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TI TLE OF THE | NVENTI ON CARBAPENEM ANTI BACTERI AL  COVPOUNDS,

COVPCSI TI ONS CONTAI NI NG SUCH COVPOUNDS AND METHODS OF TREATMENT 5
BACKGROUND OF THE | NVENTI ON The present invention relates to
carbapenem  WOAKM4Eterial agents in which the carbapenem RGEUSEN6E26
substituted at the 2-position with a naphthosultamlinked through a CH2
group. 10 The naphthosultamis further substituted with various

substi t uent groups including at | east one cationic group.

The carbapenens of the present invention are_yseful agai nst gram
positive m croorgani sns, especially nmethicillin resistant

St aphyl ococcus aureus (MRSA), nethicillin resistant Staphyl ococcus 15

epi der m di s ( MRSE) TIHOE OB!THE INVENFRONt ant coagul ase negati ve
Chventi on thus 60 k%??ﬁ%@wmm% COMEDUNISE 7 0"
treating infectionsOMBOSITHY ONTAINING SUCH €OMPOUNRSogens.

There is an increagN[ METHODPS OFSTREAINMENT Ve agai nst such pat hogens 20
(NRSA/NRCNS) ch are at the sanme tine relatively free from

undesirabl e side effects. SUMVARY G: THE | NVENTI ON The
conpounds of the |iBAISOE i) 1 SYION fornul a |:

The present invention relates to carbapenem
antibacterial agents in which the carbapenem nucleus is substituted
at the 2-position with a naphthosultam linked through a CH2 group.

10 The naphthosultam is further substituted with various substituent
groups including at least one cationic group.

The carbapenems of the present invention are useful
against gram positive microorganisms, especially methicillin resistant
Staphylococcus aureus (MRSA), methicillin resistant Staphylococcus

15 epidermidis (MRSE), and methicillin resistant coagulase negative
Staphylococci (MRCNS). The antibacterial compounds of the present
invention thus comprise an important contribution to therapy for
treating infections caused by these difficult to control pathogens.
There is an increasing need for agents effective against such pathogens

20 (MRSA/MRCNS) which are at the same time relatively free from
undesirable side effects.

SUMMARY OF THE INVENTION

The compounds of the invention are represented by
25 formula I:

. I CO,M 0O=sS N\

or 2 pharmaceutically acceptable salt thereof, wherein:



[err] or a pharmaceutically acceptable salt thereof, wherein:
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-2 - Rlerr]. represents H or nethyl;
CJerr]Mrepresents a carboxylic acid, a carboxylate anion, a

phar maceut i cwbloy4marept abl e ester group or a carboxylic acPOTsywéesed 5

by a protecting group; P represents hydrogen, hydroxyl,
F or hydroxyl protected by a hydroxyl -protecting group; 10

each R is independently selected from -R*; -Q hydr ogen; hal o; -CN,
-NJerr]; -NRaRb; -ORlerr]; -SRerr]; -C(O Rb; -C(O ORh;
-S(ORerr]; -SQerr]Rerr]; -SOerr]NRerr]Rerr]; -NRerr]SJerr]Rerr];
-G ORerr] -O(ORerr]; -C(ONRerr]Rerr];

-NRerr]C(ONRerr]R err]; pj ) r Jf]; -OCer]Rerr];
-NRaC(OQ) Rb; -Cl -6 strai ghF— %I%%érghc g’é%ﬁ%‘&?\ al kyl, unsubstituted 15 or
substituted with one to four Rd groups; and -(ferr] cycl oal kyl,

U_nflﬁbﬂ]i tuted or Slﬁbft i : Ult@OZEM' tdpresents a dasbox it ggidyasarboxylate anion, a
with the proviso_tha . . e !
| east on epp ositiP a%%cfeél&cgﬁfl acBBStaBld EstBF ERSUH o'l 'cifboxylic adi@ Prétedfed!

5 by a protecting group;

P represents hydrogen, hydroxyl, F or hydroxyl protected
by a hydroxyl-protecting group;

10 each R is independently selected from: -R*; -Q;
hydrogen; halo; -CN; -NOy; -NRaRb; -OR¢; -SR¢; -C(O)NR2Rb;
-C(O)ORM; -S(O)R¢; -SOzR¢; -SONRaRP; -NR2SO2R?; -C(O)R%;
-OC(O)R2; -OC(O)NRaRY; -NR2C(O)NRVR¢; -NRaCO2R"; -OCO2RM,
-NRaC(O)RDY; -Cj.¢ straight- or branched-chain alkyl, unsubstituted

15 or substituted with one to four Rd groups; and -C3.7 cycloalkyl,
unsubstituted or substituted with one to four Rd groups;

with the proviso that at least one R is present which
contains at least one positive charge;

20 each Rz, Rb and Re independently represents hydrogen, -R¥,
-Cj.¢ straight- or branched-chain alkyl, unsubstituted or substituted with
one to four R4 groups, or -C3.7 cycloalkyl, unsubstituted or substituted
with one to four Rd groups;

or Raand RY taken together with any intervening atoms

25 represent a 4-6 membered saturated ring optionally interrupted by one
or more of O, S, NR¢, with R¢ as defined above, or -C(O)-, said ring
being unsubstituted or substituted with one to four Ri groups;

or Rband R¢ taken together with any intervening atoms
represent a 4-6 membered saturated ring optionally interrupted by one

30 to three of O, S, NR3, with R2 as defined above, or -C(O)-, said ring
being unsubstituted or substituted with one to four Ri groups;



20 each R err], Rerr] and R err] independently represents

hydr ogen, -R*, -Cerr] straight- or branched-chain al kyl,
unsubstituted or substituted with one to four Rd groups, or -Cerr]
cycl oal kyl, unsubstituted or substituted with one to four Rd groups;

or Rlerr] and WRp&PKI08 aken t oget her with any intervening at oRETPEIT06626
represent a 4-6 nenbered saturated ring optionally interrupted by one
or nore of O, S. NRerr], with Rerr] as defined above, or -C(O-, said

ring bei ng unsubstituted or substituted with one to four Rlerr]
gr oups; or Rlerr] and Rl erg]_ taken together with any
I nt erveni ng at ons represent a 4-6 nenbered saturated ring optionally

interrupted by one 30 to three of O S, NRerr], with R err] as defined

above, or ~AOQ-, said ringeych Rﬁnﬁé%%ﬂe&'xg YRptdsbtsGthley -CNPSOLYt ed with
one Lo rour Rerrl QRERRSORs; -SRs; -LORNKRERR LCOORe; -SORS; -SO;RE; -SONRR':
each Rd i ndependentNReS@sREsEMRs; MRS CORS-OCORe-QCONRERS; -NRICONRREr r ] ;

- X -S . o . .
- ga[ g”} Rl er rR][ err]S R%%gfmﬂﬁﬁ@gf&?ﬁ%ew] X
-COR[err]; -NR[%rrI;jgfgk B - efrr]; -OCONR[err]Rerr];

-NR[err]CONR[err]R[err]; -NR[err]CJerr]Rerr]; -CCJerr]Rerr];

- ﬁ( NR{err] ?\INR[ err]Rerr]; - éﬂﬂﬂdﬁmﬁ’éﬂﬂmg&m -R*; -C.¢ straight- or

e ) ANt ) RSt i Sod Ssubed o s gyt o o £
branched-chai n al kgtoupssubstituted or substituted with one to four Rerr]
groups; 10 or Rl frpd f r . i 1.

I nterveni ng at g?ns rep‘i%%n?ﬁgﬁ4ﬂé@r¥e%&@g§%£% @Snﬁﬁr‘\ﬂg gw}l%nal ly
interrupted by onefepresent@;d-f,membgred ,sagl,rat_eg(@}g OBF‘ON%XHFF‘W(M i?yém as
defi ned above, sai tb thiragof O, S, €&O)g crNR® With Reeak defisedabovetsaid wingh one
to four Rer] grougsimg unsubstituted or substituted with one to four Ri groups;

15 each Ri independently represents halo; -CN; -NO2;
phenyl; -NHSO2Rb; -ORb, -SRh; -N(Rh)y; -N+(Rh)3; -C(O)N(Rh);
-SO2N(Rb)y; heteroaryl; heteroarylium; -CO2RbE; -C(O)Rb; -OCORD;
-NHCORP; guanidinyl; carbamimidoy! or ureido;

20 each Rb independently represents hydrogen, a -Ci.¢
straight or branched-chain alkyl group, a -C3-Cg cycloalky!l group or
phenyl, or when two Rb groups are present, said Rb groups may be
taken in combination and represent a 4-6 membered saturated ring,
optionally interrupted by one or two of O, S, SO3, -C(0O)-, NH and

25 NCH;s;

Q is selected from the group consisting of:

5 5=p I(CHZ{b
® .0~ @9~ o= ' @
S—N\ /;l;(, S-N\ lg, S—N\\ ,:0, S‘N\g\/@/N—R" and g—NRxRVRz
1® (CH,),
wherein:
- 30 aandbare I, 2 or 3;

L- is a pharmaceutically acceptable counterion;



15 each R err] independently represents halo; -CN;, -No[err];
phenyl; -NHSO[err]Rerr]; -ORerr], -SRerr]; -N(Rerr]; -Nr(Rerr];

-C(O N(Rn) 2; -Sgerr]N(Rerr]; heteroaryl; heteroarylium
-CJerr]Rerr]; -CCORerr]; -OCCORerr]; -NHCOR[ err]; guanidinyl;
car bam m doylwon7ugoes do; 20 each Rh i ndependenetymusemesasent s
hydrogen, a -(Jerr] strai ght or branched-chain al kyl group, a -C3-C6
cycl oal kyl group or phenyl, or when two Rh groups are present, said
Rh groups may be taken in conmbi.nation and represent a 4-6 nmenbered
saturated ring, optionally interruptedlpy one or two of O S,
Sgerr], -C(O-, NH and 25 NCH3; T Qis selected from
the group consisting of: wher ei n:
[err] 30 a and NDS- L- is a
oPrdbhtects Cg))ﬁcg OPNRS: 5 57/ 40048

pharmaceutically acceptable C LBI"'I ) .
PCT/ US97/ 06626 %, , t and ¢ represent CR!, N or N*R%, prgvided that

a represents O Seomdltham bne of B, 8, A, u and cis NtRs;r] [err], [err], [err]
and [err] represent CRlerr], Nor N+tR err], provided that no nore than

one of [err], Jerr] [err],]%e_rr] and [err] is N+Rlerr]; 5 R*
i s selected fromthe groupReosieleqted fegm the group consisting of:

e~ X~ X=y,
SR S
d e e—g
wherein:
d represents O, S or NRk;
10 e, £, X, y and z represent CR™, N or N*Rk, provided that
no more than one of e, g, x, y and z in any given structure represents
N*Rk; :

Rk represents hydrogen; -Cj.g straight- or branched-chain
15  alkyl, unsubstituted or substituted with one to four Ri groups; or
-(CH2)sQ where n = 1, 2 or 3 and Q is as previously defined;

each Rm independently represents a member selected from
the group consisting of: hydrogen; halo; -CN; -NO,; -NRnRe; -OR™;

20 -SRn; -CONRPReo; -COORP; -SOR®; -SO5R1; -SO,NRrR0; -NRPSO5R®;
-COR#; -NRrCOR¢; -OCOR®; -OCONRS®RY; -NRrCO,RM;
-NRnCONRPoRH; -OCO,RY; -CNRPNRoRb; -NRFICNHNRORb;
-NRaC(NRo)RY; -Cj_g straight- or branched-chain alkyl, unsubstituted or
substituted with one to four Ri groups; -C3.7 cycloalkyl, unsubstituted or

25 substituted with one to four Ri groups; and -(CH3),Q where n and Q are
as defined above;

R» and Re represent hydrogen, phenyl; -Cy_¢ straight- or
branched-chain alkyl unsubstituted or substituted with one to four Ri
30 groups;



[err] wher ei n: d represents 0, S or NRK; 10

e, g, X, y and z represent CR err], Nor N+R err], provided that no
nore than one of e, g, X, y and z in any given structure represents

N+RK; Rk represents hydrogen; -C [err] straight- or
branched- chai n W@97/48M48y| , unsubstituted or substituted w th OMEIUSI7OEsRE
Rl err] groups; or -(CHerr]Qwhere n =1, 2 or 3 and Qis as

previ ously defined; each Rlerr] independently
represents a nmenber selected from -the group consisting of: hydrogen;

halo; -CN, -Nderr]; -NRerr]Rerr]; -CR[err];_52Q -SR[err];
-CONR[err]Rlerr]; -COOR[err]; -SORerr]; -SOerr]Rerr]; -SOerr]NRnR err];
-NR[err]SOerr]Rerr]; -COR[err]; -NR[err]COR[err]; -OCOR[err];

- OCONR] e]r rR][ R[ e]r r]; C'-\INR[ err }\I(Hd?f s Biddgehdentl ﬁﬁ@gﬁf"iﬁ;ghe yl or -C}.¢
-oCcq err err

-NR[ eri] O(NR] err]) Rff&i% - k’g’@#ﬁ[sﬁ?aéh@*“ stituted arcnbstituged yith one

unsubstituted or to foustgroum,ed with one to four Rlerr] groups; -Cerr]

cycl oal kyl, unsubstituted or 25 substituted with onfe t odf ogr R[ err]
roups; and -(Cderr] Q where n .Qare as defined abov

gR[ err] and R[erP] represent aﬁgm%epﬁngq}qy TEIpeants i’f]YQﬁthhalO@rPhenyl

branched- chai n al kyCNyniNOgt-NRHRYg -ORvs uSRb;i -CONRURIVE fFCOORM: 0SORWE -SIDER"]

30 groups; - - - -

30 groups o -SORRIDHRUSORY; -CORy; -NRUCORY; -OCORY; -OCONRRY;
-NRuCO2RY; -NREUCONRVYR¥; -OCO,RY; -C]-6 straight- or branched-
chain alkyl, unsubstituted or substituted with one to four Ri groups;

10
Rv and RY represent hydrogen or -Cj-¢ straight- or
branched-chain alkyl, unsubstituted or substituted with one to four Ri
groups;
or Rvand Rv together with any intervening atoms
15  represent a 4-6 membered saturated ring optionally interrupted by one
or more of O, S, NR¥ or -C(O)-, said ring being unsubstituted or
substituted with one to four Ri groups:;

each R¥ independently represents hydrogen; -C1-6
20  straight- or branched-chain alkyl, unsubstituted or substituted with
one to four Ri groups; C3.6 cycloalkyl optionaily substituted with
one to four R1 groups; pheny] optionally substituted with one to four
Ri groups, or heteroaryl optionally substituted with 1-4 Ri groups;
or Rh and RW taken together with any intervening atoms
25 represent a 5-6 membered saturated ring, optionally interrupted by
one or two of O, S, SO2, NH or NCH3;

RX represents hydrogen or a C}-g§ straight- or branched-
chain alkyl, optionally interrupted by one or two of O, S, SO. SO2,

30 NRW, N+RBRW, or -C(0)-, said chain being unsubstituted or substituted
with one to four of halo, CN, NO2, ORW, SRW, SORW, SO7RW,
NRPRW, N+Rh)y2RW, -C(0)-RW, C(O)NRBRW, SOPNRhRW, CORW,
OC(O)RW, OC(O)NRhRW, NRhC(O)RW, NRhC(O)NRIRW_ or a phenyl
or heteroaryl group which is in turn optionally substituted with from



each Rs independently represents hydrogen; phenyl or -Cerr]

straight- or branched-chain al kyl, unsubstituted or substituted with one
to four Rl err] groups; 5 each R err] independently represents
hydr ogen; hal o; phenyl; -CN;, -NdJerr] -NRerr]Rerr]. -OR"; -SRerr];
- CONR] er r] R'wb'ejraooasCOR[ err]; -SOR[err]; -SOerr]R err]; PCTUSITN06626
-Sgerr]NRlerr]Rerr];- NRerr]SOerr]Rerr]; -CORerr]; -NRerr]COR[err];
-OCOR[err]; -OCONR[err]Rerr]; -NR[err]CJerr]Rerr];
-NR[err]CONR[err]R[err]; -OCJerr]Rerr]; -Cerr] straight- or branched- .
chain al kyl, unsubstituted or substituted with one to four R err] groups;
10 Rlerr] and Rlerr] répfesent hydrogen or -(err]
straight- or branched-chai n al kyl, unsubstituted or substituted with
one to four R err]

et her
with any interve?@hiP ﬁ?‘éfng{ &‘E#g)“ﬂse?fr\é@@n?“eamﬂ‘%o Me‘ftgﬂgﬁgtw Eéh%“?%(?
optional I'y interghaihedkylygronps, said allyl groups béing urBubstfused or substitu®)

said ring being u%ugﬁé {(chlﬁﬂRpéﬁo 5o substituted with one to four R[err]

groups; I ndependent |y represents hydrogen;
-Cerr] 20 straight- or branched-chain al kyl, unsubstituted or

substituted v§th oneRY andl R represent hgdmgnn phengl; cﬁbl-@atragght or
optionally subst| tut

optionally subst gﬁdv\f’&‘%ﬂ‘ %lrln(é’l't l&ggqﬁ&té&& S%&Nie%@ior bgr oaryl
optional Iy subst groupsd andtoptinallyyiaterrupied by

Rlerr] and Rlerr] taken together with any |nterven| ng atons 25 represent a
5-6 nenbered saturated ri n | t ni o of
o e sz?aﬁa RPlogbitled Fith Wy Sfedive rf atoRfiC

NH or NCH e nts
hydr ogen or satyratgd gingeptionally intgry F’Fd ﬁp‘éo% Ponal | y

i nt errupted by oNaR\er Nmm 47 -GR0)SOunfibistitnfed GiOsubsiRheted lwith 1 - 4 Ri
N+Rlerr]Rlerr], or C( O -, said chain being unsubstituted or substituted

th one to four 859U 0, CN SR
VSMq err]Rlerr]. : NR[ eraq I\an]el?rdE %35[ o r qqrep:?eig{e]q aa[-m,[mt}ml)ered
C(ONR[err] Rl errkin éﬁ@éﬁﬁéﬂw\rd ﬁ{ﬂeifsrals defirledradovecor Rz represent©a00) Rlerr],

R e

Rx and RY taken together, optlonally interrupte
-C(O)-, said rings being unsubstituted or substituted with one to four R
groups.

20 Pharmaceutical compositions and methods of treatment are
also included herein.

DETAILED DESCRIPTION OF THE INVENTION
The invention is described herein in detail using the
25 terms defined below unless otherwise specified.
Carboxylate anion refers to a negatively charged group
-COO-.
The term “alkyl” refers to-a monovalent alkane
(hydrocarbon) derived radical containing from 1 to 10 carbon
30 atoms unless otherwise defined. It may be straight, branched or
cyclic. Preferred alkyl groups include methyl, ethyl, propyl,
isopropyl, butyl, t-butyl, cyclopentyl and cyclohexyl. When
substituted, alkyl groups may be substituted with up to four
substituent groups, selected from R9 and R}, as defined, at any
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PCT/ US97/ 06626 -6 - one
to four Rlerr] groups or with one to two C [err] straight- or branched-
chai n al kyl groups, said al kyl groups being unsubstituted or substituted

with one to fOWPO9RHOE oups; 5 Rlerr] and R[ BEFPSY7@6626sent
hydr ogen; phenyl; -([err] straight or branched chai n al kyl
unsubstituted or substituted with one to four Ri groups, and

optionally interrupted by O, S, NRerr], N+RhRerr] or -C(O) -;
or Rerr] and R err] together with any interv_epi_ng atons represent 10 a
4-6 nmenbered saturated ring optionally interrupted by O S, SJerr],
NR[err], N+Rlerr]Rerr] or -C(O-, unsubstituted or substituted with | - 4
Rl err] gr OUPSyaq: . , a 1 & t oget her
represent a 4-6 ne aélra_lgc]ie pO]I.lt Ofrﬁttriéhglgn&emgeﬁc]m;b@\i}g& l'g;r]](ri ﬁlﬁ(gwabedefi ned
above or Rz repr esBinstiteted with apAIKYlgroups s anpsed mieyc Withg fused
to the ring represéuanachédalkyl grobparr] and Rlerr] taken together,
optionally interrupted by O ]l QL.: Qﬁo . . SAi [ bei ng
unsubstituted or substitute fﬁ‘?ﬂ ﬁg’%gﬁé%ﬁrc’fﬁfkexlr Q?xnu@?f)?%rhﬁgg)s 20
Phar maceut i cal Xonbdsarhasmatomiy withowpltesnanng of fesonagipg double bandy

i ncluded herein. petweenafbon EorESTRAY ddtain ffoin 1 NyBNThENwhich are
The invention is dﬂﬁggi bed herein in detail using the 25 terns defined

bel ow unl ess ot herw’se” specified. ” Car boxyl at ¢ ani on
refers to a negatively chardde tgrsualkenyl” refgpsito a hydrocarbon radical — The

term"al kyl" refergriigh, branehed entyélikasntaining frémy2lt®10rdagbon desrmy ed
radical contaip, ngalfl(i 3Meast 8né Qaft¥’f carbon double bond. Preferred alkenyl
groups include ethenyl, propenyl, buteny! and cyclohexenyl.

The term “alkynyl” refers to a hydrocarbon radical
straight or branched, containing from 2 to 10 carbon atoms and at
least one carbon to carbon triple bond. Preferred alkynyl groups

15 include ethynyl, propynyl and butynyl. |

Aryl refers to aromatic rings e.g., phenyl, substituted
phenyl and the like, as well as rings which are fused, e.g., naphthyl,
phenanthrenyl and the like. An aryl group thus contains at least one
ring having at least 6 atoms, with up to five such rings being present,

20 containing up to 22 atoms therein, with alternating (resonating)
double bonds between adjacent carbon atoms or suitable heteroatoms.
The preferred aryl groups are phenyl, naphthyl and phenanthrenyl.
Aryl groups may likewise be substituted as defined. Preferred
substituted aryls include pheny! and naphthyl.

25 The term “heteroaryl” refers to a monocyclic aromatic
hydrocarbon group having 5 or 6 ring atoms, or a bicyclic aromatic
group having 8 to 10 atoms, containing at least one heteroatom, O. S
or N, in which a carbon or nitrogen atom is the point of attachment,
and in which one or two additional carbon atoms is optionally

30 replaced by a heteroatom selected from O or S, and in which from
1 to 3 additional carbon atoms are optionally replaced by nitrogen
heteroatoms, said heteroaryl group being optionally substituted as
described herein. Examples of this type are pyrrole, pyridine,
oxazole, thiazole and oxazine. Additional nitrogen atoms may be



30 atonms unless otherw se defined. It may be straight, branched or

cyclic. Preferred al kyl groups include nethyl, ethyl, propyl,

i sopropyl, butyl, t-butyl, cyclopentyl and cycl ohexyl. Wen

substituted, al kyl groups may be substituted with up to four

substi t uent g{,@yﬂmsel ected fromRerr] and R err], as defracwmusorasszany

WD 97/ 40048 PCT/ US97/ 06626
-7 - avai |l abl e point of attachnent. Wen the alkyl group is said to
be substituted with an al kyl group, this is used interchangeably with
"branched al kyl group”. Cychoalkyl is a specie of alkyl
containing from3 to 5 15 carbon atons, witRolOt alternating or resonating
doubl e bonds betmeen carbon atons. It may contain froml1l to 4 rings
which are tern1 | k

hydr ocar bon r ad| (pg]'sent together,} %‘i’tthebﬁ“éqﬁéﬂ gegh ‘BQaqﬁYSg@ﬁo%‘t‘;‘}qﬁﬁg“%‘ﬂém 2 to
10 carbon atoms (., thisdiazolecadixamples indlude the followingdoubl e bond.
Preferred al kenyl groups include ethenyl, propenyl, butenyl and

cycl ohexenyl . The t "aIkynyI" re s to a hydrocarbon
radi cal straight o hnnched cont gjHi ng from le carbon atons and
at | east one carbo 0 carbon tN?¢1e bond. Pref ??%d al kynyl groups 15
i ncl ude .et hynyl, prop y efers to
aromatic rings e.g., éﬂﬁbie?ﬂﬂsﬁ&t Wihazcére (|midazohyl) ttraz;rl]%(tﬁ]agbl ke, as well
as rings which are fused, e.g., naphthyl, phenanthrenyl and the |ike.
An aryl group thus contalns at | east on ring having at |east 6 atons,
with up to five such r| ei ng presqnt, 20 contqlné g up to 22 atons
therein, with alternath esonat i ng)x doubl e s between adj acent

carbon atons or sui talgxgzagt(gia%oy% furan (furyl) ' thiophene (thienyl)

N NH If\,NH E\,O
Nx/ N N

triazole (triazolyl) pyrazole (pyrazolyl) isoxazole {isoxazolyl)

E NS
— S I l P
N N

. . . . . ge . g pyrazine
isothiazole (|soth§azolyl) pyridine (pyridinyl) (pyraziny)
l S fN
o 7
pyridazine (pyridazinyl) pyrimidine (pyrimidinyl)

N/
triazine (triazinyl)
Heteroarylium refers to heteroaryl groups bearing a

quaternary nitrogen atom and thus a positive charge. Examples
include the following:



The preferred aryl

groups are phenyl,

napht hyl

groups may |i kew se be substituted as defined. Preferred

aryl s include phenyl
refers to a nonocyclic aromatic
atons, or a biwQeV#®4Er onati c
at | east one heteroatom 0. S
is the point of attachnent,

and napht hyl .

25 The term
hydr ocar bon group havi'n
group having 8 to 10 ato

or N, in which a carbon or

and phenant hrenyl .

Aryl
substituted
"het eroaryl "
5 or 6 ring

CTEN062Ai ng

nitrogen atom

and in which one or two additional carbon

atons is optionally 30
in which from
by nitrogen

substituted as

het er oat ons,

pyri di ne, oxazol e, thiazgle and oxaz%ae\
be WD 97/ 40048 = N
- 8- - present together %AL t he frr§y‘hftr
gi vi ng, e.g., thiadiazole,

repl aced by a-heteroatom selected fromO or S, and-
1 to 3 additional carbon atgons are optionally replaced
sai d heteroaryl

group being optionally

Addi ti onal
CH; PCT/

=\ = =
/§§/ N, N 4
| \
. N
\'}‘AN CH £ —f j
w——— [ )
N/ 3 t*;’ L\Nj
CHs CH,
Ve
= SES
N 7 |\N/
|
) N Nl/jq’CH:;
]
krir:N /'\N/
CH,

descri bed herein. Exanples of this type are pyrrole,

ogen atons may

§§Q7/$)6626
ogen and~axyygen or sul fur,

anpl es include the foll ow ng:
pyrrole (pyrrolyl) imdazole dinidazolyl) t hi azol e (thiazolyl)

[err]
[err]

When a charge is shown on a particular nitrogen atom
in a ring which contains one or more additional nitrogen atoms, it is

in the ring by virtue of charge resonance that occurs.

~N

understood that the charge may reside on a different nitrogen atom

N=\ - l/\\ +

’{INN—CHs N/ CHs
and

S0 o NV



oxazol e (oxazolyl) furan (furyl) thiophene (thienyl) [err]

triazole (triazolyl) pyrazole (pyrazolyl) isoxazole (isoxazolyl) [err]
i sot hi azol e (isothiazolyl) pyridine (pyridinyl) pyrazi ne
(pyrazinyl) pyridazi ne (pyridazinyl) pyri m di ne
(pyri m di nyl o 97:40048 triazine (triazinyl) 5 PCT/US97/06626
Heteroaryliumrefers to heteroaryl groups bearing a quaternary nitrogen
atom and thus a positive charge. Exanples i nclude the foll ow ng:
WD 97/ 40048 . PCT/US97/ 06626
-10 -

The term “heterocycloalkyl” refers to a cycloalkyl
group (nonaromatic) in which one of the carbon atoms in the ring is
replaced by a heteroatom selected from O, S or N, and in which up
to three additional carbon atoms may be replaced by hetero atoms.

5 The terms "quaternary nitrogen" and "positive charge”

refer to tetravalent, positively charged nitrogen atoms including,
e.g., the positively charged nitrogen in a tetraalkylammonium group
(e. g. tetramethylammonium), heteroarylium, (e.g., N-methyl-
pyridinium), basic nitrogens which are protonated at physiological

10 pH, and the like. Cationic groups thus encompass positively charged
nitrogen-containing groups, as well as basic nitrogens which are
protonated at physiologic pH.

The term "heteroatom” means O, S or N, selected on an
independent basis. _

15 ' Halogen and “halo” refer to bromine, chlorine, fluorine
and 1odine.

Alkoxy refers to C;-Cy alkyl-O-, with the alkyl group
optionally substituted as described herein.

When a group is termed “substituted”, unless otherwise

20 indicated, this means that the group contains from 1 to 4 substituents
thereon. With respect to R, R2, Rb and R¢, the substituents available
on alkyl groups are selected from the values of Rd. Many of the
variable groups are optionally substituted with up to four Rl groups.
With respect to Re, Rf and R8, when these variables represent

25 substituted alkyl, the substituents available thereon are selected from
the values of R1.

When a functional group is termed “protected”, this
means that the group is in modified form to preclude undesired side
reactions at the protected site. Suitable protecting groups for the

30 compounds of the present invention will be recognized from the
present application taking into account the level of skill in the art,
and with reference to standard textbooks, such as Greene, T. W. et
al. Protective Groups in Organic Synthesis Wiley, New York (1991).



9 [err] Wen a charge is shown on a

particul ar nitrogen atom in a ring which contains one or nore additional
nitrogen atoms, it is 5 wunderstood that the charge may reside on a
different nitrogen atom in the ring by virtue of charge resonance that
occurs. WO 97/40048 PCT/US97/06626

- 11 -

Examples of suitable protecting groups are contained throughout the
specification.

In some of the carbapenem compounds of the present
invention, M is a readily removable carboxyl protecting group,
and/or P represents a hydroxyl which is protected by a hydroxyl-
protecting group. Such conventional protecting groups consist of
known groups which are used to protectively block the hydroxyl
or carboxyl group during the synthesis procedures described herein.
These conventional blocking groups are readily removable, i.e.,

10 they can be removed, if desired, by procedures which will not
cause cleavage or other disruption of the remaining portions of
the molecule. Such procedures include chemical and enzymatic
hydrolysis, treatment with chemical reducing or oxidizing agents
under mild conditions, treatment with a transition metal catalyst

15 and a nucleophile and catalytic hydrogenation.

Examples of carboxyl protecting groups include
allyl, benzhydryl, 2-naphthylmethyl, benzyl, silyl such as
t-butyldimethylsilyl (TBDMS), phenacyl, p-methoxybenzyl,
o-nitrobenzyl, p-methoxyphenyl, p-nitrobenzyl, 4-pyridylmethyl

20 and t-butyl.

Examples of suitable C-6 hydroxyethyl protecting groups
include triethylsilyl, t-butyldimethylsilyl, o-nitrobenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, benzyloxycarbonyl, allyloxycarbonyl,
t-butyloxycarbonyl, 2,2,2-trichloroethyloxycarbonyl and the like.

25 The carbapenem compounds of the present invention are
useful per se and in their pharmaceutically acceptable salt and ester
forms for the treatment of bacterial infections in animal and human
subjects. The term "pharmaceutically acceptable ester, salt or
hydrate,” refers to those salts, esters and hydrated forms of the

30  compounds of the present invention which would be apparent to the
pharmaceutical chemist. i.e., those which are substantially non-toxic
and which may favorably affect the pharmacokinetic properties of

i said compounds, such as palatability, absorption, distribution,
metabolism and excretion. Other factors, more practical in nature,

LA
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The term "heterocycloal kyl" refers to a cycl oal kyl group (nonaromati c)
in which one of the carbon atons in the ring is repl aced by -a

het er oat om sqyosgshsf rom 0, S or N, and in which up t PATIUSITO6626 -

addi tional carbon atons may be replaced by hetero atons. 5

The ternms "quaternary nitrogen" and "positive charge” refer to
tetravalent, positively charged nitrogen atons including, e.g., the
positively charged nitrogen in a tetraal kyl a ni um gr oup (e. 0. '

t et ranet hyl ammoni um), heteroarylium (e.g.,” Nenet hyl - pyridinium,

tc)gf: gn_nict rogens }[/vhi ch are protonated atI physi ol ogi cal 10 pH, and the like.

I C groups us, enconpass _pQsitivel y e i -containin
groups, as wel | é@“ﬁ&sﬁrﬁ qirr%)q %B@ﬁgmvﬂ . S&f%?{og’ gr.ef%ﬁtodr?atbéggg physi ol og?c
pH. . matenal'.*hee%@Dﬁﬂmmuowlelﬁsmlgiy,SO@FblN,tY-seI ected on an -
'Cﬂf'gfiegge“]{l Bgf: $h glvéscopicictly iag(diiﬂn%wabillﬁif of¢he sevhltingbalk daigr to broni ne,

, . ) e . to
Clerr]-derr] al &g@‘{ﬁf&‘e@a\ﬁ%{w‘t4{8‘3&?&9?3‘9"196%“‘"0“3 gBvi @%\E?M‘ﬁb@tﬁt uted as
descri bed her &i n.the active ingredients in cowmbination with pharmaceutcallyibst i t ut ed”,

unl ess ot herw se iRl i . f 3
uniess otherwi se leptabll farRds. M3, MRAIEséihveRtod iolBocoRGaied 1 om

\ n. A t.to.R ..and
Rlerr], the substmthm%l‘i{q‘%?ﬁcgmposﬁﬁgﬁac‘bq_ Rfﬁth%‘?sgﬁgﬁ‘%tﬁ%;i’g#%bf’gg from
t he val ues of Rd.inféutionsfutiliwing as an activedbgrediensithe nevel egrbapengmy
substituted with éb?nﬁ&uﬂ&ur Rl err] groups.

10 With respect to -CO2M, which is attached to the
carbapenem nucleus at position 3, this represents a carboxylic
acid group (M represents H), a carboxylate anion (M represents
a negative charge), a pharmaceutically acceptable ester (M represents
an ester forming group) or a carboxylic acid protected by a

15 protecting group (M represents a carboxyl protecting group).
The pharmaceutically acceptable salts referred to above may take
the form -COOM, where M is a negative charge, which is balanced
by a counterion, e.g., an alkali metal cation such as sodium or
potassium. Other pharmaceutically acceptable counterions may be

20 calcium, magnesium, zinc, ammonium, or alkylammonium cations
such as tetramethylammonium, tetrabutylammonium, choline,
triethylhydroammonium, meglumine, triethanothydroammonium,
etc.

The pharmaceutically acceptable salts referred to above

25 also include acid addition salts. Thus, the Formula I compounds can
be used in the form of salts derived from inorganic or organic acids.
Included among such salts are the following: acetate, adipate,
alginate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate,
citrate, camphorate, camphorsulfonate, cyclopentanepropionate,

30 digluconate, dodecylsulfate, ethanesulfonate, fumarate,
glucoheptanoate, glycerophosphate, hemisulfate, heptanoate.
hexanoate, hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethanesulfonate, lactate, maleate. methanesulfonate,



Wth respect to Rerr], Rerr] and R err], when these vari abl es represent
25 substituted al kyl, the substituents available thereon are selected from

the values of Rerr]. Wen a functional group is terned
"protected”, this nmeans that the group is in nodified formto

precl ude undes™QRy/48448 e reactions at the protected sit@CTRIPTsI6e
protecting groups for the 30 conpounds of the present invention will be
recogni zed fromthe present application taking into account the |evel
of skill in the art, and with reference to standard textbooks, such .
as Geene, T. W et al. Protective Grouqq in Organic Synt he5|s Wl ey,
New York (1991). WD 97/ 40048
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Exanpl es of sui tabtquphmaﬂsﬁesnnwa&uam{rm@mte athét‘é ngéa%at&he

speci fication. rsulfate. 3-phe o ene co ounds of the
pr esent i nvenPFISHHalS, 3Py qYéBEﬁH? ?@nﬂﬂm p&‘éﬂ' ting group,
5 and/or P repr esmcsnaiehtﬁmrmythlmyanatt,stopyhteamdadndqcanoh;&;r oxyl - )
rotecting group. Such conv W’f Bestetd atStud nown
groups whi ch ahi USEdHiSF %ﬁé Lve dgfg ﬂﬁcéiftﬂé GF:‘I? di or car boxyl
group during t éBPﬂrg !Ra%@i“? E’élla and e

conventional bl ockforexpmplpsthnse desexibed in denavkin U,S.i Pat. Nol@,309)438can be
removed, if desire HM age or

ot her d| sruption o?‘flmg e@%ﬂ?%? or |éic\)bric§mk ll?%ceqtﬁ(lélecé% t#aﬁéu
procedures incl ude%™ @:‘P AJH F’z“kﬂ#ﬁﬁ stloglﬁ?h?‘?ﬂ 8pBs, Wbaﬁsrrent with
chemni cal reduci ng pwabgldxymnm)dgmexymethylmmxahﬂ Hi iltandns, treatnent

with a transitjgn ﬁ%ﬂ%xﬁﬁéﬁ&ysindlgthe?%“des%r@@ﬂ lﬂ%li’él ?nro ec?# ytic

boX n roups
lhﬁg{ lcj)ggnat on. 4,479.947. These are ﬁs fserred t%ae{e ‘leolablle esters”. g9 P

- Biolabile esters are biologically hydrolizable, and may
be suitable for oral administration, due to good absorption through
_ the stomach or intenstinal mucosa, resistance to gastric acid degrada-
15 tion and other factors. Examples of biolabile esters include
compounds in which M represents an alkoxyalky],
alkylcarbonyloxyalkyl, alkoxycarbonyloxyalkyl, cycloalkoxyalkyl,
alkenyloxyalkyl, aryloxyalkyl, alkoxyaryl, alkylthioalkyl,
cycloalkylthioalkyl, alkenylthioalkyl, arylthioalkyl or alkylthioaryl
20 group. These groups can be substituted in the alkyl or aryl portions
thereof with acyl or halo groups. The following M species are
examples of biolabile ester forming moieties.: acetoxymethyl,
1-acetoxyethyl, 1-acetoxypropyl, pivaloyloxymethyl,
1-isopropyloxycarbonyloxyethyl, 1-cyclohexyloxycarbonyloxyethyl,
25 phthalidyl and (2-oxo0-5-methyl-1,3-dioxolen-4-yl)methyl.
L- can be present or absent as necessary to maintain
the appropriate charge balance. When present, L- represents a
pharmaceutically acceptable counterion. Most anions derived from
inorganic or organic acids are suitable. Representative examples of
30 such counterions are the following: acetate, adipate, aminosalicylate,
anhydromethylenecitrate, ascorbate, aspartate, benzoate,
benzenesulfonate, bromide, citrate, camphorate, camphorsulfonate.
. chiloride, estolate, ethanesulfonate, fumarate, glucoheptanoate,
gluconate, glutamate, lactobionate, malate, maleate, mandelate,




allyl, benzhydryl, 2-naphthylnethyl, benzyl, silyl such as
t-butyldinmethylsilyl (TBDMS), phenacyl, p-nethoxybenzyl,

o- ni trobenzyl, p-nmethoxyphenyl, p-nitrobenzyl, 4-pyridylnethyl 20 and
t-butyl. Exanpl es of suitable C 6 hydroxyethyl protecting
gr oups v bbeast ri et hyl silyl, t-butyldinmethylsilyl, PCT/US97/06626

0- ni trobenzyl oxycar bonyl , p- ni trobenzyl oxycar bonyl , benzyl oxycar bonyl ,
al I yl oxycar bonyl , t - butyl oxycarbonyl, 2,2,2-trichl oroethyl oxycarbonyl
and the like. 25 The car bapenem conpounds of the present .
I nvention are useful per se and in theiL pharmaceutically acceptabl e
salt and ester forns for the treatnent” 4 bacterial infections in
ani.mal and hurman subj ects. The term "pharmaceutically acceptabl e

ester, salt or hvdr cT t I : aﬁ’g’ dr at ed
forms of the 30 @%%ﬁ%?ﬂ@%%@ﬁ%‘?’%@%ﬁt B?%@@?\%%hﬁ“ﬁﬁ?‘%@‘%u a% appar ent
to the phar rpedygalacuronatepempionatg, saligylate, Heaate, SUSCUES SRHAIG| | v
non-toxic argrilik Ghd Weyylate: o0MRsuHabRC iniohi: siviesadl beatpparent
properties o al d .conpouy ch.as palatability, absorption,

di stribution, to tﬁ@t"éﬂ&‘?ﬁ%%ﬂ?%é@?ﬁf@on. O her factors, nore practical
in nature, 5 WO 97/ 40b4kewise, when L- represents a specie with more than

PCT/ 'U|597/ 96626t one ne%aﬁive charg?,_ such as malonatte, t]grtrage or ethyleﬁé’diamtine-_ I whi ch
are also inportant in The i on, are ¢os mat eri al s,
ease of crystall itfg??%?tey@??‘)s?ﬂﬁiﬂpf?gﬂﬁgd}‘%ﬁﬁﬁ ﬁ/f@ﬁ-‘ﬂa;')en?{nyq{ oscopi city
and flowability aholdcalesccan be fioprstinkasseomtion theremgfly thmaintain the

phar maceuti cal cofReallichafse BAMnEE aRAgRALRtityr om 5 the active ingredients
in conbinati wi t h phar mageut i cal | ' ..t he
present inve rh on is also gﬁfﬁb?'ﬂ’éﬂ%f the “&fﬁ‘ﬁ’%@f@ﬁﬁf’f‘ﬁ@éé@@h I ons
and net hods of treating bacterial I nfections utilizing as an active

i ngredi ent the novel carbapenem . 6 (R)s

HH R
Hac)\w_;/Q
N/
and

At least one of the R groups attached to the naphtho-
15 sultam platform contains a positively charged moiety. Thus, it can
include -R* or Q, or a moiety which in turn contains a positively
charged group.
A subset of compounds of formula I which is of interest
relates to those compounds where CO2M represents a carboxylate
20 anion. Hence, M in this instance represents a negative charge
which will be balanced by a positively charged group, such as in
the positively charged R group. Likewise, if the positively charged
R group contains more than one positive charge, a negatively
charged counterion may be present which in combination with
25  the carboxylate anion, provides overall charge neutrality.
Another subset of compounds of formula I which
is of interest relates to compounds of formula I wherein one R
represents a group which contains a positively charged moiety,



conmpounds. 10 Wth respect to -CO2M which is attached to the
carbapenem nucl eus at position 3, this represents a carboxylic aci d
group (Mrepresents H), a carboxylate anion (Mrepresents a negative
charge), a pharmaceutically acceptable ester (Mrepresents an ester
form ng group) WO9%4004&r boxyl i c acid protected by a 15 prot eCRGIAPIYOSLH (M
represents a carboxyl protecting group). The pharnaceutically
acceptable salts referred to above may take the form-COOM where M
s a negative charge, which is bal anced by a counterion, e.g., an

al kali metal cation such as sodi um or Rofgssi um Q her

phar maceutical |y acceptabl e counterions may be 20 cal cium mnagnesium

zi nc; ammoni um or al kyl anmoni um cati ons such as tetramethyl ammnl um

tetrabutyl anmoni umang iR 'ré\?iammg R ghoupy dpel MéUt@&?inﬂ'h%\'og@ﬂ
tri et hanol hydr oanmoni hargaceut ically

U
acceptabl e salts réﬂ’é’rﬁd’ﬁ%@ﬁ?ﬁma}g alkyls ynsubstituted on Sdl%&gﬂlt? thalts.
Thus, the Fornul a bnedoffoun®s groups. Morépanivadarly, thiresdlsemoffineadst s

der i ved fromi nor IMLIGAE! c6inpdlinds BF fBrinula 1 wheldifi il 1BHRAGNS W hrcRY ! ©

are the fol | owi g: acetate I N asp at e,
benzenesul f onatg GPUtARIDg 2 P‘aﬂfwﬁi charged mmgty[ ?@f the WW&MTO‘IW
canphor sul f onat e, ap&:hgdmgemepropl onat e, 30 digluconate, dodecyl sul f at e,

et hanesul fonate, fumarate,
hem sul fate, heptanoate. oa ﬁﬂ%?‘rcl)‘e%%rl (P'Igl%gégbr ori de,
hydr oi odi de, moiglies Hiaf @t"ﬁ&ﬁ@gﬂl ge argpee R gr@éipésaﬂés preferred

net hanesul f onat e, that from\¥>39%dsi€i0e dharges be present, and most preferably two
gc-r';g :)Jﬁtgzg ?2%& ¢ oﬁosmveqchaél ges be gresen&lbagan,ced %th[e gar%%@{latﬁ;%gon and a
negatively ¢ arge counterion.

Another subset of compounds which is of interest is
represented by formula 1 wherein one R ‘group represents a -Ci.¢
straight or branched chain alkyl group, substituted with one to four

15 Rd groups, wherein one Rd group represents -R* or Q. Hence, a
positively charged moiety -R* or Q is attached to an alkyl group.

