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and cephal osporins, have been widely used in 110 the
treatment of infections, primarily bacterial, in
mammal s such as man. Certain qm cro-organi sns are
beli eved to be resistant to these antibiotics because

h d i - i ch
they produce y rhOY3 helAskatkATBE o8 E% thfhereby

rendering 15 the drug ineffective. In U S. Patent No.
4,287,181, Kello di scl osed that various
cRARKERONR R | Pehi ENYEMRIN aci ds, i ncl udi ng

6- (3- hydroxynet byl peni i L Anl ¢ @eidh s %ﬂ@f@u leh i's
the beta-|actanase 1 nhibitor used In e 20 present

i poehtibhinar anpotepha betpet bt aneses | bebi vodsly whdd in
Pat ent lication, GB2053220A, Metz t al..,and

hE Mt Rt i an tat AT A by ot et Dy 10
ahammal & keudis €z 6li wgh OS@&rt i micro-organisms are

6- (3- hydroxynet hyl -penicillanic acid sulfone is a

beebi¢led draske i AT bFEWR Hovihese anbikietics because
beta; | 98 a0BS &L PRLDL ULy B { 3yl OXY éh&{% ich attack
pen?%i??anlc acid sulfone is very~po&%?yya %CW%kﬁPi%
vive betaobeotsmduingmgopreed i ancHbict Udi Esemdieyn rendering
a%&iqéstered gﬁall¥. Kel | ogg, Metzger et al. and

Schhef ey e °c%t¥% 30 disclosed ester prodrugs of

6- (3- hydyoxyneitwhipeans Cid ) s c1ac) dksul dahnesi whi sded
readily hydrolgze in vivo, during preclinica

st €53 B whi oy deemomsEy He e Het tariabzot@®i on in
rfﬂ%ﬁﬁéiﬁga@—@lgy&£@kymethylpenicillanic acid sulfone
which is the beta-lactamase inhibitor used in the
present invention, are potent beta-lactamase inhibitors.
U.K. Patent Application GB2053220A, Metzger et al. and
U.K. Patent Application GB2076812, by Schneider et al.,
likewise disclosed that 6—B—hydroxymethyl—peniéillanic
acid sulfone is a beta-lactamase inhibitor. However,
the beta-lactamase inhibitor 6-p-hydroxymethyl-
penicillanic acid sulfone is very poorly absorbed in
vivo in rodentsg during preclinical studies when
administered orally.

Kellogg, Metzger et al. and Schneider et al. also
disclosed ester prodrugs of 6-B-
hydroxymethylpenicillanic acid sulfone, which readily
hydrolyze in vivo, during preclinical studies, and which
demonstrated better absorption in rodents than did the

free acid.
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However, many of these ester prodrugs could only be

waynthesBzed as oils or as solids that had | ow@BIB2008003582

poi nts whose useful ness in pharmaceutical formnulations
is nore limted than would be a solid prodrug with, a
melting point suitable for t&bleting, mlling or 10
purification. Furthernore, these ester prodrugs were

typical l not hi_ghl sor bed when orall

i el FRIY SRR GG YRS Ao b only be
re8aitHeed 4e@ ke admaict efedoldrd lohat qa@btldw r@lting
therapeutically effective plasma 15 | evel of the
Ry o dlsghigiass g pharmaceutical formulations

[WodaVay L eV iG] ' ' : ;fQH' ‘he
p%ﬁU|red €§¥¢§§g§§§hLﬁgﬂﬁ§9§%géfE%gggféﬁ%ﬁgﬂl n E%"g.
awdi ttiingn pogmad  sadimahlst riatd drakdfettimgy | esisl ldbsprdoed
prodrugs .may result in an increase in the incidence
it 0 e

‘ty of diarrhea experienced by the

reci piriitc ridsnidies, Wahsordad D raddia g YrdPed 8z 1R,
the gastro- intestinal tract, to formthe active drug,

aeF, BiidH varps qrdaad ydieramssd 1div [adningaitestadrel y Taus,

: ' ral } Gr.ohj al Qr.a,
TR o SRR Srctind B%, MR8 NS adiibeerea
proeduct ng ot fed teisi ree thepraparutg,caid w edffidotdlwe plasma
i.nexpensi ve. Therefore, there is.a need for a
Iy S e &%@r‘&&%@“ﬁ?@ B E eSS i nhi bitor |
OrfcBropidramirRidid inenrirGid lRRIC Raifbrul fone Wil hrs
a high 30 oral bioavailability, and nore preferably is

Gepstigad fer i mene suidly ebssintiasy ppeidwug.  In

addition, oral administration of the less absorbed
prodrugs may result in an increase in the incidence and
severity of diarrhea experienced by the recipient as the
unabsorbed prodrug may hydrolyze in the gastro-
intestinal tract, to form the active drug, and, with any
residual amoxicillin, selectively kill essential
components of the normal microbial flora. Further, it
ig desirable that the process, for producing the desired
prodrug, be relatively inexpensive. |
Therefore, there is a need for a crystalline
prodrug of the beta-lactamase inhibitor 6-p-
hydroxymethylpenicillanic acid sulfone which has a high
oral biocavailability, and more preferably is crystalline

with a suitable melting point.

SUMMARY OF THE INVENTION
The present invention relates to prodrugs of 6-B-

hydroxymethylpenicillanic acid sulfone (also named 4-
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SUMVARY OF THE | NVENTI ON The present invention relates
to prodrugs of 6-p- 35 hydroxynethyl penicillanic acid

W@ iofiomsas{ al so named 4 WO 2004/ 018484 PCT/ | B20RGr/ (286303582

3 5 thia-I-azabicycl o[ 3. 2. 0] hept ane- 2-car boxylic
acid, 6- (hydroxynethyl), -3, 3-di net hyl - 7- oxp-,

4, 4-di oxide (2S,5R,6R)) haV?ng the structure O X0
Ho SNRo Oro o 0 10 and solvates thereof, wherein

is odru s of t ent
ﬁ-ﬁventl onzﬁjc?%% Eyt‘?ﬂ l'iep% |%y<'c"1“§fchiéfb‘f acid, 6-
he@?@fﬁkﬁhéﬁﬁﬁmyyjjﬁ @ﬁﬁéﬁh%& -0x0-, -dioxide
(hydroxynet hyl) -3, 3-di met hr 7- oxo0-, -1 (benzoyloxy)

1625yt R s taving 4tkg os(t'r:aecw-sa 5R, 6R) :
4-thia-1-azabi cycl o 3. 2. 0] hept ane- 2- car boxyl i ¢ aci d,
6- (hydr oxynet hyl ) - 3, 3-di net hyl - 7- oxo-, - 1- (benzoyl ' oxy)
- ethyl ester, 4,4-diOX|Q QQS 5R,6R); 4-thia-I-
azabi cycl o[ 3. 2. Q},-1™dpt an carboxylic acid, 6 20
(hydr oxymet hyl ) - 3, 3-di tﬁ £ 7-o0x0-, (1R) - 1-

(benzoyl oxy) et hyl e§%e+u / dexidc (2S,5R 6R); and
4-'  thia-1-azabicyxl o] 3. Z 0] heépt ang- 2- car boxylic
acid, 6-(hydroxynethyl)-3; y gxo-, (1S)-1-
(benzoyl oxy) et hyl ester, 04, 4-di oxi de ( jR, 6R). The
25 preferred prodrug of the present inmreftion is
4-thia-I-

and solvates thereof, wherein R is H or methyl. The
prodrugs of the present invention include 4-thia-1-
azabicyclo[3.2.0] heptane-2-carboxylic acid, 6- ,

(hydroxymethyl)—3,3-dimethyl#7—oxo—,—;—(benzoyloxy)—
methyl ester, 4,4-dioxide (28,5R,6R);
4—thia—1—azabicyclo[3.2.Q]heptane—z-carboxylic acid,

- (hydroxymethyl) -3, 3-dimethyl-7-oxo-, -1~ (benzoyloxy) -
ethyl ester, 4,4-dioxide (2S,5R,6R); 4-thia-1- .
azabicyc}o[3.2.0] heptane-2-carboxylic acid, 6-
(hydroxymethyl) -3, 3-dimethyl-7-oxo-, (1R) -1-

(benzoyloxy) ethyl ester, 4,4-dioxide (2S,5R,6R); and 4-
thia—l-azabicyclo[3.2.0]heptane—z—carboxylic acid,

- (hydroxymethyl) -3, 3-dimethyl-7-oxo-, (18) -
(benzoyloxy)ethyl ester, 4,4-dioxide (28,5R,6R). The
preferred prodrug of the present invention is 4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid, 6-
(hydroxymethyl) -3,3-dimethyl-7-oxo-, (1R) -1-

(benzoyloxy) ethyl ester, 4,4-dioxide (2S,5R,6R), which

has the structure
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azabi cycl o[ 3. 2. 0] hept ane- 2- car boxylic acid, 6-
(hydr oxynet hyl ) - 3, 3-di net hyl - 7- oxo-, (1R) - 1-

W@ b@anssBoxy) ethyl ester, 4,4-dioxide (2S, 5R BER/1B2003/003582
whi ch has the structure 30 WD 2004/ 018484
PCT/ 1 B2003/003582 4 O HO,,O S N~-CH3 0O Tp"p 5
or a solvate thereof. The présent invention al so
relates to pharmaceutical conpositions conprising a
prodrug of the, present {nvention, or a solvate
thereof, an optional 10 bgtayl actam antibiotic and at
| east one phar mi@ut “gcceptabl e carrier,
exci pient or diluent.| P (rei?%;lé t he beta-lactam
antibiotic is amoxi ciATNms/1D iGHal preferred that
the prodrug, used i@ the phar mpkeutdcal ~conposition,
is 4-thia-|-azabicycl o] 3. 270]0hepPane-: car boxylic
aci d, 6-(hydroxynethyl)-3/ 3-di net hyl - L
0x0-, (1R) - 1- (benzoyl oxy) et hyl ester, 4,2<di oxi d]? ;

, |vate thereof. It is nore preferre

t(%‘it;f%gﬁ%)ahi% n%%éera ?%‘al conmposi tion conprises
4-t hi arie mpzaddy clovdd: 2o0]aheptedesesardoxyl i c

id, 6 20 (hyd thyl) - 3, 3-di net hyl - 7- oxo-, (1R) - | -
?%@w%%%%gﬁ%%%ww@%r{m SRBRUI oif dhe.
soteane theraafsoramud o lddn.and @ ahatgmcgutd cal Ly, )

beta-lactam antibiotic and at least one pharmaceutically
|

acceptable carrier, excipient or diluent. Preferably,
the beta-lactam antibiotic is amoxicillin. It is also
preferred that the prodrug, used in the pharmaceutical
composition, is 4-thia-l-azabicyclo[3.2.0] heptane-2-
carboxylic acid, 6—(hydromeethyl)—3,3—dimethyl—7— '
oxo-, (1R) -1- (benzoyloxy)ethyl ester, 4,4-dioxide
(28,5R,6R) or a solvate thereof. It is more preferred
that the pharmaceutical composition comprises 4-thia-1-
azabicyclo [3.2.0] heptane-2-carboxylic acid, 6-
(hydroxymethyl) -3, 3-dimethyl-7-oxo-, (1R) -1-
(benzoyloxy)ethyl ester, 4,4-dioxide (2S,5R,6R), or a
gsolvate thereof, amoxicillin and a pharmaceutically
acceptable carrier, excipient or diluent.

The present invention further relates to a method
for increasing the therapeutic effectiveness of a beta-
lactam antibiotic in a mammal comprising administering
to said mammal an effective amount of a beta-lactam
antibiotic and an effectiveness-increasing amount of a
prodrug of the present invention, or a solvate thereof.

Preferably, the beta-lactam antibiotic is amoxicillin.

It is also preferred that the prodrug used is 4-thia-1-



acceptable carrier, excipient or diluent. The present
invention further relates to a nethod 25 for
w0 presEBsng the therapeutic effectiveness of aPOETE2003/003582
| actam antibiotic in a mammal conprising adm ni stering
to said manmal an effective anount of a beta-|actam
antibiotic and an effectiveness-increasing anount of a
prodrug of the present invention, or a solvate
thereof. . 30:Preferably, the beta-lactamantibiotic is
S RGRTEITFIAL 1 £ PE BPELARE of eF TR EREL S {MerSr ofr ug
+Sxdmé haz | - YO - L] 3{003582 5 5
D Cyelola o b] hopt e ol bosy | o Ber b b
Ay Xy hexiyey hgl et eret iyl 4 7dbxold¢ 1R3S 15R, 6R) or a

| 4. 4-djoxide (2S.5R, 6
COFDERLe PR LY. | B0 ol e DK SRR RS P ke
iﬁ%%wﬁéﬁauaaa@}btwd:bo[&am] hienb Bdiee 22 Ca4 XY £c
. aCl d, .
10 @?h@dr%&%‘?ﬁ%%’m%*f%ﬁ& et hydime el - T199Q1- (1R) ~1-
(bonzay) ooy} pbbir)1 esdied=, 4 A ik olee (05, SR OB, & 2

sol vate thereof,” and the beta-lactam antibiotic
avokvati¢ | iperedt, | and urhd dre pr elfartrad, at it 1 dtrsc mesmal

[ : n. 15 The present invention ditianall .
réeT% eés11 0t he Itfrlesatér}%lﬁ&?ﬁ =y ecjfre??adn‘?thf 3 irﬂ%““‘?an_L 1s
aa reummeah . by administering a therapeutically effective
amount_of a pharnpceutical conposition of the present

5 inventTfh RO hahier i HPthadtf t thicrrak Ly Rrefadiemlty the
t S i yeceu | ; nosi 44 faurt ri.ses a
beta-l actam aﬁi%%%tt%%gpwe eérﬂalgﬁ/,ﬂg hJ]eeﬂlkI)aet a- agcfam
afinbliottering apoxdierdpaut icadily s faff ot preefanaet: tdfata

t odr ug. dis 4-thia-|- abicyclo[3.2.0] ., .
eg%lgtﬁ]aegeﬁcac?%lgx?#m osazcﬁ%a’rb of aczhe Iplyesellt :anJnt:Lon to a

u
a
(

mammal in need thereof. Preferably, this pharmaceutical

20 composition further comprises a beta-lactam antibiotic.
Preferably, the beta-lactam antibiotic is amoxiciliin.
It is also preferred that the prodfug used is 4-thia-1-
azabicyclo[3.2.0] heptane-2-carboxylic acid, 6-
(hydroxymethyl) -3,3-dimethyl-7-oxo-, (1R) -1-

25 (benzoyloxy)ethyl ester, 4,4-dioxide (2S,5R,6R) or a
solvate thereof. It is more preferred that the prodrug
is 4-thia-l1-azabicyclo [3.2.0] heptane-2-carboxylic
acid, 6—(hydromeethyl)—3,3—dimet£y1—7-oxo—,(1R)—1—
(benzoyloxy)ethyl ester, 4,4-dioxide (28,5R,6R), or a

30 solvate thereof, and the beta-lactam antibiotic is
amoxicillin. It is further preferred that the mammal is

a human.
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(hydroxymet hyl ) - 3, 3- di net hyl - 7- oxo-, (1R) -1- 25
(benzoyl oxy) et hyl ester, 4,4-dioxide (2S,5R 6R) or a

wGaolowatsass hereof. It is nore preferred that theCpIBe3Y3582

is 4-thia-1-azabicyclo [3'.2.0] heptane-2-carboxylic
acid, 6-(hydroxynethyl)- 3 3 déd”Et hyl - 7- oxo-, (1R) - 1-
(benzoyl oxy) et hyl ester, i oxi de (2S,5R 6R), or a
30 sol vate thereof, and the bet a-|l actam anti biotic is

AR [ rther preferred that the mammal
i's éf%ﬁ%mﬁ?séégﬁ%%%#018484 PCT/ 1 B2003/ 003582 6 5

DETAI LEf: DESGR: FI$ &N Tdeddecrtbelstite tiorsesier | hevdmeion

have the foll owi ng nmeani ngs herein.
agé?eg?l?ﬁ %ﬁi%‘ﬂ]%% BRRRARIS MR he amount  of

bet a- | agd aneant + bF 6k &ci Wi Shoy ey adnd ni st ea;n?cﬂhr?ﬂ t&@r

10 alone, or in conbination with a prodrug o

&%%ﬂaqmmmmbmtm vm:eqzcemvshetmeamgemmred eltl:c_er
d at ons_aqf.,, .stops t ro ssion o
or el mén%gt%{; Py a %%lr?%le‘t etti o OPWé)a |PTeRft

tiereritefdre oth Mein esse a1l €A OravEuIngf, NEANS 1 kA d hate
am)unt of odrug which, when adm ni stered to a
]{I\hl% %% L@?ﬂ9¥9rﬁﬂd?rbl%ffzreso‘4 reMindnates a

flsg@aeltlmel betsdacdanBse, inhipitior of the present

invention, 1increases the therapeutic effectiveness of
a co- Wit ef%ﬁ%wdmﬂmmﬁaa’mmg andhtThendaaram

" N i nd| i dual t hat s a . menper of
t Ee taxoﬁlo?nt 23 C IS gt g“ 'f‘ﬁéerbl rga
inecimsde synd @fh:t&)(rﬁlﬁ)lkﬁsecfiwfﬁjl%ﬁ HERKEWSze s CIH NRPARY 885 form

g&rl I.las, cattle, sw ne, horses, sheep,
e beta-lactamase inhibitor of the present invention,

increases the therapeutic effectiveness of a co-
administered beta-lactam antibiotic. I

The term "mammal" ;s an individual animal that is'a
member of the taxonomic‘élass Mammalia. The class
Mammalia includes, for example, humans, monkeys,
chimpanzees, gorillas, cattle, swine, horses, sheep,
dogs, cats, mice and rats.

In the present invention, the preferred mammal is a
human.

The term "pharmaceutically acceptable" means that

the carrier, diluent and excipients must be compatible

with other ingredients of the composition, and not

- deleterious to the recipient thereof. Pharmaceutical

compositions of the present invention are prepared by
procedures known in the art using well known and readily
available ingredients.

The prodrugs of the present invention include 4-

thia-l—azabicyclo[3.2.0]heptane—z—carboxylic acid, 6-
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dogs, cats, mce and rats. 25 In the present
invention, the preferred mammal is a human. The term

w0 pivaorsseut i cal | y acceptabl e’ nmeans that thePCHIB20€¥(03582

di l uent and exci pients nust be conpatible wth other
i ngredi ents ,of the conpositiaon, and not 30 del eterious
to the recipient thereof. Pharmaceutical conpositions
of the present invention are prepared by procedures

k ' ' sin wn and readily

aeﬁi é#kﬁgg%iidT%ﬁ%ﬂ%' %#ggr 'tﬁ{the present
|(b@ﬁﬁ¢¥ﬂb$ﬁbm@ﬂﬁyﬂ-eéﬁér, 4,4-dioxide (28,5R,6R) whlch
thi a-1-azabi cycl of 3. 2. O]heptane 2- carboxyllc aci d,

mﬂ%%%aléﬁﬂﬁvcw PR5EE 4-thia-1-

I i9§§
%We% zoyl oxy) et h@]lﬁeeﬁjdta{?é & ca7r 1dle (aZ%qu‘Fg 6R) which
Xﬁ%QXYmEKhY11fBuﬂﬁﬂIméthyﬁ$7FdXUfk4} (benzoyloxy)ethyl

blcyc ep rbaxyl.ic, ac
(ehyaer oXy %h‘%? %ﬁzh@% 1 s, Eb%‘?‘?%d%ﬁ%)&ﬂ et
m&arﬂﬁ;&,e@ter 4, 4 di oxi de (2S, 5R 6R) which is
described in Exanple 4. The prodrugs of the present
i nventﬂ?% PEA¥FS e thfeswgssat i inBadnpie As diurther

r eadl I y %%/glﬂg HEREN S | A Sf‘%gr% 1?} FnRIPR AN e ract

l'yze iy VIVO to

631(13- Wﬁr@xy&iﬁd@@ﬁm&nmﬂéa&ﬁ]@ dordkcslytfeonin vivo 'to form

B IR TR HA 4 ool e reinatter

eiﬁcﬁ,&:tayemmﬁpmt alademMs ANt LN L8 AR NS hibitor
bet a- | act amase- produ0|ng bacteria. This

o | RIEARERS | kﬁﬁﬁﬁﬂ’?lp’feé’saé?r&/e# thﬁetazclactam
%Hél%.gﬂésalaé)ﬁ?r?sncc%e%f a4 c%a%ga@ uc:Ln%etbact ftz.%m
This beta-lactamase inhibition preserves the
antibacterial potency of a co-administered beta-lactam
antibiotic against beta-lactamase (+) strains. |

As the prodrugs of the presenf invention hydrolyze
in vivo and form the free acid beta-lactamase inhibitor
6-B-HMPAS, these prodrugs are useful in that, when
administered to a mammal, the effectiveness of a co-
administered beta-lactam antibiotic against beta-
lactamase producing bacteria will be enhanced.

Prodrugs of thig invention Aay be used, in
combination tHerapy with beta-lactam antibiotics, to
treat infections of, for example, the respiratory tract,
the urinary tract and soft tissues in humans.
Compositions of this invention may also be used to treat
infectiong in other mammals, such as mastitis in cattle.

Bacterial infections amenable to treatment by the

prodrug, pharmaceutical composition and method of the
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anti biotic against beta-lactanmase (+) strains. As the
prodrugs of the present invention hydrolyze in vivo

wapa4He4sa t he free acid beta-1 act anase i nhi bi t PCT/IB2003/003582

6-[ 3-HWAS' , these prodrugs are useful in that, when
25 admnistered to a manmal, the effectiveness of a
co- administered beta-lactam®ntibiotic agai nst beta-
| act amase produci ng bacteria will be enhanced.

Prodrugs of this invention nay be used, in
T | T T i b o e h i Do Reas e

Sﬂm@mn%rwﬁwﬁtsy Hogd e XxHBIonide (&SP | Qe

tract e urinary tract and soft tissues in humans.

@ifﬁfb%mafomn%foﬁ mlsr@mrhmrphml%l FEGR el aaite

t fe I such_ as stiti'd
|kg1£?a?ﬂ& aljcl:lt(“P%ft-Ti%1 FA}%}SM P%rgga%eb%bﬁesglraf@oerg ment .
lye thegerds, prudh wgs anopictlid chb £ Dosmesd tarh oithxella
nmet hod of _the 04/ 018484 PCT/ 1 B2003/ 003582 8 5
presEmid itent’ Upisdri ¢ e vty Joﬁ%leaetsee%

I ncl U@mmé%&%”'fﬂ%&’&%%@%@&é é’ acute
exacerbations of chronic bronchitis (AECB acute

Hdtqaém%nt :sﬂms i Rhiasr (aARS)t 1 arelu sEvndyys Itsispiy aﬁb rahe

s lae phllus I nfluenz
'%g}rax a 1 a}larr T S THE bty Hhd %ojlqﬂc include,

riesipst@nt culsof ,at;ﬁﬁilatﬂtﬂd herit hacietial dinfeatdions
amenabl e to treatment, by pharmaceutical conpositions

RO e?léjntaq‘iﬁferﬁ}?adﬁﬁﬁﬁtér?%rﬂfaﬁ?%@rﬁ%%lm ic,
ilude, caddedasy i£ul 81 Redi Al 1d.C atid r:f)o % ons of

sinusitis, 15 prieunpnia and acute exac
mretendas i rincld g mdid@&sﬂanmm JUenEamariae

%Eg%&tgﬁgg u%as‘ﬁ%nfgyyllﬁ éggs QQ,&*Eﬁkéﬁﬁgﬁikgﬂt S
Additional, bacterial infections amenable to
treatment, by pharmaceptical compositions of the '
present invention which'éontain an antibiotic, include,

soft tissue infections caused by E. Coli, Klebgiella
pneumoniae, Enterobacter spp. and all other members of
the family Enterobacteriaceae.

Other infections amenable to treatment, by
pharmaceutical compositions of the present invention
which contain an antibiotic, including those caused by
beta—lactémase producing methicillin susceptible
staphylococci and beta-lactamase producing anaerobes.

As the prodrugs of the present invention contain
more than one chiral center, they exist in different
optically active diasteriomeric forms. More
specifically, the preferred prodrugs of the present

invention contain a chiral center at the 1-ethyl

location. The present invention includes both 1R and 18
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(DRSP) such as Penicillin Resistant S. pneunoni ae.
Addi tional, bacterial infections anenable to 20

wo e@anmasd , by pharnmaceutical conpositions of PEEIB2003/003582

present invention which contain an antibiotic,

i nclude, soft tissue infections caused by E. Coli
Kl ebsi el | a ' pneunoni ae, Ent ePobacter spp. and al

ot her nmenbers of the famly Enterobacterlaceae 25
Q her infections anenable to treatnent,

mme&ﬁ Fortpddiis ér@zt?fbltq?{@l@r[ée@nto]lh@@éﬁﬂecﬁ -
ntai, @ @gthlcyfar%‘;é@eﬁ;hg)%] yudi ng dl%%%%ﬁalts edy -

beta- ct'amase gro I'i'd "suscept i'bl e
Qtamquzmymnxy-anﬁwﬂeeatbactan&sdlpmndkclm@ 5@a6ﬁ0beend

%ﬁﬁ* J%Eﬁig%ﬁgE%gFBOf t he pre eg§1an§£F| Qﬁfontaégtsuch

QR 1GRldm AGHI:Me dast qtheeréerdlesfterx%mel\fqrce forms, a
speC|f|caIIy, the preferred prodrugs of the present

imHvaTtrico ik heesretadi \n a@de ihedlr aempectdve kenthesiep &

f@ﬁ@%&%ﬁd&f%%@%%%ﬁ%%%Fﬁ%Zggéf 3§%§hE8£%@P%%£?%}eoners'

of 4- tEiear Im@xe)ftéxﬁ[biyz &]H%@ir@ﬂh’u@;— of the present

car box IlcaC|d drox nmet hyl ) 73, 3-di net hyl 0X0Q-, -
Vﬁéﬁ%@ﬂ réﬁ%% z?) LRSS CFsA 5@%@)‘1‘
%Bz%bﬁﬂy%ld [@cIw%q&,he@r&%nreﬁgt-lga%oea‘yltﬁe%eld 6-

di astereoners, such "as racem c m xtures. These
ditaesinaenresitiv ) -8, s dimethy ImiAtoace ,t-Her (e zoarddxphaithyl

ctlve S he fnt es rm
ehSSCIO gl i ncyl% o ng %RG 2 E\I/%ZSL l%ordg pre a1 aB‘Iny%Xtaﬁnéjle
@.odrug of the present i nvention conprises the 1R

di astereoner of 4-thia-1-

azabi Y9 SERBUSS. Répttite PXSSE T 0AVISR tHO 6 exhibit

potymorphlsm. Polymorphs of prodrugs form part of this
invention and may be prepared by crystallization of a
prodrug of the present invention under different
conditions. For examﬁle, using different solvents or
different solvent mixtures for recrystéllizatioh;
crystallization at different temperatures; various modes
of cooling ranging from very fast to very slow cooling
during crystallization. Polymorphs may also be obtained
by heating or melting a prodrug followed by gradual or
fast cooling. The presence of pelymorphs may be
determined by solid probe nmr spectroscopy, ir
spectroscopy, differential seanning calorimetry, powder
X-ray diffraction or other such techniques.

