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florfenicol prodrug having superior water solubility, and phosphate esters of florfenicol

15 analogs.

BACKGROUND OF THE INVENTION
Fiorfenicol is a structural analog of thiamphenicol, which in turn is a derivative
of chloramphenicol [seg, e.g., U.S. 4,235,892, U.S. 5,352,832, the contents of which
20  are hereby incorporated by reference in their entireties].
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Florfenicol is a broad spectrUm antibiotic with activity against many gram-

25  negative and gram-positive bacteria, including utility in the prevention and treatment of
bacterial infections due to susceptible pathogens in birds, reptiles, fish, shellfish and
mammals. One of florfenicol’s primary uses is in the treatment of pneumonia and
associated respiratory infections in cattle (ofien referred to generically as Bovine
Respiratory Disease or BRD) caused by Mannhemia haemolytica, Pasturelia

30  multocida and/or Haemophilus somnus, also known as Histophilus somni. It is also

_indicated in the treatment of: pododermatitis in catile caused by Fusobacterium



Sal nonel | a chol erasui s and/ or Mycopl asma spp.; colibacillosis in chickens
caused by Escherichia coli; enteric septicema in catfish caused by
Edwardsiella ictalurl; and 5 furuncul osis in sal non caused by Aeronbnas

sal noni ci dﬁroz%%)& sgenera of bacteria that have exhibited susceptibility to
florfenicol 1'nNcl Ude Enterobacter, Kiebsiella, Staphyl oBoFESR0M4/EAPEr ococcus,
Bordetella, Proteus and Shigella. In particular, chloranphenicol-resistant
strains of organisns, such as K pneunefii-ae, E. cloacae, S. typhus and E.
coli, are susceptible to florfenicol. 10 Florfenicol is nost often
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solvents must be added to achieve the desired product concentration in a commercial
formulation. For example, in NUFLOR® (veterinary-labeled florfenicol formulation in
15  the United States and Canada), the organic solvents N-methylpyrrolidinone, propylene
glycol and/or polysthylene glycol are used to afford florfenicol solubility of 300 mg/mL.
Unfortunately, when administered parenterally, these solvents often cause significant
localized imitation. Therefore, there is a need for a more water-soluble form of
florfenicol.
20 The citation of any reference herein should not be construed as an admission

that such reference is available as "Prior Art" to the instant application.

’ SUMMARY OF THE INVENTION
The present invention therefore, provides a water-soluble form of florfenicol that

25  has substantially greater agueous solubility than florfenicol itself. Preferably a water-
soluble form of florfenicol of the present invention is also a prodrug that rapidly and
efficiently converts to florfenicol in vivo. One aspect of the present invention therefore
provides a florfenicol phosphate ester (e.g., a florfenicol prodrug) having the chemical

structure:



H3C, | / NHCOCHCI 2 OSO The present invention further provides salts of this
florfeni col phosphate ester. Such salts may be useful in the stable storage
of the florfenicol phosphate esters. 5 Preferably, the florfenicol phosphate
ester salt ' pharmaceutical |l y-acceptabl e countgri
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enbodi ment of the .present invention, ML+jgand + are independently selected
to be H+, Na+, NH4+, or K In a parirayan.e :Pdinent of this type, M+ and
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type, ML+ and M2+ are both Na3Cy., o anolNHEQ vdi rent, ML+ and M+t aken
together are Ca+2. In still anﬁg r enbodi ment, ML+ and M2+t aken toget her
are Mg+2. In yet another enbodi nent of the present invention, M+ and M+
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Formuia I
10 wherein M;" and My* are independently selected to be either H" or a
pharmaceutically-acceptable mono-cation, or alternatively, M1* and My* can be taken
together as a pharmaceutically-acceptable di-cation.
In one embodiment of the present invention, M{" and My" are independently
selected to be H*, Na*, NH,*, or K*. In a particular embodiment of this type, M;* and
15  Mg" are respectively, H' and Na*, In another particular embodiment of this type, My*
and M," are both Na*. Ini yet another embodiment, My™ and My* taken together are
Ca'2. In still another embodiment, My* and Mz* taken together are Mg*,
In yet another embodiment of the present invention, M1* and My are
independently selected to be either H* or a protonated amine. In another embodiment
20  of the present invention, Mi* and Mx" are respectively, H" and a protonated amine
comprising the chemical formula NR'R®R®H*. In still another embodiment, My* and
Mo* are both a protonated amine comprising the chemical formula NR'R2R®H*. With
regard to the protonated amine comprising the chemical formula NR'R?R®H*: R', R?,
and R® are independently selected to be either H, methyl, sthyl, propyl, isopropy!, -
25  CH.CH,OH and -CH,C(CH,OH)s. Alternatively, R' is as provided above, but R? and



