyrldlnlum), 1180 (s, CH,S0_.7), 1040 {(CcH.S0 )cm ,

Vimr (DHSO & ) 6: 1.35 (4, J=6.8 Hz, 3H, CH_.CHS), 2.30

(s, 3H, CH3503 "), 2.90 (4, J=8.5 Hz, 1H, SH y 3.2-3, 7 N
20 (m, CHSH), 4.52 (44, Jg =12,9 Hz, J=8.4 Fa, Cquox )

4.87 (44, Jvem_w 9 Hz, J=6 O Hz, CHCH W *y, 8.0-8.4

(m, 2H, Hn of pyridinium), 8.5-8.8 (m, 1H, Hp of

pyridinium), 9.04 (dd, J=1.4 Hz, I=6.7 Hz, 2H, Ho of

pyridinium), uv (1;20)1max= 208 (£5267), 259 (£3338),



5 : [err]” Met hanesul fonic acid (1.95 ni, 0030 rml) was agded
sIowa to cold pyridine (7.03, 0.097 noL) and the resulting mxture
stirred at 400C for 15 min, treated Wth dl -propyl enesul fide (2.59 . E
0.033 -nol) 10 and sti rred at 60[err] C under a nitrogen atnosphere{fo 0
h. Pyridine was renmoved under vacuum thel®&zidue was nmixed w th wat\er \:
purified by chromatography (hplc, Prep. Bondapak 0-18). The appropria
fracti ons were. conbi ned and Iyophlllzed gl ving 2- mer capt o-2- 15 .
met hyl - et hyl ) pyr iZftadi urodedhadesulyBngi-3, 131 (1%/37&86 & diiress syrup;
ir (Tilmlerr] 3 2590, (ﬁé)z 4#@4%(1@»1“9' mu , 11605 5.7 [eymd, 083), 1040
(a1sa )cm, [err]_ lerr] pyr ﬁl ( J=6.7 HZ, 2H,
Ho of pyri di ni um® Q%[Jé%dr]dl' 22:"19£c°P 9"117 found 037.49, H 6.85 N
4.86, S 22.09 and dl-1-(2-nercapto-1-

oS U)-




herthyI) pyr|d|nluﬁTnethanesquonate 0.82 g (11% as a colourless
syrup;, 4ir (film[err]), 1628 (pyridiniun), 1180 (sul fonate, 1035

(sparfQ ate) cml, 1Hnr (DVSO [err]6) [err] 5 ° ([err] (m. 1H Hp of

pyr i , 9.0-9.2 (m 2H, Ho of pyri#@8nrum), [err]v (H 20) nmax: 209

( a 87)", 258 ([err]3838). Anal. calcd. for C H 15NO 3S2. 5H20: C 39.11
H\6.36, JI0O N 5.07; fougd C . 39.13, H 5.92, N 5. 20, B 55F2€

pa -/ obenzge tizr ety )spyarignipm ge thanesulfonate O 114¢)

pyrib i I:mz gtéfé’h%hmd!%mﬁ:ﬂe%s( B),yrbx:groxlre(iﬂy%h) 7= 0XP- z.suo (sH), 16]28[ | T
azabl CyCl O e ene r at e | 0S e err (0]
a coldy(O[erriI@)’r £ ‘Pgn df%PBQSB%?éQF ﬁPtFQngzﬁ££¥ %'ﬁif -hydro
xyelt ;m] 3 oema.ﬁz )c_(ﬁcl d.63. £d9) Uegtanaaz SHj tafe),(ﬁa.sjas g, M5
mo In ac { n a 0 S ere was
added di Bsopr &P ‘?‘%ﬁ )(’0%?Z%ﬁ1% §'8%m9§2é5 925 1P,

1H cm\r 0—8 4 (m, 2H, Hm of pyrldlnlum) 8.5-8,8

(m, 1H, Hp of pyridinium), 9.0-9.2 (m, 2HE, Ho of

pyridinium), wv (H, O)X___: 209 (£498T), 258 (£38%8).

max

Anal. calcd. for 09H15V0332.1.5H20: ¢ 39.11, H 6.56,

10 I 5 073 found : ¢ 39.13, H 5.92, ¥ 5.20.

B. (5R,68) varanitrobenzyl 3-[1-(R,S)methyl-2-(1- _ _
pyridinium)ethylthio] =6-[1~ (g)—hydroxjethj')—7-0;0-1- o
azebicyclo(3.2.0)heot-2-ene-2-carboxylate

diphenylohosphate

OH ) 1) NES (:.r:)

15 | /:; _ ; 2) c1g(oph)
o . v
o ‘coopNe © 3) as)\/O HsO-
L 4) NEE(iPT),
o8
)"”l )\/: > o
e

COOFNE tznoy go

To a cold (0°C) solution of (58,63) paranitro-
oenzyl 6-1- (R)—hydroxJeta'iJ-B T-dioxo-1-azabicyclo
(3.2.0)heptane-2-crrboxylate (0.523 g, 1.5 mmol) in

20 acetonitrile (6 mL) kept under 2 nitrogen atmosphere
was added diisopropylethylamine (0.314 nl, 1.8 mmol)



- 109 - follomed by dlphenyl chlorophosphate (0.373 m., 1 .8 nmmol).
reactlon m xture was stirred for 30 nln and treated mnth a solutig

nnDI) inb5 acetonltrlle (2 nmL) and diiso @g@ylethylanlne (0. 314
mol ). The reaction m xture was stirred at O[ETr]C for | hr. diluté
‘cold (O[err]C - 110 water (24 nL) and chronmat ographed over prep

R o oy H8MLbTed. by Sa il W%@"f‘ﬁ*@f’?m‘éﬁ""éﬁﬁge‘“’p A
powder after |yopRPei %'EP‘PB%‘mS"gl’gt ('F?B’r)%é °T %50@1§10'0 d\{ﬁ t‘\%
(C=0 of [err]-|acyarh, al88%utish of &iﬁa4¥£4mdncﬁg£a&2-mﬂwhjmbmhyn) 1590
(0081t ool Poriaehdih SRk SR, Tigho MR IREREY o, 11
EZ; EEZZPfLNé? lgagé$oﬁ;5rﬂlgtﬁ23EL)Ghﬂi iixﬁngnamlathwﬂansq?dﬁ6121m.ma;

\ (0]
2H Ho of PNB), 8. 088“@ &m ﬁékﬁn‘g%%ﬁﬁgmj{mﬂﬂoy Sf‘/’“%‘? téf%%i 5 é g % oF%!

1 hr, diluted with cold (0°C




f pyridinium, 9.08 (d, J=5.6 Hz, 211, Ho 15 of pyridinium,

ri] max: 263 ([err]13325), 308 ([err]8915). Anal. calcd. for
[err]; found: C 96 16, H4.96, N5.36, ., 4.35 C

(R and S) - nethyl 2-(1-pyri |n|un) 20 et hyl t hi 0] G-

dr pxyeht hyl ] -7-oxo-1-azabicyclo (3.2. O)hept 2- ene- 2-car boxyl ate

RBte8T (24 [6LY long chde&%ogrd% aas eyl Qﬂeﬁfbo%? ?t%lo] 6

S) parAni onz 1- Eyrl i Nl Ut et
droxéé?ﬁy??iuﬁno é-%i%gfé?é . 2! Uﬁﬁépﬂcit@ﬂéth*%dﬂboxylate
dlphenylphOSphat@r(@s6@1@r1ﬁgEﬁblﬁﬁﬂﬂsIﬁb 51ve 1W©W Fe(gvﬁydéﬂfﬂﬁ@n (33 )
was added ethgr £ 'éﬂﬂggtaSSIL”nﬁﬁa% hat e gp sodlun1h dr oxi de
buffer (17 ni'*Br9sRPE 72) anP TSR PRAPER o UERol ORI HEEDL T Thw
resul ting n1xinréKﬂn%\ﬁagibgﬁﬁHLéﬂCKDKOh)h urrger (¢eopsf At123tsi)] C. The
two 1695 (C=0 of PNB ester), 1630.
(pyridinium), 1590 (phenyl), 1518 (;.O ), 1348 (fO ),
885 (10,) cm ~1 Yar (DHSO ag) 8: 1. 14 (d, J=6.1 uz, 34,
CZ_I_3CHO),+1_.33 (a, J=6.3 Hz, 3_ GIj3CrIS), 4.6-5,0
10  (m, CH PR ), 5.14 (4, J=5.2 Hz, 1H, 04), 5.37 (center of
ABq, J 12.4 Hz, 2H, CH,of PNB), 6.6-7.5 (m, 10H, phenyl
of phosphate), 7.69 (d, J=8.7 Hz, 2H, IHo of PiB),
8.0-8.4 (m, 4H, Hm of PNB, Hm of pyridinium), 8.4-8.8 W
(m, 14, dp of pyridinium), 9.08 (d, d=5.6 Hz, 2H, Ho
15 of pyridinium), uv (Hzo)lmax‘ 263 (£13325), 308
(£8915). :'-.nal._ caled. for C,cH (0 SP.H,C: 057.52,
H 5.10, ¥ 5.59,3 4,27; found: C 57.76, K 4.96,
£ 5,36, 8 4.35.

C. (58,65)3-[1-(R 2nd §)-methyl-2-(1-pyridinium) N
20 ethy¢th1q3—6-[3-(3)-hydroxyethyi]-7-oxo-1-azabicyclo
(3.2.0)hevt-2-ene-2~carboxylste

THF, ether, buffer

cooPNB (Pho)zgo'

- jn A
."‘ .- * ‘ .. : :
Y o




10 " - layers were separated and the organi c lFayer was extracted wi'th
water (3. x 7 mL) .The aqueous |layers were conbined, filtered through a/.
Celite pad, washed with ether (3 x 20 nL) and chronat ographed on prep {.
bondapak C-13 colum (2.5 x 9.5 cn with ter 5 as el uting solventf t
give 0.18 g (63% of nmixture of diaster€oi's 5
were separated by hplc (prep bondapak C-18) with water as eluting solvext:
i somer with |lower retenfpon &bI®iidh 068 (PR, L3 MparanpbuotichByl 10

d 9
CHRCURRE o
2H, Hm of pyrldlnlhwﬁrOSJa~

)

1 rs. The two di a3tereoi sqne

ﬁ%aé e@ﬁgg ‘ng.lﬁ'x@c?rﬁ{ﬁ.%ﬁ'ia Lgrﬂ efr] (rlnH

fhomﬂ w:tﬁlqwxhom(m.arrp)new B-ot ﬂ‘r2-2H Ho

of pPyridiniumlerrka, E%6“&1§9@C@@£{éﬁjfwh pﬂf%éq(d %og@og?hééerheiﬁeinpfi7 4

at. 20 36. gC) i soner Wth

hi gher ‘r'ej ent’

wet tetrahjdrofuran (33 nL wasﬂ%d ded ethgr (33 nl),
potassium phosphate iono basic-sodium hydroxide
. buffer (17 mL, 0.15N, pH 7.22) and 10% palladium on
charcoal (0.60 g). The resulting mixture was
hydrogenated for 1 h under 40 psi at 23°C., The two
10 layers were separated and the




I ng.

10

15

20

30

© 36.8°C); isomer with higher retention time, 0.081 g

nd "A", r (KBr)[err] [err] 25 pyridiniun, 8:65-8.9-(n1 2H,

I um, uv ( 20) [err] a: 259 30 [err] (nmeasured at a
of J[err] in phosphate buffer pH 7.4 at 36.8[err]C).