The prodrugs of the present invention may also
exist in the form of solvates, for example, hydrates.
The present invention includes each solvate and mixtures

thereof.
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(hydr oxynet hyl ) - 3, 3-di net hyl - 7- oxo-, - 1- (benzoyl oxy) eth

wQkoosest4@tr , 4, 4-di oxi de (2S,5R 6R) as is descrpP@EIB2068/003582

Exanple 5. The prodrugs of the present invention nay
exhibit pol ymor phi sm Pol ynppphs of prodrugs form
part of this 20 invention and may be prepared by
crystallization of a prodrug of the present i nvention

under e feer@drugondid idns:mfiPra mlﬁ § for

different solvents or different solvent mxture
rasER s g ehtd orkhate st ivddtdlonwidtl dirfdmreant the

t Pl ESs aﬂ'l ous rgoéllejls J]?th ogﬁff%%ld:l g ran%1 ng from

very tast to very %16 06

emytstlaldtiizat | @he m@mmmprmncrmt 5 Pt et B req
heatl or nelting a praodrug followed by gradual or -

s t- oI TG ETh & PSSt Poimerphs: weptieation
dette! e d dns SQlded Prah S]H?L@tﬁ:pe%.tsr Q:ﬁgﬂ%lo 1caq1y

spect roscopy, differenti scanri ng ca
FedRatable.ay diffraction or other such techni ques

The pr, of t pr nt invention nay al SQ exi st
in the o:é%slol O\}fataggﬁ%fs 1éin TRy $PAEEL NI Pfe
Areessenta o mgen&mendbﬁQbU@&%a@%ﬁﬁm%ﬂﬁﬁaE% g%t UIes

5 thereof. WD 2004/ 018484 PCT/|1B2003/ 003582 Q 5'For
SIS GLOMre 200N MU FCARBPRE &f presdimege -adioni shéddgen

lw%ﬂi_:}?ﬁhgafi‘é%%t £aihch oWl - iRer %%ielgﬁl NG s -8k ffeCt ! Vgne%s ‘

co-adm ni st ered beta-lactam 1 DI
rm@udmm dso et weenp ebdutiy 7a i/ kigy Bered o abouhatzo

V\,hl ch ei t her Ione or in combination 10 with
?ﬁg%&!’da | &Ct A ant i b oV STirs tg&ﬁl ccoigyres pye .
dddeptablkéve only, and, in some cases, it may be
necessary to use dosages outside these limits.

A daily dosage of the prodrug of the present '
invention can be admlnlstered from 1 to 4 times daily in
equal doses.

In the treatment of a bacterial infection, a
prodrug of the present invention is co-administered with
a beta-lactam antibiotic. The prodrug and the beta-
lactam antibiotic may be administered concurrently or
sequentially. Further, the prodrug and antibiotic may
be contained in separate pharmaceutical compositions or
in a single pharmaceutical composition.

Typical beta-lactam antibiotics, with which the
prodrug of the present invention is co-administered, are
beta-lactam antibiotics which are sensitive to enzymatic
degradation and inactivation by various beta-lactamase
enzymes. Examples of such beta-lactamase sensitive

antibiotics include, but are not limited to, penicilling
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Typically, for adults and children weighing at |east
40 kg, the daily dosage anmount of prodrug is between

W@bwun1280 ng to about 1 g or nore. For chil drBCT/IB2B03/003582

wei ghing | ess than 40 kg, the daily dosage anount of
prodrug i s between about 7 n?/kg/day to about 20

ng/ kg/ day or nore. However, Eese figures are
illustrative only, and, in sone cases, it nmay be

y.. 1.0 dosages, outside these limts. 20 A_..
}gl? cﬁ?/s%)s%ggtgu 0 t%egup%o FUg ’ofanﬁcf‘?_élcpjrsje%sjé'htam?rﬁ}%?wm'
ozl eyt i rsd eeth faomadeddrdkedl Mese faddid N | equal
s..In the treatnent of a bacterial infection, a

d [
p‘?s S 1 r@%@é&%lqrn\@ﬁh%#@c&%}ﬁ%ﬁlﬁ%r ed
Wddbc 25 8 Dotdnd et il old C e Ol U AL NG

beta | actam anti.biotic may be administere
cefourgreime y erfdigeiquentd Bidexra Fand here fdtheciprendr ug

ntibiotic be contained in separate
Scﬂegf ?rja%oe}ﬁ n"lle&:’alcec;r%g?p?d:tﬁ%t“?eo!nsceofrrl"ldqurfeﬁl'si g zoxime,
pleaf G & alnd QEFRY iincON.ard) mbHIIGRt Het andactam

antibiotics, with which the prodrug of the present
iFRFERIE i s co-administered, are beta-lactam

ant i biq@fd+ i C e jat ]\ enzy et |
degr adlg%lgcn%la d P]rl{%(r:nt |C\§/Dg{£|%ol'r;1debd§ tf/o%ﬁ ous bgi g"-l act anase
aeymes: e vExarsl engfossiticlorhettird actiayias ess8nrsidi e t35

nti.bioticgs.i.ncl.ude, but are not limted to,
AT 1T B G040 BERSH URChA BACOST0asEt 164 to
situtas ;natural penicillins, anmoxicillin and |

anpicillin; cephalosporins such as cefadroxil, .
cef azdl4af.erakdphaleiniedaepled dtisi presspivaginviemtion is

Qﬁpnﬂﬁﬁyﬂﬁétered with amoxicillin. More preferably;
amoxicillin is co-administered with the prodrug 4-thia-
l-azabicyclo[3.2.0] -heptane-2-carboxylic acid, 6-
(hydroxymethyl) -3,3-dimethyl-7-oxo-, (1R) -1-
(benzoyloxy)ethyl ester, 4,4—dioxide (28,5R, 6R) .

The term "amoxicillin" as used herein shaii mean
amoxicillin or an alkaline salt, or hydrate thereof such
as in particular amoxicillin trihydrate or
(crystallized) sodium amoxicillin. Unless otherwise
indicated, weights of amoxicillin refer to the

!

equivalent weight of the corresponding free acid. 1In

~addition, it will be appreciated that in practice,

weights of amoxicillin to be incorporated into a
formulation will be further adjusted, in accord with
conventional practice, to take account of the potency of
the amoxicillin.

Typically, an effective amount of amoxicillin, for

adults and children weighing at least 40 kg, is a daily
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» wel ghts of anoxi ¢i

cefacl or, cefamandol e, cefoicid, ceforanide, cefprozil
cefuroxi me, cefdinir, cefoperazone, cefotaxinme, 110

w@edopotazd me, ceftazidinme, ceftibuten, cefti zoRCTER2003/003582

ceftriaxone and cefepi me; and nonobactans such as
aztreonam Typically, when contained together in a
phar maceuti cal conposition, the weight ratio of beta-
15 lactam antibiotic to prodrug i s between about 15:1

t, about 1:1. Preferably, a prodrug of_ the present,
el et oL ol & Ripdiyg of, Lhe BLesent oo
Weﬁﬂ:jgi{ia{g‘ )’.Lehs:s’ilﬁgioéirpidd iy | st Gadi it rred Wdhdhe g
rodrug 4-thia
pﬁ%ﬂﬁgﬂfclaﬂ%ﬁ@i@lﬂfeﬁt%ﬁe-@i@m istpgpdec lavied, &F about
D)< 3435 di - f-0x0- . (1R) - 1- "
%Wenzggy oxXy &t %b%é%t eq%&i%gﬁ{(ﬂ%%yde (@fgeéﬁrGR)t.heﬁﬁae.
tigronr'erexdec il lliuet res inge dbrtisr,eismd hdld s®aN cases, it
anmoxi.cillin or an alkaline salt, or hydrate thereof

difch P25 S Fat dRSCASASETIAUESH IS ithpdeatld s -

(crystalddiaed)acsedieuy iy aidiing lhess AREWSL reg
i ndi cated, weights of anmoxicillin refer to the

vl dst wdiigies ofeitlhe icormmsgorttiong fimeehacifbrnl @f

iR | bl e pRLag AL Uhal 4 Ao, <0
feommpsdttiiomswi | Fovenflartikers adf ushediate aeeerid iwd hind
SRS sl aclice g Lake sccount of the potency”
FINHGi il amo®f 139 1adub s and.chigd drepweighi ng at

| east 40 kg, is a daily WO 2004/018484 . '

ZEULL083582mppRition of the present invention, and
the preparation thereof, are described in United States
Patént Nos. 4,537,887, issued to Rooke et al., '
6,051,255, issued to anley et al., 6,218,380, issued to
Cole et al., 6,051,255,;issued to Conley et al.; United
States Patent Application Serial Number 09/911,905, by
Conley et al.; and International Application Number
PCT/IB01/01899, by Conley et al. The teachings of U.S.
Patent Nos. 4,537,887, 6,051,255, 6,218,380, 6,051,255,
USSN 09/911,905 and International Application Number
PCT/IB01/01899 are incorporated herein, in their
entirety, by reference.

In these compositions, the exact amount of prodrug
and amoxicillin will depend to some extent on the micro-
organism which is being treated.

As will be appreciated by one skilled in the art,
some of the beta-lactam compounds are effective when

administered orally or parenterally, while others are

effective only when administered parenterally. When a
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children weighing | ess than 40 kg, an

we@bdoeo1848£ness- i ncreasi ng anmount of anoxi cil | PET/IBR0EB/003582

dai | y dosage | evel of about 20 ng/kg/day to about 150

ng/ kg/ day. However, these figures are illustrative

only, and, in sone cases, it140 may be necessary to

use dosages outside these limts. A daily dosage of

anoxicillin'!can be admnistered from1l to 4 tinmes

dali 15 1 Oefq‘t}: © FOSEE T THET O o Gamthedies erith a

P dri tedk-20r vl el et vl WM -8l RASE CRIPIGSIJ QNS.

Formul ations of i medi ate, nodified and 15 delaye(fl

RWR eitdad hsrtrddeuticalwhbisipds tedfdest iomntailni o
I,Gid1dqn, e} Suj tabl e far the .
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and taifie foaparsatdrore tadiereef widne wdeserdlkgtd.n Whded he

St%%Fs Patent Nos. 4,537,887, issued to Rooke et al.,

FF GOWL, 395 £q S EPTHRSShIEF e deta-dastgmgmtibiotic

hasued 10 o fElR iffe Vral18 A3l 23%ntieisHad, t L8¥ ;

al.; United St.a:.Lt es Fr’\gt e%& Appl i ca?ti on Sg/r'i %Oqﬁ}r?o%rl%tns

FYFEblgoFornelthen eradt cal parammdt clnatle matindrirat ion

heat| er PGI.1.B01/Q1899,. by Conl ey .et al.
R RS, SRl s e el o
BAELi25er Er21b8,r380.orfs, @F1 225 prddeSly @911, 945 :aRd 5+
I nternational Application Nunber PCT/1BOL/ 01899 are
TS0 SE5Eatedeh SBIRLSEE R 2 fewtineat Petey lestarence.
o iR SR 1CORRRSHIQRS 1 i, Nenexaet jamaynt, of jpredrug 30
and anoxicillin will dépend to sone extent on the
RCEE-L shega Pirsipewhitdloniss ofeithg predired. pAsenitlrahay,

BB AP GR SH Lot A8 L SR B
dealcleyn antpahenter alrbylywhil e others are

A pharmaceutical composition, of the present
invention, comprises a prodrug of the present invehtion
and at least one pharmaceutically écceptable excipient,
carrier or diluent. |

Optionally, the pharmaceutical composition further
comprises a beta-lactam antibiotic. It is preferred
that the antibiotic be amoxicillin. It is also
preferred that the prodrug is 4-thia-l-azabicyclo-
[3.2.0]heptane-2-carboxylic acid;6—(hydroxymethyl)—3,3—
dimethyl—7-oxé—,(1R)—1—(benzoyloxy)ethyl ester, 4,4-
dioxide (28,5R,6R). It is more preferred that the
pharmaceutical composition comprises 4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid,6-
(hydroxymethyl) -3,3-dimethyl-7-oxo-, (1R) -1-
(benzoyloxy)ethyl ester, 4,4-dioxide (28, 5R, 6R),
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adm ni stered beta-laqtam antibiotic, a pharmaceuti cal
suitable for which is effect'Xe only on parenteral
adm ni stration, a conbinationformul ation suitable

for parenteral use will be enployed. Wen the 110
Yok 1S A€ ' ' ta-|.ac
g‘%tl Jiucglt]ilil&ﬁl ché&logioé e ec(%%évg) }garlgﬁc%dotﬁépaglﬁ%taecrcaﬁﬁiﬁble

comyieati ons suitable for either oral or parenteral

adm ni st rat.i on an be prepared.. Additionally, it is
pOSSi bqs}?“lpolesad%ﬁcrﬁ}%‘i]@l%?‘%pal%li%?'ofal'tqwé?ad?‘-ﬁcﬁ‘ ) that
oz [ahi gl Ry Ludih gt ddume Sdm Qi ing,

further beta-lactam antibiotic parenterally; an it

i iude pdsiditsine tand apanidser grdpaatdtonsiofl duwrs,
: par. ald oy, IJ.e.at the.sa tinme

gﬁ m n:qu:thlé r ia(n?lg3¥ te%wle chyulrci ﬁigér}lbveatt&-vq sdctba%rﬂ@a%ﬁﬁ FETEE such

arsaldarb 3 mk tilyer nedautlicnl BEReSidd ealiaflddhe
present , invention, conprises a prodrug _of the present

i Frort SSand L@ st Gifd PHar mecsuHdariipyl
%%ﬁﬁ&ﬂﬁﬂdd%é@XQ&iﬂéﬂurizﬂﬁﬁwééghﬂg'é%hgf%ﬂ%ﬁ?%g§éfaqally’

' the pharmaceutical -conposition furt nprises a

[kt tpararnismet iagiegttisc sudh iss prosfremoed, tdaadtcitdére )
bl Q. i.clilli.n, Lt | l so referred that,
tacﬁ}efbgalrn% Irefig%?lsiia%%;( l-l(%llan‘l_ lbl_lgzza &o&’{;@:]eg-_ SégerR:s feor retarding

[B.eaddutdptrarercd Gaf BRNHAEn; resorption accelerators
qui , 6- (hydr oxynet hyl) -3, 3-

Af FREGEE PRI &z GANBRpretehy Isuadese, agt4vE0
@g@ﬂtqze Sc.l%%’ 2R Qr@t'yll _talic%l'fmr, ﬁ‘gﬁ&%fe%rozf“ o?h%%tt_etat}%te;
phar‘rmceutl cal conposi tion conprises thia
adsorptive carriers such as kaolin and bentonite; anq
lubricants such as talc, calcium and magnesium stearate
and solid polyethylene éiycols. Thé formulations can
additionally iqclude: lubricating agents such as talc,
magnesium stearate, and mineral oil; wetting agents;
emulsifying and suspending agents; preserving agents
such as methyl- and propylhydroxybenzoates; sweetening
agents; and flavoring agents.

In preparing a pharmaceutical composition of the
present invention, the prodrug, and optional beta-lactam
antibiotic, are usually mixed with an excipient, diluted
by an excipient or enclosed within a carrier that can be
in the form of a capsule, sachet, or other container.
When the excipient serves as a diluent, it can be a
solid, semi-solid, or iiquid material that acts as a

vehicle, carrier or medium for the active ingredient.
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azabi cycl o[ 3. 2. 0] hept ane- 2- car boxyl i ¢ aci d, 6-
(hydr oxynet hyl ) - 3, 3-di net hyl - 7- oxo-, (1R) - 1-

W@ b@anssBoxy) et hyl ester, 4, 4-dioxide (2S, 5R, 6R)T/IBAD3/003582

2004/ 018484 PCT/1B2003/003582 14 5 anoxicillin and at
| east one pharmaceutically acceptable «carrier.
Exanpl es of excipients, dilughts, and carriers that
are suitable for such pharnaceutlcal composi tions

i ncl ude: flllers a d ext enders such as starch sugars
10 et G SIRP L A R s AT e (e

Sl 1,2 fhaaratdyly cel |l Q&&ﬁhﬂxé&ﬂ%{ﬂ%ﬂ | ul ose
derivati ves, alglnates gel atin, and ponV|nyI

FHrBHiasTRels b sttriaM e atEhnt SD%GGW—J%?@@#W@HY The

caa%i)oaegfgreaé}i&% :&gﬁ&% E#Lglglr ngt agen %_?tcﬂeurgasm of

rigteariditregndedi sm:nﬂajtdforadsrunﬁmap:arcaf f irgr reesomgitd Orfwhen

accel erators . such er nar ammnl um conpounds
sttt g & zfﬁ?éﬁt s &l ycerol

BHIaSTRAN AR a1 adsRIdud i H 1 118l Sl%r?aslc&s@%arﬂ k?H‘qued

bentonite; and 20 l'ubricants such as talc, cal cium and

ﬁﬁgﬁégi@@Kmeﬁﬁ%ﬂablaﬂﬂi%ﬂﬂlQﬁ#RQ)thﬁﬁh%ﬂaqﬁh&ﬁﬂﬁh
Jlﬁ.r r‘QJI altoze ecsan o t%l glri)%lm;é/ | nClsgydr%lﬁ S’t eegrigiié:’s,

Iu ricati’'ng age S suc rmgne
anghevurersal 1 v dgnanvetrid r@mﬁmns eratlsidhg nglkand in

2 h
sus%ﬁdda % ‘%Tents,,preserw ng agcgr;}ts 5 %%q@sce The

agecyt saphif lamord R agent idyRERAH NS darrier will
pharmaceutical conposition of the present invention,

tﬂ?ettmad@’yugiemmi opt itdveal clivatiza lacteamreants Bivdti 16 tyareend
%%5%1ﬁﬁty 5%19Me aéy}$2“§d%re&1eﬁ¥llﬂégjwell as the

dosage contemplated. However, pharmaceutical

ed

compositions containing a beta-lactam antibiotic and a
prodrug of the present invention will preferably,cbntain
from about 20% to about 95% of active ingredients. In
the casge of tablets for oral use, carriers whiéh are
commonly 'used include lactose, sodium citrate and salts
of phosphoric acid. Various disintegrants such as
starch, and lubricating agents, such as magnesium
stearate, sodium lauryl sulfate gnd talc, are commonly
used in tablets. For oral administration in capsule
form, useful diluents are lactose and high molecular
weight polyethylene glycols. When aqueous solutions or
suspensions are required for oral use, the active
ingredient may be combined with emulsifying and
suspending agents. If desired, certain sweetening and/or
flavoring agents can be added. For parenteral

administration, sterile solutions of the active
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can be a solid, sem-solid, or liquid material that
acts as a vehicle, carrier or mediumfor the active

i ngredi ent. WD 2004/ 018484 Pt%/1B2003/003582 15 5 The
pharmaceuti cal conposition can be adm nistered orally
of parenterally, i.e._intranmuscularly

SHEER AHRS | 3 € | MR VRN ootRPar e/ | 314 aes iRBrbl te
The ueatlid efs SXCLpLENt, @ didyent s is, £A0SER. he
basis of the 1 ntended node of adm nistration. For
exarmiesnaenudd 0 dtonstoezxl ngpidentorat iomdef odolutes

adm nj stration rmaceutical. conposition of, thi's ,
TEBME e PSR S G T d et dsdkonic.
i ncl udig £hewebd ©1 48| &f Sthe CRPSL Fon | RLELNILSade up
troches, powders,, syrups, elixirs, aqueous solutions
ahlt @ RPEHd | dpEadantPime Tokerah adnietorerinten WY e
anday d. phat ' .ce. .- T t i, onal
f[{étl 0 o?c act |1{;/[t2f(l%n%1r E%IL eﬁgtc%}%aorfr ié}r?a]\f/vl %c?&%laéf‘%al 'y
depentb orgt hes chent aial ettt o egowdd tibdt | gyaranhr products
stability of,the, actjve ingredients, as wel]| as the

¥ ge” T ehipt bt @Y. L HoeR ef U SRIHAT Hle et | St e -

| CONPOSH {4 14151 & 0N G4 16 B bt -0t 291 ANtk i td ceand a

prodrug of the present invention will preferably

CeRE R sYGlons Abkrits 2008 t &l wblered5s of faretéxample, |
| Agredl ent a%%agﬁf?c&@f& fud aﬁdﬂi T r?cF% U/28927
carriers I'C e conmonl y used Tncl ude T act 0S¥,

Sttt wraihimie ahdvishdh sa?d fcqplosposd cheatdth, in their
Various disintegrants such as, starch, and | ubricating
a@%’i’ftrse,t}é'ugw a%g F um PUEE e, <A | auryl

st Fral Batithd Al $uc1dr £ GMEPINY Yic suspension formulations,

may be manufactured using techniques which are generally

~conventional in the fiélé of manufacture of

pharmaceutical formulations and in the manufacture of
dry formulations for reconstitution into such
suspensions. For example a suitable technique is that of
mixing dry powdered or granulated ingredients for
loading into a suitable container.

For pediatric dosing, the formulations of the
invention are preferably made up into a sweet flavored
aqueous syrup formulation of generally conventional
formulation (except for its novel amoxicillin:prodrug
ratio and intended use) containing a suitable weight of
the amoxicillin and prodrug in a unit dose volume, e.g.
5 ml or 2.5 ml preferably as a syrup. A pediatric
formulation may therefore comprise a bulk of a solution

or suspension, e.g. a syrup, or granules or powder which
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used in tablets. For oral administration in capsule
form useful diluents are | actose and hi gh nol ecul ar

w@omeisget pol yet hyl ene gl ycol s. When aqueous BOI/IB20@3/H3582

or suspensions are required for oral use, the active
i ngredi ent may be conbi ned mﬁ%h enul si fying and
suspendi ng agents. If desirel’ certain sweet eni ng
and/or flavoring agents can be added. For parentera

] Nj ‘ation,,. steri.le soluti.ons of the active WO
3500 Ml B s S350 e oy AR e 2T
usueddnt verteipar eff, syldiditg Pt Gudhesisel WHINS dohtains
Sui abLgF%%%usted and buffered. For intravenous use,

tHER Gt neft4edt iy dfumso| (fiudd abdiposiugthormulations
I r; Lhe Ak rati |.SQt Qni_c.
P At e Ao el R, A Ce a5 F e o
FH9%6d 0dBSdgel FroirhhK Ifigre Geslchadtyi .nitéter a.“tdrmm]ﬁ)ti@ln of this
.convent.i gnal the art. .aof .pharmaceuti cal,

CER G0 e M e " S e G dn s Cive
plaeaitdld s fafoxiREANSH HHd @R ddrue ,a a3 WP 8RR} 0T
sol yti,on. Suitable ingredients and suitable nethods
HCLIPES ek ivhg du i et Spacarsr dnditdel dseddi of for .

I : i.aRal | i 92/ 19227 .an
Vo SEFSEds Bo” raadnrsliy Sl dahden Bebisalate
séraidard propeinticest,i ket atbyenefrerlapc et abaweter patkticle

ranul ar . formul ations, such as pediatric suspension
%&%ﬁﬁlg 90§§F%%§'ﬁﬁf'be manuf act ur ed using t echni ques

whi ch1ar e hgerersal bf peaRwert icopgh 1l %uts?%n%ii%hg,%hese
manuf acture of pharnaceutical formrulations and in the

ReéftPachiPe "6l cOMprisengHaresddntornidecondtidantionto
?ggggﬁgggn@quggagg@@, oL k8%8BLE N, SHitable
sweeteners,. and stabilizers. '

Suitable excipients for use include xantham gum
(suspension aid), colloidal silica (glidant), succinic
acid (stabilizer), aspartame (sweeéener), |
hydroxypropylmethylcellulose (suspension aid) éhd
silicon dioxide (diluent for prodrug and bulking agent) .
Flavors may comprise common flavors such as bubble gum,
orange, banana, raspberry, grape and golden syrup, or
mixtures thereof, to suit local reguirements.

The pharmaceutical composition of the present
invention may, for example, be provided in solid unit
dose forms embodying suitable quantities for the
administration of such a daily dose. For example a unit
dosage form may be tablets, or sachets containing
granules or powders for reconstitution, one or two of

which are to be taken 1-4 times daily. Alternatively a

unit dose may be provided as a bulk of solid or solution
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25 m xing dry powdered or granul ated ingredients for
| oading into a suitable container. For pediatric

waelomisng484 he fornul ati ons of the invention arBCT/IB2003/003582

preferably nmade up into a sweet flavored aqueous
syrup formnul ati on of generalh conventi onal 30

formul ati on (except for its vel "anoxicillin:prodrug
rati o and i ntended use) cont aining a suitabl e weight

Oc‘ir glr%)%ff'zl% % el o 50%{#8 f(g]ra gyir%trdo?sb\e vol une,

rmﬁnmmtr:rattomm] att o Hemwy v dte a (HL&Ltﬁahsrm nﬁ@@ﬂu@< of
a,solutio 35 or,_ suspensj n a syrup,
SRS o BRIV Rh h MO Jo0iA gl niscrat ion of a

wiaaazp@%@p@%e 1Judnican, e nade pcpnmaoclscﬂ}ch 2

sol uti on or suspension, at a concentration
sHtitakoke gy | ORI toh oo rvdncﬂuosmawlokfse:hm

IR 4R B | O S T, S uifosage

ERSGIHIB8 (-G ddKl i neid3eschan). The fornul ation of

this 110 invention wil] normally, in addition to its
act i ve' St i RS SRpG®manS whantd i darirptimsds a klt o
6 udden s BXGIPI BNt Ml LI areg, 15t dend he%ééce%

" formul ations,” for oral dosing and us I N genera

éftaafﬁ@élr/d qwmrp@raﬂlrcmsil ared mia@mmﬂqa]stmmdmaitlon,
i Zzes and I n the case of

rad C.
pedl gfrl cpoﬁlaﬁsessuas oSt o effﬁiﬂse PISES i éﬂvseqif&fn and,

carirdrsa 1SYS e H 13- JaiddSm @lritﬁadltoﬂ:l(d 0 arid d i |o'!1'r%g9tlons
uent s, buI ki ng agent, flavors, sweet ener s,, and
godfo SEiniF tEatian o tdipihnmacautisali rsmpgsition

&@Ptah%@rg'}érp S USRENSI O 1R Beog 1G24 q;'lh%%lap%ldtl%a effect.

(glirdant), succinic
The present invention will be further illustratqd

by means of the following examples. It is to be '
I
understood, however, that the invention is not meant to

be limited to the details described therein.