type, the ring is pirolidine, piperidine or norphoiine. Exanples of am ne
cations of the present invention include, but are not limted to: Fi0"-
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10 In still another embodiment M;* and M,* taken together form a bis-protonated diamine.
Examples of bis-protonated diamines of the present invention include:
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In yet another embodiment My* and Mz* comprise respectively, H" and a mono-

15

cationic form of a dibasic aminoacid. In a particular embodiment of this type, the
mono-cationic form of the dibasic aminoacid comprises one of the following two
chemical formulas:
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NH, 0 Y

20



t he di basi c am noacid conprises one of the two follow ng chem cal fornulas:
+ NH+ HZNYN NH OH HsN+HOOH NH2 O 5 I n yet anot her enbodi nent of the present
i nvention, ML'® and M2+ are independently selected to be either H+,

megl um ne, WiEnBHEA2II€, Or procaine. In a particular e j this
type, either ML+ and M2+ are H+, while the other is ei?ﬁgﬁmgﬁﬂg?@%¥ne,
benzocai ne or procaine. 10 In still anether enbodi nent, the present

i nvention provides a fornulation that conprises Formula | as a m xture of
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salt. In yet agpther e diment, the formulation condrises Formula | as a
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I nvention further provides phosphate esters of florfenicol anal ogs

(i ncl @di ng phosphate esters of chl oranpheni col and thi anphenicol) that also
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phosphat e est Of, ; ' ; be
prepgped and ﬁ h?ﬁ'ﬂéﬁ‘ﬁ%ﬂ%@%ﬁ Baogﬁ @%ﬂ’ W&@ggﬁﬁﬁ%@@%ﬁggﬁa?@Erﬁ@l‘cﬁp?@I ti CSs

t hrough ¢dmeprissadformada pasaimiztlreef éve or more salte. olh 4 particae kimi@elirméntldf S.
20040082553 an%JSO W)OS&O?LBZ . 0, 2005/ 063257 PCT/ US2004/.,042591 In a

parti cul aPSE¥BSdPHEAE Sall, Mind¥dvaiie e WBPrese e Pifgr ig AiSPSFITIS GIHBIgrBR. ¢ he

wherein for the second salt, both My" and Mz" are that specific counterion. In a related

embodiment, My*" and M,* of the first salt are identical counterions, but not H*,

15 whereas M"and Mx" of the second salt are also identical counterions, but are neither
H*, nor the specific counterion of the first salt. In yet another embodiment, the
formulation comprises Formula | as a mixture of two or more salts, and all of the
counterions of the different salts are selected independently. In a preferred
embodiment, the counterions in these formulations are disclosed herein.