-112-

([er+]119 - 113 - A dl-1 -(2-nercapto-1

pyrid|niun1nethanesu|fonate [err] 5 ( N@thanesuggonif)
W dd i di e. 42l Q. no
SRR e B R T ) T B T

aqueous loyers were comolned, filtered throush a Celite
pad, washed with ether (3 x 20 nl) and chromztogr: phed
on prep bondupak C-18 colwan (2.5 x 9.5 cm) with water
as eluting solvent to give 0,18 g (63%%) of mixture of
diastereoisomers, The two dia astereoisomers were
separated by hplec (prep bondapak C-18) with water zs
eluting solvents isomer with lo:er retention time,
0.068 g (23%%) compound "B, :

ir (&Br)\)max: 1770 (C=0 of @-lactgm), 1633
(pyridinium), 1593 (carboxylate)cm 1, Hmr (D 0)
&: 1.20 (4, J=6.3 Hz;, 3H, CH3CHO), 1.42 (a4, J-6 9 Hz,
3H, Cé3CHD), 2.3-3.2 (m, 3H, H-4, H-6), 3.5-3.9 (m,
14, SCH), 3.9-4.2 (m, 2H, H-5, cascgp), 4.3=5.1
(m, CH2H+), 7.8-8.2 (m, 2H, Hm of pyridinium), 8.4-8.7
(m, 1H, Hp of pyridinium), 8.7-9.0 (m, 2H, Ho of
pyridinium)uv (H O))_max: 260 (86727), 300 (88245),
Egj 323— 39.3° (g, H 'EO), T%=12.6 h (messured a2t a
concentration of 10 T M in phosph=te buffer pd 7.4 at

(28%), compound "A", ir (KBr)V ___: 1755 (C=0 of

P-1zctam), 1630 (pyridinium), 1590 (carboxylate)

en™ !, Ymr (0,0) 8: 1.18 (4, J=6.3 Fz, 3E, CE,CHO), 1.40

(a, d=7.0 Hz, 3H, un3vﬂo), 2.84 (&, J=9.3 Hz, 2H, H-4),

3.26 (ad, J=2.7 Hz, J=5.9 Hz, 1H, Hz6), 3.4-42 (m, 3i,

scn,.ca3cgp, H-5), 4.2-5.1 (m, CHZNs), 7.7-8.1

(m, 2H, Hm of pyridinium), 8.3-8.65 (m, 14, Hp of

pyridinium); 8.65-8.9 (m, 2H, Ho of pyridinium), uv
1,0) X, ¢ 259 (£5694), 296 (£6936), [a] D*>+96.9°

(c 0. 50, d 0), T, =15.6 h (measured at 2 concentration

of 10 # M in phosphsute buffer pE 7.4 at 36.8°C).

u



at nosphere for.10-mn. treated wth di-cycl ohexene- sulfide (1.377 g (85 ¢
pure), 0.0102 nol) and stirred 10 -at 72[err]C for 25 h. The excess of
pyridine was renoved under vacuum and the traces were codistilled wth
wat er.” The resi due was m xed with water and chronmat ographed through - T
prepbondapak. C-18 colum (5 x 13 cm) with!12 29 acetonitrile in water .af A
el uting solvent giving 15 after lyophilization a colourl éss syrup 1. 7
(53%, [err] 20 - 114 - B. (5R 69 paranltrobenzyl 3-'2-"(Ror ) \.LU"
-(1l-pyridinium)] -1-(R or S)-cyel ohe 1-
(R) - hydroxyet hyl ]-7-o0oxo- 1 -azabicyclo ( 3. 2. 0) hept - 2- ene- 2- car boxyl at e
di phenyl - phosphate [err]) [err] To #%(,Qi&;rdf) solution of ( 5 R,
6S, \),paranitro- benzyl 6-[I-(R)-hydro %‘é di oxo-1-azabi cycl o
(3. 2.0) hept ane- 2-carboxylate (1.37 g, 3.93 mmol) in 10 acetonitrile (15
m) kept under a nitrogen at rmsphere was added diisopropyl et hyl am ne (0.822
m., 4.7 nol) /YR

0% 1’:2
(5R,68)3-[2-(3)- (1-pyr1d1n1um)] -1=(3)=cyclohsxylthiol -6-
5 [1-(2)-hydroxyethyl] ~7-oxo-1 -azaolcyclo(B 2.0)hept-2-
ene—2-car"~oxylate

¥e .-@

(52.68)3-[2- [(R)~(1-pyridinium}] -1 -(R)~cyclonexyltiaio) -
6-[1-(R)-hydroxyethyl] -7-oxo-1-azabicyclo(3.2.0)hept-2-
10 ene-2-czrboxylate.



was At
dl" fl - l'( 2-\
5. r
(0.1822

114a >

and dighenyl chl orophosphate (0.979 nL, 4.7 rmol). The resulting sol ution
®d for 30 mn and treated with a solution of

ingk eapt o- 1-cycl o-" 15 hexyl ) pyri di ni um net hanesul fonate (1.64 g,
\WWin acetonitrile (4.7 nmL) followed by diisopropyl ethhyl- am ne

4.7 mol ). The reaction mXtire was stirred at 0C for 1 hr,
cold (O[err]C) water (75 nL) and chromat ographed on _

t %- hnikes hAnvaker as  eluting
ractions 1.9 g -
ir ([err] ([err] - 115 - Ho of

74 onpound,

PNB), 7.9-8.4 (m 4H Hm of PNB, Hm of pyridinium, 8.4-8.8 (m 1H, Hp of

pyri di ni unm,
(ferr]6394)

10

15

20

9.0-9.4°(m 211, Ho of pyridiniun), uv ([err] ([err]9038, 3e9

Anal-. d for- N30 10 Sp. . . :
+NO _ +.Msog | - >

Yo7 .

Methanesulfonic acid (0.65 mL, 0.01 mol) was

added dropwise to pyridine (2.42 mL, 0.03 mol) with

cooling. The mixture was stirred under a nitrogen

atmosphere for 10 min., treated with dl-cyclohexene-

sulllae (1.377 g (85 % pure), 0.0102 mol) 2nd stirred
at 72% for 25 h. The excess of pyridine was removed

under vacuum and the traces were codistilled with water.

The residue was mixed with water and chromatographed '

through prepbondapak C-18 column (5 x 13 cm) with

0-2s5 acetonitrile in water as eluting solvent giving

after lyophilization a colourless syrup 1.57 g (53%),"

ir (fllm)'V max’ 2900 (H), 1625 (pyridinium), 1190

(SO3 ), Hmr (DiSO dg ) §: 1.2-2.5 (m, 8H, cyclohexyl H),

2.32 (s, EH CH)bO3 ), 2.82 (4, J-9 8 Hz, 34), 3.0-3.5
¥ (m, 1H, C&SH), 4.2-4.9 (m, 1H, cE&’), 8.0-8.3 (m, 2H,

Hu of pyridinium), 8.4-8.8 (m, 1H, Hp of pyridinium),

8.9-9.3 (i, 2H, Ho of pyridinium), uv HZO)X -

214 (£5%65), 258 (£3500). manl. caled. for 8y oy g0

SZ.HZO: C 46.88, H 6.88, & 4,56; found: C 46.61,

H 6,46, & 4.65.

«®



Herr]; fouud: C58.95 H5.15 2 N5.57. C.  (5R 6S) 3-[2-[(R or ..~
S)-(1-pyridinium]-1-(R or S)- cyclohexylthio] -6-[1 -(R)-hydroxyeth
-7-0::0-1- azabicyclo( 3.2.0)hept-2-ene-2-carboxylate [err] [err] T
solution of (5R, 6S) parabitrobenzyl 3-[2- [(Ror S )-(1l-pyridiniu
R or S)-cyclohexyl- thio] -6- [1 - (R ) -4hydeoxyethyl] -7-oxo-1

-azabicycio(3. .0 15 hept-2-ene-2-carboxy|ate di phenyl phosphat
g, 2.34 mol) . in_wet ,{f dr. K: : Qg . :
pot assi um phosphatfe myf8hasi ot U hydvoxi P78 TR PR B K

m.) and 10, ; pal|adkﬂﬂﬂbﬁnukhefﬁlﬁﬂﬂéﬂlKhu@ —04[he(méshyvrngjathyh €7~-0x6-

115a - was hydroggmaren: €3 90L0 C_Tayer
was “separ at ed ande-waEHEH RS ACE: Eé&&d—ens

were filtered thrpbghph2€elite pad, mashed mnth-ether (2 X 60 mL), punped
to0 5 renove the traces of organic solvents and chronat o-

1) NEt(iPr)z

. _ | OH | . 0
,;L»‘ : 2) ClP(OPh)2
. IOy -
> 04—}1 . . 3) H%JO MsSO
. éoo?us C L —N
. .' @
\ 4) Nat(;.-)z .
/?H N
’ s— . .
. o7 ] . 9-
. : ; JCOOPNE -~ 20\, (PhO) _PO
~ - I (O)
: : _ ) N : .

~ To a cold (0°C) solution of (5R,63)psranitro-
benZJl 6-[- (R)-hydroxyethyl —3,7-d;o“o—1-a2301070¢o
"(3.2.0)heptane-2-carboxylate (1.37 g, 3.93 mmol) in
10 acetonitrile (15 mL) kept under a nitrogen atmosphere
was -added diisovrooylethylamine (0.822 mL, 4.7 mmol)
and diphenyl chlorophosphate (0.979 =L, 4.7 mmol) .
The resultinz solution was stirred for 30 min and
treated with a solution of dl-1-(2-mzrcapto-1-cyclo-
- 15 hexyl)pyridinium methonesulfonate (1.64 g, 5.66 mmol)
in acetonitrile (4.7 mL) followed by diisopropylethyl-
- amine (0,822 rL, 4.7 mmol). The reaaction mixture w:s
stirred =t 0°C for 1 hr, diluted with cold (OOG wLter
(75 nL) nnd.chroma'ographed on v»raprondanalk C-18 with
20 25-50;¢ acetonitrile in water ac eluting solvent siving
after lyovohilization of the approprinte friactions 1.9 g



gra{ph d on'-'p' pbondapak C- 18-colum (4.5 x 9 cm with 0-5% acetonitrile in

wat er{ as &}, ng solvent giving after |yophilization 0.705 g (769 of a

m x$ U\ stereoi'soners. The separation of the diastereo- 10

i soneks ne by hplc (prepbondapak C-18) with 4% acetonitrile in water
as el u\i -116- solvent; di ast € obidbfer with | ower retention tine,
conpound, "A. Y/, (0.29 g, 31%, ir (KBr)V max: 1750 (C=0 of [err]-lactam,
1620 (sh, pyri d66idnps th85t{the beotydaire), cml,(KB#iv (D_CB760-3020 (d, J=6.3

Hz, 5 3H, CHOYym 1 (A8 By 8H._ cycl Yl HPE22 5.3 0 211,
H-4), 3.05-3. 2@?%' 07O F‘fB‘?,éﬁ.(%]f L f&}b%cn&sr ' of giBye %Eﬂ]’zH, H-5,
CH 3CHO), 4. 3-4628( fpyeHiiniymy, 81?9% (shety1 Hm16HM SpE0ddpi 4GRS 8.3-8.7 \(,,m
1H, Hp of pyriQiNgi gr’r) a8 @.% &l 2H Py 18 .diyniy 19_ uv
(H20)[err] max:. 2@ ’(Ferrfgl ) 300 [Ae?;r %85)," [e’rﬁ] El rrf(}reasured at ,
a concent? at i ofzef SHo 'ﬁoghobp&a@eé bt s S pieye h@K‘IQGES[,err]C); Anal .
ca![ Cdi' fort [ er pl, 781 5] (13, ogng:gler rd-4p cHS) ’diﬁsst_gfr_qoi(&qngﬁ’m@ﬁgcgbgher
retention Uy TP o (a, 11, om*), 5.30 (center of A,
d=12.8 Hz, CH, of PIB), 6.7-7.4 (m, 10H, phenyl), 7.65
(d’ _J_‘=8n6 HZ, 2H, )



"B", (0.35 9, 38% ir (KBr)[err] 1750 (C=0 of [err]-lactam), [err] 1622
(sh, pyridinium, 1588 (carboxylate) [err] ([err] 20 (center of m 1
CH3cHO), 4.25-4.7 (m 1H, CHN\+), 7.8-8.1 (m 2H, Hmof pyridinium, 8.3-8.8\.[
(m 1H Hp of pyridinium, 8.75-9.0 (m 2H, Ho of pyridinium,.uv ( 20) o
max: 259 ([err]5992), 296 ([err]7646),[[elipP]-D 3 +65.3[err](c 0.43, -H
25  t, =20.2 h (nmeasured at a concentration of 10[err] in phosphate

buf f H7. 4 at 36.8 . -117- Exagnple 15 A (5R.)A.lyl . 3-

[?2-3;”!0.(“ i oot hyﬁ? ?ﬁi)%ﬂ'ﬂl'(%é?ﬂ-"h o tﬁ'g/;l Pf(gﬁﬁ)- im0

-57-Toxo- 1- ?za_bi cyc:cp%ﬁi&iﬁ;lhlns}); @7@4&. &-(n?ggtzquwpabe diphépyiwhpsnhate [err]
o0 a solution of, -fl 0x0- %o . .

[ (R Mhydr oxyet hyl | -915%51% L’%u %{3.‘%’. c%*hé’mr&%}ép&&lﬂ?-' i 6839?&@1;(217%6%, |

1..87 nmmol) in CH3 (AOOB3pLIONAE §394). aAnol. caled for N G

2
5 H20: ¢ 59.16, H 5.35, il 5.31; found: C 58,95, H 5.15,

I 5.57. '

C. (5R,68) 3-[2-[(R or S)-(1-pyridinium)] ~1-(2 or §)-
,cyclohexylﬁhio,—6-[}-(g)-hydroxyethyél:7-oxo-1-
azabicyelo(3.2,0)hept-2-ene-2-cartoxylate

OH _ .
),_ ' 10% Pa/C, E,
b’ ——*
_ . s T THF, ether, buffer
10 0 7 ) 0. ' '
OOPNB -~ N N .
\;

OH

&y
) Yoy
.

