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-1 - TI TLE OF THE | NVENTI ON CARBAPENEM ANTI BI OTl C, COWVPCSI TI ON AND
METHOD OF PREPARATI ON 5 BACKGROUND OF THE | NVENTI ON The
present inventi on relates to a carbapenem antibiotic ﬂ&s

stabi | ized for? oY e antibiotic and net hods of prepar at on t eof .
The conposition can be used in the treatnent of I nfecti ous di seases,

i ncluding gram positive and negative, aerobic and 10 anaerobic bacteria.
The conposition provides good stability against bet a-| act amases, and a
favorabl e duration of action. SUMVARY OF{THE | NVENTI ON

A pharmaceutical conposition is disclosed which contains a 15 conpound of
formula I: [err] or a pharmaceutical ly acceptable salt,

stabilized form 1 ngugponﬁjm NFION hereof in conbination with a
carbon di oxi de sod]

As used herein, 'h’éﬁ(gl‘o’rgmgp h?‘lk @ ﬁ%ﬁ&@?ﬁﬁﬁg&%«%@mw

have a carbamat e BRERARATIONat the pyrrolidine 25 nitrogen atom as shovvn
in conpounds of fornmula Il. This carbamate is obt ai nabl e by conbining a
conmpound of farnula ) hydrate thereof with a
carbon di oxi de’ soRe R ' 3 Zam or sodi um bi car bonat e.
Exanpl es are shown as “for nuTlm pteqantjmwenaon relates g kariapgnem antibiotic

composition, a stabilized form of the antibiotic and methods of
preparation thereof. The composition can be used in the treatment of
infectious diseases, including gram positive and negative, aerobic and

10 anaerobic bacteria. The composition provides good stability against
beta-lactamases, and a favorable duration of action.

SUMMARY OF THE INVENTION
A pharmaceutical composition is disclosed which contains a
1S compound of formula I:

OH

HSC ! / S__O/C(O)NH\ : COgH
|

o)
CO,H

or a pharmaceutically acceptable salt, stabilized form, prodrug or

20 hydrate thereof in combination with a carbon dioxide source.

ET D DESCRIPTION OF THE 10N
As used herein, the term "stabilized form" refers to

compounds which have a carbamate group formed at the pyrrolidine

25 nitrogen atom, as shown in compounds of formula I1. This carbamate is
obtainable by combining a compound of formula I or a salt, prodrug or
hydrate thereof with a carbon dioxide source, such as sodium carbonate
or sodium bicarbonate. Examples are shown as formula I and [I-a
through Il-g.
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-2- The term "pro-drug" refers to conpounds with a renov-
abl e group attached to the hydroxyl of the hydroxyethyl side chain
(position 6 of the_carbapenem nucleus), the carboxylic acid_at position

3 of the carWOEMHEMnucl eus or the meta-carboxylic acid gr oREVYRHE 5
phenyl ring of the side chain. G oups which are useful in form ng pro-
drugs shoul d be apparent to the nedicinal chem st fromthe teachings
herein. Exanples include allyl, acetyl, benzyl oxycarbonyl, nethoxy-

met hyl , t-butoxycarbonyl, trinethylsilyl andsthe |ike. The
term"hydrate"” is used in the conventional sénse to 10 include the
conmpounds of formula I and Il in physical association with wat er .

The: present invention rel jecal 0Sl:iu jch
cont gi n the carbapenem anti %ﬁc%ﬁpﬁﬁfﬁbﬁf&& to COTB%E% W{{H gg%\,/\nﬁl{- as
salts, stabili ze‘gﬁFcﬁfﬂﬂP aﬁaﬁéﬁ tp the, Y&WYA@@?I’M@EMYP yl sidegBgBund | is
a car bapenem ant(positionc 6tdfahe icarhapenenvhacleus)) shé varboylic acid hﬂpbﬁfﬁ@nﬁus
and intranmuscul af ag Bhﬁﬁ bérmméigus or the meta-.carl?d){l}lﬁnfrtiﬁaﬁgﬁﬁ oh l%nt €

I nvention, the pharmaceutl ) conposition js tornulate® w haf
phar maceut i cgl | yP nipﬂ%P %!ﬁﬁ‘ﬂérCham- Giraupn which are gisetid in forming gseut
6.0 t ]9 abogt ﬁ' cum@srsth_dhks% apparent ko'the medie%;anﬁhanisgﬁﬂjmrméit@mﬁhﬁgﬁh e }s
a preferred phar all v ¢ [ 1 e.pH o
the conposition IE% ﬁﬂdpg‘é’ Eﬁ?ﬁaﬁﬁm‘iégbghtacfgl’ E:&é&lgxaﬁﬁﬁnﬁfgﬁeﬁlmy -

I n anot her aspeciediyl; trbutoxycarbanyl, trimethylsilyband theike. t he compound,

shovv_ndbel ow as formla Il ,ThesterChydirate"G8 u8ed fin Yhe menﬁonafﬁmtw whi gh

provi des carbpn (i SE0 n SR ] conpoun

of formula I]lb?o ! g?irﬁeg&gg%%@% f ;TJ;#‘% f léqlqnﬁeggﬁ?ﬁlysmdl a¥lociatfort Wik
water.

-

The present invention relates to pharmaceutical
compositions which contain the carbapenem antibiotic compound:

OH

CHa o
HaC _O,C(O)NH\O/COZH
y, S
N N
O H _
CO,H
15 l _

as well as salts, stabilized forms, prodrugs and hydrates thereof.
Compound I is a carbapenem antibiotic that is particularly useful for
intravenous and intramuscular administration.

20 In one aspect of the invention, the pharmaceutical
composition is formulated with any pharmaceutically acceptable buffer
which will provide a pH of about 6.0 to about 9.0 upon dissolution. For
example, sodium bicarbonate is a preferred pharmaceutically acceptable
buffer. Preferably the pH of the composition upon dissolution is about

25 6.2 to about 8.5.