20 The present invention further provides phosphate esters of florfenicol analogs
(including phosphate esters of chloramphenicol and thiamphenicol) that also can be
useful as antibiotics and/or prodrugs of antibiotics. The present invention further
provides salts of these phosphate esters of the florfenicol analogs, preferably salts
comprising the counterions provided herein. One appropriate family of florfenicol

25  analogs has recenily been synthesized and characterized [U.S. 20040082553,
WO03/077828, the contents of which are hereby incorporated by reference in their
entireties]. The phosphate esters of these florfenicol analogs and salts thereof, can
be prepared and then employed as antibiotics and/or prodrugs of antibiotics through
the teachings provided herein, in view of the teachings of U.S. 20040082553 and

30 WOO03/077828.



present invention conprises the chemcal structure of: OH ~KOH R HN R2~R3
I3 5 wherein R2 and R3 are independently selected fromthe group consisting
of hydrogen, (1 C - 4Calkyl, halo, -CF3, -NH2, -CN and N3; wherein R4 is
sel ect ed f reorddsessoup consisting of: 6 A2-A /A~ A3 A10 10
\ A4 and ~A9~ wherein A is carbon or nitrogen, and car bgngqséar(r)g;é#rsl&t he ring
are independently substituted with an-ghtity selected fromthe group:
consisting of hydrogen, (1 C- 4CQal kyl, (3C - 6Ccycloalkyl, (1 C -

4C) al kyl O, S02-,
NH2S02-, (1C q':ﬁ""‘cﬁ’ gﬁfwaﬁ%bomw aghgs%hﬂ%)egﬁwﬁ?ﬁsﬁo 'a"ﬂ%%f ﬂé

4C) al kyl Npreseqt mvwhomcgrapr@e%ﬂzlﬁrche(mcatstruqtay%@ yI SO2NH , (1 C -

40 al kyl C(O -, (3C - 6CcycloalkylC(O-, (1 C- 4QalkylOC(O-, (1 C -

4C) al kyIC(O)NH-, -C(ONH2, (1 C- 40 alkylNHC(O - and ((1 C -

4C) al kyl ) 2NC(O) -, wherein any the al kyl groups within the substituents
may be unsubstituted or substitited®hith a group sel ected from hal o and
hydr oxy; 20 wherein A2, A3, A4 AP are independently selected fromthe
group consisting of carbon, nytrogen, oxygen and sul fur, provided that at
| east one of A - A5 is not carbon, that the total nunber of .nitrogen,
oxygen and sul fur atong i dees not exceed 4 and that the ring is
aromatic; and wherein bon and the WO 2005/ 063257

PCT/ US2004/ 042591 - goes i\co i n oxygen or sulfur, one of the
nitrogen atonms may %pt i onal | y be rl

/l\

wherein R? and R® are independently selected from the group consisting of
hydrogen, (1C — 4C)alkyl, halo, -CF3, -NHaz, -CN and Ng;
wherein R* is selected from the group consisting of:

/Az_;? ”/AS\[/E
10 : A g "!‘L\ 2

and A®
wherein A' is carbon or nitrogen, and carbon atoms in the ring are

independently substituted with an entity selected from the group consisting of
hydrogen, (1C — 4C)alkyl, (3C — 6C)cycloalkyl, (1C — 4C)alkylO-, -CFs, -OH, -CN,
halo, (1C - 4C)alkylSO-, (1C — 4C)alkylSOz-, NH2SO2-, (1C — 4C)alkyINHSO,-, ((1C -

15 4C)alkyl)oNSOsz-, -NHjz, (1C — 4C)alkyINH-, ((1C — 4C)alkyl}2N-, (1C — 4C)alkylSONH-
, {1C — 4C)alkylC(O)-, (3C — 6C)cycloalkylC(O)-, (1C — 4C)alkylOC(0)-, (1C —
4C)alkylC(O)NH-, -C{O}NH,, (1C — 4C)alkyINHC(O})- and ((1C — 4C)alky!)aNC(O)-,
wherein any of the alkyl groups within the substituents may be unsubstituted or
substituted with a group selected from halo and hydroxy;