‘Another group of compounds of interest is represented
by formula I wherein Q is selected from the group consisting of:

5 (C Hz)b
®,, /] O’I \0 :
‘S‘N g - TN B and S-N/\En— R
20 (CHz)a

More particularly, the group of compounds which is of
interest is represented by formula I wherein Q represents:

(C Ha)b
S—N/\EN—R*

25 (CHZ)a

Within this subset of compounds, L-+a and b are as
originally defined, and RX is as originally defined, and represents a
member selected from the group consisting of: hydrogen or a C}.g§



persul fate, 3-phenyl propionate, picrate, pival ate, propionate,
succinate, tartrate, thiocyanate, tosylate and undecanoate.
The pharnmaceutically acceptable esters are such as 5 would be readily

apparent to a nedicinal chem st, and include, for exanple, those
descri bed in wWetadoss N U.S. Pat. No. 4, 309, 438. | ncl udedtokdTasere SUCh
phar maceutical ly acceptable esters are those whi ch are hydrol yzed
under physiol ogi cal conditions, such as pi val oyl oxymnet hyl ,

acet oxynmet hyl, phthalidyl, indanyl and 10 nethoxynethyl, and others
described in detail in US. Pat. No. 4,179,947. These are al so
referred to as "biolabile esters”. - 16°- Biol abil e esters are
bi ol ogi cally hydrolizable, and may be suitable for oral

A enst | haron: d%*?ai%gg-gfif“%?ggﬁgﬁ%@ #&W‘?’“O&s y iiiridsRaH o o
rntenst ol mos AR WL AR by AR cuner
represents an al kenstbskinited or substitayed aithpone ex Yabkof halo, CN, NO2,

al koxycar bonyl oxy | Q&Y WK wYNRhew AWk AKX Y. o w

aryl oxyal kyl , al kQM’rSﬁF; 'gqﬁl EEP%] k&ER RW, I\@l{c: %*kélﬁ?kﬁ%ﬁﬁ k"él :

al kenyl t hi oal k-i/l Céé)N ' I&é Wk ZRWaQ@ wg@ Q)N s gr oups
can be substit ut eNRITIHRW! NRhQONRRY!dr #Phenyl or héterdie{| pidup acyl or
hal o groups. The foll.owin M s L SH arﬁ,t. ex n?l es of tb| | apjil'e ester
forming noieties. W %{S&@Qr@pm ysu S-l%%q 8@5 R0 ong 10 308E By pr opy!
pi val oyl oxynet hyl groups orwith gsiedeyiw (-da3 siajghix petbrgnched- chain alkyl

1- cycl ohexyl oxycag | a5 Sl gm&ﬁg tbﬁ)i?fg tatibiuRE br substituted wgglno%%

(2- oxo- 5- net hgi lt 3z dI %pl en-4-yl)
present or abbint {GEOYREEERURS{ o' mmi ni ai n the appropriate charge
bal ance. WWen present, L- rAmothergrenmof compoundswfdnterestiis yrepresemtedbl e

counterion. Mst gpifgRfAuET Wheftih Q@ RepresentsINRNR YR 2'wRERHT RX, RY 4] ar e
sui tabl e. Represegtative exar@heasﬁlﬁ 0 such counterions are the -

foll ow ng: acetat#®, %Pﬁéﬂﬁm cyl at e, anhydr onet hyl enecitrate,
ascorbate, aspartate, benzdsmether groumof zompouinids edtinterestasirdpresentedat e,

canphor at e. Cpsmhe?srahﬁﬁmar &herein orfeR®'dréf i§§meﬁi and §§ BeRefd fromat e,
fumarat e, gl ucohept anoat e, gl uconat’e, 5| utamate, |actobionate, mal ate,

nmal eat e, nmandel at e,
e~

X~
£ s S
ea

S td

Within this subset, d represents NRk; Rk represents -Cj-¢ straight or
20 branched chain alkyl; and e, g, x and y represent CR™ or N+Rk, with
Rk as defined above and R™ representing hydrogen.
A preferred subset of compounds of formula I which is
of particular interest relates to compounds represented by formula I
wherein:
25 CO2M represents a carboxylate anion;
one R group which is attached to the naphthosultam
platform contains at least one positively charged moiety, and the
remaining R groups are selected from hydrogen and C;.¢ straight or
branched chain alkyl, unsubstituted or substituted with one to four Rd
30 groups;
Rd is as originally defined;
Rb represents hydrogen or a Cj.¢ straight or branched
chain alkyl group;



WD 97/ 40048 PCT/ US97/ 06626
- 14 - nmet hanesul f onat e, pant ot henate, pectinate,
phosphat e/ di phosphat e, pol ygal act uronate, propionate, salicylate,
stearate, succinate, sulfate, tartrate and tosylate. Qther suitable
ani oni ¢ speci eWQW¥40048c appar ent to the ordinarily skill| RETAISOTHGS26 5
Li kewi se, when L- represents a specie with nore than one negative
charge, such as nalonate, tartrate or ethyl enedi am ne- tetraacetate
(EDTA), an appropriate nunber of carbapenem nol ecul es can be found in.
association therewith to maintain the ov | I charge bal ance and
neutrality. 10 Nunberi ng of the naphthosultamplatformis as
fol |l ows: [err] At | east one of the R groups
attached to the naphtho- 15 QsylseREted froh?fHE SRMpAISistinRAs: L1 vel y charged
noi ety. Thus, it can include -R* or Q of a noiety Ich in turn
contains a positively charged group. 5& subset of
conpounds of formula | which is of i;gerest rel at eicﬁatthose conmpounds
where CJ err] Mrepresentsés’ Tar bogx@ ®g20 anion. Cc i n ;hi S
i nstance represents a ne%:ﬂ\i yd charle '['3 wandh wi | | NmrRded by a
positively charged group, sdch as in o« the positi vgl chérged R group.
Li kewi se, if the positively charged R group conttai {€Haw e t han one
positive charge, a negatively charged counterion may be present which
in conmbination with . . . .
' ! on g wherein L-, a and b are as originally defined, and R*
represents a member selected from the group consisting of:
hydrogen or a C]-g straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+RhRW,
or -C(0)-, said chain being unsubstituted or substituted with one
10  to four of halo, CN, NO2, ORW, SR¥, SORW, SO2RW, NRhRW,
N+Rh)2RW, -C(0)-RW, C(O)NRhRW, SOJNRBRW, COZR W,
OC(O)RW, OC(O)NRERW, NRRC(O)RW, NRBC(O)NRIRW, or a
phenyl or heteroaryl group which is in turn optionally substituted
with from one to four R! groups or with one to two C|]-3 straight- or
15 branched- chain alkyl groups, said alkyl groups being unsubstituted
or substituted with one to four R groups;
R* is selected from:

e~ X~
7 X and 7 ?
d—Y e=9

20
wherein d represents NRk; Rk represents -Cy_ straight or branched
chain alkyl; and e, g, x and y represent CR™ or N+Rk, with Rk as
defined above and RM representing hydrogen.
Within this subset, all other variables are as originally
25 defined with respect to formula L.

A more preferred subset of compounds of the invention
is represented by formula Ia:



25 the carboxylate anion, provides overall charge neutrality.

Anot her subset of conpounds of formula | which Is of interest relates
to compounds of fornmula | wherein one R represents a group which
contains a positively charged noiety, WO 97/ 40048

PCT/ US97/ 0669 97/40048 - 15 pcr/Use7/06628nd t he
remai ni ng R groups are selected from hydrogen and (err] straight or
branched chain al kyl, unsubstituted or substituted with one to four Rd
groups. Mre particularly, this subset of interest I ncl udes conpounds

of fornmula | wherein one R represents a gro% 5 containing a positively
charged noiety and the renmaining R groups ~ “are hydrogen.

Wth respect to the positively charged noiety or noi eties that are
contained in one or nore R gRYPS, it ;s preferred hat from 1-3
positive charges be present, HnBist gpreferably g "positive charges
be present, bal anced by tt]_? 7 e ani on and negatively charged
counteri on. 3 Heé—ROTPRpiOs i ch i s of

interest is represented b | where\n group represents a
-Cerr] strai ght or brancHed, chapn ghkyO=F , Bstituted with one
to four 15 Rd groups, wherein onl® R errq group Mepresent -R* or Q Hence,

a - positively charged noiety -R* or Qis attaghed to an al kyl group.
Anot her group of conpounds of interest is represented by formula |
wherein Qis selected fromthe ?roup consi sting of: [err]

or a pharmaceutically acceptable salt thereof, wheren:

CO2M represents a carboxylate anion;

S one R group is attached to the naphthosultam platform
which contains a positively charged moiety, and the other R groups
are selected from hydrogen and Cj-¢ straight or branched chain
alkyl, unsubstituted or substituted with one to four Rd groups;

Rd js as originally defined;

10 Q is selected from the group consisting of:
(CHa)p
S_@ 2o IS—?\]”S\E S_I\I‘/\E\N_Rx
N _ é . \ B and ® ]
o o \ .
L~ (CHa), ’

wherein L-, a and b are as originally defined, and

15 R represents a member selected from the group consisting of:
hydrogen or a C]-§ straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+*RhRW, or
-C(0)-, said chain being unsubstituted or substituted with one to
four of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRIRW,

20 N+HRI)RW, -C(0)-RW, C(O)NRhRW, SO2NRIRW, CO2RV,
OC(O)RW, OC(O)NRhRW, NRhC(O)RW, NRRC(O)NRERW, or 4
phenyl or heteroaryl group which is in turn optionally substituted
with from one to four R1 groups or with one to two C].3 straight-
or branched- chain alkyl groups, said alkyl groups being

25 unsubstituted or substituted with one to four R1 groups;

Rh represents hydrogen or a Cj.¢ straight or branched

chain alkyl group;



More particularly, the group of conpounds which is of interest is
represented by fornula I wherein Q represents: [err]
Wthin this subset of conpounds, L- , a and b are as originally
defined, and Rlerr] is as originally defined, and represents a menber
sel ected from wo®7ge0dsip consi sting of: hydrogen or a C[err] PCT/USY7/06$26
97/ 40048 PCT/ US97/ 06626
- 16 - straight- or branched- chain alkyl, optionally interrupted by
one or two of O S, SO SO[err], -NRerr], N#Rerr]Rerr], or -C(O -,
sai d chain being unsubstituted or substifgited with one to four of
hal o, CN, NJerr], ORlerr], SR err], SORerr] Serr]Rerr],
NR[err]Rerr], N+(Rerr]Rerr], -C(O-Rerr], 5 CONRerr]Rerr],
SHerr]NRlerr]Rerr], CJ erplWNeis drisi l?)(ig@ﬁreal, OC(ONRerr]|Rerr],
NRerr]C(ORerr], NRerr] Q)N%ﬁ&rj err], or a phenyl or heteroaryl
P94t it uted with fromone to four

group - which is in turn®ogfis

Rl err] groups or with one to two Clerr] straight- or branched- chain
al kyl groups, said al kyl groppsehgi ng unsybspi~tgted or substituted
with one 10 to four Rerr] group-grg/ il and 3?-{ | Anot her group of
conpounds of interest is represeniedg—Y by formg=8I| .wherein Q represents

-Nerr]R err] R[Serr] Rlerr], wherein Rlerr], Rerr] and

wherein d represents NRk; Rk represents -Cj.¢ straight or branched
chain alkyl; and e, g, x and y represent CR™ or N+RX, with Rk as
defined above and R™ representing hydrogen.

Within this subset, all other variables are as originally

10 defined with respect to formula 1.

Another more preferred subset of compounds is

represented by formula Ib:

O
15
or a pharmaceutically acceptable salt thereof, wherein:
CO2M represents a carboxylate anion;
one R group is attached to the naphthosuitam platform
which contains a positively charged moiety, and the other R group is
20 selected from hydrogen and Cj.¢ straight or branched chain alkyl,
unsubstituted or substituted with one to four Rd groups;
Rd is as originally defined;
Q is selected from the group consisting of:

5 5 f(CHZ(b
@l, \a ®'l \6
| 788w Slgehen

25 1 (CHy),



Rlerr] are as originally defined. Anot her group of
conmpounds of interest is represented 15 by fornmula | wherein one R* group

is present and is selected from [err] Wthin this subset, d
represents NR[err] Rlerr] represents -Clerr] straight or 20 branched chain
al kyl; and e,w8&97508d v represent CRmor N+Rk, with RkchbssRbdeed
above and Rmrepresenting hydrogen. A preferred subset of
conmpounds of formula | which is. of particular interest relates to
conpounds represented by formula I i wherein: 25 CJerr]M
represents a carboxyl ate ani on; one R group which is )
attached to the naphthosultam pl atform&ntains at least one
positively charged noiety, and the remai ning R groups are sel ected
from hydrogen and Cerr] straight or branched chain al kyl,

unsubstituted or substituted with one to four Rd 30
Rlerr] is as originally dewhesginL-, a andb are as ongmzrk?)edc&ubmndsents

hydrogen or a ( @ feprbsetitd Rtm&bef s61ebRY from theCdidhp c%lnlﬁéhn reep;
WO 97/ 40048 PhJ 7/ 06626

-7 - hydrogen op;1-8.3Eaighty o B%"PH%" g“é‘%.

S interrupted by one or two of O, S SOz,
-C(O)-, said chain being unsubsntuted or substituted with one to
four of halo, CN, NO2, ORW, SR¥, SORVY, SO2RW, NRhRW,
N+(Rb)2RW, -C(0)-RY, C(O)NRBRW, SO2NRBRW, CO2RY,
OC(O)RW, OC(O)NRDRW, NRBC(O)RW, NRRC(O)NRIRW, or a
10  phenyl or heteroaryl group which is in turn optionally substituted
with from one to four Ri groups or with one to two C].3 straight-
or branched- chain alkyl groups, said alkyl groups being
unsubstituted or substituted with one to four R1 groups;
Rh represents hydrogen or a Cj.¢ straight or branched
15 chain alkyl group;
RV is as originally defined;
R* is selected from:

e~ X~

X
7 i  and -%-—(’ ?
=9

d—Y
20
wherein d represents NRk; Rk represents -Cj.g straight or branched
chain alkyl; and e, g, x and y represent CRm or N*Rk, with Rk as
defined above and RM representing hydrogen. Within this subset, all
other variables are as originally defined with respect to formula 1.
25 Another more preferred subset of compounds is
represented by formula Ic:




[err] 5 wherein L-, a and b are as originally defined, and
R err] represents a nenber selected fromthe group consisting of:
hydrogen or a C[err] straight- or branched- chain alkyl, optionally
interrupted by one or two of 0, S, SO S(err], NRerr], N+Rerr]Rerr],
or -C(O-, sai WOSHAMS heing unsubstituted or substituted wit RCEASIE626t o
four of halo, CN, NJerr], ORerr], SRerr], SORerr], SOerr]Rerr],

NR[err]Rerr], N+(R[err]R[err], -C(O)-R[err], C(O)NR[err]R[err],
SJerr]NRlerr]Rerr], CJerr]Rerr]. - OC(ORerr], OC(ONRerr]Rerr],
NR{err] (O Rerr], NRlerr]C(ONRerr]Rerr],_8§ a phenyl or heteroaryl
group which is in turn optionally substituted with fromone to four Ri
groups or with one to two Cferr] straight- or 15 branched- chain al kyl
groups, said al kyl groups being unsubstituted or substituted with one

to four Rlerr] gr el ec [err] 20
wherein d represen#pfmmﬁ? ég&gsagﬁ?gtag&@ﬁheg?qévg}ﬁwy branched
chain alkyl; and e, g, X andC FeRIesents agasbexylate ampr; with Rk as

defi ned above and Rlerr] rephege id\iiﬁwf‘ﬁtﬁ{cﬁ%'lo then htho u hin

am platf
this subset, alg | e ri1qjnal. | n%
respect to for %fl%h COMAiRS o positively /&‘aﬁ%‘%la %%’e??g(ﬁh"s Qthes; 8f°‘8bﬁpounds
of the invention selected from hydeogasn hejo ﬂndrﬁll & straight or branchad elvain0048
PCT/ US97/ 06626 alkyl, unsubstituted or substituted with one to four R4 groups;

Rd is as originally defined;
Q is selected from the group consisting of:

10
5 (CHz)b
@, 0, @, g
N T, N i N\ EN-R*
g_ \H$B g_ \a’ﬂ and g_ /\/
(CHz)a ;

wherein L-, a and b are as originally defined, and
RX represents a member selected from the group consisting of:

15 hydrogen or a C}-8 straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+RhRW_ or
-C(0)-, said chain being unsubstituted or substituted with one to
four of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRhRW,
N+RI)2RW, -C(0)-RW, C(O)NRhRW, SOJNRhRW, CO2RW,

20 OC(O)RW, OC(O)NRhRW, NRhC(O)RW, NRhC(O)NRBRW, or a
phenyl or heteroaryl group which is in turn optionally substituted
with from one to four Ri groups or with one to two Ci-3 straight-
or branched- chain alkyl groups, said alkyl groups being
unsubstituted or substituted with one to four Ri groups;

25 RP represents hydrogen or a Cj_¢ straight or branched
chain alkyl group;

RW is as originally defined;
R* is selected from:

30 a—Y e=9



- 18 - [err] or a pharmaceutically acceptable salt thereof,

wher ei n: Cderr]Mrepresents a carboxylate anion; 5

one R group is attached to the naphthosultam platform whi ch contains a
positively charged noiety, and the other R groups are selected from
hydr ogen and wi er4odasst r ai ght or branched chain al kyl , pewudIbbesit ed or
substituted with one to four Rd groups; Rd is as
originally defined; 10 Qis selected fromthe group consisting
of : [err] wherein L-, a and b are as originally
defined, and 15 R err] represents a nenber ected fromthe group

consi sting of: hydrogen or a (Jerr] sfréfi ght- or branched- chain

al kyl, optionally interrupted by one or two of 0, S, SO SO[err],
NR[err], N+Rlerr]Rerr], or - O -, sai d chai n bei ng unsubstituted or
substituted with gne to four o

] I‘ hﬁ\l I\lgerr OR[err], err],
SOR[ err], SO err Miesein d represents HRE; R rp qumtlﬁi[ | or. %err]
C(ONR[err]Rlerr };hm%CIlkyr ]lea[@,r heed ]rﬁﬁ%ﬂfcm of N+RKk, wnhm(g Rlerr],

OAONRerr] R er Ellafm 1:%9 replle'sen eflyhl%g%)nNPﬁF{hu]l '?il%r %qeto Q1P
5 other vanables are as originally defined with respect to formula 1.
Another more preferred subset of compounds is
represented by formula Id:

1 R
Hsc . CHZ—N R
: g
Ild COxM O""S'

10 or a pharmaceutically acceptable salt thereof, wherein:
CO2M represents a carboxylate anion;
one R group is attached to the naphthosultam platform
which contains a positively charged moiety, and the other R group is
selected from hydrogen, halo and Cj.g straight or branched chain
15 alkyl, unsubstituted or substituted with one to four Rd groups;
Rd is as originally defined;
Q is selected from the group consisting of:

5 (CHz)b
Ng, N8 and S—N’\QN RX
\u;ﬁ \a,p
(CHz)a

20
wherein L-, a and b are as originally defined, and
RX represents a member selected from the group consisting of:
hydrogen or a C|-g straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRY, N+RhRW_ or
25 -C(O)-, said chain being unsubstituted or substituted with one to
four of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRhRW,
N+(RDM)RW, -C(0)-RW, C(O)NRDRW, SOPNRIRW, CO2RW,



phenyl or heteroaryl group which is in turn optionally substituted
with fromone to four Rlerr] groups or with one to two (Jerr] straight-
or branched- chain al kyl groups, said al kyl groups being 25 unsubstituted

or substituted with one to four R err] groups; Rh
represents hydWQ¥WHR4 a Clerr] straight or branched c RATUSATNGE26
group; WO 97/ 40048

PCT/ US97/ 06626 - 19 -

Rlerr] is as originally defined, . R* is selected from [err].
5 wherein d represents NRk; Rk represents q»Clerr] straight or branched

chain alkyl; and e, g, x and y represent CRlerf] or N+Rk, with Rk as .
defi ned above and R err] representing hydrogen. Wthin this

subset, all other @lﬁ w WQNEH d ”f'@ ' wespect to
formul a 1. ot A}lﬁ(gtqg)ﬁ?ohrﬁe bre,e¢‘_¥), sugget_ )Nc'% oqg’gg is
represénted by for Rhenyl g heteroaryl group which 1s in turn optionally substituted

with from one to four R! groups or with one to two C]-3 straight-

or branched- chain alkyl groups, said alkyl groups being

5 unsubstituted or substituted with one to four Ri groups;
Rb represents hydrogen or a C}.¢ straight or branched
chain alkyl group;
RW is as originally defined;
R* is selected from:
10 |

e\ X\
X
—S—(’ ii and 7 ‘.j

4y =9

wherein d represents NRk; Rk represents -Cj.g straight or branched
chain alkyl; and e, g, x and y represent CR™ or N*+Rk, with Rk as
15  defined above and R™ representing hydrogen. Within this subset, all
other variables are as originally defined with respect to formula 1.
Still more preferably, the present invention relates to a
compound represented by formula Ia wherein the R group at position
4 represents a positively charged moiety, and the R groups at
20 position 3 and 5 represent hydrogen.
In particular, such compounds can be represented by
formula le:

25
or a pharmaceutically acceptable salt thereof, wherein:



[err] 15 or a pharmaceutically acceptable salt thereof, wherein:

CO[err]Mrepresents a carboxyl ate ani on; one R group is
attached to the naphthosultam platform whi ch contains a positively
charged noiety, and the other R group is 20 selected from hydrogen and
Clerr] strai oomabesg anched chain al kyl, unsubsti t ut ed roTABsDass2d ut ed
with one to four Rd groups; Rd is as originally defined;

Qis selected fromthe group consisting of: [err] WO 97/ 40048
PCT/ US97/ 06626 ] 20 .
wherein L-, a and b are as originally defineﬂ, and Rlerr] represents a

menber sel ected fromthe group consisting o6f4 hydrogen or a (Jerr]
straight- or branched- chain alkyl, optionally 5 interrupted by one or two

of O S, SO S(Oerr], N rl..NRerr re}, . or v o v | gheChai n
bei ng unsubsti 9Ut ed] or gj%tc})pffﬂ’égg’\ﬂqshﬂoeﬁ% cbgrg%d mo;ect)%fsgfggeﬁi’ Trﬁﬁi %ﬁ |
NJ err], OR[err] grans congistimorferR, Gandra Capestraighiipr @F’ﬁ“}qaegrq’ yl
chain substituted with one Rd group;
Rd js independently selected -R* or Q;

5 Q is selected from the group consisting of:
(CHale
e, R0 S—I O\
N R G Ng\SN-R
= - T
L~ (CHp)a ’

wherein L-, a and b are as originally defined, and
10 R represents a member selected from the group consisting of:
hydrogen or a C]-8 straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+*RIRW,
or -C(0)-, said chain being unsubstituted or substituted with one
to four of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRhRW,
15 N+Rh)RWY, -C(0)-RW, C(O)NRERW, SOPNRhRW, CO2RW,
OC(O)RY, OC(O)NRIRW, NRIC(O)RW, NRRC(O)NRIRW, or a
phenyl or heteroaryl group which is in turn optionally substituted
- with from one to four Ri groups or with one to two C]-3 straight-
or branched- chain alky} groups, said alkyl groups being
20 unsubstituted or substituted with one to four R? groups;
R* is selected from:

7 % and —S—(’ |
d—Y =9

25 wherein d represents NRk; Rk represents -C.g straight or branched
chain alkyl; and e, g, x and y represent CR™ or N*Rk, with Rk as
defined above and R™ representing hydrogen.

Likewise, such compounds can be represented by
formula If:

30



N+(Rerr]Rerr], -CCO-Rerr], CCONRerr]Rerr], SJerr]NRerr]Rerr],

Cderr]Rerr], OC(ORerr], CC(ONRerr]Rerr], NRerr]C(ORerr],
NR[err]CCONR[err]Rerr], or a 10 phenyl or heteroaryl group which is in
turn optionally substituted with fromone to four R err] groups or
with one to twWQI@PMB strai ght - or branched- chai n al kyRCT§IS9746626 sai d
al kyl groups being unsubstituted or substituted with one to four
Rl err] groups; Rh represents hydrogen or a CJerr] straight
or branched 15 chain al kyl group; . Rlerr] is as originally
defi ned,; R* is selected frompg _ [err] 20 wherein d
represents NRk; Rk represents -Clerr] straight or branched chain
al kyr; and e, g, x and y represent CRerr] or N+Rk, with Rk as defi ned
above and R err] representing hmqlooa\?mn V,y(t hin this sub R all ot her
vari abl es are as originally defin§dbwH h respect to al. 25
Anot her nore preferred subsetHeE ¢ S is Hented by formul a
lc: [err] "~ WD 97/ 40048 Ny —~CHz—N
PCT/ US97/ 06626 o \ i1 - or a
pharmaceutically acceptable salt theggof ,C@gerelch—
Cderr]Mrepresents a carboxyl ate anion; H

O

or a pharmaceutically acceptable salt thereof, wherein:

R contains a positively charged moiety selected from the
5 group consisting of: -R*, Q, and a Cj_g straight or branched alkyl

chain substituted with one Rd group;
Rd is independently selected -R* or Q;
Q is selected from the group consisting of:

s 5 (CHz)h
e, a &/~
N 1, N 1 N @N— R*
10 ' (CHE)a ;

wherein L-, a and b are as originally defined, and
RX represents a member selected from the group consisting of:
hydrogen or a C] -8 straight- or branched- chain alkyl, optionally
15 interrupted by one or two of O, S, SO, SO2, NRW, N+RhRW or
-C(0O)-, said chain being unsubstituted or substituted with one to
four of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRhRW,
N+Rh)RW, -C(0)-RW, C(O)NRBRW, SOJNRhRW, COZRW,
OC(O)RW, OC(O)NRERW, NRhC(O)RW, NRhC(O)NRIRW, or a
20 phenyl or heteroaryl group which is in turn optionally substituted
with from one to four R! groups or with one to two C|_3 straight-
or branched- chain alkyl groups, said alkyl groups being
unsubstituted or substituted with one to four Ri groups;

R* is selected from:
25 '



one R group is attached to the naphthosultamplatform 5 which contains a

positively charged noiety, and the other R group is sel ected from
hydrogen, halo and Cerr] straight or branched chain al kyl ,
unsubstituted or substituted with one to four Rd groups;

Rd is as ori gwoatmopsgief i ned; ' Q i s sel ect edPCTUBITIONG6 gr OUp
consisting of: 10 [err] wherein L-, a and b are as
originally defined, and Rlerr] represents a nenber selected fromthe
group consisting of: 15 hydrogen or .a (Jerr] straight- or branched- chain
al kyl, optionally interrupted by one orqkwo of O S, SO S(err],
NR[err], N+Rlerr]R err], or -C(O -, saiftchain being unsubstituted or
substituted with one to four of halo, CN, N(Jerr], ORerr], SRerr],

SCRlerr], SOerr]Rerr], NRerr]R eptl, N+(Rterr]Rlerr], -C(O-Rerr],
CCONRerr]Rerr], SOerr]NRerr /Erlf,‘], dedl er. ef,‘r], 20 CC(ORerr],
OC(ONRerr]Rerr], NRerr]C(O R eryly NR err] #R err]Rerr], or a
phenyl or heteroaryl group which is in turn optionally substituted
with fromone to four Rlerr] groups or with one to two Cferr] straight-
or branched- chaiwheiekyld rgpoesents glﬂ‘&ﬂ RK tepirespntsipE 1 lnestrajght or bmbogt ituted

or substituted W 4R pufkilab@ k! g Rk Gnldly FEfEESht GRM or N+RK, with Rk
represents hy(%r og(fr}. or err(; sirai gﬁwt or  pr nchedr chai n al kyl
gr oup:; . efined ahgve,and RN represe YGFO8ER; ned:;

R* is selected from [ & sfiill more preferred subset of compounds of the

invention is represented by formula Ie wherein:
R represents

(C Hz{b
-(C H2)1-6_N6\)®/N-Rx
10 1® (CHy),

and RX, a, b and L- are as originally defined.
Another more preferred subset of compounds of the
invention is represented by formula Ig:

15
wherein:
R represents
I(C H2{b
'(CH2)1-6"N\6\/@/N" R*
20 1® (CHy),

and RX, a, b and L- are as originally defined.



WD 97/ 40048 PCT/ US97/ 06626

- 22 - wherein d represents NRk; Rk represents -CJerr] straight or-
branched chain alkyl; and e, g, x and y represent CRerr] or N+Rk, with
Rk as defined above and R err] representing hydrogen. Wthin this
subset, all 5 WOxHdPp04§ari abl es are as originally defined w t RCTaISgrES626t O
formula I. Anot her nore preferred subset of conpounds is
represented by fornula Id: [err] 10 or a pharmaceutically
acceptabl e salt thereof, wherein: . CJerr]Mrepresents a
car boxyl ate ani on; one R groyp is attached to the
napht hosul tam pl atf orm whi ch contains a positively charged noiety, and
the other R group is sel ected from hydrogen, halo and CJerr] straight
or branched chain 15 al kyl X ' ‘ | Ieh 0 o four
Rd groups; as 1, Igo?b @gg;ﬂ%@m‘ﬂ Fglﬁggﬁﬂ#gg?ﬁgo‘f‘tﬁé‘uﬂféﬁnbﬂ Q
is selected from tHE 458U Sonsi sting of : [err] 20
wherein L-, a and b are as originally defi n(e)d, and Ho’j

ol o Y N

L N\JJ NH, L @N::£l®

HOH;jMe OO
: \ H H




Rx represents a nenber selected fromthe group consisting of: hydr ogen

or a CJerr] straight- or branched- chain alkyl, optionally i nterrupted
by one or two of 0, S, SO SOerr], NRerr]. N+R[err]R[err], or 25 -C(O-
said chain being unsubstituted or substituted with one to four of
hal o, CN, NOwas¢7oos®R( €rr], SRlerr], SORerr], S( err] R er rfcTussness
NR[err]Rerr], N+(R[err]R[err] -C(O-Rerr], C(CONRerr]Rerr],
SCIerr]NR[err]R[err] CJerr]Rerr], WO 97/ 40048

PCT/ US97/ 06626 ) -23 -

OC(ORerr], OC(ONRerr]Rerr], NRerr]CORerr],

NR[err] CCONRerr]Rerr], or a phenyl - Ret eroaryl group which is in
tugn optionally substituted with fromone to four Rl err] groups or
with one to two Cferr] straight- 3" branched- chain al kyl groups, said
al kyl groups being 5 unsubstif-uted-s ,s-u.Qétituted with one to four Ri

gr oups; Rh repres N\/d{ gen or a Clerr] straight or

br anched chai n al kyl gr I\/ Rwis as originally

defi ned; Jel edt ed frollo [err] wherein d
represents NRk; represent str or brangtiedN-N\ @ chai n

al kyl; and e, g, Oapp“-y Mepr dsen Zﬂ\HRko with RfE as @NﬁUﬁl ned -

et | I ot her

above and Rl err] i ng Iﬂy'cB:e@en. Wthin th

variables are as ori fln@I w th respect la 1
Still nore preferablg—N present i nw4Qt i on rm% conpound
represented by forfdla la e(g@ n the L'Eb C 4 represents
a positively charged noie nd the 5
E-8
W CHs
HsC~ Ny N~CHy N
’ {3

0 !




20 position 3 and 5 represent hydrogen. In particular, such

conpounds can be represented by formula | e: [err] 25 or a
pharmaceutically acceptable salt thereof, wherein: WO 97/ 40048
PCT/ US97/ 06626 - 24 -
R contai ns a pYepTIN vy charged noi ety selected fromthe PET/H3A3/06626
consisting of: -R*, Q and a (Jerr] straight or branched al kyl chain
substituted with one Rd group; Rd is independently sel ected
-R* or Q 5 Qis selected fromthe group consisting of: .
[err] -29 .
Iable
# 0 # Q # 0
OH PhTJ F
9 ‘) 10 (e 11 N(l
® 9 | &
Ph=phenyl
# # #
,J Y'J X
7 ) ~
“t o
HaT:I;H HsC\N,CHs oty
o |/L0 N2
15 N* 16 N 17 [Sj
N,
[%j Egj >
N N:
(o = [ 0




wherein L-, a and b are as originally defined, and 10 R err] represents a

nmenber sel ected fromthe group consisting of: hydrogen or a (Jerr]
straight- or branched- chain alkyl, optionally i nterrupted by one or
two of O S, SO SOerr], NRerr], N#Rerr]Rerr], or -C(O-, said
chai n bei ng uwewbadous ut ed or substltut ed with one to f egtwssrdespso, CN,

NO[err], OR[err], SRerr], SOR err], SO2RW NRhRW 15 N+(Rh)2Rerr],
-C(O)-R[err] C(O)NR[err]R[err], SCIerr]NR[err]R[err], CJerr]Rerr],
OC(ORerr], OCCONRerr]Rerr], NRerr]C(ORerr],

NRerr] CCONR[err]Rerr], or a phenyl 3 heteroaryl group which is in
turn optionally substituted vmthfromogt'ofour Rl err] groups or
with one to two Cferr] straight- or branched- chain al kyl groups, said
al kyl groups being 20 wunsubstituteq qr substituted with one to fohlr R err]
groups; R is seleqtdqd from [err] :ﬁS wherein d
represents NRK; I epr esenCH; - d erq] [strai ght§ CHyr branghed CHs chain
al kyl; and e, g, and y represent @R[|lerr] or 8§I+Rk w fhiRk ass‘=o
defi ned above andf H err] egresentl [ [o] hydro 2N, L/’O Lilkew se,
such conpounds cafjgpe re sented byg la 1f:]yg0 N \D
97/ 40048 i ﬁ&i Zail go7) 0626
-25 - N.
th
O .
‘ S=o0 (I
2] (s 22 r 23 (N:
+* N" ‘ j
S & :
N3 NS “
“t “
QL
NH
24 [N%"\/I 25 Né 26 o
) A
z (7 &)
“ “H N,
i




[err] or a pharmaceutically acceptable salt thereof, wherein:

R contains a positively charged noiety selected fromthe 5 group
consisting of: -R*, Q and a (err] straight or branched al kyl chai n
substituted with one Rd group; Rd is independentl

sel ected - R* VO g}40048 Qis selected fromthe gMoUPSYBe6¢ sting
of : [err] wherein L-, a and b are as originally
defined, and Rlerr] represents a nenber selected fromthe group

consi sting of: hydrogen or a C[err] straight- or branched- chain

al kyl, optionally 15 interrupted by one or twgof O S, SO SO[err],
NR[err], N+Rlerr]R err], or . -C(O -, said chain being unsubstituted or
substituted with one to four of halo, CN, N(Jerr], ORerr], SRerr],
SOR[err], SJerr]Rerr], NRerr]Rerr], N+(Rerr]&err], -CCO-Rerr],
CCONRerr]Rerr], SOerr]NRerr]Rerr], COerr]R err] OC(ORerr],
OC(ONRerr]Rlerr], NRlerr]C(ORerr], NRhWC(ONRerr]fRlerr], or a 20 phenyl
or heteroaryl group which is in turn optionally & ut ed with from
one to four Rl err] groups or with one to two (4 ai ght - or
branched- chain al kyl groups, said al ky.[ogroupEH unsubstituted or

substituted with one to four Rlerr] gro%';' N R* is selected
from 25 HsC T
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wherein Qis as defined in the tables and L- represents a

phar maceutical |y acceptabl e counterion. 5 The conpounds of
the present invention are prepared by reacting a suitably protected,
activated 2-hydroxynet hyl - car bapen- 2- em 3-carboxylate with a
napht hosul t am WRJ@##048 ng t he t hus-i ntroduced si de chai nPEHUSYSH626(
and then renoving any protecting groups which are present to afford
the desired final product. The process is 10 illustrated by the foll ow ng
generi c schene: WD 97/ 40048
PCT/ US97/ 06626 -4] - - 43 - [err]

Q

Cl N,;E; CHa| Nt o] 2 hCHQ 9
CHBICERECERES




Wth reference to Fl ow Sheet A above, P, Rlerr], R and M are as

defined with respect to the conpounds of formula I. 5 p* *
represents a carboxyl protecting group. Rlerr] represents a
group which may or may not be sel ected fromthe group conprising R as
defined abovewg®wslsgoss Nodi fi ed as PCTIUS97/06626
-42 -
Q

Ln

10

Bz Q Bz Q Bz Q Rz Q
NH NH H HO
Aol | Ao B

Cl N? CHa{ NI cl N CHa +
CHEICHERESENES
b2 ¥ 3 8

wherein Q is as defined in the tables and L- represents a
pharmaceutically acceptable counterion.

The compounds of the present invention are prepared by
reacting a suitably protected, activated 2-hydroxymethyl-carbapen-2-
em-3-carboxylate with a naphthosultam, modifying the thus-introduced
side chain as desired, and then removing any protecting groups which
are present to afford the desired final product. The process is
illustrated by the following generic scheme:



WD 97/ 40048 PCT/ US97/ 06626

-44 - necessary in the course of the synthesis of a conpound of
formula | to afford a nmenber of that group, thus R err] may be viewed
as a precursor for R Q represents a group which
reacts with i we@ommoisate A2 5 (upon activation of A2) in PCREHIEN66Hi ch
results in the incorporation in the final product of a nenber of the
group defined as Q above, thus Q@ may be viewed as a precursor for Q
AR represents a suitable al kylating reagent, such as met hyl i odi de,

met hyl brom de, benzyl trichloroacetim date, ‘{?t hyl 10

trifluoromethanesul fonate, triethyl oxoni um t'ettafl uoroborate and the

i ke. The napht hosul t am si de chain group (SCG used in the
synthesis of the conmpounds of the preseng d WSHE'EIPAhave, in sone

cases, been described in the chemcal liTerature. Tn other cases, 15
precursor conpounds which may be readily converted to the requisite

napht hosul t am have been_described in the literature. In cases where the
requi site naphthosulta Rinown in tfyectivdte hpdiokgl it i s neceessary to

synt hesi ze t he napht ho a oy y degadupded nt hesis. One
iously ﬂi?éiacednei synt hesis of an 20

skilled in the art

anal ogous napht hosul t am Mgfar e t he r e2jueact with seidepound in a
straightforward manner @t hout cw*q exper ichainigasupfSCOJuNer ous, ¢
exanpl es of napht hosul t am &jnt 9252 S are described herein (s Bow) .
The napht hosul tam side chain group (SCG is initially ;
suitably protected carbapen-2-em 3-carboxyl ate having 25 Q0 tp/’
hydr oxymet hyl group at the 2-position. P

nucl eus having a -CH err] OH substi t uent at
in accordance with Schmitt, S. M et al., HsC
780- 787 (1988), the teachings of which are

in
ref erence. The carboxylic acid group at C-3 of 3® tﬁg

2 cRu.dg _obtained
tigs 4&@):
whted her€in by

rbapenemis
w

generally protected as a carboxyl protecting group COgP
1) activate hydroxy!
(R*)5 f?r compounds group for
with a hydroxyl displacement
group in R% { | 2) react with Q*
for compounds or
with a reactive [ excess AR

N-atom in R Y

// N (R)z
(R)
H,Q@/ 3 C/]i\/:/(a)a
P R1\ 4

N—Sto H H
W e —_Ca
(0] H4C z N S.SO
1) deprotect
COM a«e—2 """ ¢
A4 2) purify A3 CO,P**

With reference to Flow Sheet A above, P, R1, R, and M,
are as defined with respect to the compounds of formula I.
5 P** represents a carboxyl protecting group.
Rsc represents a group which may or may not be selected
from the group comprising R as defined above and is modified as



such as p-nitrobenzyl (PNB), allyl, p-nmethoxybenzyl, trichloroethyl, 2-
trimethylsilylethyl, and the |ike. Furthernore, the hydroxyl group of

t he 6-(hydroxyethyl) side-chain is optionally protected with a hydroxyl
protecting group such as trinmethylsilyl (TM5), triethylsilyl (TES), tert-

WO 97/ 40048 wo 9740048 PCTGsoqbkelg | 06626
-45 - butyl di nethylsilyl (TBDMS), tert-butyldi phenylsilyl (TBDPS).
acetyl . al I yl oxycarbonyl, 2-trinethylsilylethoxy carbonyl, 2-

trichl or oet hoxycar bonyl and the Iike. The addition of the
napht hosul t am si de chain group 5 (SCG) to the carbapenemis acconplished
by treating a solution of the hydroxyrre‘%y'l car bapenem and t he

napht hosul t am si de chain group in a sui t abl e sol vent such as

t et rahydr of ur an eth aceto I met h

benzens. i et hy eGPARY i B peipe O the sythesiseof 4 kampolnd B BRBHALE

sui tabl e acti vat iaffprdeagemberdlthat goowg, thus Ro° mayobe vieveerdys atpre(DEAD) /

tri phenyl phosphi g, gdi i sopropyl azodi car boxyl ate (DI AD) /
tri butyl phosphine, and the_] o ke, at a v@g er ature, tvveen }\ 20
[err]C and 35 [err]C for aSOUCPESEHt Y SFowR MIUCh reacts W’ Interme mte 2

Al ternativel yS t {aponpbtinaton 0fA2Nih ammwdmhaesmﬁs in the incerpbratwoset her

th th th .t abl
\glnd tﬁle oteLer golr@?nenya?Wie g)cf?‘{va I ng rea Suﬂ%efﬁ??%%’%ﬁggg |‘?ilglko? ©

t he azodi car boxy é"ﬂf%ﬁé%‘f’?‘@@ﬁ?ﬂ@&ﬁﬂ% q8ded to that m xture. Once
the naphthosultam car bapeAﬁRrreprasbmgalquahbmalkylatmga&ggmt( suchhaye been

d, th t d
Tbout 20 C and E 7 iGHOg, et R B el °’5§§aﬁ’“‘ﬁ% Smblyeen
resul ting m ¥0ur drt Wﬂ@ﬁtmj 9B%Fet trigthy (HHHE\*@ uoroboratg, apd é@%dur e

famliar to thosdikkilled in the art to afford a crude 2-

napht hosul tam met hyl - subst i aEnAfsBiaATSde Wbl gloapiSCG) Géd t the
synthesis of the compounds of the present invention have, in some
cases, been described in the chemical literature. In other cases,

15 precursor compounds which may be readily converted to the requisite
naphthosultam have been described in the literature. In cases where the
requisite naphthosultam is not known in the literature it is neceessary to
synthesize the naphthosultam by a newly developed synthesis. One
skilled in the art can adapt a previously published synthesis of an

20 analogous naphthosultam to prepare the requisite compound in a
straightforward manner without undue experimentation. Numerous
examples of naphthosultam synthesis are described herein (see below).

The naphthosultam side chain group (8CG) is initially
reacted with a suitably protected carbapen-2-em-3-carboxylate having

25 an activated hydroxymethyl group at the 2-position.

The carbapenem nucleus having a -CH20H substituent
at position 2 can be obtained in accordance with Schmitt, S. M. et al.,
1. Antibiotics 41(6): 780-787 (1988), the teachings of which are
incorporated herein by reference. The carboxylic acid group at C-3 of

30 the carbapenem is generally protected as a carboxyl protecting group
such as p-nitrobenzyl (PNB), allyl, p-methoxybenzyl, trichloroethyl, 2-
trimethylsilylethyl, and the like. Furthermore, the hydroxy! group of
the 6-(hydroxyethyl) side-chain is optionally protected with a hydroxyl
protecting group such as trimethylsilyl (TMS), triethylsilyl (TES), tert-




necessary, by recrystallization or by chromatography on silica gel,
eluting with a suitable solvent or mxture of two or nore solvents, such 25
as hexane, ethyl acetate, ether, benzene, dichloronmethane, chloroform

acetone, nethanol and the like. Modi fication of the

napht hosul t am W@ie?/4648i n of conpounds A2, which is genermtinysomessaésary
to introduce the charged substituent of A4, is best acconplished
before renoval of the protecting groups. For 30 conpounds which contain a
hydr oxyl group in the side chain, i.e.-in Rerr], a positively charged
substituent may be introduced into the side cqﬁ n by first activating
t he hydroxyl group by converting it to a suitabl e |eaving group such
as a-triflate, nmesylate, tosylate, iodide, chloride, brom de, and the

like, and then di sBLaAkitfethPRifITTBONS)! AL bﬂ@lafp%ﬂym?/%&}’@&#s*@ze

97/ 40048

- 46 -° conpo@hylazycathonyl o2-trimethylsilylethony saebonyly 2~ hydr oxyet hyl ) -
i m dazol e, N-net hytrichlaregthoyydarbonyinand the [iker banoyl et hyI ) -4-aza-

- azoni abi cycl o- [2 2.2.]-oct

azoni abi cycl o- [ ﬁggbaoct aﬂ’?e &ﬂﬂi&ﬁ é}yﬂé ﬁg&m%ﬁ Cﬁdﬁ?gm"‘\'bm ch 5
contains a nitr %Pa epem ‘ﬁ@cﬁo Y [teeating a,sqlution of| the
in sone cases, thehydmvgedethybsanbapemmrmmtﬂlenaphdimﬂtahﬁsidbrcﬁahﬁgmu in
LIS S SEHOGINS K G AN it

i ntroduction of th "Bﬁ é&!ﬂﬂﬂﬂ Fl( l&ﬁzml‘imyléﬂ QKIQQZ(QMSQ ) and
deprotection i s gr dwt like wvith er(pmtmxed) smtable activating réageﬁt)ﬁ@clﬁ% diethyl

activation of gX&'&%ﬁﬂoxﬁi#HRD@&iD) /mpﬂéﬁﬁhgg g 8{, produce A3

may be acconpllshe t he basic

character of corrpoﬂﬁ‘?fﬂe'"b&w 4§§|(£?;Rb)/mb“t)§|£’ QSM@ imfi ih?e ket atiat i on

reaction. : temperature between about -20 °C and 35 °C for about 5 to 90 minutes.
Alternatively, the naphthosultam and carbapenem can be
mixed together with either the azodicarboxylate or the phosphine
15 reagent in a suitable and the other component of the activating reagent
(the phosphine or the azodicarboxylate, respectively) can be added to
that mixture. Once the naphthosultam, carbapenem, and activating
reagent(s) have been mixed, the reaction is allowed to proceed at a
temperature between about -20 °C and 35 °C for about 5 to 90 minutes.
20 The resulting mixture is then subjected to a standard work-
up procedure familiar to those skilled in the art to afford a crude 2-
naphthosultam-methyl substituted carbapenem which is purified, if
necessary, by recrystallization or by chromatography on silica gel,
eluting with a suitable solvent or mixture of two or more solvents, such
25 as hexane, ethyl acetate, ether, benzene, dichloromethane, chloroform,
acetone, methanol and the like.
Modification of the naphthosultam side chain of compounds
A2, which is generally necessary to introduce the charged substituent of
A4, is best accomplished before removal of the protecting groups. For
30 compounds which contain a hydroxyl group in the side chain, i.e. in R,
a positively charged substituent may be introduced into the side chain by
first activating the hydroxyl group by converting it to a suitable leaving
group such as a triflate, mesylate, tosylate, iodide, chloride, bromide,
and the like, and then displacing the resulting leaving group with a



15 The conversion of the hydroxyl group to a suitable
| eaving group is acconplished by treating the hydroxyl substituted
conmpound in a suitable solvent such as dichl oronet hane, tetrahydro-
furan, ether, benzene, and the like with an activating reagent, such

as trifluororpdmpesul f oni c anhydri de, net hanesul f oni ¢ anhygiyd@rnsds
t ol uenesul f oni ¢ anhydri de, net hanesul fonyl chloride, benzenesul fonyl

chl oride, toluenesul fonyl chloride, and the like in the presence of a

sui tabl e base such as triethylam ne, .tributylam ne, diisopropylethyl - )
am ne, and the like at a tenperature betmeen‘ﬁbout -100[err]C and Of[err]C
for about 5 to 120 m nutes. The intern ate thus obtained contains a
25. leaving group, which may be converted to an alternative | eaving group,

| odide, by treating a |t i on.of. {he i.nt.er | at exd it abl ol vent
!suclh as a)éet one, hﬂ’g’ﬂ’ﬂyﬁaeﬁ%\’;ﬁlc&e@bﬁé&’?m"fﬁgg#(?lﬁehfé&'gggtﬁxx%ﬁiﬁér r }/C to
50[ err] C wi t h animidazele,d¥-methylrdiazabicyclenctpeg,dstGarhamoyimethyb)-4-azaut

0.25 to 24 hours{._g¥dniabicyclo-[2.2.21]-G8BHe C PI8hydrBRypRip-15/1)-a- ol pi ned in
sufficiently pur

. b d h )
purification. FOgz(étggglcggioqﬁ.aikhgﬁnn%?y ﬁﬂﬁlseﬁmm'n@ Oﬁﬁt? angithﬁﬁil‘&}éﬂ‘l‘i‘%e,
may be |yophi$§i zeonthinma bignogercatom thatcanfac as aznucieephileo ud jthematively,

handl ed, solid. jpsome c46es) théeBdiked substituent may be incorporated in the
PCT/ US97/ 06626

. X .. -47 - '
The activated hyBrBRPPsEitamsids chajm before additiop of the B’g’s‘Ph‘mS“’Z‘%‘Ec‘Pi the t he
activat ed i nt er meathapenemt ¢r maydenint@duced afteralepastestion of A2ctHawevem and

di spl acement of igodiudion ot tmr&w%aaxumit%ﬁp m&difidation of AR Befdrag! €
step. The acmvatl ng .reagent is E’d e(% to,a solution of the hydr oxyl
substit uted rrpgﬁﬂ'g)t?‘ﬁ“ iS gretly\pEPtgfTed. s itabl e base in a suitabl e

sol vent such as di chl or ondinhsome casas; abtiviatodnuofithe bydwoxyl phouip and  benzene,
acetonitrile, DVifdplitdhddtdy Q¥GoFrodies AP Edy 1R 42enPIRbEd A4 single step

by taking advantage of the basic character of compound Q* and using it

as a base in the activation reaction.