In another aspect of the invention, a stabilized form of
the compound, shown below as formula II, is included. Generally, any
compound which provides carbon dioxide upon dissolution can be used

with a compound of formula I to form a compound of formula II.
30
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- 3- [err] The conpositions of the present invention
are general ly formul ated using a ca&bon gio?ide sFyrced Preferred
sources of car | oxi de are carbon dioxide (gas, liqu

car bonat es andgapyMéﬁﬁbarbonates, and nore preferably sodiun1§éP®§%@§%“and
sodi um bi carbonate, which can be incorporated into the fornulation,
such t hat an appropriate pH e.g., about 6.2 - 8.5, is obtained upon
di ssol uti on. The native pH of the nonosodiumsalt of conmpound | is
approximately 10 5. 4. Cbnpougds of formula | can be

synt hesi zed i n accordance wth U S Pat.”"No. 5,478,820 issued to
Betts, et al. on Decenber 26, 1995, the teachings of which are

i ncorporated herein by refer@me. The conpound of fornula I in _

| yophi.l'i zed or non-Ilyophiliz combi ned wi th the conpound which
produces carbon di oxi de, ﬂ
bi carbonate, is converted to ajcgamp o
General |y conmpounds of formnu esi zed by conmbi ning a
conpound of formula | with the carbgp ﬁIOXIde)PdaHCE 20 “&nd then

di ssolving the blend in an approprlaté solivengy, The conpound of
formula | can be bl ended with the carbon d|0X|de source, and the bl end
di ssol ved, which generally Higduces t he conpound of fornula I1I.

In many instances it is preflbereampesitions of dee presendimention are genérdlly nul a

! \éwm thf c?r bon fdli‘ngng'lzfiﬁgﬁfrsie}%'u;ﬁ'td?gb&PﬂmééﬂthePhPcea”F?éfer@H%ﬂi‘b%s I%gx%n
0 hi

?nnxt ur gncont aly Bﬁﬂ?&fﬁ (pn #69’&9? Zgg‘ij'qmg or 80 Léﬁ carbon

di ssol ution, t he icrbonadtesf ahd maorespreferably, sadldm tarbonate aridsodigim | | - 9)

converts into a ccmaﬂ%ﬂa&f vmewaﬁﬂeﬂco orat nﬁo 8'f!> Alatio ,s&‘gﬁihét' me.

Hai 5

30 e § dpp 8%?\ mLiaout 6. ﬁarh els obtame upon ﬁlseo ution.
The native pH of the monosodmm salt of compound I is approximately
10 54

Compounds of formula I can be synthesized in accordance
with U. S. Pat. No. 5,478,820 issued to Betts, et al. on December 26,
1995, the teachings of which are incorporated herein by reference.
The compound of formula I in lyophilized or non-lyophilized form,

15 combined with the compound which produces carbon dioxide, such as
sodium carbonate or sodium bicarbonate, is converted to a compound
of formula 1L

Generally compounds of formula II can be synthesized by
combining a compound of formula I with the carbon dioxide source,

20 and then dissolving the blend in an appropriate solvent. The compound
of formula I can be blended with the carbon dioxide source, and the
blend dissolved, which generally produces the compound of formula II.

In many instances it is preferred to dissolve the compound
of formula I with the carbon dioxide producing compound, in an

25  aqueous solvent, and then to lyophilize the resulting composition, thus
providing a mixture containing compounds of formula II.

Upon dissolution, the compound of formula II (11, and II-a
through II-g) converts into a compound of formula I (1, I-a, I-b and I-c)
over time.

30 The compound of formula I can be powder blended with
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-4- a carbon di oxi de produci ng conpound, such that the conpound of
formula I'l, or the salt, prodrug or hydrate thereof, is produced upon

di ssolution or reconstitution. Al ternatively, the conpound
of formula | W38 carbon 5 dioxide producing conpound cBETVBE®O8$Mi ned
In solution to form conpound 11, after which the conposition is

| yophilized to provide a conposition containing a conpound of formula
1, or a salt, prodrug or hydrate thereof. The anmount

of sodi um carbonate or sodi um bi carbonat e 104 used in the conposition can
be varied within wide |imts. For exanple, t he anount of sodi um
carbonate in the formulation can be varied from as | ow as about 0.025g

car bonat o) Sf‘;ﬁ?%?“%"ﬁé bR sl g Sorpfpdsuch @Pﬁﬁﬁdﬁwﬁpﬁﬁ&& Bonat e i

the formul ati on fermulaell; orthe salte predrugoor hydrate thewsof, ©. peYdyced aposf dr ug,

to az hi gh ﬁs alalti)sH §of lﬂﬁaﬂ/(ﬁ'rlﬁmjﬁtltﬂﬁw O her corrpounds can t)e |{1cl uded
toajusttepotec nsti.tution.
Exanpl es i ncl ude _potassi u%r'ﬁ"?@?‘éi‘ﬁge“‘e corHB%B&WHF&“& &Bﬁ&ﬁs

gl ucam ne and t 1ddoxidreprod ucmg compound can Ggec nedaini splution to f@mf

par ]g Ie c glbiar ; BE) e{cem 501md:m&eﬁ w:hxaﬁ th@toﬁimin&r & ﬂlxiédowng;gide and

u
Bhar ITB.CEU%/I cal | ;;o efgﬁg'ﬁﬁé’ ggpmgggtcgmgqu?ggoﬁ ﬁ?‘ﬁ)‘ﬂ » o2 SaktuBTA By dr at e
t hereof, and 1 @&rhy dj"jltﬁwéhqnofof sodi um bi car bon- ate. Preferably the
car bagenemI s in the or Tk driGwARSRsHMABbhate or sodklifh Bigafurhite " esul t s
upon di sso |on S
Fgr nul at i ng g?%é%épﬂ%%%?a%hﬁ V@E{% tpHé“gf*gE‘[q"it%lyﬁor example,, o
product in sol utthQ) amount of sodium carbonatnanﬁbc foomulatian oan bhaaried fyom
et er ably about oy & about 0058 cfsedfim esbonsto /stafof nipto'fs Bith asld
Itohe phar rr)eltceut i &IJ?P 503%55 8@53‘%’["%!‘:@’%"& fhcf@gdri}zﬁgemls%rthata%o