Example 1

Preparation and Enantiomeric Separation of (R/S) Benzoic

acid l-chloro-ethyl ester

CH, O

3

Cl O

(R/8) -Benzoic acid l1-chloro-ethyl ester, shown

above, was prepared as follows.
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acid (stabilizer), aspartanme (sweetener),
hydr oxypr opyl net hyl cel | ul ose (suspension aid) and

W@ 2douo08384li oxi de (diluent for prodrug and bul kPeyIB2003/003582

agent). 25 Flavors may conprise conmon flavors such as
bubbl e gum . orange, banana, éaspberry, gr ape and

gol den syrup, or m xtures th reof, to suit |loca

requi renents. The pharnaceutical conmposi tion of the

preseni, d4 nventjon e S og‘{/gl)igg B@ﬁég%ﬁ%\él de) benzoyl

solid unit %30 dose forns e
cplalmr:tdees(ﬁhirictie Admdudsta atirodgdn sitalbspidd Vin a 3-

E t d f be tabl et
e RS T YL

rROoRBtdUdIlL 0 QIR d W 1Qf i ch
1-4 tinmes daily. Alternar?beﬁvi2ﬂ35 Jﬁ%fjﬁgge walﬁ?kture

preovisdeldr zad &£ ul 16 afirgdiesd aor mﬁmthmémamlaﬁﬂﬁé’e&ién

PCT/I 3/003582 18 5 or sus ensi on, e, as a syrup
for]p%ﬁqﬁfrl%§ SAHPATSt ARt PERY FB@eEﬁ¥F°&?tﬁ0a bath. To

smltsaml%mwa@%dmls%ﬁf koW J YRk 4 Qfgciylitate

adm ni stration of a suitabl e unit dose quan Tty of
e teddnalivatd o ldxichli vdiblle uwmiintdose nguant iy drhiaane
whi ch enable the 10 adm nistration of the

A5EREFRT Waid yCdoshbeeTr gaant FEgndrerdedmplated,

@Ql%e%ea\ée:tlcﬁﬂ%ﬂ&rum@ 'Eritow%fd t %vahev%%t Ir%%m S a

kit, for achieving an antibacteria rapeuttc
Sefperatine . walmaalmL wtpem sing 4(013) i [(OEChROBd CRlded

conprises prod g of the
%?ggg§¥$ﬁ%%§htl ﬁrfngereo FF@ﬁEFI %@t&rBEEanﬂaYer

avalsi BIe@ialr@,te@iﬂ@ra(dZ)ﬂa@hl'e@Chﬂlth saft@ﬁ.»attfé@ AR, St atLen
t he pharmaceutical conposition in a manner to

g&ﬁP@vedFH§66@¥6FeN9§9er5béﬁ?r@de¢m@c@oncentrated in

vacuo. Chromatography on silica gel eluting with 1.75 %
ethyl acetate/ 98.25 % hexanes afforded 55.4 g of a
yellow oil. 'H-NMR (CDCls, 400 MHz): 8.08 (d, 2H,
J=7.5Hz), 7.61 (t, 1H, J=7.5Hz), 7.47 (t, 2H, J=7.5Hz) ,
6.80 (g, 1H, J=6Hz), 1.93 (d, 3H, J=6Hz).

(R)-ﬁenzoic acid l-chloro-ethyl ester, shown below,
was isolated by the chiral separation of (+/-)-benzoic
acid l-chloro-ethyl ester using a 10 cm by 50 cm
Chiralcel OJ column elutihg with heptane/IPA (98/2) and
with a flow rate of 250 mL/min. The enantiomer
collected eluéed second with an analytical purity

retention time of 7.123 min.

o
>IIII|O
I



The present invention will be further illustrated 20

by neans of the follow ng exanples. It is to be
wonaens48od, however, that the invention i s noPCTEENC3/003582

to belimted to the details described therein.

Exanple 1 25 Preparati on and Enanti onmeric Separation

of (R'S) Benzoic acid 1- chl<t o- ethyl ester CH3 O Clx

Oc 30 (R'S)-Benzoic acid 1-chloro-ethyl ester, shown

above, was prepared as follows. WD 2004/ 018484

PCT/ 1 B2003/003582 19 5 To a stirred solution of 122 g

(BORMRTREDY 1 benzaoNz chioraded Al ciyz. suler a 61 (t,
ni trogen atnnsphere in a 3- neck round bottom fl ask,
Wis dddedHz)35 79471742 Aol JF7-&RFydr 6u§0 Afnc 1H, N
leordyde (Adrigh)sy T cti xt u thg{ed
?hG%%g nﬁné?esdgtbeoﬁ?F@%%eraﬁ% g]andi?%eﬁ@glg'co%?éd
CBIC115. C usi ng an ethylene glycol/ CQ2 bath. To this

nixtur was added sI

10 acetal ??éh?&élz(o/&lcdﬁcé ?ﬁé’rﬁal %1%% n.eﬁgegﬁ PReYkeLow,
LRRP el e Dk oWH @hl&%ﬁe%e@@QbEh%& was (Gonpl-ekedoic
the reaction mxture was allowed to warmto room 15

Behpedatciler4ethml water #sdngoe MO cM2lY25Recd added
| |
2ad Lhenqt he |y ‘gﬁ&gli%p%%e%egt%g Rla%%oé% /%%feand

t + WasS séeparated an? sat ur
briiche a diliced rever o860 fill/iehed ahe eanaedtmated in

vacyo. romat ogr aphy on silica el.uting wi,th 1.75
15 f@ggﬁ?ﬁce‘éa(?g?’éte %Qg S5 Wt h?e ég‘a&ﬁ’ft&rc&éd B515Yg of a
retention time of 5.807 min.
CH, O

Cl O '

20 - 'H-NMR (CDCls, 400MHz): 8.08 (d, 2H, J=7.5Hz), 7.61 (f,
1H, J=7.5Hz), 7.47 (t, 2H, J=7.5Hz), 6.80 (g, 1H,
J=6Hz), 1.93 (d, 3H, J=6Hz). [og] = +130° (C+0.0345,
CHCL,) .

25 Example 2
Preparation of 4-Thia-l-azabicyclo [3.2.0]heptane-2-

carboxylic acid, 6- (hydroxymethyl)-3,3-dimethyl-7-0oxo-

,4,4-dioxide, monosodium salt, (2S,5R,6R)
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yel low oil. 'H NVR (CDCL3, 400 MHz) : 8.08 (d, 2H
J=7.5Hz), 7.61 (t, 1H, J=7.5Hz), 7.47 (t, 2H

wQ 20045234 6.80 (g, 1H, J=6Hz), 1.93 (d, 3H, BEHHRP03/003582

(R)-Benzoic acid 1-chloro-ethyl ester, shown bel ow,
25 was isolated by the chiral separation of
(+/-)-benzoic acid 1-chlor@lethyl ester using a 10 cm
by 50 cm Chiralcel QJ colum eluting wth, heptane/lPA
(98/2) and with a flowrate of 250 niL/mn. The
enanti omer collected el uted XeC d with an anal yti cal
purity 30 retention f f 7 mn  CH3 O0C 0 W
2004/018484 PCT/ | B200 /OoqugkL;Q; 5 1H NMR (CDC13,
400MHz): 8.' 08 (d, 2H, J=¢- 61 (t, 1H,
J=7.5Hz), 7.47 (t, 2H, 7.5Hz)3 6.80 (q, 1H,  J=6Hz),
1.93 (d, 3H, J=6Hz). [ad] = - 140~@NH. 0315, CHCL3)
10 (S)-Benzoic acid 1-chioro-&hyl ester, shomn bel ow,
was i solated by the chiral separation of be 20| c
aC| d £-TRieré- étZﬁPFLCé@EL@r [ésrzmﬁ]ge?té‘némzbfiaf \
aIceI Q) columm eluting with heptane/ |l PA (98/2)
an& 'wWith a flow rate of 250, nl/nmin. The enantioner 15

6ol (hecredyeletibyd ) B St ddinel hai -Anakyt-i dak -gipidge,
(EBCTs LaB0NRI 5,08 OB B0y Fa BiB) 0", ontE i ptes

IRL-PMDRS T . 46 s( brepbired=BydlRk, £6180wliag IHur-step

process.

Step 1 - Preparation of sodium 6,6-dibromopenicillanate

t

sulfone

Ethyl acetate (15.8 L) was added to 6,6-
dibromopenicil-lanic acid sulfone (2500 g) and heated to
50 °C. Sodium ethyl hexanoate (1044 g) and ethyl acetate
(5.0 L) were stirred to form a solution then added to
the 6,6-dibromopenicillanic acid sulfone solution over a
60 minute period. The reaction mixture was allowed to
cool to ambient temperature and the resulting solids
granulated for a period of 1 hour. The product was
collected by filtration and washed with ethyl acetate to
give 2197 g (83%) of the sodium 6,6-dibromo-
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J=6Hz), 1.93 (d, 3H, J=6Hz). [ad] = +130 (C+0.0345,
CHC13) . 25 Exanple 2 Preparation of

W@ 200hi0884B4 azabi cycl o [ 3. 2. 0] hept ane- 2- car boxyPCTIE2003403582

6- (hydr oxynet hyl ) -3, 3-di met hyl - 7- oxo- , 4, 4- di oxi de,
nonosodi um salt, (2S,5R 6R) 2004/ 018484

PCT/ 1 B2003/ 003582 21 HO O S; N~ OTONa 5 O .
4- Thi a-1 -azabi cycl o [ 3, 2, 0] hept ane- 2-carboxylic acid,

= (. m{@g - - di qethyl -.7: 0x0;, 4.-4- dvoxi de,
?r%él%gfl um sa%1¥%dl(f§3 , bR, g}lé-‘l)]'i1 shlos\/\(’lea 7ovg,'_. ( hlgl?lggné?%oe)r o
0. 3MNacHVPAS") Mass prsspaated, by. 2de(d ollmw rg Fours step .
process. Step 1 - Preparation of sodium
6, 6-di bronopenicillanate sul f one 15 Br H,O Br =S

Mt e - o ufNa oE b ieghales ol Hipf s A9ddd e

to 6,6- dibronopenicit-fanic acra, surfone (2500)
and heated to 20 50 C. Sodiulfoetehyl hexanoate (1044 g)
and et hyl acetate

Br HQ 0
Br - Me
—N-/ “Me
O W' "coen

Dimethylformamide (5.7 L) and the sodium 6,6-
dibromopenicillanate sulfone (3820 g) were combined and
the mixture was stirred for a few minutes until all of
the solids dissolved. To this mixture benzyl bromide'
(1400 g) was added over' a 1 hour period. The reaction
mixture was then stirred overnight at ambient
temperature. Water (4.5 L) and ethyl acetate (15.0 L)
were added to quench the reaction. The aqueous phase
was washed with ethyl acetate (2 x 600 mL) and the
combined organic phases were washed sequentially with a
saturated aqueous sodium bicarbonate solution (2 x 1 L)
and an agueous sodium chloride solution (2 x 1 IL). The
organic layer was dried over magnesium sulfate and
concentrated to give 3566 g (90%) of the desired benzyl
6,6-dibromopenicillanate sulfone as crystals. M.P.
146-147 °C. THNMR (CDC1l;3) & 1.2 (s, 3H), 1.5 (s, 3H),
4.5 (s, 1H), 4.9 (s, 1H), 5.16 (d, 1H, J = 12 Hz), 5.29
(d, 1H, J = 12 Hz), 7.35-7.40 (m, S5H).



10

15

20

25

30

(5.0 L) were stirred to forma solution then added to
the 6, 6-di bronopenicillanic acid sul fone sol uti on over

w@2008018¥80nut e peri od. The reaction m xture wasPEl/IB&H03582

to cool to anmbient tenperature and the resulting
solids 25 granulated for a period of 1 hour. The
product was collected by fl?%ratl on and washed with
ethyl acetate to give 2197 g (830) of the sodi um

6, & di broono q: WO 2%04/ 01%4%4 PC'E/
pe

= S-S ataVa A\A ‘l!

1.30 (s, 3FD 1. EﬁoﬁépeﬁfﬁllﬁaﬁgtéSsulf&me5 54 (S

1H) . 1, 11 Step 2 - Preparation of benzyl

6, 6-di bronopenicillanate sulfone 10 Br H0O/O Br ' S
M NM 0i HAC®Bn Dinethyformamide (5.7 L) and
t he sodium 6, 6- .di brormpeBﬂ'cH ap@k e sul fone (3820 g)
wer e conbi ned and 15 t g o Xt S/WEI\?IQS“ rred for a few
m nutes until all t he |so i ds ssol ved. To this

m xture benzyl brom de %_4_0 0) Médded over al
hour period. The reacti m Xjfy e WasS then stirred
overni ght at anbi ent te@peratHre C®iBn (4.5 L) and
ethyl acetate (15.0 L) 20 were added to quench the
reacti on. The aqueous phase was’ washed wi th ethyl

acet atlen (a2 r)gu%do bmf:)t dflas?c paraformaldehyde was

heated under a nitrogen sweep to 160-180 °C to' express
éxcess water. Iﬁ a separate round bottom flask |
tetrahydrofuran (8.0 L) and benzyl 6,6-
dibromopenicillanate sulfone (1000 g) were combined and
stirred until all of the solids had dissolved. The
solution waé cooled to -78 °C and 3M methylmagnesium
chloride in THF (720 mL) was added slowly to the
solution while maintaining the temperature less than -70
°C. The reaction mixturé was stirred for 1 hour. At
this time, formaldehyde gas expressed from the first
round bottom flask was blownvover the surface of the
chilled reaction mixture using a stream of nitrogen.
This formaldehyde gas was expressed over the reaction
mixture for approximately 6 hours while maintaining
cooling and vigorous stirring of the chill reaction
flask. Upon reaction completion determined by TLC
(80:20 hexanes:ethyl acetate), the reaction was quenched
at -78 °C with a solution of acetic acid (132 mL) in THF
(400 ML) . The reaction mixture was allowed to warm to
ambient temperature then the reaction mixture was

filtered through Supercel. The filtrate was
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conbi ned organi c phases were washed sequentially with
a saturated aqueous sodi um bi carbonate solution (2 x

wadopo01884l an aqueous sodi um chl ori de sol uti onPCRIBe0A3/003582

L). The 25 organic |ayer was dried over nagnesium

sul fate and concentrated to give 3566 g (90% of the
desired benzyl 6, 6-dibronopgénicillanate sul fone as
crystals. MP. 146-147 C. 1HNMR (CDC13) 5 1.2 (s, 3H

9 1 .16 (d,
Ppcsnéri§e¢u§° %nzglgo HS%QFE)J S%EQ 53 éa% %ée% 40
%Ehngk%rre¥1%8094iQéééSéeEEEib§299§éQ@3§§a e@ﬁy@ st&Pate

reparati on of bénz (3- hydr oxymet hyl - 6- a-
msoﬁopéﬁwetéraﬁaté L%uaﬂdﬂé Br THO OLxEule wae Athered,

B d_bott | ask | d de
Ehe™ RerFeat fhder T EREGRR Lageh 182 1R05RaR HEFY Seny1
g¥PERSS (gXgessoWal.pl. THReacs@pahaticorgdntcbbbtlent: were

flask tetrahydrofuran (8.0 L) and benzyl 6, 6-
aﬁﬁp@ﬁﬁbéﬁlzuWﬁahaﬂeWéEhféHehyieeehéyr&Er@Cé@nﬁ?nedb

%ﬁgeig ﬁtkrgee ﬂwt'gnﬁegaeﬁrgEsdsgaugéuQagoaaaﬁobﬁﬁgrlde

uti on was’ coo o -/8 C and
gelhylioagrhesikum. Ochl) ori @hei nr§&E1(2728yﬁt) waasdaddédwith
slowlgatoth olu

mal nfapning the
refpe Pﬂrﬁu&? St h ﬁgg?ﬁed ;fﬁlég# gg??%ﬁeﬁ‘i’xture was
sbhtefdrEeE3d1aAQUELtofEd ' in a refrigerator. The
resulting oil was chromatographed through gilica gel (1
Kg per 500 g of product oil), and eluted with 9:1
hexane/ ethyl acetate (20.0 L) to remove impurities then
4:1 hexane/ ethyl acetate (4.0-8.0 L) and finally 3:2
hexéne/ ethyl acetate (as needéd) until the benzyl 6-fp-
hydroxymethyl-6-o —bromp—penicillanate sulfone was '
removed. Yield 205.5 g (23 %). M.P. 120-121 °C.
(cpcl,) 'HNMR & 1.28 (s, 3H), 1.57 (s, 3H), 4.09 (d, 1H,
J = 16Hz), 4.54 (s, 1H), 4.62 (d, 1H, J = 16Hz), 4.82
(s, 1H), 5.18 (d4, 1H, J = 16 Hz), 5.32 (d, 1H, J = 16
Hz), 7.36-7.42 (m, 5H).

Step 4 - Preparation of 4-Thia-l-azabicyclo

[3,2,0]heptane-2-carboxylic acid, 6-(hydroxymethyl)-3,3-

dimethyl-7-oxo-,4,4-dioxide, monosodium salt, (2S,5R,6R)

Water (163 mL), ethyl acetate (2000 mL), benzyl 6-
p-hydroxymethyl-6-a-bromopenicillanate sulfone (180 g),
triethylamine (90.0 g) and 5% palladium on carbon (45 g)
were combined and hydrogenated at 50 psi at ambient
temperature for approximately 2 hours. A TLC of the

reaction mixture showed the reaction was not complete so
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20 this tinme, formal dehyde gas expressed fromthe
first round bottom fl ask was bl own over the surface

wo@Roohes48chi | | ed reaction m xture using a streR@T/iE2003/003582

nitrogen. This formal dehyde gas was expressed over
the reaction mxture for apgroxinately 6 hours while
mai nt ai ni ng 25 cool i ng and v¥#gorous stirring of the
chill reaction flask. Upon reaction conpletion

i by .TLC .(80:20 .h -ethyl acetate), the
IR, P S e et e,
asRldayeatitdkd ¥ Mre iHHUHE dAQ0 tMe) rcER& i(BAGLILON

m xture was al'l owed to warmto 30 anbient temperature
I8P Gt r dddt iTeRIRbanu e awesteridiede mdd it fr auigiture of

I fiql gt 4/ 4

S EB505 0056877 0 X B R ot o o Me1000
FreacHheroinixvasce hers ﬂﬂﬂme&ﬁﬁiﬂﬁ?;immdwé ??gglﬁfﬁggg%g

I hyl acetate 5.0 L)/ water . added.
%ﬂ%@(?’%@e%&éﬁﬁ i Ardd ,mL)t('herTh§eﬁ&U§l°é’§. IPera@idsous
h)dle VRS tRa SRR M (Bh xetAayl pracet g %%g&lrﬁ@ vavcill}a%?-e The e
conmbi ned organic |layers were 10 sequentially she
Wi dinmch Slied eigdi dal®iom chlowdder lt(03axw(8a.t§rL) ,

t sodi chl_qri.de ut.ion X

S R e B Gred i el R uPgmenen
siillftatred it emed ther etglylSupertetl, waeneedfaked-and ity
stqred in_a refrigerator. The 15 resulting oil was
SRS 0g FRFREY RPOUGRSRIFCHogel PEP PREKpefidsdoty she
RIcQ€#E broibhl, £handagledt edntiehi %flthgeéﬁﬁ%kiﬁkg%gs now

acetate (20.0 L) to renove inpurities then
ReR&e/ SehRyumacsbatehesapo8te (Fo%gd BndalEtyAs: 2450 mh)

UEHPSL-BAA,  aipes apededl whil the berayl
wubient temperature. The mixture was then allowed to
granulate for a period of 30 to 45 minutes. The
resulting solids were filtered, washed with EtOAc kSOO
mL) and dried to give 79.0 g (66%)‘of sodium 6-f-
hydroxymethylpenicillanate sulfone. The solidé‘were
further purified via a recrystallized from 2-
propanol/water. M.P. 246-245 °C. 'HNMR (D,0) & 1.23
(s, 3H), 1.39 (s, 3H), 3.82-3.89 (m, 1H), 3.97-4.10 (m,
3H), 4.85 (s, 1H).

Alternate Step 4 - Preparation of 4-Thia-1-azabicyclo

[3,2,0]heptane-2-carboxylic acid, 6- (hydroxymethyl)-3,3-

dimethyl-7-oxo-,4,4-dioxide, monosodium salt, {25, 5R, 6R)

Benzyl 6-B-hydroxymethyl-6-o-bromopenicillanate
sulfone (1143 g) was placed in a large reaction vessel.
Benzene (6.2 L) and tributyltin hydride (770 mL) were

added and the reaction mixture heated to reflux
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renoved. Yield 205.5 g (23 %9. MP. 120-121 C
(CDC13) "HNWR 5 1.28 (s, 3H), 1.57 (s, 3H), 4.09 (d,

WA R)o4/008484 16Hz) , 4.54 (s, 1H) , 4.62 (d, 1H, BCHIB26632003582

, 4.82 (s, 1H, 5.18 (d, 1H, J = 16 Hz), 5.32 (d, 1H,
J =16 25 Hz), 7.36-7.42 (rrk 5H). Step 4 -
Preparation of 4-Thia-I|-azabi éycl o .

[ 3, 2, 0] hept ane- 2- car boxyl i c acid,

- t = - dinmethyl - 7- oxo-, 4, 4- di oxi de,
R T A )2 S Tl W s g Tesrirea
doetEl®@, (2M00emd )s DenzZydxdne/ Ethyl acetate. ‘

R- hydr oxynet hyl - 6- a- br onopeni ci | | anat e sul fone (180
9), t1§ rﬁﬁ%?ﬁﬂr%l (SR ) A o et e urmson. car“tlalon
(dondant Mar&s qirhiped and, hydragenat e 7 3k .pS'Eh%t_,éaﬂ

anbi ent tenperature for approxi mately ours.

dfag e g8 edidth drexrng Wate siiowed: ttengescidon Wag 1otall

lete sO 2004/ 018484 PCT/|1B2003/ 003582 25 5 i
g%g%)ﬁeeosnla uaclthallrﬁl y}-:(rféiug‘;& NAE T FSIRRE + hefhft ke ial

wass depiiangenaie d f Or-on e digur .o Qg d h%r!@?& tian ed
compl ete, the reaction was quenched with a mxture o
Gft franS T etz s ty) sdmy MatnarckeZy E Tegk Ianal«ﬂte
r&eartd i ur 1d.t.er-ed to repove catalyst, an
R O g M B e
Viash édhenipte detc@Ad B X diSRdThndethe coligani & ehases

vt or B o s T 12E ARG IR SSERAB RS SV
\wAd itdeeryelf i (1t &tgd Q}ittharé‘iildu%% &l 13CR! A MAFe to get
reduced to %its 15 volunme. Fresh ethyl acetate was
sQddéd o EHetigel wtitdn 7aRd hehensaFEO Ao pos mig
20,512 PRUUTIRAAS, 10U0 0% RO HAT ALY Jigxancat e
g) and Et OAc 0
combined and concentrated..

The oil (~540 g) was placed in an autoclave. '
Tetrahydrofuran (1.9 L)irlo% palladium on carbon and
water (300 mL) were added, and the reaction mixture
hydrogenated at 50 psi, at a temperature of 30 °C, for
approximately 1 hour. Upon reaction completion the
reaction mixture wag filtered through celite, to remove
catalyst.

The filtrate was concentrated and diluted with
EtOAc
(3.0 L). The aqueous layer was washed with EtOAc (1.0
L) . The combined organic layers were dried with calcium
chloride, and concentrated to half volume. FEtOAc (2.5
L) was added followed dropwise by a solution of sodium
ethyl hexanocate (SEH, 250 g) and EtOAc (1.05 L). The
resulting solids were removed by filtration and dried in

a vacuum overll.

t



wer e conbi ned and added slowy to organic phase at
anbi ent tenperature. The m xture . was' then all owed
wo 2002018386nul ate for a period of 30 to 45 m NUPEHIB20EBA03582

resulting solids were filtered, washed with Et OAc (500
m.) and dried to give 79.0 26{6696 of sodi um 6-( 3-
hydr oxynet hyl peni ci | | anate fone. The solids were
further purified via a recryStaIIized from2 25
propanol/ ter. P 246- 245 HNNR (D2Q) 1.23

5 (s, 3T 356(%1 c3pg, 5318925 ¥atem (% HE 8Ly - yigadded
sﬂa tﬁe)pH4a%§ue%ed1Hb pLiLaeeat .5t apadi- oPyepar ai on
of 4-Thia-I-azabicyclo 30 [3, 2, 0 heptane 2-carboxylic
avildurdc( hpddoxyFBehplpd8cs- was extracted with EtOAc (5

&h¥éh7_%§o_bopb95%élg%gagggoﬁﬂg%gg]%gkg dried with

6aQ&1hmdbhx¢&E6bybna gibremedenheblulbanat epstkiendilter.
1143 was placed in a |arge_reacti on vesse

110 éﬁzéﬁ rgte MFSaﬁedeFPéuF9| PAThyarHaE pRf0anEPineien
3¢ eﬁﬁe 1§%d E%? EERC ke BA ééb@r%LBeaee@dto &%@'%&x@@&e
2004/ 018484 P | B2003/ 003582 26 5 tenperature for
#a3 h@&pyedTh@ geactiletewas Thenirested inby sTllEdss yevent

=.1:1 a Upon reactlon conpl et ion
Fﬁét ' %QE? %%gn %%nggéc g Cafn ol Fo reﬁg O?HCt
benzene The oil was ma&hﬁ 18i 8h hexane at anbi ent

tenperature, until all 10 t residual tin ygroducts
15 were P&ERAVEA 1Thd- %ﬂarﬂaﬁzameyp;ﬁAAradoﬂ BePERPER2~

SLp ARAL AL &4 00 (AR AAAR Y10 11 AN BledRMRS) Ao -

t oS nmgr e 1meckKed Ide dnu concerntr T at ed. me materrt al
was mﬂbbadowﬂbhyhmeahgl(3sx¢r,aad4tﬂéoadddudﬂsbéﬁe6R)
dri ed under reduced pressure. 15 Half of the oil (549
g) was chromat ographed over

Q.0
HO S
X g
c . =

Prodrug 1, shown above, was prepared as follows.

20

To a stirred solution of 3.13 g (18.4 mmol.)
chloromethyl benzoate (Nafchem) in 200 mL acetone was
added 13.8 g 592.1 mmol.) sodium iodide (Aldrich). The

25 resulting mixture was stirred at room temperature
overnight. To this solution was added 3.5 g (12.3
mmol.) 4-thia-l-azabicyclo [3,2,0]heptane-2-carboxylic
acid, 6- (hydroxymethyl)-3,3-dimethyl-7-oxo-,4,4-dioxide,
monosodium salt, (28,5R,6R). The reaction mixture was

30 stirred overnight at room temperature. The reaction

mixture was then concentrated in wvacuo. Subsequently,
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silica gel (1 Kg), with enough nethylene chloride to
get oil into solution, eluting with 7:3 hexane/ Et OAc

w@oeiong1848p 3: 2 hexane/ Et OAc. The product fract PONEB2EY®3582

conmbi ned and concentrated.. 20 The oil (-540 g) was

pl aced in an autoclave. Tetrahydrofuran (1.9 L),.10%
pal | adi um on carbon and wate&r (300 nL) were added,

and the reaction mxture hydrogenated at 50 psi, at a
tenperature of 30 C, for approximately 1 hour. Upon
&R0l oretonmed | 200 tile SShlemIstEivans eded and the

filtered through celite, t e t tians :
HITT o e e S AT G P e l grise
dYer The cagueouschayar anasceasbatrattd EhOdac(d.0 30

L). The conbined organic |ayers were dried wth M
%lalr@n@tmgw%w%,S&%%&Fsﬁrﬂ%wtwmﬁ=Jvoﬁmé1. .