15 The conversion of the hydroxyl group to a suitable
leaving group is accomplished by treating the hydroxyl substituted
compound in a suitable solvent such as dichloromethane, tetrahydro-
furan, ether, benzene, and the like with an activating reagent, such
as trifluoromethanesulfonic anhydride, methanesulfonic anhydride,

20 toluenesulfonic anhydride, methanesulfony! chloride, benzenesulfonyl
chloride, toluenesulfonyl chloride, and the like in the presence of a
suitable base such as triethylamine, tributylamine, diisopropylethyl-
amine, and the like at a temperature between about -100°C and 0°C for
about 5 to 120 minutes. The intermediate thus obtained contains a

25 leaving group, which may be converted to an alternative leaving group,
iodide, by treating a solution of the intermediate in a suitable solvent
such as acetone, methyl ethyl ketone, and the like at about -10°C to
50°C with an excess of sodium iodide or potassium iodide for about
0.25 to 24 hours.

30 In many cases, the iodide is obtained in sufficiently pure
form that it may be used without further purification. For ease of
handling, the iodide, if not crystalline, may be lyophilized from benzene
to afford an amorphous, easily handled, solid.



par agraphs. The resulting activated internediate is treated with 1-3

nol ar equi val ents of conpound Q* at a tenperature between about 10
-78[err]C and 50[err]C for about 15 to 120 m nutes. In sonme cases, it is
desirable to formthe activated internmediate in one solvent, isolate the
activated i nt ewoor4048&, and conduct the di spl acenent reacti oRCT/HS93/06626
different solvent. In other cases, the displacenent may be conducted

wi thout isolation of the internediate and, in cases where @ is also used
15 as a base, may even be concurrent with the formation of the activated

I nt er nedi at e. I n cases whergythe displacenent reaction is
best acconplished by using the iodide, a solution of the iodide is
conbi ned wi th an approxi mately equival ent amount (0.9 - 1.05 nol ar

equi val ents) 20 of compoungnactibafid Wdrosdl brdiip ar RS weaRphieeliy aci d
such as silver trifluoropethanesultonate, silver fetraflUoroborate and
the IiKe is then TeactingHieactaiet RmproiaRowath BAEGR) Q% 1B SOmE FFesne

absence of the silactivation andalisplacémentaf thednydroaykgrinipmay besgricdmplishedhe
PraTente ot o il s e VIR A R00 165 oGP = 7
i nprove the ef cﬁb)fd@ )SlfS“%SUt“tQGGQEHIPéWF@t 553.@%91?86@@&‘&1@@} ‘;H‘%Ft‘l?r‘b is
t ElelnI Z 3*’ jl ﬁct ﬁg ; cr)t.mimbm?tﬂwdnt suchumdmmop:mhMrtetrahydqofmant ethenoBDMEF,
?lecessar y, by r ecrlglrg CIRN %%rgtnrﬁ%’r ﬁ.MSO,gﬁpotﬂg?% régq]e%t?nggd i the b Fe‘éedirfg
An al ternative metPRIABHABAS, ME!W @%‘Fﬁm@“@ﬁ&aéels treated wigh dnd si de
chain may be appl imdldrequividernts afrconfpound Q¥catgr tengsrature between al_ocmtg: 2 a
1L, o heSheES ORGP (PRI o asen W 012
trichl oroaceti m dziesima mfoma% v Mﬁ@%ﬁ@n’@t@!ﬁ solvent, ‘W@7‘7ﬁ§0048
PCT/ US97/ 06626 activated intermediate, and conduct the displacement-réction in a
~ different solvent. In other cases, the displacement may be conducted
- without isolation of the intermediate and, in cases where Q* is also used
15 as a base, may even be concurrent with the formation of the activated
intermediate.
In cases where the displacement reaction is best
accomplished by using the iodide, a solution of the iodide is combined
with an approximately equivalent amount (0.9 - 1.05 molar equivalents)
20 of compound Q*. A silver salt of a non-nucleophilic acid, such as silver
trifluoromethanesulfonate, silver tetrafluoroborate and the like is then
added. Although the reaction will proceed in the absence of the silver
salt, the reaction proceeds more rapidly in the presence of the silver
salt. In addition, the silver salt assists in the removal of the displaced
25 iodide from the reaction mixture which can improve the efficiency of
subsequent steps. The resulting mixture is then subjected to a standard
work-up procedure familiar to those skilled in the art to afford a crude
product which is purified, if necessary, by recrystallization or
chromatography.
30 An alternative method for introducing a positive charge
into the side chain may be applied to side chains (i.e. Rs¢ groups) that
contain a nitrogen atom which may be quaternized by reaction with a
suitable alkylating reagent AR, such as methyl iodide, methyl bromide.
benzyl trichloroacetimidate, methyl trifluoromethanesulfonate,




triethyl oxoniumtetrafluoroborate, and the |ike. Quatem zation of the
nitrogen atomin the side chain is effected by treating a solution of the
conmpound with a slight excess (1.05 to 1.2 nolar equivalents) of the

al kyl ating reagent. 5 The synthesis of the target compound is
conpl et ed by wo 9714068"0Vi Ng any protecting groups which are yrpessneseé t he
penul ti mate “internedi ate using standard techni ques which are well
known to those skilled in the art. The deprotected final product is
then purified, as necessary, using standard techni ques such as ion
exchange chroma- 10 tography, HPLC on reverse phase silica gel, MPLC on
reverse phase pol ystyrene gel, and the 4%1’ Ke or by recrystallization.

The final product may be characterized structurally by standard

t echni ques such as . IR NS d ...For f | e
final product, i f“‘ﬂglg’/ﬁm‘flgl qurﬁg]?mﬁ%LEf/?rBEC’I?@S‘ﬁgllﬂ?edofgté}ﬁ%kﬁo&/a fe[rrlr)gt 0
afford an anor phnitsogemaatony iththedside chain is. effected by treating a solptienfith6unds
of the present ipysRhAR With a'sHghtltkBess (1.091 1l Rsiodar etjuivdlents) ofithe ve
agai nst vari ous %%?‘R‘& dt I

sitive and to a esser extent Gram negative
bacteria, and ac@ Va8t utility in human and veterinary
medi ci ne. 20 5 The/synthesis ofithe turget comppung iscomplated byt i on are
bi ol ogically acti ' : and Whyd keoint e ltimate
activity is pr edk%@?gggoﬁ RP@?% 1CT, | vﬁ”’t a’h\\f\%ﬂe%‘étge&éco nds nf:ll{ é'; .
adni ni stered to inEERAdIate nsingstandgrd ecahrﬁgg%se i %mb‘ggﬁi(ﬂoé{‘fn 0 those

organi sm 25 skilled in the artsTihg deproteated ﬁnagpmdum is thentpuified,tase

e camcunde of T SRl ey o e s s, L

composi 11 ons 18y sesPHY nHELiS OBJRNETRPIASE Ailica gel, MPLC prbmierse phase

accept abl e carri polystyrenel ged, aid she like arrbyerecrystallizatiopet forth bel ow.

The conpounds may be enpl oygd gy RPYEEE May be charfétéfized !shﬂetufrsnwbgi n

liquid solution, or | n_suspensi on. _ 3’} eM l?.gm | stere y a

variety of neansStandaedt YesSUGH asﬁﬁ@e]sl{)’ S, and UV. Forease 0

* handling, the final product, if not crystalline, may be lyophilized

15 from water to afford an amorphous, easily handled solid.

The compounds of the present invention are valuable
antibacterial agents active against various Gram-positive and to a
lesser extent Gram-negative bacteria, and accordingly find utility in
human and veterinary medicine.

20 Many of compounds of the present invention are
biologically active against MRSA/MRCNS. In vitro antibacterial
activity is predictive of in vivo activity when the compounds are
administered to a mammal infected with a susceptible bacterial
organism.

25 Using standard susceptibility tests, the compounds of the
invention are determined to be active against MRSA.

The compounds of the invention can be formulated in
pharmaceutical compositions by combining the compound with a
pharmaceutically acceptable carrier. Examples of such carriers are

30 set forth below.

The compounds may be employed in powder or
crystalline form, in liquid solution, or in suspension. They may be
administered by a variety of means; those of principal interest
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- 49 - i nclude: topically, orally and parenterally by injection
(intravenously or intranuscularly). Conposi tions for
injection, a preferred route of delivery, may be prepared in unit
dosage forminvgues8 or in 5 nultidose containers. The iRMIARIZA6S
conpositions may take such fornms as suspensions, solutions, or

enul sions in oily or agueous vehi cl es, and may contain various
formul ati ng agents. Alternatively, - the active ingredient may be in
powder (lyophillized or non- IyophillingP formfor reconstitution at
the time of delivery with a 10 suitable vehicle, such as sterile water. In

i nj ectabl e conpositions, the carrier is typically conprised of sterile

water, saline or aﬁm&&r to 1cauyu&ﬁn9tuna ;Larem&au}ebg injeRgidAut oi |l for
I nt rarruscul ar i nj e feeri ng agents,

preservatives and fﬂb’a}’?‘k‘é““é}&r?rﬂg"%ﬁ?l}&ﬂl% Top| cal
appl i cations may be fornul ateempesitionsifor injeckion.1s prefermedarosghobi c or

hydrophilic bases jgij&y )ﬂbérﬁ?é re&'iﬂ%'i‘i\'?t dosage fofhi idNEmp hlésaﬂluﬁpus
ol eagi hous or cohol 1. i luents to

d
f orm powders. - ]“&)se &ntame&. aﬁ%ﬁﬁ'ﬂg B apig BWEP%EWP&WYS@‘F} 6P s as
tabl et s, capsforass, ampensmpmmlmnenam eonalsions|intailyner agueousr al

priited Ogﬁdm oY vifitles End idy Eortalt Gari eag‘ﬂmlﬂ%h Bents?' AlteHatively,
dol 1 very ¢ or niie active mgredient mdydberﬁbpawﬁsg e AF BOB? o1 od

depends to a | ar gelyophéllized) fonmrﬂonr&dwsnnnmmmmheannemfzdelwbry Iwathsabj ect
lsjgln;]?t |t \r“e?;egf l(? hgsﬁl%lé’ v@ﬁﬂ:l@%ucﬁ%%@:‘i‘ﬁyw?&r Fﬁ'i”u‘iﬁbéiabf’é btgﬂgef,lgigns, he
virul ence of the i ‘T@ 1ca?y CBMPefléﬁfcﬁ @ ﬂ&ﬂt’e% ver,
are left to the rotnjectable llquldl. £@. cpéanut axil fdrenmaytmsculm m_tecunﬂs ng\lso,
principles of treaysgghs fﬂenn geﬁgk%??ede'ﬂvﬁdlﬁesaﬂd éﬁ@qh&r A b&indugéyot her

factor |nfluenC|ngthe3 ere n fomthe nature of
the infection and pecu OBF “?an? ﬁﬂFﬁV i carriers SUCh o

is the nolecul B as hydrophob1c or hydrophlhc bases to form ointments, creams,
lotions, in aqueous, oleaginous or alcoholic liquids to form paints or
in dry diluents to form powders.
Oral compositions may take such forms as tablets,

capsules, oral suspensions and oral solutions. The oral composions

20 may utilize carriers such as conventional formulating agents, and
may include sustained release properties as well as rapid delivery
forms.

apid

The dosage to be administered depends to a large extent
upon the condition and size of the subject being treated, the route and
25 frequency of administration, the sensitivity of the pathogen to the
particular compound selected, the virulence of the infection and
other factors. Such matters, however, are left to the routine
discretion of the physician according to principles of treatment well
known in the antibacterial arts. Another factor influencing the
30 precise dosage regimen, apart from the nature of the infection and
peculiar identity of the individual being treated, is the molecular
weight of the compound.
The compositions for human delivery per unit dosage,
whether liquid or solid, may contain from about 0.01% to as high as



wei ght of the conpound. The conpositions for human

delivery per unit dosage, whet her liquid or solid, may contain from
about 0.01 %to as high as WO 97/ 40048
PCT/ US97/ 06626 - 50 - about
99% of acti vevowmsoessal , the preferred range bei ng from abowcTuss7o6kts 60%
The conposition wll generally contain from about 15 ny to about 2.5 g
of the active ingredient; however, in general, it is preferable to
enpl oy dosage anmounts in the range of fromabout 250 5 ng to 1000 ng. In
parenteral adm nistration, the unit dosage \grd I typically include the
pure conpound in sterile water solution or i ) the formof a soluble
powder intended for solution, which can be adjusted to neutral pH and
| sot oni c. 0 des a
et hod of 10 trgg?utn99% of I%ﬁvé H}\éﬁéﬁ#l 'ﬁgé@?&&h@ﬁ%ﬁ %Fﬂ'l h%ﬁxﬁgﬁJflP
t reat ment ‘g}n eaeﬂmnpglttm w& ﬂsngra@mm
fT ﬁr mul af I g I fb abomnms of theattive ingrediengthowever| i genexrah it is |
e preferred ne r [ teria
conpounds i ncl udkpegggﬁbq%ﬁ%g@éi o@é#é)ﬁgﬁfunwﬁl i %g@ of from a% 2%ﬁcbol us
and i.m inje tlmgto pmntemradaumt@twabﬁmumtwsw b‘fl"FormJI a l

anti bacteri al @Mﬂdd@@ie greotompolnd/an terilgiwaer solation dromr ti mes

daily is of the
anti bacteri al fo&ﬁgofghﬁ)@lgtp%r%%& g?&g%ﬁ "°§/8§@'Q‘s&£é’i“ | c%ﬁﬂ for 20
mIdlnfectlons ams@@rn Pk Q«Dﬁ’gmpﬂl?orthreetlrres dallyls
recommended. For noder at e Thé anfention duaiibed heredhlafsosiebdedysi dhrethod of gr am

o e 0, ol bR Y By s 1
, comprising administering to said mammal a compound of formula I
in an amount effective to treat said infection.

The preferred methods of administration of the Formuld

I antibacterial compounds include oral and parenteral, e.g., i.v.
15 infusion, i.v. bolus and i.m. injection.

For adults, about 5-50 mg of Formula I antibacterial
compound per kg of body weight given one to four times daily is
preferred. The preferred dosage is 250 mg to 1000 mg of the
antibacterial given one to four times per day. More specifically, for

20 mild infections a dose of about 250 mg two or three times daily is
recommended. For moderate infections against highly susceptible
gram positive organisms a dose of about 500 mg three or four times
daily is recommended. For severe, life-threatening infections against
organisms at the upper limits of sensitivity to the antibiotic, a dose of

25 about 1000-2000 mg three to four times daily may be recommended.

For children, a dose of about 5-25 mg/kg of body

- weight given 2, 3, or 4 times per day is preferred; a dose of 10
mg/kg is typically recommended.

The compounds of Formula 1 are of the broad class

30 known as carbapenems. Many carbapenems are susceptibie to attack
by a renal enzyme known as dehydropeptidase (DHP). This attack or
degradation may reduce the efficacy of the carbapenem antibacterial
agent. Many of the compounds of the present invention, on the other
hand, are less subject to such attack, and therefore may not require




organisns at the upper limts of sensitivity to the antibiotic, a dose of
25 about 1000-2000 ng three to four tinmes daily may be recomrended.

For children, a dose of about 5-25 ng/kg of body wei ght given 2, 3, or
4 times per day is preferred; a dose of 10 ng/ kg is typically
r econmmrended. 0 97/40048 The conpounds of Fornula | ar @CBHUSINNEE26r oad

class 30 known as carbapenens. Many carbapenens are susceptible to attack
by a renal enzyme known as dehydropepti dase (DHP). This attack or
degradati on nmay reduce the efficacy of-the carbapenem anti bacteri al

agent. Many of the conpounds of the present jgyention, on the other

hand, are |ess subject to such attack, and therefore may not require
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-51t- o OItPe gahe@ke@f@mﬂmmﬂmfmr HHW@E?NUCH:!ISB 13% nbﬁamﬁd onal and
conte al e (0] I nv nni ors 0O
mp eco?ﬁ’éxhg&fteé RS bl gﬁdﬁ@f lgie&rggéﬁtrfnvggon b &«hoPHi-IP Pat ent

and their use w th car penems a
Appl i cation Nos. 7ndotheweuse with|caabapengnmareidisclogethimre.ghlEuropearn 007

614); and 82107174Pa'ienth§ plicaitsiBos 979 10261 6 FUflddCRily 24, Y979 (Pater Ny 2

014)]. 5 ¢ 0,007 6145: SRTRINGHE L3, kG RhERGTY, [oRY BpiitalinlNe ] he

DHP inhibition™i s desire
appropriate DHP i thOP20dMbs described in the aforesaid pat ents 10 and

publ i shed appl i cation. The Theebnpoun@ (e geient it #45, where Oef | ne
ngbgggﬁgggr :ngo{jllg@?‘e@&hﬂﬁégﬁgsﬁﬁi %3%5?' y fq{ﬁ&n&q or usgdc%ﬁgom tions
and met hods of trdhe rﬂﬁﬁfopm%Mﬂgrlﬂbtbltmmgrdescabeﬂbm the afufresaid patents
conpound:  DHP 1onhizaidt published Applieation aThe titkd EGOPRRS Pati A pplicons 10 1.
define the procedure for determining DHP susceptibility of the
present carbapenems and disclose suitable inhibitors, combination
compositions and methods of treatment. A preferred weight ratio
of Formula I compound: DHP inhibitor in the combination
15 compositions is about 1:1.
A preferred DHP inhibitor is 7-(L-2-amino-2-carboxy-
ethylthio)-2-(2,2-dimethylcyclopropanecarboxamide)-2-heptenoic
acid or a useful salt thereof.
The invention is further described in connection with the
20 following non-limiting examples.

PREPARATIVE EXAMPLE |
YNTHESIS OF S-(TRIMETHYLSILYLOXYMETHYL)-1 8-

NAPHTHOSULTAM

. O(TMS)
Z B'ra HBcuLl
. | ~Fiche OO TH'?=0 OO THF OO

55% 45% silica gel
N—S8=q N—8= N—s & N Sx
25 H o H o o )

Step |: 5-Bromo-1.8-naphthosultam

A suspension of 1,8-naphthosultam (5 g, 24.4 mmol) in
acetic acid (20 mL) was treated with a dark solution of iodine (6.5 g.



A preferred DHP inhibitor is 7-(L-2-am no-2-carboxy-

et hyl t hi 0) - 2- (2, 2- di net hyl cycl opr opanecar boxam de) - 2- hept enoi ¢ acid or
a useful salt thereof. The invention is further described
in connection with the 20 follow ng non-limting exanples.

PREPARATI VE wisAlviioss | SYNTHESI S OF 5- ( TRI METHYL SPEYRISH0GEZ$ HYL ) -
1.8- NAPHTHOSULTAM [err] Step 1:

5- Bronp- 1. 8- napht hosul t am A suspension of 1

, 8-napht hosul tam (5 g, 24.4 nmol) in. acetic acid (20 nL) was treated .
with a dark solution of iodine (6.5 g. 52 WO 97/ 40048

PCT/ US97/ 06626 Tee T - 52 - 25. 6
mml) and bromne (1.3 mL, 25.2 mmol) in acetic acid (20 niL) over 10

n
B i 't BB M M2 ettt Ot
tenmperature, theo¥aArxkQpanyges SPENHOR oYy Ay aﬂléaa Q—ﬂ%ltg Tan 5
(300 ). The dagheniplaced i ated Gasil bath fored) minuws) e‘tftetvemoh@to Toaer
temperature, the mixture was added to a 1% aqueous NaHSO; solution
5 (300 mL). The dark precipitate was filtered and dried overnight under
a stream of nitrogen. The resulting solid (6 g) was dissolved in ethyl
acetate then silica gel (ca. 6 g) was added and the mixture was
evaporated under vacuum. The silica-adsorbed mixture was loaded
onto a 4.5 x 30 cm silica column (silica gel 60) and was eluted with 5%
10 ethyl acetate/ methylene chioride, collecting 25 ml. fractions. Fractions
24-60 were combined and evaporated to give a green solid which was
~ recrystallized from toluene to give the title compound as a light green
solid (3.8 g).
IH NMR (CDCl3, 500 MHz) 3 6.82 (d, ArH), 6.83 (br.s, NH), 7.80 (d,
15 ArH) 7.93 (t, ArH), 8.05 (d, ArH) and 8.38 (d, ArH).

Step 2: 5-(hydroxymethyl)-1.8-naphthosultam
A solution of 5-bromo-1,8-naphthosuitam (0.5 g, 1.76

mmol) in anhydrous tetrahydrofuran (10 mL) under nitrogen was

20 cooled in a dry ice / acetone bath in a three neck flask. N-butyllithium
(2.75 mL of a 1.6 M solution in hexanes, 4.4 mmol) was added over
2 minutes and the suspension was stirred an additional 7 minutes.
Paraformaldehyde (0.317 g, 10.6 mmol), placed in the bulb of a drying
tube which was attached to the flask, was heated with a heat gun while a

25 slow stream of nitrogen was blown over the solid. The generated
formaldehyde was carried into the flask and the carrier gas vented
through a line connected to a Firestone valve over a period of 13
minutes. After an additional 5 minutes, the mixture was removed from
the bath and stirred for 10 minutes. Aqueous hydrochloric acid (3 mL

30 of a 2 N solution) was added and the clear suspension was stirred an
additional 10 minutes. The mixture was partitioned between ethyl
acetate (50 mL) and water (50 mL). The ethyl acetate layer was washed
with saturated aqueous sodium chloride (20 mL), dried over magnesium
sulfate, filtered, and evaporated. The solid residue (0.5 g) was dissolved



a streamof nitrogen. The resulting solid (6 g) was dissolved in ethyl
acetate then silica gel (ca. 6 g) was added and the m xture was

evapor at ed under vacuum The silica-adsorbed m xture was | oaded onto a
4.5 x 30 cmsilica colum (silica gel 60) and was eluted with 5% 10 ethyl
acet at e/ net hy\WWes#4W®M ori de, collecting 25 nL fracti ons. Frab€ETGs06626

24- 60 were conbi ned and evaporated to give a green solid which was
recrystallized fromtoluene to give the title conmpound as a |ight green
solid (3.8 Q). [err]H NVR (CDCl [err], 500 MHz) [err] 6.82 (d, ArH),
6.83 (br.s, NH), 7.80 (d, 15 ArH 7.93 (t, A4), 8.05 (d, ArH) and 8.38
(d, ArH). Step 2: 5-(hydroxynethyl)-1.8-napht hosul tam

A sotution of 5-brono-1, 8-naphthosultam (0.5 g, 1.76 nmol ) in

aggy?r ous 2 ﬁte r gg%/ﬁh@;%gﬁétht ﬁgl/riﬁéthylﬁiéfclﬂbhﬂeﬁﬂﬂ WiSlodled oAf3 8P4 R4 mé_mc/)f R
[

1.6 Mol ution in Sashfgkeol m&'ﬁﬂbﬁa)g‘ﬁ/a@ &’&8@%‘”&93@ elfuteg ‘?ﬂthgt%s and t he
suspensi on was st imetbdnal{ nackhiylénsnehlotide),allesting 8 mlPfmationsr Fuadtichs
(0.317 g, 10.6 '2)-42 Réte €omBintd 4nd Evapsfatéd f’dgi\)wt_he title Ebﬁﬁopﬁﬂ @6 anas
attached to thS %e V\ﬁa 61?,3% W|th a heat guh while a 25 ow stream -
of nitrogen wa 89 ( The gener at ed f or mal dehyde was
carried into the f‘lhbﬂMBr(EMS@-de.ﬁO(b 0 485 (@ CH,OH),t522 (ty CH-Ohe

connected to a Fir, e v Y efi of, \ an
additional 5 m nu%{gégﬂ é\fﬂ)xt?usrzewm@ﬂpe?mg\?gg rrgﬁ{ B.13 (d’%\lfan%at 82%%?&

stirred for 10 m Agueous hydrochloric acid (3 nL 30 of a 2 N
sol ution) was added and the clear suspension was stirred an

rcetate (50 ) er?t 3 SR Ae U1 BAOBHOMERAC. Y e
with saturated ag %?ﬁ#\@ﬂhmyd@e na ?Plﬁ’%ﬁr(o n®sium

sulfate, filtered Oﬁﬂmbbmmwydmfar&nll mk)awadumi(té)d svith Ny@s di ssol ved
WO 97/40048 Bis(trimethylsilyl)acetamide ((BSA), 0.49 mL, 1.98mhbf9 AiRH626
mixture was stirred at room temperature for 1 hour then evaporated.

15  The residual oil was dissolved in methylene chloride (1 mL) and was
filtered through silica gel 60 (2.5 g), eluting the silica with additional
methylene chloride (50 mL). The solvent was evaporated under vacuum -
and the residue was lyophilized from benzene (3 mL) to give the title
compound as a white solid (0.20 g).

20 TH NMR (CDCls, 500 MHz) 8 0.19 (s, SiMes), 5.07 (s, CH>), 6.83 (d,
ArH), 6.87 (br.s, NH), 7.50 (d, ArH) 7.78 (t, ArH), 7.95 (d, ArH) and
8.26 (d, ArH).

PREPARATIVE EXAMPLE 2
25 SYNTHESIS OF 5-(2-(TRIMETHYLSILYLOXY)-ETHYL)-1.8-

NAPHTHOSULTAM

O(TMS)
O ethylene oxnde
BFa(OEt) s“;’:'; o
N_S“\O N—_S\O N_‘S\O

0



- 53 - i n 5% met hanol / net hyl ene chl oride and was | oaded onto a 24 x

4.5 cm silica gel“colum (silica gel 60, packed/ |oaded/ eluted with
5% met hanol / met hyl ene chloride), collecting 8 nL fractions. Fractions
12-42 were conbi ned and evaporated to give the title conpound as a 5
white solid (Wodtos - [err]H NVR (DVSO-d[err], 500 Miegrisvriogs2é. 85
(d, CHerr]OH, 5. 22 (t, CHerr]OH, 6.82 (d, ArH), 7.52 (d, ArH),
7.83 (t, ArH, 8.13 (d, ArH and 8.38 (d, ArH). 10 Step 3:
5-(trinmethylsilyloxymethyl)-1, 8- napht hosul t am A sol ution of

5- (hydroxynet hyl )- 1, 8- napht hosul tam (0. 185 ,94 0.79 mml) in
tetrahydrofuran (1 rrL) was treated with N, 07 ~

Bi s(trlmethylsHyI)acetam de ((BSA) 0.49 nm., 1.98 nmmol). The m xt ure
was stirred at u;. L 1N alnQr at ed. 15 The

residual oil was?* o

filtered through sili é\asrgbnoacpf(%bsor@p-l&mpmlgos @ml(zhﬁcg\, 2idmmel t i onal
m%'fél h%'LgnreeglhldSre | 48 Sahlﬁ dfﬂﬁsl tle;%n dﬂiﬂdﬁﬁi Mﬁw\mef mtasgdnlnd@g cbél‘c;ﬂllﬂ 2
ggrrpound as a V\/nv(\ﬁ!z] %?O&Si ej &3@\#‘( ?%ﬁ‘:qL )
[err] 0.19 (s) Sihesares, )28 mmo (w,aq over,7 miggtes and the %uqun)uomww
'(A\ PL{) s, NH), 7.50 stigrednidditiéBak 8 mlﬁbt@s; An %‘icé@h of“étﬁglc%@%xldc was- @@w()d
5- (2- (TRI NETHYL Slbﬁlﬂ’wm%fpﬁ 1x?ur§ SVer' s mifated I‘l?oron tnﬂuonc?e 'é{l:lera
NAPHTHOSULTAM  (0.26 milei2.11 mmol) was then added over 5 minutes. After an
additional 20 minutes, the reaction was quenched with the addition of
10 acetic acid (0.35 mL, 6 mmol). The mixture was partitioned between
ethyl acetate (100 mL) and water (100 mL). The ethyl acetate layer was
washed with saturated aqueous sodium chloride (50 mL), dried over
magnesium sulfate, filtered, and evaporated. The residual oil (0.7 g)
- was dissolved in 5% methanol/ methylene chloride and was loaded onto
15 a24x 2.75cm silica gel column (silica gel 60, packed/ loaded/ eluted
with 5% methanol/ methylene chloride), collecting 8 mL fractions.
Fractions 26-39 were combined and evaporated to give the title
compound as an oil (0.28 g).

1H NMR (DMSO-dg, 500 MHz) 6 3.22 (t, CH.Ar), 3.87 (t, CH,OH),
20 6.79 (d, ArH), 7.35 (d, ArH) 7.74 (t, ArH), 7.91 (d, ArH) and 8.21 (d,
ArH).

Step 2: 5-(2-(trimethylsilyloxy)-ethyl)-1.8-naphthosultam
A solution of 5-(2-(hydroxy)-ethyl)-1,8-naphthosultam
(0.09 g, 0.36 mmol) in tetrahydrofuran (1 mL) was treated with N,O-
25 Bis(trimethylsilyl)acetamide (0.223 mL, 0.90 mmol). The mixture was
stirred at room temperature for 20 minutes and was evaporated. The
residual oil was dissolved in methylene chloride (3 mL) and was filtered
through silica gel 60 (2.7 g), eluting the silica with additional methylene
chloride (50 mL). The solvent was evaporated under vacuum and the
30 residue was lyophilized from benzene (3 mL) to give the title compound
as a white solid (0.08 g).
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- 54 - Step 1. 5-(2-(hydroxy)-ethyl)- 1.8-naphthosultam A
sol ution of 5-brono-1, 8-naphthosultam (0.6 g, 2.11 mol) i n anhydr ous
tetrahydrofuran (10nL) under nitrogen was cooled in a dry ice/ acetone
bath. N-butyl Wwoéewsaems(3.3 nL of a 1.6 Msolution in 5 hexR(EQUSIHESE mol )
was added over 7 mnutes and the suspensi on was stirred an additional
8 m nutes. An excess of ethylene oxide was slowy bubbl ed into the

m xture over 5 mnutes. Boron trifluoride etherate (0.26 m., 2.11
nmml) was then added over 5 minutes. After angs _  additional 20 m nutes,
the reaction was quenched with the addition of 10 acetic acid (0.35 nm., 6
mol-). The m xture was partitioned between et hyl acetate (100 nmi) and

water (100 ni). The ethyl acetat epREPARWAIVE EXAREHIE 3w th saturat ed
aqueous sodi um chl or| ) 0 e ,
filtered, ' f’“ ﬁﬁg{}(ﬁ%amm in 5%

and evapor Ot

met hanol / et hyl ene chl ori de and was Ma 24 x 2.75cmsilica
gel colum (silica gel 60, packed/ |oaded/ el uted wi th 5% met hanol /
met hyl ene chl ori de), coqub@QaMng 8 nL fra Y. Fr ackgitaM26, 39 were
conbi ned and evapor gieg conpo n oi |_2ng. 28 0)
[err]H NVR ( DMSO- d6 , CHazAr),

20 6.79 (d, ArH, ¥ ArH, 7.9 rH) qm 21 (d

d, ARy, 7. ™ d,
ArH) . Step 2: 5- (2 (tr| met hyI5|IyI GsPx®t hyl ) - JSOQKQapht hosul't
A sol ution of 5-(2-(hydroxy)-ethyl)-1, 8-naphthosultam % (0.09 g, 0 36
mmol ) in tetrahydrofuran (I nL) was treated with N, O %

Bis(trinethylsilyl)acet am de &0 Zgg @HCQMQO mml ). The m M&;M\é\as

Dllute Hgs O, _ POCI3
110 T 1woc 100°C
%

NO, 303H SOaH “NHz SN

70:30 + minor isomers

CHyCOxMe CH,CHyOH CH3CH,O0TMS
LAH BSA
— quant.
N——‘S
% n‘ i o
. 0

W

Step 1: potassivm I-(methoxycarbonylmethyl)-4-naphthalene sulfonate
A solution of methy! 1-naphthaleneacetate (1 mL, 5.77 mmol)

in carbon tetrachloride (1 mL) was cooled under nitrogen in an ice

bath. Chlorosulfonic acid (0.38 mL, 5.7 mmol) was added dropwise

over 8 minutes. After an additional 30 minutes, the viscous mixture

10  was removed from the bath and was stirred at room temperature for
17 hours to give a white solid. The solid was partitioned between
methylene chloride (5 mL) and water (5 mL). After filtering through
solka-floc, the methylene chloride layer was extracted with more water
(2 x 5 mL), and the combined aqueous extracts were basified with

15 potassium carbonate to give a precipitate. The suspension was

concentrated to approximately 5 mL and was cooled in an ice bath.

The suspension was then filtered and the collected solid was washed



stirred at roomtenperature for 20 m nutes and was evaporated. The

residual oil was dissolved in nethylene chloride (3 nmL) and was filtered
through silica gel 60 (2.7 g), eluting the silica with additional nethylene
chloride (50 nlL). The solvent was evaporated under vacuum and the 30
resi due was womRod48zed from benzene (3 nlL) to give the ti tHornuseTwsezénd

as a white solid (0.08 g). WO 97140048

PCT/ US97/ 06626 55
PREPARATI VE EXAVPLE 3 SYNTHESIL.S OF

4- (2- (TRI METHYLSI LYLOXY) - ETHYL) - 1. 8-

NAPHTHOSULTAM -6 -

with cold water (2 mL). The solid was dried under a stream of
nitrogen to give the title compound as a white solid (0.84 g).

IH NMR (DMSO-ds, 500 MHz) 6 3.73 (s, OMe), 4.27 (s, CH,Ar), 7.53
(d, ArH), 7.71 (t, ArH) 7.76 (t, ArH), 8.06 (d. ArH), 8.10 (d, ArH) and
5 8.73 (d, ArH).

sulfonate (10 g, 31.4 mmol) was added portionwise over 30 minutes to
90% nitric acid, which was cooled in a methanol / ice bath to approxi-

10  mately -15°C. After 2 hours, the bath temperature had reached -10°C
and diethyl ether (200 mL) was added to the mixture. The precipitated
solid was filtered, washed with ether (100 mL) and isopropanol (20
mL), and dried under a stream of nitrogen to give the title compound
as an approximately 70:30 mixture of the 5- and 8-nitro isomers

15 (approximately 12 g).

IH NMR (D,0, 500 MHz) & 3.69 (s, OMe), 4.30 (s, CH,Ar), 7.67 (t,
ArH), 7.71 (d, ArH) 8.18 (d, ArH), 8.29 (d, ArH) and 8.33 (d, ArH).

sulfonate

20 1-(methoxycarbonylmethyl)-5-nitro-4-naphthalene sulfonic
acid (2 g, 6.15 mmol) was dissolved in water (20 mL), containing 0.5
mL concentrated sulfuric acid, and was added dropwise over 5 minutes
to a refluxing suspension of iron (4 g, 71.6 mmol) in water (100 mL).
After reﬂuxing for one hour, the dark mixture was cooled to room

25 temperature, made basic with sodium carbonate, and concentrated to
approximately 30mL. The residual mixture was placed on a CG-161
amberchrom resin column (2.5 x 30 cm). The column was washed with
water (200 mL), 10% MeCN/ H.0(200 mL), and 25% MeCN/ HO (400
mL), collecting 25 mL fractions. Fractions 21-28 were combined and

30 evaporated to give the title compound as a dark solid (0.675 g).



[err] 5 Step 1: potassium 1-(methoxycarbonyl net hyl) - 4- napht hal ene
sul fonat e A sol ution of nethyl 1-naphthal eneacetate (1 nm, 5.77
nmol ) in carbon tetrachloride (1 nm.) was cool ed under nitrogen in an
i ce bat h. Chlorosul fonic acid (0.38 nL, 5.7 nmol) was added dropw se
over 8 m nut eNOIFOME an additional 30 minutes, the viscous ROTXUSITMG620 was
renoved fromthe bath and was stirred at roomtenperature for 17 hours
to give a white solid. The solid was partitioned between nmet hyl ene
chloride (5 nL) and water (5 nL). After filtering through sol ka-fl oc, .
t he met hyl ene chl oride | ayer was extracted\M§f1pDre wat er (2 x 5nm),
and the conbi ned aqueous extracts were basifi'ed with 15 potassium
carbonate to give a precipitate. The suspensi on was concentrated to
appr oxi mtely 5 rrhmmMRaiD@,Osmﬁ 'Hffaaiw LBNte) 418@3%;8];‘1 nEHRNJNAS
filter n Y ' 3 S )04 ’
hen 711 and {38, GPLLSR At AT (A4S (. k) o B s
cold water (2 nL)._ The solid was dried]under a §trean1of nitrogen to

give the title comieRat ad sultére
nal4.53 (d
Jgming4- ’

%‘??ﬁ] _1—|) and 5

2 ML)

(DVBO-d[err], 500 Miz) [err$odiuh? 1¢@nethRycarboryirhéthy

o &R 5™ aphdalhe duiterlaid (0.878'%, 13 mimény was sus@eﬁde in

1- (et hbxycar bony phesplyonous -axiychloridenGithgh65 2rmamalybhdnwas sefluked for
Pot assi um 1- (met h@pygi teogive Fethiy suspbrdit) { TRE $Mi%ture was cooled to room

temperature and was partitioned between ethyl acetate (100 mL) and
water (100 mL). The water layer was extracted with ethyl acetate (50
10 mL)and the combined ethyl acetate layers were washed with saturated
aqueous sodium chloride (100 mL), dried over magnesium sulfate,
filtered and:evaporated to give the title compound as a solid (0.55 g).

H NMR (CDCl, 500 MHz) 8 3.72 (s, OMe), 4.15 (s, CH,Ar), 6.86 (br
s, NH), 6.97 (d, ArH), 7.60 (t, ArH) 7.67 (d, ArH), 7.71 (d, ArH) and
15 17.95 (d, ArH).

Step 5: 4-(2-(hydroxy)-ethyl)-1 .3-naphthosultam

A: solution of 4-(methoxycarbonylmethyl)-1,8-
naphthosultam (0.2 g, 0.72 mmol) in tetrahydrofuran (2 mL) was
cooled under nitrogen in an ice bath. Lithium aluminum hydride (1.44

20 mL of a 1.0 M solution in THF, 1.44 mmol) was added over ! minute to
give a light yellow suspension. After 30 minutes, water was carefully
added and the mixture was partitioned between ethyl acetate (30 mL)
and IN hydrochloric acid (10 mL). The aqueous layer was extracted
with ethyl acetate (50 mL) and the combined ethyl acetate layers were

25 washed with saturated aqueous sodium chioride (10 mL), dried over
magnesium sulfate, filtered and evaporated. The residual solid (0.1 6g)
was purified by preparative thin layer chromatography (2 x 1000
micron silica gel plates, developed/ eluted with 5% MeOH/CH,Cl,) to
give the title compound as a solid (0.127 g).

30 'H NMR (0.14 mL CDCl;and 0.01 mL CD;OD, 500 MHz) & 3.33 (t,
CH,Ar), 3.91 (t, CH,OH), 6.84 (d, ArH), 7.49 (dd, ArH) 7.59 (d, ArH),
7.59 (d, ArH) and 7.83 (d, ArH).



sul fonate (10 g, 31.4 mmol) was added portionw se over 30 minutes to

90% nitric acid, which was cooled in a nethanol / ice bath to approxi- 10
mately -15C. After 2 hours, the bath tenperature had reached -10[err]C
and diethyl ether (200 nL) was added to the mi xture. The precipitated
solid was filwewwsossvashed with ether (100 nlL) and i sopropapetmsedfies2e
m.), and dried under a streamof nitrogen to give the title conpound

as an approximately 70:30 m xture of the 5- and 8-nitro isonmers 15

(approxi mately 12 g). [err]H NNR (D[err]0, 500 MHz) [err] 3.69 (s,
Owve), 4.30 (s, CH[err]Ar), 7.67 (t, Arl-g 7.71 (d, ArH, 8.18 (d,
ArH), 8.29 (d, ArH and 8.33 (d, ArH). gStep 3: sodium 1l

(ncet hoxycar bonyl et hyl ) - 5 - am no- 4- napht hal ene sul fonate 20
- (et hoxycar bogyl h Su oniﬁ, acid (2 g,
6 15 mmol ) was d F- suiam -y

concentrated sul furic aci dN QrBistrimethyds ldéetpmide(@ drmb., hiHummol) was t o a
refluxi ng suspengyged @b al «rdmnéﬂom le(l@dmy)-etuylmtsahaﬁﬂ@ﬁsﬁk:lm (0.125 After

erporature.  maaé Do mepPndlslpalivitourmh il LS At BPus the mixture
appr oxi mat el y530was eMaporased emduhwmdue wmsi:maiwﬂlmmeahﬁemaehlonde 2

r
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evaporated to gi vesidue wastlyopbiizedufiwonabenzeter (3 sil)ito give S tig. Wo
97/ 40048 compound as an ofl (0.16 g, quan.), PCT/ US97/ 06626

- 57 - [err]H NVR (D[ err] 0, ) 8 3.64 (s. Ow), 4.18 (s,

GH2Ar), 7. 04199 1H NMR (CDCl, 500 MHz) § 0.035 (s, TMS), 3.37 (t, CH:Ar), 3.94 (t,
CH,O(TMS)), 6.95 (d, ArH), 7.56 (dd, ArH) 7.64 (d, ArH), 7.71 (d,

ArH) and 7.92 (d, ArH).
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ArH), 7.38 (d, ArH). 7.41 (d, ArH), 7.45 (t, ArH and 8.22 (d, ArH).
Step 4. 4-(nethoxycarbonyl net hyl)-1. 8- napht hosul t am
Sodi um 1 - (et hoxycar bonyl met hyl ) -5-am no-4- 5 napht hal ene sul fonate

(0.675 g, 2.13 mmol) was suspended in phosphor ous oxychl oride (10 g,
65.2 Mol ) andWQe3/4pd8 | uxed f or 1 hour to give a thin sPCPpRISEING6R6 The
m xture was cooled to room tenperature and was partitioned between

et hyl acetate (100 ni) and water (100 nlL). The water |ayer was
extracted with ethyl acetate (50 10 nlL) and the conbined ethyl acetate

| ayers were washed with saturated aqueogg sodium chloride (100 ni),
dried over nagnesi um sul f ate, filtered and evaporated to give the
title conpound as a solid (0.55 Q). [err]H NVR (CDCl[err], 500 MHz)

,[Aelr—i)r] 3 gg Ets SVESte 4.: 1potaSsiufe 1] Srbindy-4 éi¥sulfonate S gNH)d 6A97 (d,
r r , 7. oI

Step 5. 4-(2-(hydrox ) eth IA) aopf %Ppﬁ 539 W
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mol) in tetrahydr@ﬁwmfmf&umahml mL, lS?Qiu%l}'Wﬂ%dﬂé&rd? 1serb\?é'? zote
bat h. L|th|um§umnu on in

h
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After 30 minutes, mmavedfroncthecicelbath and wagigtitredrad robm temperaturedor

lroril;t i oned bet vecrs Bblid toagiob a fre @g&m@) The mixde Wit Hﬂftmx%étﬁe@ﬁ;g S0
ueou

t he conbi ngd et hyl™ é@%’ﬂ ﬁ?’?@‘?sﬁ L’)@"&%@‘ﬁé@%ﬂﬁ“ PEOWY, IAYSTIs

sodi um chl ori de ( 1Wasima echaﬁijﬁhmotassmmrmdnmﬁmuand the pesaltirig suspensioand

evapor ated. Thg re@aﬁﬁﬂereiplrﬁe cBlldctéd)solid waé/varaswéfq wi %]e | é‘em'b?ifdeve

thin layer chromat

devel oped/ el uted Eé%’be%&%@ﬁ%bﬁf@r&qr'?g% der vac tgd\ée fliec tide
conpound as a sol iabnipourlagp whig0solid(3Q g, 6F%)( 0. 14 ni CDCI [err] and 0.01

m. CDO{err]OD, 500 MHz) [err] 3.33 (t, CH err]Ar), 3.91 (t, CHerr]OH),
6.84 (d, ArH), 7. 49 NMR @MSG-&9500 MAZYS 7.61 (m, AR, (msﬁthArmdmg%
(d, ArH). (m, 2ArH), 8.14 (dd, ArH), and 8.90 (dd, ArH).

15

Potassium l-bromo—4-naphthalenesulfonate (1.38 g, 4.24

mmol) was added portionwise over 20 minutes to 90% nitric acid (2
mL), which was cooled in a methanol/ ice bath to approximately -15°C.
After 1.5 hours, the mixture was placed in a refrigerator for 20 hours.

20 Diethyl ether (20 mL) was added and the precipitated solid was filtered,
washed with ether (100 mL) and isopropanol (20 mL), and dried under
a stream of nitrogen to give the title compound as an approximately 4:1
mixture of the 5- and &-nitro isomers (1.25 g).

'H NMR (D0, 500 MHz) § 7.70 (dd, ArH), 8.09 (d, ArH), 8.20 (d,
25 ArH) 8.21 (dd, ArH), and 8.63 (d, ArH).

Step 3: sodium -bromo-5-amino-4-naphthalenesulfonate
1-Bromo-5-nitro-4-naphthalenesulfonate (1 g, 3.0! mmol)
and tin chloride dihydrate (1.83 g, 8.1 mmol) were suspended in a
mixture of water (10 mL) and ethanol (10 mL). The resulting mixture
30 was heated for 3 hours in a 100 °C oil bath. The mixture was cooled to
room temperature and filtered. The collected solid was suspended in
water (20 mL) and the mixture was made basic with sodium carbonate
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-58 - Step 6: 4-(2-(trinethylsilyoxy)-ethyl)- 1 .8-naphthosultam
N, O Bistrinmethylsilylacetamde (0.31 nL, 1.25 nmol) was added to a
solution of 4-(2-(hydroxy)-ethyl)- 1 ,8-naphthosultam (0.125 g, 0.50
mmol ) in tet wpdpysldodgur an (1 nl). After one hour the m Xt ur epcrusdibes6
evaporated and the residue was di ssolved in nethylene chloride (2 m)
and filtered through silica gel (2.5 g). The silica gel was el uted W th
met hyl ene chloride (50 nL), the solvent was evaporated and the resi due
was | yophilized frombenzene (3 nL) to give jhe title conmpound as an
oil (0.16 g, quant.). 10 J[err]H NWR (CDCIT®fr], 500 MHz) [err] 0.035 (s,
TVS), 3.37 (t CH2Ar), 3.94 (t CHerr]OTM5)), 6.95 (d, ArH), 7.56

(dd, ArH), Ak and 7 ArH) .
PREPARATI VE EXAMQ;E“E‘ ﬁf“fﬁb on'a @%\‘%‘I‘kﬁgp R’é‘ﬂl&? SES L)-1
. 8- column was washed\withTwarewi( m[mL) and was eluted with 25%
MeCN/ H,0, collecting 12 mL fractions. Fractions 17-19 were

combined and evaporated to give the title compound as a solid (0.33 g).

5 1HNMR (D,0, 500 MHz) & 7.07 (dd, ArH), 7.49 (t, ArH) 7.83 (d,
ArH), 7.85 (dd ArH) and 8.08 (d, ArH).

tep 4: 4- -1.8-naphthosultam
Sodium 1-bromo-5-amino-4-naphthalenesulfonate
(1.2 g, 3.70 mmol) was suspended in phosphorous oxychloride (10 mL,
10 107 mmol) and the mixture was refluxed for 1 hour to give a thin
suspension. The mixture was cooled to room temperature and was
added to ice (100 mL). The precipitate was collected and washed
with water (20 mL) then dried under vacuum (0.675 g). A second crop
was obtained from the filtrate (0.186 g). The combined solids were
IS dissolved in 5% methano! in methylene chloride and were placed on a
silica gel column (29 x 3.5cm, packed and eluted with 5% methanol in
methylene chloride), collecting 8 mL fractions. Fractions 27-39 were
combined and evaporated to give the title compound as a solid (0.55 g).