hydr at e t her eof of sediumphicarbonate fry theefayhnulation wan dwer vaned ﬁonPas:ﬂQWabl y the

car bapener 15 | Bstibout 0.025g/graof iag RO 45 gl Wit 0Ty O dilgl eoul
tE\e drug in thi rsbtﬁ’ﬁ hi8 nnoundqggn %(W&ﬁﬁpeﬁﬁg as‘ﬁﬁ% t?‘FtRﬁ 8? ﬂ%/ehgo‘ﬂp%‘gﬂ“ in ’

sol uti on. upon dilution or reconstitution. Examples include potassium hydroxide,
sodium hydroxide, N-methy] glucamine and the like.
One formulation that is of particular interest is comprised
20 of about 3-6 parts by weight, and preferably about 4.5 parts by weight,
of compound 1, or the pharmaceutically acceptable salt, stabilized form,
prodrug or hydrate thereof, and 1 part by weight of sodium bicarbon-
ate, Preferably the carbapenem is in the form of the monosodium sait.
The pH which results upon dissolution of this formulation is approxi-
25 mately 6.5. Formulating the drug in this manner can extend the stability
of the product in solution.
Another formulation that is of particular interest is
comprised of about 4-10 parts by weight, and preferably about 6.7
parts by weight, of the compound of formula I, or the pharmaceutically
30 acceptable salt, stabilized form, prodrug or hydrate thereof, and 1 part
by weight sodium carbonate. Preferably the carbapenem is in the form
of the monosodium salt. The pH which results upon dissolution of this
formulation is approximately 7.5. Formulating the drug in this manner
can extend the stability of the product in solution.
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As nentioned above, the conpound of forrmula I or Il can be used in

| yophilized or non-Iyophilized form The |yophilized formis pr oduced
usi ng standar | I ization techniques. Al hisARE31
conponent s caﬂv‘%%.'?#%‘é)l uded in the conpositions 5 of the prggykl\]'ts I nvention
as well. Since the conposition is preferably adm ni stered by

i njection, various diluents, buffers, preservatives, |ocal
anesthetics, tonicity controlling agents and ot her conponents can be

I ncl uded. Representati ve exagpl es of diluents include
sterile water 10 for injection, nornmal saline, dextrose solution 5% (D5W,
lactated Ringer's solution and the like. Preferably the diluent is
normal saline or st er iAemeptiinelddbovel 85 tompound of formula 1 or 11 can

G Py ogen. sodi unbpREE i yephificed P@Wﬁ’&ﬁ%‘fi’gﬂ%@ <She dipufitizAd form RS
megl umi ne and t r | produces psinghstandanchlyephitizasion techniques.

Representative exarrpl es of &d@iﬁehuﬁéompaneﬂealda%e includedtinl th&@bﬁip@ﬁﬁéme
(BHA), butyl hydro ol uen nium ¢

Representative ex eegreﬁ?ntl '8(‘,(5\)'"%@&%%]1' § ‘F% etf'c?én%“aﬂﬁﬂib’é%fﬁ%bly
| i docai ne, novacaadminiptened byiinjection, mMaeious diluents, buffers, preservatives, local

Representative exm'u?&ndsf tdricit 'cb)it:ﬁﬂihé H it %ﬁﬁrﬁtﬁer compbAénty anedi um

chl oride, mannitol rose, gfucose ose and sucr ose.
Representative ex’é’t‘ﬁ!)‘F *of pharmaceuti cal eXCI pients 25 include water,
manni tol, sorbitol, dextr osl%gprbsmltw\ee egampmof didventsinclude stegile water

Toogs? iy 0. AL i QUIGTOR LWIRCHER .
i nositol, potassi gﬁﬁ‘ “Bflﬂ‘ﬁr f(‘:fﬁm tl&‘hé“B‘F’Pl‘e% “om‘ﬂaﬁﬁam or
acids. 30 Qterlle watsihfor m![ﬂ:tmmpound of forrrul al is formulated in a

o o b aar Eﬁﬂzfajéﬁgm“'?ﬁ*ﬂ : §£§§§§*’5‘ gt @@é Ha BAfiRE Such
PESTh a8 citrate. buffer. wehias nsod%mp@me,

contained in the $bf
15 meglumine and tn(hydroxymethyl)ammomethane

Representative examples of preservatives include
butylhydroxyacetone (BHA), butylhydroxytoluene (BHT) and
benzalkonium chloride.

Representative examples of local anesthetics include

20 benzocaine, lidocaine, novacaine, pontocaine and the like.

Representative examples of tonicity modifying agents
include sodium chloride, mannitol, dextrose, glucose, lactose and
sucrose.

Representative examples of pharmaceutical excipients

25 include water, mannitol, sorbitol, dextrose, lactose, glucose, dextran,
sucrose, maltose, gelatin, bovine serum albumin (BSA), glycine,
mannose, ribose, polyvinylpyrrolidine (PVP), cellulose derivatives,
glutamine, inositol, potassium glutamate, erythritol, serine and other
amino acids.