Eé%é:té/z'é?xéﬁeg\’aéfwgdf@.lé@@%ﬁr&@%ﬁ. byrige oil was

solution of sodium ethyl hexanoate (SEH, 250 g) and
Er@Acrédrpstdal) lidee freswithng aottase (eeeanesmyiril ding

filtratj d led in .35 )
30049 018485 PO H00% bifbaso™ 07 S L phtY ek 7 Hy

j : 8 ‘ h_e o, Log_
i gicie gty ot it

. W\eRrd(DMbe) pr odugt WAs BN rae ediwmi t h7 ETOAEE (51HX 1.0

L)., The conbined organic ses ied.wth
Za7 c5XA ohi or? dat antif ﬁ%fgﬁthr%ﬁ%ﬁ g‘ESpg}rIm 3Peuz)
Eibbera, 110, Thesfik) | rat eowas, redycedste) hat f1vokumeoH) ,

and a solution of SEH (115.3 g% and Et CAc_(500 nLO
adeed(sTheHn xtuP® (RaslBl | ohed3t bngrafill aBe’3 THE, 1H) .

pegyl tingsgelidsouerg sy

Example 4 .

i

Prodrug 2: 4-Thia-l-azabicyclo[3.2.0]heptane-2-

carboxylic acid, 6- (hydroxymethyl)-3,3-dimethyl-7-oxo-, -

1- (benzoyloxy)ethyl ester, 4,4-dioxide (2S,5R,6R)

Q0
HO S
, N\)< CH, O
0
70" "0
0

Prodrug 2, shown above, was prepared as follows.

To a stirred solution of 2.5 g (8.77 mmol.) 4-thia-
1-azabicyclo [3,2,0]heptane-2-carboxylic acid, 6-
(hydroxy—methyl)-3,3—dimethy1—7—oxo—,4,4—dioxide,
monosodium salt, (2S,5R,6R) in 20 mL DMF was added 2.1 g

(11.4 mmol.) (+/-)-benzoic acid l-chloro-ethyl ester.



filtered and washed with Et OAc to give desired
product. Exanple 3 15 Prodrug 1:
wa200hi0884B4 azabi cycl o[ 3. 2. 0] hept ane- 2- car boxy| PCT/EB2065/003582
6- (hydr oxynet hyl ) - 3, 3-di net hyl - 7- oxo-
, (benzoyl oxy) net hyl ester, 4,4-dioxide (2S,5R 6R) HO
0s30 -*'\Tr 0 TGO 20 Prod?ag 1, shown above, was
prepared as follows. To a stirred solution of 3.13 ¢
(%?.4 anL. ' ch] oronet hyl benzoate (Narchenm) in 200
> MBI TR RS Mhider 1 themheatamity TodCufer 3
pdygle (48 dir Gkl 2L dPSH L, TS s 81 1148t
at room tenperature overnight. hi's  solution was
a&fubd-18: Slay i @ ramadpgrakddi a-Thazapiays dayer was

[3,.2, 0] hept ane- 2- carboxylic acid, , )
68-3’i%1§/aa‘]rto%<‘€ et H ﬁtf:kéﬁs-aoﬁyeﬁeﬁtrﬁu ) ﬂ%&?ﬂ;ﬁﬂ@ed} SEEic
Mmenasadiwii S atdshd2 %2R GRter N FBACT i Y X2 Waso,
30 stirred overnight at roomtenperature. The reaction

10 Fidtaredernd rencsHeaadatioy arume Wi Bttt yon
W0 12Q04/ Q18 | 03/ Q03 28 5,200 nm wate o
A 300 T CtRYT Sk et Ate wat Siadded STISENEC AT &0 *
|repemasa st slelpareat éxy and. iashedt hatlt datates/ did:@ehesover
%§%§cn iltered and concentrated in vacuo. _ . .

SHESyraghi? ot $i X geiate MRS AEaRMTralld zachjising

acelyal efcdiexaehaldmuded 8,62 g af ROy he oil
was 10 then recrystallized from™ et hyl acetate/ hexanes

5 fisdixid i 3l ist eriypdrate iofe s dliiedit ekeementsier Melting
WA SYd 1350, monmr (d-DMso, soomuz): 7.96 (d,
2H, J=7.8Hz), 7.71 (t, 1H, J=7.5Hz), 7.55 (t, 2H,
J=7.5Hz), 7.07 (g, 0.5H, J=5.4Hz), 7.03 (g, 0.5H,
J=5.4Hz), 5.19 (d, 1H, J=5Hz), 5.15 (ﬁ, OH), 4.54 (s,

20 0.5H), 4.53 (s, 0.5H), 4.19 (m, 1H), 4.01 (m, 1H), 3.73
(m, 1H), 1.62 (d, 1.5H, J=5.4Hz), 1.61 (4, 1.5H,

J=5.4Hz), 1.44 (s, 1.5H) 1.38 (m, 4.5H).

Example 5
25 Prodrug 3: 4-Thia-l-azabicyclo[3.2.0]heptane-2-

carboxylic acid, 6- (hydroxymethyl) -3,3-dimethyl-7-oxo-

. (1R) -1- (benzoyloxy)ethyl ester,, 4,4-dioxide (28, 5R, 6R)

O

W O
HO S
N\4><: CH, O
o A
Oé\oo
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cont ai ned desired conpound. Melting, point = 102 C
"H NWR (DMBSO : 7.97 (d, 2H, J=7.5Hz) , 7.70 (t, 1H,

wa 200481834 7.56 (t, 2H, J=7.5Hz), 6.12 (d, 1H, POEBIR)3/003582

15 5.99 (d 1H, J=6Hz), 5.19 (d 1H, J=5Hz), 5.17 (m
oH), ' 4.62 (s, 1H), 4.20(n8 , ,4.03 (m 1H),
3.73 (m 1H) 1.41 (s, 3H) 3°1. 28 (s 3H . Exanple 4
20 Prodr ug 2: 4-Thia-|-azabi cycl o[ 3. 2. 0] hept ane- 2-

car boxyligc acid,

6- (hy iyl SRR @y VoF. BEgPared by the method
@%&W)kg b ast@ivind 4@ i(23ER GReH IPo-

HO S N O OroO 25 Prodrug 2, shown above, was

Erépdr etbtas faold awsly Feax istg raced sSlut | Malofing. Bognt =

(8.77 mmol .) 4-thia- 1-azabicyclo i
[15.42,°0] he IW6R 2( 3Py | 4 @0 abéfﬂ%l 61.96 (d, J= 7.5 Hz,

FBGsan im G - (28 SHO6R i 20 T DM wele ‘hiaa 31

g .33 (&, 4=els HA,+/1H)-,benza c(@ecid: & ¢d,onaer) et By.l15 (m,
ester. WD 2004/ 018484 PCT | B20 3/003582 29 5 he
Bl 4 3 niSet i mds Ithehddted 4-d B35 e 1187 ,3 3.dzysm,

4191 aer( @ndr100 M, | eyl acet aie wene adaed (andy) |

th e 'l ayers vvere separat'ed. The aqueous Iayer was

. ebatlmaet ed1®i tlk et AyPladet §H§137rhe conbi ned organic

NAPSOF*TH0S 11 (e S R TET 406l A i n
Greymingraphpbue. 52.03 g (182.4 mmol.) of 4-thia-1- '
azabicyclo [3,2,0]lheptane-2-carboxylic acid, 6-
(hydroxymethyl) -3,3-dimethyl-7-oxo-,4,4-dioxide,
monosodium salt, (2S8,5R,6R), 61.50 g (181.1 mmol.) of
tetrabutylammonium hydrogen sulfate, and 15.44 g (183.2

mmol.) of sodium hydrogen carbonate were combined at 20
°C. To this was added 400 mL dichloromethane while
maintaining a temperature of 20 °C. Next 100 mL of water

was added. The resulting mixture was stirred at 20 °C
for 30 minutes. Organic layer was separated and dried
over sodium sulfate, filter and concentrated in vacuo.
To the resulting residue was added 169.4 g (917.6 mmol.)
(8) -Benzoilc acid l-chloro-ethyl ester followed by 160 mL
acetone. The resulting solution was then stirred for 3
days at room temperature. Reaction was concentrated in
vacuo and chromatographed on silica gel using 40-50 %
ethyl acetate/ hexanes as eluent. The resulting product

was crystallized from ethanol followed by

recrystallization from ethyl acetate/ hexanes.
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silica gel eluting wth 1 L of 20 %ethyl acetate/ 80

hexanes followed by 1 L 1:1 ethyl acetate/ hexanes
w@bdosodkass 1. 2 g of an oil that, was, recrystal PCEERR)03/003582

using ethyl acetate/ hexanes affording 1 g of white

15 -crystalline solid (m xture of 2 diastereoners).

Mel ting point = 133-135C. "t NMR (d- DMSO, 400MHz):

7.96 (d, 2H, J=7.5Hz), 7.71 (t, 1H, J=7.5Hz), 7.55

t. 2H, . J=7.5Hz), .7.07 (g, 0.5H ,J=5' .4Hz), 7.0 .
BLikERt 308 ,.apé) ,d%gw@gl{ld?aw J%P&??ds?%g(ﬁq O'%—é'ﬂite
4:98:631:20 Grobhced 53 (s 0.5H), 419 (m 1K), 4.01
(m 1IH), '3.73" (m 1iH), 1:62 (d, 1.5H, J=5.4Hz), 1.61
(d, 1.5H, J=5.4Hz), 1.44 (s, 1.5H)'1.38 (m 4.5H).
Exanple 5 25 Prodrug 3:

4- Thi a-| - azabi cycl of 3. Z.Eﬁ%%%—%ﬁ%- 2- carboxylic acid,

6- (hydereayust byl 3-8h3adi nREAYL c¥cD803.2.0] heptane-2-

, (1R) - I-(benzoyl ox )ethgl ester,, 4, 4-di oxl de

( 2€2EROKRY 1 CHpigh R C1g poxymethyl \yB pAnding gyl -7-oxo-
PCTA5B20031,0033820x30e nil 0dEHE: 3. 4 ShOUN-2DQNE (2 WASR, 6R)
prepareud by tne netiod 0l EXxanpl e 4 0y supbstrtuting
(S)-Benzoic acid 1-chloro- ethyl ester and only

heating to 30 C. Melting.Point =111 154 C. 1H NWMR
(d-DVSQ,. 400 WMHz): /.96 §d,.0J= 7.5 Hz, 2H), 7.71 (t,

J= 7.5 Hz, 1H),HO'5 SZ 7.5 Hz, 2H), 10 7.03 (q,
J= 5.4 Hz, 1H) , 5.19 (ld, —5‘:(% H, 5.15 (m OH),
4.53 (s, 1H) , 4.184mN4H) 4! 1H) , 3.72 (m
, G X
o)

/=0
0

|

Prodrug 4, shown above, was prepared by the method
of Example 4 by substituting (R)—bénzoic acid 1-chloro-
ethyl ester and only heating to 30 °C. 'H-NMR (d-DMSO,
400MHz): 7.96 (d, 2H, J=7.5Hz), 7.71 (t, 1H, J=7.5Hz),
7.55 (t, 2H, J=7.5Hz), 7.07 (g, 1H, J=5.4Hz); 5.19 (4,
1H, J=5Hz), 5.15 (m, OH), 4.54 (s, 1H), 4.18 (m, 1H),
4.01 (m, 1H), 3.72 (m, 1H), 1.62 (d, 3H, J=5.4Hz), 1.44
(s, 3H) 1.35 (g, 3H). MS (m/z): 410 (M -1, 100).

Example 7'

Preparation of Carbonic Acids For Synthesizing

Comparigson Prodrugs of 4-thia-1-

azabicyclo[3.2.0]lheptane-2-carboxylic acid, 6-

(hydroxymethyl) -3,3-dimethyl-7-oxo-, 4,4-dioxide

(28,5R, 6R)
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1H 1.61 (d, J= 5.4Hz, 3H , 1.39 (s, 3H) , 1.37 (s,

3H [a] D= +119 (c = 0.0121, CHCl13) Prodrug 3 was
wab®e/opsepared by the followi ng 15 alternati veP€DIB2003/003582

52.03 g (182.4 muol .) of 4-thia-1- azabicyclo

[ 3, 2, 0] hept ane- 2-car boxylic acid, 6-

(hydroxynethyl) 3, 3- di et hy327- oxo-, 4, 4- di oxi de,

nonosodi um salt, (2S,SR 6R), 61.50 g (181.1 mmol.) of

tetrabutylannonlun1hydrogen sulfate and 15.44 ¢

(183.2 20 mmol.) of sodium ro en carbonate, were
conbined at 20 C To tgls ed 400 nL
di chl or onet hane whi | e aln g a tenperature of 20

C. Next 100 nL of water was added. The resulting
n1xtuCerha31stacnédChﬂOQOmethVérESDeﬁ1haPEEOPEigaﬁ#Er:

ted d 2
FRbpG, SBRReoReE B aPRlief] B8 EAT8NE, DAY HiLEMHL RS
Eeguddenwas addg#ahb9.(4592( Ahd16) mhloyroméShyBenzoic

acid 1-chloro-ethyl ester followed by 160 nL acetone.
@héore§okmang 48Lukrdninad OPheh d@phﬂéﬁométhgnedaysoafc

UABuGSARA ehPofti GPaBEd - b SPPTERY gePLHEN Ry H020v6E

sthyh aeetatel .hexanes)asitkubi. afﬁhlaor eyl ting (Fluka)
, product _was crystalllzed from et hanol followed
FBer Feealltingt reackiom BLFyFMr§c ¥R AL EFeﬁei‘éﬁ%’de\bo warm

g%O%EQ%S%éﬁ PQEQM?%Ogﬁ/Oggggzgv%%n§ Ehltr@hbogegeglon

rying inv Rcuo yi el Ite crystalline
mn&dumb 1EXahphedﬁlBtedrwgth water. The layers were

S50 GopRya Ry tRgl PE3oRA, eVRy| F9EoREehed WLk
b&h%k 1d&ﬁ%@Z%WEQXYM§EhM|f§§t@fed4aﬂddt@ﬂ¢6ﬁtrated in
g%%uiﬁyggadlng 6 grams of a clear oil. The oil was then
carried forwarded as is. 'H-NMR (CDCl;, 400 MHz) : 5.7é
(s, 2H), 4.95 (m, 1H, JL‘G.ZHZ), 1.33 (4, 6H, J=6.2Hz).
Note: Better yields are achieved when only 1.05

equivalents of dimethyl amino pyridine are used.
Cl 0] 0]

(+/-) -Carbonic acid 1l-chloro-ethyl ester isopropyl
ester was prepared analogous to carbonic acid
chloromethyl ester isopropyl ester by substituting
chloroethyl chloroformate (Fluka). H-NMR (CDCl,;, 400
MHz): 6.41 (g, 1H, J=5.8), 4.94 (m, 1H, J= 6.2Hz), 1.81
(4, 3H, J=5.8), 1.32 (m, 6H).
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HOSNCH3 O OJI, O Prodrug 4, shown above, was
prepared by the nethod 15 of 'Exanple 4 by

wGaaiwenidst i ng (R)-benzoic acid 1-chloro- ethyl P€B1B2003/003582

and only heating to 30 C. 1H NWR (d-DVSO, 400MHz):
7.96 (d, 2H,, J=7.5Hz), 7.'71 (t, 1H, J=7.5Hz), 7.55
(t, 2H, J=7.5Hz), 7.07 (g, 2H, J=5.4Hz), 5.19 (d, 1H
J=5Hz,), 5.15 (m OH), 4.54 (s 1H), 4..18 (n1 1H), 20
4.0 (m 1H), 3.72 (m 1H), 1.62 (d, 3H J=5. 4Hz) ,
1.44 (s, 3H) 1.35 (s, 3H)0 I\/S(n12) 410 (M -1,
100) Exanple 7' Prepalati of .Carboni c Acids For

Synt hesi zi ng - 25 Compar] 6drugs of 4-thia-l-
azabi cycl o[ 3. 2. O]heptane-z carboxylic acid, 6

(hydroxymet hyl ) -3, 3-di nethyl-7-oxo-, 4,4- di oxi de
(2S, 3R CFRba¥£b§@@4é91§4§4cﬁﬁgfbB@@B§10@3582 p33pyD

"y~ 5 Carbonic acid chl oronet hyl ester
esbpropgk pseppredshBamcapvfetonadarhpRparddids

|
AP RentS St hET Ehen Ok et PRat 1R HEATRL LR,
ﬁhf@blaﬁbmi’fﬁkfl]dﬂﬁclhb : 0I lﬁz MRvasCTaEte d 4%9.08 Mz ) (:7 6 rmol(q)
opro
AFmorrBl sam foldy et 8 rofh trnendotops Fag - 74 ¢

hERCt H0B M X{Ur epyas then al  owed to.warm

CrJ\\O/JL\O//\\v//\\

(+/-)-Carbonic acid butyl ester 1l-chloro-ethyl
esfer was prepared analogous to carbonic acid
chloromethyl ester isopropyl ester by substituting'n—
butanol (Aldrich). *H-NMR (CDCls, 400 MHz): 6.41 (g, 1H,
J=5.8), 4.20 (m, 2H), 1.81 (d, 3H, J=5.8), 1.67‘(m, 2H),
1.41 (m, 2H), 0.93 (m, 3H).

Cr/\\O/JL\O//\\“//
|
Carbonic acid chloromethyl ester propyl ester was
prepared analégous to carbonic acid chloromethyl ester
isopropyl ester by substituting propanol (Aldrich). -
NMR (CDCl,, 400 MHz): 5.72 (s, 2H), 4.18 (t, 2H, J=
6.6Hz), 1.71 (m, 2H), 0.97 (t, 3H, J=7.5Hz).

cr/\\o/JL\o//\\v//\\\



to roomtenperature and stir overnight. The reaction
m xture is then diluted with water. The | ayers were 15
wo bn/ossapar at ed. The organic | ayer was washed RET/B2003/003582

brine, dried over MgpSO4 filtered and concentrated in
vacuo yielding 6 grans of a clear oil. The oil was

then carried forwarded as i$% ' H NVR (CDC13, 400 MHz)

: 5.72 (s, 2H), 4.95 (m 1H, J''6.2Hz), 1.33 (d, 6H,
J=6.2Hz). 20 Note: Better yields are achi eved when

only 1.05 equivalents of dinmethyl amno pyridine are

used. cdIKdnfd QeLd Uiyl -&DONEEI Stk | OF0s £tV

ester isopropyl ester was prepared anal ogous to
cRiF prer @ el oxdit B rioPrecdmtborie e1G1d supkopyhe sy bresiyer

e o R R e

(MR 1HDJE ,6 420z MHZ).:8% . 7ed, (s3H2H)5548)p3 ](t?;22([-m J@=H)
V\D 2004/ 018484 PCT/ | 82003/ 003582 33 od
10 (&y68z)oarboffl c(McitFh- chi bt olet A et €34 pf*'o:py:fH: est er

v;@&pg}@ﬂared anal ogous to carbonic acid chloronethyl

ester isopropyl ester by substituti ng 10 propanol

(Aldrich) . "H NWR (CDC13r 400°P"MHz) : 6.41 (q, 1H,

J=5.8), 4.17 (m 2H), 1.81 3H, J=5.8), 1.71 (m
i 2H), 0.96 (rri, 3H. . O | o ‘

(+/-) -5-Bromo-5H-furan-2-one was prepared analogous

15 to Tett. Lett. 22, 34, 1981, 3269-3272.

DN

20 Acetic acid-l-chloro-l-methyl ethyl ester was
Prepared as in Neuenschwander et al., Helvetica Chimica

1978; 61: 2047-2058.

0O
CV/\\O/M\O//\\

25
Carbonic acid chloromethyl ester ethyl esterwas
prepared analogous to carbonic acid chloromethyl ester

isopropyl ester by substituting ethanol. H-NMR (CDCls,



Cl OO 15 (+/-)-Carbonic acid butyl ester
1-chloro-ethyl ester was prepared anal ogous to
W@ a00B018484 aci d chl oronmet hyl ester isopropyl eRCEIB2§3/003582

substituting n- butanol (Aldrich) . 'H NWR (CDC13, 400
MHz) @ 6.41 (q, 1H 20 J=5.8), 4.20 (m 2H), 1.81 (d,

3H, J=5.8), 1.67'(m 2H), 13541 (m 2H) , 0.93 (m

3H. O CdOo Carbonic acid chloronethyl ester propyl
ester was 257prepared anal ogous to _carbonic %

5 EM0orBiferhyl- Testiérn 2 r}@opﬁoﬁ% (&t @ by =syb<tiz ut ing¢ (-

@pp@u@ ﬁﬁg drich). "H NWR (CDCl3, 400 MHz) : 5.72
?g, 4. 18 (t, 2H, J=: 6.6Hz), 1.71 (m ZFD, 0. 97

(t, 3H J=7. 5Hz). O C O~ O 30 WO 2004/018484

PCT/ 1'B2003/ 003582 34 5_Car binl% acid butyl ester

chl oronet hyl €ester was nal ogous to carbonic

aci d Ch|0r®&%b€!bt@&hebf’C&&@é@@%bne@kaarbgs of
substituti ng n-butanol  (Ardrich). ~H NVR (CDCI3, 400

110 VHAY Thig-22apgbigpplo (3. qudhepﬂﬁneTQ ¢ﬁrb0ﬁminca¢1¢m6—
éﬁl 2t&yd§o£§mé@ﬂygkﬁ3,§Lé¥%éghyfﬁ$—o£o ,5¢?4—dfgx1&%

(28,5R, 6R)

Prodrugs of 4-thia-1l-azabicyclo[3.2.0]lheptane-2-
15 carboxylicacid, 6+ (hydroxymethyl) -3,3-dimethyl-7-oxo-,
4,4—dioxide (28,5R,6R) were prepared to demonstrate the
unexpectedly improved biocavailability, and physical
properties, of the prodrugs of the present invention.
Of these Comparison Prodrugs, Comparison Prodrug 1 is
20 described in Example 25 of U.S. Patent No. 4,287,181.
Comparison Prodrugs 2-15 ‘are novel compounds but féll
within the scope of the genus disciosed in U.S. Patent

No. 4,287,181.

i
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(+/-)-5-Bronp-5H furan-2-one was prepared anal ogous
15 to Tett. Lett. 22, 34, 1981, 3269-3272. O Cl 0O 20

woe@iioes4aci d-1 -chl oro-1-nmet hyl ethyl ester wasPCT/IB2003/003582

Prepared as in Neuenschwander et al., Helvetica
Chimca 1978; 61: 2047-2058. O Cl~~Q o 25 Carbonic
acid chloronethyl ester ethyf ester was prepared
anal ogous to carbonic acid chloronethyl ester

i sopropyl ester by substituting ethanol. 'H NWR

GomRg seAD Pwpy ¥Rl g4 PCT/ | B2003/ 003582 35 5 400

Miz) @ 5.72 (s, 2H), 4.28¢q, 2H J= 7!IHz) , ,1.34
(t, 3H J=7. 1 Exanpe @ Preparation of'

Conpari son Prod ?:}ﬁ_ites

4- Thi a- 1 - azabi cycl o[ 3/ 2. L;ﬁkgéne-Z-carboxylicacidW6-
(hydroxynethyl)-3,3-@?ﬂdﬂ Y- 7>o0xo0-,,4,4-di oxide {(2S,
5R, 6R) Prodrugs of O
4-thia-1-azabi cycl of 3. 2. 0] hgptgne-2- 15
carboxylicacid,6-(hydroxymithyly;§,3-djnethyl-?-oxo-;,
4, 4-di oxi de (2S, 5R 6R) were preparéd to denonstrate
the wunexpectedly inproved bioavaiabijlity, and
physical properties, of the progﬁ, t he present
invention. O these Conparison odrugs, Conparison
Prodrug 1 is 20 described in Exanple 25 of U S. Patent
No. 4,287,181. Conparison Prodrugs 2-15 are novel

Cgﬂngggf—g%gb{5§élo[3.2.O]heptane—2—carboxylic acid, .6-

W

(hydroxymethyl) -3, 3-dimethyl-7-oxo-, (2,2-dimethyl-1-
oxopropoxy) methyl ester, 4,4-dioxide (2S,5R,6R)

To a stirred solution of 2.5 g (8.77 mmol.) 4-thia-
l-azabicyclo [3,2,0]heptane-2-carboxylic acid, 6-
(hydroxymethyl) -3, 3-dimethyl-7-oxo-,4,4-dioxide, \
monosodium salt, (28,5?,6R) in 20 mL DMF was added (11.4
mmol.) chloromethyl pivalate (Aldrich) and stirred at

room temperature overnight. The resulting mixture was

then heated to 35 °C for 3 days. 40 mL water and 100 mL
ethyl acetate were added and the layers were gseparated.
The aqueous layer was extracted with ethyl acetate. The
combined organic layers were washed with water, brine,

dried over Na,SO,, filtered and concentrated in vacuo.

0,

o\

Chromatography on silica gel eluting with 1 L of 20
ethyl acetate/ 80 % hexanes followed by 1 L 1:1 ethyl
acetate/ hexanes yielded an oil. Hexanes (15 mL) were
added to the oil and the sample was placed in the
refrigerator for 4 days at which point a solid
precipitated. It was then concentrated in vacuo

yielding 110 mg of white amorphous solid. Melting point



within the scope of the genus disclosed in U S. Patent
No. 4,287,181. WD 2004/018484 PCT/1B2003/003582 36 5
w@ovpats4son Prodrug 1: HO Nt ~S ~O N OHO O PCI/1B2003/003582
4- Thi a- | - azabi cycl o[ 3. 2. 0] hept ane- 2- car boxyl i c
aci d, . 6-
(hydr oxynet hyl ) - 33-di net hyl 37- oxo-, (2, 2-di met hyl -1 - 10
oxopropoxy) nethyl ester, 4,4-dioxide (2S,5R 6R) To a
stirred solution of 2.5 g (8.77 mmol.) 4-thia-
5 1-apabicycl o H-3MR Ofdmepitaneo2- MszoxyB|94addd 18,

%ﬁ drox nethg ) -3, 3-di net hyl - 7- oxo- - di oxi de,

o4Ha) urmPs Pt d(zéHsRJ6ﬁ54ﬁﬁ)zo4nE9Dwé e adgédiiz) .