. Ry
R ©

To-a solution of (5R,68) parznitrobenzyl

3-[2-E(2 or 3)-(1-pyridiniwm}] -1-(R or #)-cycioheuwyl-
thio] -6~ [1-{1)~hydroxyethyl] -T-oxo~-1-azebicyelo(3.2.0)
15 ‘hept-2-ene~2-carboxylate diphenylphosphite (1.85 g,
2.34 mmol) in wet tetruhydrofurzn (96 nl) was added
ether (96 =L), potassium phoszhnte monobuiic-sodium
hydroxide buffer (0.15i, o 7.22, 50 mL) =nd 105
palladium on charcoal (1.9 z). The resuiting mixture



Ta. -10Cmunder a nitrogen atnosphere: 10 di i sopropyl et hyl am ne
.4 mol ) followed by di phenyl chl orophosphate (0.50 niL, 2.4

ixture was stirred at 00[err]C for 30 min, and then cooled to
- 15[ o this was added an oil y-suspgnsi on of
N ( 2- thyl)-pyridiniumchloride (527 ng, 15 3.00 mmol ) in CH3CN
ing 5 drops of DVMF, followed by diisoprapylethylamne (0.42

. Whise hylduogenokad sti Eﬁéduader 140 fosi Abamin2%id t ke dil ut ed
MolreHRicS 1BARILSs girecd ! b dH nia J.aver se phase
silica C18 I§repPAKaj§0 ’ \i\gé}gg,gkvg‘?éér%n%gbc}}%?é@) H; U “lo% with Herr]
(200 nl), 1004 dr & 29 ALY . Theizauconsreprutiend reene disltened dblrbached,
the organic soly@ylitRMvad RsBedaguim Stidr ansl | yaphinly zefntRq0Rkai n 785
ng (1.26 émo_l, . 67.3;@ 3 the title congoun]gia(%s brovvni)ls’h po g’r Eto 1HnT
( DVSO: d6,” CFT- 2)013‘“‘%’9 ® &rpres 060 Souenty and chwppate—6-3.7 (m,
3.75- 4.3 (2H, gnapheld amd prepbbnddobh =218 coluber(d.s .89 &) witnl=6 Hz,
- CH -NE) 0-5% acetonitrile in water as eluting solvent giving
after lyophilization 0.705 g (765%) of a mixture of
diastereoisomers. The separation of the diasterso=
10 isomers was done by hplc (prepbondapak C-18) with 4%
acetonitrile in water as eluting



- 118 5-6.2 (3H, m olefinlc protons), 6.6-7.4. (m aronmatic protgns
8.15 (2H, "t", J=7 Hz, aromatic.protons neta. to the nitrogen), 8
"t", J=7 Hz, aromatic pro-.ton para to the nitrogen) and 9.07 ppm
"d", J=7 5 Hz, aromatic protons ortho to the nitrogen); ir

[err]: 3400 (OH), 1770 ([err]-lactanm), 1690 (ester), 1625 (pyridi N
(5R 3-[(2-pyridinioetyl)thio]-(6S)- [(1Ry- h roxy- ethyl] -7-oxo-1
-azabicyclo (3.2. 0)hept-2-ene-2-carboxy- 10 |ate OH [err] [err] [err]
To a solution of (HRLvaehtyl 8ikt2epyoidimoetiiytl) ltdvar -yetendliop’ 65:p,- [ (

ﬁe?% Zth(raO)Z(yggt]%l)](ynatoe g "%;25%@?52 }ﬁét é§?1’5611( 3(Ig-j&q)zg"1’4:r11€15Ir)175n CH3CN (2
m.) was successi vel(C=ddfdfatlacknn 2[&62@ Gla, smmdmwﬂ) spde&Ssi um
(212t %l ohgégnﬁf)@ﬁlﬁ»‘rﬁ?@& %@)5cM'10 btk (o 8910 )2t t(d Plyey sphogPNi e
H, CH_CHO), 1 4 2.5 (m, 8H, cyclohexyl H), 2.5-3.05
) (m, 2, H-4), 3.05-3.25 (m, 1H, i-6), 3.3-3.7 (m, 1K,
cHs), 3.9-4.3 (m, 24, H-5, 01{3030), 4.3-4.8 (m, Ciih),
7.8-8.2 (m, 2H, Hm of pyridinium), 8.3-8.7 (m, 1H, Hp
of pyridinium), 8.8-9.1 (m, 2H, Ho of pyridinium),
10 uv (E,0)\ ¢ 260 (€7123, 300 (£8685),[d] 3323 +6,2°
(\, 0. 63, H 0) T, =16.6 h (measured at a concentration
N of 107 in phogghate buffer pH 7.4 at 36.8°C); snsl.
calcd. for CZOH2417204S 2:I 0: C 56,59, H 6.65,
H 6.60, S 7.55; found: C 56 83, H 6. 47, §6.59, S T7.43;
15 diastereoisomer with highzr retention time, compound
"B", (0.35 g, 38%) ir (KBr)V _ : 1750 (C=0 of p-lactam),
1622 (sh, pyridinium), 1588 (carboxzylate) cm™', 'Hur
(D,0) 8:.1.19 (&, J=6.4 Hz, 3H, 053021.0), 1.3-2.5
. (m, &H, cyclche'ql H), 2.5-3.,1 (m, 2€, H-4), 3.1-3.3
20  {(m, 1H, H-6), 3.3-3.8 (m, 2, H~-5, CHS), 4.1 (center of
m, 1H, c:13c:.o), 4.25-4,7 (m, 1H, caE"), 7.8-8.1 (m, 2H,
Hm of pyridirium), 8.3-8.7 (m, 1i, Ep of pyridinium),
 8.75-9.0 (m, 2H, Ho of njrldlmum) uv (;i 0) }nax' 259
_ (£5992), 296 (£7646), [u\]D +65.3° (¢ 0. 3, .‘20),
25 1:1 =20.2 h (measured =t a Concentration of 107" M
in phosphate buffer pd 7.4.at 36.8°C).




AN 22[err] C under a nitrogen atnosphere for 2 h. After
\hydrous Et0O (7 nmL)), the precipitate was filtered, washed
R Wt 20 (7 L) and dried-iynpvacuo to 25 yield 101 ng of

This purified - 118a - by reverse phase colum

. 0 rép y' Cl8 PrepPAK, 12 g, \jter Aﬁ ocites) eluting wwth H2 O.
ApproprN ate frAactions (fr. 7-12, eaG#&§5§#L+EMere col l ectedzand | yophilized
to obtaim 53/, (0(58)mbyl 3~ [(2-pyrididthoathytiNehtiol - 6compétidi-as

yel I owi sh powder. THTS JTBIErLel cont.am nated Mk _pet assi um,di phe-
nyl phosphat e aEHQhBEégz}Ei]? BT hesds G180 (haae0) “—ZF*hgg?—{err]:

0.80  -119- Ehrbd=glateldipechybphatityltexanoate), 1.21 (3H, d, J=6 .3
Hz, 1'-Me), 2.93 (2Add JI-5=90. Hz, Jgem =4 Hz. . 1-Hs), 3.28 (1 H dd, -
J6-1 =6.2 Hz, J6-5=2.5 Hz, 6-H), :

. QH .

. | - 1)'c1p0(oq>)'2
. AN ° —>
o - " :
o 2, ~3H0).0

To = solution of (5R) allyl 3,T7-dioxo-(82)-
[(1R)-hydroxyethyl] -1-azabicyclo(3.2.0)heptane~(2R)~
. carboxylate (473 mg, 1.87 mmol) in CHBCN (6 mL) was
added ot _g.--10°C-under'a nitrogen atmosphere
10 diisopropylethylamine (0.42 mL, 2.4 mmol) followed by
. diphenyl chlorophosphate (0.50 mL, 2.4 mmol). The
mixture was stirred at 0°C for 30 nin, and then cooled
to -15°C. To this was added an oily suspension of J
N-(2-mercaptoethyl)-pyridinium chloride {527 mg,
15 3,00 mmol) in CH3CN (1 mL) conteining 5 drovs of DIF,
followed by diisopropylethylamine (0.42 mL, 2.4 mmol).
The mizture was stirred at —150 for 30 min. ond then
diluted with H,0 (20 mL). Tais mixture was directly
purified on a reverse vhose silica gel (C18 PrenPuK,
20 12 g, Wzters issociates) eluting with E,0 (200 «L),
10% CHBCH/HZO (100 mL), 29 CH3CH/H2O (100 mL), 30,
.CHSCH/Hzo (100 nL) ond then 40% CHBCﬂ/Hzc (100 nl).



42 (2Ht, J=6 Hz,-CH2S), 3.98 (1H, -td, J5-1=5 9 Hz, J5 6=2.

3.

Hz, 5-H), 4.15 (1H, g, J=6.2 Hz, 1'-H), 4.80 (2H, t, -J=6.0 Hz, - CH2NtY,
7-7.5 (m phenyl protons from di phenyl phosphate), 8.03 (2H, m Hm af
pyridiniur.), 8.56 (1H m Hp of pyridiniunm and 8.81 ppm (211, "d",
Hz, Ho of pyridiniun. - 120 - Exanple 13§gPreparation of

3-[ 2- (N—I\/bthyl-thl onor phol i ni um et hyl t hi o] -

6[err]-[1'-(R) -hydroxvet hyl]-7-oxo-1-azabicvcl o[ 3. 2. 0] - hept -

2- ene- 2- car boxyl at &ppeo tfi:h e rﬂrik:tlon were collected, thc organic
U-net hvl -N-(2-nerc y hol I angsu ],_
precool ed (ice bat %?iﬂg{lrgt#é% ‘}Ial%ngg @go i giﬁgslk%i%& 5 added
net hartesul f oni ¢ acodt{tin4'78 Geﬂmo)l,add éfThplo nefstﬁhéltle X4.30 ni,
21:4 mmol ). The_m é&ﬂgmsdge’%&gu%th gﬁﬁr&l :C f‘ﬁn 24l @' yf@?jwth

water (25 nL The eous, sol ut1 on_ wa et f er X 25
m), punped Gnder @& buh@aﬁﬁ"‘bo&:edl—&/éiﬂyakﬂcﬁgzivg@k ré’vi tm) phist®rol um:

the title conpoundabsi (giglm] esbmviddn 1'-H), 4.65 (24, n, -C0,CH -,
| 4.87 (28, t, J=6 iiz, -CHZ-—I\T"'), |




2- ene-2-carbo

oar a-nitrobenzt;ol the- nfifroz (lbz) Shodr

2. 0] hept ane-

treated dropW| ‘e

d6) [err]: 3.25-2.95 (6H,

m CH2S, SH) and 2.37 p

&rvy [errL'A col bath) sol ution of

reaction mxtuge wapg r(@&)?dwwoh(ﬁ-mab’ﬁmh} N—’(@O e taqut oot I1BAS)

hi onor phol i ni um net hane ul

di | sopropyl et ﬂé‘ﬂlﬁ’é' 0.336 m., 1.92 mmol) and stirred for 30 mn.
solution was dél Ut(%% 3 [\Z—Dyrldln109'th"1 thio) - (6:)—[(1*1)—11 FAroXy -

10

15

et‘pyli -7-ox0~1-azaticyclo(3.2.0)hept-2-ene-2~carboxy-

late

ou - -. ¢ . .
-, - @
o? " | - Péy

: . . CC. X

To = solution of (5R) 2.1yl 3-[(2-nyridinioethyl)
thiod -(63)-[{1R)-hydroxyethyl] -7-0xo~1-asobicycle
(3.2.0)hept-2-ene-2-corboxylate diphenylphosphrte

- (156 mg, 0.25 mmol) in CHBCH (2 aL) wus successively

20

25

added at cz. 22°C = solution of potagsium 2-ethyl-
hexanoate 'in Et0ic (0.5 i, 0.6 mL; 0.3 mmol),

triphenylphosphine (15 mg, 0.057 mmol) and tetrakistri-

phenylphosphine palla dlum (15 mz, 0.013 mmol). The
nizture was stirred ot eca. 22%¢ under = nitrogen
atmosphcre Tor 2 h, After addition of anhydrous
Et,0 (7 mL), the preccinitote wue filtered, wushed
with anhydrous =t ,0 (7 #L) and dried in vacuo %o
yield 101 ag of orovnish solid. This wus ourified

il (4.80 g, yield 86%; ir (film Vmax: 2550 cm-1 (w. SE);

{7 CH2N ), 3,32 (3H s, CH3Nerr] );

\ r%(sH 5, CBS03). 3. M Lehn ‘and J

\ TetrAhedron, 26. 4227 (1970) p ra Nltroleenzyl
et ylsuﬁheomjﬂphml,lolumm cphe:rofgﬂ"lﬂho%ﬁaﬁeﬁ Ty ATOME: :

Net- 6¢ R)- hyd sihyhln 7- a QM@ QJV{o?co& 0mbthept -
&P&Pg’)’ 'i? g’ v PR, zaw

1(‘-yet'h'§/|ﬂ 71d SHOTELALABFE Y cl o [ 3.
PIERGAY LI €nb- AT u‘f"gﬂeﬂ? 60ndTP] 07 i CHBEE, (BMLY~T was

0..336 | d
di phenyBchl or dghosizemed Illf’gglregoﬁﬁﬁ °{¥@9aﬁ‘:’£€ éaﬂ?dt%cttf%)e’d ?‘% %Lm)ﬁn

onate (893 ny, 2.29 mmol) in CH3CN (4 nlL) and

The

The

=

hd



with water (20 nL) and poured over a silica gel reversed phase col
desired conpound was eluted with a 50% acetonitrile- water m xturef
appropriate fractions were conbined, punped under vacuumfor 2 h. ¥
| yophylized to afford the title corrpound-(111(8ﬂ g yield 85%: ir
(nujol)vmax: 1760 (s, [err]-Iactam CO and 1510 cm 1 (s, NO2); 1Hm .
(DVBO-d6). [err] 8b§5r‘v2§"1e b "Jc'sc@l\h‘?-n dﬂ‘ﬁr&%“ﬁbh 7(@2@(2%1795.;{,] =8. 8

Hz, Haromatic ), 3- 6,84 . ﬁ;o ti.c center of
ABg, J-14.2 Hz, CHz)Zarlzhzcm 'd ‘acﬁzr%‘ r%ii)mA ’3@3*@ *(2H, m H1'

and H5), 3.75-3.45,0p Hoomwzmac..ﬁoresl ((13H 1 2GHINED) 203ml- Re¥6 (9H, m
CH2S, H6 and H4) an

N- metRy| - t hi omor pholCPrH: S}m‘ hf ?D}é‘;[]e:'rﬁd %10 Ca) H;dPE?x$et' A9 TnOf e