30 When the compound of formula I is formulated in a
pharmaceutical composition with a suitable amount of sodium carbonate
or sodium bicarbonate, any or all of the species described herein can be
contained in the formulation upon dilution or reconstitution. Compound
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- 6- | represents the non-stabilized formof the free acid. Thus,
various salt forms of formula I, such as I-a through 1-c, are included
her ei n. OH CH3 [err

The specie )&O%ﬁ?’é’sents a charge bal ancing cation, which PL:mjl %ﬂogg?sesent I n
associ ation with the conpound as necessary to nmaintain overall charge
neutrality. Typically the charged specie would be a pharmaceutical ly
acceptable salt-formng ion, such as sodi um pot assi um magnesi um and

the like. A divalent specie such as Ca2+ 15gcan |ikew se be present, such

as ‘'when two carboxyl ate ani ons are found I n the conpound,

as in fornul a

|-a, or when a half nolar quantity is present relative to the compound,

such as in for Miidprbsént9thé ion-4iiBitized foleof e tres neidl.| TRUIRIGusbit

cally present

elative to 1 LSfmso%sﬂcﬁﬁﬁwﬁ‘ée@ 4 Shmen 14 BR inchiocd

réin.
OH
H;C C(O)NH
s S—O/ \Q
o
COy
x+ 2
5
OH
HsC C(O)NH
s S_O/ @
O
CO,H
OH Hq
HaC _O,,C(O)NH\Q/COZH
/ S
o” " N
co; H
X+ -C
10 The specie X+ represents a charge balancing cation, which

is present in association with the compound as necessary to maintain
overall charge neutrality. Typically the charged specie would be a
pharmaceutically acceptable salt-forming ion, such as sodium,
potassium, magnesium and the like. A divalent specie such as Ca2+

15 can likewise be present, such as when two carboxylate anions are found
in the compound, as in formula I-a, or when a half molar quantity is
present relative to the compound, such as in formula I-b or I-c. When
the counterion includes a bis cationic specie, e.g., Ca*2 an appropriate
amount is typically present relative to the carbapenem moiety to provide

20 overall charge neutrality. Thus, the half molar equivalent of Cat+2 can



20 overall charge neutrality. Thus, the half nolar equivalent of Ca+2 can
WD 97/ 45430 PCT/ US97/ 08831

-7- be included with a nono-carboxylate to maintain overall charge
neutrality. ALl such enbodinments are included in the present g xﬁg;,é?gﬂ.
Numer ous salt-wtb?%fsﬁﬁoions are recited in Berge, S. M, gtb‘}a - J.
Pharm Sci. 66(1): 1-16 (1977), the teachings of which are 5 i ncorporated

herein by reference. A preferred group of salt-formng
cations represented by X+ is an ion selected fromthe group consisting
of : sodium potassium cal cium and nmagnesgi_um Mor e
préferably X+ represents a nenber selected fromthe 10 group consisting of:
Na+, Ca+2 and K+. By including a suitable amunt of the

carbon di oxi de be@ﬁﬂﬁﬂé&%tﬁ@rfﬁeﬂﬂ-‘éaﬂ% 15feada Ma&ﬁdimmahnaﬂm te or

sou m o borlE SR o Bk eheyibonl & bEE b ek e
free acid form of t he slﬂumwousesnlt-diwnmmwmmrpamusd in BergewrSulyh, | | -
are exanples of et 359, PHAAME Sef. 661%):51-48 (1T, BRIRACAIgsXF which are
OH CH3 er rj
5 " "tncorporated herein by reference.
A preferred group of salt-forming cations represented by
X* is an ion selected from the group consisting of: sodium, potassium,
calcium, and magnesium.
More preferably X+ represents a member selected from the
10  group consisting of: Na*, Ca+2 and K+.
By including a suitable amount of the carbon dioxide
producing compound, preferably sodium bicarbonate or sodium
carbonate, one or more of the following stabilized structures is formed

OH

HaC C(O)NH
P-eteot Y

o
COMH )’OH

COLH

15

Compound II above is referred to as the free acid form of
the stabilized compound. Compounds II-a through II-g are examples of

salt forms of the stabilized compound.

20
OH

HaC C(O)NH
“ Sff aCH
o)

ll-a
° (s
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OH
HsC (O)NH CO-H
N Y/ S—O/C \©/
o)
2 x+)2
Il-b.
X
HaC C(O)NH
(™
COy )'OH
X*),
ll-c
OH
HgaC C(O)NH
N/ S—O’ \©
© CO,H
S ¢ II-d o (x+)2
OH
HaC (O)NH COH
T/ S_O/c \©
o)
X" li-e o
OH
HaC S (OINH CO,H
N’/ \O
(@) .
COH )’0 X

H-f
10
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H CH3 [err] The amount of the carbon di oxide
produci ng conp RHﬂH e.g., sodium bi carbonate or sodi um caehgeaossithi ch
s included in «gg) conposition is that which is sufficient to form
conpounds of formula |1 through I'l-g, and which optionally provides
the desired pH of the conposi tion upon dissolution or reconstitution.
To provide el ectronic bal ance and overall charge neutrality, fromzero

to three positively charged counterions are pigesent. Different 10
counterions can be included in the conposition. Hence, for exanple,
cal cium and sodi um coul d be included together in the pharmaceuti cal
conposition to provide overaQH char neutrality. The counterions can
thus be varied within wide lijmts. erally the counterion or

counterions are phar mace}q%(i; a ept abl @@)ﬂ cpecias O
The car bapenem conpound of the Sm@j)“n I S uI Qr the
treatnment of bacterial infec ani ma da man 7AUbj eCts. The
term "pharnaceutical |y acceptable s@Q,H refer hose salt forns

whi ch woul d be apparent to the pharnaceutilleghl ochenist. i.e., t hose
which are substantially non-toxic and which provide the desired 20

ot abal fsm or excr et i on. of RBE Ay '%f‘%wiﬁw Bt pibdbing forbound,

which are al so i np@gtsmdlunnbtmbwtgm sodium carbonate svhichds ingluded & the s,

eas tehgf o ﬁﬂ ?EI I 7c%|hhk putition & that %I&nllﬁghlas tsufﬁégg;?tr&smﬁf gb inpounds offlf@nﬁtsmalzlét y

(r)ray be prepar edgf ﬁ?ﬂ'{gﬂeﬂ %’ct‘ﬁanwﬁﬁ} 8@4'@%‘ or{ﬁgﬁﬁﬁ%a?gﬁeﬁﬂﬁoft thé

phar maceutical | y ammqnmﬁmnbupannhsnﬂuuohuuwe¢¢nmmmnenmt i nvention is

concerned wi th pharmaceuti cgp gﬁﬂ%éfebﬁﬂﬁx@ﬁﬂaﬂ@é badoverall chakgd Beutrality,

bacterial infecti %?gmuzte'rclw 't5'thite pomf' veﬁr ne‘rend Cothteriors are present. Different

10  counterions can be included in the composition. Hence, for example,
calcium and sodium could be included together in the pharmaceutical
composition to provide overall charge neutrality. The counterions can
thus be varied within wide limits. Generally the counterion or
counterions are pharmaceutically acceptable cationic species.