20 wherein A2, A%, A*, and A’ are independently selected from the group
consisting of carbon, nitrogen, oxygen and sulfur, provided that at least one of A' — A®
is not carbon, that the total number of nitrogen, oxygen and sulfur atoms in the ring

does not exceed 4 and that the ring is aromatic; and wherein if A' is carbon and the



substituted wth an entity selected fromthe group consisting of (1 C -
4C) al kyl, (10 - 40 al kyl SO02- and -NH2; and wherein A6, A, A8, A9 and A70
are independently selected fromthe group 5 consisting of carbon, nitrogen

and i N+- 0 woYops/de§gd that only one of A- Al at a tine E@]‘IUS)EM{MN?MO , and
that one, two, or three of the A6 - AlO_atons are nitrogen; and wherein the
carbon atons in the ring are |ndependen 'y substituted with an entity
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or substityte 1dNIth a INe,c_t_gd m hal o and hydroxy; and wherein _R8
i s hydrog g‘ T&"Bﬁ%@ﬂ except’ %Q‘Fgwa??&n%ﬁWOR@r é}r@e Bgt in which

case R6 '%Wﬂ"‘b&%ﬂls‘&re'ﬁltrt?}c}% ahBWHRASIANS HalbontbiEin #hd ARG HPée having the

20 rel ative stereochem stry shown or is substantially enant onerically pure
and has t Hedepssdleotlesubsitgedvatin an eptity Iselasted fiora the greup eohsistingdifnent  of
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florf emi COlClﬂh@@l‘(aOS—ﬂGgﬂkylsbI?‘B—M@WS@B}/HH&S% (e.g., 25 florfenicol
pr odr ugs) FS wel | as all or s of éhe phos([i)hate esters of the

P ort og) Pt eSO AR RS S rdtieh ear ATalksEIH one
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addi ti on, (BGe- pCmyeloalkylK€Nt,i (d)ﬁ ﬂﬂ@&ﬁlkm@&[@ﬁe@ (h+*l4(.“£)ﬁlleE(Cf)Nf-h,s of the
(1 or ent colc @RREPAES AESSioREL, (e L L BUIRNGIok AR Qe bR o °
purifisd fipe Bkyddp 200 WIS B’-BCH,0S2004H0¢mIeIng Bonded to adjacent ring carbon
 atoms, and wherein any of the alky! groups within any of the substituents may be
unsubstituted or substituted with a group selected from halo and hydroxy; and
wherein.R® is hydrogen in all compounds, except when R? and R® are both F, in
which case R? is hydrogen or F; and, the compound is either a racemate having the
20  relative stereochemistry shown or is substantially enantiomerically pure and has the
absolute stereochemistry shown. In a preferred embodiment of this type, the
phosphate ester of the florfenicol analog can serve as a prodrug of the corresponding
florfenicol analog.
All of the forms of the florfenicol phosphate ester of the present invention (e.g.,
25  florfenicol prodrugs) as well as all of the forms of the phosphaie esters of the
florfenicol analogs may be prepared in pharmacsutical compositions comprising one
or more pharmaceutically-acceptable carriers (e.g., solvents), and/or one or more
pharmaceutically-acceptable excipients. In addition, the present invention also
provides all of the forms of the florfenicol phosphate ester and all of the forms of the
30  phosphate esters of the florfenicol analogs of the present mven’uon in an isolated
and/or purified form. -



Therefore, the present invention provides a pharnmaceutical conposition
conprising a florfenicol prodrug (or a phosphate ester of a florfenicol
anal og) of the present invention in a pharmaceutically acceptable carrier.