- 7= oxo- | - azal§j cycl oyl. 364 ) 6}‘.‘ thept:—.t’lerme'@omai e viedflowiiehr popder} A

sol ution of para-ni 'Er?}yl tﬁ@étr%l(v[?mo(%@ﬂ%atéé“xﬁ%r Rl Ui dlphe-

di phenyl phosphate) e

hydr oxyet hyl | - 7- oxowi@basn g6PoeRd DO bheghup -Fratiprhexesestat e (Enrsl g,
1.76  mmol) in O IM pH 6 né,zggosph@t@obuffer (48.8 nlL), tetrahydrofuran
(20 L) and di et hyl et2her (20 was hydrogenat ed



in aParr shaker for 1 h at 40 psi. The reaction B

as dil ui ed with diethyl ether (40 nL) and the phases were
The organi ¢ phase was wash&#9wrth water (2 x 3 nL). The aqueous

ere conbi ned,
Jwi th di et hys. @tzhef (Zlcx f%%nn*e)»hgmﬁewﬂ@ede)deﬁrwa(cyg.md ,The aquéous

filtered th-rough a [err]52 hardened filter paper,

soruti pn was pouréti on a SI ca ge ase calumm. an desi red '
car bgfenem wasd# ul & wi t ITi5vhadat) énl(?filﬂ {38\%\3@;5 é: THés d%mm) 4&?@' fractions

(205 ny,

C=0): 1Hm (D2

319 ;

«" combi ned, 131151) | yorug |(1zed t6a,9idve t| t:BeZCﬁﬁpomnd az.ﬁri-,e,rﬁa-nbhous solid
| .1750 {;a 1d 1590 1

PR e N i v o CmNgf;
75 (

3.35 (16 dd, 96e] Iz B35 612!—,12 5-&1-)6)4 35081(’3H§1,si—@—8|\i)z' 3t 25l

0.062) [ err] max

CH2S, H-4) J)dgégéf'r{,b ii lé“ (Sg_?/? J“'(‘ é%%’g%ate buffer

37[err] O

(5R, 6S) -
-7-0xo0-1

- preBons Efmmwe-plﬂermlemomme
Lgxﬁols iy E(t1|?iy| txr{1 o@“ e Rinthinhyshoxyet hyl ]

?’;[z'ib.(%ﬁa%i

o B AP AR 20, T S s o d mme o

2:1, n, Hm of

ept ene- 2-Car ox¥,late er| gerr]

pyridini

(2H, , J=6.5 Hz, HO




[err] A 1- NEt hyI 1- (2 rrercaptoet hyI)rmrphoI I ni umtrlfluororrethane-

sulfonate [err] [err] [err] To N-nethyl norpholine (3.29 nL, 0.030 nol)
added dropwi se trifluoronmethanesul fonic acid (1.327 ni, 0.015 nol) at;
IQer\rN]‘g, foll owed by ethylene sulfide (0.89 nmi, 0.015 nol). The re
yell o rown sol ution was heated (oil bath) at 50-60 C under N2 foy
Vol atile material was then renoved in vacuo and the residual oil
up in 10 nL of H20. The aqueous sol uti on was washed wi th diethyl

5 nmL) and then residual organic solvent was renoved in vacuo. The regsu t|

aqueous solution was applied to a C18 reverse-phase col unm whi ch was
w th H20, then 5% acetonitrile-H20 and finally 10% acetonitril e-H20.
Evapotati on of the relevant fractions afforded a white solid which was

dried in vacuo (P305) to give the product (1.92 g, 41%. ir (KBr)vnmax:
2560 (-SH) cm 1Hnnr (d6-acetane) [err]: 4.25-3.6 (m 8H), 3.49 (s, 3H,
N-Me), 3.35-2.7 (m SH). - 124 - B. p-Ntrobenzyl

(5R, 6S) - 3-[2-(1-net hyl nor phol i no) et hyl t hi €20 -

Examale 15

Prevaration 0f J-[2-(N-Methyl-thiomoroholinium)sethviehioj-
=7-0xo-l-2zabicvelo(3.2.0]-hapt-

2-ene-2-cazhoxvlate
\-/. . ———————pt——————

A. MN-mathyl-N-(2-marsastoethvl) thiamorsholinivm meshanasulfonate

s } 1) MsOH 'S Me
Me . Y = \/\e. ;
L\ uso®

To precocled (ice bath) N-methylthiomorpholiiner
{5.00 g, 42.7 mmol) was added methanesulfonic acid (1.47 =L,
20.5 mmol} and ethylene sulfide (1.30 mL, 21.4 mmol). The
L-/ - mixture was heated at 65°C for 24 h and diluted with water
(25 mL). The agqueous solution was washed with diethyl ether
{3 x 25 mL), pumped under vacuum and pouved over a silica gel
reverse phase coliumn; the title éompound being eluted with
water. The appropriate fractions were combined and evaporated
to afford the thiol as an o0il (4.80 g, yield 86%); ir (film)
Vaay! 2550 @™l (w, sm); "nm: (DMSO &,)§: 3.25-2.95 (6K, m,
@ N%), 3,32 (3, 5, %), 3.20-2.65 (7H, m, CH,S, SH) and
. 2.32 pom (3H, s, c..3so )

(4

*J.M. Leha ané J. Wagner. Tetrahedron, 2§. 4227 (1979)




6-[ (RL-1-hydroxyethyl]-7-oxo-|-azabicyclo 3. 2.0 ]hept-2-ene-

hydr oxye | 1 -3, 7-di oxo-I|-azabi cycl o(3. 2. 0] hept ane- 2- car boxyl ate (0.348 g,
_ n 25 nL of dry acetonitrile was added drop- w se

dii opyllet hyl am ne (0.191 nL, 1.1mmol) and then di phenyl chl orophosphate
(0. 1.1 mmol) at Cerr]C under N2. After stirring at Jerr]C for 1
h dii yl ethylam ne (0.226 nmL, 1.3 nol) was added to the resulting ean
phosphate, followed by 1-nethyl- 1-(2-nmercaptoethyl)norpholinium

trifluoromethanesul fonate (0.373 g, 1.2 mmol). The reaction mxture was
stirred at roomtenperature for 1.5 h and then concentrated in vacuo.' Tke
residual material was taken up in H2O *3hd applied to a. Cl8 reverse-phase
colum. Elution with H20, then 20% acetonitrile-H 20 and finally 30%
acetonitrile-H20 foll owed by |yophilization of the relevant fractions gave

t he product (O. 390%349%-7@?”(35‘59‘@“@%"’%@%&}1{9&&%' %3_ 0 (-OH),

1770 ([err]-lactam err]: 8.25,
7.80 (ABgq, J=8.6 Hz, &2
5.56, 5.27 (ABq, J= 1
Hz, 1H HJ5), 4.1- 2.

av

ph phosphat e),
zi : ' t, J=9.2 Hz, J'=2.7
7 (a, 17FD 3.40 Cs, 3H, N-Me), 1. 22 (d, J=6 2 Hz,

3H, 'CH'VE) ou . '1)'2‘-“(—<’2 - )GE . :
~ T - dcwotesy, T A ' &/—\ |
oo '6 e | come O'E(cﬂ s

A ms@—<,

A cold (ice bath) solution of para-nitrchbenzyl
6c=[1'-(3) -hydzoxyethyl]~-3,7-dicxe~1l-azabicyeclo(3.2.0hezzane~
2-carboxylate (557 mg, 1.60 mmol) in czsc:w (8 mL) was mwrsazed
dropwise with diisopropylethyl amine (0.336 aL, 1.92 macl) and
diphenylchlozophosghate (0.400 mi, 1.92 mmol) and stirred Zaz
30 min. The reaction mixture was treated with N-methyl-N-(2- o
Tarcaptoethiyl) chiomorpholianivm methanaesulfonate (g93 =5, 2.29
- mmol) in CH N (4 mi) and diisopropylethyl amine (0.336 =L,
1.92 mmol) and stirzred for 30 min. The solution was diluted
with water (20 mL) and poured over a2 silica gel reverseZ shase
¢olumn. The desized compound was eluted with a 50% acetoniirile-
water mixture. The appropriate fractions were ccnbi:-.ed, puxped
under vacuum for 2 h. and lyophylized to afford -the tit
com;cund (l.01 g, yield 85!) ir (mﬁol)vw: 1760 (s, s-lac-.m W/
C=0) and 1510 el (s, NO,); ‘mmr (DMso-dg) ¢: 8.25 (2%, &,
J=8.8 Hz, H-aromatic), 7.70 (2H, 4, J=8.8 Ez, H-aromatic ), 7.33~
§.84 (10 B, m, H-aromatic), 5.37 (2H, center of A3g, J=14.2 Ez,
2)' 5.14 (1K, 4, J=4.5 Hz, OP), 4.35-3.80 (2%, m, E=1' and
B-5), 3.75-3.45 (64, m, CHZN }, 3.31 (3K, s, CH3N 1, 3.45-2.75
(9H, =, CH,S, H-6 and H~4 and 1.15 ppm (3, 4, J=6.2 Hz, g



'125 —= hydroxyet hyl] -7-o0xo-1-azabicyclo 3.2 0 ]hept 2-ene-2- car boxyl a
[err] [err] To a solution of p-nitrobenzyl (5R, 6S)-3-[2-(I-

met hyl nor phol i no) et hyl thi o]-6- [(R)-I-hydroxyethyl]-7-oxo-I- ~azabi cycl
O hept - ;. ene- 2- car boxyl at e di phenyl phosphate (0.360 g, 0.49 mol) in
of phosphate buffer (0.05 MpH 7.4) was added 0.36 g of 10%

pal | adi um on-charcoal, 20 nL of tetrahydrofuran and 20 nL of diethyl
This m xture was hydrogenated (Parr) at 32 psi for 1 h. The m xture was :
filtered through Celite and the filter pad was washed with H2 0 and di et-hyl
et her. The aqueous phase was separated and the pH was adjusted to 7.0 W th
additional pH 7.4 phosphate buffer. After renoving residual organic

sol verits in vacuo the aqueous sol ution was applied to a Cl8 reverse-phase
columm. Elution with H20 and |yophilization of the relevant fractions
aiforded 0.130 g of an anorphous solid.. Thi§ Yaterial was repurified by
reverse-phase hplc to give the pure product (0.058 g, 34% as an anorphous
solid. ir (KBr)[err]max: 3420 (br, OH), 1750 ([err]-lactam CO), 1590

CQ2-) cm 1; 1HnmAr 0)3-k £ §dme idmofpholitium 1endo} k8- (1S.(adH, N-Me
(1 2 %d Prasalig ('@,)3 Ezﬁ(ﬁ;] :.%1.35& ZleZhE(ﬁm wj‘)Z%!')vl y 1(;_(&3 o tl)/2

(pH 7.4, 36.8[err] C) 18. &,[

xviate

2 )'s I ° n..
s S S\A,Q/ﬁ .

Lo el

A solution of para-nitrobenzyl 3-(2«(N-methyl-
thiomorpholinium diphenylphosphate)ethylthio]=6ée=[1'=(R)~
hydroxyethyl] -7-oxo-l-azabicycle(3.2.0] hept-2-ene-2-carboxylate
(1.31 g, 1.76 mmol) ia 0.1M pE 7.4 phosphate buffer (48.8 mL),
. tetrahydrofuzan (20 mL) and diethyl ether (20 ml) was hydrogenated
W over 10t pd/C (1.5 g) in a Pazr shaker for 1 h at 40 psi. Tke
reaction mixture was diluted with diethyl ethez (40 mL) and the
phases were separatec. The organic phase was washed with water
(2 x 3 mL}). The agueous phases were combined, £ilezered through
a #52 hardened 2ilter paper, washed with diethyl ether (2 x 25 =)
and pumped under vacuum. The agqueous solution was poured on a
silica gel zeverse phase column and the desired carbapensnm was
eluted with 5% acéto_pitrile—wate:. The appropriate Iractions
\_ . were combined, and lyophilized to give title compound as an
amorphous solid 512.05 mg, 31%}; ir (nujol)vnu- 1750 (s, 3-lacta=x
C=0) and 1596 ca™l (s, C=0); 'Bmr (D,0) §:4.25-3.95 (28, =, -1,
E-5), 3.70-3.40 (6H, = axh, 1. 35 (12, &4, J=6.1 Hz, J=2.6 Ez,
B-6), 3.08 (38, s, CX N Y, 3.25-2.75 (8E, CE!ZS E-4), and 1.24 pem
(3, ¢, J=6.4 Hz, 3). uww (8,0, ¢ 0. 082 A .yt 299 (el0,%62) T1/2
17.7h (0.1M pE 7 phospha_.‘:e_buffe:, 37°C).