15 The carbapenem compound of the present invention is
useful for the treatment of bacterial infections in animal and human
subjects. The term "pharmaceutically acceptable salt” refers to those
salt forms which would be apparent to the pharmaceutical chemist. i.e.,
those which are substantially non-toxic and which provide the desired

20 pharmacokinetic properties, palatability, absorption, distribution,
metabolism or excretion. Other factors, more practical in nature,
which are also important in the selection, are cost of the raw materials,
ease of crystallization, yield, stability, hygroscopicity, and flowability
of the resulting bulk drug. Conveniently, pharmaceutical compositions

25 may be prepared from the active ingredients in combination with
pharmaceutically acceptable carriers. Thus, the present invention is
concerned with pharmaceutical compositions and methods of treating
bacterial infections utilizing the carbapenem compound.

The carbapenem may be used in a variety of pharmaceutical

30 preparations. Compositions for injection, the preferred route of




The carbapenem may be used in a variety of pharmaceutical 30 preparations.
Conpositions for injection, the preferred route of WO 97/ 45430

PCT/ US97/ 08831 _ -10-

delivery, ma Q ared in unit dosage formor in nultidose

cont ai ners. ¥K g@%ﬁ%@sitions may take such fornms as suspensﬁgﬂgpwwmnl
solutions or enulsions, oily or aqueous in nature, and may contain

various formul ati ng agents, such as diluents, buffers, preservatives and 5
the |like. Hence, the conpound is present in conbination with these

pharmaceutically acceptable carriers. -10- Al ternatively, the
active ingredient may be in the formof a powder, which can be
reconstituted with a liquid such as sterile water, normal sal i ne and

the.|ike at the 8elFeryl niéTbs iprépdretion unkid BoBAYE ot br if HuiERlol

| yophilized or ngn-l|yophi ki ze rm. epresenfative oral
conposi tions are ?%heg?‘l &WO%%PW may take spgh forms as suspensionss | ut i ons
or suspensions. Slutionsopesiuisions, oily or aqueouk éminature capdakpgeshtain uni t
e o ent | oL yioSearind formRitating elenBS Jubh A dijuentsS HIIRAS prdBervaliVes and
phar ITB.CEUtIC$ I y‘@;@?%t le carriers ‘lrra be .coqr;ipré,i;g of difuents,
tabletting ami g t FI7GCE; 1€ compoynd, i Rresent n combinatign ywih thesgs 1 er s,
sweet eners, presphammaceatically acceptable carriers. Topi cal
conpositions may be fornul ' rs it e ¢,
carriers in the forw of G trto ‘ct;rl‘)libgl’oqle,acm}éhy r?ﬁ%‘#ﬁﬁ%gﬁeﬁﬁ#@%@%&feﬁm,
| oti ons, sol uti oPRWIEEiW égﬁiﬁm!sﬂmed with a liquid suchaseterileawatero be
admi ni stered depeomnal saline andjtheclikeat the timeupbadmbitisianicn.t | Phe povderze of

the manmmal i 3 PagiFpe igtq:},gg,ﬂi?ﬁgt&%ﬁ_éyorphip%@& Foﬁﬁ the delivery route and

frequency of admnistr enteral, route (hy injection) is
preferred. epresentatig orak composions arhtypieally in theydormani t
dosage, 25 whetoftablétgucapsalesssdintionsmy saspémions r&mlﬁmhpoﬁtiﬁii%ﬁz%l about

The  composi ERaS Y ﬁ%ﬁ%?ﬁﬁﬁﬁﬁﬁ?%?ﬁ* ARG, chualsRR, B et el

ny “of the a€QNpEsitionsecthecphamiasgutically agceptablegarriers mayheef er abl e to
enpl oy 5 dosemprised ofitdiluents) eablentsg ahd igramalating aids) ubBcarts,about 1000
mg. S0 In parendiidibe il Butdis! 408etehtR, Wllerf ARSI iRl | Y 1 he
conmpound in a steri wat er’ or sal | né*so Lon or 1nt formof a
powder i nt ended for di QueHlGOMROSHIONS Zazy be formulated with

pharmaceutically acceptable carriers in the form of hydrophobic or
hydrophilic ointments, creams, lotions, solutions, paints or powders.

20 The dosage to be administered depends to a large extent
upon the condition and size of the mammalian patient being treated as
well as the delivery route and frequency of administration. The
parenteral route (by injection) is preferred.

The compositions for human delivery per unit dosage,

25  whether liquid or solid, may contain from about 0.01% to about 99%
of active material, the preferred range being from about 10-60%. The
composition will generally contain from about 10 mg to about 3000 mg
of the active ingredient; however, in general, it is preferable to employ
a dosage amount in the range of from about 100 mg to about 1000 mg.

30 In parenteral administration, the unit dosage is usually the compound in
a sterile water or saline solution or in the form of a powder intended
for dissolution or reconstitution,
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The preferred nethod of adm nistration of t he conpound of formula | is
parenterally by intravenous (i.v.) infusion. Alternatively, t he
conmpound may ) ) stered by injection intramuscularly (i

For adul ts, at{g‘ag@% about 5 to about 50 ng of the formula gElr}USNMI

anti bacterial conpound per kg of body weight is adm nistered from!| to
6 times per day. The preferred dosage ranges from about 100 ngy to

about 1000 ng of the conpound given one to four tinmes per day,

preferably 1-2 tines a day, and nost preferabjy. once daily.