(1lhe4 ( %5 el - X §B'Qﬁ0”§hﬁy'4Dh%alﬁtezﬁ$'d&'%B) @nd3H),
stlrre foom tenpérat Ure overnight. The resulting
m.%tur(e, wad) ,theBlhdate@io 35 C for 3 days. 40 nL

e AR, SLRY Seelsts YHEe 045 caad Vi o

'10 ?&bﬁ@@&&@x&hﬁhhﬁﬂthBaﬁgﬁabﬁyméhﬁyzgeﬁa&bumeﬂa@égan|c
ers were washed with water, brine dri ed over
N& Sone ., f CPRePed PARRAEGAC 8kt FaEEd PRIy AR Sxample 25 of

(o} | igaqgel eluting with 1 L of 20 %
w%%gg?ate% 83 8hexgnes followed by 1 L 1:1 ethyl

acetate/ hexanes yielded an ojl. Hexanes (15 nL) were

' 25 added to the oil and the sanple was placed in the
E@ﬂﬁé§éﬁ2ﬂ9€£€gﬁﬁﬂ;&ays at which point a solid

precipitated. It was then cgncentrated in vacuo
\
g NJ.< .

O 3

70 '

O .

X

o . ii\

4-thia-1l-azabicyclo[3.2.0]lheptane-2-carboxylic acid, .6~

15

1

(hydroxymethyl)—3,3-dimethy1—7—oxo—

, [ (ethoxycarbonyl)oxy] methyl ester, 4,4-dioxide

20 (28, 5R, 6R)

This prodrug was prepared according to the method
used to prepare Comparison Prodrug 1 with the exception
that carbonic acid chloromethyl ester ethyl ester was

substituted for chloromethyl pivalate. Melting point

25  (amorphous solid) = 103-105 °C. 'H-NMR (MeOD, 400 MHz) :
5.91 (d, 1H, J=5.8Hz), 5.76 (d, 1H, J=5.8Hz), 4.96 (d,
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yiel ding 110 ng of white anorphous solid. Melting
poi nt WD 2004/ 018484 PCT/|1B2003/003582 37 5 = 70-73

W@2004/01848NVR ( CDC13, 400 MHz) : 5.94 (d, 1H, BebIBbz3)Q03582

5.70 ,(d, 1H;, J=5.4Hz), 4.69 (d, 1H, J=4.1Hz), 4.48
(s, 1H 4.30 (m 1H) 4.15 (rrh 2H) 1.55 (s, 3H), 1.41
(s, 3H , 1.21 (s, 9H) Alter gtely,zthis conpound,
which is al so known as 110 pi val oyl oxynet hyl

3-hydr met hy, na 0
SlrlgepaLfe% é;%%/desigrél il’éx n%ﬂeje‘r’ Z%U%gf{ P“U @F’at%n%‘r’ (m,
NH) 4,287 164, ﬁD)ITpaIJ@pn $rogug 2:241Q€S 31, N7Q)
//7-0 OLO 0O 15
4- thia | -azabi cycl o[ 3. 2. 0] hept ane- 2- car boxyl i c |
thyl ) -3, 3-di met hyl - 7- oxo- "
3 s KA 3 met hyl ester, 4,4-dioxide 20
(28 5R, 6R) Thi s prodrug was prepared according to
the nethod wused to prepare npari son Prodrug 1 with
the exception that carbonicgcid chloronethyl ester
ethyl ester was st3tiNted dSF chl or onet hyi
pival ate. Melting point {anoyghous solid) = 103-105
C. 1H NWR (MeOD, 400 —N5. 91 Xd,  1H, J=5.8Hz),
5.76 (d, 1H, J=5.8Hz), " 96 (diy WO 2004/018484
+ PCT/ 1 B2003/ 003582 47\\0

4-Thia-l-azabicyclo[3.2.0]heptane-2-carboxylic acid, .6-

(hydroxymethyl) -3, 3-dimethyl-7-oxo-,1,3-dihydro-3-oxo-1-
isobenzofuranyl eéﬁer, 4,4-dioxide (28,5R,6R)

This prodrug was prepared according to the method
used to prepare Comparison Prodrug 1 with the exception
that 3-bromo phthalide (Aldrich) was substituted for
chloromethyl pivalate.

Upon dilution of DMF with water the desired product
precipitated as an amorphous solid and was filtered and
dried in vacuo. MS (m/z):394 (M) NMR represents a
mixture of diastereomers. 'H-NMR (d-DMSO, 400 MHz) :
7.8-8.0 (m, 4H), 7.60 (s, 0.5H), 7.59 (s, 0.5H), 5.23
(m, 1H), 5.16 (OH), 4.71 (s, 0.5H), 4.67 (s, 0.5H), 4.20
(m, 1H), 4.02 (m, 1H), 3.74 (m, 1H), 1.47 (s, 1.5H),
1.37 (s, 1.5H), 1.36 (s, 1.5H), 1.31 (s, 1.5H).
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WRR)04018484) .

38 5 1H, J=4.6Hz), 4.55 (s, 1H), 4.15-4.25 (m 4H),

3.95 (m 1H), 1.53 (s, 3H), 1.41 (s, 3H),..1.29 (t,
Conmparison Prodrug 3: HO O\ O PIT/B20»3D03582
O 10 4-Thia-1-azabicycl o[ 3. 2. 0] hept ane- 2- car boxyl i c
acid, . 6- .,

(hydr oxymet hyl ) - 3, 3- di net hyl 39 0Xx0-, 1, 3-di hydr o- 3- oxo-

i 1- isobenzqfuranyl ester, 4,4-dioxide (2S,5R 6R) 15

Thi ro-dru repared according to the nethod
A f5or, nd Afpi son Prodrug 1 wth the '
exception that 3-brono phthalide (Al drich) was,
substituted for chloromethyl pivalate. Upon dilution
of DMF with water the desiyedoproduct 20 precipitated
as an anmor phous HQTTN and e filtered and dried in
vacuo. Ms (mz) :394 (M) NVR‘Tepresents a mxture of
di ast ereoners. 'H-NI\/B/,@dN N400 M) 7.8-8.0 (m
4H), 7.60 (s, 0.5H 5”7.59 (s, 0.5H), 5.23 (m 1H),
5.16 (OH), 4.71 (s, 0.5H),}~6 (s, 0.5H), 4.20 25 (m
1H, 4.02 (m 1H), 3.74 ( . 1.47 (s, 1.5H), 1.37
(s, 1.5H), 1.36 (s, 1.5H), 1.31 1.5H. WO

2004/ 018484 PCT/ 1 B2003/ 003582 39 15 Cojpari son
Prodrug 4: HO\\ 'O ' o)

©

’4—Thia—1—azabicyclo{3.2.0]heptane—z—carboxylic acid/.6—

(hydroxymethyl) -3, 3-dimethyl-7-oxo-, [ [ (1-methylethoxy)

carbonyl]oxy]l methyl ester, 4,4-dioxide (2S,5R,6R)

To a stirred solution of (18.4 mmol.) carbonic acid
chloromethjl ester isopropyl estef'in 200 mL acetone was
added 13.8 g (92.1 mmol.) sodium iodide (Aldrich).. The
resulting mixture was stirred at room temperature
overnight. To this solution was added 3.5 g (12.3
mmol.) 4-thia-l-azabicyclo [3,2,0]heptane-2-carboxylic
acid, 6-(hydroxymethyl)-3,3-dimethyl-7-o0xo-,4,4-dioxide,
monosodium salt, (2S,5R,6R) (US 4,287,181) and the
reaction mixture was stirred overnight at room
temperature. The reaction mixture was then concentrated
in vacuo. 200 mL water and 200 mL ethyl acetate were
added and the organic layer was separated and washed
with brine, dried over Na,yS0O,, filtered and concentrated
in vacuo. Chromatography on silica gel eluting with 1:1
ethyl acetate/ hexanes. The final ?roduct was a reddish
oil. MS (m/z):378 (M"). 'H-NMR (d-DMSO, 400 MHz) :
5.86 (d, 1H, J=5.8Hz), 5.74 (4, 1H, J=5.8Hz), 5.20 (d,
1H, J=5Hz), 5.17 (m, OH), 4.82 (m, 1H), 4.60 (s, 1H),
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w@eiod/015884 10

N OOHO O

4- Thi a-1 -azabi cycl o[ 3. 2. 0] hept ane- 2- car boxyl i c
PCT/IB2003/003582
(hydr oxymet hyl ) - 3, 3-di net hyl - 7- oxo-, [[ (1- met hyl et | | oxy

) carbonyl] oxy] nethyl ester, 4,4-dioxide (2S, 5R'6R)

To a stirred solution of (¥4 mmol.) carbonic acid

chl oromet'hyl ester isopropyl ester in 200 nL acetone

was added 13.8 ). sodi um_i odi_de

4(-AlodrirghLE)  THe 0%15(“’rre§l§]| i F?g T8 Xfur ¢ Mas st rled At -
13%g)m t errg%gat yr %]20 (%fn's%ht J=E0 otf)s sol ution was added

) 4-thi'a- I-azablcyclo
[3 2, O]heptane 2-carboxylic acid,

(hydroxyrreth IJ 3, 3-di net hyl - 7- oxo-, 4, 4- di oxi de,""
Sﬁﬂwﬂ\/_‘%—gm 6R) (US 4,287, 181) and the 20

reaction m xture was stirred overnight at room
tenperature. The reaction m xture was then
concentrated in vacuo. OQ movvater and 200 ni et hyl
acetate were added aqd thggérganic |ayer was
separated and washed m e, dried over Na2SO4,
filtered and concentr vacuo. Chromat ography
on silica gel eluting?wt ethyl acetate/
hexanes. The final product reddish oil. M
(mz) :378 (M). 1H NWR (d 400 MHz) : 5.86 (d,
1H, J=5.8Hz), 5.74 (d, 1H, J= , 5.20 (d, 1H,
J=5Hz), 5.17 (m OH), 4.82 ( H3 4.60 (s, 1H), WO
2004/ 018484 PCT/ 1 B2003/ 003582 40}\4 20 (m 1H), 4.083
(m 1H), 3.74 (m 1H), 1.42 (s, ®H), 91.30 (s, 3H),
1.22 (d. 6H, J=6.2Hz). Conparison Wug 5.

‘ . L
4—Thia—1-azabicyclo[3.2.0]heptane—z—carboxyllc ac1d,.§—

(hydroxymethyl)—3,3—dimethy1—7—oxo—,l—[[(;—methylethoxy)

carbonyl]loxy] ethyl ester, 4,4-dioxide (2S,5R,6R)

This prodrug was prepared according to the method
used to prepare Comparison Prodrug 4 with the exception
that carbonic acid 1l-chloro-ethyl ester isopropyl ester
was substituted for carbonic acid chloromethyl ester
isopropyl ester. MS (m/z):392 (M7). NMR is of a reddish
oil that is a mixture of 2 diastereomers H-NMR (d-DMSO,
400 MHz) : 6.71 (g, 0.5H, J=5.4Hz), 6.67 (g, 0.5H,
J=5.4Hz), 5.20 (4, 1H, J=5Hz), 4.79 (m, 1H), 4.51 (s,

| 0.5H), 4.49 (s, 0.5H), 4.20 (m, 1H), 4.03 (m, 1H), 3.74

(m, 1H), 1.48 (m, 3H), 1.43 (s, 1.5H), 1.39 (s, 1.5H),
1.33 (m, 3H), 1.22 (m, 6H).



5

10

15

20

25

WO 24/018484

HOOS N OO OOO 010

4- Thi a-1 -azabi cycl o[ 3. 2. 0] hept ane- 2- car boxyl i ¢ aci d,
PCT/IB2003/003582
(hydr oxymet hyl ) - 3, 3-di ni et hyl - 7- oxo-, 1-[[ (1- net hyl et ho
xy) carbonyl]oxy] ethyl ester, 4,4-dioxide (2S, 5R 6R)
15 This prodrug was preparedlaccording to the nethod
used to prepare Conparison Prodrug 4 with the
exception that carbonic acid 1-chloro-ethyl ester
Goongamoipdn étedrugwds: substituted for carbonic acid

chl oromet hyl ester isopropyl ester. M5 (mz) :392

(M). NWRis of a reddish 20 oil that is a m xture of
2 diastereoners 'H NVR (d-OMS 400 MHz): 6.71 (q,

0.5H, J=5.4Hz), f q, 0.MpY J=5.4Hz), 5.20 (d, 1H,
J=5Hz), 4.79 (m N °S,~ 0.5H), 4.49 (s, 0.5H),
4.20 (m 1H), 4.03 (mj1H}, ¥4 (m 1H), 1.48 (m
3H), 1.43 (s, 1.5H), 473 Y, 1.5H), 25 1.33 (m 3H ,
1.22 (m 6H) . WO 2094/ 018484 PCT/ | B2003/ 003582 41 5

Conpari son Prodrug 6: \SxooﬁbjiN O
0]

’)\o

©

4-Thia-1l-azabicyclo[3.2.0]heptane-2-carboxylic acid, .6-

(hydroxymethyl)—3,3—dimethylf7-oxo—,1—

[(propoxycarbonyl)oxy]ethYl ester, 4,4-dioxide

(28,5R, 6R) C |

This prodrug was prepared according to the method
used to prepare Comparisbn Prodrug 4 with the exception
that carbonic acid l-chloro-ethyl ester propyl ester was
substituted for carbonic acid chloromethyl ester
isopropyl ester. MS (m/z):392 (M). NMR is of a yellow-
reddish oil that is a mixture of 2 diastereomers TH-NMR
(d-DMSO, 400 MHz): 6.72 (g, 0.5, J=5.4Hz), 6.68 (q,
0.5H, J=5.4Hz), 5.20 (m, 1H), 4.51 (s, 0.5H), 4.49 (s,
0.5H), 4.20 (m, 1H), 4.03 (m, 3H), 3.74 (m, 1H), 1.59
(m, 2H), 1.48 (m, 3H), 1.39 (¢, 1.5H), 1.34 (s, 1.5H),

1.22 (m, 3H), 0.86 (m, 3H).



10

15

20

O OO0 0 -0
4-Thi a-1 -azabi cycl o[ 3. 2. ' Q hept ane- 2- car boxyl i c
wW@e00d/0188840 (hydroxynet hyl ) -3, 3-di et hyl - 7- 0X0PCT/IB2003/003582
[ (propoxycar bonyl ) oxy] et hyl ester, 4, 4-dioxide
(2S,5R, . 6R) This prodrug was prepared according to the
met hod used to prepare Conféri son Prodrug 4 with the
exception 15 that carbonic acid 1-chloro-ethyl ester
propyl ester was substituted for carbonic acid
canpruheehyPradrBe Vsopropyl ester. MS (nfz) :392
(M). NWVRis of a yellow reddlsh oil that is a
m xture of 2 diastereoners 'H-NVR (d-DMSO, 400 MHz):

6.72 (g, 0.5H, J=5.4Hz), %}}Y 8 (g, 20 0.5H, J=5.4Hz),,

5.20 (m 1H), 4n 4. 49 (s, 0.5H), 4.20
(m 1H), 4.03 (m 3H) 1.59 (m 2H),

1.48 (m 3H), 1 39 (s %SH) 1. 34 (s 1.5H), 1.22

(m 3H) , 0.86 (m & 2004/ 018484

PCT/ 1 B2003/ 003582 2 5 Co/;,r_@rl son Prodrug 7: HO GS

'- O N 017-0 00O
)\O

o'O

4-Thia-l-azabicyclo[3.2.0]lheptane-2-carboxylic acid, 6-

(hydroxymethyl) -3, 3-dimethyl-7-oxo-,1- \

[(butoxycarbonyl)oxy]ethyl egter, 4,4- dioxide (28, 5R,6R)

Thig prodrug was prepared according to the method
used to prepare Comparison Prodrug 4 with the exception
that carbonic acid butyl ester l-chloro-ethyl ester was
substituted for carbonic acid chloromethyl ester
isopropyl ester. MS (m/z):406 (M). NMR is of a yellow-
reddish oil that is a mixture of 2 diastereomers 'H-NMR
(d-DMSO, 400 MHz): 6.72 (g, 0.5H, J=5.4Hz), 6.68 (g,
0.5H, J=5.4Hz), 5.20 (m, 1H), 4.51 (s, 0.5H), 4.49 (s,
0.5H), 4.20 (m, 1H), 4.03 (m, 3H), 3.74 (m, 1H), 1.59

(m, 2H), 1.15-1.55 (m ,11H), 0.86 (m, 3H).
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O 4-Thi a-I1 -azabi cycl o[ 3. 2. 0] hept ane- 2- car boxyl i ¢ aci d,
6- 10 (hydroxynethyl) -3, 3-di net hyl - 7- oxo-, 1-

wQ ¢iyupoegcar bonyl ) oxy] ethyl ester, 4, 4-di oxi deCT/IB2003/003582
(2S,5R 6R) This prodrug was prepared according to the
met hod used to prepare qu?arlson Prodrug 4 with the
exception 'that carbonic actd butyl ester
1-chloro-ethyl ester was 15 substituted for carbonic
acid chlordnethyl ester isopropyl ester. M5 (nfz) :406
qampariede (Rredtug il | ow- reddish oil that is a
m xture of '2 di ast ereonersg' HNWVR  (d- DMSO, 400 MHz):
6.72 (q, 0.5H, J=5. ), 6368Qq, 0.5H, J=5.4Hz),
5.20 (m 1H), 4.HO (s) .49 (s, 20 0.5H), 4.20
(m 1H), 4.03 (m 3H), 1H, 1.59 (m 2H)),
1.15-1.55 (m, 11H), O N . WD 2004/ 018484
PCT/ | B2003/ 003582 43 5 Coerarl son Prodrug 8: O ~io
HOSN OOO OO 70"
4- Thi a- 1 - azabi cycl o[ 3. 2. 0] @ept ahe- 2- carboxylic acid, .6
(hydroxynet hyl ) -3, 3-di net hyl -7-ox@ 10
, [ (propoxycar bonyl ) oxy] met hyl estek, 4, 4-dioxide (2S,
5R, 6R) This prodrug was prepare rding to the
nmet hod used to p: isopropyl ester e final product
was an anor phous : o

4-Thia-l-azabicyclo[3.2.0lheptane-2-carboxylic acid, .6-

(hydroxymethyl) -3, 3-dimethyl-7-oxo- i

, [ (propoxycarbonyl) oxylmethyl ester, 4,4-dioxide
| (28,5R,6R)

This prodrug was prepared according to the method ugsed to p:
isopropyl ester. The.final product was an amorpﬁous
white solid. MS (m/z):378 (M'). ‘H-NMR (d-DMSO, 400
MHz): - 5.86 (4, 1H, J=6.2Hz), 5.74 (d, 1H, J=6.2Hz),
5.20 (4, 1H, J=5Hz), 5.17 (m, OH), 4.60 (s, 1H), 4.20
(m, 1H), 4.10 (m, 2H), 4.03 (m, 1H), 3.74 (m, 1H), 1.60
(m,2H), 1.42 (s, 3H), 1.30 (s, 3H), 0.86 (t, 3H,

i

J=7.5Hz) .



10

15

20

white solid. M5 (mz) :378 (M). 1H NWR (d-DMSO, 400
15 MHz) : 5,86 (d, 1H, J=6.2Hz), 5.74 (d, 1H,

wQ 20428384 5.20 (d, 1H, J=5Hz), 5.17 (m OH),Pdr/BE20¢3003582
1H), 4.20 (m 1H), 4.10 (m 2H), 4.03 (m 1H), 3.74
(m 1H), 1.60 (m2H), 1.42 és, 3H), 1.30 (s, 3H),
0.86 (t, 3H, J=7 . 5Hz) . 26 WD 2004/018484
PCT/ 1 B2003/ 003582 44 5 Conparison Prodrug 9:, O
\\~O HOS N O157-0 OO .07 11-~ 0O
Qompaal $0m RFPEAT o} 3. 2. 0] hept ane- 2- car boxylic acid, .6
10 (hydroxynet hyl) -3, 3-di net hyl - 7- oxo- ~
, [ (but oxycar bonyl ) oxy] net hyl ester, 4, 4-dioxide (2S,
5R, 6R) Thi s prodrug was @}rggg?red according to the

s

method wused to gi re Co ison Prodrug 4 wth the
exception 15 tﬁ ca I C I d butyl ester

chl oromet hyl ester b uted for carbonic acid
chl oronet hyl ester sopropyl ester. The final product

|

was an anor phous Wi te so%& M5 (mz):392 (M .

1H NWVR (d- DMSO, 400 M—Iz)b : (d, 1H, J=6.2Hz), 5.74
(d, 1H, J=6.2Hz), = o '

2

o XA ®,

4-Thia-l-azabicyclo[3.2.0]heptane-2-carboxylic acid, .6-

(hydroxymethyl) -3,3-dimethyl-7-oxo-

,[(butoxycarbonyl)oxy]methyl ester, 4,4-dioxide

(28,5R, 6R)

This prodrug was prepared according to the method
used to prepare Comparison Prodrug 4 with the exception
that carbonic acid butyl ester chloromethyl ester was
substituted for carbonic acid chloromethyl ester
isopropyl ester. The final product was an amorphous
white solid. MS (m/z):392 (M). 'H-NMR (d-DMSO, 400
MHz): 5.86 (d, 1H, J=6.2Hz), 5.74 (d, 1H, J=6.2Hz) ,
5.20 (d, 1H, J=5Hz), 5.17 (m, OH), 4.60 (s, 1H), 4.20
(m, 1H), 4.15 (m, 2H), 4.03 (m, 1H), 3.74 (m, 1H), 1.60
(m,2H), 1.42 (s, 3H), 1.30 (m, 2H), 1.30 (s, 3H), 0.86
(t, 3H, J=7.5Hz)..



20 5.20 (d, 1H, J=SHz), 5.17 (m OH), 4.60 (s, 1H),

4.20 (m 1H), 4.15 (m 2H), 4.03 (m 1H), 3.74 (m
wakdos/018460 (m2H), 1.42 (s, 3H), 1.30 (m 2H)PCUWIED03/003582

(s, 3H, 0.86 (t, 3H J=7.5Hz).. WD 2004/018484

PCT/ 1 B2003/ 003582 45 5 Cbnparlson Prodrug 10: 0 \\

,- O HOS- N17-O OO O 45

4- Thi a- | - azabi cycl o[ 3. 2. 0] hept ane- 2- car boxyl i c

acid,.6- 10,

5  Chydeskgast Rypyrgd3ldi net hyl - 7- oxo-, 2, 5- di hydr o- 5- oxo-
2- furanyl ester, 4,4-dioxide (2S,5R 6R) This prodrug
was prepared according to the nethod used to prepare
Conparison Prodrug4 with thelexgeption that
5- br ono- 5H- f ur an- 2- £$Jﬁtuted for 15
chl or onet hyl pi val'é&e ~ ‘ 1344 (M) . NVMRis a
m xture of 2 diastereongrs,, Th roduct was an
anor phous, solid. 1H (y O 400 MHz): 7.81 (m

.5H), 7.73 (m 0.5H),¥7.14 (%0 5H), 710(m 0.5H),

.61 (m 1H), 5.21 (m 1H), oH), 4.67 (s, 20

.5H), 4.63 (s, 0.5H), 4.20 ,403(m1H)

.74 (m 1H), 1.42 (s, 15H) 140 s,'" 3H), 1.32 (s,

.5H). WO 2004/018484 PCT/IBZOOS\QOS 82 46

0

R WOOoO O

’4—Thia—1—azabic§clo[3.2.0]heptane—z—carboxylic acid, .6-

10 (hydroxymethyl) -3,3-dimethyl-7-oxo-,2,5-dihydro-5-0ox0-2-

furanyl ester, 4,4-dioxide (2S,5R,6R) |

This prodrug was prepared according to the method
used to prebare Comparison Prodrug 4 with the exception
that 5-bromo-5H-furan-2-one was substituted for

15 chloromethyl pivalate. MS (m/z):344 (M'). NMR is a
mixture of 2 diastereomers. The product was an:
amorphous, solid. 'H-NMR (d-DMSO, 400 MHz): 7.81 (m,
0.5H), 7.73 {(m, 0.5H), 7.14 (m, 0.5H), 7.10 (m, 0.5H),
6.61 (m, 1H), 5.21 (m, 1H), 5.17 (m, OH), 4.67 (s,

20 0.5H), 4.63 (s, 0.5H), 4.20 (m, 1H), 4.03 (m, 1H), 3.74
(m, 1H), 1.42 (s, 1.5H), 1.40 (s, 3H), 1.32 (s, 1.5H).