IH NMR (0.14mLCDCland 0.01mL CD;0D, 500 MHz)  6.89 (d,
20 ArH), 7.58(dd ArH) 7.68 (d, ArH), 7.73 (d, ArH) and 7.95 (d, ArH).

Step 5: 4-formyl-1.8-naphthosultam
A solution of 4-bromo-1,8-naphthosultam (0.24 g, 0.845

mmol) in anhydrous tetrahydrofuran (§ mL) was cooled in a dry ice/
acetone bath under nitrogen. n-Butyllithium (1.32 mL ofa 1.6 M

25 solution in hexanes, 2.11 mmol) was added and the mixture was stirred
for 5 minutes. Ethyl formate (1 mL, 12.4 mmol) was then added, and
after an additional 5 minutes, 2N aqueous hydrochloric acid (3 mL)
was added. The flask was removed from the bath and the yellow
solution was partitioned between ethyl acetate (30 mL) and water

30 (30 mL). The ethyl acetate layer was washed with saturated aqueous
sodium chloride (20 mL), dried over magnesium sulfate, filtered, and
evaporated. The residual oil was purified on preparative silica gel



[err] WO 97/ 40048

PCT/ US97/ 06626 - 59 - “Step
1. potassium 1l -bronp-4-napht hal enesul fonate A sol ution of
1- bronmonapht hal ene (19 nL, 137 mmol) in carbon tetrachloride (24 nli)
was cool ed i n V¥974¥8¥8pat h under nitrogen. Chl or osul f oni RCHEH0G626 1 i,
137 mmol ) was added dropwi se over 20 5 mnutes. After an additional 5

m nut es, the heavy grey suspensi on was renoved fromthe ice bath and
was stirred at roomtenperature for - 16 hours to give a grey paste. -The
m xture was partitioned between et hyl engy chl oride (100 ni) and water
(300 nL). The aqueous | ayer was made basic with potassium carbonate

and the resulting suspension 10 was filtered. The collected solid was

Wazhed W t h n‘ft hy|p¢:nes ! bc;)r()(ll)?rmcron/ dede )Bd%ﬁd M@fveﬁr\:/{tﬁgmﬂhﬁﬂgl/dr I6€d
e R o, By Kheldribfige) to gfvBTE l*@% ?9#‘35&?%‘ af 284 D@ s &)
e 3t I NIRRT, S0P 0B (a, A, 798%dd, Akl 8512 (o

1- br ond- 4- napht halAxkey & 30(daeH) 1838 @, ArB¥and 10.57®ICH®s added
portionw se over 20 mnutes to 90%nnitric acid (2

S Step 6: 4-(hydrox -1 sultam
A solution of 4-formyl-l,8-naphthosultam (0.035 g, 0.15

mmol) in anhydrous methanol (1 mL) was cooled in an ice bath under
nitrogen. Sodium borohydride (0.011 g, 0.3 mmol) was added and
the solution was stirred for 30 minutes. The mixture was partitioned

10 between methylene chloride (10 mL) and 0.2N aqueous hydrochloric
acid (10 mL). The aqueous layer was extracted with 5% methanol in
methylene chloride (2 x 10 mL), and the combined organic layers were
evaporated to give the title compound as a yellow solid (0.032 g). -

'H NMR (0.14mLCDCland 0.01mL CD;0D, 500 MHz) & 5.13 (s,
15 CH->OH), 6.85 (d, AtH), 7.50 (dd, ArH), 7.57 (d, ArH), 7.82 (d, ArH)
and 7.88 (d, ArH).

Step 7: 4-(tri ilyloxymethyl)-1.8-naphthosultam
A solution of 4-(hydroxymethyl)-1,8-naphthosultam
(0.032 g, 0.136 mmol) in tetrahydrofuran (0.5 mL) was treated with
20 N,O-Bis(tn'methylsilyl)acetamide (0.084 mL, 0.34 mmol). The mixture
was stirred at room temperature for 45 minutes and was evaporated.
The residual oil was dissoived in methylene chloride (1 mL) and was
filtered through silica gel 60 (1 g), eluting the silica with additional
methylene chloride (50 mL). The solvent was evaporated under vacuum
25 and the residue was lyophilized from benzene (3 mL) to give the title
compound as a white solid (0.037 g).

H NMR (CDCls, 500 MHz) 8 0.23 (s, SiMes), 6.78 (brs, NH), 5.23 (s,

CH»), 6.97 (d, ArH), 7.58 (dd, ArH) 7.64 (d, ArH), 7.90 (d. ArH) and
7.97 (d, ArH). '



m.), which was cooled in a nethanol/ ice bath to approximately -1 5[err]C.
After 1.5 hours, the mxture was placed in a refrigerator for 20 hours. 20
D ethyl ether (20 nL) was added and the precipitated solid was filtered,
washed with ether (100 nL) and isopropanol (20 niL), and dried under a
stream of ni twograoedso gi ve the title conpound as an appr oxi peiresosoés2d

m xture of the 5- and 8-nitro isoners (1.25 ). [err]H NMR (D20, 500
MHz) [err] 7.70 (dd, ArH), 8.09 (d, ArH), 8.20 (d, 25 ArH. 8.21 (dd,
ArH), and 8.63 (d, ArH). Step 3: sodium|l

- br ono- 5- am no- 4- napht hal enesul f onat e

1- Br ono- 5- ni t ro- 4- napht hal enesul fonate (1 g,623.'01 nmol ) and tin
chl.oride di hydrate (1.83 g, 8.1 nmol) were suspended in a m xt ure of

water (10 nmL) and ethanol (10 mi, % 30 was heated for
3 hours in a 100[err] C oil bath.m}%_ vl to room
temperature and fi WE Y. PrlrYL)- ter
(20 nl) and the m xture was nade baNAPHTHOSUIIDAM ar bonat e WO

97/ 40048 PCT/ US97/ 06626

- 60 - hen placed on a CG 161 anberchromresin colum (3 x 9 cm.
The col umm was washed with water (300 nL) and was eluted with 25%
MeCN H20, collecting 12 nmL fractions. Fractions 17-19 were conbi ned
and evaporated to give the title conpound as a solid (0.33m50 5 [err]H
NVR (D{err]0, 500 MHz) [err] 7.07 (dd, ArH), 7.49 (t, ArH), 7.83 (d,

ArH), 7.85 (dd ArH) and 8.08 (d, ArH). Step 4.
4- brono- 1. 8- napht hosul t am CH,CH,CO,Me

6 steps; see
-
Prep. Ex. 3

,N"?,’e
H o009

10

naphthosultam
By substitution of methyl 1-naphthalenepropionate for

methyl 1-naphthaleneacetate in the procedure of Preparative Example 3,
4-(3-trimethylsilyloxyprop-1-yl)- 1,8-naphthosultam is prepared.

15
EXAMPLE |
SYNTHESIS OF (15.5R.68)-2-(5-(((CA MOYIMETHYL)-1.4-
DIAZONI CLO T-1- ETHYL)1.8-

NAPHTHOSULTAMMMETHYL)-6-[{1(R)-HYDROXYETHYL]-1-
20 METHYLCARBAPEN-2-EM-3-CARBOXYIL.ATE CHLORIDE



Sodi um 1- br ono- 5- am no- 4- napht hal enesul f onat e (2.2 g, 3.70 mol ) was
suspended i n phosphorous oxychloride (10 niL, 10 107 mmol) and the m xture

was refluxed for 1 hour to give a thin suspensi on. The m xture was
cooled to roomtenperature and was added to ice (100 nL). The
precipitate wa¥WoBMHMEt ed and washed with water (20 nl) PCRERI66260
under vacuum (0.675 g). A second crop was obtained fromthe filtrate
(0.186 g). The conbined solids were 15 dissolved in 5% nethanol in

met hyl ene chl oride and were placed on a silica gel colum (29 x 3.5cm.
packed and eluted with 5% nmet hanol in negfyl ene chloride), collecting
8 nL fractions. Fractions 27-39 were conbi ned and evaporated to give
the title conpound as a solid (0.55 Q). [err]H NMR

(0.214nmL.CDCl [err]and 0.0l nL CD[err]OD, 500 MHz) _Jerr] 6.89 (d, 20 ArH),
7.58(dd ArH) 7.68 (d, ArH), 7.73 (d, ArH and[7.95 (d, ArH). Step 5:
4-fornyl- 1 8naphthosu|tam A sqlution of

4- br ono- 1, 8- napht hosul tam (0. 24 ~0.845 i n anhydrous
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washed with saturated agueous sodi um chl ori de 20 m), dried over
magnesi um sul fate, filtered,®and evapor at ed. Zhe_rwgi dual oil was
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plates (3 x 1000 m cron/ devel oped and eluted with 5% net hanol /
nmet hyl ene chloride) to give the title conpound as a red solid (0.035 g).
[err]H NVMR (CDCl[err], 500 MHz) [err] 7.09 (d, ArH), 7.78 (dd, ArH 8. 12

(d, ArH), 8.30(d, ArH, 8.70 (d, ArH) and 10.5 (s, CHO. 5 Step 6:
4- (hydr oxynmetyglbd/s08483- Napht hosul t am A sol pé&Trosreése
4-fornyl -1. 8-napht hosultam (0.035 g, 0.15 nmol ) i n anhydrous net hanol
(I m.) was cooled in an ice bath under ni trogen. Sodi um bor ohydri de
(0.011 g, 0.3 nmol) was added and . the solution was stirred for 30
m nutes. The m xture was partitioned 10 bet\/\&fn met hyl ene chloride (10 ni)
and 0. 2N aqueous hydrochloric acid (10 The aqueous | ayer was
ext.racted with 5% net hanol in nmet hyl ene chI oride (2 x 10 nL), and the
conbi ned organic |ayers were evaporated to give the title conmpound as
a yellow solid ( ; . : d 0.0l nL
CDerr]OD, 500 3931 l.l l éﬂ ; %&ﬁ{%]—la‘grl—b 7.50 (dd,
myme " Noxyethyl]-1- Step 7:

ArH), 7.57 (d, Amp,;ma

thviiaih bl w“ tm 7 A sol ution
f 4-(hyd T T e ¥ ‘
'?et ragyér{)?ﬁygﬁ (% L 7;8 \?\Z : @Qﬁé‘ﬁ%‘ﬁ‘éb&%‘@% 2 (hgd}é’?ymﬁ)'l "
NO- Bi s(tri met iyl ﬁ-[&(@ alyloxyearhanybpxyethyl]r Ismethydcgrbaper-2resoc 3 e was
Ces! dual “of | vas oot (009, B40 Bhop ”‘ﬂ“mi’qﬁiﬁimm‘ yD-18 The
filtered through n?PF' *“S‘g‘f“ @bﬂﬁ‘%&yh%m )taﬂg t&ﬁl’iheB IR%OQRH\@EO(O 99Jn§1
met hyl ene chl ori d36%onmb)). mmtambmdnﬁnramhk aubporonled inaudee batu a5  and
the residue was Iauaeb dleth@@hzfoaitmrb@ﬂy RS (DEAT) 095%@ 0*369tmiﬂ<ﬂ) After

conpound as

fert] 0.23 (30 SO't'f’? “gmgg‘"g s pypitiopS4 pefureb ey kgl 120 A7,
ArH), 7.58 (dd, /anld)wateﬁ 20 anL) Bhe watso layer was-gxtzanted with gthyt agetaten H) |
30 (10 mL) and the combined ethy] acetate layers were washed with

saturated aqueous sodium chloride (20 mL), dried with magnesium

suifate, filtered, and evaporated. The residual oil was purified by

15 preparative thin layer chromatography (3 x 1000 micron silica gel
plates, developed/ eluted with 5% EtOAc/CH,Cl,) to give the title
compound as an oil (0.134 g). |

IH NMR (CDCl;, 500 MHz) 6 0.18 (s, TMS), 1.31 (d, 1-CH3), 1.46 (d,
CH3;CHO(ALLOCQ)), 3.38 (dq, H-1), 3.45 (dd, H-6), 4.17 (dd, H-5),

20 4.60 and 4.89 ( 2m's, 2CHyvinyl), 5.07 (s, CH,0), 5.13 (dg, H-R), 5.26,
5.34, 5.36 and 5.53 (4m's, 4 vinyl H's), 4.68 and 5.39 (2d's, CH;N),
5.91 and 6.05 (2m's, 2CH,vinyl), 6.67 (d, ArH), 7.49 (d, ArH), 7.83
(dd, ArH), 8.02 (d, ArH) and 8.33 (d, ArH).

Step 2: allyl (15.5R.65)-2-(5-(hydroxymethyl-1.8-
25 naphthosultam)methyl)-6-[1(R)-(allvloxvcarbonyvl ethyll-1-

methylcarbapen-2-em-3-carboxylate
To a solution of allyl (15,5R,65)-2-(5-
(trimethylsilyloxymethyl-1,8-naphthosultam)methyl)-6-[1(R)-
(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate
30 (0.068 g, 0.104 mmol) in a mixture of tetrahydrofuran (1 mL) and
water (0.5 mL), was added 1N aqueous trifluoromethane sulfonic acid
(0.02 mL, 0.02 mmol). After 5 minutes the mixture was partitioned
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PREPARATI VE EXAMPLE 5 SYNTHESI S OF 4-( 3- TRI METHYLSI LYLOXYPROP- |
-YL)-1. 8- NAPHTHOSULTAM 5

TMSO [err] 10 Steps 1-6 Synthesis of

4- (3-trimet hywo $deo8ypr op- 1-yl )-1. 8 - napht hosul t an PCT/US97/0662%,
substitution of nmethyl 1 -naphthal enepropionate for nmet hyl

1- napht hal eneacetate in the procedure of Preparative Exanple 3,
4-(3-trinmethylsilyloxyprop-1-yl)-1, 8-naphthosultamis prepared. 15
EXAMPLE 1 SYNTHESI S OF (1S.5R 6S)-2-( 5-_&{5( CARBAMOYLMETHYL) - 1, 4-

DI AZONI ABI CYCLO 2. 2. 2] OCT- 1 -YL) METHYL) ( 1, 8-

NAPHTHOSULTAM METHYL) - 6-[ 1 (R)- HYDROXYETHYL] - 1-
between methylene chloride (5 mL) and 5% aqueous bicarbonate (5
mL). The water layer was extracted with methylene chloride (5 mL)
and the combined methylene chloride layers were dried with magnesium
sulfate, filtered and evaporated to give the title compound as an oil (0.06
5 g, quant).

1H NMR (CDCl,, 500 MHz) o 1.31 (d, 1-CH3), 1.45 (d,
CH3CHO(ALLOC)), 3.38 (dq, H-1), 3.45 (dd, H-6), 4.16 (dd, H-5),
4.59 and 4.89 ( 2m's, 2CH,vinyl), 5.08 (m, CH,0), 5.13 (dq, H-8),
5.26, 5.34, 5.36 and 5.53 (4m's, 4 vinyl H's), 4.68 and 5.41 (2d's,

10 CH,N), 5.91 and 6.05 (2m’s, 2CH,vinyl), 6.67 (d, ArH), 7.50 (d, ArH),
7.85 (dd, ArH), 8.03 (d, ArH) and 8.41 (d, ArH).

Step 3: allyl (15.5R.65)-2-(5-(iodo 1-1.8-naphthosultam)methyl)-
6-[1(R)-(allyloxycarbonylloxyethy!l-1-methylcarbapen-2-em-3-
carboxylate

15 To a solution of allyl (15,5R,6S)-2-(5-(hydroxymethyl-
'1,8-naphthosultam)methy1)-6-[ 1(R)-(allyloxycarbonyl)oxyethyl]-1-
methylcarbapen-2-em-3-carboxylate (0.12 g, 0.206 mmol) in
dichloromethane (4 mL), cooled in an ice bath under nitrogen, was
added triethylamine (0.05 mL, 0.361 mmol) followed by methane

20 sulfonyl chloride (0.024 mL, 0.31 mmol). After 20 minutes, additonal
triethylamine (0.025 mL, 0.18 mmol) and methane sulfonyl chloride
(0.012 mL, 0.16 mmol) were added. After an additional 50 minutes,
still more triethylamine (0.05mL, 0.36mmol) and methane sulfonyl
chloride (0.024mL, 0.31mmol) were added. After a total of 90 minutes

25  the mixture was partitioned between methylene chloride (30 mL) and
0.1N aqueous hydrochloric acid (20 mL). The methylene chloride layer
was washed with water (80 mL), dried over magnesium sulfate and
evaporated. Examination of the residual oil by 'H NMR showed mostly
the chloromethy! derivative, with a trace of the expected mesylate. (The

30 tlc, 5% ethyl acetate/ methylene chloride, of the mesylate and the
starting alcohol are almost identical, apprx. R¢ of 0.2, with the
chloromethyl derivative at approximately 0.5. The addition of the
excess reagents was therefore unnecessary). The oil was dissolved in
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acetone (3 mL) then sodium iodide (0.093 g, 0.618 mmol) was added
and the mixture was stirred at room temperature for 3 hours. The
reaction mixture was partitioned between methylene chloride (20 mL)
and water (20 mL), the methylene chloride layer was washed with 5%
aqueous NaHSOs3, dried over magnesium sulfate, filtered and
evaporated. The residual oil was lyophilized from benzene (3 mL) to
give the title compound as a foam (0.132 g)

'H NMR (CDCl;, 500 MHz) & 1.30 (d, 1-CH3), 1.42 (d,
CH;CHO(ALLOC)), 3.40 (dq, H-1), 3.43 (dd, H-6), 4.18 (dd, H-5),
4.59 and 4.89 ( 2m’'s, 2CHa,vinyl), 4.88 (m, CH,0), 5.15 (dq, H-8),
5.26, 5.34, 5.36 and 5.53 (4m's, 4 vinyl H's), 4.65 and 5.55 (2d’s,
CH,N), 5.91 and 6.05 (2m's, 2CH,vinyl), 6.60 (d, ArH), 7.60 (d, ArH),

-7.95 (dd, ArH), 8.03 (d, ArH) and 8.37 (d, ArH).

Step 4: (1S.5R.68)-2-(5-(((carbamovimethyl)-1.4-

iazoniabicyclo[2.2.2]oct-1-yDmethvl)}(1.8-naphthosultam)methyl)-6-
1(R)-hydroxyethyll- 1 -methylcarbapen-2-em-3-carboxylate chloride
To a solution of allyl (1S,5R,65)-2-(5-(iodomethyl-1,8-

naphthosultam)methyl)-6-{ 1 (R)-(allyloxycarbonyl)oxyethyl]- 1-methyl-
carbapen-2-em-3-carboxylate (0.025g, 0.036mmol) in acetonitrile
(0.3mL) was added 1-carbamoylmethyl-4-aza-1-azoniabicyclo[2.2.2]-
octane trifluoromethane sulfonate (0.012 g, 0.036 mmol) and silver
trifluoromethane sulfonate (0.036 mL of a 1.0M solution in acetonitrile,
0.036 mmol). The suspension was stirred for 40 minutes at room
temperature, filtered and evaporated. The residual oil was dissolved in
dimethylformamide (0.5 mL). The solution was cooled in an ice bath
and 0.5M sodium ethyl hexanoate in ethyl acetate (0.08 mL, 0.04 mmol)
and ethyl hexanoic acid (0.006 mL, 0.04 mmol) were added. The
solution was blanketed with nitrogen, using a Firestone valve, and
triphenylphosphine (0.003 g, 0.012 mmol) and tetrakis(triphenyl-
phosphine)palladium (0.014 g, 0.012 mmol) were added. After one
hour, diethyl ether (5 mL) was added and the supernatant was decanted
from the precipitate. The solid was washed with additional diethyl ether
(5 mL) and was dried under vacuum. The solid was dissolved in 1:}
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acetonitrile/ water (3 mL) and was loaded onto a Bio-Rad weak cation
exchange resin (3 mL, macroprep cm ion exchange resin, sodium
cycle). The column was washed with 1:1 acetonitrile/ water (2 mL) and
water (12 mL). The column was then eluted with 5% aqueous sodium
5 chloride, collecting 3 mL fractions. Fractions 1-5 were cooled in an ice

bath and were then loaded onto an amberchrom CG-161 resin (3mL).
The column was washed with cold de-ionized water (20mL) and was
eluted with 20% isopropanol in water, collecting 4 mL fractions.
Fractions 1-4 were combined and concentrated to approximately 1ImL

10 which was lyophilized to give the title compound (0.005 g). |

TH NMR (D,0, 500 MHz) & 1.16 (d, 1-CH3), 1.21 (d, CH;CHOH), 3.10

(dg. H-1), 3.42 (dd, H-6), 4.03 (dd, H-5), 4.18 (dq, H-8), 4.05 and 4.20

(2m, NCH,CH;N), 4.36 (s, CH,CONH,), 4.63 and 5.25 (2d's, CH;N),

5.20 (s, ArCH,), 6.89(d, ArH), 7.78 (d ArH), 7.99 (dd, ArH), 8.13 (d,
15  ArH) and 8.40 (d, ArH).



met hyl car bapen- 2- em 3- car boxyl at e To a solution of allyl
(1S,5R, 6S)-2-(hydroxynmethyl)- 5 6-[ 1(R)-(allyloxycarbonyl)oxyethyl]-

1- net hyl car bapen-2-em 3 - carboxylate (0.09 g, 0.246 mol),
5-(trinmethylsilyloxymethyl)-1. 8- napht hosul tam (0. 076 g, 0.246 mmol)
and tri phenyl wbemmeisre (0.097 g, 0.369 mml) in tetrahpdrofeeseas(1l. 5
m.), cooled in an ice bath, was added di et hyl azodi car boxyl at e ( DEAD)
(0.058 nmL, 0.369 Mol ). After 10 25 minutes the m xture was partitioned
bet ween et hyl acetate (20 nL) and water (20 nmL). The water |ayer was
extracted with ethyl acetate (10 nmL) angd, the conbined ethyl acetate

| ayers were washed with saturated aque sodium chloride (20 nL),
dri-ed with rmagnesi um sulfate, filtered, and evaporated. The residual

oil was purified by 15 preparative thmromt ography (3 x 1000
m cron silica gel pl at es, devel op wi th 5% Et OAc/ CH2Cl 2) to
give the title AR LRORI6 2 (34H3-HYDROXYPROP+)-Min-1.4-
(CDC [err], 500 MHz) [BDIAZONIABICY (I %g.m i - YILYMETH Y )(11846 (d,

o A d C
CrLert) ol A0 ) AU TP A SO 120,
5. 26, 5.84, 5. MELHYS L;.:h;f_‘z -2-EM34CAF 5335'1?5:; KHE O‘JLL' 2d' s,
CH2N) , 5.91 and 6.05 (2nms, 2CH err]vinyl), 6.67 (d, ArH), 7.49 (d,
ArH), 7.83 (dd, ArH), 8.02 (d, AtH) and 8.33 (d, ArH). Step 2:

allyl (IS 5R 6S)-2-(5-(hydroxynet hyl
(R -(all yl oxycar bonyl )gxyet hyl ] -

To a solution of allyl]j(1S, 5R, 6S)
, 8- napht hosul t am) nggdy
- et hyl car bapen- 2-em 3-cqr
of tetrahydrofuran (1
trifluoromethane sul fonic
the m xture was partitio

-1.8- 25 naphthosultamnethyl)-6-[ 1
nmet hyl car bapen- 2- em 3- car boxyl at e
(trimethylsilyloxynethyl- 1

| 'yl oxycar bonyl ) oxyethyl] -1
§0.068 g, 0.104 mml) in a mxture
Tel=00.5 nmj- e#as added 1N aqueous

(0.@ nml, ONORNTOT)OHAfter 5 minutes
1) AGOT! a7y

OR

o 2) Pd(Ph3)4 de-block
3) ion exchange/ cg-161 de-salting resin

l/\/j

@

N
N ©

To a solution of allyl (15,5R,65)-2-(5-(iodomethyl-
1 ,8-naphthosultam)methyl)-6-[1(R)-(allyloxycarbonyl)oxyethyl]-
1-methylcarbapen-2-em-3-carboxylate (0.035 g, 0.051 mmol) in
10 acetonitrile (0.3 mL) was added 1-(3-hydroxypropyl)-4-aza-1-
azoniabicyclo[2.2.2]octane trifluoromethane sulfonate (0.018 g, 0.056
mmol) and silver trifluoromethane suifonate (0.05 mL of a 1.0M
solution in acetonitrile, 0.05 mmol). The suspension was stirred for 45
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-65 - bet ween net hyl ene chloride (5 nL) and 5% aqueous bi carbonate (5
m.). The water |ayer was extracted with nethylene chloride (5 nli) and

t he conbi ned nethyl ene chloride |ayers were dried wi th rmagnesi um

sulfate, filtevedr4 evaporated to give the title conmpound ®BET/MHSI706626 (0. 06

5 g, quant). [err]H NVMR (CDCl[err], 500 WHz) [err] 1.31 (d,
1-CHerr]), 1.45 (d, CH[err]CHO(ALLOC)), 3.38 (dg, H1), 3.45 (dd,
H6), 4.16 (dd, HD5), 4.59 and 4.89 ( 2m's, 2CHerr]vinyl), 5.08 (m
CHerr]O, 5.13 (dg, H8), 5. 26, 534 5§6 and 5.53 (4m s, 4 vinyl
Hs), 4.68 and 5.41 (2d's, 10 CHerr]N), 9 and 6.05 (2m's, 2CH2vinyl),

6.67-(d, ArH), 7.50 (d, ArH), 785(dd ArH) 8.03 (d, ArH) and 8.41

8. napht hosul  am 1EENES Y *‘y“m(‘é%?g‘ﬁéﬁ Wit BuuengRitil, he eaiqug ol
- et hy1 car bapen- 2- ‘E?ﬁ solved m a@ﬁ B453)° e 1 g Pon of

al 'yl " (1S, 5R, 6S) - 2waScoolgdrinyaprice bath and 0.5M, %dnnpruthplshdmaommnre}hyLG [ 1
(R -(allyl oxycarb 'tét@(ﬁ ]0(14 Eﬁﬁ%lc%cgﬂ(?ﬂﬁéﬁ'ﬂﬂxﬁw e
L

(0.12 gy, 0.206 I'qr one Pane 0 n an i ce bath
under nit rogensrmvwg'é‘%n l?“ﬁft‘]ﬁé gﬁ‘ﬁyﬁ WHOR: "@ lFﬁ_teg(W‘ RILARZAN, USHE dned
by met hane 20 sul Firestone Malvei dnd(tﬁpﬁenlylpbosphlﬁ& (ﬁ]ﬁﬁB)g, ®o012mmolandit es,

addi t onal tri@ S, lﬂ)% A @ ) Lu,lgnyl
chiorie (o A IR T e

sul f onyl chl o‘rupémz(tmmmﬂecmtedlﬁrmhmmprempmted Thf sodid wak stashedf 90
oo 20 1" MO aadifiond icthiy) R ( Eg’c‘ﬁ il f“h@“ﬁ‘*’%ﬁéé b

| ayer was Was'??i'diswga [] §% 8](;il W r( n‘H @\éﬂm%ﬁﬂaﬂﬁge and
evapor at ed. Exami rmttocmBui Rtaldewca:ls Cation enclhartgg l[esm (3mllyRnadropesp cmsiohy

t he chl or onet hyl d@,{clh &@e rpﬁ?g n‘ﬁ(%ﬁtﬁﬂh@ﬁWitﬁtlel (The 30

tlc, 5% ethyl acet at e ene i’ and t
starting al cohol a&‘“é’n@ E‘h-t ‘!&g}yﬁ;?r @Soyé’e GRlumn Wés then

15 eluted W1th 5% aqueous sodium chloride, collecting 3 mL fractions.
Fractions 1-4 were cooled in an ice bath and were then loaded onto an
amberchrom CG-161 resin (3 mL). The column was washed with cold
de-ionized water (20 mL) and was eluted with 20% isopropanol in
water, collecting 5 mL fractions. Fractions 1-4 were combined and

20 concentrated to approximately 1 mL,which was lyophilized to give the
title compound (0.006 g).

—

IH NMR (D,0, 500 MHz) 6 1.16 (d, 1-CH3), 1.21 (d, CH3CHOH), 2.00
(m, ArCH,CH,CH;0H), 3.11 (dq, H-1), 3.42 (dd, H-6), 3.62 and 3.65
(m, ArCH,CH,CH,0H), 3.93 and 4.05 (2m, NCH,CH,N), 4.05(dd, H-5),

25 4.17 (dq, H-B), 4.36 (s, CH,CONH,), 4.63 and 5.26 (2d's, CH:N), 5.20
(s, ArCH,), 6.89(d. ArH), 7.78 (d ArH), 7.99 (dd, ArH), 8.15 (d. ArH)
and 8.40 (d, ArH).



chl oronmet hyl derivative at approximately 0.5. The addition of the
excess reagents was therefore unnecessary). The oil was dissolved in

WD 97/ 40048 PCT/ US97/ 06626
- 66 - acetone (3 nL) then sodiumiodide (0.093 g, 0.618 mml) was
added am 977300481 Xt ure was stirred at room tenperat ur e ¥oxrussdeers s. The

reaction mxture was partitioned between nethylene chloride (20 nm)

and water (20 nlL), the nethylene chloride | ayer was washed with 5% 5
aqueous NaHS(O err], dried over magnesiumsul fate, filtered and
evaporated. The residual oil was Iyophlllzedmfrom benzene (3 nL) to

give the title conmpound as a foam (0. 132 g) [err]H NVMR (CDCl [err],
500 MHz) [err] 1.30 (d, 1 -CH3), 1.42 (d, CH err] CHOQ( ALLOC)), 3.40
(dg, H1), 3.43 (dd, H6), 418(dd AMPILEY 29 and 4.89 ( 2nis,
2CH2vinyl), 4.88 (m_CHerr] O ‘ 526, 534 5.36 and
5.53 (4ms, 4 vinyl SYNTHE 2-((1-METHY IDAZOLn3: 6. 05

SK
(2m's, 2CH err]vi nyl[UM VL)L BN APHDHOSUBTAMIMETEHY1 95 H). AT F)
8. 03 (d ArH) and 8. 37 Y _pt ’IﬁY
(1S 5R 6S)- 2. (5 (((car LB CARBAFENZEM:S:5) oo, 1
-yl )methyl ) ( 1 .8-napht hosul t an) net hM (R) -hydroxyethyll- 1

- met hyl car bapen- 2- em 3- car boxyl ate chl ori de To a solution
of allyl (1S, 5R, 6S)-2-(5-(iodoneidw! -1, 8- napht hosul t am) rretW-ﬁ-[
(R - (al I yl oxycarbonyl )oxyethyl ]f 1 -nethyl - N

car bapen- 2-em 3-car gpxyl ate (Q 0.036mmol ) in acetonitrilje 20 (0.3nl)
was added 1 -carba | met hyl - 4 -azoni abi cycl of 2. 2. 2] - Sct ane
trifluoromethane BOTf 0.036 nmol ) an

trifluoronethane sulf y_([0. 0O3p-giyof a 1.0M sol uthom riMecefonltrile
) T

1) THO/ 1-methylimidazole
R 2)Pd(Phy), de-block
3) reverse phase TLC o

To a solution of allyl (15,5R,65)-2-(5-(hydroxymethyl-
1,8-naphthosultam)methyl)-6-| 1(R)-(allyloxycarbonyl)oxyethyl}-1-
methylcarbapen-2-em-3-carboxylate (0.065 g, 0.11 mmol) in

10  dichloromethane (2 mL), cooled in a dry ice/ acetone bath under
nitrogen, was added |-methylimidazole (0.035 mL, 0.44 mmol)
followed by trifluoromethanesulfonic anhydride (0.038 mL, 0.22
mmol). After 5 minutes the flask was removed from the bath and the
mixture was stirred at room temperature for 45 minutes. The mixture

15 was then partitioned between methylene chloride (10 mL) and water
(10 mL). The methylene chloride layer was washed with water (10
mlL), dried over magnesium sulfate, filtered, and evaporated. The
residual oil (0.08 g) was dissolved in methylene chloride (2 mL) then
0.5M sodium ethyl hexanoate in ethyl acetate (0.22 mL, 0.11 mmol)

20 and ethy! hexanoic acid (0.017mL, 0.1 Immol) were added. The
solution was blanketed with nitrogen, using a Firestone valve, and
tniphenylphosphine (0.008 g. 0.03 mmol) and tetrakis(triphenyl-
phosphine)palladium (0.035 g, 0.03 mmol) were added. After 40
minutes the methylene chloride was evaporated under a stream of

25 nitrogen and dimethylformamide (1.5 mL) was added. After an
additional 15 minutes, diethyl ether (6 mL} was added and the



0.036 mml ). The suspension was stirred for 40 m nutes at room
tenperature, filtered and evaporated. The residual oil was dissolved in 25
di ret hyl formam de (0.5 nlL). The solution was cooled in an ice bath and
0. 5M sodi um et hyl hexanoate in ethyl acetate (0.08 nL, 0.04 mmol) and
et hyl hexanoi Wa8T#04%. 006 nL, 0.04 mmol) were added. The  PCI/E$7H626N was
bl anketed with nitrogen, using a Firestone valve, and

tri phenyl phosphine (0.003 g, 0.012 mol) and tetrakis(triphenyl- 30

phosphi ne) pal | adi um (0. 014 g, 0.012 nmol) were added. After one hour, .
diethyl ether (5 nL) was added and the superngfant was decanted from
the precipitate. The solid was washed with additional diethyl ether (5
m.) and was dried under vacuum The solid was dissolved in 1. 1 WO
92/7 40048 t s_uEemlatam was deca:r))xted from (tjhe preclipitadte.cI TheEGTi/dLngs? M@g@@ y

- - acet onj .ty i . £ s_l,o onto a Bio-

cation exc ha% h ngftw\ﬁg%ﬁtﬁyhﬁ%ng é’ﬂﬂiﬂpg 6&'@'&9&5@’@@8@1— nﬁg é\éﬁam
cycle). The col umvasspurified en al 000 micrem ravemie phase/ Tt plate( develypatherith

Chi or i te. co i ot ngy o) Walkr ind Sliied bith BORMWRRIMUTRI AR 05 | ..
bath and were heﬁnngbggéedelblﬁpng?ﬁ ‘filr'r’ﬁ%‘i (?Hh'bma&-]qgf}qiésWﬁ&thh%em“eﬁ'he
col um was washed (&6 mL},clomceptratedi toeappraximate RO L amd MWephilized tolgived

with 20% i sopropankeé title cthpéund (0.024tng 4 nL fractions. Fractions
1-4 were conbined and concentrated to approximately 1 nL 10 which was

| yophilized to giy N tqupe &3 0 lge,: ]
0, 500 Mz 25 ,W!% D 13CHS), 121 (G %’,3-9.610
E?ffrﬁﬂl), 3.42 (gﬁg[ae Iri 3.40) ¢ad,(HdH), 8- 53 é,%fm!ﬂel,db 2@%[&51),551'&@,41120
(2m NCH2CH2NIO 4836459, arfd 8 QAN's, GHAR), 251905 2ArCREY 56.78ANArH), 7.37- 20
(s, ArCHerr]), 6,83(fq1 258 11y 8 69 (gfa?z\‘)rﬂ)ﬁ%% &% Klos &, et 8,14

(d. ArH) and 8.63 (s, ImH).

g




15 ArH) and 8.40 (d, ArH). WD 97/ 48048
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EXAMPLE 2 SYNTHESI S OF (1S.5R 6S)-2-(5-(((3-HYDROXYPROP- 1 -YL)- |.4-
DI AZONI ABI CYCLJ 2. 2. 2] OCT-1 - YL) METHYL) (1. 8-

NAPHTHOSUL TAM@&5kigds) - 6-[ 1 (R) - HYDROXYETHYL] - 1- 5 PCT/US97/06626

MVETHYLCARBAPEN- 2- EM 3- CARBOXYLATE CHLORI DE -

-T2 -

. EXAMPLE 4
NTHESIS OF (1S.5R.68)-2-(5-(((2-(1-METHYLIMIDAZOL -3-
M)Y-ETHYL)(1.8-NAPHTHOSULTAMMETHYL)-6-[1(R)-
HYDRO -1-METHYLCARBAPEN-2-EM-3-
3 CARBOXYLATE

OTMS OoH

.
1) DEAD, PPh,
2) 1N aq. HOTf

1) Tt,0/ 1-methylimidazole
2).Pd(Phg)4 de-block
3) reverse phase TLC

Step 1: Synthesis of allyl (1S,5R,65)-2-(5-((2-hydroxy)-ethyl-1,8-
naphthosultam)methy])-6-[1(R)-(allyloxycarbonyl)oxyethyl]-1-
methylcarbapen-2-em-3-carboxylate

10 To a solution of allyl (15,5R,65)-2-(hydroxymethy!)-
6-[1(R)-(allyloxycarbonyl)oxyethyl]-i-methylcarbapen-2-em-3-
carboxylate (0.086 g, 0.235 mmol), 4-((2-trimethylsilyloxy)-ethyl)-1,8-

naphthosultam (0.08 g, 0.247 mmol) and triphenylphosphine (0.093 g,

0.353 mmol) in tetrahydrofuran (1 mL), cooled in an ice bath, was

15 added diethylazodicarboxylate (0.056 mL, 0.353 mmol). After 30
minutes the mixture was partitioned between ethyl acetate (20 mL) and




[err] To a solution of allyl (1 S, 5R, 6S)-2-(5-(iodonethyl -

1 ,8-naphthosultamnethyl)-6-[ 1 (R)-(allyloxycarbonyl)oxyethyl] -

1- net hyl car bapen- 2- em 3- car boxyl ate (0.035 g. 0.051 mmol) in 10

acetonitrile (0.3 nL) was added 1-(3-hydroxypropyl)-4-aza-1-

azoni abi cycl o[ WOB7200d8t ane tri fl uoronet hane sul fonat e (0. 018PGTUSIIER6

nmml ) and silver trifluoronethane sulfonate (0.05 nL of a 1.0M sol ution

in acetonitrile. 0.05 nmol). The suspension was stirred for 45 WO

97/ 40048 PCT/ US97/ 06626

-69 - m nut es at roomterrperature filtgped and evaporated. The

resi dual oil was di ssol ved in di nethyl forfanmide (0.5m). The resulting

sol ution was cooled in an ice bath and 0.5M sodi um et hyl hexanoat e | n

et hyl acet at ewﬁt@rgﬁo %L?]OT‘% \)Vﬂéh')la ﬁL a&@davﬁ‘ﬂ‘l Etigl lddetdte PR
it

0.04 5 I eso | eted wt .r.oge
o 0t ki st ne. v @nddhe combined sHIY] AChRAte iess tisse Washe ﬂhﬁwsa

tetraki s(triphenyl mphlsndqulcthm(Z(Dnﬂ.l)f,l dgiedOov@t nagndsjumesuifate,
added. After one hﬁHéredg 'a?& f&)rénh?ﬁl‘a'@é‘d eTekidias ?Edﬁﬁg ﬁﬁﬁeﬂ'ﬁ’y / preparative

W T add 11 onas i DihJAYeS gvﬁrfﬁkﬁ%ﬁéﬁmmleﬁmﬁ% 6# ehplates. The

solid was dissol vexdb\neilo]jed}f eﬂllted(wnth ﬁ% BtOsec/HCI,)nto) gine dnwaik (0.074 gdl

onto a Bi 0-Rad wealggit iifis eHCWaS dfssoREd in( 8 nilixur8eet @RaRPdioTutad (2 mL)
and water (0.5 mL) then 1N aqueous trifluoromethane sulfonic acid
(0.02 mL, 0.02 mmol) was added. After 5 minutes the mixture was

10  partitioned between methylene chioride (20 mL) and 1% aqueous

bicarbonate (20 mL). The water layer was extracted with methylene
chloride (5 mL) and the combined methylene chloride layers were dried
over magnesium sulfate, filtered, and evaporated. The residue was
lyophilized from benzene (3 mL) to give the title compound as a solid

15 (0.062 g).

IH NMR (CDCl, 500 MHz) & 1.32 (d, 1-CHj3), 1.46 (d,
CH3;CHO(ALLOC)), 3.29 (m, ArCH,CH,OH), 3.40 (dg, H-1), 3.45 (dd,
H-6), 3.97 (dt, ArCH,CH,0OH), 4.17 (dd, H-5), 4.59 and 4.88 ( 2m's,
2CHyvinyl), 5.14 (dq, H-B), 5.26, 5.33, 5.35 and 5.53 (4m’s, 4 vinyl

20 H's), 4.67 and 5.40 (2d's, CH,N), 5.91 and 6.05 (2m's, 2CH,vinyl), 6.69
(d, ArH), 7.40 (d, ArH), 7.83 (dd, ArH), 8.02 (d, ArH) and 8.28 (d,
ArH).

25 3-carboxylate
To a solution of allyl (15,5R,6S)-2-(5-(2-hydroxy)ethyl-

1,8-naphthosultam)methyl)-6-[ 1(R)-(allyloxycarbonyl)oxyethyl]-1-
methylcarbapen-2-em-3-carboxylate (0.03 g, 0.05 mmol) in
dichloromethane (0.5 mL), cooled in a dry ice/ acetone bath under

30 nitrogen, was added 1-methylimidazole (0.032 mL, 0.40 mmol)
followed by trifluoromethane-sulfonic anhydride (0.017 mL, 0.10
mmol). After 5 minutes the flask was removed from the bath and
stirred at room temperature for 20 minutes. The mixture was



exchange resin, sodiumcycle). The colum was washed with 1:1
acetonitrile/ water (2 nL) and water (18 nlL). The colum was then 15
eluted with 5% aqueous sodium chloride, collecting 3 nL fractions.
Fractions 1-4 were cooled in an ice bath and were then | oaded onto an
anber chrom Ceygd &740648si N (3 nL). The colum was washed W th g@dnssor06626

de-ionized water (20 nL) and was eluted with 20% i sopropanol in wat er,
collecting 5 nL fractions. Fractions 1-4 were conbined and 20 concentrated
to approximately 1 ni,which was |yophilized to give the title conpound
(0.006 Q). [err]H NWVR (D20, 500 MHz) L7rr] 1.16 (d, 1-CHerr]), 1.21
(d, CHerr]CHOH), 2.00 (m ArCH[err]CH[érr‘] CHerr]OH), 3.11 (dq, H 1),
3.42 (dd, H6), 3.62 and 3.65 (m ArCI—I[err]CI—I[err]CI—I[err]C]—I) 3.93 and
4.05 (2m NCH2CH2 d H-5 H2),

4.63 and 5. 26 (28%‘“%9?’%& ey fene et PE‘ "2(?814['@ r“}‘é wigtehd

7.78 (d ArH), 7. The(rdethylene c;hlenﬂs layer wasiwashed weithi waateno( (09 )H;ined

WD 97/ 40048 over magn qnum sulfate flltered and evaporatJdJ The resldual 01I

F)GQNPNIE‘EHiL (1.8 ((kﬁ;&g %MWMR %ﬁ‘l n%né’n(lfie (0. D/ET Mwas cooled
HYDROXYETHYL] $§ 1- WETRTCEbRBARE o tEN Gf 055M sodium ethyl hexanoate in ethyl
CARBOXYLATE [ ehédtate (0.11 mL, 0.055 mmol) and ethyl hexanoic acid (0.018 mL, 0.1]
mmol) were added. The solution was blanketed with nitrogen, using a
Firestone valve, and triphenylphosphine (0.004 g, 0.0165 mmol) and
tetrakis(triphenylphosphine)palladium (0.019 g, 0.0165 mmol) were
10 added. After 70 minutes, diethyl ether (5 mL) was added and the
supernatant was decanted from the precipitate. The solid was washed
with additional diethyl ether (5 mL) and was dried under vacuum. The
solid was purified on a 1000 micron reverse phase plate developed, in
an ice bath, with 30% acetonitrile/ water and eluted with 80%
L5 acetonitrile/ water (15 mL). The eluent was diluted with de-ionized
water (10 mL), washed with hexanes (40 mL), evaporated to
approximately 2 mL and lyophilized to give the title compound (0.020

8).

TH NMR (D0, 500 MHz) & 1.11 (d, 1-CH3), 1.20 (d, CH;CHOH), 3.06

20 (dq, H-1), 3.29 (m, ArCH,CH;Q), 3.38 (dd, H-6), 3.60 (s, ImMe), 4.04
(dd, H-5), 4.17 (dq, H-8), 4.38 (m, ArCH,CH,Q), 4.50 and 5.14 (2d's,
CH,N), 6.56 (d, ArH), 6.96 (d, ArH), 7.15 and 7.20 (2m, ImH), 7.69
(dd, ArH), 7.91 (d, ArH), 7.95 (d, ArH) and 8.15 (s, ImH).

25 X LE S
SYNTHESIS 1S.5R.65)-2-(4-((CARBAMOYI METHY1 )-1.4-
DIAZONIABICYCLO[2.2.2]0CT-1-YLYMETHYT )(1.8-
NAPHTHOSULTAMMETHYL)-6-[ {(R}-HYDROXYETHYL ]-i-
METHYLCARBAPEN-2-EM-3-CARBOXYLATE CHI ORIDE



To a solution of allyl (1S, 5R, 6S)-2-(5-(hydroxynethyl - 1

, 8-napht hosul tamynethyl )-6-[ 1 (R)-(allyloxycarbonyl)oxyethyl]- 1 -

nmet hyl car bapen- 2- em 3- car boxyl ate (0.065 g, 0.11 mml) in 10

di chl oronet hane (2 nlL), cooled in a dry ice/ acetone bath under

ni trogen, was VO 844048 net hyl i m dazole (0.035 nm, 0.44 nmol) PCTUIVFNE6ecd by
trifluoronmethanesul foni c anhydride (0.038 ni, 0.22 nmmol ). After 5

m nutes the flask was renmoved fromthe bath and the m xture was stirred
at roomtenperature for 45 mnutes. The m xture 15 was then partitioned
bet ween net hyl ene chloride (10 nlL) and water 75 (10 nmL). The net hyl ene
chloride | ayer was washed with water (10 n.), dried over nmagnesium

sul fate, filtered, and evaporated. The residual oil (0.08 g) was

di ssol ved in nethyleng chloride (2 nL) then _OTM$M sodi um et hyl hexanoate
in ethyl acetate (0.2 nmL, 0.11 nmmol) 20 and_ et hyl hexanoic acid (0.017nL,
0.11 mmol ) were agggd.~dhe sol ution wh hnket ed with nitrogen, using
a Firestone valve, and § H ti%®enyl phosph #(0.008 g, 0.03 nmml) and
tetraki s(triphenyl - | adi UN§x@Q35 g, 0.03 Mol ) were

added.” After 40 m nut ¢s ¥t h hyl endd chicpry de was evaporated under a
stream of 25 nitrogen & t hyl f or } ‘{,i;hS m.) was added. After an
addi tional 15 m nutes, et hyl oy (6 Wwas added and the WO

97/ 40048

= 0 PCT/ US97/ 06626

NN NHe
- 0 OTf
1)AgOTt
2) Pd(Phg), de-block
3)ion exchange/ amberchrom 161




supernat ant was decanted fromthe precipitate. The solid was washed

with additional diethyl ether (6 nL) and dried under vacuum The solid

was purified on a 1000 micron reverse phase TLC pl ate devel oped with

30% acetonitrile/ water and eluted with 80% acetonitrile/ water (25 5 niL).
The el uent wapwMbsssed with water (15 nml), washed with hexaataisemoes2s( 25

m.), concentrated to approximately |I nmL and lyophilized to give t he
title conpound (0.024 g). [err]H NMR (D20, 500 MHz) [err] 1.13 (d,
1-CHerr]), 1.21 (d, CHerr]CHOH), 3.06 (dgq, H1), 3.40 (dd, H6),
3.78 (s, Imwe), 4.02 (dd, H5), 4.17 (dq, 10 8), 4.57 and 5.22 (2d's,
CHerr]N), 570 (s, ArCH2), 6.78 (d, ArH), 7763 and 7.41 (2m | nH),
7.59 (d, ArH), 7.83 (t, ArH), 8.05 (d, ArH, 8.14 (d, ArH) and 8.63
(s, ImH). 7l Y (A(br . )

S LY 6626 i%? ﬁ&?ﬁﬂs,ﬁg,ss) 2-(4 (;rlmethxlsllyloxyg%hyl L8

EXAVPLE 4 gaphthe Y1%0-[H<R)-fally Doxy

| UM - ETHYL) ( 1. 8- MUl ym 'I:BIY 5xm R -  HYDROXYETHYL] - 1
- METHYLCARB APEN- 2- o a solution of allyl (15,5R,65)- 3BT ynicthyl)-

5 6-[1(R)-(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-
carboxylate (0.037 g, 0.12 mmol), 4-(trimethylsilyloxymethyl)-1,8-
naphthosultam (0.049 g, 0.12 mmol) and triphenylphosphine (0.047 g,
0.18 mmol) in tetrahydrofuran (0.7 mL), cooled in an ice bath, was
added diethylazodicarboxylate (0.028 mL, 0.18 mmol). After 30

10 minutes, the mixture was partitioned between ethyl acetate (20 mL) and
water (20 mL). The water layer was extracted with ethyl acetate (10
mL) and the combined ethyl acetate layers were washed with saturated
aqueous sodium chloride (20 mL), dried over magnesium suifate,
filtered and evaporated. The residual oil was purified by preparative

15 thin layer chromatography on a 1000 micron silica gel plate, developed/
eluted with 5% EtOAc/CH,Cl,) to give the title compound as an oil
(0.045 g).