More specifically, for mld infections a dose of about 100 10 ng to about
1000 ng fromone to four tinmes daily is preferred, nost preferably

once daily. For noderate i ”I‘l@@bréféﬁed&néﬂﬁﬂ éfadhﬁ'ﬂiw‘éﬁﬁn of the tonippowibut

1000 ng from one tpfour r e For.

life-1 hreat eni ng Pﬁ]f '(?T]ts's B“&E@UY%&P dvfﬂ%b‘sé Ud W&I%ﬂé %(gte?nahvegyk
times daily is prﬁteemmpouné may be administeregoby dnjectionrintramysedady G.m3.
ng/ kg of body wei ght gi ven For adu'!ltst chos@dﬁﬂ:diﬁr‘i fRubost mﬁfg?bfﬁib famiigae

of 10 ng/kg fr g bﬁ‘:tF“Pi CSWHQHB“% f&ggywﬁmfc}? é&a mlmstgg;(bgli?&gm

The conpound
Nat ural |y occurri tay6cdimbspenday. sFhe prefeopdidasage gangesafrenpaboutyl Q0 mgnto

enzyme known as d BUH{RWM Bfﬁlé%iﬁ?ouﬁﬂ v&ibﬂé‘fo%nrﬂmﬂqﬁ@dhﬁatlon may

reduce the efficac ant.| bact er I.al

conpound used in P@Oﬁlﬁlﬁgn? t‘faynapg napgfpreferably 9“?%5@' subj ect
to such attack, and theref ok@mpecﬁtatlyqfonmnlﬂhnfmﬂmmfa dos[d-lﬁf about 1

'lnh; b:jt or. bHowvefn mwﬁt méb*t g mnb'tdn@rm'ﬁatu?mmeflahu réfefrRal amqﬂg
their use wit Egc;B ety ohee i tSFSQm%%é?ﬁgh%c@qﬂ% kst «%er’E@BZQn
Pat ent Applicati omg NmabastLMOng;frdmlm toufourimes dafly (ippreferredo. For 0
007 614); and No. s@?én@mi'élﬂﬁ-e t‘e'nh Slééﬁo,%ﬂe of AotR! 1 00U-2000 Mk one to O

072 014)]. 30 present 1nvention Yy,
wher e DHP mﬁ\"meeérflqlb' H‘eEF r necessary, be conbined or used with
t he appr bpriate DHP i nl%xbchldﬂreasadtemeruftﬁa&ﬁmgﬂctgaoﬁbodpmxghlpgmm S

n l'ish
ge?i nes Pub t ﬁeeq;%p;g ure é}“da E% m nﬁéwgﬁgc@&@‘?. ty o tﬂﬁgﬂlm
present y 1s preferre
The compound of formula I is of the broad class known as
carbapenems. Naturally occurring carbapenems are susceptible to attack
20 by a renal enzyme known as dehydropeptidase (DHP). This attack or
degradation may reduce the efficacy of the carbapenem antibacterial
agent. The compound used in the present invention is significantly less
subject to such attack, and therefore may not require the use of a DHP
inhibitor. However, use of a DHP inhibitor is optional and is contem-
25 plated as being included in the present invention. Inhibitors of DHP and
their use with carbapenem antibacterial agents are disclosed in European
Patent Applications No. 79102616.4, filed July 24, 1979 (Patent No.
0 007 614); and No. 82107174.3, filed August 9, 1982 (Publication No.
0 072 014)}.
30 The compound of the present invention may, where
DHP inhibition is desired or necessary, be combined or used with the
appropriate DHP inhibitor as described in the aforesaid patents and
published application. The cited European Patent Application defines
the procedure for determining DHP susceptibility of the present
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-12- car bapenens and di scl ose suitable inhibitors, conbination
conposi tions and net hods of treatnent. A preferred
wei ght ratio_of formula I conpound: DHP inhibitor in conbination
conposi ti onsWOS"AM3kt 1: 1. A preferred DHP 5 inhibitor isﬁbnv&nm&81

7- (L- 2-am no- 2- car boxyet hyl t hi 0) - 2- (2, 2-di net hyl cycl o-

pr opanecar boxam de) - 2- hept enoi ¢ acid, or a salt thereof, also known as
cilastatin. The carbapenemis active agai nst various
gram positive and to a |l esser extent Qﬁgqrnegative bacteria, and
accordingly finds utility in 10 human and vé&terinary nedicine.

The pharmacokinetic profile for the conposition described herein is

surprisingly betchfi, 'ﬂgﬁlstf Bﬁ?}d&ﬁlds@'sﬁilﬁﬁ LRSS combination com?ositions

Representati ve exa % arnmaceut | cal compositions contal ning the

compounds descr 4B srpﬁ'i"%a% bel ow. 15
Conposition 1 A prefeftedpueighit tatio of formula 1 compound: DHP 4.5 ¢

Sodi um Bi car bonghKibitor in ¢ mbinatign comspos}tiﬁﬂs isabout 1:1. A ;ﬁr@l’&’f‘erd PHpd the
I ngredi ents note oVe. ,}%ﬂpﬁun I I.N ﬁ: %‘gl org@g e ntinoso I um
salt. The result 1ton 18 7-Ah-2:40HB0=2-Cathoxygthylthio)-2 imethylcyclo-
appr oxi mat el y 6.propanecarboxamide)-2-heptenoic acid, or a salt therenfs alsodmdivn

Conpound | as cilastatin. 6.7 @ Sodi um Car bonat e
1.0g 25 wder. bl end the |ngredi ents,.noted above, Corg)ound
| is in the formof tIR€ GAEhARENeM i aGH Ve agajast valioys gramspositivean

sol uti on ( 362 lesjeri exteppgram-megatiye babteria, and accordingly finds utility in

10 human and veterinary medicine.
The pharmacokinetic profile for the coraposition described
herein is surprisingly better than that of related compounds.
Representative examples of pharmaceutical compositions
containing the compounds described herein are shown below.
IS5

Composition }

Compound 1 45 ¢
Sodium Bicarbonate 1.0g

Powder blend the ingredients noted above . Compound I is in the
20 form of the monosodium salt. The resulting pH of an aqueous solution
(225 mL) is approximately 6.5.