I n a parti ovbagoseeabodi nent, the pharnaceutical conposi tlﬂc?ﬂr %Wﬂlz's es a
m xture of two or nore 5 salts of the florfenicol prodrug. In a related

enbodi nent, the pharnmaceutical conposi téoon conprises a mxture of two or
nore salts of a phosphate ester of a T f eni col anal og. I n one enbodi nent
the pharnaceutical |y acceptable carrier conprises an anic solvent. In a

parti cul ar embdBeriere, te Rrﬁﬁ%ntt'ﬁ)\f@t’oﬂlﬁo‘dﬁ%ﬁ|P€'a§'ﬁﬂ‘9%lﬁtca?§0'aﬁ0§iﬁ°®pr otic
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phosphat e est eln ¥hd BmbBdimsard trﬁ@phamﬁaddmﬂcéuycadc@ptamé cmm@bmbﬁs@hﬁr In one
20 such enbodiment, the nolar ratio of the base (e. free anmine) that is
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ano the [ar rati e rang
0 9 1.1. nif:kteref bioard aqmemls qﬂhﬁmﬂmabaestmc golgent. flh argrefercal erpbouﬂmeg\i or
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h hat t f f J )
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bacteri al tHlé‘iﬁfet 'cﬁé‘pl(l%f the adiaR dditiords dbaven b 35lEhaIpH €51 NE ahethrsubj ect

in need thereof, a therapeutically- or prophylactically- effective amount of

a phar nac @mhqﬂanemdh@@bi ofitbe agoaphs selubon isddtween phl 4.8ianskd 6. Wrstillsal t
 her . ARk oRBBRRa YR b B, dulosBe IR BERA SO Hhe PEESDT
i nventionima p@dtiauiwmc&ﬂmenahhngl of the palution id bstwesh@H 42ndndpHUB.s type, a
phar maceuti cal conposition of the gfrtﬁgepéselnmﬁ%g%gg i Shérrr]nz?n agueous
sol ution. In oHtapreferred embodiment p ap ceutical
composition of the present invention comprises a mixture of a salt form of the
florfenicol phosphate ester with an acid form of the florfenicol phosphate ester. In one
20  such embodiment, the molar ratio of the base (e.g., a free amine) that is combined
with the acid form of the florfenicol phosphate ester is in the range of 0.6-1.4. In
another embodiment, the molar ratio is in the range of 0.8 -1.2. In still another
embodiment the molar ratio is in the range of 0.9 - 1.1,
The florfenicol phosphate ester, e.g., florfenicol prodrug, or phosphate esters of
25  the florfenicol analogs, and/or salts of either, according to the present invention may
be used to treat or prevent a bacterial infection (e.g., those listed above) by
administering to a subject in need thereof, a therapeuticaily- or prophylactically-
effective amount of a pharmaceutical composition comprising the florfenicol prodrug or
salt thereof, and/or phosphate ester of a florfenicol analog or salt thereof.
30 In a particular embodiment, a pharmaceutical composition of the present
invention is administered orally. In a particular embodiment of this type, a

pharmaceutical composition of the present invention is in an agueous solution. In one



WO 2005/ 063257 PCTI US2004/ 042591 -9 such enbodi nent, the pharnmaceuti cal
conposition is placed into a liquid to be ingested by the subject, e.g.
into its drinking water. |In another enbodi nent of the present invention, "the

phar maceut {yeRogss828p0si tion is adm nistered parenteral | yer/Bedoeirtae6oa!
admi ni stration may involve 5 intranuscular or intravenous injection.

Parenteral adm nistration may al so involgye subcutaneous injection. The
florfenicol phosphate ester (e.g., florfeni coI prodrug) and/or salt thereof
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of tetrazole, ilf aé‘Othfsetm&‘ld INgR} @ t VeNHomy,; the pPRarmaceuticat er madl at e.
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sol vent . 1% second |tnt ernediate is then reacted with trifluoroacetic
acid to yl%lf EOYP URT Y phosphate in its acid form The acid form of

florfenicol phophfdrferied Tphubﬁlﬁlé%@tdr)(e gbq‘ldrf&ﬁicél %dru%) aawp@*éalﬁﬁéu%rof of
enbodi nents one or nore o th first second for thir sui tab

sol vent (s)thegqreset invendip cand-phespheia estprs dfiibe ﬂgffealp@bmai@@s and/or aa!ts