- 126-- Exanple 18 Preparation of (5R6S)3-[2-(1,4-dinethyl-1-piperaziniun-
ethylthio]-6- [1-(R)-hydroxyethyl]-7-o0xo- 1-azabicyclo- [3.2. 0]
hept - 2- ene- 2- car boxyl ate [err] [err] A
<acetyl thi oethyl)-1. 4-di net hvl oi perazi ni um bronide [err] [err] A
X\ of 2- bromoet hyl thiolacetate *(2.20 g, 0.012 nol) and
| pi perazine (1.95 nL, 0.014 nol) in acetone (4 nlL) was stirred
at { SOC {pC\)65 h. After cooling to 25[err]C, the |liquid phase was decanted

fromt which was triturated twice in diethyl ether; a hygroscopic

yel i pwder, 3.2 g (90% was obtained; ir (Nujol) [err]max : 1685 (C=0
of ef) cm1l; 1Hmw (D20) [err]: 2.37, 2.39 (2s, 6H, CH3CO, _
- CE3) : (s, 3H, [err] *B. Hansan, Acta Chem Scand. 11, 537-40 A
(.1957) :

- 123 - : -

Examnple 17

Preparation of (Sg,sg)-3-[2-(1-m¢=hylmcr;holino)e::yl:hic}-
3-[(§)-l-hyd:cxyethyl]-7-oxo-l-azabicyclo(322.0]he;=-2-ene-
£=Carboxviatse

O | Me

¢

. A. i-Me:hvl-i—(Z-mércaatoethvismor:holinium-tzizluorcmethane-
‘sulfonate '

E;j + cr#so;n +é | % asazaan -
Mo

CP;SO;

To N-methylmorpholine (3.29 mi, 0.030 mol) was adced
d:ouw‘se t:z‘lco:ome“ﬁanesul‘on‘c acid (1.327 mL, 0.0135 mol) as
10°C, followed by etny;ene suifide (0.85% =L, 0.01S mol). The
resulting yellow-brown scolution was heated (oil bath) a:= 30-50°C
under N, for 18 h. Volatile material was then removed ir vacuc
and the residual oil was taken up in 10 mL of szo The agueous o/
solution was washed with diethy- ether (3 x § mL) ané then
residual organic solvent was removed in vacuo. The -esu-txng
aguecus sclution was applied to a c18 reverse~-phase csliumn which
was eluted with Hzo, then 5% aceton;t:‘le-azo and finally 10%

1 acetoni.:zle-&zo. Evaporation of the relevant fractions afforcded
i a white solid which was dried in vacuo (ons) to give the producs
(1.92 g, 41%). ir (RKBryv,.: 2560 (-SA) cm *; lEnmr (d -acetone)

max
§: 4.25-3.6 (m, B8H), 3.49 (s, 3H, N-Me), 2,35-2.7 (m, SH). =

ot



-- 127 - chloride [err] A solutian of 1-(2-aceylthioethyl)-1,4-dinethyl-
pi perazi niumbromde (1.1 g, 3.7 mmol) in 6N hydrochliic acid (4 niLl
heated at 80[err] C under a nitrogen atnosphere for 1 h. The sol ution
concent gat ed under reduced pressure to give a white powder, 0.41 g
1HnT ( C, d6) [err]; 2.90 [s, [err] Anal. calcd. for CH20N2SEr CIf. H}2p
31.03, H7.16, N 9.05, S 10.35; found: C 31.62, H 7.46, N 9.19, S 10. ]9}
- 128- C. (SR, 6S)Paranitroebenzyl 3-[2-(1, 4- di nehyl-l-plpera2|n|f“’
ethylthiol -6- [[|- ( -hydroxyethyl]-7-o0xo-I-azabicyclo[3.2.0]-
hept - 2- ene- 2- car boxyl at e di phenyl phosphate [err] [err] [err] To a cohe
(derr]C solution of (5R, 6S) parantrobenzyl 6-[1 -(R) . i
- hydrkexyet hyl ] - 3, 7- di oxo- 1- azabi cycl 03. 2. 0] heptane-2- (R)-carboxylate
(0.465 g, 1.33 mmol ) in acetonitrile (2 nlL)- k&#pt under a nitrogen

at nosphere was added dii sopropyl ethyl am ne :

B. p-Nitrobenzyl (SR,6§)-3-({2-(l-mezhylmorpholino)ethylthis]- -
3-!!3)-l-hyd:oxye:hyl]-7-oxo-1-azabicycla[3.2.0]hept-2-e=e-
d-cardoxv.ate cihenvlishosdhate

oH oR e
4 A PR
o > N\ /
- - P % 0
o/ CO,PNB co,2NB o
(g0) jPO

To a solution of p-nitrobenzyl (SR,6S)-6-{(R)-1-
hydroxyethyl] -3, 7-dioxo-l-azabicyclo{3. 2.0l heptane~2~-carhexylate
(6.348 g, 1.0 mmol)} in 25 mL of dry acatonitrile was added dsop-
wise diisopropylethylamine (0.191 mL, 1.1 mmol) and then &iphenyl

" ehlersphosshase (0.228 nl, 1.1 mmol) at 0°C-under Ny. Aftes
stirring at 0°C for 1 h diisopropylethylamine (0.226 mi, l.3 mmol)
was added to the resulting enol phosphate, focllowed by l-methyvl-
1~(2-mercaptoethyl)mozrpholinium trifluorsmethanesulfonate (0.373 g,
1.2 omol). The reaction mixture was stirred at room temperature
for 1.5 h and then concentrated ia vacuo. The Tesidual material
was taken up in azo and applied to a c18 reverse-phase colu=n
Elution with azo; then 20% acctcnit:ile-azo and finally 30%
acetnnit:ile-azo followed by lyophilization of the relevans
fractions gave the product (0.360 g, 40%) as an amorphous solid.

Y o ir (£ilm) 3300 (-GH), 1770 (3-lactam CO), 1700 (-CO,2¥3) o 1;

lsnm: (ds-acetone) §: 8.25, 7.80 (aBg, J=8.6 Hz, 4H, romatic) ,
7.4=6.8 (m, 10E, diphenylphosphate), 5.56, 5.27 (ABg, J=l14.2 dz,
28, benzylic), 4.42 (d of £, J=3.2 Bz, J'=2.7 82, 1E, B-§), 4.l-
2.7 (m, 178, 3.40 (s, 3%, N-Me), 1.22 (d, J=6.2 Rz, 3H, -Cve).



(0 278 m., 1.59 mmol) and di phanyl chl orophosphate (0.33 ni, 1.59 mol).
The reg on m xture was stirred for 30 mn and treated vmth a suspensi on
of . 1, 4 di aetlayl - | - (2- ne: capt oet hyl ) - pi perazi ni um brom de hydrochl ori de
WL 3Ammol) in acetonit:ile (3 m)-water (1 nL) m xture and
dllsprot ylam ne (0.278 nL, .1.59 nmmol ). After stirring for 18 h at

Q

5[err]] C diwater (15 nL) was added to the m xture.. The resulting .

sol ut\o AN ¢hr omat ogr aphed over PrepPak-500/ C18 (Waters Associ at es)

colu 5x]7.5 cm) wth 25-35% acetonitrile in water as eluting solvents
to give owi sh powder 0.50 g (50% after |yophylization; ir (KBr)

[ err] max: 65 (C-0 of [err]-lactam), 1690 {C=0O of PNB ester), 1585
, 1512 (NOR), 875 (N2)cm 1, 1Hnwr (DVSO, d6) [err]: 1.16, 1.18«
.1 Hz, 3H, C3CHOH), 2.44 [err],kerr] (center of ABq, J=13 Hz, CH2 .
of PNB), 6.6-7.4 (,. 10H, phenyl of phosphate) 7.71 (d, J-8.8 Hz, 2H, No
of PNB), 8.26 (d, J=8.8 Hz, Hm of PNB). - 129 - [1-
(R) - hydr oxyet hy1] - 7- oxo- 1- azabi cyclo[3. -2.0] hept-2- ene-2-carboxylate [err],
C. .(5R,88)=3=[2=(l-methylmorpholino)ethylthic]~6~[(R)~1-

hveroxvetnhvij-Y-oxo-l-azabicvelo(3.2.0|neps-Si~ene~i~
carboxvlate ' _ '
. e - . em Me
X </ - \
s~ 9 e g
® . 8 [
° . © «
© . - }
2 (wag@ .

To a solution of p-nitrobenzyl (SR,65)-3-{2-(1-
methylaorpholine) ethylthio]-6-((R)-1l-hydroxyethyl]-7-oxo-1-
azabicycle(3.2.0lhept-2-ene-2~carboxylats diphenylphosphate
{0.360 g, 0.4% mmol) in 13 mL of phosphate buffer (0.05 M pE
7.4) was added 0.36 g of 103 palladium~on-charzcoal, 20 mL of
tetrahydrofuran and 20 mL of diethyl ether. This mixture was
hydrogenated (Parr) at 32 psi for 1l k. The mixture was
£filtered through Calite and the filter pad was washed wieh azc
and diethyl ether. The agueous phase was sepazated and the pE
was adjusted to 7.0 with additzional pE 7.4 phosphete busffe:z.
After removing residual organic selvents in vacuo the agueous
solution was applied to a'cls reverse-phase column. Zlution
with azo_aad lyophilization of the relsvant fractions afforced
0.130 g of an amorphous solid. This material was repuvifiad
by reverse-ghase hple to give the pure product (0.058 g, 34%)
as an amorphous solid. r (Ksr)“mif. 3420 (br, CB), 1750
(8 -lactam CO), 15%0 (-CO em 7; "Homr (D,0) §: 4.35-2.77
(m, 178), 3.18 (s, 3E, N-ue), 1.23 (&, g=6.3 Hz, 3B, CIMa);
uv (Bzo)xmax: 300 (£6344) nm; % ,2 (pH 7.4, 36.8°C) 18.5 h.



buffer To a solution of (5R 6S)paranitrobenzyl 3-[2-(1, 4-

d| net hyl -1 - pi perazinium ethylthio] -6-[1- (R -hydroxyethyl] -7-
oxo I-azabl cyclo[3.2.0 ] hept-2-ene-2-carboxyl ate di phenyl phosphate (0.
0.623 nlg?n in wet tetrahydrofuran (25 nL) was added diethyl ether (2% nlL)
pot assi phosphat e nonobasi c- sodi um hydr oxi de buffer (13 nmL, pH 7.2

10% pal | adi um on charcoal (0.47 g). The resulting m xture was hydrogg¢na
at 23[err]C undar 40 psi for 1 h. The two layers were separated and He
organic |l ayer was extracted with water (2 x 7 nL). The aqueous | ayer
conbined, filtered through a Celite pad, washed with diethyl- ether
m.) and chromat ogr aphed on PrepPak-500 C18 (Waters Associ ates) cofumm\(2.5
X 9.9cn) with water as eluting solvent td2§i-ve, 0.097 g (43% after
| yophylization; ir (KBr) [err]nmax: 3000-3700 (OH), 1750 (C=0 of
[err]-lactam), 1585 (carboxylate)cm 1, 1Hm (D20) [err]: 1.24 (d, J=6.4 Hz,
3H, CR 3COH), 2.33 (s, 3H, [err] [err] (nmeasured at a concentration of 10 4
M in phosphate buffer-pH 7.4 at 36.8[err ple 18 . 130 . Exanple 19

Preparation of (Sg.ﬁg)3-{2—(1,4¥dimethyl-1-pipe:aziniun)-
ethylehio] =6~ {1-(R)~hydroexyetnyl}<7=oxo-i-azakicycio-

LY

d.2.0ihedt~2=ene~2~casboxviaze

0 N+ \ -
) Wy \ Acetone N 3 N=.37
cascs/\/a R N N/— CTEEY 3cs v

: A solution of 2-bromoethyl thiolacetate #(2.20 g,

A 0.012 mol) and 1,4-dimethylpiperazine (1.9S mL, 0.014 mol) in
acetone (4 mlL) was stirred at S0°C for 65 h. fter cooling =3
25°C, the liquid phase was dscanted fzem the gun which was
triturated twice in diethyl ether; a hygroscopic yellowish
powdez, 3.2 g (90%) was obtained; ir (Nujol) v : 1685 (C=0 o2
thicester) em l; lﬁm: (020) §:

2.37, 2.39 (2s, 6, csﬁo. —\v-csam, 3.18 (s, 33,

nax

?N/.cz'.zg)
A

*B. Bansen, Acta Chem. Scand. 11, 537-40 (1957)



Preparatlon al- (5R 68)-3-[2—(N—nehty1-£hionnrphbnrpholiun} oxi de)

et hylAheq] -6- [1- (R)-hydroxyethyl] -7-oxo-1-azabicy- clo(3.

2. Q) he Q- ene-2-carboxylate OH 2 [err] [err] To a cold (=10 C) solution
of . [2- (N-nethyl-thionorpholinium ethylthiol-6-[1- (R

- hygdr oxyée Il - 7-oxo-1|-azabicyclo(3. 2.0)-hept-2-ene-2-carboxylate (608
ng,| 1. 8 ) ina 1:1 mxture of acetonitrile-water (9 nL) was added

m chil or § bnzoic acid-(334.8 ng, 1.63 mml) in snmall portion over a 1
hour\ .per\ od. | The m xture was then dil uted - 131 - with water (15 nlL) and
was he i i et hyl ether (3 x 15 nmL). The aqueous phase was punped under

vacuurq and passed through a reversed phase silica qel colum (H20) to give
a sol i d™hith consisted of a m xture of .conpounds. This m xture was s
separated by reversed phase HPLC and afforded fraction A 52.4 ng (yield -
1299 and fraction B 23.6 ng (yield 6% as diastereoners of the title
conmpound; Fraction A: ir (nujol) [efnpmax: 1750 (s, 8-lactam C=0) and
1580 cm 1 (s, C=0); 1Hw (D20) [err]: 4.26-2.91 (20 HL m H4, .