Composition 2

Compound I 6.7¢
Sodium Carbonate 1.0g

25
Powder blend the ingredients noted above. Compound I is
in the form of the monosodium salt. The resulting pH of the solution
(335 mL) is approximately 7.5.
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-13- EXAMPLE

45. 4 nmg/ mL (equivalent to 36 Compound | ny
anhydrous fre | Sodi um Bi car bonate, USP

nmg/ L e@%%’g‘)f#?:hl ori de, USP 4.0 nyg/nL rCTUSYIOdEs
Powder bl end the ingredients noted above as in 5 Conposition 1, and conbi ne
with water (g.s. 1.0 nL). The final pH of the solution is shown bel ow.
Solution stability of this intravenous fornul ati on was det erm ned at
25[err]Cwith the following results. -13-% Remai ning in Sol utions
at:’ (my/ M) pH pH 1 hr 2hrs 4hrs 6hrs 8hrs k(hr[err])
[err] 36 67 7.3 96. 7 95.7 94.1 91.8 89.9 0.010438 7.3
*12 7.0 7.4 98.6 98.0 97.2 96.BXAMPLE 0.004994 21.0 10

Wil e certain preferred enbodi nrents of the invention have been

descri'bed hereing : g;GEﬁ(-ﬁ—-eqﬁ-e-————
contenpl ated as flalling within the scope off tf quivalent to 36
Consequent |y thelinyventiofaompespdlio pe |j ] t edmg ankydrous free acid)
Sodium Bicarbonate, USP 8.0 mg/mL

Sodium Chloride, USP 4.0 mg/mL

Powder blend the ingredients noted above as in
5 Composition 1, and combine with water (g.s. 1.0 mL). The final pH of
the solution is shown below.
Solution stability of this intravenous formulation was
determined at 25°C with the following results.

T %RemanmgmSoltonat: ]

mgmbl) | pH pH 1hr 2lrs | 4lrs | 6lws | 8hs | k(D | Yo%)
36 6.7 73 9.7 | 957 | %41 91.8 8.9 |oviss} 7.3
| g/l
*12 7.0 74 986 | B0 | 972 | 9.5 95.0 | 004 | 210
mg/imL

10
While certain preferred embodiments of the invention have
been described herein in detail, numerous alternative embodiments are
contemplated as falling within the scope of the appended claims.

Consequently the invention is not to be limited thereby.  °
15
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the formula I1:

which is co
or a phar macr{gﬁ
conbi nation with a pharnmaceutically accept abl e carrier.

conmpound in accordance with claim 1 wherein 15

ound represented by

a corrpound represent ed by formula I1:
ﬁgéﬂy acceptabl e salt, prodrug or hydrate (REFFUsg7/08831,

acceptable salt is selected fromthe group consi sting of:

- 15_

OH

10

15
20

25

[
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WHATIS CLAIMED IS:

1. A pharmaceutical composition which is
comprised of a compound represented by formula I:

OH

HgC 9 S__O/C(O)NH\ : COLH

o)
COoH

or a pharmaceutically acceptable salt, stabilized form, prodrug or
hydrate thereof, in combination with a carbon dioxide source.

2. A pharmaceutical composition which is comprised
of a compound represented by formula I:

OH

Y S—O’C‘O’NH \©,002H

o
CO,H

or a pharmaceutically acceptable salt, stabilized form, prodrug or
hydrate thereof, in combination with sodium carbonate or sodium
bicarbonate.

3. A pharmaceutical composition in accordance with
claim 2 comprising about 3-6 parts by weight of compound I, or a
pharmaceutically acceptable salt, stabilized form, prodrug or hydrate
thereof, and about 1 part by weight sodium bicarbonate.

4. A pharmaceutical composition in accordance with
claim 3 comprising about 4.5 parts of a compound of formula 1, or a

pharmaceutically acceptable salt, stabilized form, prodrug or hydrate
thereof.

t he pharnaceutically

Al I I v A bl | t
prodrug or hydrate ther e§)mm| ml" mlmlll)"\m,rmceukl Sﬁar ?/raggﬁﬂozzgl gosr;gom tion

[err]

3.

A

TS SHEET HAS BEEN |
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5. A pharmaceutical composition in accordance with
claim 2 comprising about 3-6 parts by weight of compound I, or a
pharmaceutically acceptable salt, stabilized form, prodrug or hydrate
thereof, and about 1 part by weight sodium carbonate.

6. A phamaceutical composition in accordance with
claim 5 comprising about 4.5 parts of a compound of formula I, or a
pharmaceutically acceptable salt, stabilized form, prodrug or hydrate
thereof.

7. A pharmmaceutical composition in accordance with
claim 2 comprising about 4-10 parts by weight of the compound of
formula I, or a pharmaceutically acceptable salt, stabilized form,
prodrug or hydrate thereof and 1 part by weight sodium carbonate.

8. A pharmaceutical composition in accordance with
claim 7 wherein about 6.7 parts by weight of the compound of formula
I, or a pharmaceutically acceptable salt, stabilized form, prodrug or
hydrate thereof, are combined with 1 part by weight of sodium
carbonate.

9. A pharmaceutical composition in accordance with
claim 1 comprising about 4-10 parts by weight of the compound of
formula I, or a pharmaceutically acceptable salt, stabilized form,
prodrug or hydrate thereof and 1 part by weight sodium bicarbonate.