ITH NMR (CDCl, 500 MHz) 8 0.23 (s, TMS), 1.31 (d, 1-CH3), 1.45 (d,
CH3CHO(ALLOCQC)), 3.40 (dq, H-1), 3.45 (dd, H-6), 4.16 (dd, H-5),

20 4.59 and 4.88 ( 2m’s, 2CH,vinyl), 5.13 (dq, H-8), 5.22 (s, CH.0), 5.26,
5.34, 5.35 and 5.53 (4m's, 4 vinyl H's), 4.68 and 5.40 (2d's, CH.N),
5.91 and 6.05 (2m’s, 2CH,vinyl), 6.72 (m, ArH), 7.53 (m, 2ArH), 7.90
(m, ArH), and 7.98 (d, ArH).

Step 2: allyl (15.5R.65)-2-(4-(hydroxymethyl-1.8-

25 paphthosultam)methyl)-6-[1(R)-(allyloxycarbonyloxyethyl]-1-
methylcarbapen-2-em-3-carbox viate

To a solution of allyl (15,5R,65)-2-(4-(trimethylsilyloxy-

methyl-1,8-naphthosultam)methyl)-6-[ 1(R)-(allyloxycarbonyl)oxyethy!]-
1-methylcarbapen-2-em-3-carboxylate (0.045 g, 0.069 mmo!) in a

30 mixfure of tetrahydrofuran (1 mL) and water (0.5 mL), was added
IN aqueous trifluoromethane sulfonic acid (0.01 mL, 0.01 mmol).
After 5 minutes, the mixture was partitioned between methylene
chloride (20 mL) and 5% aqueous bicarbonate (5 mL). The water



[err]

Step 1: Synthesis of allyl

1,8- napht hosul tamnmethyl)-6-[ 1 (R)-(allyloxycarbonyl)oxyethyl ]
1 - met hyl car bapen- 2- em 3- car boxyl ate 10 To a solution
of allyl (1S, 5R, 6S)-2-(hydroxynethyl)- 6-[1

(R) - (al | yl oxy 0 9148048) oxyet hyl ] - 1 - net hyl car bapen-2-em 3-  PCTUR06634 at e
(0.086 g, 0.235 nmmol ), 4-((2-trinethylsilyloxy)-ethyl)-1, 8-
napht hosul tam (0.08 g, 0.247 mmol) and tri phenyl phosphi ne (0.093 g,

0.353 mml ) in tetrahydrofuran (1 ni),-

di et hyl azodi car boxyl ate (0.056 nL, 0.353 mMmupl)y. After 30 m nutes the
m xture was partitioned between et hyl acetate (20 nL) and WO

97/ 40048
- 73 -

(10

sat ur at ed

wat er g
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methcf()ane ch?onge ?ﬁ/yer? %reetre neda dver mag mdgnesmm suﬁgate, I‘ ﬂered
and evaporated to give the title compound as an oil (0.04 g, quant).

IH NMR (CDCl3, 500 MHz) & 1.30 (d, 1-CHj3), 1.44 (d,
CH3CHO(ALLOCQ)), 3.39 (dg, H-1), 3.44 (dd, H-6), 4.15 (dd, H-5),
4.58 and 4.88 ( 2m'’s, 2CH,vinyl), 5.13 (dy, H-8), 5.22 (d, CH,0), 5.25,
5.33, 5.34 and 5.52 (4m's, 4 vinyl H's), 4.67 and 5.40 (2d's, CH,N),
5.90 and 6.04 (2m's, 2CH,vinyl), 6.73 (d, ArH), 7.53 (dd, ArH), 7.59
(dd, ArH), 7.88 (d, ArH) and 7.97 (d, ArH).

Step 3: all -2-(4-(iodomethyl-1.8-naphthosultam)methyl)-
6-[1(R)-(allylox Noxyethyl]- I -methylcarbapen-2-em-3-
carboxylate

To a solution of allyl (15,5R,6S)-2-(4-(hydroxymethyl-
1,8-naphthosultam)methyl)-6-[ 1 (R)-(allyloxycarbonyl)oxyethyl}-1-
methylcarbapen-2-em-3-carboxylate (0.043 g, 0.074 mmol) in
dichloromethane (1.5 mL), cooled in an ice bath under nitrogen, was
added triethylamine (0.018 mL, 0.13 mmol) followed by methane
sulfony! chloride (0.009 mL, 0.111 mmol). After a total of 30 minutes
the mixture was partitioned between methylene chloride (20 mL) and
0.1N aqueous hydrochloric acid (20 mL). The methylene chloride
layer was dried over magnesium sulfate then filtered and evaporated.
Examination of the residual oil by 1H NMR showed a complete
conversion to the mesylate. The oil was dissolved in acetone (2 mL)
then sodium iodide (0.067 g, 0.444 mmol) was added and the mixture
was stirred at room temperature for 75 minutes. The reaction was
partitioned between methylene chloride (20 mL) and water (20 mL).
The methylene chloride layer was washed with 5% aqueous NaHSO
(20 mL), dried over magnesium sulfate, filtered, and evaporated.
The residual oil was lyophilized from benzene (3 mL) to give the
title compound as a foam (0.039 g)

(1 S,5R ,6S)-2-(5-((2-hydroxy)-ethyl -

cooled in an ice bath, was 15 added



aqueous sodiumchloride (20 nmL), dried over magnesi um sul f ate,

filtered, and evaporated. The residual oil was purified by preparative 5
thin |l ayer chromatography (2 x 1000 micron silica gel plates,

devel oped/ eluted with 5% Et QAc/CH err]Cl[err]) to give an oil (0.074 g,

47% . This owlop9yaee4sli ssol ved in a m xture of tetrahydrof ur ggriidedss2s
and water (0.5 nL) then I N aqueous trifluoronethane sulfonic acid

(0.02 nL, 0.02 mol) was added. After 5 mnutes the m xture was 10
partitioned between nethylene chloride (20 nL) and 1% aqueous

bi carbonate (20 nlL). The water |ayer was ex%kacted wi th et hyl ene
chloride (5 nL) and the conbined net hyl ene~¢éhloride | ayers were dried
over magnesium sul fate, filtered, and evaporated. The residue was

| yophi li zed fron1benzene (3 nm) to give the title conmpound as a solid 15

(0.062 @). 32 (d 1- CH3),
Pt oI s B el
H 1), 3.45 (dd LLOGY, 40 (day, lér-’ﬁmmpé; dd He®). H5),
4. 395612% ?4?“8 ( #85Y%and 4.89 (Zﬂrl[qeaﬂﬂivl;u ; 45)031(4n,( aHL,I);H58)4 (&; ]2ﬁr8)5 532961 5. 55
an S Wl an .
6.05 (2m s, 20H[é?’¥] S/y#};j 5332@"‘% Q‘“gwkﬁ%géf%ﬁgﬁ% &, %g
ArH), 8.02 (& /9.8) andi68522m's, 2Cszme{ﬂ)-|)6 74 (m, Ay .65 (m, 2ArH), 7.
(1S. 5R. 6S) - 2- ( 5- Za;ﬂ{)lmae';gyl (dmiAd#Ro! - 3-i um) -ethyl (1. 8-
napht hosul t anm) net hyl ) 6-[ 1(R) - hydroxyet hyl J- 1 -nmethylcarbapen-2-em 25
3-car boxyl-ate i BT I
(1S, 5R, 6S) - 2- ( 5- T ydru3
(R) - (al I yl oxycarSaz9nIASIGNEIM ) 4 ath R-naphthosultam)me ;
(0.03 g, 0.05 mw[glm)imdm;yﬂhgnmmhymmm, @Brcarbakgmte gn rilley i ce/
acet one bat nder 30 0 S
0. 40 nmmol) hldj fol | owed EK? ?%& ﬁﬁ%ﬁ@ﬁﬂ‘% *sul ?g}ﬂ yx&%@%&&%%ow m.,
0.10 mol ) . naphthesultamypethy -6 1 (R €l ylaxyeashonyrlaox yéshy Hnkemsethy-and
stirred at room ¢gbaper2uém-3-earbiXylteU 0039 ghe.056xhttic]) WRacetonitrile
(0.5mL) was added 1-carbamoylmethyl-4-aza-1-azoniabicyclo-
{2.2.2]octane trifluoromethane sulfonate (0.022 g, 0.0676 mmol) and
15 silver trifluoromethane sulfonate (0.056 mL of a 1.0M solution in
acetonitrile, 0.056 mmol). The suspension was stirred for 1 hour at
room temperature, then filtered and the solvent was evaporated under
vacuum. The residual oil was dissolved in dimethylformamide (0.9 mL)
and the solution was cooled in an ice bath as 0.5M sodium ethyl
20 hexanoate in ethyl acetate (0.12 mL, 0.062 mmol) and ethyl hexanoic
acid (0.01 mL, 0.062 mmol) were added. The solution was blanketed
with nitrogen, using a Firestone valve, and triphenylphosphine (0.0044
g, 0.017 mmol) and tetrakis(triphenylphosphine)palladium (0.02 g,
0.017 mmol) were added. After one hour, diethyl ether (25 mL) was
25 added and the supernatant was decanted from the precipitate. The solid
was washed with additional diethyl ether (25 mL) and dried under
vacuum. The combined ether layers were extracted with water (10 mL)
and the aqueous layer was loaded onto a Bio-Rad weak cation exchange
resin (2.5 mL, macroprep CM weak cation exchange resin, sodium
30 cycle). The solid was dissolved in 1:1 acetonitrile/ water (2 mL) and
was also loaded onto the ion-exchange resin. The column was washed
with 1:]1 acetonitrile/ water (10 mL) and water (50 mL). The column
was then eluted with 5% aqueous sodium chloride, collecting 8 mL
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-74 - partitioned between nethylene chloride (20 nL) and water (20
m.) . The net hyl ene chloride | ayer was washed with water (100 niL), dried
over magnesium sul fate, filtered and evaporated. The residual oil

(0.053g) was dwvestsu4d i n di net hyl formam de (0.7 nL) and wasPCTU$RMEEE6 | n
an ice bath. A solution of 0.5M sodium ethyl hexanoate in ethyl

acetate (0. 11 nmL, 0.055 nmol) and ethyl hexanoic acid (0.018 nL. 0.1 1
mmol ) were added. The solution was bl anketed with nitrogen, using a
Firestone val ve, and tri phenyl phosphi ne (0. 00f9 0.0165 mmol ) and
tetraki s(triphenyl phosphi ne)pal | adi um (0. 019 g, 0 0165 mmol ) were 10
added. After 70 mnutes, diethyl ether (5 nL) was added and the

supernat ant was d q fF‘rQE‘i‘léﬁ’\eﬁ%ké’bB@feﬁ JnTefhe: gﬁﬁaﬁﬁ%&ﬁ%ﬂ@

wi th additi onal dle et he ried u
solid was purifi ec! 0‘1'@0@ |5H§§'8 QI dﬁ%FeF‘ngQH‘ W

an ice bath, with v@imhedo)eitbnold dd:-eénmadavatan(ﬁ(bhﬂ.t)adld/\wakl ehned With 20%
acetoni t 11 ¢/ et ko dbhafi wafer,eaza S il G BralohOTh 7 e
?93p

water (10 nmL), exanes
appr oxi mat el y § rri."0 n icong P\ﬁPPf‘P?@“{)qt?IWel H&nﬂdﬁﬁ'@l“(@ 020

g). [err]H ﬂlyﬁpl(lﬁ[zedltc])@ivéﬂﬁmbo{rqmuhdl(mﬂll Y.d, 1-CHerr]), 1.20
(d, CH[err]CHO—I) 3.06 20 (dg, H 1), 3.29 (m ArCH[err]CH[err]Q) 3.38

(dd, H6), 3.60 (34 NKR)(D,® %OMHz)(siM#@l 29'@ C dH§82(9m
LRI e e S e S e iy

and 8. 15 (s, IrrH) (2nNCH,CH,N), 4.36 (s, CH;CONH;) 457 mzmeza's, CH,N),

SYNTHESI S OF (1pS. @?&&% Rr¢H2§(L6§‘§/yE$ENL)( g@gﬁ(ﬁ) 2ArHY; 8.10 (dd, ArH) and

DI AZONI ABI CYCLOF 2& é gf{&%
NAPHTHOSULTAM) MET '_ ok - HYDROXYETHYL] - 1 -
METHYLCARBAPEN- 2- EM 3- CARBOXYLATE CHLORI DE
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EXAMPLE 6
SYNTHESIS OF (1S5.5 -2-(4-(2-((CARBAMOYI METHYL.)-1.4-
DIAZONIABICYCIL.O[2.2.2|0CT-1-YL))-ETHYT )(1.8-
NAP OSULTAMMETHY1 )-6-{ 1(R)-HYDROXYETHYL]-1-
5 METHYLCARBAPEN-2-EM-3-CARBOXYLATE CHLORIDE

C(S\ O(TMS)

%0

DEAD, PPh,

O(TMS)

aq. TfOH
—

OH 1) T,0 , base

3) Pd(Phg), de-block
4) ion exchange /
cg-161 de-salting resin




[err] WO 97/ 40048

PCT/ US97/ 06626 -76 - Step
1. allyl (1S.5R 6S)-2-(4-(trinethylsilyloxynmethyl- 1.8-

napht hosul tamnethyl )-6-[ 1 (R)-(allyloxycarbonyl)oxyethyl] -1-

met hyl car bapemw®970048- car boxyl at e To a sol LRGTAIEIHNEE | v|
(1S,5R, 6S)-2-(hydroxynmethyl)- 5 6-[1 (R -(allyloxycarbonyl)oxyethyl -1

- met hyl car bapen- 2- em 3-

thosultam meth 1)-6-[1(R)-(allvloxycarbon lox ethvl]-1-

methylcarbapen-Z—em—B -carboxylate
To a solution of allyl (15,5R,68)-2-(hydroxymethyl)-

5 6] 1(R)-(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-
carboxylate (0.086 g, 0.235 mmol), 4-(2(-trimethylsilyloxy)-ethyl)-1.8-
naphthosultam (0.08 g, 0.247 mmol) and triphenylphosphine (0.093 g,
0.353 mmol) in tetrahydrofuran (1 mL), cooled in an ice bath, was
added diethylazodicarboxylate (0.056 mL, 0.353 mmol). After 30

10 minutes the mixture was partitioned between ethyl acetate (20 mL)
and water (20 mL). The aqueous layer was extracted with ethyl acetate
(10 mL), and the combined organic layers were washed with saturated
aqueous sodium chloride (30 mL), dried over magnesium sulfate,
filtered and evaporated. The residual oil was purified by preparative

15  thin layer chromatography (2 x 1000 micron silica gel plates,
developed/ eluted with 5% EtOAc/CH,Cl,) to give the title compound as
an oil (0.105 g). _

1H NMR (CDCl;, 500 MHz) & 0.04 (s, TMS), 1.31 (d, 1-CH3), 1.45 (d,
CH3CHO(ALLOCQ)), 3.36 (t, ArCH,CH,O(TMS)), 3.40 (dg, H-1), 3.45

20 (dd, H-6), 3.93 (t, ArCH,CH,O(TMS), 4.16 (dd, H-5), 4.60 and 4.89 (
2m's, 2CHyvinyl), 5.14 (dq, H-R), 5.26, 5.34, 5.36 and 5.53 (4m's, 4
vinyl H's), 4.69 and 5.40 (2d's, CH;N), 5.9! and 6.05 (2m's,
2CH,vinyl), 6.72 (d, ArH), 7.52 (t, ArH), 7.63 (d, ArH), 7.64 (d, ArH)
and 7.93 (d, ArH).

25 Step 2: allyl (1S5.5R.65)-2-(4-(2-(hydr -ethyl-]1.8-
hthosultam)methvD-6-[1(R)-(allyloxycarbonyDoxyethyll-1-
methyicarbapen-2-em-3-carboxylate
To a solution of allyl (15,5R,6S5)-2-(4-(2-
(trimethylsilyloxy)-ethyl-1,8-naphthosultam)methyl)-6-] 1 (R)-

30 (allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate
(0.105 g, 0.157 mmol) in a mixture of tetrahydrofuran (2 mL) and
water (0.5 mL), was added IN aqueous triflnoromethanesulfonic acid
(0.02 mL, 0.02 mmol). After 5 minutes, the mixture was partitioned



carboxylate (0.037 g, 0.12 mml), 4-(trinmethylsilyloxynmethyl)- 1, 8-
napht hosul tam (0.049 g, 0.12 nmml) and triphenyl phosphine (0.047 g,
0.18 mml) in tetrahydrofuran (0.7 nL), cooled in an ice bath, was
added di et hyl azodi car boxyl ate (0.028 niL, 0.18 mmol ). After 30 10 m nutes,
the m xture wase7@essgi ti oned between ethyl acetate (20 nlL) aesussesswat er

(20 nmL). The water |ayer was extracted wth ethyl acetate (10 m.) and
t he conbi ned ethyl acetate |ayers were washed with saturated aqueous
sodium chloride (20 nmL), dried over magnesium sul fate, filtered and

evaporated. The residual oil was purified b reparatlve 15 thin |ayer
chromat ography on a 1000 mcron silica gel {ﬁ devel oped/ el uted
with 5% Et QAc/CH err]Cl[err]) to give the t|tIe corrpound as an oil

0. 045 1.31
Ed, 1- Clql% err]), 9&3{3&5&%%%@ {J&%&S&&%@V%é{% ?ﬁﬁ"“rﬁ‘ﬂ&@% (dd,
H6), 4.16 (dd, i), The wateslnygnvas egractedwith pethyleng \obigtide (3 mk).( dg,
||:I|‘8g, i 2523 ((31 ﬁd ghﬁ@'ﬂi& gdbmbinetbmethylené chioride Byefidete aﬁeﬂwzeﬁu_l fe) mﬂr} .
s Vi

6.72 (m Ar H)S mgﬁnﬁlé R A\l);eratedsto(ghve ;D?m% crégngog%d aL (_0 y
St 2 |1 1 &) Lan hyd thyl-1.8- 25
nagﬁt hosﬁl th) Eret hyl ) - 6) 1((R§ %/alr F;Iyggycgr bonyl ) oxyethyl ]-1 -
Enlets h35/IchrS ??2_6?4_2415@841@4(:@1@&1 506 MHz) 8 1.31 (d 1-CH3), To#®(dol ution of allyl
, 8- ,nap,ht hosul t an‘%}ﬁf#x@{é? 4l( g T&&% F%%quy?)ﬂx@ ﬂ/ l)’]3 45 (dd,
1- met hyl car bapenib6n#.64 ddt. bdsHAH206 1§ (dbHrieH)59 and 4R i xture
?f ]E Iet r ahyd{ of ur afn( 12@1=l),vm9ﬁ) \Ht(’leB(dcﬁ 0H58)m-5).26 \@33 asqesdand 5. 5f.31 (ﬁhgqmeoui‘

rifluorone er m nut es,
the m xture g‘&ll t| Bﬁl.p 5)42](%?% ‘(}20 m.) and 5%
aqueous bi car bon T3, o), 7.54 (dd, M‘lhﬂ ﬁ@dﬂSAl‘H) 68 (d,
PCT/ US97/ 06626 ArH) and 7.95 (d, ArH).

niabic clo 2.2 2]oct-1-yI))-ethyl)(1.8-naphthosultam)my -6-
15 -hydroxyethyll-1-methylcarbapen-2-em-3-carboxyla loride
To a solution of allyl (15,5R,6S5)-2-(4-((2-hydroxy)-ethyl-
1,8-naphthosuitam)methyl)-6-[ 1 (R)-(allyloxycarbonyl)oxyethyl]-1-
methylcarbapen-2-em-3-carboxylate (0.25 g, 0.419 mmol) in
dichloromethane (8 mL), cooled in a methanol/ ice bath (-15°C) under
20 nitrogen, was added 2,6-lutidine (0.147 mL, 1.26 mmol) followed by
trifluoromethanesulfonic anhydride (Tf20) (0.106 mL, 0.629 mmol).
After 30 minutes the mixture was partitioned between methylene
chloride (80 mL) and 0.05N aqueous hydrochloric acid (80 mL). The
methylene chloride layer was washed with water (R0 mL), dried over
25 magnesium sulfate and filtered into a flask containing a solution of 1-
carbamoyimethyl-4-aza- 1 -azoniabicyclo[2.2.2}octane trifluoromethane-
sulfonate (0.147 g, 0.461 mmol) in acetonitrile (4 mL). The mixture
was concentrated under vacuum to give a viscous oil (ca. | mL). After
30 minutes, additional 1-carbamoylmethyl-4-aza-1-azoniabicyclo _
30 [2.2.2)octane trifluoromethanesulfonate (0.015 g, 0.047 mmol) was
added and the mixture was diluted with dimethylformamide (5 mL).
The solution was cooled in an ice bath and 0.5M sodium ethyl hexanoate
in ethyl acetate (0.84 mL, 0.419 mmol) and ethyl hexanoic acid (0.067




- 77 - | ayer was extracted with nethylene chloride (5 nL) and the

conbi ned nmet hyl ene chloride |ayers were dried over nmagnesi um sul fate,
filtered and evaporated to give the title conpound as an oil (0.04 g,
guant) . [err]H NWVR (CDCl[err], 500 MHz) [err] 1.30 (d, 1 -CHerr]),
1.44 (d, 5 CwWeeswvpeBO ALLOC)), 3.39 (dq, H 1), 3.44 (dd, HFT/US§7M662§ dd,
H5), 4.58 and 4.88 ( 2ms, 2CH err]vinyl), 5.13 (dgq, H8), 5.22 (d,
CHerr]O, 5.25 5.33, 5.34 and 5.52 (4ms, 4 vinyl Hs), 4.67 and
5.40 (2d's, CHerr]N, 5.90 and 6.04 (2nm's, 2CH2vinyl), 6.73 (d, ArH),
7.53 (dd, ArH), 7.59 (dd, ArH), 7.88 (dgsArH) and 7.97 (d, ArH. 10
Step 3. allyl (1S.5R 6S)-2-(4-(iodonethyl-1. é—‘ napht hosul t am net hyl ) -

6-[ -1 (R -(allyl oxycarbonyl)oxyethyl]- | -nethylcarbapen-2-em 3-

car boxyl at e i O fe . :

S, 5R 69) - 2- (4- (hy T aet r‘]“ﬁ“."“o".'@’é?*"i'%‘?n?*aﬁf* glsfi‘ﬂ g’g%rlr)é‘.tuﬁiglt ;‘! 1

(R) - (al |l yl oxycar bﬂﬂwg"&ﬁi{'ﬁ/i’ FFirestone, ¥alvges F"éﬂ?% 5P 1.033 Boxyl at e
l(o 0. (343 g 0. 074 nBdl26 mmol) anddbghkis(mm hylmlo_(sﬂlhﬁx(emalladiml (éhl4€nga0.lj2;ﬁe
ath under nitrog et a ,

foll owved by ne haﬁgnoWerguﬂdg?qlﬂgtﬂghﬁé@ﬂ 0. ]nﬁh%%l%,;‘ﬂ)engéid Jtler a

total of 30 mi#ut#8d the superpatant wasdecanted from the pracipiialte c Khensolg e

chl (ﬁr: de (2(3I ) darashed) v\llith idditiegubdiethylyether (S(ilc) amd waf iedlyndethe
met hyl ene chl ori r4: g - .

filtered and evapgfa%‘flgg' TiSol g’%‘q rﬂ'}t i é‘%@",?ﬂfﬁé‘%‘@‘ﬁ?%ﬁg 2{%‘]4—! NVR

showed a conpl et e Was loadeshomioss BioRad weakcatipn exchange gsin "’éﬁ{’ ¥ in

acetone (2 nl) cm, imhasroprey e iondixdhafge Gsin gsodurielyolein| Theveslumikl exhsand

Foacti on was. TO "WasBb Wi L5 pCABMIGIRIRGARS (96 il add yRLIRD ml)- The
alioesy measdben eBiEd avith, hioride. callechng &

(20 ni). The® wasdhen ebie AGRROUFSOTINT G

NaHSQ err] ( ML ftactions. dtactions 436 weicicocled fintaa, ict ibatleand weredhen
evaporated. T&ederde&hg%' arﬁb{er 'égfsigbi vé&fl (BOHLORWE 8% cind. e L O
give the 30 title conpound as. a o )r

column was wash_ed-wﬁ?co d de-iogxzed water (200 mL) and was eluted

15  with 20% isopropanol in water, collecting 8 mL fractions. Fractions 5-
10 were combined and concentrated to approximately 15 mL, which was
lyophilized to give the title compound (0.157 g).

TH NMR (D0, 500 MHz) & 1.08 (d, 1-CH3), 1.18 (d, CH3CHOH), 3.01
(dg, H-1), 3.36 (dd, H-6), 3.67 (m, ArCH.CH:Q), 3.93 (m,

20 ArCH,CH,Q), 3.93 (dd, H-5), 4.10 (dq, H-8), 4.25 and 4.37 (2m,
NCH,CH:N), 4.46 (s, CH;,CONH,), 4.51 and 5.12 (2d's, CH:N), 6.63 (d,
ArH), 7.37 (t, ArH), 7.42 (d, ArH), 7.73 (d, ArH) and 8.00 (d, ArH).
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- 78 - [err]H NVMR (CDCl[err], 500 WHz) [err] 1.31 (d, 1-CHerr] 1.46
(d, CH[err]CHO(A oC0)), 3.40 (dq, H1), 3.46 (dd, H6), 4.17 (dd,
H 5), 4.59 and 4.89 ( 2m's, 2CHerr]vinyl), 4.90 (m CHerr]l), 5.14

(dg, H-8), 5.%69740048 5 34, 5. 36 and 5.53 (4ms, 4 vinyl H s¢rudereds2end
5.42 (2d's, CHerr]N, 5 5.91 and 6.05 (2ms, 2CH err]vinyl), 6.74 (m

ArH), 7.65 (m 2ArH), 7.81 (d, ArH), and 7.87 (d, ArH). Step 4:
(1 S.5R 6S)-2-(4-(((carbanoyl net hyl)-1. 4- di azoni abi cycl o[ 2. 2. 2] oct- 1
-yl)methyl)( 1 .8-naphthosul tam nethyl)-6- [ 1 (R -hydroxyethyl]- 1

- met hyl car bapen- 2- em 3- car boxyl ate chl ori de” 4 - To a solution
of .allyl (IS, 5R 6S)-2-(4-(iodonethyl-1, 8- napht hosul tam nmethyl )-6-[ 1
(R -(al I yl oxycar bonyl ) oxyethyl] - 1- WMW

car bapen- 2- em 3- car box Iate(O 039 g - in acetonltrlle

(0.5n) was added [HESISOF 6hS.5R.65)-2A4- (3 Y DROXNPROP-1-YI .)-1.4-
[2.2.2]octane trifluor OMNIABICYC [ @mmmﬁm‘mm gnd 15
silver trifluoronet . 13 B3 AT 11
acetonitrile, 0.056 : = PR PROA YEIHY L1

roomtenperatdre, t 2-EM ARB(3 TEA
vacuum The residual oil was dissolved in dimet hylforrram de (0 9 m_)

and the solution was cooled in an ice bgh&s$ 0.5M sodi um et hyl 20
hexanoate in ethyl acetate (0.12 nL, 0.062 mmol) and et hyl hexanoic

acid (0.01 nL, 0.062 mmply were ad¢e Mg sol uti on was bl anket ed W th
nitrogen, using a Fir val ve, '\ phen #@@ogﬁgl ne (0.0044 g,
0.017 mmol ) and tetrakis(tnqi i ne) p I,adbum(o 02 g, 0.017
mol ) were added. After O et her NA\2§"n)OMas 25 added and

t he supernatant was decante e ppeC| pi tate. Y0¥ solid was

washed with additional dietdiyl Bl cp blle under vacuum
The conbi ned et her | ayers were ex rQ@t ed %}tﬁ 0 m.)
cg-161 deosaltmg resin

R=allyl O

HO

pk
o’

cP

To a solution of allyl (15,5R,65)-2-(4-((2-hydroxy)-

ethyl-1,8-naphthosultam)methyl)-6-[ 1 (R)-(allyloxycarbonyl)oxyethyl]-
I-methylcarbapen-2-em-3-carboxylate (0.29 g, 0.486 mmol) in

10 dichloromethane (9 mL), cooled in a methanol/ ice bath (-15°C) under
nitrogen, was added 2,6-lutidine (0.17 mL, 1.46 mmol) followed by
trifluoromethane sulfonic anhydride (0.123 mL, 0.729 mmol). After
30 minutes the mixture was partitioned between methylene chloride
(100 mL) and 0.05N aqueous hydrochloric acid (100 mL). The

15 methylene chloride layer was washed with water (100 mL.), dried
over magnesium sulfate and filtered into a flask containing a solution
of 1-carbamoylmethyl-4-aza-1-azoniabicyclo[2.2.2]octane trifluoro-



and the aqueous |ayer was |oaded onto a Bi o-Rad weak cation exchange
resin (2.5 nL, nmacroprep CM weak cation exchange resin, sodium 30 cycle).

The solid was dissolved in 1:1 acetonitrile/ water (2 nL) and was al so
| oaded onto the ion-exchange resin. The col unmm was washed with 1:1
acetonitril e/ woraoesg 10 nL) and water (50 nl). The colum PCTAU§F6626cn
eluted with 5% aqueous sodiumchloride. collecting 8 nL WO 97/ 40048
PCT/ US97/ 06626 79

fractions. Fractions 1-6 were cooled in an ice bath and were then .
| oaded onto an anberchrom CG 161 resin (3 nL The col umm was washed
with cold de-ionized water (50 nL) and was el'Uted with 20% | sopr opanol

in water, collecting 3 nL fractions. Fractions 1 + 2 were 5 conbined and

concent rat ed to apihiioNiShiteYoia7El ABGHIAmo) in b¥gBRitkile o o) oTHe { e

W\
titl ; "
L Gerr]) 122 telvertywere exqpupatc upger vactyin b give f viscoms Gf (Cdy loptd o
gqf,er ﬁ g)m ng 154( Adter-30)mintitdsSthendixtuwas dilutaiwitOlinethyiformagsde £
(d, ArH), 7. 7é§ m E{lﬁfﬁh alg%gf’@dﬁ [ q?ndc'i‘a‘ Saﬂéﬁ?%ﬁ%SMA{%mrem?l’ °- 89
exanoate in ethyl acetate (0.84 mL, 0.419 mmol) and ethyl hexanoic
acid (0.067 mL, 0.419 mmol) were added, the solution was blanketed
with nitrogen, using a Firestone valve, and triphenylphosphine (0.033 g,
0.126 mmol) and tetrakis(triphenylphosphine)palladium (0.146 g, 0.126
mmol) were added. After one hour, diethyl ether (50 mL) was added
10 and the supemnatant was decanted from the precipitate. The solid was
washed with additional diethyl ether (50 mL) and was dried under
- vacuum. The solid was dissolved in I:1 acetonitrile/ water (5 mL) and
was loaded onto a Bio-Rad weak cation exchange resin (21 mL, 2.75 x 4
* cm, macroprep cm ion exchange resin, sodium cycle). The column was
15 washed with 1:1 acetonitrile/ water (22 mL) and then water (100-mL).
The column was then eluted with 5% aqueous sodium chloride,
collecting 8 mL fractions. Fractions 5-30 were cooled in an ice bath
and were then loaded onto an amberchrom 161 resin (30 mL, 8 x 2.5
cm). The column was washed with cold de-ionized water (200 mL) and
20 was eluted with 20% isopropanol in water, collecting 8 mL fractions.
Fractions 5-9 were combined and concentrated to approximately 15
mLwhich was lyophilized to give the title compound (0.18 g).

1H NMR (D0, 500 MHz) 8 0.97 (d, 1-CH3), 1.14 (d, CH3CHOH), 2.05
(m, ArCH,CH,CH,0H), 2.89 (dq, H-1), 3.29 (dd, H-6). 3.61 (m,

25 ArCH;CH;Q), 3.74 (2m, ArCH.CH,CH,OH), 3.83 (dd, H-5), 3.91 (m,
ArCH.CH-Q), 4.05 (dg, H-8), 4.13 and 4.24 (2m, NCH,CH:N), 4.37
and 5.03 (2d's, CH:N), 6.47 (d, ArH), 7.19 (t, ArH), 7.29 (d, ArH),
7.67 (d, ArH) and 7.91 (d, ArH).
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- 80 - EXAMPLE 6  SYNTHESI S OF
(1S. 5R. 6S) - 2- (4- ( 2- (( ( CARBAMOYLMETHYL) - 1. 4- DI AZONI ABI CYCLJ 2. 2. 2
JOCT- 1 -YL))-ETHYL)( 1, 8- NAPHTHOSULTAM) METHYL) - 6- 1 1

(R) - HYDROXYR{6Hdovasl- S VETHYLCARBAPEN- 2- EM 3- CARBOXYL Afic¢trG39b/088R6E

-86 -

EXAMPLE &
SYNTHESIS OF (15.5R.65)-2-(4-(2-((1-METHYLIMIDAZOL -3-
IUM)-ETHYL)Y(1 8-NAPHTHOSUL TAMIMETHYL)-6-[1(R)-
HYDROXYETHYL)-1-METHY]L. CARBAPEN-2-EM-3-

5 CARBOXYLATE
oH 1) Ti,O/ methylimidazole
2) Pd(Phs), de-block NN
j)L O‘ 3) reverse phase TLC =
RO™ O H H Me CO
: N—S=o
o)

To a solution of allyl (1S,5R,65)-2-(4-(2-(hydroxy)-

10  ethyi-1,8-naphthosultam)methyl)-6-{1 (R)-(allyloxycarbonyl)oxyethyl])-
1-methylcarbapen-2-em-3-carboxylate (0.03 g, 0.05 mmol) in
dichloromethane (0.5 mL), cooled in a dry ice/ acetone bath under
nitrogen, was added 1-methylimidazole (0.016 mL, 0.20 mmol)
followed by trifluoromethane-sulfonic anhydride (0.017 mL, 0.10

15 mmol). After 5 minutes the flask was removed from the bath and
stirred at room temperature for 50 minutes. Aditional 1-methyl-
imidazole (0.016 mL, 0.20 mmol) was added and after 20 minutes the
mixture was partitioned between methylene chloride (20 mL) and water
(20 mL). The methylene chloride layer was washed with water (100

20 mlL), dried over magnesium sulfate, filtered and evaporated to an oil
(0.0436 g). The oil was dissolved in dimethylformamide (0.7 mL) and
cooled in an ice bath. A solution of 0.5M sodium ethy! hexanoate in
ethyl acetate (0.11 mL, 0.055 mmol) and ethyl hexanoic acid (0.018
mL, 0.11 mmol) were added, the solution was blanketed with nitrogen,

25 using a Firestone valve, and triphenylphosphine (0.004 g, 0.0165 mmol)
and tetrakis(triphenylphosphine)palladium (0.019 g, 0.0165 mmol) were
added. After 70 minutes, diethyl ether (6 mL) was added and the
supernatant was decanted from the precipitate. The solid was washed



[err] WO 97/ 40048

PCT/ US97/ 06626 -81 - St ep
1: Synthesis of allyl (1S.5R 6S)-2-(4-(trinethylsilyloxyethyl-1 .8-

napht hosul tamnmethyl )-6- [1 (R)-(allyl oxycarbonyl)oxyethyl]- 1-

met hyl car bapenV@I¥#IOR car boxyl at e _ To a sol uPECHHSBR6RE | vI
(1 S, 5R 6S)-2-(hydroxynethyl)- 5 6-[1 (R -(allyloxycarbonyl)oxyethyl]- 1
- met hyl car bapen- 2- em 3- carboxylate (0.086 g, 0.235 mmol),
4-(2(-trimethylsilyloxy)-ethyl)-1.8- - napht hosul tam (0. 08 g, 0.247
mol ) and triphenyl phosphine (0.093 g, 0Og$53 mmol ) in tetrahydrofuran
(1 m), cooled in an ice bath, was added di et hyl azodi car boxyl at e

(0.056 nm_, 0.353 Mol ). After 30 10 mnutes the m xture was partitioned

26{ \r/vgg tnegt hylt hag tet\aitn addftictal diethyl eﬂﬁr\(at:ﬂlé% gata r:ag?a% d'g%@‘ﬁna@“ﬁﬂé‘?ﬂ’c?@eﬁs
X W yh: . J > conbi |

were washed with g&{llgfxgﬁéghﬁﬂed °£‘q%é§9§%§5‘aﬁ‘ G?P{ TRE Bﬁﬁ.ﬁfepﬁgﬁaﬁ%ﬁppgq i""éé1

over magnesi um sul30% @cetonitrile watarandaglatas, wity 80 Bdacetonitriles weater (ki | was

purified by preparglL)vPhd Bluchbiwas!diliftéd WE WHAAIZIRYL ) & asheP RRTHSLAR

St o comonnd a0 ngg&g\%k?ﬁg&q_tggb@}&ﬂm%&@ f’r?iftaﬁ‘éﬁ’y%%ﬁ'zéﬁ 10 Zive the "

title compound (0.017 g).

TH NMR (D0, 500 MHz) & 1.14 (d, 1-CH3), 1.22 (d, CH3CHOH), 3.08
(dq, H-1), 3.40 (dd, H-6), 3.55 (m, ArCH,CH,Q), 3.60 (s, ImMe), 4.04
(dd, H-5), 4.18 (dq, H-8), 4.52 (m, ArCH,CH,Q), 4.57 and 5.19 (2d's,

10 CH;N), 6.75 (d, ArH), 7.20 and 7.22 (2m, ImH), 7.24 (d, ArH), 7.39 (1,
ArH), 7.47 (d, ArH), 7.93 (d, ArH) and 8.20 (s, ImH).

EXAMPLES 9-23

Q
OH
o QI
o]
LH B FHs 1) T,O / base mﬂ g SHs
H.C H N—§° 2) Q* > H.C j = N"‘S‘\
3 Yy (0] o 3) deprotect 3 ) Y/ (')' S
7N 4) purify o’ —N
COyallyl CO,”
e
15 By appropriately modifying the procedure of Example 7,

allyl (15,5R,6S5)-2-[N-(4-(2-hydroxy)-ethyl)-1,8-naphthosultam)-

methyl]-6-[(1R)-(allyloxycarbonyloxy)ethyl]-1 -methylcarbapen-2-em-3-

carboxylate (compound A) is reacted with compound Q* as set forth in

the following Table to produce compounds of formula B in which Q is
20  as defined in the following Table.



[err]H NVR (CDCl[err], 500 MHz) [err] 0.04 (s, TM5), 1.31 (d, 1-CHerr]),

1.45 (d, CH err] CHO( ALLOC)), 3.36 (t, ArCHerr]CHerr]Q(TMS)), 3.40
(dg, H 1), 3.45 20 (dd, H6), 3.93 (t, ArCHerr]CH err]QTM5), 4.16 (dd,
H5), 4.60 and 4.89 ( 2m's, 2CH2vinyl), 5.14 (dq, H8), 5.26, 5.34,
5.36 and 5. 53vddmdosss 4 vinyl Hs), 4.69 and 5.40 (2d' secrarésMes265. 91
and 6.05 (2m s, 2CH err]vinyl), 6.72 (d, ArH), 7.52 (t, ArH, 7.63 (d,
ArH), 7.64 (d, ArH) and 7.93 (d, ArH). 25 Step 2: allyl

(1S.5R 6S)-2-(4-(2-(hydroxy)-ethyl-1. 8- napht hosul tam nethyl )-6-[ 1
(R - (allyl oxycarbonyl)oxyethyl]- 1- tkyl car bapen- 2-em - 3- car boxyl ate
To a solution of allyl (1S, 5R 6S)-2-(4-(2-" (trimethylsilyloxy)-ethyl-

1 ,.8-naphthosultamnmethyl)-6-1 1 (R)- 30 (allyloxycarbonyl)oxyethyl]- I
- met hyl car bapen- 2- em 3- car boxyl at e g, 0.157 mmmol) in a mxture

of tetrahydrofur
trifluoronet hanestil f or@% idQ #]0. OR*ni,| 0. @ ). 5 i nutes,

the m xture was partitrone
- 82 - bet n net hy| ene chlpr| de hL) and p% aqueous| bi car bohat e
(20 m). Th ter gipyer m%ix_tra@ Mtﬂ‘hd thyl ene chlfrideg3 n).
dth nb d I ayeffs werg.dr esir u
Ul fate, f11tered Tg goanbraigd tb bi vosthel t (LI dbrpdlha ag an (1 |5
(0.096 g, quant) o] NI [e}r ‘NNF]OWr , 5 1.3 1d,} 1
“CHerr]), 1.45 {d [6% oH ]CI—P(ALL )| 3.p) | Ar@ ]C@rr](]—l),
3.41 (dg, H1), 3.45 : N7 N3 Ny N
o ] <+ o
N
F F H,N-_N._|H2N- N HoN-__ O {HoN._O
ACrAIRPIRPlinyins
12f NS NS 13 1o Nt or Nt Tiom N | er N
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o EH“ cr s RS S??s_ sts_ TI0" (:3 o szo0
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H6), 4.04 (dt, ArCHerr]CHerr]Q(TM5), 4.16 (dd, H5), 4.59 and 4.89 (
2m's, 2CH err]vinyl), 5.14 (dgq, H8), 5.26, 5.33, 5.35 and 5.53 (4nms, 4 10
vinyl Hs), 4.69 and 5.41 (2d's, CH2N), 5.91 and 6.05 (2ni s,

2CH2vinyl), 6.73 (d, ArH), 7.54 (dd, ArH), 7.63 (d, ArH), 7.68 (d,

ArH) and 7.95 WO I7Ap04E . Step 3: (1 S. 5R PCT/US97/06626
.6S)-2-(4-(2-(((carbanoyl nethyl)- 1 ,4- di azoni abi cyclo[ 2. 2.2]oct- 1
-yl))-ethyl ( 1 .8-naphthosultamnethyl)-6- 15 [1 (R)-hydroxyethyl]- 1

- met hyl car bapen- 2- em 3- car boxyl ate cht ori de To a solution.

of allyl (1S, 5R 6S)-2-(4-((2-hydroxy)-ethyl-_gg . 1
, 8- napht hosul tarr) methyl)-6-[ 1 (R -(allyl oxycar bonyl yoxyethyl ]- I -
met hyl car bapen- 2-em 3- carboxylate (0.25 g, 0.419 mmol) in

di chl or onet hane (8 ), cooljed in agmgt hanol / ji ce bat -1 5[ernp] C) under
20 nitrogen, was ded G-}l ut | 0. 14 , I) foll vved b>y.|
trifl uoronet hanesuj floni ¢ Rydr Tf[er (0. ,

After 30 m'nutesth m'x A7 q was paftifti ongd Hetwedn hyI

chloride (80 n) dquepts %‘%F&-hberdc a\eﬁﬁﬁ N Thecr ),
ed t -

met hyl éne chl ori de ayer(wac wagh h @aber (R®

magnesmmsulfate é‘j eﬂl@toaf@ cqnfaiming 3 sofutjen ok :
car banoyl et hyl - 4-jaza- 4omM g cycliofl 23. 2]jo ijflu tharg_ﬁ',{
sulfonate(0.147 , mol L n Cjto trilje . i

was concentrated un er vaCULmto gi ¥ela vi scous oi | | nml). [After
30 m nutes, additiona - cgr banoyl et hyl - 4- aza-
[2.2.2]octanetr|fluoro gnesul f ofatje 5
added and the nixtlurle 65 tc?li | ut estHwift B d ogﬁggﬁ
sol ution was cool gd |i roAhNHdeCbagh gnc Vﬁ/t sqadgim

ethyl acetate (0.84 ntfo'|9|419 1) Jan yl thex
WD 97140048 24 < sdﬂé{

- 83 | L%j @ LN?j

TfO- represents a triflate anion

5 EXAMPLES 27-32
Q
"SOH

™ 2 LI
9 2go]

/kH B P g 1) TR0 / base H/&H H SHa R
H,C : e 2) O » H,C : N-Fs
? 4:Q'J o© 3) deprotect _ ° ANs 0°

o) 4) purify o’
CO,allyl CO,”
A B

By appropriately modifying the procedure of Example 8,
allyl (18,5R,65)-2-[N-(4-(2-hydroxy)-ethyl)-1 ,8-naphthosultam)-
methyl]-6-[(1R)-(allyloxycarbonyloxy)ethyl}-1-methylcarbapen-2-em-3-

10 carboxylate (compound A) is reacted with compound Q* as set forth in
the following Table to produce compounds of formula B in which Q is
as defined in the following Table.



m., 0.419 mmol) were added. The solution was bl anketed with ni trogen,
using a Firestone valve, and tri phenyl phosphine (0.033 g, 0.126 mol)
and tetrakis(triphenyl phosphi ne) pal | adi um (0. 146 g, 0.126 nmol ) were
added. After one hour, diethyl ether (50 m.) was added 5 and the

super nat ant wasoniwesgnted fromthe precipitate. The solid wasrsereeésshed

with additional diethyl ether (50 nlL) and was dried under vacuum The
solid was dissolved in 1:1 acetonitrile/ water (5 m.) and was | oaded
onto a Bi o-Rad weak cation exchange resin (21 niL, 2.75 x 4 cm ]
macroprep cmion exchange resin, sodiun1cy§g§). The col um was 10 washed
with 1:1 acetonitrile/ water (20 niL) and ef (100 nL). The col um
was then eluted with 5% aqueous sodi um chloride, collecting 8 L
fractions. Fractions 4-36 were cooled in an ice bath and were then

| oaded onto an anberchrom CG 161 resin (30 nL, 8 x 2.5 cn). The col um

was washed with col d de-ionized water (2@ABLE and was eluted 15 with 20%

i sopropanol in BT, 0l Tjectidg T pRCUIlONS o Fr T ONgx - TO] wer e
conbi ned and corrE% Lo nd[‘n g MM& r Q I

I yophilized to gjve the tijtle conjoynd (0.137 g). [err] H NMR
(Derr]0, 500 M—(%) [err] 108 (d, §1- 1}18 , I:Herr] , 3.01

(dg, H1), 3.36 {dd, H6), 3! ( ArCH Rrq] CH e} r , 3.93 {m

ArCH err]CH err] . (Jd 5K,d4. dq, ), 2 : m
NCH2CH2N) , 4. 46 b Hﬁ.%ganﬁgu (Z}gs [m, @2( i,
ArH), 7.37 (t, A*I—L) 42 J(dAArHY, |7, TN(d, Ar_% aipd 8.0 (d| AH.