A solution of l-(z-a.cetv-:‘*iae--vz) =l,4-dinethyl-
'pise-az--u.un bromide (1.1 g, 3.7 mmol) in 6N hydrocalszic acid
. {4 mL} was heated at 80°C under a nitrogen atmesphexe Zex i b
The solution was csﬁce:'::ateé ux‘e: ceduced pressure 0 give
e whi‘.:e powder, 0.41 g (38%), ' mx - {DeSC, ds, &: 2.20 (<o,
:>ﬁiz ), 3.26 (s, \(+ |
Aaal. calcd for CgH 20° 2ss-c1 azo C 31.03, & 7.18, N 9.05,
. s 10 35; fowné: C 31 62 E 7.46, ¥ 9.13, S 10 19.

-
5
-



-

H6, H1', CHRS CH2S-0, CH3-N+ and CH2N+ ) and 1.24 ppm (33, d,
J=6.4 Hz, CH3); wuv (H2 0,c 0.06) [J[err]max: 302 ([err]10425); T 1/2:12 }
(0.065 M pH 7.4 phosphate buffer, 37 C. Fraction 3: ir (nujol) [err]fax
1750 (% [err]-lactam C-0) and 1585 cm 1(s, C=0); 1Hm (D20) [err]: . . S
3.86-2.90 (17 H, a, H4, H5, H6, H1'.CHRS, CHS-0, CH2N+), 3.25.(3H, [s,[]
CH3 N+) and 1.24 ppn1(3H d, J=6.4 Hz, CH3),; uV (H20, c 0.05) [err]nak:

2.99 ([err]6517); T 1/2: 10.75 h (0.065 x, pH 7.4 buffer solutlon” e

5,
6.

37[err] 0. - 132 - Exanple 20 Preparation of

(5R 65)-3-[2-(1, 4, 4-Trinmet hyl - 1- pi perazi ni um - 1

et hyl t hi o] - 6- [1R—hydroxyethy|] 7-cxo- 1 -azabi cycl o(3. 2. O hept - N
2-ere< 2-carboxyl ate chloride [err] . 1- (2-acetylthioethyl) -1,4,"
4-trimethyl ni perazi ni um brom dai odi de [errg [err] A suspension of
1-(2-acetyl thi oeet hyl)-1, 4-di met hyl - pi r4%ni um bromide (1.48 g, 5.0

nmol ) in isopropyl alcohol (10 n) mas treated with nethyliedide (0.373 mi,
6.0 mol) and heated at 53-60[err]C for 30 h. The solvents were evaporated

urider reduced pressurg; tfe £ el due s, | oL [ ALeabd, NSRS QN Lo SOl i d

ethylthio] -6~ [1- (X) ~hydroxyethylj=-7-oxo-i=-azakicycioii.L.d]~
heot-z-ene~-2-carsoxviate diskenvidhospnate

‘e , U wEe(irn, o=
... : ] }"- SE {2n%)
. !‘ o 2 crem, « JEQ_,M ‘-, (200) .
7 s
-] “eo ~Je -
U COOPNs » 's/\/ N, 37 , n COOPNS
4 wEsiirn),

‘To a cold (0°C) solution of (5R,65) paranitrcbenzyl

. 6= {1 ~(R)~hydroxyethyl]-3,7-dioxc-1l-azabicycle[3.2.0}heptane~-2-

.(R)=-carboxylate (0.465 g, 1.33 mmol} in acetonitrile {2 mi} ksapt

under a nitrogen atmosphers was added diiscpropylethylamine '
{(0.278 mL, 1.59 mmol) and diphenyl chlorophosdhate (0.33 mi,

N/ . 7 1.59 mmol). The reaction mixture was stirzed for 30 miz and
tzeated with a suspension of l,4-dimethyl-l-{2-meccagtoezhyl)-
piperazinium bromide hvdrochloride (0.40 g, 1.37 mmol) in
acetonitrile (3 ml)-water (1l mbL) mixture and diisopropyvlethylamine
{0.278 mL, 1.59 mmol). After stirring for 18 h at 5°C, cslé
water {15 mL) was added to the mixture. The resulting solutioca
was chromatographed over ?:ep?a.k-SOO/cla (Waters Associatss)
column (2.5 x 7.5 cn) with 25-35% acetonitrile in water as

&/ ’ eluting solvents to give a yellowish powéer 0.50 ¢ (Sbﬂ afcer
lyophylization; ir (KBz) v, : 1765 (C=0 of g-lactam), 1690
{C=0 of PNB ester), 1585 (phenyl), 1512 (NO,), 875 (NO,)cm’l,

(oMsO, d.) §: 1.16, 1.18 (2d, J=6.1 Hz, 3B, CH,CHOH), 2.44

BN
(‘l —/N—CS3). 3. 14 (s' —\/ —3 )' 5.31 (d, i‘s az' O_.]' 5.39

+ (centear of A3q, J=13 Hz, caz of PNB), 6.6-7.4 (m,. 10#, phenvl of
phosphate), 7.71 (d, J=8.8 Hz, 2H, Ro of PNB), 8.26 (&, J=8.8 Hz,
Hm of PNB).



1.85 The solid was dissolved in hot water (8 nL) and the solution was

di luted-wi th acetone until turbidity (70-80 nL). Two successive
.atlons gave 1.5 g, np 220-5[err]C dec., 68%of the title _
(KB'r) [err]max: 1692 cm| (C=O; lHITT (D20) [err]: 2.40 (s,
3.37 (s, NNCH3), 3.39 (s, NNCH3), 3.99 (s); uV (H20)[err] max:
M)\ Anal. calcd for Cl1H24N20SBr1: C 30.08, H 5.51, N 6. 38;

V.48, H 5.53, N 6. 86. -133- 3.

et tyl)-1.4,4-trimethyl oi perazinium bischloride [err] A

f 1-J(2-acethylthioethyl)-1,4,4-trinmetyl- piperazinium

' (1. 84 g, 4.19 mmol) and 6N hydrochloric acid (15 nm) was
at_Z7[err] C under a nitrogen atnosphere for 2.5 h. The sol ution was
concentrated under reduced pressure to dryness. The solid was suspended in
water (10 nL) and the well- s-tirred-sit®pension was treated with permutit
S-1 Cl- wuntil a solution was obtai ned. The sol ution was poured on a col umm
(1.2 x 60 cm of parnutit S-1 Cl-. The colum was eluted with water (1.5
m./mn). The appropriate fractions were conbi ned and Iyophl lized to give a
whi te powder, 0.93P¢g, { 55390(%91'4 ipp eyl -gapiperazipi vl &SRy AR -2460 (SH); | Hnr
(D20) 6: 3.4 (s, N : A223Ficyeip) 3. 2Ahaet-¢al cd for -
CO9H22N2SC12. 0. 75 H20: mmzm' 8. 62, N 10. 20,

j N (2h0) EO- 1oy, pesc, G ,
; pHY _ & g“_ J

; To a selution of (SR,65)paranitrobenzyl 3-[2-(1,4-
dimethyl-l-piperazinium)ethylithio]~6-{1~(R}-hvdroxyethyl]-7-
oxe-l-azabicyclo[3.2.0]heapt-2-ene-2-carboxylaze dighenylphosphate
{0.47 g, 0.623 mmol) in wet tetrahydrofuran (25 ml) was added
diethyl ether (25 mL), potassiun phosphate moncbasic-sodium
hydzoxide buffer (13 =L, pE 7.22) and 10% palladium on chazcoal o’
(0.47 g). The resulting mixtucre was hydrogenated at 23°C undes
40 psi for 1 h. The two layers were separatad and the organic
layer was extracted with water (2 x 7 mL). The agueocus layers
ware comtined, filsered through a Celite pad, washed with diethyl-
ether (2 x 15 mL) and chromatograshed on :-*:-e&:?ak-stm/cl8 {Watezs
Associates) column (2.5 x 9.5 &) with water as eluting sclvent
to give, 0.097 g (43%) after lyophylizaticn: ir (K3z) Vnax®
3000-3700 (OH), 1750 (C=0 of 8-laczam), 1585 (cazboxylate)cm T, U/
Lamr (0,00 &: 1.24 (4, J%6.4 Wz, 38, CE,CHOM), 2.33 (s, 38,

\u—cﬂg)- 3.15 (s. >,E’3 Y, 4.0=4.5 (m, H-5, CH,CEOR), uv

(HZO) Amax® 296 (t947$). {a] 61.1° (C 0.25, 8,0}, tl/2=12.4 h

B o

(measured at a concentration of 107
at 36.8°C).

M in phesphate buffer pE 7.4



S 11.67; found: C 39.48, H 8.39, N 10.55, 5 11.15. C. (5R 69
parani trobenzyl 3-[2-(1,4,4-trinmethyl-I|-piperazinium- 2-ene-2-carboxyl aye
bi schloride 1) [err] [err] [err] To a cold (5[err]C sol ution of (SR. 5)
paranltnobenzyl 6- (1R-hydroxyethyl] -3, 7-dioxo-1-azabicyclo(3. 2. .0)
hept ane- 2R—carboxy|ate (0.94 g, 2.7 ol) in acetonitrile (3 nL) Kept/
under a nitrogen atnosphera was added dii sopropyl ét hylam ne (0.557 ni, [ 3.
mmol) and di phenyl chl orophosphate (0.663 niL, 3.2 ol . -The reaciagn |-
m xture was stirred at SC for, 30 mn and treated with d||sopropylethyl_
(0.599 nm., 3.44 mmol) and an aqueous solution (4 nmL) of 1-(2-
nercaptoethyl) 1, 4, 4-trinmethyl pi perazinium bischloride (0.90 g, 3. 44 ;
mol > After 1.25 h, diisopropylethylanmine (0.1 nL, 0.57 mmol) was added
and the stirring was contlnued for 2 h. A part of the acetonitrile was

‘el i m nated under reduced pressure and the rsesulting red mixture was
chromat ogr aphed on PrepPak -500/Cl18 (Water Associates) colum with 25-75%
acetonitrile in water as eluting solvent to give a yellowi sh powder (1.4 g)
after |lyophylization. The powder was olgpl Ld zed in water and the solution
was passed on a colum (1.2 x 58 cm o tit S-1 ClI- usi ng water an
eluting solvent. Lycphyli-

Preparation of (SR,65)-3~[2-(N-methyl-thiomorgholiniun-
oxide)}ethyithig]~s=({l-(R) -hydroxyechyl]-7-ocxc~l-azasicy~
€lo(3.2.0)-hept-2-ene-2-carboxylate

— e, .
)-- '
4::1::;>__s\\/A\:§ S50
o ® éég_g/
) |
\_/
. S
m SO = IO
¥ 4
(7 =P _

To a cold (~-10°C) solution .of (5R,65)-3-~
[2- (N-methyl-thicmorpholinium) ethylthio] -§-[1- (R} ~hydrexyethyl]~
) 7=0x0=-l-azabicyclo(3.2.0)~hept~2~ene~2~carboxylate (608 mg,
A 1.65 mmol) in a 1:1 mixture of acetonitrile-water (9 mL) was
added m-chlozoperbenzoic acid (334.8 mg, 1.635 mmol) in small
portion over 2 1 hour period. The mixture was then dilutad



zation of the appropriate fractions gave 1.17 g of a powder that was
repurified on a colum of PrepPak -500/Cl18. Lyophylization of the"
'apqroprlate fractions gave a yell owi sh powder, 0.80 g (53%; ir

(KBr) ax : 3400 (br, OH), 1770 (C=0 of the [err]-lactam, 1690 (CO of

PNB ¢ 1605 (aromatic), 1515 (NG3), 1345 (NO2) cm1; 1Hm (D20)
[errf]: \d, J-6.3 Hz. 3H, CH3 CHOH), 3.39 (s, NCH3), 4.00 (s) , S. 37
(br, PNB), 7:60..(d, J=8.6 Hz, , Ho of -PNB) 8.20 (d, J=8. 7 Hz,
2H. { B) ; uv (H20) [err]max: 276 {[err]12094), 306 ([err]1072).
Anal or [err] [err] -135- D. (5R 6S5)-3-[2-

(1, yl - 1- pi perazi nium ethylthio]-6-

yl]-7-0xo0-1-azabi cycl o(3. 2. 0) hept - 2-ene-2- carboxyl ate o
[err]
[err] A sxtAre of (5R 6S) param trohepgyl 3-[2-(1,4,4-
t-imethyl-1-pi-peraziniunmethylthio] -6-] 1R-hydroxyethyl]-7-oxo-1I-
azabi cycl o( 3. 2. 0) hept - 2- ene- 2- car boxyl ate bi schloride (0.40 g, 0.68 muol), -«
phosphate buffer (30 mL, 0.05M pH 7.0), tetrahydrofuran (10 nlL), ether (30
m.) and 10% pal | aiknuvacen (CHharcesd wishedGig) cvmsylhyeheogenatiecent 23[err] C
under 35 psi for #ndiaguediacpiasd Jah3ReFd\REE vacuun and passed through
‘a reversed phase silica ‘gel column (EZOJ to give a solid which
ccns:.s..ed of a mixture of compounds. This nmixture was se:a:a:ed
by :eversed phase EPLC and afforded fraction A 52.4 ng (yield 12%)
and Izaction B 23.6 mg (yield 6%) as diastereomers of the title .
compound; Fraction A: ir (aujol) Vmax® 1750 (s, g-lactam C=0) W
and 1580 e (s, c=0); lamr’ (D,0) §: 4.26-2.91 (20 K, m, E-¢,
H-5, BE-6, E-1l', CH zs, CEzS-O. CSa-N and CE \l ) and 1.24 ppm
(3H, 4, J=6.4 Ez, 3). uv (H 0, ¢ 0.06) 1 s 302 (el0425);
T 1/2:12 h (0.065 M, PE 7.4 phcsphatn bufﬁe:, 37%¢). ~Ffraction 3:
ir (aujol) vy, : 1750 (s, 8-lactam C=0) and 1585 @™t (s, C=0}:
(D,0) §: 3.86-2.90 (17 E, m, 3-4 E-5, B-6, H-1', CH,S,
CB,S-0, a n* }. 3.25 (38, s, cx n*) and 1.24 pem (3H, &, J=6.4 Hz,
CH,): uv (s 20 € 0.05) A : 2. 99 (e6517); T 1/2:10.75 h (0.065 M,
PHE 7.4 bu!fe: solution, 37'C). .