5 Conparison Prodrug 11: HOOS% N OO
4- Thi a-1 -azabi cycl o 3. 2. Q hept ane- 2- car boxyl i c
W@ei0d/018884 10 PCT/IB2003/003582

(hydr oxymet hyl ) - 3, 3- di net hyl - 7- oxo-, ( 1- oxobut oxy)
nmet hyl ester, 4,4-dioxide (2S,5R 6R) This prodrug was
prepared according to the nétthod used to prepare
Conparison Prodrug 4 with the exception that
chl oronet hyl butyrate (Acros organics) was 15

5 SoBRPrigPBdPrAFrEfl Atanet hyl pival ate. The' product was
aclear oil. M5 (mz) :362 (M). 1H NMWR (d-DVsSO, 400
MHz): 5.86 (d, 1H, J=5.8Hz), 5.74 (d, 1H, J=5.8Hz),
5.20 (d, 1H, J=5Hz), 5.170( H), 4.55 (s, 1H), 4.20
(m 1H), 4.01 (M 7%21% 1H), 2.35 (m 2H),

1.52 20 (m 2H), 1.4 1.30 (s, 3H), 0.86 (m
3H). WD 2004/ 018484 B /003582 47 5
S ~O N 047-0 OO0O
- car boxylic '

Conpari son Prodrug :
4- Thi a- | - azabi cycl of 3. 2. O]%ﬂ)\t&ﬁ?
acid,.6- 10 O

(hydroxynethyl)-3,3-dinEtﬂ&I-7-ox 01,
| - i sobenzofuranyl ester, 4,4-dioXide

- di hydr o- 3- oxo-
5R, 6R)’

4-Thia-1l-azabicyclo[3.2.0]lheptane-2-carboxylic acid, .6-

10 (hydroxymethyl) -3, 3-dimethyl-7-oxo-, (1-oxobutoxy) methyl

ester, 4,4-dioxide (2S,5R,6R)

This prodrug was prepared according to the method
used to prepare Comparison Prodrug 4 with the exception
that chloromethyl butyrate (Acros organics) was i

15 substituted for chloromg;hyl pivalate. The product was
a clear oil. MS (m/z):362 (M). 1H—NMR.(d—DMSO, 400
MHz): 5.86 (d, 1H, J=5.8Hz), 5.74 (d, 1H, J=5.8Hz),
5.20 (d, 1H, J=5Hz), 5.17 (m, OH), 4.55 (s, 1H), 4.20
(m, 1H), 4.01 (m, 1H), 3.74 (m, 1H), 2.35 (m, 2H), 1.52

20 (m, 2H), 1.40 (s, 3H), 1.30 (s, 3H), 0.86 (m, 3H).
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Prepared by chromatography on silica gel of 275 ng of
Conparison Prodrug 3 using 5% i sopropyl alcohol/ 95%

woreiohpisase chl ori de yi el ded 200ng of a m xt ur ePOFf/1B2H03/003582

di astereoners followed by 70 ng of a single, (nore
polar) diastereonmer. The product was an anorphous
solid. MB (mz) :394 (M) NWR represents the nore

pol ar diastereonmer. 'H NVR (d-DVSO, 400 MHz): 7.95 (d,
1H, J=7.5Hz), 7.90_(m 1H), 7.81 (d, 1H, J=7.5Hz),

! SOMOFTPGEUTy 1gd (s, 1H), 5.23 (d, 1H, J=5Hz),
5.16 (OH), 4.71 (s, 1H), 4.20 (m 1H), 4.02 (m. 1H),
3.74 (m 1H), '1.47 (s, 3H) , 1.37 ' (s, 3H W

2004/ 018484 PCT/ 1 B2003/ 00358 \ 5 Compari son
Prodrug 13: 0 \\,HOTMQS N &Y-0 O~ 0

4- Thi a- | - azabi cycl of 3. 2. pt -2-carboxylic acid,.6
10 (hydroxynet hyl) -3, 3- /Eﬁ - 0X0-, (acet yl oxy)

met hyl ester, 4,4-diox“de (2§, 5R 6R) This prodrug was
prepared according to The neth used to prepare
Conparison Prodrug 1 with the/excgpti on that

bromonet hyl acetate, (Al drich)” was Jsuhstituted for 15
chl oronet hyl pivalate. The fi guct was a vi scous
oil. M5 (mz) :334 (M). 1HN \Jd- DAEO, 400 MHz)

5.82 (d, 1H, J=6.2Hz), 5.72

4-Thia-l-azabicyclo[3.2.0]heptane-2-carboxylic acid, .6-

(hydroxymethyl) -3, 3-dimethyl-7-oxo-,1,3-dihydro-3-oxo-1-

isobenzofuranyl ester,'4,4—dioxide (28,5R,6RY

. Prepared by chromatography on silica gel of 275 mg
of Comparison Prodrug 3 using 5% isopropyl alcohol/ 95%
methylene chloride yielded 200mg of a mixture of “
diastereomers followed by 70 mg of a gsingle, (more
polar) diastereomer. The product was an amorphéus
solid. MS (m/z):394 (M) NMR represents the more polar
diastereomer. ‘H-NMR (d-DMSO, 400 MHz): 7.95 (4, 1H,
J=7.5Hz), 7.90 (m, 1H), 7.81 (4, 1H, J=7.5Hz), 7.77 (m,
1H), 7.60 (s, lHj, 5.23 (d, 1H, J=5Hz), 5.16 (OH), 4.71
(¢, 1H), 4.20 (m, 1H), 4.02 (m, lh), 3.74 (m, 1H), 1.47
(s, 3H), 1.37 '(s, 3H).
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1H, J=SHz), 5.17 (m OH), 4.55 (s, 1H), 4.20 (m 1H)

4.0 (m 1H), 3.74 (m 1H), 2.08 (s, 3H), 1.40 (s,
w@ko4/018284 1. 30 (s, 3H). WO 2004/ 018484 PCT/IB2003/003582

PCT/ 1 B2003/ 003582 49 5 Conparison Prodrug 14: HO O\

/ O OO0 O

4- Thi a-| - azabi cycl o 3. 2. 0] Pt ane- 2- car boxyl i c

acid,.6- 10 '

(hydr oxynet hyl ) - 3, 3-di net hyl - 7- oxo-, | - (acet yl oxy) -1-

Tretdayischy IPrestrarg. 18 :4- di oxi de (2S,5R,6R) , This

prodrug was prepared according to the nmethod wused to

prepare Conparison Prodrug,1 with the exception that

acetic acid-1-chloro-1-nett®yl ethyl ester was, 15

substituted for ?ng met hy N

prval ate. The fi nal
product was an a $

M (mz) :362 (M).
1H NWR (CDC13, 400 N 4. (d, 1H, J=5.0Hz), 4.40
(s, 1H), 4.31 (m 1HY 4°I5%(m 2H), 2.06 (s, 3H),
1.92 (s, 3H), 1.82 , 3H), 21.58 (s, 3H), 1.47 (s,
3H). 20 Exanple 9' Chem cal 4pH) Suspension and
Plasnma Stability The stabi@ity &L_ rodrug 3 was
eval uated with regards to (1) chemical stability
while in solutions of 25 various p 2) nmai ntai ni ng
potency while in suspension, and chem ca

stability in plasmas fromvarious nanmals to

pho

4-Thia-1-azabicyclo[3.2.0]lheptane-2-carboxylic acid, .6-

(hydroxymethyl)—3,3—dimethy1—7—oxo—,(acetyloxy) methyl

ester, 4,4-dioxide (2S,5R,6R)

. Thig prodrug was prepared according to the method
used to prepare Comparison Prodrug 1 with the exceptib?
that bromomethyl acetate . (Aldrich) was substituted for
chloromethyl pivalate. The final product was a viscous
oil. MS (ﬁ/z):334 (M™) . TH-NMR (d—bMSO, 400 MHz) :
5.82 (d, 1H, J=6.2Hz), 5.72 (d, 1H, J=6.2Hz), 5.19 (4,
"1H, J=5Hz), 5.17 (m, CH), 4.55 (s,llH), 4.20 (m, 1H),
4.01 (m, 1H), 3.74 (m, 1H), 2.08 (s, 3H), 1.40 (s, 3H),

1.30 (s, 3H).
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assess the ability of Prodrug 3 to resist hydrolysis
WO 2004/ 018484 PCT/ | B2003/ 003582 50 5 prior to
wab®enp48on and then to rapidly hydrolyze to POT/IB2003/003582
6- (3- HWAS after absorption. Chem cal stability of
Prodrug 3, in solution, as conpared to the sodi um
salt of 6-(3-HWPAS (hereinatber "Na HPMAS') and
l'ithiumclavulanate in solution, was 10 assessed at
pH 1, 2, 2.'5, 4.0, 5.0, 6.5, and 7.4. Buffers were
apmvapi @t ePyodougnil 4t ed to achi eve the desired pH of
each incubation. The, incubation consisted of'990
of the appropriate pH buffer and was initiated with
the addition of 10'l of a 1@ stock of conpound 15
in 10096nethanollfé' | condemtration = 100 W.
0J

Serial' sanples : ken at 0, 10, 20, 40,
SHEXF;ﬁi;UtO i njector and
LCin-line with a LC/ M5

60, 120, and 240 m nut
injected directly ont

single quadropole nd#ds spect;oneter system used for
anal yte' 20 detection. The téiP& ature of the

i ncubation was regul ated wth a 6 wel | heat bl ock.

I ncubations were perforned at nd 37C. The LC/ M5
systemwas run in the negative |on de Sel ective
ion nonitoring of the appropriate for each
anal yte was used for 25 detection and quantltatlon of
remai ni ng conpound at each tinepoint. The peak
response at each.tinme point was expressed as, a

pérTehd ayeapfbitcle heptapep2 =cgrbogylic acid,
deg aoatlon_ | '

to 30 thEtHyZé@hglnaBESr An, ap@aonndef(EStSBrGEi |

32{2;%&;gtp%%§2ﬂgtugg B?eggiégaéggo% 1ng %/kgheThe%Eod

used to prepare Comparison Prodrug,l with the exception

that acetic acid-l-chloro-l-methyl ethyl ester was,
substituted for chloromethyl pivalate. The final
préduct was an amorphous solid. MS (m/z):362 (M'). -
NMR (CDC¥3, 400 MHz): 4.68 (d, 1H, J=5.0Hz), 4.40 (s,
1H), 4.31 (m, 1H), 4.15 (m, 2H), 2.06 (s, 3H), 1.92 (s,
3H), 1.82 (s, 3H), 1.58 (s, 3H), 1.47 (s, 3H).

Example 9
Chemical (pH), Suspension and Plasma Stability

The stability of Prodrug 3 was evaluated with
regards to (1) chemical stability while in solutions of
various pH,

(2) maintaining potency while in suspension, and (3)
chemical stability in plasmas from various mammals to

assess the ability of Prodrug 3 to resist hydrolysis
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were conpleted in duplicate and the average was
reported. WD 2004/018484 PCT/1B2003/003582 51 5 As

wG@hawols4gd t he foll owi ng table, Prodrug 3. denp@iBiB280393582

excellent acid stability and adequate .stability near
neutral pH for absorption. A so, Na- HWPAS

dermonstrat ed superior soluti®h stability conpared to

clavul anate, particularly at low pH 110 The stability
of Prodrug_ 3 in suspensjon (un- buffered_ in 0.5%

REAHRA C8 PRSGEEHPR RS thed &isd2 Vudbsr g ze to
44, 18 %e}ﬁdﬁsefafﬁ@r %fbédr‘ﬁl'dﬁ suspensi on upon

pot ency., As shown bel ow, odrug 3 mai ntai ned

gr eat éhertim®10@X%adfi liitty w6t dmodrafx &, Sttrbrsa{:}eltatomom

15 te tur for 0 da tr 40%
SOTERET S S0 G ML i art ot &S nE g
su&pemmm ) :j faridefltltaﬁunowmdxﬁmaalaj riey fsaﬂdﬂlexﬁ am%s
time perio See Mehta, A.C., S. Hart-Davies, J.
PRARE SR 2tRAW Lacey 2 -F994 - 05t bid:i 6y Sof 3@itbx] é# 11in
@Lpff?eq:éo%eqses' Lﬂﬂ;ﬁ ;ﬁ']‘ﬁlgt%l eﬁd WBated to achieve the

co- anoxi ci | | I anat oral suspension. J. din.
RregrimedT pét ofl%a&lrs -13mbat WD . 200He0 igvuBbation consisted
PCT/ 1 B20Q3/ 003582 52 5 pH Solution 7.4 6.5 5.0 4.0

. 215 900 hlgedhitihe PRPHRE MR bga bt Ut spHemcs Wa sprigdiig ted

w1(t%15 t@e %d?iﬁ:zldbrfzodf 204 >24f>a 10 mM stock of compound

in 100% methanol (final concentration = 100 uUM). Serial

samples (20 ul) were taken at 0, 10, 20, 40, 60, 120,
and 240 minutes by an auto injector and injected
directly onto an HPLC in-line with a LC/MS single
guadropole mass spectrometer system used for analyte '
detection. The temperature of the incubation was

regulated with a 96-well heat block. Incubations were

performed at 25°C and 37°C. The LC/MS system was run in
the negative ion mode. Selective ion monitoring of the
appropriate [M-H]  for each analyte was used for
detection and quantitation of remaining compound at each
timepoint. The peak response at each time point was
expressed as a percentage of that obtained at time = 0.
A degradation rate constant (kyg) was obtained by
regression of these percentages from time = 0 minutes to
time = 240 minutes. An apparent first-order half-life
could then be estimated as 1ln 2/kg. These determinations
were completed in duplicate and the average was

reported.
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Prodrug 3 (37 C) 0.6 4.5 >24 >24 >24 >24 Na- HWAS (25
C) >24 >24 >24 >24 >24 >24 Na-HWPAS (37 C) >,24 >24
WO 200462848424 >24 (Cl avul anate (25 C) >24 >24 >PaAT/H2403/003582
1.2 0.6 davulanate (37 C >24 >24 >24 >24 0.9 ND
Prodrug 3 Suspensi on Stability Day Day Day Day Day 1
3 5 7 10 Potency (percent) %11.51 ng/m ** ND 103 98,
104 91** (10 ng/ kg rat dose ‘preparation) *Potency
assessed as.a percentage_of the target_ concentration
as asBayehlowny LE kMBeofodbPubnpi Eallest BRAdEHS. 3val ues
[ f I d r S.
REREAREResa0, PERRgRAE! oRUA bEADELIPVOERE, TuRGhaCES o
.apdbfelityt acdr7nbytday pHIOfbf* absaspénenner Afrsrt, uNa-
essent i aII unchanged - l.asma _stabi ity of
BMBaPugeso ﬂ&raﬁsﬁssaﬁarﬁpwa E&PﬁvﬁFﬁhé?éEK@%QmPared
det engiNednakB nga%%,lct@’aﬂ?oat meakey . WO 2004/ 018484
PCT/ 1 B2003/ 003582 53 5 and human pl asna, using pl asma
t hat Whs pkepalddvand PsaBfeet adinospApenséere/thaw
i or to-us [ nsst o] 01
%¥%6Fa§%a prtgl REu gthgﬁcfiﬂﬁégrghgnggeggat b?%?%% i%lgg
86aneklkcheat bBkaekmifikethienetiiationfwaimenihi atiegdenstibn
the, addition of 10 | of a 10 10 st ock of congognd
PROTODOFBCHanoPS SBPWR below, Prodrug 3 maintaine

greater than 90% of its potency after storage at room
temperature for 10 days. By contrast, only 40% of
potency is retained with clavulanate in the Augmentin
suspension if left at room temperature for the same time
period (See Mehta, A.C., S. Hart-Davies, J. Payne and
R.W. Lacey, 1994. Stability of amoxicillin and
potassium clavulanate in a co-amoxicillin-clavulanate

oral suspension. J. Clin. Pharm. Ther. 19:313—3151).



aliquots (100 I') were renoved and transferred to 200 |
of 75/ 25 acetonitrile/ 3% perchloric acid at 0, 1, 2,
wW®20040084820, 30, and 60 mi nutes. The sanpl es WBCEIB2003/003582

centrifuged, the supernatants transferred to injection

15 vials, and 20 | was injected onto the HPLC in-1line
with a LC/ MS single quadropgd e nass spectroneter. The
LC M5 systemwas run in the negative ion node.

Sel ective ion nonitoring of the appropriate [MH -

5 for each nnai__)ct_e_mas_‘used_f_gr-—det-e.c.t-u-gn—a
quantitati on of remainjng .20 corrdeﬁ]d at each

I Ul III. . IIIU pcar\ ' UllIscc L Edb 1 l.I I UI It S
& gssed as a percent aZeéof tghat éb? ai ngdHat tlvn‘%l - 12

@raPidegradati on rate ponstant (kd) was obtained by
regressi on of these peycentages from tine = 0 m nutes
t(@00i wd)= 240 mi nutes. An appar ent 25 fi rst or der

hal f | H 'F o wvwna thoan hA
T A>3 VA

determ nations were coppl et ed m%}pfll 101 e gﬁ’ rtsﬁe
PVRIaeR was osepent ed aszsthiownsbal OW>2\QD 20% 018484 >24
PCT/ 1 BZ003/ 003582 54 |5 Plasma Stability (100 M

Presevgat Deg I\7t§1’ikey Hufrah Halkf- 5| i fe>24Pr odt3fy 3 37iC >24

< AR 2.8 m ] m n _Na- HVP. 37,
. %%}]g&%s 2(2% hrcﬂ> 4 hr >%l§hr > hr‘ %4avul anate 37 C
Wa-MMERAS3 (137 2.8 hr 3.p>he 2. 62Br >24 >24 >24 >24

Clavulanate (25 °C) >24 >24 >24 >24 1.2 0.6
Clavulanate (37 °C) >24 >24 >24 >24 0.9 ND
Prodrug 3
Suspension
Stability Day Day Day Day Day

1 3 5 7. 10 1

Potency (percent)*

1.51 mg/ml** ND 103 8. 104 91**'
(10 mg/kg rat dose *
preparation)

*Potency assessed asg a percentage of the target
concentration as assayed by LC/MS of solubilized
standards. Values represent an average of duplicate

10 determinations. ND = not determined
%% pH of initial suspensions ~6.8 and fell to 4.7 by day
10

**x%* diastereomer mixture essentially unchanged ~ 95:5

15 Plasma stability of Prodrug 3, Na-HMPAS and lithium

clavulanate were determined, in mouse, rat, dog, monkey
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Prodrug 3 denonstrated excellent acid stability and
adequate stability near' neutral pH for absorption.

woR@noisssi s rates of Prodrug 3 in the plasna oPCHIB20A3003582

speci es tested, denonstrate efficient enzymatic
hydrol ysis to yield 6-1i-HMPAS upon, absorption.

Na- HWPAS denonstrated supesBor solution stability
conpared to clavulanate, particularly at |ow pH

Al t hough both conpounds are labile in plasng,
anarm&méhspbasmanpm@u@@ pﬂ&San@mabl@@ﬂﬂp%¢ﬁﬁﬁ¢dt§ﬂd

0.l nhi bi act.ivit Prodru

gﬁ?%@??ﬁé CRHVA E%gz t?%wt%%%%%tp¥h ?av%?ané%e
Pﬁﬁgﬁ§€§oglgﬁﬁg§§té@ 309§@eufu§9npfisﬁéa§fe§ﬁ@@@aﬁéd

co nes w -t reS|du amoxicillin to selectively kil
£sseht mahutespanedt s°of inthedhiowanl héatr abl@tlavul Erat e
is not a prodrug, and WD 2004/ 018484 PCT/I82003/00358E
55cgb@hy@ntwés4@@lth@te¢eWﬁFhsthﬁa%é%%Bé%nf?%n%?h% ot a
i@te@ &g 5'éftESmgéﬁﬁdafﬁ'¥8093@SFH£§%93 t8e- 6070 t hat

sorpe

Irculation e pH of the
§19§§898 ggoopﬁ9¥|ﬂ@%esﬁ@%bvéﬂtﬁﬁﬁlﬂ?ah§f@£t§d0tolmoa ul
st udy erry, V. et al Efficacy of a
pﬁaWﬁé@6kanetpnatry1@ﬁhan@@ﬁchlgr#@rﬁﬂ%@t?Enoof1 2, 35,

Lin/cl av ain
oPPat 8Py PAcE"; RESSFEan | rpafnELedCa T,
SéhepﬁﬁagédusthaeuﬁpefaetaﬂbsttaahsBGBBed4ietipjection
Interscience Conference on Antim crobi al ents_and .
Chehet hendpy? E%c@ﬁﬁeinlecigﬂhonQeoithHBégolnrElne with

5 that the pH npl @
BobPeUPoa P Rom dCanr eeplebliphb PEPcRLaRLLERTP, e e me
5yétémsﬁasA$u&hQthhé EEnghﬁe?;oHrmddag SSeievEmye ion

st abl e and
monitoring of the appropriate [M- H] for each analyte was

useéd for detection and quantltatlon of remaining
compound at each timepoint. The peak response at each
time point was expressed as a percentage of that
obtained at time = 0. A degradation rate constant (kg)
was obtained by regression of these percentages from
time = 0 minutes to time = 240 minutes. An apparent
first-order half-life was then be estimated as 1ln 2/kg.
These determinations were completed in duplicate and the

average was reported as shown below.

t
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does not readily convert to 6-(3-HWAS at pH < 6.5. In
order to conpare the beta-lactanmase, inhibitory

w@eaoswigsg4 20 of Prodrug 3 and Na- HWAS under pPCT/IB2003/003582

conditions found in the human large intestine' , we
determ ned the 1C50 of both conpounds against a TEM1
bet a-| act amase at pH 6.0 and4 7.0. ,The data indicate
that at pH 6.0, where there should be no conversion
of the prodrug to the active 25 formof the inhibitor,

Drnrltlm 3 isin

?ﬂ@ﬁ@l%loo 1I M . In contrast, at pH 7.0 where

als) gliglt the prodrug to actlve i nhi bitor occurs
Wltﬁ glnf l{ife of 33 mnutes, the resulting 6-

R1blyPAR) generldeetse esul tRati n a nudegr eat er Maankaly O'f Human

30 inhibition of this beta-1actampase than was aobsetved

at pH 6.0. \\D 2004/018484 PCT/ | BYed3+868582 56 5
%CS% {1 I\/Ix3 Prqdrug 3 6-(3-HWAS E. coli TEM1 pH 6.0 >
00°0°87°10 . coli TEM1 pH 7.0 2.2 0.12 Exanple 11

Absocption ((rals minVi ve-Bicoandai | ahid intiy) A B edrug 32.0 min

has a, solutiqn half-life of 30 m nutes 15 at neutral
pH and, in the presence of esterases, the prodrug is
Rudipoyged wijthin a few minutes, an in vitro
assessnent ugi ng the hunman Caco-2 cell line was

@&t éCmi ned t d & iappr Gprd dte t o neaswr e prodiuy >4 hr
absorption. llnstead, an in vivo nodel for absorption

20 was found|to be nore relevant for assessing '
ahsetpbnate

37 °C >4 hr 3.3 hr 2.8 hr 3.6 hr 2.6 hr

!

Prodrug 3 demonstrated excellent acid stability and
adequate stability neaf neutral pH for absorption.
Hydrolysis rates of Prodrug 3 in the plasma of all
species tested, demonstrate efficient enzymatic
hydrolysis to yield 6-B-HMPAS upon, absorption. Na-HMPAS
demonstrated superior solution stability compared to
clavulanate, particularly at low pH. Although both
compounds are labile in plasma, Na-HMPAS shows improved

human plasma stability.

Example 10

Inhibitory activity of Prodrug 3 at intestinal pH values

It is thought that clavulanate produces diarrhea in
the human GI tract since it combines with residual
amoxicillin to selectively kill essential components of

the normal flora. Clavulanate is not a prodrug, and




of the prodrugs of the present invention. Further, the
correlation of fraction absorbed in the rat to that of
woeovanidass been studied in several marketed ageeit/BB2a¢8403582

the correl ati on has been shown to be quite good (corr

= 25 0.971) (See Chiou, WL. and A. Barve, 1998.

Linear correlation of the fi%ction of oral dose

absorbed of 64 drugs between humans and rats. Pharm

Res. 15:1792- 1795.). Based upon this correlation, the
5 thuswabeuddd thetpreapénshiunarsasbsdptiron. the insepgine

98 il @%ﬁne%c%a%e@oafe%feh 25 8EsPeRadenanatiateda

tict action as sudgested by rat
hmmanchemaﬂﬁmykﬁs WHhHe, theabebdawaelabbmabh and

assessnents i rats should correlate well w.th

PrR padteR thtrans. 2Ed6GiTat 42 6f SGRAY oy 'Berry,
ki 0avaidiabi I3y sene sgond @%a%k\me%qwzq hanced
PCT/ | Bzooé/ 003582 57 5 HVPAS, ' Prodrugs 1, 2, 3 and

110 zforwlwémozfas ath @mo:)cfl@uﬂtlé@d cl@dfmi@ﬂam agiegdsiigs of
l.e 8 ach usi 0 r ragye e
r§¥gr' tf§5 e 1r%%o %’%%aé% 1%f%ct§% %% F%%%gﬁ%uged
Jbggtﬂt&@pt@dbdt&téﬂ@iﬁmﬂh@ Skell.seQTalcQ:l’l B@fssdoges“ ‘

vehicles, for the oral studies, 110 dlﬁgnded upon the
IR SFEAL StcR EBHE SERECofPo Rl LBEICHEP fggnty pnd

CORRLRLS- @;ﬁt ﬁ@%re%b%&alllsy 130 rncﬁdfr@&ca#@ theit he found
exception of Prodrug 1, were in the form oi | or

15 amaawmhmmsiw ipd. ofs 2§@cl$tq0|1e§@rr@dm§o@@d§,eqmﬂe from
ere | ution (PO dosa e f r ing a 15
fﬁgg %ﬁﬁ%ﬁhore/gtﬁgnaan |c%eql$ﬁe or al

prodr ag cé@m vier Exphepar g teddehigver ia vEyngik®le and
equi val ent dose of 6-(3-HWAS at a dose vol une of'lo

9S8y AN AAASAS YWESPHERN TS ér da HRASafén&BusI ¢ -5 In

order to compare the beta- lactamase inhibitory activity

20 of Prodrug 3 and Na-HMPAS under pH conditions found in

' the human large intestine, we determined the ICm,of both
compounds against a TEM-1 beta—lacﬁamase at pH 6.0 and
7.0. The data indicate that at pH 6.0, where ﬁhere
should be' no conversion of the prodrug to the active

25 form of the inhibitor, Prodrug 3 is inactive against
TEM-1 beta-lactamase (ICsp >100 uM). In contrast, at pH
7.0 where conversion of the prodrpg to active inhibitor
occurs with a half-life of 33 minutes, the resulting 6-
B-HMPAS generated results in a much greater level of

30 dnhibition of this beta-lactamase than was observed at

PH 6.0.
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at a dose of 10 ng/kg to establish bioavailability 20
estimates (6-(3-HWAS equivalent). Blood sanples were

w0 200e01884 O, 15, 30 mn., 1, 2, 3, and 5 hr. BET/EB2003/003582

dosi ng. The sanples were then processed for plasnma
and stored at -20 C prior to analysis.' Sanples were
assayed for 6-(3-HMPAS, as Z& descri bed bel ow, and
then the nmean concentration versus tinme profiles for
oral and intravenous adm nistration were determ ned.
The area under the plasma concentration versus tine
curve (AUC o- tlast) was calculateqcfronhbine Oto
the last quantifiable 30 tinmepoint Usthg 'Ti'near
trapezoi dal approxi mati onPrédeudt er m nal el i mMeR@E-HEOIPAS
rate constant (Kl ) was estimated by regressiqgn_of 'the
Bl-asa Ic dhdlert P& Pofd dat a™f rdM the apparent Bedi’nni ng
of the elimnation phase to the last sanple point. An
elimnation half-life was estimated as 35 In 2/Kel.
Fhe carlda TEMoh toHadt-Ot o i nRi-@ity (AUCti ast--) WOL2
2004/ 018484 PCT/1B2003/ 003582 58 5 was estinmated at
Cesttl ast/Kel where Cesttlast represents the

esti mated concentrati on Etaddle: ISt tine point in
whi ch drug was quantified based on the re%(essi?na

: )
was egld @E&ﬁﬂu@FB %%% %H%EﬁEféggghEh§sﬁi§%dof 30 minutes

AUCti ast--. Bioavailability 0 was expressed as

AlYCaeutralx pBoseid, | AUCthe) preseDosepd. esTheasean the
OB 3 e RS, B MR B vicro

assessment using the human Caco-2 cell line was

determined to be inappropriate to measure prodrug
absérption. Instead, an in vivo model for absorption
was found to be more re;evant for assessing absorption'
of the prodrugs of the ﬁfesent invention. Further, the
correlation of fraction absorbed in the rat to that of
human has been studied in several marketed agents and
the correlation has been shown to be quite good (corr =
0.971) (See Chiou, W.L. and A. Barve, 1998. Linear
correlation of the fraction of oral dose absorbed of 64
drugs between humans and rats. Pharm. Res. 15:1792-
1795.). Based upon this correlation, the rat was used
to predict human absorption. It should be further
appreciated that 6-pB-HMPAS demonstrated minimal hepatic
extraction as suggested by rat and human hepatocytes.
Thus, oral bicavailability assessments in rats should
correlate well with the fraction absorbed in humans.