WD 97/ 40048 L PET/ US97/ (6626

- 84 - LY AMNDL L 7 SWVNTLIES ©
| =4~ an 1 p 4 g =3 neamumy | TN Ty

T A

S. 5R. 6S) - 2- (4- (24 (((3- HYDROXYPROP-} 11 - YL) - - 1} 4-
S 0 :
/ Q /
{ | B |BHE Y
o 3 S
5
XA 3
NTHESIS OF ALLYL (1 65)-2-(4-(3-(HYDROXY)-PROPY] -
1.8-NAPHTHOSULT ETHYL)-6-[1(R)-
ALLYLOXYCARBONYL)OXY YL]-I-METHYLCARBAPEN-2-
10 EM-3-CARBOXYLATE

O(TMS)

o
X n (I
RO /LH H Me_ OH H'N-%O j\ OO

OH

RO
é"_N / [ -
o DEAD. PPh, N—S=g
OR 2)TIOH o
R=allyt ©

Steps | and 2: all SR -2-(4-(3-(hydroxvy)-propyl-1.8-
naphthosultam)me -6-1 1(R)-(allvloxycarbonyhDoxvethyi]-1-

methylcarbapen-2-em-3-carboxylate



DI AZONI ABI CYCLQ] 2. 2. 2] OCT-1 - YL)- ETHYL) ( 1.8-

NAPHTHOSULTAM METHYL) - 6-[ 1(R)- HYDROXYETHYL]- | - 5
METHYLCARBAPEN- 2- EM 3- CARBOXYLATE CHLORI DE [err]
To a solution of allyl (1S, 5R, 6S)-2-(4-((2-hydroxy)- et hyl -

1, 8- napht hosul W§7H#MBy| )-6-[ 1 (R)-(al | yl oxycar bonyl ) oxyet hyROTAS97/06626

- met hyl car bapen- 2- em 3-car boxyl ate (0.29 g, 0.486 mmol) in 10

di chl oronet hane (9 nlL), cooled in a nethanol/ ice bath (-15[err]C) under
nitrogen, was added 2,6-lutidine (0.17-nm, 1.46 mol) foll owed by
trifluoromethane sul fonic anhydride (0.123 nlLgy0.729 mmol). After 30

m nutes the mxture was partitioned between nethyl ene chloride (100 ni)
and 0. 05N aqueous hydrochloric acid (100 n.). The 15 nethylene chloride

| ayer was washed with water R rdpriatély i Aedif lngol‘l‘l@rprﬁﬁ&ﬂﬁ‘ék‘é'f‘ﬁéﬂ)sf ate and

filtered into a flasg

e ey S B L5t opromeh o 16>
(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate is
reacted with 4-(3-trimethylsilyloxyprop-1-yl)-1,8-naphthosultam to

5 afford allyl (15,5R,6S)-2-[N-(4-(3-hydroxy)-propyl)-1,8-
naphthosultam)-methyl]-6-[(1R)-(allyloxycarbonyloxy)ethyl]-1-
methylcarbapen-2-em-3-carboxylate.

0 EXAMPLES 34-36

Y
H
cns o4 y SHs R

: N-S,
..~0 1)Tf201base HsC Y/ 00°

O 3) deprotect CO,~
A COoallyl 4) purify B 2

By appropriately modifying the procedures of Example 7
and 8, allyl (15,5R,65)-2-[N-(4-(3-hydroxy)-propyl)-1,8-

15 naphthosu]tam)-methyl]—6-[(lR)-(allyloxycarbonyloxy)ethyl]- 1-
methylcarbapen-2-em-3-carboxylate (compound A) is reacted with
compound Q* as set forth in the following Table to produce compounds
of formula B in which Q is as defined in the following Table.



WD 97/ 40048 PCT/ US97/ 06626

85 nmet hanesul fonate (0.187 g, 0.461 nmol) in acetonitrile (4 ).
The sol vents were evaporated under vacuumto give a viscous oil (ca. 1
m.) . After 30 minutes the mxture was diluted with di methylfornmam de
(5 nmL) wwoch7ueoas cool ed in an ice bath. A solution of O.raiyuSenbsers et hyl

5 hexanoate in ethyl acetate (0.84 niL, 0.419 mmol) and et hyl hexanoic
acid (0.067 nmL, 0.419 mmol) were added, the solution was bl anketed

with nitrogen, using a Firestone valve, and tri phenyl phosphi ne (0.033 g,
0.126 mml ) and tetrakis(triphenyl phosphi ne%’ﬁal | adi um (0. 146 g, 0.126
nmol ) were added. After one hour, diethyl ef (50 nL) was added 10 and
t he supernatant was decanted from the precipitate. The solid was

washed with additional diethyl ether (SOTBIQ énd was dried under

vacuum The solid.was dissolved in 1- Li-r-’rrl | e/ water (5 m) and
was | oaded onto [dtlBl oORad I\NealQ calllﬁdn eﬂé‘.ha ge resi #(|21 ﬁt 1 750 ﬂ
cCm nacroprep c ,

washed with 1:1 pcetonitrijl e/ watqr (22 rrL) and_the ter (140 n).

The columm was then eluted wt rﬂ,H'; ﬁf od ride, col I det i ng
8 nmL fractions. frjacti 5¢B0 vvere co ine@n jjc ath andgyerle
then | oaded ont o| an™@r hr o rlegen (130 1L, CHs [cg\ The

col um was washegqwi t cSlld we-io izged wat er] (2G0 niii fﬂZO V\?_)el ut(ed
with 20% i sopr oppniol ﬁjeoll [ mL [ FNacti gns
5-9 were conbi ne i 1 h wgs

| yophilized to gjv tNetltIehco [err]H NMVR
(D[err] G 500 ) [err] .97 (d, 5

(m ArCHerr]CH :
ArCH err]CHerr]Q, 3.74 (2m ArCHerr]CHerr]CH err]OH), 3.83 (dd, H5),
3.91 (m ArCHerr]CHerr]Q, 4.13 and 4.24 (2m

NCH2CH2N), 4537 and 5
ArH), 7.29 (d, ASYN

25

NAP OSULT MMETHYL)6-[1(R)-
LYL NYL)OXYETHYL)-1- YLCARBAPEN-2-
EM-3-CARBOXYLATE

OTMS

[ " on

2) TIOH
3) MsCl, TEA
4) Nal, acetone

R=aly ©

10

Steps 1 and 2: allyl (1S.5R.65)-2-(3-(hydroxymethyi-1.8-

naphthosultam)methyl-6-[ 1 (R)-(allyloxycarbonyl)oxyethyi}-1-

methylcarbapen-2-em-3-carboxylate

By appropriately modifying the procedures of Steps 1 and 2 of Example
15 1, allyl (18,5R,65)-2-(hydroxymethyl)-6-[1(R)-(allyloxycarbonyl)

oxyethyl)-1-methylcarbapen-2-em-3-carboxylate is reacted with 3-

(trimethylsilyloxymethyl)-1.8-naphthosultam to afford allyl (15,5R,68)-




WD 97/ 40048 PCT/ US97/ 06626

- 86 - EXAMPLE 8 SYNTHESI S OF
(1S.5R 6S)-2-(4-(2-((1- VETHYLI M DAZOL- 3- UM )-ETHYL)( 1

. 8- NAPHTHOSULTAM METHYL) -6-[ 1 (R)- HYDROXYETHYL] - 1

- METHYLCARBAPEDO g140b483- 5 CARBOXYROXTEE97/06626
[err] ~ To a solution of allyl (I

S, 5R, 6S)-2-(4-(2-(hydroxy)- 10 ethyl- 1,8-naphthosultamnmethyl)-6-] 1

(R - (all yl oxycarbonyl ) oxyet hyl ] - -.1- met hyl car bapen- 2- em 3- car boxyl ate .
(0.03 g, 0.05 nmmol ) in di chl or onet hane .5 n), cooled in a dry ice/
acet one bath under nitrogen, was added T~-nethylinidazole (0.0 16 ni,
0. 20 mmol) foll owed by trifluoronethane-sul fonic anhydride (0.017 ni,

016,15 0, VIS Qi s e o
i m dazol e (0.016 fally gxygarpﬁﬁy50%t é(!i]d ethy lcar %Renz% oxKlate.

m xture was partitioned between nethyl ene chloride (20 m_) and wat er

(20 nL). The nethyl ene chloride IayerEmbmwég\j@h wat er (100

5
OH Q
o I O
oo CH HOwu CHs
Ha pns T N-S,
H,C : N-%0 1) MsCLTEA HsC ) &%
N/ O "_2)Nal, acetone OJ'-N
o CO,ailyl 3) AgOTt, Q" co,”
281y 4) deprotect B
5) purify

By appropriately modifying the procedures of Steps 3
and 4 of Example 1, allyl (1S,5R,6S)-2-[N-(3-(hydroxymethyl)-1,8-
10 naphthosultam)-methyl}-6-[(1R)-(allyloxycarbonyloxy)ethyl}-1-
methylcarbapen-2-em-3-carboxylate (compound A) is reacted with
compound Q* as set forth in the following Table to produce compounds
of formula B in which Q is as defined in the following Table.

15 TABLE
l¢] o [ o ¢ o | o 2] o | o |
HO
_NHz21 ¢ NHz HO CI') F or F
T'O/Lo /k o Tio'lj TI0™ H /l
3y + 39 A N> 44 . N

ORISR SN




20 L), dried over magnesiumsulfate, filtered and evaporated to an oi
(0.0436 g). The oil was dissolved in dinethylformamde (0.7 nL) and
cooled in an ice bath. A solution of 0.5M sodium ethyl hexanoate in
ethyl acetate (0.11 ni, 0.055 mmol) and et hyl hexanoic acid (0.018

m., 0.11 nmmolwo ywpessadded, the sol ution was bl anketed W t h wirisd96gse 25
using a Firestone valve, and tri phenyl phosphine (0.004 g, 0.0165 mmol)
and tetrakis(triphenyl phosphi ne)pal | adi um (0.019 g, 0.0165 mMmmol) were
added. After 70 mnutes, diethyl ether (6 nL) was added and the
supernat ant was decanted fromthe precipitatg. The solid was washed

WD 97/ 40048 -94 - PCT/ US97/ 06626
- 87 - wi th additional diethyl ether (6 nL) and was dried under

vacuum The solid was purifi ede&m‘g&% reverse phase plate
devel oped with 30% acetonitril ed with 80%

acetonitrile/ water (15 m) . ThSHeI uent was diluted with water. (15
m), washed with hexanes 5 (40 nlL), evaporated to approxi mately nm. and

l'yophilized to givggjhe f yeOnpound (0.017 Q). NVR
(D20, 500 MHz) [(yi 1.14 (err]), 1.22 (d, CHerr] 3.08

(dg, H 1), 3.40Qddo t6) cHF\Go “m A aT] CHiror] Q, ~3 | mve) ,
4.04 (dd, H-Sé 1z 8 (doy-gt 8) , 2)4leprdteftm ~Ar 4.57 and
5.19 (2d's, 10 CHgerr] (go Ar $)purity. 20 a7 7. , 7.24 (d,
ArH), 7.39 (t, .47 (d, ArH), 7.93 (d, (s, InH).

EXAMPLES 9- 23 CO,aliyl o
A

By appropriately modifying the procedure of Example 3,
5 allyt (15,5R,65)-2-[N-(3-(hydroxymethyl)-1,8-naphthosultam)-methyl]-
6-[(1R)-(allyloxycarbonyloxy)ethyl]- I -methylcarbapen-2-em-3-
carboxylate (compound A) is reacted with compound Q* as set forth in
the following Table to produce compounds of formula B in which Q is
as defined in the following Table.

10
, TABLE
l¢] o | o ¢ o | o l¢] o | o |
OH
CH OH

N'CH:5 [N' ) S S S [S
al {p |5 e o S IR

N o ,5 N’) wh

N o




[err] 15 By appropriately nodifying the procedure of
Exanple 7, al |yl

(1S,5R, 6S)-2-[ N (4-(2-hydroxy)-ethyl)-1, 8 napht hosul tam - met hyl ]-6-[(
I R)-(al | yl oxycar bonyl oxy)ethyl]- | -methyl carbapen-2-em 3- car boxyl at e
(conpound A) iwovwmsesed with conpound Q as set forth in PCT/IS97006626 OW NQg
Tabl e to produce conpounds of fonnula Bin which Qis 20 as defined in the
foll owi ng Tabl e. WO 97/ 40048

PCT/ US97/ 06626 [err] WD 97/ 40048

PCT/ US97/ 06626

-95 -
EXAMPLE 44
SYNTHESIS OF ALLYL -2-(3-(2-(HYDROXY)-ETHYL -
1.8-NAPHTHOSUL THYL)-6-[1{R)-
ALLYLOXYCARBONYL)YOXYETHYL]-1-METHYLCARBAPEN-2-
5 EM-3-CA XYLATE
(TMS)O.
I
N—s=
H 0
DEAD, PPh
2) TIOH

t and 2: allyl (1S.5R.65)-2-(3-(2-(hydroxy)-ethyl-1.8-
thosultam)methyl)-6-[1(R)-(allyloxycarbonyloxyethyl]-1-
10 m carbapen-2-em-3-carboxylate
By appropriately modifying the procedures of Steps 1 and 2

of Example 6, allyl (15,5R,65)-2-(hydroxymethyl)-6-[1(R)-
(allyloxycarbonyloxyethyl]-1-methylcarbapen-2-em-3-carboxylate is
reacted with 3-(2-trimethylsilyloxyeth-1-yl)-1,8-naphthosultam to

15 afford allyl (1S,5R,6S)-2-[N-(3-(2-hydroxy)-ethyl)-1,8-naphthosultam)-
methyl]-6-{(1R)-(allyloxycarbonyloxy)ethyl}-1-methylcarbapen-2-em-3-
carboxylate.



- 89 -

[err]

WO 97/40048 PCT/US97/06626

-96 -

EXAMPLES 45-47

HO.
Q
Oallyl OO
° iH H FHs OO
HsC f N=8%0 1) T,0/base *ﬁJ\IH H CHs
N/ ©C " ¢ H : N=S.
v » HyC 0]
o) 3) deprotect N/ (o)
A Co,

B

By appropriately modifying the procedures of Example 7
and 8, allyl (15,5R,68)-2-[N-(3-(2-hydroxy)-ethyl)-1,8-naphthosultam)-
5 methyl]-6-|(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-
carboxylate (compound A) is reacted with compound Q* as set forth in
the following Table to produce compounds of formula B in which Q is
as defined in the following Table.

10 TABLE
2l o | o ¢ o | 9 ¢l o | o |

H

_ NHz | or e "o or CHs
TIO l/go ./LO "0_) CH, (
N 44 N 147 [ 3

45

201




By appropriately nodifying the procedure of Exanple 8,
,65)-2-[N -(4-(2-hydroxy)-ethyl)- 1, 8-naphthosultan)-

allyl (1S, 5R
met hyl ]-6-](

1R) - (al I yl oxycar bonyl oxy)ethyl]- 1 -nethyl carbapen-2-em 3- 10 carboxylate

(conpound A) is reacted with conpound Q as set forth in
Tabl e to produ¥®%d#¥¥bunds of fornmula B in which Qis

the foll ow ng
asPapUBTI®e626 N t he

foll ow ng Tabl e. WO 97/ 40048
PCT/ US97/ 06626 - 90 -
TABLE [err] .
-97 -
EXAMPLE 48

SYNTHESIS OF ALLYL (1S.5R.65)-2-(2-(HYDROXYMETHYL-!.8-
NAPHTHOSULTAMMETHYL)-6-[1(R)-

(ALLYLOXYCARBONYL)YOXYETHYL]-1-METHYLCARBAPEN-2-

5 EM-3-CARBOXYLATE
,?L " OTMS
ROTO L L Me H,N—%:O o
: OH DEAD, PPh, RO/”\O
| 2) TIOH H H Me
(o} 3) MsCl, TEA '
o OR 4) Nal, acetone
R =allyl
e d 2: alivl SR.65)-2-(2-(hvdroxymethyl-1.8-
na osultam hyD)-6-[1(R)-(allyloxvcarbonyl)oxvethvl]-1-
hylc, en-2-em-3-carboxvlate -
10 By appropriately modifying the procedures of Steps |

and 2 of Example 1, allyl (1S,5R,6S)-2-(hydroxymethyl)-6-[ 1(R)-
(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate is
reacted with 2-(trimethylsilyloxymethyl)-1,8-naphthosultam to afford
allyl (18,5R,65)-2-[N-(2-(hydroxymethyl)-1,8-naphthosultam)-methyl}-

15 6-{(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-
carboxylate.



EXAMPLE 33 SYNTHESI S OF ALLYL (1S.5R. 6S)-2-(4-(3-(HYDROXY)-PR OPYL-

1. 8- NAPHTHOSULTAM) METHYL-6-] 1 (R)- ( ALLYLOXYCARBONYL) OXYETHYL] - 1

- METHYLCARBAPEN - 2- 10 EM 3- CARBOX YLATE [err]
Steps 1 and 2: alyl (1S 5R 6S)-2-(4-(-((hydroxy)-propyl-1, 8-

napht hosul t asgownsoss) - 6-[ 1 (R) - (al | yl oxycar bonyl ) oxyet hyl Jeclrusero6sze

met hyl car bapen-2 -em 3-car boxyl at e WO 97/ 40048
PCT/ US97/ 06626 91
By appropriately nodifying the procedures of Steps 1 and 2 of Example

6, allyl (1 S, 5R, 6S)-2-(hydroxynethyl)-6-] é%R) - _
(al 'yl oxycarbonyl ) oxyet hyl ] -1 -net hyl car bapéfl- 2- em 3-car boxyl ate is

EXAMPLES 49-51

{1 of

HsC : N0 —nmscLTEa _ HO ., cH,
| N7 o 2) Nal, acetone /'\1 3 N-S, Q
7N . HeC "o
o 3) AgQOTE, Q iy o
COzaliyl 4) deprotect o?
8 5) purify cO,"
B

By appropriately modifying the procedures of Steps 3 and 4
of Example 1, allyl (15,5R,6S5)-2-[N-(2-(hydroxymethyl)-1.8-

5 naphthosuitam)-methyl]-6-{(1R)-(allyloxycarbonyloxy)ethyl)-1-
methylcarbapen-2-em-3-carboxylate (compound A) is reacted with
compound Q¥ as set forth in the following Table to produce compounds
of formula B in which Q is as defined in the following Table.

10 TABLE
l¢.] o | o ¢ o | o ¢l o | o |
_ NH HO F
NHo | o 2 HO _ F _
o l/k o TfO"J ° yj TIO" ° |/‘
49 '/k ol 5() N 51 L/' N>




reacted with 4-(3-trinethylsilyloxyprop-1-yl)-1,8-naphthosultamto 5
afford allyl (1S, 5R 6S)-2-[N-(4-(3-hydroxy)-propyl)-1, 8-
napht hosul tam -net hyl ] -6-[ (1R)-(al | yl oxycar bonyl oxy)ethyl]- | -

met hyl car bapen- 2-em 3 -car boxyl at e. EXAMPLES
34-36 10 WO 97/40048 H [err] PCT/US97/06626 By
appropriately nodifying the procedures of Exanple 7 and 8, allyl

(1S,5R, 6S)-2-[ N-(4-(3-hydroxy)-propyl)-1,8- 15
napht hosul tam -nmet hyl ] -6-[ (1R)- (al | yl oxycar bonyl oxy) et hyl]-1I -

met hyl car bapen- 2- em 3- car boxyl ate (conpound Ajgis reacted with conpound
Q as set forth in the following Table to produce conpounds of formul a
Binwhich Qis as defined in the follow ng Tabl e. WO 97/ 40048

PCT/ US97/ 06626 EXAMPLES982:-54

TABLE '

o I
A OH HO .

0" Q1 CH, HH CGH X
Hac}iﬁi}'ﬂ-&" e T 8o
/ o 1) TL,0, Q* N
57N 20 - 5

2) deprotect CO.,"
COaly - 3) purify 2

By appropriately modifying the procedure of Example
5 3, allyl (15,5R,65)-2-[N-(2-(hydroxymethyl)-1,8-naphthosultam)-
methyl}-6-[(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-
em-3-carboxylate (compound A) is reacted with compound Q* as set
forth in the following Table to produce compounds of formula B in
which Q is as defined in the following Table.

10
TABLE
[¢] o | o J#] o | o T o T o |
OH
52 (/;,) /Nj) 53 N [) [N’

_—
3
~
N
2
Z\
+




[err] 5 EXAMPLE 37 SYNTHESI S OF ALLYL

(1S.5R 6S) - 2- ( 3- (HYDROXYMETHYL- 1, 8- NAPHTHOSULTAM METHY) - 6- [
1 (R- ( ALLYLOXYCARBONYL) OXYETHYL1- 1 - METHYLCARBAPEN- 2-

EM 3- CARBOXYLATE [err] 10 Steps 1 and 2: allyl

(1S. 5R. 6S) - 2wiB974boe8r oxynet hvl - 1. 8- napht hosul t am) net hypornfse7dsk2s

(R -(allyl oxycarbonyl ) oxyethyl]- 1- nmet hyl car bapen-2-em 3-car boxyl ate

By appropriately nodifying the procedures of Steps 1 and 2 of Exanple 15
1, allyl (1S,5R 6S)-2-(hydroxynethyl).-6-[ 1 (R)-(allyloxycarbonyl)
oxyethyll- 1 -nethyl carbapen-2-em 3-car boxm e is reacted with 3-
(trimethylsilyloxynmethyl)-1.8-naphthosult ai afford allyl (1S,5R, 6S)-

EXAMPLE 55
SYNTHESIS OF ALLYL (1S.5R.68)-2-(2-(2-(HYDROXY)-ETHY1 -
1.8-NAPHTH T YL)-6-11(R)-
ALL XYCARBONYL)YOXYETHYL]-1-METH BAPEN-2-
5 EM-3-CARBOXYLATE

"
o)
RO’lWD ' /N—_ﬁ§o-tXTMS)
o

—_——

DEAD, PPh,

St ; allyl (15.5R.68)-2-(2-(2-(hydroxy)-ethyl-1.8-
na ul -6-[11(R)- oxycarbonvboxvethyl]-1-
methylcarbapen-2-em-3-carboxylate

10 By appropriately modifying the procedures of Steps 1

and 2 of Example 6, allyl (1S,5R,65)-2-(hydroxymethyl)-6-| 1{R)-

(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate

is reacted with 2-(2-trimethylsilyloxyeth-1-yl)-1,8-naphthosultam to

afford allyl (15,5R,65)-2-[N-(2-(2-hydroxy)-ethy!)-1,8-naphthosultam)-
15  methyl]-6-[(1R)-(allyloxycarbonyloxy)ethyi}-1-methylcarbapen-2-em-3-

carboxylate.



WD 97/ 40048
-93 -

EXAMPLES 38-40
procedures of

napht hosul tam - net hyl ] -6-[ (1R) - (al | yl oxycar bonyl oxy) et hyl ] -
met hyl car bapen- 2- em 3- car boxyl ate (conmpound A)

2-[ N-(3- (hydr oxynet hyl ) -

[err]

PCT/ US97/ 06626

and 4 of Exanple 1, allyl
(1S,5R, 6S)-2-[ N-(3-(hydroxynethyl)-1,8- 10

1 ,8-naphthosultam-nethyl]-6-[( 1R)-
(al Iyl oxycar bonyl oxy) et hyl]-1 -net hyl car bapen- 2- em 3- car boxyl at e.

By appropriately nodifying the
Y ororop y Pcrmss'}l/ossz%
1-
is reacted with conpound

Q as set forth in the follow ng Table to proggge. conpounds
Bin which Qis as defined in the follow ng Tabl e.

EXAMPLES 56-58

TABLE

10

" 070

HoC

H N-S,
Y/, O" © 1) TH20 / base
CO,allyt 3) deprotect
A 4) purify

15

of formul a

By appropriately modifying the procedures of Example 7
and 8, allyl (15,5R,65)-2-[N-(2-(2-hydroxy)-ethyl)-1,8-naphthosultam)-
methyl]-6-[(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-
carboxylate (compound A) is reacted with compound Q* as set forth in
the following Table to produce compounds of formula B in which Q is
as defined in the following Table.

TABLE
el o | o Tl o [T o Tl o | o |
_ NH HO
e = |y [ || el e
56 e © [Néj 1% N%j s I [;,)
N Z




[err]
- 94 -

WD 97/ 40048
EXAMPLES 41-43

[err]

PCT/ US97/ 06626
By

appropriately nodi fying the procedure of Exanple 3, 5 allyl

(1S,5R, 6S)-2-[ N (3-(hydroxynet hyl)- 1 ,8-naphthosultam) -

1 R -(allyl oxyostkesy!| oxy)ethyl] -I
(compound A) is reacted with conpound @ as set forth in
Tabl e to produce conpounds of forrmula B in which Qis

met hyl ]- 6- 1 (

- met hyl car bapen- 2- em 3- peTrus@pbnagy| at e

the foll ow ng
as defined in the

foll owi ng Table. 10 TABLE
- 102 -
EXAMPLE 59
YNTHESIS OF ALLYL (1S.5R.65)-2-(6-(HYDROXY L-1.8-
NAPHTHOSULTA THYL)-6-[1(R)-
(ALLYLOXYCARBONYLYOXYETHYL}-1-METHYLCARBAPEN-2-
h] EM-3-CARBOXYLATE
OT™MS
e
j\ _N—S8=0
RO o) H H Me H é')
7 OH DEAD, PPh,
2) TIOH
3) MsCl, TEA
OR 4) Nal, acetone
R=allyt ©O
Steps 1 and 2; allyl (15.5R.65)-2-(6-(hydroxymethyl-1.8-
naphthosultam)methy})-6-[1(R)-(all carbonyloxyethyl]-1-
ethylca -2-em-3-carboxylate
10 By appropriately modifying the procedures of Steps 1
and 2 of Example 1, ailyl (15,5R,65)-2-(hydroxymethyl)-6-{ 1(R)-
(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate is
reacted with 6-(trimethylsilyloxymethyl)-1,8-naphthosultam to afford
allyl (15,5R,65)-2-|N-(6-(hydroxymethyl)-1,8-naphthosultam)-methyl}-
15 6-[(1R)-(allyloxycarbonyloxy)ethyl}- | -methylcarbapen-2-em-3-

carboxylate.



[err] WO 97/ 40048

PCT/ US97/ 06626

95

EXAMPLE 44 SYNTHESI S OF ALLYL (1S.5R. 6S)- 2-( 3- ( 2- ( HYDROXY) - ETHYL-
1. 8- NAPHTHOSULTAM METHYL) - 6-[ 1 (R)- ( ALLYLOXYCARBONYL) OXYETHYL] -
1- METHYL CARBAPR92/40088 EM 3- CARBOXYLATE PCT/US97/06626

10

-103 -

EXAMPLES 60-62

@)
-
o

HaC : N-8s0 __OMCLTEA _ ,.c : N-8:6
NS o 2) Nal, acelone AN o)
7 3) AgOT§, Q* o if i
C Ozallyl 4) deprotect CO,
5 purify 8

By appropriately modifying the procedures of Steps 3
and 4 of Example 1, allyl (18,5R,65)-2-[N-(6-(hydroxymethyl)-1.8-
naphthosultam)-methyl]-6-[(1 R)-(allyloxycarbonyloxy)ethyl]-1-
methylcarbapen-2-em-3-carboxylate (compound A) is reacted with
compound Q* as set forth in the following Table to produce compounds
of formula B in which Q is as defined in the following Table.

TABLE
g} o | o ¢ o T o e o T o |
HO.
(NP er Le " crr Fi o j
Tio ‘/QO (k ol |mo- TI0 l) ./'
60 N2 61 N 62 N

1P [ &G & &




[err] Steps | and 2: allyl (I1S.5R 6S)-2-(3-(2-(hydroxy)-ethyl- 1, 8-
napht hosul tamnethyl)-6-[ 1 (R)-(allyloxycarbonyl)oxyethyl]- 1 - 10

met hyl car bapen- 2- em 3- car boxyl at e By appropriately nodifying
t he procedures of Steps 1 and 2 of Exanple 6, ally]

(1S, 5R, 6S) - 2wdymkossgynet hyl )-6-[ 1 (R)- (al 'yl oxycar bormtithessysssdsy! ) - 1
- met hyl car bapen- 2- em 3-car boxyl ate is reacted with
3-(2-trinethylsilyloxyeth-1-yl)-1, 8-naphthosultamto 15 afford allyl (
1S,5R 6S)-2-[ N-(3-(2-hydroxy)-ethyl)-1, 8- napht hosul tam - methyl]-6-[( 1
R) - (al I yl oxycar bonyl oxy)ethyl ]- | -nethyl ca@apen- 2-em 3- car boxyl at e.
WD 97/ 40048 B / US97/ 06626

- 96 - EXAMPLES 45- 47 [err]

EXAMPLES 63-65

| Qallyl 1) T,0, Q"
J\ 2) deprotect

0" QL H CHs 3) purify
HsC %0 HaC

By appropriately modifying the procedure of Example 3,
allyl (15,5R,68)-2-[N-(6-(hydroxymethyl)-1,8-naphthosultam)-methyl]-
5 6-[(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-
- carboxylate (compound A) is reacted with compound Q* as set forth in
the following Table to produce compounds of formula B in which Q is
as defined in the following Table.

10 TABLE
[#] o | o f#] o | o ¢ o | o |
OH
CH, N'CHG SOH S
(/_g (/_,) N

63

=0

"N 64 /5 o 65 (‘3




By appropriately nodifying the procedures of Exanple 7 and 8, allyl
(1S,5R 6S)-2-[ N-(3-(2-hydroxy)-ethyl)-1, 8-naphthosultam- 5 nethyl]-6-][(

1R) - (al I yl oxycar bonyl oxy)ethyl]- 1 -nethyl carbapen-2-em 3- car boxyl at e
(conpound A) is reacted with conpound Q as set forth in the foll ow ng
Tabl e to prodwesvdegounds of fornmula B in which Qis  as HeTUSiIO6426 t he
follow ng Table. 10 TABLE [err] WO
97/ 40048 PCT/ US97/ 06626

- 97 - EXAMPLE 48 SYNTHESI S OF ALLYL
(1S.5R 6S)-2-(2- (HYDROXYMETHYL- 1. 8- 105, -

NAPHTHOSULTAM METHYL) -6-[ 1 (R)- (ALLYLO&&CARBO\IYL) OXYETHYL1- 1

- METHYLCARBAPEN- 2- 5 EM 3- CARBOXYLATE

EXAMPLE 66
SYNTHESIS OF ALLYL (15.5R65)-2-(6-(2-(HYDROXY)-ETHYL -
1.8-NAPHTHOSUL TAMMMETHY1.)-6-[1(R)-
ALLYTL.OXYCARBONYL)OXYETHYL]-1-METHYLCARBAPEN-2-

5 EM-3-CARBOXYLATE
O(TMS)
BEhee
X
N—8=0
RO 0] H H___ Me H/ ﬁ

oH . C
- DEAD, PPh;
2) TfOH OH

Steps 1 and 2: allyl (1S.5R.6S5)-2-(6-(2-(hydroxy)-ethyl-1.8-
naphthosultam)methy]-6-11(R)-(allyloxycarbonyl)oxyethyl]-1-
methylcarbapen-2-em-3-carboxylate
10 By appropriately modifying the procedures of Steps 1 and 2
of Example 6, allyl (15,5R,65)-2-(hydroxymethyl)-6-[ 1(R)-
(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate is
reacted with 6-(2-trimethylsilyloxyeth-1-yl)-1,8-naphthosultam to
afford allyl (1S,5R,6S)-2-[N-(6-(2-hydroxy)-ethyl)-1,8-naphthosultam)-
15 methyl]-6-[(1R)-(allyloxycarbonyloxy)ethyl}-1-methylcarbapen-2-em-3-
carboxylate.




[err] Steps | and 2: allyl (1S.5R 6S)-2-(2-(hydroxynethyl-1. 8-

napht hosul tamnmethyl)-6-[ 1 (R)-(allyloxycarbonyl)oxvethyl] -1-

met hyl car bapen- 2- em 3- car boxyl ate 10 By appropriately nodifying
t he procedures of Steps | and 2 of Exanple 1, allyl

(1S, 5R, 6S) - 2-wbyr4oagy et hyl ) - 6-[ 1(R)- (al | yl oxycar bonyp¢rresseibngé ] - 1

- met hyl car bapen- 2- em 3-car boxyl ate is
2-(trimethylsilyloxynethyl)-1, 8-naphthosultamto afford

5R, 6S) - 2-[ N (2- (hydr oxynet hyl ) - 1, 8- napht hosul t an) - net hyl | -

6-[ (1R) - (al I yl oxycar bonyl oxy) et hyl ] -
) WD 97/ 40048

car boxyl at e.

reacted with

al |yl

15

1- et hyl ﬁf’é bapen- 2- em 3-

(1S

PCT/ US97/ 06626 98
EXAMPLES 49- 51 EXAMPLES 67-69
OH Q
1) T$O / base
Oallyl 2 Q*
3) deprotect
O 0 . u CHs 4) purity HO LW CHSNS
z N-S. H I
H3C INe) HsC 0o
N 0 N/ o
0] -
COqaliyl CO,

By appropriately modifying the procedures of Example 7
and 8, allyl (15,5R,65)-2-[N-(6-(2-hydroxy)-ethyl)-1,8-naphthosultam)-
5 methyl]-6-[(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-
carboxylate (compound A) is reacted with compound Q* as set forth in
the following Table to produce compounds of formula B in which Q is
as defined in the following Table.

10 TABLE
leg] o | o J#f o | o f¢ o | o |
- NH HO. HO
Tfo"‘/r; “ '/k . Tor 'J cr ‘;l CH; N.CHs
61 W N 68 L N Q /N,)
&) (ﬁ/j [%) [%D K
N o N




[err] By appropriately nodifying the procedures of Steps 3 and
4 of Exanple 1, allyl (1S,5R 6S)-2-[N(2-(hydroxynethyl)- 1,8- 5

napht hosul tam -nmet hyl ] -6-[ (1R)-(al | yl oxycar bonyl oxy) et hyl]-1I -

met hyl car bapen- 2- em 3- car boxyl ate (conpound A) is reacted with conpound
Q as set forwodmoedse foll owing Table to produce conpounds PCT¥P7866261ul a B
in which Qis as defined in the following Table. 10

TABLE [err] WD 97/ 40048

PCT/ US97/ 06626 99 -
EXAVPLES 52- 54 107 -
EXAMPLE 70

SYNTHESIS OF ALLYL (1S.5R.65)-2-(7-(HYDROXYMETHYL -1.8-
NAPHTHOSUL TAMMMETHYL)-6-

(ALLYLOXYCARBONYL)OXYETHYL|-1-METHYL.CARBAPEN-2-

5 EM-3-CARBOXYLATE
j)\ TMSO " N—|S=O

0 H

o DEAD, PPhg

2) TfOH
3) MsCl, TEA
OR 4) Nal, acetone

Steps 1 and 2: allyl (1S.5R.65)-2-(7-(hydroxymethyl-1.8-
naphthosultam)methy)-6-] 1 (R)-(allyloxycarbonyl)ox yethyl}-1-
methylcarbapen-2-em-3-carboxylate

10 By appropriately modifying the procedures of Steps 1
and 2 of Example 1, allyl (15,5R,65)-2-(hydroxymethyl)-6-[ 1(R)-

- (allyloxycarbonyl)oxyethyl}-1-methyicarbapen-2-em-3-carboxylate is
reacted with 7-(trimethylsilyloxymethyl)-1,8-naphthosultam to afford
allyl (15,5R.65)-2-[N-(7-(hydroxymethyl)-1,8-naphthosultam)-methyl}-

15 6-[(1R)-(allyloxycarbonyloxy)ethyl}-1-methylcarbapen-2-em-3-
carboxylate.




[err] By appropriately nodifying the procedure of Exanple 5 3,
allyl (1S, 5R, 6S)-2-[ N (2-(hydroxynet hyl)-1, 8- napht hosul tam -

methyl]-6-[( | R)-(allyloxycarbonyl oxy)ethyl ]-1 -nethyl carbapen-2-

em 3- car boxyl ate (conmpound A) is reacted with conpound @ as set forth
in the fol |l owoeséeel € t o produce conpounds of fornmula B i necrusdbdess Q 1 S
as defined in the followi ng Table. 10 TABLE

[err] WD 97/ 40048

PCT/ US97/ 06626 ) -100 -

EXAMPLE 55 SYNTHESI S OF ALLYL (1S.5R 6iﬂ? 2- (2- (2- (HYDROXY) - ETHYL-

1. 8- NAPHTHOSULTAM) METHYL) -6-[1 (R)- (ALE EOXYCARBO\IYL) OXYETHYL] - 1

- METHYLCARBAPEN- 2-
EXAMPLES 71-73

H B CHs\ HH CH,
HaC ’ N gf“o Hac/'\ T N“Fo
7N ¢ 1) MsCl, TEA __ NG o
CO,allyl 2) Nal, acetone o co,”
3) AgOTH, Q* B
4) deprotect
5) purify

By appropriately modifying the procedures of Steps 3 and 4
of Example 1, allyl (15,5R,65)-2-[N-(7-(hydroxymethyl)-1,8-

5 naphthosultam)-methyl])-6-[ (1 R)-(allyloxycarbonyloxy)ethyl]-}-
methylcarbapen-2-em-3-carboxylate (compound A) is reacted with
compound Q* as set forth in the following Table to produce compounds
of formula B in which Q is as defined in the following Table.

10 TABLE
lg] o | o ¢l o | o &l o | o |
NHz | crI NH HO |:|0 _F

TlO"/ko L/KO m_’:‘ ol 2 T'O_(": ol ")

] Y, [N%j 72 R [N%j 73 N [NL,j
DI Q||| @ &




5 EM 3- CARBOXYLATE [err] Steps 1
and 2: allyl (1S.5R 6S)-2-(2-(2-(hydroxy)-ethyl-1. 8-
napht hosul tam nmethyl )-6-[1 (R)-(allyl oxycarbonyl)oxyethyl]-1 -

met hyl car bapen- 2- em 3- car boxyl ate 10 By appropriately nodifying
t he procedur esweP7/4p48ps | and 2 of Exanple 6, allyl PCT/US97/06626
(1S,5R, 6S)-2-(hydroxynethyl )-6-[ 1(R)- (al 'yl oxycarbonyl ) oxyethyl]- 1
- nmet hyl car bapen- 2- em 3- car boxyl at e is reacted with
2-(2-trinmethylsilyloxyeth- 1-yl)-1,8-naphthosultamto afford allyl

(1S,5R, 6S)-2-[N-(2-(2-hydroxy)-ethyl)- 1 ,8.ngghthosultam)- 15
methyl]-6-[ ( 1R)-(allyl oxycarbonyl oxy)ethyl ]-1 -nethylcarbapen-2-em3 -
car boxyl at e. WO 97/ 40048 :

PCT/ US97/ 06626 EXAMPLESLQ4-76

1) TH,0, Q*
COzallyl 2) deprotect
A 3) purify B

By appropriately modifying the procedure of Example 3,
allyl (15,5R,65)-2-[N-(7-(hydroxymethyl)-1,8-naphthosultam)-methyl|-
5 6-[(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-
carboxylate (compound A) is reacted with compound Q* as set forth in
the following Table to produce compounds of formula B in which Q is
as defined in the following Table. '

10 TABLE
¢l o | o Jg] o | o e o T o |

~ CHy OH

N N
74 q,) /N’) 79 SS (/—'j) i {3
N
A

NS

FAR

B »




EXAMPLES 56- 58 [err] By appropriately nodifying the
procedures of Exanple 7 5 and 8, allyl

(1S,5R, 6S)-2-[ N (2-(2-hydroxy)-ethyl)-1, 8 napht hosul tam - methyl]-6-] (1
R) - (al I yl oxycar bonyl oxy)ethyl]- 1 -nethyl carbapen-2-em3 - car boxyl at e
(conpound A) weonegst ed with conpound QF as set forth in  pé&fossh@edoWM NQ
Tabl e to produce conpounds of forrmula Bin which Qis as defined in the
foll owi ng Table. 10 TABLE [err] WO
97/ 40048 ] PCT/ US97/ 06626
-110 -
EXAMPLE 77

SYN SIS OF ALLYL (15S5R.68)-2-(7-(2-(HYDROXY)-ETHYL-
1.8-NAPHT ULTAMMMETHYL)-6-[1(R)-
ALLYLOXYCARBONYILYOXYETHYL }-1-METHYL CARBAPEN-2-

5 EM-3-CARBOXYLATE
S
RO™ O 1 —
Me ) H/N——§ O
—_— o 0
DEAD, PPh,
Steps 1 and 2: allyl] (1S.5R.65)-2-(7-(2-(hydroxy)-ethyl-1,8-
naphthosultam)methy1)-6-[1(R)-(allyloxycarbonyloxyethyl]-1-
methylcarbapen-2-em-3- oxylate
10 By appropriately modifying the procedures of Steps |

and 2 of Example 6, allyl (15,5R,65)-2-(hydroxymethyl)-6-{ 1(R)-
(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate is
reacted with 7-(2-trimethylsilyloxyeth-1-yl)-1,8-naphthosultam to
afford allyl (1S,5R,68)-2-[N-(7-(2-hydroxy)-ethyl)-1,8-naphthosultam)-

15 methyl}-6-[(1R)-(allyloxycarbonyloxy)ethyl]- | -methylcarbapen-2-em-3-
carboxylate.



-102 -

S, 5R. 6S) - 2- ( 6- ( HYDROXYMETHYL- 1. 8-

EXAMPLE 59

SYNTHESI S OF ALLYL (1

NAPHTHOSULTAM) METHYL) -6-[ 1 (R)- ( ALLYLOXYCARBONYL) OXYETHYLI - 1
- METHYLCARBAPEN- 2- 5 EM 3- CARBOXYLATE
OTMS WO 97/40048¢ 1 | Steps 1 and 2: allyl PCT/US97/06626

(1S.5R 6S) - 2-(6- (hydroxynet hyl -1. 8-
(R) - (al l yl oxycarbonyl )oxyethyl] - |
met hyl car bapen- 2- em 3- car boxyl ate 10 -
the procedures of Steps |
S, 5R, 6S) - 2- (hydroxynethyl )-6-[ 1(R)-
(al Iyl oxycar bonyl ) oxyet hyl - 1- net hyl car bapen- 2- em 3- car boxyl ate is
reacted wth 6-(trinethylsilyloxymet h\ BXAMBLESpHRbg@FuUltamto afford

al lyl

car boxyl at e.

®)

oaRfY!

napht hosul tam) net hyl )-6-[ 1

By appropriately nodifying-

and 2 of Exanmglig 1, allyl

81Y)

(1 S,5R, 6S)-2-[N-(6-(hydroxymnet hyl') -
6-[( IR)-(allyloxyca

(1

, 8- napht hosul t an) - net hyl ] -

‘\/Zﬂ;@ 1 - et hyl car bapen- 2- errb
h-l H CH 1) 1,0/ base SCLPOE
Hac D '\0 2) Q - ch - >

" o
6] 3) deprotect / 0
N ) AN
04 4) purify o”

—
NG

5 methyl]-6-[(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-
carboxylate (compound A) is reacted with compound Q¥ as set forth in .
the following Table to produce compounds of formula B in which Q is
as defined in the following Table.

10 TABLE
l#] o o Jel o | o ¢l o | o |
- NHz HO H
NH2 | I _
Tfo]/g ’ l/ko ) .J cl (i CH, CHy
o 1 TIO g 7 N
78 N 79 1 N 8o N »
LG EI&[]™ |
N+ ng N
N + N ;

CO,allyl

Cco,
B

By appropriately modifying the procedures of Example 7
and 8, allyl (15,5R,6S)-2-[N-(7-(2-hydroxy)-ethyl)-1,8-naphthosultam)-




WD 97/ 40048 PCT/ US97/ 06626

-103 - EXAMPLES 60- 62 [err] By
appropriately nodi fying the procedures of Steps 3 and 4 of Exanple 1,
allyl (1S,5R, 6S)-2-[N-(6-(hydroxynethyl)-1.8- 5

napht hosul t agdo9yabdag! | - 6-[ (1R) - (al | yl oxycar bonyl oxy) et hyl | -pckrise7/06626

net hyl car bapen- 2- em 3- car boxyl ate (conmpound A) is reacted with conpound
Q as set forth in the follow ng Table to produce conpounds of formula B
in which Qis as defined in the followng Table. 10
TABLE
- 112 -
EXAMPLE 81

YNTHESIS OF ALLYL (] 65)-2-(4- -HYDROXY -ETHYL-5-
NITRO-1.8-NAPHTHOSULTAMIMETHYL)-6-[1
ALLYLOXYCARB LYOXYETHYLI-I-METHYLCARB N-2-
5 EM-3-CARBOXYLATE

| OTMS
NO,

.40

1) H-N—Sgo

DEAD, PPhy
2) TIOH

Y

OH

na htho ultam)methyD-6-{1(R)-(allyloxycarbonyloxyethvl]-1 -

methylcarbapen-2-em-3-carboxylate

10 By appropriately modifying the procedures of Steps 1 and 2
of Example 6, allyl (15,5R,65)-2-(hydroxymethyl)-6-{ 1(R)-
(allyloxycarbonyl)oxyethyl}-1-methylcarbapen-2-em-3-carboxylate is
reacted with 4-(2-trimethylsilyloxyeth-1-yl)-5-nitro-1,8-naphthosultam
to afford allyl (1S,5R,65)-2-[N-(4-(2-hydroxy)-ethyl)-5-nitro-1,8-



[err] WD 97/ 40048 PCT/ US97/ 06626

- 104 - EXAMPLES 63- 65 [err]

By appropriately nodifying the procedure of Exanple 3, allyl (1

'S, BR, 6S)-2-[ N- (6- (hydroxymethyl )- 1 , 8-naphthosultam-nethyl]- 5 6-[(1
R) - (al | yl oxyc ¥Qewppa8xy) et hyl ] - 1 ~ et hyl car bapen-2-em 3-  PCREIH0663¢ at e

(compound A) is reacted with conpound @ as set forth in the foll ow ng
Tabl e to produce conpounds of forrmula B in which Qis as defined in the
foll owi ng Tabl e, [err] . )

- 113 -

naphthosultam)-methyl]-6-[(1R)-(allyloxycarbonyloxy)ethyl}-1-
methylcarbapen-2-em-3-carboxylate.