separated. The organic phase was .extracted with water (10 nL) The aqueous
phases were filtered on a Celite pad, washed with ether (10 niL),
concentrated under vacuumto 10 nL and chromat ographed on PrePak-500 Cl
colum #2.2 x 11 cm) with water as eluting solvent to give 70 ng (25%/
after Tyophylization; ir (KBr)vmax: 3400 (br, OH), 1755 (C-0 of thé - ’
S-lactan), 1585 (carboxylate) cm1 ; 1Hw (D20) 6: 1.24 (3H, d, J=6.3
CH3CHOH), 3.36 (s, NCH3, 3.98 (s); uv (H20) [err]max: 296 -([err] 7987};
[[err]D2 35.9[err] (c, 0.30, HO, T1/2= 9.8 h (neasured at a Y
concentration of 104 Min phosphate buffer pH 7.4 at 36.8[err]Q) .
CLAI MSI. A process for the preparation of a carbapenemderiv
of the fornula [err] [err] [err] [err] wherejn R8 is hydrogen and Rl is

sel ected fromthe group consisting of hydréé n; substituted and
unsubstituted: al kyl, alkenyl and al kynyl, having from 1-10 carbon atons;
cycl oal kyl and cycl oal kyl - al kyl, having 3-6 carbon atons in the cycl oal kyl
ring and 1-6 carbon atons in the alkyl noieties; phenyl; aral kyl, aral keryl
and ' Example 20 '

Preparatiecn of (5R,6S)-3-{2-(l,4,4~Trinethyl-l-piperazinium}-
- e:ﬁ?I:hio]-S-[1§thd:oxyethy1}-7-oxo-1-azabicy=lc(3.Z.O)hep:-
Z-ene-ZJ-carboxv.ase chlorice

. oH CE, cE
~ }'_}E: 2 /\/\N° k{ Pl
S . CY
/— g \__/
0 coc®

A, le(2-acetvlithicethvl)=l,4, é-t=imethviniperazinium bromideiodida

NN e MeI ég,\/\u+ r_t/(.a-.-'. "
L\ :aags ad ”\" / | Y—ox, ss-eo0°c 3T f—

* A suspansion of l-(2-acetylthioethyl)-1l,4-dinethyl-
piperazinium bromide (1.48 ¢, 5.0 mmol) in isoprepyl aleshol (10 =i)
was treated with methyvliodide (0.373 mL, 6.0 mmol) and heated at

O/ : 55-60°C for 30 h. The solvents were evaporatad under reduced pressure;
the residue was triturated in hexane and the solid was filtered,
1.85 g. The solid was dissolved in hot water (8 mL) and the soluticn
was diluted with acetone until turbidity (70-80 mi). Two successive
erystallizations gave 1.5 g, mp 220-5°C dec., 68% of the title
compound; ir (KBrjv,, : 1692 ™t (C=0): “Hmr (D,0) 4: 2.40 (s, 3E,
CH,C00), 3.37 (s, N-CH;), 3.39 (s, N-CHy), 3.99 (s): uv (2,002
226 (e13144). Anal. caled for cll& N.,0SBzI: C 30.08, B S5.51,

2472
N 6.38; found: C 30.48, ¥ 5.53, N 6.856. - -

e
H
max



| wherein the aryl moiety is phenyl and the allphatlc portion has
1-6/carbon atons; heteroaryl, hetercarlkyl, heterc- cyclyl and
hetferoc\ZwetNI al kyl wherein the hetero atomor atcns in the above-naned

hef'er o I§ noieties are selected fromthe group consisting of 1-4 oxygen,
ni ul fur atons.and the al kyl noieties associated with said
het i c\noi eties have 1-6 carbon atonms; wherein the substituent or

gr oupnconsi syfi ng of - 137 - C1- C6 al kyl optionally substitted by am no,
hal o roXy or carboxyl halo -OR3 [err] [err] - 138 - wherein relative
to the above-naned substituents the groups R and R. are independently W,

sel ected from hydrogen; al kyl, - 133 -

3. 1l-(2-mercaptoethvl}-l.4,4-trimethvipiperazinius bischlozide

\/'_\/ .. B pemumie | N \/
G \.B:.I T R BSN‘ ,

2e”

I —

A mixture of l-(2-acethyithicethyl)-l,4,4-tzinethyl-
piperazinium bromideiodide (1.84 g, 4.19 mmol) and 6N hydrochloric
acid (15 mlL) was heated at 57°C under a nitrogen ataoschere fSor
2.5 h. 7The solution was concentrated under reduced pressure to
dfyness. The solid was suspended in water (10 mL} and the well-
stizrred suspension was treated with permusit S-1 C1” until 2
'solution was cbtained. The solution was pouzed on a column (1.2 x
60 o) of permutit S-1 €1°. The column was eluted with water .
(1.5 mL/min). The appropriate fractions were combined and lyophilized o’
to give a white powder, 0.93 g, mp 190-191°C, 83%; ir (aujollv . ¢
2460 (SH); Emr (D,0) &: 3.4 (s, N-CH;), 3.45 (s, N-CE,), 4.07 (s).
Anal. caled for CgE,,N,5C1,00.75 BE,0: C 39.34, K 8.82, W 10.2¢0,
. § 11.67; found: C 39.48, H 8.39, N 18.53, s 1l.15.



al kenyl- and al kynyl, having from 1-10 carbon atons; cycl oal kyl,

cycl oal kyl al kyl and al kyl cycl oal kyl, having 3-6 carbon atons in the
cycloal kyl ring and 1-6 carbon atons in the al kyl noieties; phenyl;
aral kyl,. aral kenyl and aral kynyl wherein the aryl moiety is phenyl a d-'t
allphailc portion has 1-6 carbon atoms; and heteroaryl, heteroaralkyl
het erocycl yl and heterocycl yl al kyl mherein the hetero atomor atons i
above-naned heterocyclic noieties are selected fromthe group consi sti
1-4 oxygen, nitrogen or sulfur atons and the al kyl noieties associated with
sai d heterocyclic noieties have 1-6 carbon atons, or and R4 taken
together with the nitrogen to which at | éast one is attached may forma 5-
or 6>~'nmenbered nitrogen-containing heterocyclic ring; RO is as defined for
R3. except that it may not be hydrogen; or wherein RL and R8 taken together
represont C2-Cl10 al kylidene or C2-C, 0 al kylidene substituted by hydroxy; A
i s cyclopentylene, cyclefgsyl ﬂlguczr-ab@zz@a-abkw Eﬂec-Q.QLd.-:OD-aLLMeS#E)..&LhiJJt ed
by. one or nore C -C4 al {rs S oy pot T or a
readily renovabl e carbox== -eh ' '
hydrogen or a protectlng‘grt - oresent a counter ani on; and
R14 is a quaternized nitrogen- contalnlng aronatlc or non-aromatic

het er ocycl e attacped to-A thrgugpbaqung ni trogen, thereby formng a

guat er nary annDann1group, or aaghar ceutlcaILyugcgqgaa/je salt, therpgaf,

‘ (o"ﬂz ‘ SN\; * N.

B 3} NS=(i??) r‘“ : -

- 2\/ k/ - Q 22
: = S e U AU ' coens

'\/.

To 2 cold (5°C) solucion of (SR,65) paranizzobenzyl €-
[1R-hydroxyethyl]-3, 7-dioxo-l-azabicyclo(3.2.0) hepzane-22-cazbexyiate
{0.94 g, 2.7 =mol) in acetonitrile (3 ol) kept undez 2 nitIogen
atmosphese was added diisopropylethylamine (0.557 mi, 3.2 ==ol) and
&ipghenyl chlozophosphate . (0.663 mi, 3.2 mmol). The zeacticz mixture
was stizTed at 5°C for 30 min and treated with diiscopropyleiiylamine
(0.S98 =L, 3.44 zmol) and an aguecus solution {4 mi) of 1-(2-
o mescaptoeshyl)-1,4,4-trinethylpipesazinium bischlozide (0.90 g,
3.44 mmol). After 1.25 h, diiscpropylethylamine {0.1 mi, C.57 rmolil
was a2déed ané the stirzing was continued Zoz 2 h. A past of iIhe
ace=onitzile was elimirnated undes raduced pressuze ané the zesulsiag
Ted mixtuse was chIromatographed on 2repPak -soc/cla {(wWataz Associazes;
columna wish 235-73% acetonitrile in water as eluting sclvent 5o give
2 yellowish powder (1.4 g) alzer lyophylization. Txe bcuée: was
. solubilized in water and the solution was passed on & eglumm (1.2 x
N’ 58 en) of permutiz S-1 Cl~ using water an eluting solven:. .Lycphyli-
zation of the appropriate fractions gave 1.17 g of a powde- that was
repurifieé on 2 colusn of PrepPak -SOO/Cla. Lyophylization of the
aspropriate fractions gave a yellowish powdexz, 0.80 g (53%);
ir (Kaz’“max= 3400 (bz, OH), 1770 (C=0 of the B~-lactam), 1690 .
fc-o of N3 ester), 1605 (aroniatie), 1518 (Noz). 1345 (¥0,) = T
‘z::; (D,0) é: 1.26 (&, J=6.3 Hz, 3E, -C§3C303), 3.39 (s, Nc:-:s).
4.00 (s), 5.37 (br., s, CE, of PN3), 7.60 (&, J=8.6 Bz, IE, Eo of-PN3),
<

8.20 (2, J=8.7 2z, 2H, Em ol 2N3); uv (£20)A_ax- 27 {cl2094), 390
{el0752). Aanal. saled. Zfor Cas¥1674% SC.2 3®,0: C 48.31, H 6.55.
N B.£8, £ 4.§7, CI 12.88; Sound: € 48.32, ¥ €.18, N 8.37, § 3.3%,

Cl 11.37.



whi ch process conprises reacting an internmediate of the fornula - 139 -
‘[err] wherein RL and R8 are as defined above, R2' Is areadily
Al e carboxyl protecting group and L is a |eaving group, with a thiol

3 f the formula [err] [err] VII wherein A and R14 are as defi ned
Xe 1is a counter anion, in an inert solvent and in the presence
O p:oduce a carbapenem product of the fornula [err] [err] wherein
', A R4 and Xe are as defined above and, if desired,
carboxyl protecting group R2° to give the corresponding
onpound of fornmula I, or a pharmaceutically acceptable salt

- 135 - d

D. (5R,65)-3-12-(1,4,4-trimethyl-l-piperazinium) eshylthio] -6~
R=hyczoxyethyl]-T7-oxo-l-azasicyclo(3.2.0)hepc-2-ena=2-
carboxv.iata chlozide

A - i '\ - = /\> /\
N .ZCl s ..
PP e —_— — ,

cocE -

A mixture of (SR.SS) paranitrobenzyl 3-[2-(1,4,4-
t:in‘thyl-I-QLPQ:azinzun)e“\ylthio]—6-[la-hvd.exvethyl]-7-oxo—l-
azabxcy:lo(B 2. Olheot-z-cnc-z-ca.bcxyla e bischlorides (0.40 ¢,

6.65 mmol), Phosphate suffer (30 mL, 0.05M, p¥ 7.0), tetrahydroluzan
(10 ml), ethas (30 mL) and 10% palladium on charcoal (0.40 g) was
hyé;agenatad at 23°C under 38 psi for 1 h. The two phases wece
sepazated. The organic phase was extracted with water (10 =n).

The 2guecus phases were filtered on a Celite pad, washed with ether .
{10 =mL), conceanz=ated under vacuum tc 10 mL and chromatographed on
?:e?ak-soolcls column (2.2 x ll'CN) with watesr as eluting soive=ss

S0 give 70 mg (25%) after lyophylizatien: ir (KB:)vmax- 3400 (==, 2T,
1755 (C=0 of the $-lactam), 1585 (carboxylata) em™l; ‘mar (0,0) §:

;.24 (28, 4, J=6.3 Hz, CB3C“OE), 3.36 (s. NCE ), 3.98 (s): uv (c C}

Xpax® 296 (c7987); [a]2 _35.9° (e, 0.30, 3201, Ty 991 (measires \;J
at a concentration of 10 ° M in phosphate buffer pE 7.4 at 36.8°C).