Estimates of oral bicavailability were conducted on

L]



Conpound Mean Standard Bioavailability Deviation
Na- HWAS 6.0 1.6 Prodrug 1 113.1 10.7 Prodrug 2
wQaQm4018484 1 Prodrug 3 92.4 6.0 Prodrug 4 111pdr/882803/003582

Conparison 55.4 4.7 Prodrug 1 Conparison 6.2 1.0
Prodrug 2 Conparison 27.2 2.6 Prodrug 3 Conparison
6.8 0.9 Priodrug 4 Conparis&v 46.5 1.4 Prodrug 5
Comparison 60.9 6.1 Prodrug 6 Conparison 40.3 10.81
Prodrug 7 Conparison 7.9 1.5 Prodrug 8 Conpari son

5 F2-BMPAS, Prodrugs9lCoRpaBi sod 20.9slwellppsdtbg 10

ggu %%E%o%o%%a%lgoﬁ pgg 95%% 1% gongaﬁlsgn %gcﬁ asgng
sets of three Sprague-Dawley rats (200-225 gm) equipped
with surgically implanted jugular vein catheters. The
selection of doée vehiclés,lfor the oral studies,

110 depended upon the physical state of the compouhdxbeing
tested. All compounds that were orally administered,
with the exception of Prodrug 1, were in the form of an
oil or an amorphous solid. &as s#ch, these compounds
were administered in a solution (PO) dosage form using a

15 70/20/10 water/Chremophore/ethanol vehicle.

The oral prodrug doses were prepared to deliver a
10 mg/kg eguivalent dose of 6-(-HMPAS at a dose wvolume
of 10 ml/kg. Na-HMPAS was administered intraveneoﬁsly
at a dose of 10 mg/kg to establish bicavailability

20 estimates (6-B-HMPAS egquivalent).

' Blood samples were taken at 0, 15, 30 min., ;; 2,

3, and 5 hr. after doéing. The saﬁples were then
processed for plasma and stored at -20 °C prior‘to
analysis.' Samples were assayed for 6—B—HMPAS, as

25 described below, and then the mean concentration versus
time profiles for oral and intravenous administration
were determined. The area under the plasma
concentration versus time curve (AUC 0- tlast) was
calculated from time 0 to the last guantifiable

30 timepoint using linear trapezoidal approximation. The
terminal elimination rate constant (K¢1) was estimated by
regression of the plasma concentration data from the
apparent beginning of the elimination phase to the last

sample point. An elimination half-life was estimated as

35 1ln 2/Kel. The area from tlast to infinity (AUCtiast-o)
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Prodrug 12 Conparison 37.6 3.7 Prodrug 13 Conpari son
15.4 3.9 Prodrug 14 As shown above, the prodrugs of

wo b4prsagent i nvention have significantly betP&Fr/1B2003/003582
bi oavail abilities than does 6-(3-HWAS, the
previ ously known Conparison WO 2004/ 018484
PCT/ | B2003/ 003582 60 5 Prodrfug 1, .or the prior
generically disclosed prodrugs (Conparison Prodr ugs
2-14). It ~I _ Assay Descrjption: In this assay, th
gagl gesdnatefnpbr €86 twere lhadiierr) (S a0t e‘ée%@%e%% the

h e [ e e ati.o

s
dppyowenatiebytdf2eflobd sednoanthat ncegrteasuonalwianlad)y’sis
havi ng an evaporation and reconstituti on step "
Beeetrien aasearndrdedhencouyr ((AECouse) oWaEC?ﬁ/B?-‘NEU?L@ as

negati yve_iagn operat Si ngl e quadr apql per ati Qn
U R T (T o &ﬁa?n@ g

I the 1o Q“)E'HM
%g %& e g?ﬁagg/ g’@g{‘bﬁipfr, e; séY}vAeltﬁfn(o st%
The amabytmleaal b&obumﬁl1%31am18hetﬁeomelnmerAQelA €hdwh 20
4.6 x 50 mMm AlI'l sanple preparation was conpleted in
§61®¥-1 1.2 nL MARSHtubes. The sanpl es were prepared
as follows. The Plasma sanple (200 pl) was added to
400 pl of 95:5 acetonitrile:20 nM amoni um fornat e
containing 5 pg/m 25 sul bactam as an i nternal
standard. The sanples were



centrifuged at 3000 rpmfor 10 min in a table top
centrifuge. The supernatant (400 pl) was then

wo e@nsisass ed to clean 1.2 nl MARSHA t ubes. ChlpCDIB2008/003582
(600 pl) was added to the sanples, which were then 30
m xed, and subsequently centrifuged at 3000 rpm for 10
m nutes. The transferred agw®ous phase was then
renmoved fromtop (- 100 pl) rand then anal yzed. Mass
Spectronetry Conditions: W 2004/ 018484
PCT/IBZOOS/ 003582 61 5 Mass Spectrorreter API - 3000

oper at hnﬂf\f | \

peTTacCo \ I UII UC UDI || | UU

(eI ecF?@EB\’“@@r)c 1 oni|zat i on. J% r’% U Ogltiaflégrd
voltage: -25 eV  Cgll Bipayadia Sil y 11D¢Vlat10n
Nebul NQaﬂMBﬁSand Heat gas aéj -Gsted as reeded Reatti on
Mot 3= HIFHD 262 218 SufipactamtS
232 —E;Q Fzé%lg 3 noxi ci ldi n 3&4 => 223 d avul %r[?l g
aci d:pAfruep 2136 Run tine102.min. RT: |- 2 mnilfion all
anal }‘t es ] ni ection Volupme: 20 1 20 HPHC Condi-ti-ons-
Sol vERHOUDE 5 20 [mM anmmon?ént f or mat e: acet oni%rd e
W aceton tTi gy 40 M Ao um fogngpre
Anal ytica low. 1imM/mn Flowto Mass |Spect roneter:
-100cbthparhsoR5 Balll i stic GBadéent Schedul e: 4.7

Prodrug 1 . y ' ‘

Comparison ‘ 6.2 1.0

Prodrug 2
' Comparison ' 27.2 2.6

Prodrug 3

Comparison 6.8 0.9

Prodrug 4 ‘

Comparison 46.5 1.4

Prodrug 5 ,

. Comparison 60.9 o 6.1

Prodrug 6 '

Comparison . 40.3 10.8

Prodrug 7 '

Comparison ‘ 7.9 1.5

Prodrug 8 ’

Comparison 12.3 2.0

Prodrug 9

Comparison 10.9 1.7

Prodrug 10

Comparison 33.1 5.4

Prodrug 11

Comparison 20.4 1.0

Prodrug 12

Comparison 37.6 3.7

Prodrug 13

Comparison 15.4 3.9

Prodrug 14

As shown above, the prodrugs of the present
invention have significantly better bicavailabilities

than does 6-p-HMPAS, the previously known Comparison



0O- 0.5 mn 100 %A 0.5- 1 min 100%A to 100%B 1-1.5
mn 100%B 1.5 - 2.0 min 100%B to 100% A 30 LLOQ =
w@2@4pep484 for 6-13- HWAS and anoxicillin, 0.5PChIB2003/003582
clavul anic acid ULOQ = 50 pg/m (A l) Regression =
linear 1/x weighting Columm life 300 - 400 injections
35 WD 2004/ 018484 PCT/ |1 B2003¢©03582 62 5 Portal Vein
Studies in Rats: System c exposure of Prodrug 3 was
al so assessed in portal vein cannulated rats
5 fRNI9dMShd orrdl tAniRti it f9neT ick e Presdasgapredrugs

d f..100 ny o g bl ood aliquots were
si aglq%rzl(]esg) in G!%g%lgxg)l d a?i ‘d i nmedi at el y upon sanpling
at 5, 15 and 10 30 m nutes post dose. No |evels of

Prodrug 3 were . detected in any of the sanples (assay
= ¥ = ). These results suggest that, upon,

absor pt ohis RRAHY thdnGRgAes AP ithtda Yadr% Hick
yield 6-R-HWAS prior to exposure to the liver and
10 Ex¥tEAdEsori D o rghmaus mhassdEolpbeatigise acptqmtrile
: . : CLingit v . '
USRS R i e, This
patdogets approx itated het & fcdel amagentdrthidrorfactor

| DS AL SR s e
peni cigddRases i dd by ead-daee R use of Lc/MS/Ms
15 in negative ion operation. Single guadrapole operation .
was inadequate for éelectivq detection of the analyte.
The pH of the loading solvent (95:5 20 mM ammonium
formate/acetonitrile; solvent A) was ~ 5.0.
| The analytical column was an Pheneomenex AQUA C%S
20 4.6 x 50 mm. ‘ |
All sample preparafion was completed in 96-well 1.2
mL MARSH-tubes. The samples were prepared as follows.
The Plasma sample (200 pl) was added to 400 pl of 95:5
acetonitrile:20 mM ammonium formate containing 5 pg/ml
25 sulbactam as an internal standard. The samples were
centrifuged at 3000 rpm for 10 min in a table top
centrifuge. The supernatant (400 pl) was then
transferred to clean 1.2 ml MARSH® tubes. Chloroform
(600 pl) was added to the samples, which were then
30 mixed, and subsequently centrifuged at 3000 rpm for 10
minutes. The transferred aqueous phase was then removed

from top (~ 100 pl) and then analyzed.

Mass Spectrometry Conditions:



bacteria. O these, only clavulanate is directed
toward 25 oral therapy of community respiratory
w0 pdoeo1s48ns. Na- HVPAS was tested agai nst a coPCEDR20@003582

of cell-free penicillinases commonly found in H
i nfluenzae and M catarrhalis that are resistant to
anpicillin. The data in theifollow ng table indicates

that Na-HWPAS is 30 equivalent to lithiumclavul anate
against the'ROB-1 and TEM 1 enzynmes from H.

5 Mafslsue@eaeroﬁieltetxhr e@Hiet3a00l apkaeise iimhneidgegiseneoa
ver ot,ent i nst the BRO and BROZ

Hk?ﬁ]ly i Slllnﬁfagé% oFRF AN (L SE glspﬁﬁllyl s, with '

SWrh3ekamnbeidg o masftgoact i ve (Table 1). A broader
35 anal ysis of (3- |'act amases from 30 recent clinical
WO ifGe4 TPe484<PCT/-RB2@Y3/ 003582 63 5 isolates of M

%%ﬁﬂ&%'}%' %tr%l}%\ym?’hh% Na- HWPAS was ef fective at

|bt|n and BRO- 2 enzynes from all of

110 Neeﬁﬁlgtaltaloms,anﬂ tHeaan gave kage sitesl aef nkeB@d M | C50s
of P-lactanmase inhibitors against (3-lactamases in
cell extracts 1C50 4 LM |actamase Strains Type

R%lg&qg,tnamogl(t%ﬂ-iw S Cavulanate H influenzae ROB-1
3.40 0.01 0.04 ATCCA3334 H. influenzae TEM1 4.78

®.-G3 HYEGS - 54AREZ3 =M 2B& arrhalis BRO-2 0.03 0.32 0.11
%uﬁ%}7%‘ATQQé§61532NI Cqﬁq{rhalls BRO-1 0.011 0. 143

15 Amoxicillin: 364 => 223
Clavulanic acid: 198 => 136
Run time: 3 min.
RT: ~ 2 min for all analytes
Injection Volume: 20 ul
20 HPLC Conditions:
| Solvent A: 95:5 20 mM ammonium formaﬁe: acetonitriie
Solvent B: 95:5 acetoﬁitrile: 20 mM ammonium formate
Analytical Flow: 1 ml/min
Flow to Mass Spectrometer: ~100 pl/min
25 Ballistic Gradient Schedule:
0 - 0.5 min 100 % A
0.5- 1 min 100% A to 100% B
1-1.5 min 100% B
1.5 - 2.0 min‘lOO% B to 100% A
30 LLOQ = 0.1 pg/ml for 6-B-HMPAS and amoxicillin, 0.5
Hg/ml clavulanic acid
ULOQ = 50 pg/ml (All)
Regression = linear 1/x weighting
Column life ~ 300 - 400 injections

35
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87A1115 *All inhibitory values are determ ned agai nst
the 10 chronogenic cephal osporin in a colorinetric

w@2®ayp18488i ochem cal activity agai nst (3-1act areEEER003/003582

fromother pathogens, including those associated with
skin infections: Na-HMPAS was conparable to
clavulanate in 15 ternms of %% inhibitory potency

agai nst a wide variety of TEM extended spectrum

bet a-| act amases (ESBLs) whil e Na-HVWPAS and
Epxtalaata REHE1igSAN RaEEnpayabPBirneXpefERey ot

?%ﬁ?g?lt% ES%g al Zgggleg%éé@g P]_QEEUCQ?LOQ% Q03384u18€eq

1on O ect ed extended spec rum
¢3tbaﬁbamawéﬂg(ESBﬂsﬁd@hﬁﬁetrAthn bfhicbet prodrug at a

3-lactamase |1 C50 (J | bact ol
5ot Ao e Bana b B 18, bIGPR Y CGuss g voks Frabadized
9n14.Q. 816 a%@ﬁl1§%é&lgieigwh%oﬁ £8mB19Ag0a025,K15 and
pneunoni ae TEM 3 55 <0. 00 003 104 K

pRemdbrtes PENLS5d9s68 0Nogleyedg3ofCPEO4rkI Bn¥giBni ae

9 0 e FE 2
5?5%%%%7@0%83O%NE@%%R‘“&%%SunS%ugg‘wEb@ sE-18°0. 0o
Dofml) CF1304 sk rerednenisaggEEn that0ud6n0 ab6odphadn,
Prodrug 3 undergoes rapid hydrolysis to yield 6-pB-HMPAS
prior to exposure to the liver and circulation

throughout the body.

Example 12

In Vitro Screens

Biochemical activity against P-lactamases from
community respiratory pathogens: Only three beta- '
lactamase inhibitor moieéules exist in the marketplace:
sulbactam, clavulanate and tazobactam. All three
inhibit type A penicillinases found in a broad range of
bacteria. Of these, only clavulanate is directed tbward
oral therapy of community respiratory infections. Na-
HMPAS was tested against a collection of cell-free
penicillinases commonly found in H. influenzae and M.
catarrhalis that are resistant to ampicillin. The data
in the following table indicates that Na-HMPAS is
equivalent to lithium clavulanate against the ROB-1 and
TEM-1 enzymes from H. influenzae. All three beta-
lactamase inhibitors were very potent against the BRO-1
and BRO-2 penicillinases found in M. catarrhalis, with

sulbactam being the most active (Table 1). A broader

analysis of P-lactamases from 30 recent clinical



10

15

E264 K. pneunoni ae TEM 24 10.48 7.13 0.01 CF1104 E
coli CF1609 TEM 25 2.58 0.04 0.02 K pneunoni ae
WO EHAB484 56 0. 08 0.02 5657 Serratia S6 Sne-|PABIERE03/003582
0.68 19.55 5 *All inhibitory values are determn ned
agai nst the chronogenic cephal osporin in a
colorimetric assay. In gener&l, it can be concl uded
that Na-HWPAS is conparable to Iithium clavul anate.
WO 2004/ 018484 PCT/ 1 B2003/ 003582 65 5 Susceptability
asgéytﬁer of3M. a@ﬁéﬁa‘géaéﬂédabpwgd spati ¥N3-HMPAS was
qu nzae nd tarr The r
R e il i
a§§e§>§e@h@%bngt%llﬁgcakﬂltﬁolaat 8seehbgl 1tof ldrenzae and
M “X10 catarrhalis that produce ( 3- ?actanase The
NCCLS (Nat|onal Cbnnlttee for G i ni cal Laboratory

St ulldul uo o ch SUSLT I IJI I I l. y III:I. IIU fur .
A&&ﬁ@ﬁtpﬁ ﬁségcgamﬁﬁﬁeanbl 1Fg¥§oag§1nst E lactamases in cell
anoxi ci | I'in/clavul anate. The hesuts indicated that

for 46 beta-lactamase (+) strains of H 15 influenzae,

tthe amoxicillin M and M C90 val ues (ircg, (umthe

m ni mal inhibitory|concentrations required to prevent
tihe gromﬁh of eithiadﬂﬁm%m39096of the isol ates
tresteth—for—both—anoxiectH-nfotarutanaterand ‘
aﬁE%?&ﬁFl|n/6 (3- HVFAE were 1 %ﬁﬁbﬁéﬁ?ﬁﬂ QE§§§Q%¥¥@EF}?Vulanate
Y WL e The_valr ey, T 2T ampxigl 111 1/ fUlgaact am Mgl 64

: ang g g% . Not & gﬁat the numoers refer to the o
ATCC43334

H. influenzae TEM-1 4.78 0.03 0.02
54A1173 |

M. catarrhalis BRO-2 0.03 - 0.32 0.11
8721178 _ ;
ATCC43617

M. catarrhalis BRO-1 0.011 0.143 ° 0.14
87A1115 |

*All inhibitory values are determined against the

chromogenic cephalosporin in a colorimetric assay.

Biochemical activity against B—labtamases from other

pathogens, including those associated with skin

infections: Na-HMPAS was comparable to clavulanate in

terms of its inhibitory potency against a wide variety
of TEM extended spectrum beta-lactamases (ESBLs) while
Na-HMPAS and clavulanate were usually comparable in

potency against ESBLs.



anoxicillin concentration in the m xture. For 48
isolates of M catarrhalis, the MC50 and M C90

wo 2004088480r anoxi cillin/clavul anate were <0. 12BCHIBR003AH3582
0.25 g/m, and 0.5 and 1.0 g/m for anoxicillin/6-(3
HWPAS, respectively. Values for anoxicillin/sul bactam

(2:1) were 0.25 and 1.0 ~Lg/e#l . Thus, M Cs obtained
with whole cells do not always correlate well with
inhibitor potencies against cell-free

bet a- | act amaslesikis i3m sfl b%@:ltearhaﬁa@tt@rsiﬁ @m%trrme
pot ent agai nst thg R%&a}%%e%nz fong%
catarrhalis. Susceptavility assa >1"3- Yet amase
produci ng species Streptococcus pneunoni aenhhibeton
itro activity WD 2004/018484 PCT/| B2003/003582 6815
of the conbination |vihsl axorgpersed | wi th that Dhsedmgd*
W th anoxicillin alone against|clinical isolates of ‘
S, pneweiinge that| wer gypkassi t sgetlbastpens eptHVPAS ||| Clavulanate
susceptible -internediate and -resistant. Some of—
t%s@%&k&wmd hi@i‘d Yevel résidstance t0 1£0 0.05
et uu = q IbII N th T MGs a tie 47 87 0.02
rar#e A%s 501f;%ecjt ed |for a pa]t hogen wi'th PBP-base
resigst geimdreisdd t s| f orTENead at es 0f0,.S5 pneuramnicas <0.003
. |qonfirnmed that the jpresence of inhibitorsjhad no
iInfl uené&& I anoxicjillin MCs. 15 The ampxicillin
NTC3O5 S W, L for Zigpent CiITTTy g T €51 STANs <0.003
strains (penicillin MCs from148 g/nl) were 2 and|@4 !
g/m forCEafexicillijn alone and for all beta- |actanase
HARh-bi-ter conb.ﬁ"*io“s ested—at
ki G B tor AT G0 of |2: 12791 hnd A%, >100
L-1 '
K. pneumoniae TEM-12 5.86 0.27 <0.003
MCV37 | -
K. pneumoniae TEM-16 5.80 0.09 0.06
CF1304
K. pneumoniae TEM-17 10.36 0.66 0.004
E264 ‘
K. pneumoniae TEM-24 10.48 7.13 0.01
CF1104
E. coli CF1609 TEM-25 2.58 0.04 0.02
K. pneumoniae TEM-26 0.56 0.08 0.02
5657
Serratia S6 Sme-I 15.65 0.68 19.55

*Al1]l inhibitory values are determined against the

chromogenic cephalosporin in a colorimetric assay.

In general, it can be concluded that Na-HMPAS is

comparable to lithium clavulanate.
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20 Finally, all conbinations were tested against a

group of 21 penicillin-internediate S. pneunpni ae and
wa204fpesaBLi | | i n-susceptible isolates. Again, aPCT/DE20031®3582
MCs in both groups reflected the anmoxicillin

conmponent of the conbination. Anoxicillin MCs for
the internediate 25 group raaged from0.03 to 1 g/ ni
and the MCs for the susceptible group were <0.0156
to 0.06 jig/{m. Assay Methodol ogy: The assay was
performed according to the nethod described in NCCLS

Docunment M- A4, Decenber 30 1997 and MLOO- 512 2002
SBEEeaEePAL DY ABEAY PRF R S G RERC : [ $RE

FestarhaenBagt gégaMth@%ta§§agaf§ro@hgaahyVIe@@rﬁﬁﬁggéty

afevagiogn patthecof a6 ep alfdPAP| anésanGoi ohl b5n avas
suspe WD 2004/ 018484, P B2003/ 0358
SR R E R BB O0P A28z 1 8ha3e A2 .
?QF%QIHQ§lQe aekb§$%ﬁééeg igcgaﬂasgntfhéhhéaﬂkland

er sterl zed Isis mxed wth 50% gl ycerol to
aNaﬁnaﬁhlcobmamttaE|ﬁoro@liﬁﬁ@glybeboratckvmﬁhandards)
St rept ococcus nlae a g a ca arrhalis_is
3BBTS¥FIpEUSEF t% st|%8g a%b%°5| %@eﬁ aonﬁ%%d

Emked Mgl k-geibi ffoamefc%mmhﬂ$c58(why§ﬁgtéheemhél pegults -
For freezing, 50% gl ycerol is added to a fina

todéentedt tbat §Pr289, bALR - dpretpmasen (al S‘?GaénS'Of H.

, PARATI mell ti 50:
ng ggngggNugggpggg Fkéigrugﬁgc utf%ﬂgﬁkp &%ﬁ%%é g?ée"
%ﬁegh&dlmuﬂ inhsbfitbeieabngaantrbtyone naqalaedxto

wor ki n st ock sol uti_on ug._i.s sol uhi e
BF SYEh: rthﬁpﬁFSWF%aPé §6F5%ﬁ??°%i8§055 E% g%IE] aﬁes
t88tLRY for both amoxicillin/clavulanate and

amoxicillin/6-B-HMPAS were 1 and Zjug/ml, respectively,
while the values for 2:1}amoxicillin/sulbactam were 4
and 8 ug/ml. Note that the numbers refer to the
amoxicillin concentration in the mixture.

For 48 isolates of M. catarrhalis, the MICs, and
MICyo values for amoxicillin/clavulanate were <0.125 and
0.25 pug/ml, and 0.5 and 1.0 pg/ml for amoxicillin/6-B-
HMPAS, respectively. Values for amoxicillin/sulbactam
(2:1) were 0.25 and 1.0 pg/ml. Thus, MICs obtained with
whole cells do not always correlate well with inhibitor
potencies against cell-free beta-lactamases, as
sulbactam was consistently more potent against the BRO-
1/2 enzymes found in M. catarrhalis.

Susceptability assay for Non-f-lactamase producing

species Streptococcus pneumoniae: The in vitro activity
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medium and 100 | is serially diluted twofold through
a 20 series of 10 drug wells each containing an
WO piottogd484 vol une of 100 | medium [ col ums 1 , t PCDIRPA03/003582

10] and 1 drug well with no inoculum[colum 11].
Colum 12 is a bacterial inoculumcontrol well
containing no drug. Final v une in each well is 100
|. 25 Drug plates for H influenzae are serially
diluted in HTM which has been pH adjusted to 7.4 with
PENtRgORCTRAG AL PReVaSt EPIPPEEE. W‘-Fﬁb 5hREr OPRETYFECHASH
Ah8acs 8l 1HU R0 AnllighpehoH BEaR 1@5@5138&%{%(3@%3@’%6‘1

orse ood ntr conpoun are run wth each
@ﬁsawonﬁa@gt&@tpMatescéaesﬁmednaatpeniﬁlCland t hawed

on the d OF .1 NOCUL U fl uenzae
§P§CEP5%%{eoveﬁﬁF§ﬁP gﬁa ePPEr "EFRLS aﬁgar EPQFe ,
wihtbh 1% Re R0 JaRd gW-t hel % Gk ikehaeel abe agar
plates] in a 35 5% CO2 incubator overnight at 37 C S
peadwiilde and WHo20041018484 tBCMICB2003£063888 UG§FmMS
M catarrhalis are grown on

el |
CERERIni A SHPSREER BPG0d BRG 9?%;W§55e058n F?ans
PRERARATILAN O clNESUELM 1 QvekRieahtb rosoWphelinemiae agar

pl ate was t'aken and resuspended in the appropriate

|, cestf impdidutmhall [theyppessness oferabadiitoredhed ac10

$LIAA B DY spackianlopauelry on the day of e

ass enmophiTas st ‘medi um (HTM, broth for
H. |HEbU%mtaﬂcdﬂld&tMamsﬁupnkfmﬁhhﬁd Bbel perpéhnedhlin-
broth plus 5%1ysed horse blood (for S pneunonlae
aec IMt angatsdmelialsi Spend cd lldmbMIiCey feerr dsFoHEi/Ag )t yexe
0.5 15 McFarl and standar S i on 1
fognd 4 ug/ml for amox%CQ1i%nP%q%n% a&%b%%& al&ob%té-
lactamase inhibitor combinations tested at
amoxicillin/inhibitor ratios of 2:1, 7:1 and 14:1. '

1
Finally, all combinations were tested against a group of
21 penicillin-intermediate S. pneumoniae and 12
penicillin-susceptible isolates. Agéin, all of the MICs
in both groups reflected the amoxicillin component of

the combination. Amoxicillin MICs for the intermediate
group ranged from 0.03 to 1 Ug/ml and the MICs for the

susceptible group were <0.0156 to 0.06 ug/ml.

Assay Methodology: The assay was performed according to

the method described in NCCLS Document M7-A4, December
1997 and M100-812, 2002, Methods for Dilution
Antimicrobial Susceptibility Tests for Bacteria that
Grow Aerobically- Approved Standard.