EXAMPLES 82-84
NO, OH

oo
H

1) T1,0 / base
2) Q*

[

3) deprotect Q
4) purify

COza"yl

h

By appropriately modifying the procedures of Example 7
and 8, allyl (15,5R,6S)-2-[N-(4-(2-hydroxy)-ethyl)-5-nitro-1,8-
naphthosultam)-methyl]-6-[(1R)-(allyloxycarbonyloxy)ethyl)-1-
methylcarbapen-2-em-3-carboxylate (compound A) is reacted with

10 compound Q* as set forth in the following Table to produce compounds
of formula B in which Q is as defined in the following Table.



WO 97/ 40048 PCT/ US97/ 06626

- 105 - EXAVPLE 66 SYNTHESI S OF ALLYL
(1S, 5R. 6S) - 2- ( 6- ( 2- ( HYDROXY) - FTHYL-

1. 8- NAPHTHOSULTAM METHYL) - 6- [ 1(R) -

( ALLYLOXYCARRGDWIo¥YETHYL] - 1- METHYLCARBAPEN-2- 5 PCT/USIT06626
EM 3- CARBOXYLATE Q( TVB)
[err] Steps 1 and 2: allyl (1S.5R 6S)-2-(6-(2-(hydroxy)-ethyl-1.8-
napht hosul tamnmethyl )-6-[ 1 (R)-(all.yl oxycarbonyl)oxyethyl] -1 -
-114 -
Table
[e] o T o Tel o | o 2] o | o |

HO.

Te| o " - ) CHa
TIO™ ./k . Ci CHs /
(Lo ° TIO )

N 83

CHIVRIRSHION IR

82

EXAMPLE 85
5 SYNTHESIS OF ALLYL (1S5R.65)-2-(4-(2-(HYDROXY)-ETHYL-5-

METHOXYACETYL-1.8 NAPHTHOSULTAMMETHYL)-6-[1(R)-
ALLYLOXYCARBONYL)OXYETHYL|-1-METHYLCARBAPEN-2-

EM-3-CARBOXYILATE
OoTMS

H,co

it 4%
N—S-=
onVH E°

DEAD, PPhy
2) TIOH

OR OH

10



met hyl car bapen- 2- em 3- car boxyl ate 10 By appropriately nodifying
the procedures of Steps 1 and 2 of Exanple 6, allyl

(1S, 5R, 6S) - 2- (hydroxynethyl )-6-[ 1(R)-

(al 'yl oxycar bonyl ) oxyet hyl ] - 1- net hyl car bapen- 2- em 3-car boxyl ate is

reacted with 6vQ2#40p48net hyl sil yl oxyet h-1-yl)- 1. 8- napht hosul t BER/U¥706626
afford allyl (1 S, 5R 6S)-2-[N-(6-(2-hydroxy)-ethyl)- 1 ,8-naphthosultam- 1
5 nmethyl ]-6-[ (1R -(allyloxycarbonyl oxy)ethyl - 1 -nethyl carbapen-2-em3

- car boxyl at e. WO 97/ 40048

PCT/ US97/ 06626 -§15 106 -

EXAMPLES 67- 69 [err] I':!>y appropriately m)dl fying the
procedures of Exanple 7 and 8, "allyl

1 R -(allyloxycarbon
car boxyl ate (conp 0
the fol |l owi ng Tabl(all

(1S, 5R, 695) - 2- [N-(Etégi W&Hdozyhilﬂ UVS.BRJG.Q' 24a000aRdrbRy)-ethyd-5-met hyl | - 6- [ 1(
[ RapeR-2- .

C . et.forthlln

By appropnately modlfymg the procedures of Steps |
5 and 2 of Example 6, allyl (15,5R,6S5)-2-(hydroxymethyl)-6-[1(R)-
(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate is
reacted with 4-(2-trimethylsilyloxyeth-1-yl)-5-methoxyacetyl-1,8-
naphthosultam to afford allyl (1S,5R,6S)-2-[N-(4- (2—hydroxy)-ethyl)
5-methoxyacetyl-1,8-naphthosultam)-methyl}-6-[(1R)-
10 (allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-carboxylate.

EXAMPLES 86-88

HsCO OH

1) Tf,0 / base
2) Q"

3) deprotect
4) purify Q

CO,ally!
A H3CO




as defined in the foll ow ng Tabl e.
[err] WO 97/ 40048

PCT/ US97/ 06626 - 107 -

EXAMPLE 70 SYNTHESI S OF ALLYL (1S.5R. 6S)-2-(7-( H/'DROXYMETHYL- 1. 8-

NAPHTHOSUL TAWO/&T4e8) - 6- 11 (R) - ( ALLYLOXYCARBONYL) OXYEFRMTAUS97/16626
- METHYLCARBAPEN- 2- 5 EM 3- CARBOXYLATE

10 TABLE

- 116 -

By appropriately modifying the procedures of Example 7
and 8, allyl (15,5R,6S)-2-[N-(4-(2-hydroxy)-ethyl)-5-methoxyacetyl-
1,8-naphthosultam)-methyl}-6-[(1R)-(allyloxycarbonyloxy)ethyl}-1-
methylcarbapen-2-em-3-carboxylate (compound A) is reacted with

5 compound Q¥ as set forth in the following Table to produce compounds
of formula B in which Q is as defined in the following Table.

TABLE
10
¢l o | o ¢l o | o [¢f o | o |
_ - NHp | HoO Ho
NH: | ¢l
- - Ha
TIO (kc‘ (ko Tto'(\l o ’J CHa / e
86 . N 87 N 88 (-/

5

&)

N,

e




[err] Steps 1 and 2: allyl (1S.5R 6S)-2-(7-(hydroxynethyl-1 . 8-
napht hosul tam) net hyl )-6-11 (R)-(all yl oxycarbonyl)oxvethyl]- 1 -

met hyl car bapen- 2- em 3- car boxyl ate 10 By appropriately nodifying
t he procedures of Steps 1 and 2 of Exanple 1, allyl (1
S, 5R, 6S) - 2- ( hyerBseMet hyl )-6-[ 1(R)- PCT/US97/06626

(al 'yl oxycar bonyl ) oxyet hyl ] - 1- met hyl car bapen- 2- em 3- car boxyl ate is
reacted with 7-(trimethylsilyloxynethyl)-1, 8-naphthosultamto afford
allyl ( 1S,5R 6S)-2-[N-(7-(hydroxynethyl)- 1 ,8-naphthosultam-nethyll- 15

6-[( 1R)-(allyl oxycarbonyl oxy)ethyl]- | -netfyycarbapen-2-em 3-
car boxyl at e. WO 97/ 40048

PCT/-US97/ 06626 - 108 -

EXAMPLES 71-73 EXAMPLE 89

SYNTHESIS OF ALLYL (1S.5R.65)-2-(4-(2-(HYDROXY)-ETHYL-5-
PHENYL-1.8-NAPHTHOSULTAMMETHYL)-6-] 1(R)-
ALLY1OXYCARBONYLYOXYETHYL]-1-METHYLCARBAPEN-2-
5 EM-3-CARBOXYI ATE

O OTMS
40

~ DEAD, PPhj
2) TIOH

i

CO,R
Steps | and 2: allyl (1S5,5R.68)-2-(4-(2-(hydroxy)-ethyl-5-phenyl-1.8-
naphthosultam)methyl)-6-{1(R)-(allyloxycarbonyloxvethyl]-1-

10 methylcarbapen-2-em-3-carboxylate
By appropriately modifying the procedures of Steps |

and 2 of Example 6, allyl (15,5R,6S5)-2-(hydroxymethyl)-6-[1(R)-
(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate
is reacted with 4-(2-trimethylsilyloxyeth-1-yl)-5-phenyl-1,8-

15 naphthosultam to afford allyl (1S,5R,6S)-2-[N-(4-(2-hydroxy)-
ethyl)-5-phenyl- 1,8-naphthosultam)-methyl}-6-[(1R)-(allyloxy-
carbonyloxy)ethyl]-1-methylcarbapen-2-em-3-carboxylate.



[err] By appropriately nodifying the procedures of Steps 3
and 4 of Exanple 1, allyl (1S,5R 6S)-2-[N-(7-(hydroxynethyl)-1,8- 5

napht hosul tam -net hyl ]-6-[ (1R)-(al | yl oxycarbonyl oxy)ethyl- 1 -

met hyl car bapen- 2- em 3- car boxyl ate (conpound A) is reacted with conpound
Q as set fomdwiamesshe foll owing Table to produce conpoundsecrusdfeodsss nul a B
in which Qis as defined in the following Table. 10

TABLE [err] WD 97/ 40048

PCT/ US97/ 06626 i - 109 -

EXAMPLES 74-76 118

EXAMPLES 90-92

1) T1,0 / base
2)Qr

3) deprotect
4) purify

COsallyl

By appropriately modifying the procedures of Example 7
and 8, allyl (1S,5R,685)-2-[N-(4-(2-hydroxy)-ethyl)-5-methoxyacetyl-

5  1.8-naphthosultam)-methyl]-6-{ (1R)-(allyloxycarbonyloxy)ethyl]-1-
methylcarbapen-2-em-3-carboxylate (compound A) is reacted with
compound Q¥ as set forth in the following Table to produce compounds
of formula B in which Q is as defined in the following Table.



[err]
al |yl

By appropriately nodifying the procedure of Exanple 3

6-[ (IR -(allyloxycarbonyloxy)ethyl]- 1 -nmethylcarbapen-2-em 3-

car boxyl ate (conpound A)

is reacted with conpound @ as set forth in

(1 S, 5R, 6S)-2-[N-(7-(hydroxynethyl)- 1 ,8-naphthosultam - nethyl

fol | ow ng Tablwo®H40848duce conpounds of fornula B in whi ch (PEHUSIT0EE36

defined in the foll ow ng Tabl e.
WD 97/ 40048

[err]
PCT/ US97/ 06626
EXAMPLE 77

1- 5

t he

10 TABLE
-110 -
S 119 -
TABLE
el o o [#] o T o T o | o |
Ny | or )72 HO _Ho
T'O_‘/ko (k o Tfo‘) “ SFHs N"CH:a
90| SN L I o O L/:/)
Q@[ @ |+
N .’F‘ N v
EXAMPLE 93
SYNTHESIS OF (15.5R 68)-2-(4-((1.3-DIMETHY LIMIDAZOL-2-

IUM)-1.8-NAPHTHOSULTAMYMETHYL)-6-[ 1(R)-

ALLYLOXYCARBONYL)OXYETHYL]-1-METHYLCARBAPEN-2-

1) H'

EM-3-CARBOXYLATE

=
No N

4

N—S%:0

T™MS

DEAD, PPhg
2) TIOH




SYNTHESI S OF ALLYL (1S.5R. 6S)-2-(7- (2- ( H/DROXY) - ETHYL-
1. 8- NAPHTHOSULTAM METHYL) - 6-[ 1 (R) -
( ALLYLOXYCARBONYL) OXYETHYL] - 1- METHYLCARBAPEN-2- 5

EM 3- CARBOXYLATE [err] Steps 1 and 2: allyl

(1S. 5R. 6S) - 2w0r9748e4 hydr oxy) - et hyl - 1. 8- napht hosul t amroarosspssts [ 1

(R) (all'yl oxycarbonyl ) oxyethyl J- 1 - nmet hyl car bapen- 2- em 3- car boxyl at e
By appropriately nodifying the procedures of Steps 1 and

2 of Exanmple 6, allyl (1S,5R 6S)-2-(hydroxynethyl)-6-[ 1(R)-

(al 'yl oxycar bonyl ) oxyet hyl ] -I - net hyl car bape (ﬁ em 3-carboxylate is

reacted with 7-(2-trinethylsilyloxyeth-1-yl ?2 , 8- napht hosultamto

afford allyl (1 S,5R 6S)-2-[N -(7-(2-hydroxy)-ethyl)- 1 ,8-naphthosultan)-

15 nmethyl]-6-[( 1 R)-(allyl oxycarbonyl oxy)ethyl]- - met hyl car bapen- 2- em 3-
car boxyl at e. CH,OT
(IPf)zNEt

CH,Cl, ) A\

2) purify

na hthoqultam methyl)-6-{1{R)-(allyloxycarbon lox thyl}-1-
methylcarbapen-2-em-3-carboxylate _

5 By appropriately modifying the procedures of Steps 1 and 2 of Example
6, allyl (15,5R,65)-2-(hydroxymethyl)-6-] 1(R)-
(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate is
reacted with 4-(imidazol-2-yl)-1,8-naphthosultam to afford allyl
(1S,5R,68)-2-[N-(4-(imidazol-2-yl)-1,8-naphthosultam)-methy!]-6-

10 [(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-

carboxylate.

naphthosultam)methyl)-6-[ [ (R)-(allyloxycarbonyDoxyethyi|-1-
15 methylcarbapen-2-em-3-carboxylate trifluoromethanesulfonate
Allyl (1S,5R,68)-2-[N-(4-(imidazol-2-yl)-1,8-naphthosultam)-methyl]-
6-[(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-
carboxylate (0.10 mmol) and diisopropylethylamine (0.11 mmol) are
dissolved in methylene chloride (5 mL) under a nitrogen atmosphere.
20 The mixture is cooled in an ice bath and treated with methyl
trifluoromethanesulfonate (0.21 mmol). After 30 minutes the mixture
is removed from the cooling bath and allowed to warm to room
temperature. The mixture is partitioned between methylene chloride



WD 97/ 40048
- 111 -

PCT/ US97/ 06626
EXAMPLES 78- 80 [err]

appropriately nodifying the procedures of Exanple 7 and 8, allyl
(1S,5R 6S)-2-[ N (7-(2-hydroxy)-ethyl)-1, 8 napht hosul tam - SKErgvet hyl 1-6-1 (
te

I R) - (al | yl oxy®¥Q %

(compound A) is reacted with conpound @ as set forth in
Tabl e to produce conpounds of forrmula B in which Qis

foll owi ng Tabl e,

10

15

20

25

oxy) et hyl ] - 1- met hyl car bapen- 2-em 3-

10 . TABLE [err]
-121 -

(10 mL) and 0.1N pH7 potassium phosphate buffer (20 mL). The
methylene chloride layer is washed again with 0.1N pH7 potassium
phosphate buffer (20 mL), dried over magnesium sulfate, filtered, and
evaporated to give the title compound.

tep4: (1 65)-2-(4-(1.3-dimethyl-imidazol-2-jum)-1.8- -
naphthosuitam)methyl)-6-[1(R)-hydroxyethyl]-1-methylcarbapen-2-em-
3¢ late
The crude allyl (15,5R,65)-2-(4-(1,3-dimethyl-imidazol-2-ium)-
1,8-naphthosultam)methyl)-6-{ 1(R)-(allyloxycarbonyl)oxyethyl]-1-
methylcarbapen-2-em-3-carboxylate trifluoromethanesulfonate from the
previous step is dissolved in dimethylformamide (1.5 mL) and cooled in
an ice bath. A solution of 0.5M sodium ethyl hexanoate in ethyl acetate
(0.22 mL, 0.11 mmol) and ethy!l hexanoic acid (0.036 mL, 0.22 mmol)
are added. The solution is blanketed with nitrogen, using a Firestone
valve, and triphenylphosphine (0.033 mmol) and tetrakis(triphenyl-
phosphine)palladium (0.033 mmol) are added. After 70 minutes,
diethy! ether (10 mL) is added and the supernatant is decanted from the
precipitate. The solid is washed with additional diethyl ether (10 mL)
and dried under vacuum. The solid is purified on a 1000 micron
reverse phase plate developed, in an ice bath, with 30% acetonitrile/
water and eluted with 80% acetonitrile/ water (15 mL). The eluent is
diluted with de-ionized water (10 mL), washed with hexanes (40 mL),
evaporated to approximately 2 mL and lyophilized to give the title
compound.

By

the foll ow ng
as defined in the



WD 97/ 40048 PCT/ US97106626

-112 - ' EXAMPLE 81 SYNTHESI S OF ALLYL
(1S.5R 6S) - 2- (4- (2- (HYDROXY) - ETHYL- 5- Nl TRO 1

. 8- NAPHTHOSULTAM) METHYL) -6- [1 (R)- ( ALLYLOXYCARBONYL) OXYETHYLI - 1
- METHYL CARBARRDIsZ/40058 EM 3- CARBOXYLATRCY/U597/106626
[err] Steps 1 and 2: allyl

(1S.5R 6S)-2-(4-(2-(hydroxy)-ethyl-5-nitro- 1.8-
napht hosul tamnethyl )-6-[1 (R)-(al |l yl oxycarbonyl)oxyethyl]- | -

-122 -

~ EXAMPLE 94

YNTHESIS OF (15.5R.68)-2-(4-((3-METHYLIMIDAZOL.-| -[UM)-
1.8-NAPHTHOSULTAMYMETHYL)-6-1 1(R)-

ALLYLOXYCARBONYL)OXYETHYL)-1-METHYL N-2-

5 EM-3-CARBOXYILATE

@

Q
RO/ILO Y 1 Me

OH 1) H,N—S:O

[

DEAD, PPhg
OR 2) TIOH

oo
0)\0 CH

r

Hy g

CO,R
. (Pr),NEt [ f\\l
CH,Cl, N)

1) deprotect
2) purify




met hyl car bapen- 2- em 3- car boxyl at e 10 By appropriately nodifying the

procedures of Steps 1 and 2 of Exanple 6, allyl
(1S, 5R, 6S)-2-(hydroxynmethyl)-6-[1 (R)-
(al Iyl oxycar bonyl ) oxyet hyl ] -1 - et hyl car bapen- 2- em 3-car boxyl ate is

reacted with w@gonaednet hyl silyl oxyet h-1-yl)-5-nitro-1, 8- naREIABIUPES26m

to afford allyl (IS, 5R 6S)-2-1N(4-(2-hydroxy)-ethyl)-5-nitro- 1, 8-

WD 97/ 40048 PCT/ US97/ 06626

-113 - napht hosul tam) -nmethyl ]-6-F( 1 R)-(allyl oxycarbonyl oxy)ethyl]- |
- met hyl car bapen -2-em 3-carboxylate. _ 93 . '

EXAMPLES 82-84 [err] )

na hth sultam meh -6-[1(R)-(allyloxycarbonyloxyethyl]-1-
methylcarbapen-2-em-3-carboxylate
By appropriately modifying the procedures of Steps 1
5 and 2 of Example 6, allyl (15,5R,65)-2-(hydroxymethy])-6-[ I (R)-
(allyloxycarbonyl)oxyethyl]-1-methylcarbapen-2-em-3-carboxylate is
reacted with 4-(imidazol-1-yl)-1,8-naphthosultam to afford allyi
(1S,5R,6S8)-2-{N-(4-(imidazol-1-yl)-1,8-naphthosultam)-methyl]-6-
[(1R)-(allyloxycarbonyloxy)ethyl]-1-methylcarbapen-2-em-3-
10 carboxylate.

naphthoeultam )methyl)-6-{1(R)-(allyloxycarbonyDoxyethyl]-1-
~ methylcarbapen-2-em-3-carboxylate trifluoromethanesulfonate

15 By appropriately modifying the procedure of Step
3 of Example 93, allyl (1S,5R,6S)-2-[N-(4-(imidazol-1-yl)-1,8-
naphthosultam)-methyl]}-6-[(1R)-(allyloxycarbonyloxy)ethyl]-1-
methylcarbapen-2-em-3-carboxylate is reacted with methyl
trifluoromethanesulfonate to afford the title compound.

20

-1.8-

naphthosultam)methyl)-6-[ 1 (R)-hydroxyethyl]- 1 -methylcarbapen-2-em-

3-carboxylate
By appropriately modifying the procedure of Step 4 of
25 Example 93, allyl (1S,5R,6S)-2-[N-(4-(3-methyl-imidazol- 1-ium)-
1.8-naphthosultam)-methyl}-6-[(1R)-(allyloxycarbonyloxy)ethyl]-1-
methylcarbapen-2-em-3-carboxylate is deprotected and purified to
afford the title compound.

30



5 By approMt he procedures of Exanple 7
and 8, allyl (1S, 5R 6S) - Zr droxy)-ethyl)-5-nitro-1, 8-

napht hosul tam - net hyl ] -6 m’m’m ar bonyl oxy)ethyl]- 1-

met hyl car bapen- 2- em 3- car boxyl a d A) is reacted with 10 conpound
Q@ as set fondoidsodshe fol |l owing Table t'o produce compoundsecrusewbssior nul a

Bin which Qis as defined in the follow ng Tabl e. WO 97/ 40048
PCT/ US97/ 06626 -114 - Tabl e
[err] EXAMPLE 85 5 SYNTHESI S OF ALLYL

(1S.5R 6S) - 2- (4- (2- (HYDROXY) - ETHYL- 5- N_E'[IEQXYACETYL- 1

. 8- NAPHTHOSULTAM METHYL) - 6-[ 1 (R)-
WHAT IS CLAIMED ]S;

f. A compound represented by formula I:

] COoM O=5 N

or a pharmaceutically acceptable salt thereof, wherein:
Rlrepresents H or methyl;

10 CO;M represents a carboxylic acid, a carboxylate anion, a
pharmaceutically acceptable ester group or a carboxylic acid protected
by a protecting group;

P represents hydrogen, hydroxyl, F or hydroxy! protected
15 by a hydroxyl-protecting group;

each R is independently selected from: -R¥; -Q;
hydrogen; halo; -CN; -NO»; -NRaRb; -OR¢; -SR¢; -C(O)NR4R?;
-C(O)OR®; -S(O)Rc; -SO2R¢; -SO,NR4RP; -NRaSO,RP; -C(O)R%;

20 -OC(O)R3; -OC(O)NR2Rb; -NR2C(O)NRYR¢; -NR2CO2RY; -OCO;2RY;
-NRaC(O)Rb; -Cj_g straight- or branched-chain alkyl, unsubstitted or
substituted with one to four R4 groups; and -Cz.7 cycloalkyl,
unsubstituted or substituted with one to four RY groups;

with the proviso that at least one R is present which

25 contains at least one positive charge;

each Ra, R and Re independently represents hydrogen., -R*,
-C) -6 straight- or branched-chain alkyl, unsubstituted or substituted with



( ALLYLOXYCARBONYL) OXYETHYL—]—i_—I’vE:H-H‘I:GQcRBAPEI\I- 2-

EM 3- CARBOXYLATE

PCT/ US97/ 06626

ORI o 071 40048

WO 97/40048 PCT/US97/06626

10

15

20

25

125 -

one to four Rd groups, or -C3.7 cycloalkyl, unsubstituted or substituted
with one to four Rd groups;

or R2and RP taken together with any intervening atoms
represent a 4-6 membered saturated ring optionally interrupted by one
or more of O, S, NR¢, with R¢ as defined above, or -C(O)-, said ring
being unsubstituted or substituted with one to four Ri groups;

or Rb and R¢ taken together with any intervening atoms
represent a 4-6 membered saturated ring optionally interrupted by one
to three of O, S, NRa, with R2 as defined above, or -C(O)-, said ring
being unsubstituted or substituted with one to four Ri groups;

each Rdindependently represents halo; -CN; -NO2; -NReR";
-ORg; -SRg; -CONReRf; -COORg; -SORs; -SO3Rg; -SO,NR¢R;
-NRtSO,Rf; -COR¢; -NRe CORf; -OCORS¢; -OCONREeRf; -NReCONR'Rg;
-NR¢CO,Rbh; -OCO,RI; -C(NR¢)NRfR¢; -NReC(NH)NR'R;
-NReC(NRNR¢; -R* or -Q;

Re, Rf and R¢ represent hydrogen; -R*; -C1.¢ straight- or
branched-chain alkyl unsubstituted or substituted with one to four Ri
groups;

or Reand Rf taken together with any intervening atoms
represent a 4-6 membered saturated ring optionally interrupted by one
to three of O, S, -C(O)- or NR# with R2 as defined above, said ring
being unsubstituted or substituted with one to four Ri groups;

each Ri independently represents halo; -CN; -NO2; phenyl;
-NHSORb; -ORb, -SRb; -N(Rh)z; -N*+(Rh)3; -C(O)N(RM)2;
-SO;N(Rb); heteroaryl; heteroarylium; -CO2Rb; -C(O)Rb; -OCORb;
-NHCORY; guanidinyl; carbamimidoyl or ureido:

each Rb independently represents hydrogen, a -Cj.¢ straight
or branched-chain alkyl group, a -C3-Cg cycloalkyl group or phenyl. or
when two Rb groups are present, said Rh groups may be taken in



Steps 1 and 2: allyl (1S.5R 6S)-2-(4-(2- (hydroxy) ethyl

nmet hoxyacetyl - 1 .8-naphthos

(al 'yl oxycar bonyl )oxyet hy | car bapen 2 em 3- car boxyl at e

By appropriately nodifyi n mwg ﬂ?"f Steps 1 5 and 2 of Exanple
6, allyl (1Swdy7dp4s2- (hydr'oxy PCT/US97/06626
(al 'yl oxycar bonyl ) oxyet hyl ] -1 - et hyl car bapen 2 em 3-car boxyl ate is
reacted with 4-(2-trimethylsilyloxyeth- 1 -yl)-5-nmethoxyacetyl- 1, 8-
napht hosultamto afford allyl (1S,5R 6S)-2-[N(4-(2-hydroxy)-ethyl)-
5- met hoxyacetyl - 1 , 8-napht hosul tan) - net hyl ] g [( 1 R- 10

(al Iyl oxycar bonyl oxy) ethyl]-1 -nmethylcar bapé% 2-em 3- car boxyl at e.
EXAMPLES 86- 88 [err]

combination and represent a 4-6 membered saturated ring, optionally
interrupted by one or two of O, S, SO2, -C(O)-, NH and NCH3;

Q is selected from the group consisting of:

(CHz)b
@t, ~a ©’l \d
2§80 mgN-ax L —
u o p—
5 (CHz)a
wherein

aandbare 1,2 or 3;
L- is a pharmaceutically acceptable counterion;
a represents O, S or NRS;
10 B, 8, A, p and ¢ represent CRY, N or N+RS$, provided that
no more than one of B, &, A, u and o is N*RS;

R* is selected from the group consisting of:

kL Y s
g e—g

15 d—Y e
wherein:

d represents O, S or NRX;

e, g, X, ¥ and z represent CRm, N or N*Rk, provided that
no more than one of e, g, x, y and z in any given structure represents

20 N*Rk;

Rk represents hydrogen; -Cj.¢g straight- or branched-chain
alkyl, unsubstituted or substituted with one to four Ri groups; or
-(CH2),Q where n= 1, 2 or 3 and Q is as previously defined;

25

each Rm independently represents a member selected from
the group consisting of: hydrogen; halo; -CN; -NO,; -NRaRo; -ORb;
-SRn; -CONR#Re; -COORDb; -SOR™; -SO;R1; -SO,NRaR0; -NRrSO,R¢;
-COR®; -NRPCORp?; -OCOR™; -OCONR?Ro; -NRCO2Rb;
30 -NRerCONReRb; -OCO,RY; -CNRANReRb; -NRrCNHNRORD;



WD 97/ 40048 PCT/ US97/ 06626
-116 - By appropriately nodifying the procedures of Exanple

7 and 8, allyl (1S, 5R GTM‘ “ “ ﬂm “'r oxy) et hyl) - 5- net hoxyacetyl
1 , 8-napht hosul t am - net hyl ] Bxycar bonyl oxy) et hyl ] -
et hyl car bapenwp-921#038 car boxy1 at'e tcorrpoun A) is reacted wi tl’ﬁTNs”Wpound

Q as set forth in the followng Table to produce conpounds of formul a
Binwhich Qis as defined in the foll ow ng Tabl e.

TABLE 10 [err] WD 97/-40048

PCT/ US97/ 06626 127 -

-NRnC(NRo)RbE; -Cj.¢ straight- or branched-chain alkyl, unsubstituted or
substituted with one to four Ri groups; -C3-7 cycioalkyl, unsubstituted or
substituted with one to four Ri groups; and -(CH2),Q where n and Q are
as defined above;

5
Rr and Re represent hydrogen, phenyl; -Ci.-6 straight- or
branched-chain alkyl unsubstituted or substituted with one to four Ri
groups;
10 each Rs independently represents hydrogen; phenyl or -Ci.¢

straight- or branched-chain alkyl, unsubstituted or substituted with one
to four Ri groups;

each Rtindependently represents hydrogen; halo; phenyl;
15 -CN; -NOy; -NRURY; -ORvY; -SRv; -CONRURY; -COORb; -SORY; -SO;RY;
-SO;NRURY; -NRUSOsRY; -CORvY; -NRUCORY; -OCORY; -OCONRURY;
-NRvCO5Rv; -NRvCONRYR¥; -OCO,Rv; -Cj.g straight- or branched-
chain alkyl, unsubstituted or substituted with one to four Ri groups;

20 Ru and RY represent hydrogen or -Cj_¢ straight- or
branched-chain alkyl, unsubstituted or substituted with one to four R!
groups;

or Rvand Rv together with any intervening atoms
represent a 4-6 membered saturated ring optionally interrupted by one

25 ormore of O, S, NR¥ or -C(O)-, said ring being unsubstituted or
substituted with one to four Ri groups;

each R¥ independently represents hydrogen; -C] -6 straight-
or branched-chain alkyl, unsubstituted or substituted with one to-four Ri
30 groups; C3-6 cycloalkyl optionally substituted with one to four R!
groups; pheny! optionally substituted with one to four R! groups, or
heteroaryl optionally substituted with 1-4 Ri groups;
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(1S.5R, 6S)-2-(4-(2-(HY ETHYL- 5- HENYL- 1
, 8- NAPHTHOSULTAM I\/ETHYL) (”ﬁ,"’ "ﬂﬂ%'"" "m " ’"’ALLYLOXYCARBC]\IYL) OXYETHYL] - 1
- METHYLCARBAPEN- 2- EM 3- CARBOXYLATE
[err] Swepsmibmnd 2: all yI PCT/US97/06626
(1S.5R 6S)-2-(4-(2-(hydroxy)-ethyl -5-phenyl -1. 8-
napht hosul tamnmethyl )-6-[1 (R)-(al Iyl oxycarbonyl)oxyethyl]- | - 10
met hyl car bapen- 2- em 3- car boxyl at e . By appropriately nodifying
the procedures of Steps | and 2 of Ex le 6, allyl
(1S,5R, 6S)-2-(hydroxynethyl )-6-[ 1(R)- %Ban yl oxycarbonyl ) oxyethyl]- 1

- nmet hyl car bapen- 2- em 3- car boxyl at e i's react ed with
4-(2-trinethylsilyl th-1s ht. hosul
al I(yI EIIS 5Ry6§|) )2/ ?)lial(e4- I%Jy%ch Q‘??a%n together w1tkpggytint%§\lljer}lgg1 dtt(())mgfford
represent a -6 membered saturated ring, optionally interrupted by one
or two of O, S, SO2, NH or NCH3;

5 RX represents hydrogen or a C}.§ straight- or branched-
chain alkyl, optionally interrupted by one or two of O, S, SO, SO2,
NRW, N+RBRW, or -C(0)-, said chain being unsubstituted or substituted
with one to four of halo, CN, NO2, ORW, SRW, SORW, SO2RWV,
NRhRW, N+(Rh)2RW, -C(0)-R¥, C(O)NRBRW, SO2NRhRW, CO2RW,

10 OC(O)RW, OC(O)NRhRW, NRRC(O)RW, NRIC(O)NRBRW, or a phenyl
or heteroaryl group which is in turn optionally substituted with from
one to four Ri groups or with one to two C}.3 straight- or branched-
chain alkyl groups, said alkyl groups being unsubstituted or substituted
with one to four Rl groups;

15
RY and Rz represent hydrogen; phenyl; -Ci.¢ straight or
branched chain alkyl, unsubstituted or substituted with one to four Ri
groups, and optionally interrupted by O, S, NR¥, N+RhRW or -C(O)-;
20 or Rxand Ry together with any intervening atoms represent

a 4-6 membered saturated ring optionally interrupted by O, §, SO,

NRw , N+tRhRW or -C(O)-, unsubstituted or substituted with 1 - 4 Ri

groups, ' _

and when Rx and RY together represent a 4-6 membered

25 ring as defined above, Rz is as defined above or Rz represents an
additional saturated 4-6 membered ring fused to the ring represented by
R* and RY taken together, optionally interrupted by O, S, NR¥ or
-C(O)-, said rings being unsubstituted or substituted with one to four Ri
groups.

30

2. A compound in accordance with claim 1 wherein

CO2M represents a carboxylate anion.

3. A compound in accordance with claim 1 wherein
35 wherein one R represents a group which contains a positively



et hyl ) - 5- phenyl -

1 ,8-naphthostHtam-nethyl]-6-[( | R )-(allyloxy-

carbonyl oxy)ethyl]- | -net hylnﬂibafen- 2-em 3- car boxyl at e.
BB s0.0 L L LT
s PCT/US97/06626

WO 97/40048
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charged moiety, and the remaining R groups are selected from
hydrogen and Cj_g straight or branched chain alkyl, unsubstituted or

substituted with one to four Rd groups.

4. A compound in accordance with claim 3 wherein
one R represents a group containing a positively charged moiety and
the remaining R groups are hydrogen.

5. A compound in accordance with claim | wherein
the R groups contain from 1-3 positive charges.

6. A compound in accordance with claim 5 wherein
the R groups contain two positive charges, balanced by a carboxylate
anion and a negatively charged counterion.

7. A compound in accordance with claim ! wherein
one R group represents a -Cj.¢ straight or branched chain alkyl
group, substituted with one to four R4 groups, wherein one Rd group
represents -R* or Q.

8. A compound in accordance with claim I wherein
Q is selected from the group consisting of:

5 5 I(CH2{b
@l, =~ 6’1 ~o
SN_E SN E e SNew
i o o\ /
L™ (CHg)a

9. A compound in accordance with claim 8 wherein
wherein Q represents:



[err]

7 and 8, allyl

By appropriately nodifying the procedures of Exanple

met hyl car bapen- 2- em 3- car boxyl ate (conpound A) is, reacted with

conpound Q° s eeodsorth in the follomls Hi c
formula Bin which Qis as defined }Jn %E@é@\éﬁng Tabl e. WO
: 97/0

I
0 g g

97/ 40048
-119 -
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BLE 3 [err]

s *

’(CHZ{b
S—N\Q\%N-R*

1® (CHp).

L-, a and b are as originally defined, and R* represents
a member selected from the group consisting of: hydrogen or a
C1-g straight- or branched- chain alkyl, optionally interrupted by
one or two of O, S, SO, SO2, NRW, N+tRhRW_ or -C(0)-, said chain
being unsubstituted or substituted with one to four of halo, CN, NO2,
ORW, SR¥, SORW, SO2RW, NRhRW, N+(Rh)2RW, -C(0)-RW,
C(O)NRBRW, SO2NRIRW, CO2RW, OC(O)RW, OC(O)NRIRW,
NRRC(O)RW, NRRC(O)NRNRW, or a phenyl or heteroaryl group
which is in turn optionally substituted with from one to four Ri
groups or with one to two C].3 straight- or branched- chain alkyl
groups, said alkyl groups being unsubstituted or substituted with one
to four Ri groups, and

Rh, Ri and RW are as originally defined.

10. A compound in accordance with claim | wherein
Q represents -N+RXRYRZ, wherein R%, RY and RZ are as originally
defined.

11. A compound in accordance with claim 1 wherein
one R* group is present and is selected from:

—S—(’e\ﬁ( and -S—(’x:?
e

d/y =X ¢] ;
d represents NRK; Rk represents -Cj-4 straight or branched chain
alkyl; and e, g, x and y represent CR™ or N*Rk, with Rk as defined

above and R™ representing hydrogen.

12. A compound in accordance with claim | wherein:

_

This Sheet H.
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T

(1 S, 5R 6S)-2-[N-(4-(2-hydroxy)-ethyl)-5-nmethoxyacetyl -
5 1 ,8-naphthosu Itam)-nmethyl]-6-[(1 R)-(allyloxycarbonyl oxy)ethyl]- 1-

of
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[T

CO2M represents a carboxylate anion;

one R group which is attached to the naphthosultam
platform contains at least one positively charged moiety, and the
remaining R groups are selected from hydrogen and Ci.¢ straight or
branched chain alkyl, unsubstituted or substituted with one to four Rd
groups.

W

Rd is as originally defined;
Rh represents hydrogen or a Cj.¢ straight or branched
chain alkyl group;
10 Q is selected from the group consisting of:

. . (CHz)b
g—?l:'\g, S'QN '(g and 'S_N/\/N R

= cc’
1© (CH2>a

wherein L- is as originally defined; a and b represent 2,

15 and RX represents 2 member selected from the group consisting of:
hydrogen or a.C}-g straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+RhRW, or
-C(O)-, said chain being unsubstituted or substituted with one to four
of halo, CN, NO2, ORW¥, SRW, SORW, SO2RW, NRhRW,

20 N+RhpRW, -C(0)-RVY, C(O)NRBRW, SOONRIRW, CO2RW,
OC(O)RW, OC(O)NRIRW, NRRC(O)RW, NRhC(O)NRBRW, or a
phenyl or heteroaryl group which is in turn optionally substituted
with from one to four R! groups or with one to two C}-3 straight- or
branched- chain alkyl groups, said alkyl groups being unsubstituted

25  or substituted with one to four Ri groups;

R* is selected from:

Thls Sheet H.

[ Ilﬁfﬂ



[err] Steps 1 and 2: al+: 6S) - 2- (4- (i mdazol -2-yl)- 1.8-
napht hosul tam) nmet hyl )-6-[ 1 E Em (al 1yl oxycarbonyl)oxyethyl]-1 -

nmet hyl car bapen- 2- em 3- car bo M,mmmm pri ﬁt el) y nodi fying the
ally

procedures of Steps 1 and 2

(1S, 5R, 6S) - 2-v¢dym4oousy et hyl ) - 6- 11(R) PCT/US97/06626

(al 'yl oxycar bonyl ) oxyet hyl ] - 1- met hyl car bapen- 2- em 3- car boxyl ate is
reacted with 4-(imdazol-2-yl)-1, 8-naphthosultamto afford ally) (1S
, bR, 6S) - 2-[ N- (4- (i mi dazol -2-yl)- 1 ,8-naphthosultanm)-nmethyl] -6- 10 ((1
R) - (al |yl oxycarbonyl oxy)ethyl- 1 -nethyl ca]rﬁapen- 2-em 3 -

car boxyl ate. Step 3. allyl Tive T

(1S.5R 6S)-2-(4-(1. 3-di net hyl -im dazol -2-ium- 1 , 8-

o ea bapon . N s R AR T fbeor iinclpt,
(1S, 5R, 6S) - 2- [ N- (chajn atkjdlzand 2, g| x-and ysepramtr@emmalﬁf whgh Rk as 6-[(1
R) - (al | yl oxycar bogpfiredyasdvevadd Rln E%ﬂtﬁ?m@)?eﬁ. em3 - car boxyl at e

(0.10 mmol ) and dii sopropylethylam are di ssolved in
met hyl ene chloride (5 nL) under a nltrogen atnosphere. 20 The mxture is
cooled in an ike bath and tl3eat Adcamphunétimatcordance with claim |

trlfluoronethane E’Hf)“‘ gﬁb()?fgﬁnﬂga)lf . After 30 m nutes the m xture is

removed fromthe ¢ h and owed to warmto room t enper at ur e.
The m xture is partitioned beh\e?en met h¥l ene chloride

ey ed
HyC
3 /) —CH,—N R
S
la COxM O_f R

10 or a pharmaceutically acceptable salt thereof, wherein:
CO2M represents a carboxylate anion;
one R contains a positively charged moiety, and the
other R groups are selected from hydrogen and Cj_g straight or
branched chain alkyl, unsubstituted or substituted with one to four Rd
15 groups;

Rd is as originally defined;
Q is selected from the group consisting of:

o5 5 (CHz)b

C 0.0~

S.FN\ RN LI S g“N/\?N‘R"
' (CHz)a

20
wherein L-, a and b are as originally defined, and R*

represents a member selected from the group consisting of:
hydrogen or a C}.g§ straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+RhRW_ or

25 -C(O)-, said chain being unsubstituted or substituted with one to four
of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRhRW,
N+Rh)2RW, -C(0)-RW, C(O)NRIRW, SOPNRIRW, CO2RW,



WO 97/ 400 PCT/ US97/ 06626

-121 - ﬂimummmwm(jﬂl» AN pH7 potassi um phosphate buffer (20 nL). The
nmet hyl ene 'S washed again with 0.1 N pH7 potassium
phosphate buffer (20 nmi), dried oyer m";.cfiu)i‘gn%@rate, filtered, and
evaporated t oW ¥i0e8e title conpddHih SHEET H gp 4: ( 1S.BEUESI0SE 4. (1
. 3-di net hyl -i mi dazol -2-ium) - 1. 8- REPLACED
napht hosul t am) net hyl ) -6-[ 1(R) - hyd yethyl |- 1-met hyl carbapen-2-em
3-carboxyl ate The crude allyl .

(1S,5R, 65)-2-(4-(1, 3-dinmethyl -im dazol -2-iumj3310 1

, 8-napht hosultamnethyl)-6-[ 1 (R)-(allyl oxycarbonyl)oxyethyll- 1-
nmet hyl car bapen- 2- em 3- car boxyl ate trifl uoromet hanesul fonate fromthe

previous step is da g%rmﬁ W ' ( 00Qkad in
an ice bath. A soﬁﬁ@nﬁl‘gfdg{ odlibuf’ni\%l E ﬂgéﬁ}cl)g}(g@q)gmg?lz _’.Q’Iartg tate
(0.22'nL, 0.11 mrphpnyher BetejparkbQERIR Whieh & FolusBepHonaly SAbRHPIGd 15 5r e
added. The sol uti evith $rovh anedabdouniRIgroups ogavith oseng tworCi &3 straight- or

val ve, and tri phen i.he BF [ ' ], <
phosphi ne) pal | adi @ﬂf@%ﬁggh ?Q‘F'?ygg‘gb%g%%ffia%&g@%g i g@%l?&l’ﬁutegi et hyl
ether (10 L) Fs atsubstifsted pathsone fofouR! EEOWScant ed from the

precipitate. The solid is wWRBhepresents lndhiogemwonla Qi gtsisdight bebrapthedi) 20
and dried under v Jddis purified on a 1000 m cron reverse
phase pl ate devel %&gﬁ%ﬁkﬁgﬁ&%e bath, with_30% acetonitrile/ wat er
and el uted with 80% acet oni R isa@s anginally dsfined; The el uent is di | ut ed
with de-ionized water (10 nR¥.issekbed fibirh hexanes (40 ni), evapor at ed
t o approxi mat Efby 2 nL and |yophilized to give the title 25 conpound.

e~ X~
P aa $48
aY =9

-

wherein d represents NRk; Rk represents -Cj.¢ straight or branched
chain alkyl; and e, g, x and y represent CR™ or N+Rk, with Rk as
15 defined above and R™ representing hydrogen.

14. A compound in accordance with claim I
represented by formula Ib:

20

or a pharmaceutically acceptable salt thereof, wherein:
CO2M represents a carboxylate anion;
one R group is attached to the naphthosultam platform
25  which contains a positively charged moiety, and the other R group is
selected from hydrogen and Cj.¢ straight or branched chain alkyl,

unsubstituted or substituted with one to four R4 groups;
Rd is as originally defined;

\
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Q is selected from the group consisting of:

5 (CHz)b
@57 - @4 ~g
N &, yN_ U N\ EN-R*
S_ \usﬁ S_ \a/ﬁ and g- /\/ '
(CHz)a

wherein L-, a and b are as originally defined, and R
represents a member selected from the group consisting of:
hydrogen or a C]-8 straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, S02, NRW, N+RbRW, or
-C(O)-, said chain being unsubstituted or substituted with one to four
of halo, CN, NO2, ORW, SR¥, SORW, SO2RW, NRhRW,
N+Rh)RW, -C(0)-RW, C(O)NRIRW, SO2NRhRW, CO2RW,
OC(O)RW, OC(O)NRBRW, NRRC(O)RW, NRIC(O)NRIRW, or a
pheny! or heteroaryl group which is in turn optionally substituted
with from one to four Ri groups or with one to two C}-3 straight- or
branched- chain alkyl groups, said alkyl groups being unsubstituted
or substituted with one to four R} groups;

Rb represents hydrogen or a C.¢ straight or branched
chain alkyl group;

RW is as originally defined,;

R* is selected from:

e\ X~
-S—(/ i and i

gy =9

wherein d represents NRk; Rk represents -Cj-g straight or branched
chain alkyl; and e, g, x and y represent CR™ or N*Rk, with Rk as
defined above and R™ representing hydrogen. Within this subset, all
other variables are as originally defined with respect to formula 1.

15. A compound in accordance with claim |
represented by formula Ic:

. This Sheet Has Been Re; ﬁ
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[err] WO 97/ 40048

EFZLSS?Z‘RS?EIIIILIIIIQIIHI UM > o i mdazo 1 1)1 8

napht hosul t aff) mét hyl ) T (R -(allyl oxycarbonyl) oxyet hyI ]-

met hyl car baperwQ@9w4e043- car boxyl at e By appr!ﬁi”ﬂ%?f”@f‘}‘
nodi fyi ng the procedures of Steps 1 5 and 2 of Exanple 6, allyl
(1S, 5R, 6S) - 2- (hydroxynmet hyl )-6-[ 1(R)-

(al 'yl oxycar bonyl ) oxyet hyl ] -1 - net hyl car bapen- 2-em 3-car boxyl ate is

reacted with 4-(imdazol-1-yl)-1,8-naphthosuljggmto afford allyl (1
S, 5R,6S)-2-[N-(4-(i mdazol- 1-yl)-1 , 8- naphthosultarr) nmet hyl ] - 6- [(1
R) - (al | yl oxycar bonyl oxy)ethyl]-1 et hyl car bapen-2-em 3- 1 0 carboxyl ate.