10. A pharmaceutical composition in accordance with
claim 8 wherein about 6.7 parts by weight of the compound of formula
I, or a pharmaceutically acceptable salt, stabilized form, prodrug or
hydrate thereof, are combined with 1 part by weight of sodium
bicarbonate.

This Sheet Has Been Reilaced
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[err] wherein X+ repr "ﬂl utically acceptable cationic
group. ﬁ'mllﬁm "Embl lizing a carbapenem of the
formula I: err] * ot & pMardactutically acceptable salt grodrug
or hydrate tW@r’éﬁ Petrosyr

-16-

11. A pharmaceutical composition in accordance with
claim 2 further comprising a dehydropeptidase inhibitor.

12. A pharmaceutical composition in accordance with
5 claim 11 wherein the dehydropeptidase inhibitor is cilastatin.

13. A compound represented by the formula II:

OH

HsC C{O)NH

o
CoH )ro”

10 or a pharmaceutically acceptable salt, prodrug or hydrate thereof.

CORH

14. A pharmaceutical composition which is comprised of
a compound represented by formula II:

OH

HaC C{ONH
Y S"@’( ~J

0O
CO,H )fOH
15 il

CO,H

or a pharmaceutically acceptable salt, prodrug or hydrate thereof, in
combination with a pharmaceutically acceptable carrier.

20 15. A compound in accordance with claim 13 wherein
the pharmaceutically acceptable salt is selected from the group
consisting of:

| THIS SHEET HAS BEEN

”"ﬁiiiiﬂ‘l‘iiiﬂiﬂ"“?ﬂ e




conprising adding to the conpound a sufficient amount of a carbon
di oxi de source to forma conpound of formula II

ig;] or W@MCEUUCL“"“”MHJWIHMI alt, prodrug or @ng{l%%lﬁassl :

t her eof . ¢ Atmetholl in accordance with
wherein the car bon di oxi de source is selected from carbon di oxi de,
sodi um 15 carbonate and sodi um bi car bonat e. 6. A
nmet hod in accordance with claim5 wherein the car bon di oxi de source is
sel ected from sodi um carbonate and sodium  _j7bi car bonat e.
WO 97/ 45430 CT/ US97/ 08831
- 18_
) OH
HaC C{O)NH
N/ s—@/ \©
O -
O ll-a
(X*)a
OH
HsC (O)NH COH
N/ S—O/C \Q
O o, )
2 (X*)z
ll-b
OH CH, _
HaC s C(OINH co
o N N
Co, y-CH
(X*)
5 ' N-c
OH
HaC C(O)NH
w S{\f
© CO,H
2 li-d o (x+)2
OH
HaC (O)NH CO,H
N S_O/c
0 OH
] co, )'
X+ ite
10
This Sheet Has Been R TH'S SHEET HAS BEEN'
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[err] 5 nts a pharmaceutically
accept abl e cati oni c group (!‘UI" "" Iﬂﬂ “Tﬂ 16 A phar maceut i cal

conposition which is pro conmpound of formula
| : 10 err] or a pharnaceutlcally acceptabl e salt,

prodrug or hy¥PZVBhereof with a carbon di oxi de FEEISE/08831 15
17. A pharmaceutical conposition in accordance with claim 16
wherein the carbon di oxi de source is selected from carbon
di oxi de, sodi um car bonate and sodi um bi car bonat e. 20 18.
A pharmaceutical conposition in accordance wdh claim17 wherein
t he” carbon di oxi de source is sodi um car bonaft®or sodi um
bi car bonat e: WD 97/ 45430
PCT/ US97/ 08831 OH -19-
HaC S (O)NH COH
N/
o o
CO-H
OH )r X+
OH
HaC C(O)NH
Y S”@’ \Q
@)
COLH )ro“
5

wherein X+ represents a pharmaceutically acceptable cationic group.

16. A pharmaceutical composition which is produced by

combining a compound of formula I:

10
OH

H3C 19 S_O,C(O)NH\ : coH

o)
CO,H

or a pharmaceutically acceptable salt, prodrug or hydrate thereof with a
carbon dioxide source.
15
17. A pharmaceutical composition in accordance with
claim 16 wherein the carbon dioxide source is selected from carbon
dioxide, sodium carbonate and sodium bicarbonate.

20 18. A phammaceutical composition in accordance with
claim 17 wherein the carbon dioxide source is sodium carbonate or
sodmm blcarbonate

i _ e

Raamanes



19. A method of stabilizing—a-carbapenemof the fornula I: [err]

5 or a pharnaceutically a e salt, prodrug or hydrate thereof,
conprising adding to the co MB&"#” rujlﬁnt anount of a carbon
di oxi de source o fogrma co [err] 10

or a phar maceu‘?’ 3%(?5‘39 accept abl e salt prodrug or hydrate t hef S97/08831

20. A nethod in accordance with claim 19 wherein the car bon

di oxi de source is selected from carbon di oxi de, sodi um 15 carbonate
and sodi um bi car bonat e. 21. A nethod in accordance with
claim?20 wherein the car bon di oxi de Pé)urce is selected from sodi um

carbonat e and sodi um bi car bonat e.

19. A method of stabilizing a carbapenem of the formula I:

OH

HaC C(O)NH
i N-/ S—O, \©/C02H

o~
CO,H

5 or a pharmaceutically acceptable salt, prodrug or hydrate thereof,
comprising adding to the compound a sufficient amount of a carbon
dioxide source to form a compound of formula II:

OH

HaC C(O)NH
) N/S_O/() \g

o)
COM )ro"'

COH

10
or a pharmaceutically acceptable salt, prodrug or hydrate thereof.

20. A method in accordance with claim 19 wherein the
carbon dioxide source is selected from carbon dioxide, sodium
15 carbonate and sodium bicarbonate.

21. A method in accordance with claim 20 wherein the
carbon dioxide source is selected from sodium carbonate and sodium
bicarbonate.

\\m\\i il \\ﬁ‘“"“‘
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