florf th
hqueous SRS PR GrefshthyatioR, ARl o @BAREY bPa bhlmndt B FRIROIENRA L) "
cat : o) EOgr pﬁe*erg&d mnbo@m&mltta; flcgm?qlablfprh@.lg‘ iSCp“répactirledCHy rp?ﬁﬁhglﬂoﬂ@fﬂcdlhﬁth die

i sol ated, yiel din solated florfenicol, prodrug with a

phar mceut PeitypHedarapide 6 s Biesghoaotiipgnie: My Bist suMdERbALof ¢ he
process: of ;pieRes fifRd iftbienddidtel M CAn Biiﬁﬁﬁlﬁgg %d‘irﬁ‘ﬁ se@émﬂ)éﬁo'@@e?ér sbiRANG! on,

the first SUIt | e sol vent conprises tetr uran. In an
enbodi nmentthetfist iniermagdiaie; yésiding aﬁemndnmpeﬂe@ateou Afterdsolatingithet $¢dondnot her

embodi mont MarEBCRFFE sREOAT TR RIdE R et AT el o TR 1
chr omas ogr gguind nht@rm&thaﬁm@tth@m reatedl iMth niffludrbgcdtioi Aol BLyiblald fordariomnt
conprises 30 dichl oroneth In still an ftlher enbodi nent, the

phar maceut PRIER Iea;@d@ﬂcgﬂ,? M at hgy@cid form of florfenicol phosphate 'can subsequently
be isolated. In a particular embodiments one or more of the first, second, and/or third

suitable solvent(s) is(are) an aprotic solvent(s).
The isolated acid form of florfenicol phosphate ester then can be added to (or
20  combined with} an aqueous solution of a base that comprises a pharmaceutically-
acceptable cation or di-cation. A salt form of the florfenicol prodrug can then be
isolated, yielding an isolated florfenicol prodrug with a pharmaceutically-acceptable
cation or dication.
In one embodiment of the process of preparing the florfenicol prodrugs of the
25  present invention, the first suitable solvent comprises tetrahydrofuran. In another
embodiment, the oxidant used is m-chloroperbenzoic acid. In still another
embodiment, the second suitable solvent is dichloromethane. In a particular
embodiment, isolating the second intermediate comprises flash column
chromatography. In yet another embodiment, the third suitable solvent comprises
30  dichloromethane. In still another embodiment, the pharmaceutically-acceptable cation -
is Na*. In yet another embodiment, the pharmaceuticaiIy-acceptable cationis a
protonated amine. In still another embodiment, the pharmaceutically-acceptable di-
cation is a bis-protonated diamine.



s Na". In yet another enbodinent, the pharmaceutically-acceptable cation is
a protonated amne. In still another enbodi nent, the
pharmaceutical |l y-acceptable di- cation is a bis-protonated di am ne. WO
2005/ 0632 g@y #.E 04/ 042591 -10 BRI EF DESCRI PTI ON Opcthis ddR0WNGS Fi gure
1 shows aii‘l) 3 he rate and degree of conversion to florfenicol of the
phosphate ester of the present i nvent i od0as conpared to a glutarate ester in
rat and bovine serum (triangles - phosphate ester in bovine serum
circles, phosphate ester BRIER DESCEHTIAN OFaiidn BRAWINGSr ate ester in
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present at iraisevtim) | or f eni col concentrations detected in the plasma of dogs

follow ng intravenous adm nistration of florfenicol phosphate ester. The
pl ot depicts florfenicol concentrations in the plasma of three dogs
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dat a om a. different, dog..Fiqu 4 is.a.qgraphic esentation florfenicol
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detected in the plasma of three pi owi ng 25 intravenous adm'njstration

f ol
of the fl &opesf eaprogsmmyai%rr@&gewg %lf&%dyw%ghta Erphesmbol gepetes thavats 6. 7

ng/ kg of ' ich equates to a florfenicol equivalent dose of 5
ng/ kg. Ea?%ﬁigmﬁq%tecr%‘?es the data froma different pig. DETAILED