Step 3: allyl (1S.5R 6S)-2-(4-(3-methvl-imdazol-21-iun)-I. 8-
napht hosul tam nethyl )-6-[ 1 (R)ldaltlrt%/l Oﬁ’ycarbonyl)o et hyl]- 1 -

et hyl'car bapen- 2- em 3- car boxyl afett n f lpuor omet hanes gnate 15
By appropriately nodifying H%@ p d\e of Step 3 of |:‘Exarrpl e 93,
allyl (1 S,5R, 69)- 2[N—(4(| dazql - CHy—8&
napht hosul tam -nethyl]-6-[( 1 Rb oxycar bon§xl 0X I7- 1-
Ic COZM O—|Si
O =R

or a pharmaceutically acceptable salt thereof, wherein:
5 CO2M represents a carboxylate anion;
one R group is attached to the naphthosultam platform
which contains a positively charged moiety, and the other R group is
selected from hydrogen, halo and Cj.¢ straight or branched chain
alkyl, unsubstituted or substituted with one to four Rd groups;
10 Rd js as originally defined;
Q is selected from the group consisting of:

s (CHz)b
@l, \a \ @'l \0-
S‘N\ 2B S_N\ 8 and S—N/\fN R*
W o~ :
(CHZ)a !
15 wherein L-, a and b are as originally defined, and RX

represents a member selected from the group consisting of:
hydrogen or a C|-§ straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+RhRW_ or
-C(O)-, said chain being unsubstituted or substituted with one to four

20  of halo, CN, NO2, ORW, SR¥, SORW, SO2RW, NRhRW,
N+Rh)2RW, -C(0)-RW, C(O)NRERW, SOPNRIRW, CO2RV,
OC(O)RY, OC(O)NRhRW, NRBC(O)RW, NRhC(O)NRERW, or a
phenyl or heteroaryl group which 1s in turn optionally substituted
with from one to four Ri groups or with one to two C]-3 straight- or

25 branched- chain alkyl groups, said alkyl groups being unsubstituted
or substituted with one to four Ri groups;



met hyl car m:mﬁmm xylate is reacted wi th nethyl
trifluoro oaffordthetltle conpound. 20 Step 4.
4-

(1S.5R 6S) - 2- (4- {3-Pethyl*i ni dazol -1 - un) 1. 8-

napht hosul tamnmethyl )-6-[ 1 (R)-hy t hyl car bapen-2-em

3- car boxy! at &0 97/40048 Bl TRISpH AS;IBFE di f yi ngpamiusypesszeedur e
of Step 4 of 25 Exanple 93, allyl (1$§E‘3Eﬁm (4- (3-net hyl -i m dazol -
1-iun- 1 , 8-napht hosul t am) - meT Tyt I-T)-Hl

R) - (al | yl oxycar bonyl oxy)ethyl]- | -.. met hyl car bapen- 2- em 3- car boxyl at e
is deprotected and purified to afford;ghie title conpound. 30

WD 97140048

PCT/ US97/ 06626 124 VWHAT | S
CLAIMED | S: Rh représents BydroRa6f a'CRE *BAEIR bryrahehdy! 2 1:

[err] chain alky! group;

RW is as originally defined;
R* is selected from:

S o ¢4
e~ .

gy
wherein d represents NRK; Rk represents -Cj-¢ straight or branched
chain alkyl; and e, g, x and y represent CR™ or N+Rk, with Rk as
10  defined above and R™ representing hydrogen.

n

16." A compound in accordance with claim [
represented by formula Id:

' R
g
© Id COxM OZ\S‘

15 0

T
K
T
@)
T
ulI
XN VD
(@)
b o
I
Z )

or a pharmaceutically acceptable salt thereof, wherein:
CO2M represents a carboxylate anion;

one R group is attached to the naphthosultam platform
20 which contains a positively charged moiety, and the other R group is
selected from hydrogen, halo and Cj.¢ straight or branched chain
alkyl, unsubstituted or substituted with one to four Rd groups;
Rd is as originally defined;
Q is selected from the group consisting of:
25
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I

or a phar accept abl e salt t her eof , wherein:
R err] mgmmm &, hyl; 10 CJerr]Mrepresents a

car boxyl i c*ace I ate anion, a pharmaceutical ly acceptabl e
ester group or a car boxyl i¢ acid protected by a protectin gw f;

P represents HWyapu#ess hydroxyl, TG mﬁFl-OﬁNé BRERfected 15 P%’ﬁ" 6626

hydr oxyl - prot ecti ng group; ED each{R i s i ndependently
selected from -R*; -Q hydr bgen; HEQ!—%C CN—INO err]; -NRerr]Rerr]:
-CRlerr]; -SRerr]; -Q(ONRerr]Rerr} -C(O ORferr]; -S(ORerr];

-SOerr]Rerr]; -SJerr]NRerr]Rerr]; -NRerghSqerr]Rerr]; -C(ORerr];
20 -OC(ORer]; -CC(ONRerr]Rerr]; -NRerrJC(ONR[err]Rerr];
-NR[-err]CJerr]Rerr]; -OCO[err]Rerr]; -NR[err]C(ORerr]; -Cerr]
strai ght- or branched-chain al kyl, unsubstituted or (CHgybstituted with
one to four Rd groups; and g errs]gﬁ:sal oal kyl , dsubs\tltut ed or

N

substi‘tuted wi th one todLQlr gr Qups; §—N ®N-R\M th the
ept-Buhi cha% con a|(|s | east one

provi so that at |east ore ﬁdﬁ; pres
positive charge; - each Rerr], ] R[err]
C[err ra

i ndependently represents hydrogen. -R * ght - or
branched-chai n al kyl, unsubstituted or substituted wt h WO 97/ 40048
PCT/ US97/ 06626 wherein L-, a and b are as originally defined, and.R3 -

one to four Rd gr%ﬁ ”saﬂe‘?ﬁﬁémeﬁé{&%ﬁ}&}{'t}ne g 'bh&%ﬁ g substituted
Teg

with one to four ups r] taken
together with any Q’ér‘i’i’r@gcétﬁ)ﬁﬂmght' or bganchedn £ &'@B

saturated ring optineraiptedibyt eie optwd dfyOp8eSO, 802, RW N+R RW, or
-C(0)-, said chain being unsubstituted or substituted with one to four
of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRIRV,
N+RI)2RW, -C(0)-RW, C(O)NRhRW, SOONRhRW, CO2RW,

10 OC(O)RW, OC(O)NRhRW, NRhC(O)RW, NRIC(O)NRBRW, or a
pheny! or heteroaryl group which is in turn optionally substituted
with from one to four Ri groups or with one to two Cj].3 straight- or
branched- chain alkyl groups, said alkyl groups being unsubstituted
or substituted with one to four Ri groups;

15 Rh represents hydrogen or a Cj.¢ straight or branched
chain alkyl group;

RW is as originally defined;
R* is selected from:

e\ X~
7 ) and —S—(’

20 d-Y

wherein d represents NRk; Rk represents -Cj.g straight or branched
chain alkyl; and e, g, X and y represent CR™ or N+RK, with Rk as
defined above and R™ representing hydrogen.

17. A compound in accordance with claim 1
represented by formula Ie:

—_—
This Sheet Has

R



ri ngr rmr”]“mlﬂulﬂ“umm ut e\élvI E)P SRI[JS;”tﬁtsegerMI ?ﬁdoﬁgot/g fgtrjr-g[(gr] said

gr oups; * Rlerr] and Rl err] taken together w th any

I nt erveni ng at ons represent a 4-6 nenbered saturated ring optionally
I nt errupt ed Wi otrivdss to three — W t h Rpefibomsszgdef i ned
above, or -C(O-, said ring 10 bél WHREBSHAS BEEM Jor substituted with one
to four Rlerr] groups; REPLAOEBCh Rd|i ndependent |y
represents halo; -CN, -NJerr]; -NRerr[Rerris -OR[err]; -SRerr];
-CONR[err]Rerr]; -COOR[err]; -SOR[err]; - Rlerr]; -SOerr]NRerr]Rerr];

-NR[er]SOerr]Rerr]; -CORerr]; -NRerrT érr]; -OCOR[err];
-OCONR[err]R[err]; -NRerr]CONR[err]R[err]; 15 -NRerr]CJerr]Rerr];
-OCderr]Rerr]; -C(NR[err]p_M?[err]R&err] -NR[err]C(NH)NR[err] R err];
-NR[err] C(NRf)R[err]; -R* or Rlerr], Rerr] and
Rl err] represent hydroge . C r] straigh branched- chai n
al kyl unsubstituted or substityte A 20 groups;

or Rerr] and Rlerr] taken t
represent a 4-6 nmenbered satufated rapg- optOomg errupted by one -
to three of 0, S, -C(O- or NR[elFr] wth Rlerr]| as defined above, said ring
bei ng unsubstituted or substituted with one togfour Rl err] groups; 25

each R err] independently represents halo - CN; qurr]; phenyl ;

-NHSO[err]Rerr]; -ORerr],. -SR e ; RL{rr] Rerr]; -CONRerr];
-Sgerr] N(R[ er rql’ a Pbﬂﬁﬁ@%ﬂ“}lca"blécéﬁm hergpj éthTF!Tbr r]; -C(ORer];
- OCOR[ er r ] - NHCO?Reedsﬂtammebduwl cmgé@mdtb@osdleaéd ffhdhe 30

each Rn i ”d‘ﬁoe"g‘ﬁgbl ébrfsi’s?fn%sc?f“ %’h%’gr 86¢d Cile ﬁgaggﬁt] oxsﬁfaﬁl:ﬁéﬁ a}kyl or

br anched- chai n g clc ycl oa
when two Rh gr odpén s Stml&demt eng BYmowpioups nay be taken in

97/ 40048 R4 is independenfl}/seRtéd REGr Q;
Q is selected from the group consisting of:
10 '
5 (CHz)b
@l, ~ @'o -~
SN T 08 and g—N/\EN—R*
\ ;B \Q/B
(CHZ)a

wherein L-, a and b are as originally defined, and R*
represents a member selected from the group consisting of:

15 hydrogen or a C].8 straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+RhRW, or
-C(0)-, said chain being unsubstituted or substituted with one to
four of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRhRW,
N+Rh))RW, -C(0)-RW, C(O)NRBRW, SOJNRIRW, CO2RW,

20 OC(O)RW, OC(O)NRhRW, NRhC(O)RW, NRhC(O)NRhRW, or a
phenyl or heteroaryl group which is in tum optionally substituted
with from one to four Rl groups or with one to two C].3 straight- or
branched- chain alky! groups, said alkyl groups being unsubstituted
or substituted with one to four Ri groups;

25

R* is selected from:
RR\
This Sheet Has B

W™



- 126 - and represent a 4-6 nenbered saturated ring,
optlonal IU","”ﬂm"Hﬂ"l"%d by one or two of 0, S. SO[err], -C(0)-, NH and
is selected fromthe group consi sting of -
mhereln aand Lis a
phar maceut.i cal WQ 9%¢®édht abl e count e'ﬁHlS)rSHEET HAS BEEN aPCHHPaN6I6 s O,
Sor NRerr]; 10 [ € “[err] and [err]
represent CRt, N or N+RS, provid e than one of [err]

[err] [err] [err] and [err] is NtRerr]; R* is selected
fromthe group consisting of: [err] - 13%herein: d
represents 0O, S or NRerr]; e, g, X, y and z represent
CR[err], N or N+Rk, provided that no nore than one of e, g, X, y and z
in any given structure representg 2@~y+RK; X~

represents hydrogen; -Clerr] str t 41 orangr a d- ¢hai n al kyl ,

unsubstituted or substituted with oge¥ o four R[eq;f? gr oups; or
-(CHerr]Qwhere n =1, 2 or 3 and Qis as previously defined; 25
each R err] indepeBdent I&/ re rese %imanber se::é:ct ed f.rom

th
consi sting of: hy¥hg sent BERrpsenty pk by §igight o bra@qhed
- gCRI[ er r} - CO\IR[R[eéHdﬂR[aﬂtyl] and GQ@Rkeaﬁd] refiekim ICR™M oxsclcxag[k; wﬂ]heRk Jas
- err err e err
-NR[ err] COR[ er‘]r] %@%Mﬁﬁﬁdw %ﬁﬁ%h)r/ﬁlmgem err]CJerr]Rerr]; 30
-NR[err]CO\IR[err]R[err] -OCO[err]Rerr]; -CNRlerr]NR[err]Rerr];
-NRlerr]CNH\R[err]Rlerr]; 18. A compound in accordance with claim 1

represented by formula If:

e group

10

or a pharmaceutically acceptable salt thereof, wherein:
R contains a positively charged moiety selected from the
15 group consisting of: -R*, Q, and a Cj.¢ straight or branched alky}
chain substituted with one Rd group;
Rd is independently selected -R* or Q;

Q is selected from the group consisting of:

20
o5 5 I(CHz{b

%N TR e Sne\en-w
=p ‘o B \ /
1° (CHp),

wherein L-, a and b are as originally defined, and Rx
represents a member selected from the group consisting of:
25 hydrogen or a C].g straight- or branched- chain alkyl, optionally

~ This Sheet Has Been R.
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- 127 - im "l M"H!WR[err])R[err] -Cerr] straight- or
branched bstituted or substituted with one to four

Rlerr] groups; -([err] cycloal kyl, unsubstituted or - substituted with
one to four Wosraugosgr oups; and - ""icrs T ST EEER and Q ar eCT/US7/662%

defi ned above; 5 ) ang H err] represent hydrogen,
phenyl; -Cerr] straight- or br aR Rpai | kyl unsubstituted or
substituted with one to four R err] . groups; 10 each
Rlerr] independently represents hydrogen;_ g%kgnyl or -Clerr] straight -
or branched-chain al kyl, unsubstituted or stituted with one to
four R err] groups; each R err] independently

eBr e S ol ob AN 9701 S50 08 ey MRV L)

-Sgerr]Rerr]; -C(O)- salﬂqham ams]ubpmut@d or hﬁ{mrtu]eﬁqvuhrc}ﬁ[mr r]; .

EI:CR][Q[ere:]rkqerNrR][a‘ ﬁjr\ICN NW ﬂve RRW -Cerr]

straight- or br 2#(3&’}321{ R&?ég‘#al’n @%ﬁﬁhﬁ&é@ N bstltut ed with .

one to four ﬂ[eOQ(Cg)R}Mp@C(OZHRhRW NRhC(O)R‘ErNRhﬂ(d)) NRBRY, vepr esent

hydr ogen or i\@%{ﬁe@m pgrg[: &&H AVt ShoRal hbstitiga bst 1 t Ut ed
PP

bstit ut d
R er T ana R o Mith G08% ABE thioh P ihgRs ta o C1-3 straightsohye o 4 6

menber ed sat ur abeshchedgchginiatkpl grpups; said afkyddzoupo beirigbumsubstitdedf 0, S,
NR{err] or -C(Oy; suﬁﬁitﬂterd' WithGie o ﬂﬁﬁ@isé,iot‘%?d or substituted with

one to four (gi[err groups

R* is selected from:
-S—(’ i and -%—("X\?
=9 .

a—Y
15  wherein d represents NRK; Rk represents -C|.¢ straight or branched
chain alkyl; and e, g, x and y represent CR™ or N+Rk, with Rk as
defined above and Rm representing hydrogen.

19. A compound in accordance with claim 17
20 wherein:
R represents

(C HZ{b
‘(CH2)1-5-N6\9N'- RX
(CHy),

25 and RX, a, b and L- are as originally defined.

20. A compound in accordance with claim |
represented by formula Ig:

-

i



each Rw i

br anched- Hm ﬂmm bstituted or substituted with one to four R err]
30 groups; optionally substituted with one to four R err]
groups; phenyl opti onaIIy_ substituted with one to four R[errl_’_r%rou S, or
het eroaryl opWOOH4eH8, substituted with 1-4 R err] groups;

‘I‘LH esents hydrogen; -C [err] straight- or

- 128 - or Rlerr] and R err] taken together with any
i nterveni ng atons represent a 5-6 nenbered saturated ring, optionally
i nterrupted by one or two of 0, S SO[err], NH or NCHerr]; 5 .
Rlerr] represents hydrogen or a (Jerr] strajght- or branched- chain

al kyl, optionally interrupted by one or two of 0, S, SO SO[err],
NR[err], N+Rlerr]Rerr], or -C(O-, said chain being unsubstituted or
substituted w th one toH@ur of , OR[err], SR err],
SORlerr], SJerr]Rerr], Rerr],
-C(O-~+Rerr], C(O)NR[err]H-lgc] Cderr]Rerr], 10

OC(ORerr], CC(ONRerr]Rerr], IX 8
NR[err]C(O)NR[err]R[err] or aeny or__he group which is in
turn optionally substltuted w th fijpomCO.M 0 & r] groups or
wth one to two (ferr] straight- or branched- i chai n al kyl groups, said
al kyl groups being unsubstituted or substituted O with one to four
Rlerr] groups; 15 Rlerr] and R err] represent hydrogen;
phenyl; -C[err] %Jrgé‘-ﬂht or branched chain al kyl, unsubstituted or
substituted with ch? o0 four 'R{Berr] groups, and optlonally
interrupted by 0, S, NRlerr], FRIES§M$err] or -C(O) - 20 or
Rlerr] and Ri&rr] together with any intervening atons represent

(CHz)b

-(CHy)y s—N’\E’N ~RX
(CHz)a

and Rx, a, b and L- are as originally defined.

10 21. A compound in accordance with claim 1
represented by the structural formula:



a 4-6 nenbered saturated ring optionally interrupted by 0, S. SJerr],

NR[ err] or -C(O-, unsubstituted or substituted with 1 -4
Rerr]. ”m“ﬁﬂﬂmllg"ﬂ”“l and when R err] and R err]

t oget her feptedent' a®4-6 nenbered 25 ring as defined above, R[er rl%l S as
defined aboyg, ffseddeerr] represents an addi ti onal satRGTAISAH0H

menbered ring fused to the ring represented by Rlerr] and R err]

taken together, optionally interrupted by 0, S, NR err] or -C(O-

said rings being unsubstituted or substituted with one to four R er] -
groups. 30 : A con‘g ?nd in accordance with claim!l
wher ei n CJerr]M represents a carbo 3 at e ani on.

3. A conpound in accordance with claiml wherein 35 wherein one R
represents a group which contains a positively

- 129 - charged noiety, and the renmgning R groups aré'"g;at ed from
hydr ogen and (ferr] strai ght or (fr et¥chai n al kyl, unsub%mH d or )
substituted with one to four @B@ C NHD ® 4~ ®conpound
in accordance with claim.3 wh orfe R represegts lglgo;% cont ai ni ng
a positively charged rmiLety and the remai ning R groups are hydrogen. -
5. A conpound in accordan laim |l wherein 10 t oups contain
from 1-3 positive charges.

HO




6. A conpound in accordance with claim5 wherein the R groups
contain tﬁi)lm Il “EUB ﬂ baI anced by a carboxyl ate anion and a
. i on.
h a

negati vel 7. A conpound in
accordance with claim1 wherei n one R group represents a -(Jerr]
straight or bwmoesseeschai n al kyl group, substituted wi tRCTHRITR6E26 our
Rd groups, wherein one Rd group represents -R* or Q 20

8. A conpound in accordance with claim 1l wherein Qis selected from
t he group consisting of: 25 :

[err] 9. A conpound in i\ﬁordance with claim8 wherein
wherein Q represents: - 130
- JTerr] L-, a and b are as defined in claim8 ,
and Rerr] represents a rrerrber selec f@omthe group consi sting
of : hydrogen or a |;J\ }e\f @

NH, /\

OO )

Me

g

wherein L- is a2 pharmaceutically acceptable counterion.

22. A compound in accordance with claim 1 represented by the
5 structural formula:



5 qerrmmed chain alkyl, optionally interrupted by
one or t [err], NR[err], NtRerr]Rerr], or -C(O-, said
chal n mma““]ﬂlum“) |tut ed or substituted with one to four of halo,
SR[err], SORerr], SOerr]Rerr],
NR[err]R[err,}v]DMerr]R[err] C(O)-R[err], C(O)NEbtﬁUS!}ﬂﬁﬂSr],
r err

S err] NR[ er Cderr]Rerr], OC(ORerr], CC(ONRerr]Rerr], 10
NRerr]C(ORerr], NRerr]CCONRerr]R err], or a phenyl or heteroaryl

gr oup which is in turn optionally substituted with fromone to four
R err] groups or with one to two C[E ] straight- or branched- chain
al kyl groups, said al kyl groups bel @Junsubstltuted or substituted
with one to four Rferr] groups, and 15 Rlerr], Rerr]
and Rlerr] are as defined in claim 8. — 10. A corrpound in
accordance with claim 1l wherein Q repregent \-N+R[err]R[err]R[err],

wherein Rlerr], Rerr] and R err] are as orh4f7
11. A conpound in accordance with claim1l wherei
present and is selected from [err] 25
represents -Clerr] straight or branched cha
and y represent CRlerr] or N+Rk,
Rlerr] representing hydrogen.
accordance with claim1 wher EI}Q

?(i’M r

CH, defi ned. 20
one R* group is
d represents NRk; Rk
al kyl; and e, g, X
above and
A conpound in

- 131 - ao:a{-?boxyl ate ani on;

93

23. A compound represented by the structure:




one R group which is attach tam pl at f orm cont ai ns at

| east one positively charged i and. the remai ning R groups are
sel ected from hydrogen and C'Qﬂ'i" umu}m 5 branched chain al kyl,
M s * Rd

unsubstituted or substituted groups. ;

Rd is as origi wad974e@ef i ned; Rh represents hyPOTAFEH06626 o
Clerr] straight or branched chai n al kyl group; 10 Qis

sel ected fromthe group consisting of: [err] wherein
L- is as originally defined; a and b represent 2, 15 and Rlerr] represents
a nmenber selected fromthe group consisting f‘{i _ hydrogen or a CJerr]
straight- or branched- chain al kyl, optionally interrupted by one or

two of O S, SO SOerr], NRerr], NdRerr]Rerr], or -C(O-, said

chai n bei ng unsubgi d g YY) £ at of hal o, CN,
0rer 1 (B or U Rl gty ScbengPi ey, D) 1S,
N+(Rerr]Rerr], -CCO-Rerr], CCONRerr]Rerr], SO[err]NRlerr]Rerr],
CNI%% err} g[(g; rN]RhR[ OC(O RZ.r] A ﬁﬂr@buﬁﬂénmica[mlan]:gl: WhiEj elammxkcg ti%]lﬁpgr_r] y

err el it et er oar rou ich is in turn
optionally subiti E‘f}{héﬁ%eq’“\?mef%ﬂ?‘?% Bér?ge%?o f our )Ig[e?r] gr oups or with one
to two CJerr] &traight- or branched- chain al kyl_groups, said al kyl

groups being unsubstituted 25 or substituted with org to four Rl err]
gr oups; R is [err]
PCT/ US97/ 06626
HO
H,C
o)
OH P"TJ HF
9 + 10 + 11 +
N N &j
= (7 (2
“t o
# # #
F HaN N HzN\n/o
) H o
0]
12 Nt 13 N 144 N
& S (7
“h o .




- 132 -

br anched chain al k

with Rk as defi nedrmeLmILmHm
13. A conpound in accor8ante i trh 6l ak

[err]

CO[err]Mrepresents a carboxyl ate ani on;

positively charged noiety,

hydrogen and C[err] straight or

substituted with one to four

originally defi
of . [err]
defined, and R
consi sting of:
al kyl, optional
NR[err], N+R[er

and t he

ot her

one Rc¢

unsubs

R err

wher ein aﬁrgﬁFEEEﬁF§“NRKT—Rk represents -Clerr] straight or

nd y represent CRlerr] or
representi ng hydrogen.

I represented by fornula Ia:
10 wowvgasr naceutically acceptabl e salt thereof, poraseiosse

N+RK,
5

ontai ns a

R groups are selected from
_branched chai n al kyl,
Rd 15 groups;

tituted or
] is as

ned; Qis 's]éﬁ(’ec't ed fromthe group consisting
20 wherein L-, a and b are as originally
err] represepts a nmenber selecjed fromthe group
hydrogen or Qlerr] straight] ¢r branched- chajn
V] HaGigtter rupt ¢d by dhe~ePHewo of 9, S. SO SO[err],
1[R[ err], [or ' (J§ CHg
0 0 NI
] N2 16 NS 17 %
& &) P
N? NS “h
“h h
CHy GH, gHs
S >0
S (o o
18 Egg] 19 [2;] ZJ EZ;]
h v
OH
: §=0 [j
21 r’s 22 d 27 NG
f ¥ (3
(7 7 v
oh o
QL
r) é] NH
24 [N%j 25 N 26 o]
) 4
b X (7
A




25 -¢O-

CO[err]Rerr].

, said chain
of halo, CN, NJerr],

N+(Rlerr]Rerr], C(O)

turn optionally substituted
with one to two C[err] straight- or

sai d al kyl groups being unsubstituted

R err]
chai n al kyl

Rl err] groups;

strai ght or branched

originally defined;

or a

O'Ei:mm muﬁ?ifm

OC(ORerr], W@Nﬂ{serr]R[err]
NR[err] CCONRerr]Rerr],

NR[err]C(O)R[err]

phenyl or
with fromone to four
br anched-
5 of

SOR[err],

group;
R is [err] 10
represents NRk; Rk represents -(Jerr] straight or

heteroaryl

or substituted with one to four
SO[err]Rerr],
rrj, SO[err]NR[err]R[err]

PCTIUS97I06626
group which is in
Rl err] groups or

chai n al kyl

br anched

ubstituted with one to four
represents hydrogen or a (Jerr]

Rl err]
mhereip d

al kyl ;- and e, g, x and y represent CRlerr] or with RK as
above and Rl err] representing hydrogen. A conpound
in accordance with claim1l represente rmula Ib
- HO CHa
HyC H N—5
N
0 -
co,
Table
# Q # o) g Q
HO
@ y &
27 z 28 29
N¢ [’) N‘
o A “h
; a
30 @ 31 Q/ 32 LNJ
h o “h

NRhR[ err],

15 defi ned




[err] or a pharmaceutically acceptable salt thereof, wherein:
CJerr]Mrepresents a cartrm, ﬂ s ; one Rgroup is
attached to the napht hosul ﬂ Elﬂmmrmm whi ch contains a positively

charged noiety, and the otfer®R grdupsi s+ sel ected from hydrogen and
Cerr] strai gigo7avoadr anched chai n al kyl, unsubst i t ut edarsypesess | t ut ed
with one to four Rd groups; Rd is as originally defined;
-134 - Qis selected fromthe group consisting of:

[err] 5 wherein L-,.a and b are as originally defined, and
R err] represents a nmenber sel ect edliéom t he group consisting of:
hydrogen or a CJerr] straight- or branched**thain al kyl, optionally

interrupted by one or two of 0, S, SO SOerr], NRerr], N+Rerr]Rerr], or
-C(O -, said chain being unsubstituted or substituted with one to four 10
of halo, CN, NJerr], ORerr], SRerr], SORerr], SOrr]Rerr],

NR[err]Rlerr], N+(Rerr]Rerr], -C(O-Rerr]
SJerr]NRlerr]Rerr], CJerr]Rerr], OC(O R
OC(ONRerr]Rerr], NRerr]CCORerr], NRerr]

# Q 0
NHs
(J*o CHs
34 NG - f ﬁ')
&) i
N; “h
o+
Q
N~S
HaC 2%
o -
co,
Jable
# Q # [0} # Q
NH2 HO F
: / /
G » >
“H e o




phenyl or heteroaryl group which i5 imturnoptionally substituted

with fromone to four R err] ' ne to two (Jerr] straight- or
15 branched- chain al kyl grumrnmma”m groups bei ng unsubstituted
| i :

or substituted with one to fotr R err ; Rh
represents hydwoemoes8 a Clerr] straight or branched CMC/VBIZ(P46%4
group; Rlerr] is as originally defined; 20
R* is: [err] wherein d represents NRk; Rk represents -(err]
strai ght or branched 25 chain alkyl; and e, g, x and y represent
CRlerr] or MRk with Rk as defined_gkgve and R err] representing
hydrogen. Wthin this subset, all ot her variables are as originally
defined with respect to fornula I. 15. A conpound in
accordance with claim1l 30 represented by fornula fc:
- 135 - ! !
HO H Y CH, ¢
- HyC i o
3 )i—h\:}_J o
o) -
co,
Table
# o) # 0 # 0
OH
CHs
N S
41 (/:'/ 42 N 43# (/_,)
& N o
v
Q
HO W CHs
ch : N—§‘\O
N/ °
o] -
CO.
JABLE
# Q # [0} # 0
(ko ) ’CH3
45 . 46 . |47 N
‘:Sj v Ngj ) N7
N> [N n
“h s




[err] or a phar WM| e salt thereof, wherein: 5
Cderr]Mrepresents acarFE ﬂ'm one R group is
ﬁ U” whi ch contains a positively

attached to the napht hosu
charged noi ety, and the other R'rdupsi sel ected from hydrogen,

hal o and C exvgores8i ght or branched chain al kyl ,  unstiasdetibegiecd oOF
substituted with one to four Rd groups; 10 Rd is as
originally defined, Qis selected fromthe group

consi sting of: [err] 15 ) wherein L-, a and b are as
originally defined, and Rx repr eseng a nmenber selected fromthe
group consi sting of: hydr ogen or a ?eTr] strai ght- or branched-

chain al kyl, optionally i nterrupted by one or two of 0, S, SO
SO[err], NR[err], N+Rerr]Rerr], or < O sai d chain being
unsubstituted or substituted W|th one to fo of halo, CN, NJerr],

ORlerr], SR err], SORerr], SOerr] , FeNnFRRerr],
N+(Rerr]Rerr], -C(O-Rerr], CO L err]NR[err]R[err]
Cqerr]Rerr], OC(O Rl err]Hs , NRlerr]C(O Rerr],
NR[err] CONR[err]Rlerr], or a eteroaryl group which is
in turn optionally substituted O'with om one o four R err] groups
or with one to two (Jerr] straight- or 25 branched- chai n al kyl groups,
sai d al kyl groups being unsubstituted ®or substituted with one to
four Rerr] groﬁlgs, o # # Q
NH, HTJ F
o ’
51
Te (1 B &
N& N, N.
“H “h “h
HH 3N-—s Q
Hac ﬂ‘\o
o -
CO,
Iable
& o) # Q # Q
OH
,CH3
N S
2 53 . {
! _ N




136 Rh represents hydrogen—or a err] straight or branched
chai n al kyl group; 4 s, @S originally defined,
R is 5 [err] wher 'm"”m[* Hﬂ uﬂiNRk; Rlerr] represents -Cerr]

strai ght or branched chai A a ;s e, g, x and y represent err]
or N+Rk, Wi t hW&9%M0480 defi ned above and R[err] representi ngPFRYRY

16. A conpound in accordance with claim!|l represented by fornula Id:
[err] or a pharmaceutically acceptable salt thereof, wherein:
CJerr]Mrepresents a carboxyl ate ani on; one R group is
attached to the naphthosul tam platform 20 whkgh_.contains a positively
charged noiety, and the other R group is sel ected from hydrogen, halo
and "Cl-6 straight or branched chain al kyl , unsubstituted or

substituted with one to four Rd groups; q Rdis as originally
defi ned; Qis selected from tonsisti ng of: 25

HO

? N—S >
HsC n‘o
/’j,_,h:/S" 0
- o

TABLE
Q
HO

NH>
LHs
O

56 N B £ NS 58

e
(o)
I
i
©

VA
7
Vs
;
g

v

¢
W,

co,
Table
# # #
6] 0 0
NH HO.
? F
: J
60, + 62

&L | & -




- 137 - wherein L-, a and b are as originally
defi ned, ; Bﬂ"!"" U&presents a nmenber sel ected fromthe group
consisting © or a (Jerr] straight- or branched- chain al kyl,

optionally |nterrupted by one_or two 0f .0 O SJerr], NRerr],
N+R[ err] R er woommoss - C(O -, sa mlﬁhﬂﬂﬂbﬁks\%ﬁﬂ ubst i { upETUSNOGES
substituted with one to four aﬁ%@%@ egqr], ORlerr], SR err],
SOR[err], Serr]Rerr], NRerr]R ”‘ r]R[err] -C(O-Rerr],

CCONRerr]Rerr], SO[err]NR[err]R[err] CQerr]R[err] 10 G:(O)R[err],

OC(O)NR[err]R[err] NRhC(O R err], NRhC(O)N Rw, or a phenyl or
het eroaryl group Wnich isinturn optionaTIl substituted with from one
to-four Ri groups or with one to two (Jerr] straight- or br anched-
chai n al kyl groups, said alkyl groups being ugpsubstituted or
substituted with one to four R groups; 15 Rh represents
hydrogen or a CJerr] straight or branched Ny al kyl group;
Rlerr] is as originally defined; is: [err]
wherein d represents NRk; Rk represertt stirrai ght or branched
chain alkyl; and e, g, x and y repre errg-€ir N+Rk, with Rlerr] as
defi ned above and R err] represent it / g0
co,”
Table
#
* Q 2 ] # o)
NH2 HO
Kg g CHs
0 N
67 . 68) o 69 iy
| & |l & ;
y L N L i
“h oh
Q
HO H t’ CHs (L
HyC T s
3 20 p o (8]
o” .
cO,
IABLE
OH
CHs
o
63 [E) 64) (,-N 65 { 2
= N,) e
/ +

\
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25

t her eof , wherein:

A dnpound I n accordance with claim!|l
represent ed | IHIILHIIHIIHI I
. M S *

or a pharmaceutically acceptable salt
R contains a positively charged noiety

sel ected fromw®e1400485 group consisting of: -R*, Q and a (PEWUI97R62&i ght

or branched al kyl
Rd is independently selected -R* or Q

fromthe group consisting of: 10 - [err]

L-, a and b are as originally defined, and_kgrr]
menber sel ected fromthe group consisting of 7~

. ves
HO
M H Hs
HC L§§_JN_§"0
O/

CO2

chain substituted with one Rd group;

Qis selected
wherein.

represents a

1%
53
(223

o
CHs S
74 . N 76

=
N2

$203

*iH

HsC

O\\
|
z 4
™
(o] :E
/y
(o)

14

o
4
o
e

|78 [N%] ] 79 | [N%j

e

CH,

2,

Z
+




15 hydrogen or a (err] straight—or—branched- chain alkyl, optionally

interrupted by one or t =SOerr], NRerr], NdMRlerr]Rerr], or
-C(O-, said chain bei nmnmguipmi"’mﬁ!gr substituted with one to
four of halo, CN, NO[err}, lerml,s rr], SORlerr], SO[err]Rerr],

NR[ er r ] R[ er rivo 97/40048 N+(Rlerr]Rerr], -C(O-Rerr], CO d¥resypétrerr],
SOerr]NRlerr]Rerr], CJerr]Rerr], 20 OC(ORerr],
OC(ONR[err]Rerr], NRerr]CCORerr], NRerr]CCONRerr]Rerr], or a
phenyl or heteroaryl group which is.in turn optionally substituted )
with fromone to four Rl err] groups or witg one to two CJerr] straight- or
branched- chain al kyl groups, said alkyl'd 3uﬁs bei ng unsubstituted

or- substituted with one to four R err] groups; 25 R*
IS -139- [err] wherein
d represents NRlerr]; R err] represents -CJerr] strai%ht or branched

chain alkyl; and e, g, x and y represent CRlert].or MR err] with R err] as
5 defined above and Rl err] representing hydr 18. A
conmpound in accordance with claim!l d by fornula If:
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[err] or a pharmaceutically acceptable salt thereof, wherein:
R contains a positively ch mnﬂ‘ﬁml cted fromthe 15 group
consisting of: -R*, Q and ,'jﬁ t or branched al kyl chai n

substituted with one Rd group; Rd is independently sel ected
-R* or Q WO 97/40048 Qis selected fromthe group consRGHVSE06§R6

20 [err] wherein L- , a and b are as originally
defined, and R[err] represents a nenber selected fromthe group
consi sting of: 25 hydrogen or a C-err] strai ght- or branched- chain

al kyl, optionally - 140 -

|nterrupted by one or two of 0, S, SO SCIerr] NR[err], N+R err]R err], or
-C(O-, said chain being unsubstituted or substituted with one to

f our of halo, CN, NdJerr], ORerr], SR[err] SOQ[err]QSQerr]R[err],
NR[err]Rerr], N+(Rlerr]Rerr], ,
SCIerr]NR[err]R[err] CO[err]Rerr], R,CO OC(ONRerr|Rerr],
NR[err]C(ORerr], NR[err]C(O)NR[err]R[err] phenyl or
het er oaryl group WhICh isin turn optlonally
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with fromone to four R groups or w one to two C 1-3 straight- or
] v‘\ oups bei ng unsubstituted

branched- chain al kyl grou

or substituted with one tom S pS; 10 R
IS [err] 15 wherein+ Fep‘res"ents NR[err]; Rerr] represents -Cferr]
strai ght or Wwoamwasdees chain alkyl; and e, g, x and PCTUBY®66h1t
CRlerr] or MRl err], with Rerr] as defi ned above and R err]
representi ng hydrogen. 19. A conmpound in accordance
with claim17 20 wherein: ) R represents

[err] 25 and Rerr], a, b and L- arqﬁ%o_lefinedin claim17.

20 A conpound in accordance with claim|l represented by fornula
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- 141 - [err] wher ei n: R represents 5 [err]

and R[err], a, b and L- are as originally defined. 21.
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wherein L- represents a pharmaceutically acceptable counterion .

25. A pharmaceutical composition comprised of a
compound in accordance with claim ! in combination with a
5 pharmaceutically acceptable carrier.

26. A pharmaceutical composition produced by
combiring a compound in accordance with claim 1 with a
pharmaceutically acceptable carrier.

10 _

27. A method of treating or preventing a bacterial
infection in a mammalian patient in need thereof, comprising
administering to said patient an effective amount of a compound of
claim 1.

is Sheet Has Been Re lilaced

TR




iy S e

- 130 - REPLACEMENT SHEET

07 APR 1999
(CHal ' APR
%—N/\QN RX
(CHz)a ;

L-,aand b are as defined in clain8 , and RX represents
a member selected from the group consisting of: hydrogen or a
5 (C]-g straight- or branched- chain alkyl, optionally interrupted by
one or two of O, S, SO, SO2, NRW, N*RhRW, or -C(O)-, said chain -
being unsubstituted or substituted with one to four of halo, CN, NO2,
ORW, SR¥, SORV, SO2RW, NRhRW, N+(Rh)oRW, -C(0)-RV,
C(O)NRBRW, SO2NRBRW, CO2RW, OC(O)RW, OC(O)NRIRV,

10 NRBC(O)RW, NRhC(O)NRDBRW, or a phenyl or heteroaryl group
which is in turn optionally substituted with from one to four Ri
groups or with one to two C]-3 straight- or branched- chain alkyl
groups, said alkyl groups being unsubstituted or substituted with one
to four R1 groups, and

15 Rh, Ri and RW are as defined in claim 8.

10. A compound in accordance with claim 1 wherein
Q represents -N*RXRYRZ, wherein RX, RY and RZ are as originally

defined.
20
11. A compound in accordance with claim | wherein
one R* group is present and is selected from:
—S—(fe\ﬁ‘ and -g—-(’)(\?
oy =9
25

d represents NRK; Rk represents -Cj.¢ straight or branched chain

alkyl; and e, g, x and y represent CR™ or N*Rk, with Rk as defined
above and R™ representing hydrogen.

30 12. A compound in accordance with claim 1 wherein:
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CO2M represents a carboxylate anion;

one R group which is attached to the naphthosultam
platform contains at least one positively charged moiety, and the
remaining R groups are selected from hydrogen and Cj.¢ straight or

5 branched chain alkyl, unsubstituted or substituted with one to four Rd

groups.;

Rd is as originally defined;

Rh represents hydrogen or a Cj-¢ straight or branched
chain alkyl group;

10 Q is selected from the group consisting of:
5 5 (CHz)b
@ -~ @ -~
S‘N g ' N a’g and S_N/\EN R
(CHz)a

wherein L-is as originally defined; a and b represent 2,

15 and RX represents a member selected from the group consisting of:
hydrogen or a C|-8§ straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+RhRW or
-C(0O)-, said chain being unsubstituted or substituted with one to four
of halo, CN, NO2, ORV¥, SRW, SORW, SO2RW, NRhRW,

20 N+Rh)RW, -C(0)-RW, C(O)NRBRW, SOPNRBRW, COZ2RW,
OC(O)RW, OC(O)NRhRW, NRhC(O)RW, NRhC(O)NRPRW, or a
phenyl or heteroaryl group which is in turn optionally substituted -
with from one to four R! groups or with one to two Cj-3 straight- or
branched- chain alkyl groups, said alkyl groups being unsubstituted

25 or substituted with one to four Rl groups;

R*is :

S e S¢S
gy e=9
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OC(O)RW, OC(O)NRRRW, NRhC(O)RW, NRRC(O)NRBRW, or a
phenyl or heteroaryl group which is in turn optionally substituted
with from one to four R! groups or with one to two C].3 straight- or
branched- chain alkyl groups, said alkyl groups being unsubstituted
5 or substituted with one to four Ri groups;

Rb represents hydrogen or a Cj-g straight or branched
chain alkyl group;

RW is as originally defined;

R¥is : }

e~ X~g
_S—</d/|:<|/ or _g—«e’é

wherein d represents NRk; Rk represents -Cj-¢ straight or branched
chain alkyl; and e, g, x and y represent CR™ or N*Rk, with Rk as
15 defined above and R™M representing hydrogen.

10

14. A compound in accordance with claim 1
represented by formula Ib:

20

or a pharmaceutically acceptable salt thereof, wherein:
CO2M represents a carboxylate anion;
one R group is attached to the naphthosultam platform
25 which contains a positively charged moiety, and the other R group is
selected from hydrogen and Cj.¢ straight or branched chain alkyl,
unsubstituted or substituted with one to four Rd groups;
Rd is as originally defined;
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Q is selected from the group consisting of:

5 5 (CHz)b
%‘Gfg\l g » 3N a/';‘; and S.\_N/\EN R*
(CHz) ‘

wherein L-, a and b are as originally defined, and Rx
represents a member selected from the group consisting of:
hydrogen or a C]-§ straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRV, N+RhRW, or
-C(O)-, said chain being unsubstituted or substituted with one to four
of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRhRV,
N+(Rh)RW, -C(0)-RW, C(O)NRERW, SOPNRIRW, CO2RV,
OC(O)RW, OC(O)NRIRW, NRhC(O)RW, NRRC(O)NRIRW, or 2
pheny! or heteroaryl group which is in turn optionally substituted
with from one to four Ri groups or with one to two C|-3 straight- or
branched- chain alkyl groups, said alkyl groups being unsubstituted
or substituted with one to four Ri groups;

Rb represents hydrogen or a Cy.¢ straight or branched
chain alkyl group;

RW is as originally defined,;

R*1s :

S o s«";g
d e

-
4

wherein d represents NRk; Rk represents -C|.g straight or branched
chain alkyl; and e, g, x and y represent CR™M or N+Rk, with Rk as
defined above and R™ representing hydrogen. Within this subset, all
other variables are as originally defined with respect to formula 1.

15. A compound in accordance with claim |
represented by formula Ic:
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Rh represents hydrogen or a Cj.¢ straight or branched
chain alkyl group;

RW is as originally defined;

R*1is :

S o S

wherein d represents NRK; R¥ represents -C).¢ straight or branched
chain alkyl; and e, g, x and y represent CR™ or N+RK, with Rk as
defined above and R™ representing hydrogen.

16. A compound in accordance with claim 1
represented by formula Id:

or a pharmaceutically acceptable salt thereof, wherein:

CO2M represents a carboxylate anion;

one R group is attached to the naphthosultam platform
which contains a positively charged moiety, and the other R group is
selected from hydrogen, halo and Cj.g straight or branched chain
alkyl, unsubstituted or substituted with one to four Rd groups;

Rd is as originally defined;

Q is selected from the group consisting of:
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5 5 (CHz)b
© 5~ ® .5~
%—N\ T, %"N\ 0 and S_N/\QN R*
u=P o P .
(CHz)a

wherein L-, a and b are as originally defined, and Rx
represents a member selected from the group consisting of:

5 hydrogen.or a C]-8 straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+RIRW  or
-C(0O)-, said chain being unsubstituted or substituted with one to four
of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRhRW,
N+(Rh)2RW, -C(0)-RW, C(O)NRhRW, SO2NRhRW, CO2RV,

10 OC(O)RW, OC(O)NRhRW, NRhC(O)RW, NRRC(O)NRhRW, or 2
phenyl or heteroaryl group which is in turn optionally substituted
with from one to four Ri groups or with one to two C]-3 straight- or
branched- chain alkyl groups, said alkyl groups being unsubstituted
or substituted with one to four Rl groups;

15 Rb represents hydrogen or a Cy.-¢ straight or branched
chain alkyl group;

RW is as originally defined;
R¥*is :

e~ X~
X d
—§—<’ N or 'g-</ |

20 d-Y e=9 ;

wherein d represents NRk; Rk represents -C)_¢ straight or branched -
chain alkyl; and e, g, x and y represent CR™ or N*+Rk, with Rk as
defined above and R™ representing hydrogen.

17. A compound in accordance with claim 1
represented by formula le:
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or a pharmaceutically acceptable salt thereof, wherein:
R contains a positively charged moiety selected from the

5 group consisting of: -R*, Q, and a Cj.g straight or branched alkyl
chain substituted with one Rd group; |
Rd is independently selected -R* or Q;
Q is selected from the group consisting of:
10
5 I( CH2<b
® .9~ @,, ~ .
K TS QR 5 P N

p=P o P o \ [

L~ (CHy)a

wherein L-, a and b are as originally defined, and RX
represents a member selected from the group consisting of:

15 hydrogen or a Cj-g§ straight- or branched- chain alkyl, optionally
interrupted by one or two of O, S, SO, SO2, NRW, N+RhRW, or
-C(0)-, said chain being unsubstituted or substituted with one to
four of halo, CN, NO2, ORW, SR¥, SORW, SO2RW, NRhRW,
N+(Rh)RW, -C(0)-RW, C(O)NRERW, SOoNRhRW, CO2RW,

20 OC(O)RW, OC(O)NRhRW, NRhC(O)RW, NRhC(O)NRDORW, or a
phenyl or heteroaryl group which is in turn optionally substituted
with from one to four Ri groups or with one to two C].3 straight- or

branched- chain alkyl groups, said alkyl groups being unsubstituted
or substituted with one to four R! groups;

R*is ¢
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e~ X\d
d—Y e= 9

wherein d represents NRk; Rk represents -Cj.g straight or branched
chain alkyl; and e, g, x and y represent CRm or N*+RK, with Rk as
5 defined above and RM representing hydrogen.

18. A compound in accordance with claim 1|
represented by formula If:

10

or a pharmaceutically acceptable salt thereof, wherein:
R contains a positively charged moiety selected from the
15 group consisting of: -R*, Q, and a Cj.¢ straight or branched alkyl
chain substituted with one Rd group;
Rd is independently selected -R* or Q;

Q is selected from the group consisting of:

20
5 0. ](CH2{b
%—?\‘\ ,g ' %"N 'g and S_Ng\(/BN’Rx
n= Yo~ o\ /
L (CHz)a

wherein L-, a and b are as originally defined, and RX
represents a member selected from the group consisting of:
25 hydrogen or a C]-8 straight- or branched- chain alkyl, optionally
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J

interrupted by one or two of O, S, SO, SO2, NRW, N+RhRW, or
-C(0)-, said chain being unsubstituted or substituted with one to
four of halo, CN, NO2, ORW, SRW, SORW, SO2RW, NRhRW,
N+(Rb)RW, -C(0)-RW, C(O)NRhRW, SOoNRhRW, CO2RW,

5 OC(O)RW, OC(O)NRhRW, NRhC(O)RW, NRhC(O)NRIRW, or a
phenyl or heteroaryl group which is in turn optionally substituted
with from one to four R1 groups or with one to two C}_3 straight- or
branched- chain alkyl groups, said alkyl groups being unsubstituted
or substituted with one to four Ri groups;

10 '

R* 1s :
e~ X~
X d
§¢ o 3
a-Y =9

15 wherein d represents NRK; Rk represents -C|.¢ straight or branched
chain alkyl; and e, g, x and y represent CRM or N+Rk, ivith Rk as
defined above and R™ representing hydrogen.

19. A compound in accordance with claim 17
20  wherein: '

R represents

CHa |
(CH2)16 N/\BN RX
(CH)

25 and RX,a,band L- are as defined in claim 17.

20. A compound in accordance with claim 1
represented by formula Ig:
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wherein L- represents a pharmaceutically acceptable counterion .

25. A pharmaceutical composition comprised of a
compound in accordance with claim | in combination with a
pharmaceutically acceptable carrier.

26. A pharmaceutical composition produced by
combining a compound in accordance with claim 1 with a
pharmaceutically acceptable carrier. -

27. A use of an effective amount of a
compound of claim 1l in a preparation of a medicament
for treating or preventing a bacterial infection in a

subject in need thereof.
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