-140- 2. - The process according to Caim1l wherein the base is a
non- nucleophlllc tertiary amne or a tri(Cl-C4)al kyl- amne. 3.
process according to Claim2 wherein the base is a non-nucl eophilic

tertiary am ne. 4. The process according to Claim1, 2-or 3
the reaction is carried out at a tenperature of -15[err]C up to room
tenperature. 5. The process according to Caim4 wherein the
reaction is carried out at a tenperature in the range of from
-15[err]C to +15[err]C 6. The process according to Caim1l1, 2,

or 5 wherein the inert solvent is selected fromthe group con- 5|st|ng of
acetonitrile, a mxture of acetonitrile, dinmethyl- formam de,
tetr'alydrofuran, a m xture of tetrahydrofuran and water, a m xture of
acetonitrile and water and acetone. 7. A process for the preparation
of a guaternary ami ne thiol conpound of thestarmula [err] - 141 -
wherein A is cyclopentyl ene, cycl ohexyl ene or

By

1. A p:ecéss for the preparation of 2 carbapenem ferivative
o/ 0% =he fcrmula
38 ? 14
B S=x=R

%

— coor?

whezein Rs is hydrogen and Rl is selected fxom the group eensisting
L ©f hvérocen; substituted and unsubstituted: alkyl, 2ikenyvl and
2lkynyl, having Srom 1-10. cazbon atoms; cyclcalkyl ané cycloalkyl-
2lkyl, having 3-6 cacbon atems in the cycloalkyl zing and 1-6
cazben atems in the alkvl moieties; phenyl;: aralikyl, aralken;
aralxynvl wherein the acyl moiety is phenvl a2nd the alighati

1 ang.

pertion has 1l-6 carbon ascexls; netercarvl, hetercaralkyl, hezerc-
cvcly1 ané heterocyclylalkyvl wherein the hetero atofl or ascnhs
in the azbove-named heterocyclic moieties are selected Zxcm the

"/ _ group consisting cf l-4 oxvgen, nitrogen or sullus atoms and the
- alkvl moieties associated with said heterocyclic moieties have
1-6 carbon atoms; wherein the substituent or substituents .

relative to the above-named :ad;cals are selected frzom the group
consisting of

* [ L M s *



- - MY
[err] in which R1I0, R11 , Ri12 and R13 are each independently
en or Cl-C4 alkyl, Xe is a counter anion and R14 represents a
ubst'itt ed or unsubstituted nono. bi- or polycyclic aromatic or
tic heterocyclic radical containing at | east one nitrogen in the
ttached to A through a ring nitrogen, thereby formng a
anmoni um gr oup, whi ch process conprises reacting a sulfide_of
okmulfa or [err]  -142- wherein R10, R11l, R12 and R13 are each

tly hydrogen or Cl-C4al kyl with a strong acid and either (a) a
matic amne of the formula [err] wherein [err] represents a
uted or unsubstituted nono-, bi- or polycyclic aromatic heterocyclijc
radi cal containing at |east one nitrogen in the ring capable of being

guat erni zed and bonded to a carbon atom of substituent A or (b) a

het erocyclic am ne of the formula

Cl-C6 alkxyl cptionally substisuted By

Al
——

aminc, halo, hydroxy or carboxyl
halo
-or*

3.4

1}
-OCNR™R

ﬁ
" -cnaipt

-Nr3R%
3

s . W/
r3z4

-sozxn3a‘

3.4

n
-NHONRSR
Vi
%ot L
_ 3 .
-co,R

=0

* - C L M H] *



[err] wherein [err] represents a substituted or unsubstituted nono-, bi- or _
pol ycyclic non-aromati c heterocyclic radical containing at | east one '
nitrogen in the ring capable of being quaternized by substituent Al6 an
bonded &0 a carbon atom of substituent A and R16 represents either (a)
optional i y substituted aliphatic, cycloaliphatic, cycloaliphatic- :
aliphatic, aryl, araliphatic, heteroaryl , heteroar aliphatic, hetero-
or heterocyclyl-aliphatic radical or (b) a divalent phenylene or 1-C4
al kyl ene group joined to the ring so as to forma bridged polycyclic: .
S. The process according to Claim7 wherein the reaction is caNied
out at a tenperature in the range of from -20C to 100C.
The ocess according to Claim7 or Claim8 wherein the strong acid is
hydrochl ori c, hydrobrom c, nethanesul fonic, g t ol uenesul foni c or
trifluoronethanesul fonic. 10. The pro@ Sss according to Claim?7, 8 or
9 wherein the reacti on vhéethiréla@ilreOt tieNatiohid nitiee SRBCE hesa haNgzpadsar '
organi ¢ solvent. 11. Thé jag lefs ACERAGhAY feledtedlisBinlle-ydees atgit he non-
pol ar organi c sol vent iasxe¥pt Ayd D@ AkidCs-abARTEC B on atoms: cvcloalkyl,

Cycloalkylalkyl and alkylecycloalkyl, Raving 3-6 carbon atoms

in the cycloalkyl zing anéd 1-6 carbon atoms in the alkyl

moieties: phenyl; aralkyl, aralkenyl and aralkynyl wherein

the arvl moiety is phenyl! and the alizhatic portion has 1-6

carbon atoms; ané hetercaryl, hetercaralkyl, heterocyclyl

ané heterocyclvlalkyl wherein the hetero 2fom or atoms in the

"/ above-named heterocyclic moisties ave selected Zrom the group

‘consisting of 1-4 oxygen, nitrogen or sulfur atoms and the

alkyl moieties associated w'th said hetezrocyclic moieties have

l~6 carbon atoms, or 33 and R taken together with the nitrogen

to which at least one is attached may form a 5- or 6~ membered

nitrogen-containing heterocyeclic ring:; Rs is as cefined for R3

except that it may nct be hydzogen; or whaerein rt and RB taken

together Tepresant cz =T 2lkylidane or cz-c10 2lkylidene

substituted by hydroxy:; A is cyclopentylene, cyclohexylene or

o cz-cs alkylene opticnally substituted by one or more cl-c4
alkyl groups:; R; is hydrogen, an anionic charge of a
readily removadble carboxyl protecting group,
providing that when Rz is hydrcgen or a protecting group.,
there is also present a counter anion; and R 4 is 2 guaternized
nitrogen-containing aromatic or non-aromatic heterocycle attached
to A through a ring nitrogen, thereby forming 2 quaternary
ammonium group, or a pharmaceutically acceptable salt, thereof,
\_—/ which process comprises reacting an intermediate of the formula

_—

AR



xyl ene or toluene. 12. The process according tooClaim?7, 8 9, 10 or
11 wherein when the am ne and sulfide reagents are |liquids or when the

is asolid, the sulfide reagent is liquid and the solid am ne
the liquid sulfide reagent, the reaction is carried out

Wi t hout {i onal solvent. 13. A quaternary am ne thiol conmpound of
the for N\jerr] [err] VII wherein Ais cyclopentylene, cyclohexyl ene. or
ferr] [ler which R 10, R11, R12 and R13 are each independently hydrogen

Xe is a counter anion and R14 represents a substituted or
unsubstltuted pno, bi- or polycyclic aromatic or non-aromatic heterocyclic
radi cal opnt ai/ning at |east one nitrogen in the ring and attached to A

t hrough a nitrogen., thereby formng a quaternary ammoni um group. -
144 - 14. A process according to cdwom 1, substantially as described in
any of the applicable Exanple§ ih the
:._.__E/ N— L
L !
/;—-:\' 21
o} COOR
v

ey 1

wherein R* and Rs are as defined above, r? is a

readily removable carboxyl protecting group and L is a
leaving group, with a thiol compound of the Zcrmula -

1 .
s-a-rt4 x®
VII -
wherein A and R'* are as defined above and X° is & counter aniecn,
in an inert solvent anéd in the presence cf base, to produce a
carbapenenm product of the formula
xe
T
. ’ : c s N
wherein Rl, Rs. Rz + A, 214 ané xe are as cdefineé akove ané,
]

if desireé, removing the carboxyl srotecting group 32 e give .
the corressponding de-klocked compound of formula I, cr a « J

pharmaceatically acceptable salt therecf.
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f oregoi ng description. 15. A process according to claim?7, substantially
as described in any of the applicable Exanples in the foregoing
description. 16. A process according to claim1, nodified by the: /"
inclusion of an additional step, in which process Rl4 conprises initially g .
an N-met hyl -t hi onmor phol i niumradical, and the initially obtained dé}Lv@t'V_{'
of formula | is converted into the correspondi ng conpound answering to’
formula | wherein Rl4 conprises an N-nethyl- thionorpholinium oxide
radi cal, by oxidation wth mchloroperbenzoic acid, the procedure being
that of the foregoing Exanple 19 or an anal ogous procedure equival ent -
thereto. 17. A car bapenem derivative prepared by a process according to
any of claims 1 to 6 or claim14. 18. A quat ernary ammoni um t hi ol
carpound prepared by a process according to_any of clains 7 to 12 or claim
15. 19. A sul f oxi de conmpound prepared by Fﬁe’process of claim 16. 20. A
phar maceuti cal conposition conprising a carbapenemderivative as clained in
claim17 and a pharmaceutically acceptable carrier or diluent.

2. The process according to Claim 1 wherein the base
is a non-nucleophilic tertiary amine or a tri(Cl-C4)alkyl-
amine.

3. The process according to Claim 2 wherein the base
is a non-nucleophilic tertiary amine.

4. The process according to Claim 1, 2 or 3 wherein
the reaction is carried out at a temperature of -15°C up to
room temperature.

S. The process according to Claim 4 wherein the
reaction is carried out at a temperature in the range of
from =15%C to +15°C.

6. The process according to Claim 1, 2, 3, 4 or 5
wherein the inert solvent is selected from the group con-
sisting of acetonitrile, a mixture of acetonitrile, dimethyl-
formamide, tetrahydrofuran, a mixture of tetrahydrofuran and
water, a mixture of acetonitrile and water and acetone.

7. A process.for the preparation of a guaternary amine
thiol compound of the formula

HS — A —g}¢
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R10 R12
i i
- C -
{
Rll R13
in which Rlo. Rll. Rlz and 313 are each independéntly hydrogen

14

or cl-c4 alkvl, xe is a counter anion ard R rapresents a

- substituted or unsubstituted mono, bi~- or polyecyclic aromatic

or non-aromatic heterocyclic radical containing at least one
nitrogen in the ring and attached to A through a ring nitrogen,
thereby forming a quaternary ammonium group, which process
comprises teaéting a sulfide of the formula

. S

AW T



- 142 -.

) -
wherein A7, R, 712 ane &3

are each independently hyésogen
or cl-C4 alkyl with a strong acid and either (a) 2 hetergaromatic

anine ¢f the formula

N
wherein

N

represents a substituted .or unsubstituted mone-, bi- or pelycyclic
aromatic heterocveclic radical containing at least one nitrogen in
the ring capable of being Guaternized and bonded to a carbon atem

of substituent A or (b) a heterocyclic amine of the formula
;i 16
R

\\N N e .

wherein

A

Tepresents 2 substituted or unsubstituted mono-, bi- or polvevelic
non-aromatic heterocyclic radical containing at least one nitr
in the ring capable of being guaternized by substituent R

bonded to a carbon atem of substituent A and Rls cepresents either

16

{a) an eptionally substituted aliphasie, cyclcaliphatic, cycloaliphatic-

aliphatie, aryl, araliphatic, hetercaryl, hetercaraliphatic, hetero-
cyclyl or heterocyclyl-aliphatic radical ox (b) a divaleat phenylene
or cl-c4 alkylene croup joined to the

Ny

ring so as to form a bridged polycyclic group.
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8. The process accerding to Claim 7 wherein the reaction

is carried out at a temperature in the range of from =2Q°C
to 100°C.
9. The process according to claim 7 or Claim 8 wherei

the strong acid is hydrochloric, hydrobromic, methanesulfonic,
p-toluenesulfonic or trifluoromethanesulfonic.

10. The process according to Claim 7, 6 or 9 wherein the reaction
" is carried out in the presence of a non-polar organic solvent

11. The process according to claim 10, wherein the non-
polar organic solvent is methylene chloride, benzene,
xylene or toluene.

i12. The process according to Claim 7, 8, %, 10 or 11 wherein
when the amine and sulfide reagents are liguids or when the amine
reagent is a solid, the sulfide reagent is liquid and the solid
amine is soluble in the liguid sulfide reagent, the reaction is
carried out without additional solvent. '

13. A quaternary amine thiol ‘compound of the formula

HS ~ A — g14

x®

] VIiI
wherein A is cyclopentylene, cyclchexylene or

 al0® al2
4 !
all 212

in which R0, &', 12 and 83 are each independently hydrogen

or cl-c4 alkyl, xe_is a counter anion and Rl‘ represents a
substituted or unsubstituted mono, bi- or polycyclic aromatic
or non-aromatic heterocyclic radical containing at least one
nitrogen in the ring and attached to A through a ring nitrogen,
thereby forming a quaternary ammonium group.
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14. A process according to claim 1, substantially as
described in any of the applicable Examples in the
foregoing description.

15. A process according to claim 7, substantially as
described in any of the applicable Examples in the
foregoing description.

16. A process according to claim 1, modified by the
inclusion of an additional step, in which process

R14 comprises initially an N-methyl-thiomorpholinium
radical, and the initially obtained derivative of formula
I is converted into the corresponding compound answering
to formula I wherein R14 comprises an N-methyl-
thiomorpholinium oxide radical, by oxidation with
-m-chlpropefbenzoic acid, the procedure being that of the
foregoing Example 19 or an.analogous procedure equivalent thereto.
17. A carbapenem derivative prepared by a process
accorging to any of claims 1 to 6 or claim 14.

18.'ﬁ A quaternary ammonium thiol compound prepared by

a process éccording to any of claims 7 to 12 or claim 15.
19. A sulfoxide compound prepared by the process of
claim 16, T

20. A pharmaceutical composition comprising a
carbapenem derivative as claimed in claim 17 and a
pharmaceutically acceptable carrier or diluent. -
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