PREPARATION OF FROZEN STOCKS: H. influenzae are

grown on chocolate agar plates. Colonies are suspended
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CFU m ). This suspension had an OD 625 of 0.14. To
obtain a final inoculumof 2-7 x 105 cfu/m in the

wowedo/018484 nal vol une of 200 1), the foll owi ng PET/IR20G3582

were nade fromthe MFarland stock: 20 All H

i nfluenzae strains were diluted 1/100 in HIM Al S
pneunoni ae ‘and M catarrhal iess were diluted 1:100 in
cation suppl emented Muell er Hinton broth containing
5% | ysed hoise bl ood. 25 | NOCULATI ON OF PLATES: 100 |,
@htphéaémbqheau8|heeUImﬁﬁngmadHEM t BewgéhDiggnoptafrs)

Pt SFngaFebiehorsond) BFEEHoFoLdr, PUEHE RORRLrY REE

E@eﬁealbuéedlaaeaoprmatelys fniseedahavn) soat glycerol to a
mcrotiter wells will have a_final _ 30 inoculumof 2 to
figajosoerertEptivheed CAF| JLHEELPA - ar EXO¥SAT PEned on

@@g@g@b@b@%@% ?%eB%BEQEE‘BQdVMQQEkbEMa cauatshaf skheg
wel |

‘at zero me. This is easily done by renoving
EOrhpédowfﬁhehmeplbéndddagarlpgat58|anOPﬁﬁcedflnto

BB4r6E5 58 PETPT Ro00SF U0a5R0 8BTS SAFLBr SUBPREx KT

¥0Rckzieh,t Besdigliytedosuspensiden ik® asgiaald esnachkteadion
a ar plate or a chocol ate agar plate in the case of
PRf-uehtdedrFolfredrRg3tncdfat fon, the presence of

gguf%b%&&m&&%w @fgegRgar bRAGHLUM @%n%n aacrét&tw

tures use I nocula into the
piletets bee MBaﬁsfametQEréahgddﬁéutspngle é&ﬂodmassande

obse d f t ol
AR A S RS S IRCRRG) 90Vl NOURATL R
%ﬁ%c@ %b&%tl@hgrobkh§r1@|@b&&b@ﬂ@zed in DMSO or other

appropriate solvent, dissolved to volume in testiné
medium, and 100 pl is serially diluted twofold through a

series of 10 drug wells each containing an initial
' t

volume of 100 pl medium [columns 1 through 10] and 1
drug well with no inoculum [column 11]. Column 12 is a

bacterial inoculum control well containing no drug.

Final volume in each well is 100 ul.

Drug plates for H. influenzae are serially diluted
in HTM which has been pH adjusted to 7.4 with 1 N NaOH
and filter sterilized. The other two species are
diluted in Mugller Hinton broth plus 5% lysed horse
blood. Control compounds are run with each assay. Drug
plates are frozen at --70 °C and thawed on the day of
use.

GROWTH OF INOCULUM: H. influenzae are grown
overnight on Mueller Hinton agar plates with 1%
hemoglobin and with 1% GCHI [chocolate agar plates] in a

5% CO, incubator overnight at 37 °C. S. pneumoniae and
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incubated in plastic boxes in a controlled humdity 15
i ncubator to prevent evaporation fromthe wells.

web@bmess4s8ar e stacked no nore than 4 high. Al PCT/IB2003/003582

mcrotiter plates are incubated aerobically at 35 C
for 24 hours. Al plates are incubated and read after
24 hours and results-are resorded only if the contro
drugs for 20 the NCCLS type strain H influenzae ATCC
49766 and S. pneunoni ae ATCC 49619 is within the
MubbasheﬂhaamgearéNE@w@m ®L0QusSl Per 2002 on Bradpl e 13

25 In,Vivo LN _Vivo Iactanase Lhhi bifory
88?F9FF§“%f5 f%66¥mE£893a§nﬁ%¥e§h%n A orSpageisnts
1i - | aphapRERTE N OAt hvgepsuMt hadveenegky afvaked FRo@uan
pre-clinical infection nodels. The data for these"
sghecpbdtesurat bakpRdrEdt E853EPERAEd 61 3L RPARPF P 1ate
geners %h¥uﬁqU|XfieQ£s% Lexg'@eegeadgﬁgtéhlestanases

e respiratory pathogens H uenzae and M

eahaﬂahalos bﬁbspebtnbphosomedrﬁ ondehe fayt hEsthedakgay

Mongol i an ils we | | th
BPLRS HaorAEnhOns abe SEeHERL RO ot AR gEPhFPE {80 60
ghfﬂﬁéﬁzgg)3906é9i§ﬂ8§u5§2éh539@§/ﬁggﬁﬁgr ¥Onbon broth

chal l enged with I o U of H influenzae or S.
pheanﬁﬁléﬁsadlhvéﬁédblﬁod 5§opL SvoPurEmPRE 8t RB| ¥ft"

%%B%%h 1?§g'eo Elgnksﬁalngueargga oﬁﬁﬁhé egta 8. gose-

es 6nse rapelt rc " regimen was I nitrat f or
Mchayahdwethnﬂhedceubpaabnon whbéubx&ctblenxamd u
Pro

del i ve g the_dosa uL
9§P2W% ofTbléosuﬁéFH§F88|Laao§€ OBnpesl BT %D%%S mgPe
cakeyhatedshE®Minoculum of 2-7 x 10° cfu/ml in the well
(final volume of 200 ul), the following dilutions were
made from the McFarland stock: |

All H. influenzae stralns were dlluted 1/100 in

HTM. .

All S. pneumoniae and M. catarrhalis were diluted
1:100 in cation supplemented Mueller Hinton broth
containing 5% lysed horse blood.

INOCULATION OF PLATES: 100 Ul of the diluted
inoculum is added to each 100 pl of diluted drug in the

sterile test plate. Total volume for the test is 200 ul
per well. Strains that have been diluted appropriately
(see above) into microtiter wells will have a final
inoculum of 2 to 7 x 10° CFU/ ml. These cell inocula are
confirmed on random plates by performing viability
counts of the wells at zero time. This is easily done
by removing 10 ul from the well and diluting it in 10 ml
of sterile, physiological saline (1:1000 dilution).
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bacterial clearance data on day 4 post-challenge. The
anoxi cillin/Prodrug 3 and Augnentin conbinati ons were

weeuwabisgseffective in clearing this 15 pat hogetI/ym2068/003582

ED501 of 6-10 ng/ kg, and outcomes for the 7:1 and 14:1

conbi nations were equivalent. Amoxicillin as a single
agent failed against this pachogen. Mirine systemc
infection nodel: In this nodel, Female CF1 or DBA/2

m ce (18-209g) were challenged 20 intraperitoneally

wrtll egr2eiGhl) aboSulpsgurnai a&luskd ausgeasabnwhs
catarrhalis'suspended in_broth, 10% nucin or
l@@@@ﬂsoveasblopésﬁséﬁ|@éﬁye Qﬁdadéhp€@#é&e|ﬁgér pdgte

“{l Lyl uoe. Ope hoyr, Aogtchal | @ggﬁowangoaachggeqaae the

erapeutic reginen was initiate 5
@aﬁpewcehofhé0ccmﬁpnabsonndﬁcAﬂeﬁlanlhnwbﬁﬂumrdgnslty of

5 SR T/AE 1 b ke sk 2R A T P

&ﬁ@&b&ﬁ%ers%Eéy%abr@a%%r@ak@@yférpgahgqeabb@6@eesTa@d
conbi nation of anoxicillin/Prodrug 3 was 30 effective

Oﬁsﬁﬂﬁﬁécﬁpﬁgtﬁpééaﬂr@@ﬂ@@ﬁtWoﬁpéﬁﬂégw of these
3- Ia ey, T f
( il%l oty 8%t gﬁ'cﬁ%étl ISR A he Gt i \ilaE)iflgo

t he anDX|c |nat|on was conpar ab
@ﬂa&h&b,aﬁdéugmemhenpaates equicralténtrvelstesHare

i.nfl uenzae ,and_sl I
BT P T 1 oM Lo RO AREr PRy Lhete TUREtERY o
h@@%ﬁ@@o&oQQ/%&%@%ﬁtP€¥% Q&b@Q%&%& tht %elih®.l4plates

conbi nations. Data for the skin and _skin structure
pachcferkeS. naurers than gnddgbni adlan@iprogditier gpdates
QE%JJHEHH£@§§ g%rgﬂiﬁ§¥1%9@%n%5ta@ dr %%rT%%rs.
eunomni Femal e - .
All plates are incubated and read after 24 hours
and results are recorded only if the control drugs for
the NCCLS type strain H. influenzae ATCC 49766 and S.
pneumoniae ATCC 49619 is within the published range

(NCCLS, M100-S12, 2002).

Example 13

In Vivo Efficacy

The in vivo B-lactamase inhibitory activity of 6-fp-
HMPAS was determined for the B-lactamase (+) pathogens
that were evaluated in our pre-clinical infection
models. The data for these selected isolates indicated
that 6-B-HMPAS is generally equivalent to clavulanate
for B-lactamases from the respiratory pathogens H.
influenzae and M. catarrhalis.

Gerbil otitis media model: In this model, Mongolian

gerbils were challenged with S. pneumoniae or H.

influenzae. Female Mongolian gerbils (50-60 g) were
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(18-20g) were challenged intranasally with log 5-6 CFU
110 of S. pneunoni ae delivered in a 40 pL vol une and

wer@hoesasd hour s post-chal l enge, a dose-r esponsECT/IB2003/003582

therapeutic reginmen was initiated (b.i.d. for 2 days)
with the conbination of Amoxicillin/Prodrug 3 (7:1)
delivering the dosage in a 200 pL volune of 0.50' 15
met hyl cel | ul ose vehicle. ED50s mere cal cul at ed
fronithe survival data on da E % chal | en €y
%m$$¢nWl%%D&?%|$T§n¢EVoﬂ %ﬁ UABEREN?T n° - wer e

f ai Qs [ I i r ek
FRBLL P e et s e e

pympanrocb@llstraEnghtéB@shoﬁrQ gest 3chyl kepge 5i acdose-

enicillin-tolerant strains of_ pney not, "
FarBopse Q%%r?%%? nastSIthe" alef vit EPl Egd g?CIf heE 2
agys) lﬁpfﬁvﬁﬂe(B@mbiﬁat1oﬁnbﬂgmﬁbzfdilbynt@ﬁdppes&ﬁﬂg 3
of 6-p- HMPAS or cl avul anate, The_ hi gher PD50s not ed
Weh) tﬁ@lzﬁebéﬂchhﬁlﬁOﬁégﬁréﬁtas§P%lHLr%P%PWQeOFo the

ﬂgghg%éﬂgalégécsmms st Eﬁéb‘s' SefONShBLEDLL Wit Brbhe

n sunmary, In vivo oral activity for

‘bheteoﬂhlnaléananéeadakacohldﬂYPﬂoyoag @hé¥ilengad

14:1) wa d I,n._ahead- fashion with
Augneﬁb?naWﬂXé 7 éPBPgrB?i%|§nﬁegF%mﬁ% %P and nouse
Hggﬁhﬁaeioﬁngéﬁélég§a§m9 pReyseiNye. itheélearing this
amoxi cill'in/Prodrug 3 conbination dennnstrated

paﬁb@gabl with FPwe aét PviPymgkay habdoPURaghent fATvERe
d2 ?pgh t ﬁyltégﬁéﬁﬂgE98g§n§egg aﬁBELEHQHEae'AmB&1C1111n

arr 'S an pneunoni ae) In 35 and sof
hbsauelpgnhoggeﬁt(SaiaadeagalﬁstcbhusapdtKogm@

20041 giades ToT( E200a 00ceRt, 2.5, BRI EELAD:
Female CF-1 or DBA/2 mice (18-20g) were challenged
intraperitoneally with }og 2-6 CFU of S. pneumoniae, S!
aureus or M. catarrhalié’suspended in broth, 10% mucin
or 3% Brewers yeast, respectively, and delivered in a
500 pL volume. One hour post-challenge, a dose-
response therapeutic regimen was initiated (b.i.d. for 1.
day) with the combination of Amoxicillin/Prodrug 3 (7:1)
delivering the dosage in a 200 pL volume of 0.5%
methylcellulose vehicle. ED50s were calculated from the
survival data on day 4 post-challenge

The combination of amoxicillin/Prodrug 3 was
effective in protecting mice from death from all of
these B-lactamase (+) strains. In general, the activity
of the amoxicillin/Prodrug 3 combination was comparable
to that of Augmentin (i.e. eguivalent versus H.
influenzae and slightly less against M. catarrhalis).

The 7:1 combinations were generally more effective than



the anmoxicillin/Prodrug 3 was consistent with the in
vitro activity of this conbinati on when assayed at a

wWQ@2m4/018384 0 in the M C assay. In Vivo Anti bacteeT/mE2003/003582
Activity (Oral) vs. Respiratory 10 Tract and Skin &
Skin Structure Pathogens (Egﬁp ng/ kg) _ Pat hogen
Amoxicillin Prodrug 3' Anoxi'Gillin/Prodrug 3 Augnentin
(7/1 ratio), (7/1 ratio) GCerbil OQitis Media Mdel

DRI ST RCEERGP BAD I8 0 b

eathuenzaepatfbgelds 9.8hLréuk3. K/lpﬁeU@Bﬁéﬁélahd E. coli
Mor axel | a caiarrBalls 103 iOO 37. 6/g 4 12.6/1.8
pE?AT118) 1BEAPAFFodBCERE ARIEEYIRY062R1555 30. 6/ 4. 4
17. 8/%u§1né0§ﬁ@ﬂgghlél%eabﬁlI@npegwavmaa@1>2@@m525 CF-1
20. 2/ 279713707178 _(53A003T) Eschericia coli >200 >100
62822899 v46L20h8lleByeA028YyanBase lPnEkEbNlaIVBdEl CFU
pt ococcus .pne n 5.22 3 8l

10 P%z%105€?“§9?é6 o?ﬁEeaé?sﬁeaﬁD%.éé §@3V§%§%§.8§F0.38
2166£6ed8ho(122)H0L6) chhe 1khyst, aaaueekmébpahes t he
anoxicillin concentration  whil Rg on% value is
FhérBE?HtPécFéﬁ&§€n|WﬁFbFFéFlat?ﬁu ers %n ﬁ5r§n§ﬁ¥§és

MEQEcﬁhé BEh%@ha%ﬁBﬁ'Bf|@m$§;@HEQQE$Prodrug 3 (7:1)

delivering the dosage in a 200 pL volume of 0.5% :

15 methylcellulose vehicle. ED50s were calculated from the
survivél data on day 10 post-challenge.

Amoxicillin, amoxicillin/Prodrug 3 ang Augmentin
were equally effective against a penicillin—tbleraﬁt
(PDsos of 22-25 mg/kg) and penicillin-susceptible

20 pneumococcal strain (PDses of 2.7-3.3 mg/kg). Since
penicillin-tolerant strains of pneumécocci do not harbor
a B-lactamase, the activity of amoﬁicillin is not
improved (nor is it antagonized) by the presenée of 6-f-
HMPAS or 'clavulanate. The higher PDggs notéd with the

25 penicillin-tolerant strain relative to the penicillin-
susceptible strain is consistent with the higher MIC.

In summary, the in vivo oral activity for the
combination of amoxicillin/Prodrdg 3 (7:1 and 14:1) was
compared in a'head-to-head fashion with Augmentin in a

30 gerbil otitis media model and mouse models of
peritonitis and pneumonia. The amoxicillin/Prodrug 3
combination demonstrated comparable in vivo activity to
that of Augmentin vs. respiratory tract pathogens (H.
influenzae, M. catarrhalis and S. pneumoniae) and skin

35 and soft tissue pathogens (S. aureus, E. coli and K.



WD 2004/ 018484 PCT/ |1 B2003/003582 73 5 In Vivo
Anti bacterial Activity (Oral) vs. Respiratory Tract
wW@pah4Bkidgd & Skin Structure Pat hogens (ED50, ngPCRIB2003/003582
Pat hogen Anoxicillin Prodrug 3 Anmoxicillin/Prodrug 3
Augnentii (14/1 ratio) (14/1 ratic GCerbil Qitis
Medi a Model | Haenophil us i 14 uenzae >50 >25
10.5/0.731 5.8/0.4 (54A1218) Murine Systeni c Mde
s Haenophi,|l u Lnf%henzae >100 >2§h12”3/0”88 37.%/2.7 £
{’é&ﬂﬁ?%éi’e rAxEPFEScRPEPFRal i $7S108 Y158 Bsr5P3Mgnee ©
%§e65ﬁo£1c&@Zé&l@%bd§h%pbywagoe@ﬂ§1auéﬁu5wziﬁothé215
94.2/6.7 24.4/1 0400) Kl ebsi ell a pneunonai e
s52000>26t23i4y10¥ B 1&/EomblP63A903Y¥eEséﬁéﬁV@ﬂaaéoﬁl2 1
0 4 14 (51A0257) Mouse Pneunoni &'
ﬁég P é8r5%§0@28c8é3§ éunoni ae 25 125 23.6/1.7 b
I%. &h&oOAntQBA&ﬁaiﬁa$tAeptombyc&@rpmeunenlRe8313abaﬁy
1. 6/0 11 1.8/0. 1

10

is the beta-|actamase |nh| bi tor 2 Nunmbers in
par ant heses indicate Pfizer strain ID 10 nunmbers. WO

Pmm%994/018484 PCT/IB%QQﬁéﬂp35§%odm@ 3! Amoxicillin/Prodrug 3 Augmentin

{7/1 ratio) (7/1 ratio)

Gerbil Otitis Media Model
Haemophilus influenzae >50 >25 8.9/1.3" 9.9/14
(54A1218)
Murine Systemic Model
Haemophilus influenzae >100 >25 9.8/1.4 13.4/1.9
(54A1218)
Moraxella catarrhalis >100 , >100 37.6/5.4 12.6/1.8°
(87A1115) !
1
Staphylococcus aureus >100 . >12.5 30.6/4.4 17.8/2.5
(01A0400) ‘
Klebsiella pneumonaie >200 >25 20.2/2.9 13.0/1.8
(53A0031)
Eschericia coli >200 >100 - 62.2/8.9 146/20.8
(51A0257)
Mouse Pneumonia Model

Streptococcus pneumoniae 25 >25 21.8/3.1 21.8/3.1
(02J1095)
Streptococcus pneumoniae 3.3 >25 2.66/0.38 2.66/0.38
(02J1016)

lThe first value indicates the amoxicillin concentration
while the second value is the beta-lactamase inhibitor.
’Numbers in parantheses indicate Pfizer strain ID

15 numbers.



74 5 Cains W claim 1. A prodrug having the

structure: 10 HON~- O O ,- 00 wherein Ris Hor
woredohpig4s4 and sol vates thereof. 15 2. A prodr upCDiB2003/003582

Caim1l selected fromthe group consisting of

4-thia-|-a;abicyclo[3.2.0]hrptane 2-carboxylic 20

acid, 6-(hydroxynethyl)-3, 3- |nethyl 7-0x0-,-1- --

(benzoyloxy) met hyl ester, 4, 4- di oxi de (28,5R,6R)

4-thia-1-azabic cIo 0] hept -2- ar boxylic
s St D AR IBheeLoLa. 2R bR e 2 et boL i 26Ld,
(EQQE%OXheXmuﬁt Rykkest etrudcdrdi 0¥LH8gEAS IRDER) . mg/kg)
4-thia-1-azabi cycl o[ 3. 2. O]heptane 2-carboxylic acid,

6- (hydr oxynet hyl ) - 3, 3-di net hyl - 7- oxo- .
Pathﬁ%eﬁzoyl oxy) et hyl eg%néCP(lCI"lﬂ A- amﬁi)ﬂl%és (28% }%u/grodréu a Augmenfcu
WO 2004/ 018484 PCT/ 1 B2003/003582 (1471 tatio) (14/1 ratic

\w g =

Gerbll Otitis Media Model

|  Haemophilus influenzae >50 >25 ) 10.5/0.73" 5.8/0.4

(64A1218)
Murine Systemic Model
Haemophilus influenzae >100 >25 12.3/0.88 37.9/2.7
(54A1218) K
Moraxella catarrhalis >100 >100 42.5/3.0 23.6/1.7
(87A1115)
Staphylococcus aureus >100 >12.5 94.2/6.7 | 24.4/1.7
(01A0400)
Klebsiella pneumonaie >200 T >25 23.41.7 | 23.411.7
(53A0031)
Eschericia coli ’ >200 >100 - 134/9.6 196/14
(51A0257)
Mouse Pneumonia Model ,

Streptococcus pneumoniae 25 >25 23.6/1.7 17.8/1.2
(02J1095) :
Streptococcus pneumoniae 33 >25 1.6/0.11 1.8/0.1%
(02J1016) :

IThe first value indicateg the amoxicillin concentration
while the second value is the beta-lactamase inhibitor.
*Numbers in parantheses indicate Pfizer strain ID

10 numbers.
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5 4-thia-I-azabicycl o[ 3. 2. 0] hept ane- 2- car boxyl i c
acid, 6-(hydroxynethyl)-3, 3-dinethyl-7-oxo0-, (1S)-1-

W@ b@anssBoxy) et hyl ester, 4, 4-dioxide (2S, 5R, 6R)T/IB20d30003582

3. A prodrug having the structure: HOOS O NCH3 0O
"\Tr Oj-O0-01 \ and solvatgs thereof. 15 4.' A

phar maceuti cal conposition conprising: (a) a prodrug
of Claiml, or a solvate thereof; and (b) at |east
one pharmaceutically acce I carrier, excipient or
diluent. 20 5. A pharnacegégggféconposition of Claimi4

further conprising a beta-lactamantibiotic. 6. A
harnaceutlcal conposition of Gaimb5 wherein 25 said
&t §1P&Btam antibiotic is amoxicillin. 7. A

phar maceutical conposition of Gaim6 wherein said
prodrug is 4-thia-I-azabicyclo[ 3.2.0] heptane-2 30

car boyl i cRapredreg( hptiogy FBehgtyugtaxdi:net hyl -

0x0-, (1R) - 1- (benzoyl oxy) et hyl ester, 4, 4-dioxide WD
2004/ 018484 PCT/| B2003/ 003582 76 5 (28,5R,6R) or a

sol vate thereof. 8. A ph%rmgceuticaL conposition
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wherein R is H or methyl,

and solvates thereof.

2. A prodrug of Claim 1 selected from the group
consisting
of

4-thia-l-azabicyclo[3.2.0]heptane-2-carboxylic
acid, |

6- (hydroxymethyl) -3,3-dimethyl-7-oxo-,-1-

(benzoyloxy) -methyl ester, 4,4-dioxide (2S,5R,6R),

4-thia-l-azabicyclo[3.2.0]heptane-2-carboxylic

acid,

6 - (hydroxymethyl) -3,3-dimethyl-7-oxo-, -1~

(benzoyloxy) -ethyl ester, 4,4-dioxide (2S,5R,6R),

4-thia-l-azabicyclo[3.2.0]lheptane-2-carboxylic

acid,

- (hydroxymethyl) -3, 3-dimethyl-7-oxo-, (1R) -1-

(benzoyloxy)ethyl ester, 4,4-dioxide (2S,5R,6R),

and



(a) 4-thia-l-azabicyclo [3.2.0] heptane-2- carboxylic
10 acid, 6-(hydroxynethyl)-3, 3-di nethyl-7-oxo- (1R) -1
W@ b@anssBoxy) ethyl ester, 4,4-dioxide (2S, SRT/B82)P03/003582

or a solvate thereof, 15 (b) amoxicillin, and (c) a
phar maceutical ly, accept abl € carrl er, excipient or
diluent. 20 9. A nethod for Tincreasing the
t herapeuti c ef fectiveness of a beta-lactam ant i bi oti c
in a 1€ k t '

> an e?‘?gc ve %%En?ygg igbet g?#gékgaghea%t ?%%:g?l and
an e{af:eat,lveness i ncreasi ng anount of a prodrug of 25
Caiml1, or a solvate there 10. _A_nmethod ,of Caim?9
wher efn (B¥AgoBEREEh%L aﬁv%%ﬂ“ﬁFBWc T Qxanmﬁﬁ? rtin.
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thereof. 12. A nethod of treating a bacteri al
infection in a mamal be;,
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and solvates thereof

15 4. A pharﬁaceutical compositionydomprising:
(a) a prodrug of Claim 1, or a solvate thereof;
and
~ (b) at least one pharmaceutically acceptable

carrier, excipient or diluent.

20
5. A pharmaceutical composition of Claim 4 further
comprising a beta-lactam antibiotic.
|
6. A pharmaceutical composition of Claim 5 wherein
25 said beta-lactam antibiotic is amoxicillin.
7. A pharmaceutical composition of Claim 6 wherein
said
prodrug is 4-thia-l-azabicyclo[3.2.0]heptane-2-
30 carboxylic acid, 6- (hydroxymethyl)-3,3-dimethyl-7-

oxo-, (1R) -1~ (benzoyloxy)ethyl ester, 4,4-dioxide
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adm nistering to said mammal an effective anmount of

110.

a beta-lactam anti biotic and an effecti veness-

w0 presEsng amount of a prodrug of Claim1, orP@EI/IB2003/003582
solvate thereof. 15, 13. A nethod of O aim 12
wherein said beta-lactam antibiotic is anmoxicill.in.
14. A nmethod of Clains 12-13 erein the prodrug is 4-
20 thia I-azablcyclo [3 2 . O] hept ane- 2- car boxyl i c

aci d,,

(1R)

3- dimret hyl - 7- oxo-,

(gs Eﬁé%%g;ﬁxxf) teegpgfeof 4- di oxi de

(2S,5R 6R), or a 25 solvate thereof. 15. A nethod of
treating a bacterial .infection in a nanmal by
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10.

11.

thia-

or a

i n need’t her eof .
carboxyllc

acid, 6-(hydroxymethyl)-3,3-dimethyl-7-oxo-
, (1IR) -

(benzoyloxy)eth?l ester, 4,4-dioxide
(28,5R,6R), or L

a solvaté thereof,
(b) amoxicillin, and
(c) a pharmaceutically acceptable carrier,
excipient or

diluent.

A method for incrgasing the theraﬁeutic
effectiveness of é beta-lactam antibiotic in a
mammal comprising administering to said mammal an
effective amount of a beta-lactam antibiotic and an
effectiveness-increasing amount of a prodrug of

Claim 1, or a solvate thereof.

A method of Claim 9 wherein said beta-lactam

antibiotic is amoxicillin.

A method of Claims 9-10 wherein said prodrug is 4-
1-
azabicyclo[3.2.0]l heptane-2-carboxylic acid,

- (hydroxymethyl) -3,3-dimethyl-7-oxo-, (1R) -

- (benzoyloxy)ethyl ester, 4,4-dioxide (2S8,5R,6R)
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5 golvate thereof.
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12. A method of treating a bacterial infection in a
mammal by .

administering to said mammal an effective amount of

110. a
beta-lactam antibiotic and an effectiveness-
increasing
amount of a prodrug of C;aiﬁ 1, or a solvate
thereof.
15 . '

13. A method of Claim 12 wherein said beta-lactam
antibiotic is amoxicillin.
14. A method of Claims 12-13 wherein the prodrug is 4-
20 thia- '
' 1-azabicyclo[3.2.0]heptane—Z—cafboxylic acid,}
6—(hydroxymethylf—3,3—dimethyi—7—oxo—,(lR)—l~
(benzoyloxy) ethyl ester, 4,4-dioxide (28,5R,6R), or

25 solvate thereof.

15. A method of treating a bactgrial infection in a
mammal by
administering thereto a therapeutically effective
30 amount
of a pharmaceutical composition of Claims 4, 5 or 6
to a

mammal in need thereof.

35