DESCRI PTI ON OF THE | NVENTI ON 30 Accordingly, the present invention provides
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the plasma of dogs following intravenous administration of florfenicol phosphate ester.
The plot depicis florfenicol concentirations in the plasma of three dogs following
intravenous administration of the florfenicol phosphate ester prodrug at a dose of
approximately 11.1 mg/kg of body weight, which equaies to a florfenicol equivalent
20 dose of 8.3 mg/kg. Each symbol denotes the data from a different dog.

Figure 4 is a graphic presentation of florfenicol concentrations in the plasma of
pigs following intravenous administration of florfenicol phosphate ester. The plot
depicts florfenicol concentrations detected in the plasma of three pigs following

25 intravenous administration of the florfenicol phosphate ester prodrug at a dose of
approximately 8.7 mg/kg of body wéight, which equates 10 a florfenicol equivalent
dose of 5 mg/kg. Each symbol denotes the data from a different pig.

DETAILED DESCRIPTION QF THE !NVENTION
30 Accordingly, the present invention provides an esterified form of florfenicol

(e.g., a florfenicol prodrug) or an esterified form of a florfenicol analog. Such esterified
forms are extremely soluble in water and can be used to treat and/or prevent bacterial
infections. When the water-soluble forms of florfenicol or a florfenicol analog are



forms are extrenely soluble in water and can be used to treat and/or prevent
bacterial infections. Wien the water-soluble forns of florfenicol or a
florfenicol anal og are WD 2005/ 063257 PCT(US2004(042591 -11 adm nistered to

a subj ect 1W69€b5ﬁ)§§2§‘fi fied formof florfenicol or the flpniwalaeksanal og is
efficiently converted to free florfenicol, or the free florfenicol anal og,

respectively. In order to nore fully appieciate the instant invention, the
followi ng definitions are provided. 5 As used herein, a "pharnaceuti cal
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relieve to sone extent one or nore of the synptons of a bacteri
i nf ectli onwakerh subject. In particular enbodi nent, a

t herapeutical |l y-eff Y nt .refers.to t unt_of a florfenicol
phosphat e est e%no%xﬁiﬁ%nb?%%g%tb %%U@E&@gﬁtﬁrﬁﬁt@%ﬂﬁg PQFM%“SPQP@ to a
subj ect, dempusitisn td furfren fagiitatecadminishiisn of an aciv ingeadiant, [Ehawiples,
concentration to: (1) reduce, and preferably elimnate, the popul ation of

bact er i al Wibpyidimifaiion, alMycleienis inglude calpiim Gaibenate; calsium phesphade, YAreUer abl v
sto r ol ' | : ' LRI ~ifd , Sl ow,

pr e]l‘o Zar gbl %h %%%‘Hgg‘?%ga%ﬁ%?r%ﬁé’g@g%%?%ﬁaﬁ?%’?&'4@% V bﬂgﬂﬁg}%?lfs( relieve

( pr ef & abpyplyethyteneadlgdolene or nore synptons associated with the infection.

grg drog " ProPRYE 86 AR abeticaT et ifd BBt | & G530 hardinGeRIB I that’ @
amount of a prodrug of the present invention that will hydrolyze suificiently rapidly and
in sufficient amounts to provide florfenicol {(or florfenicol analog) in a concentration at
which it can relieve to some extent one or more of the symptoms of a bacterial
20 infection in a subject. In particular embodiment, a therapeutically-effective amount
refers to that amount of a florfenicol phosphate ester of the present invention that,
when administered to a subject, delivers florfenicol to a subject in a sufficient plasma
concentration to: (1) reduce, and preferably eliminate, the population of bacterial cells
in a subject’s body; (2) inhibit (i.e., siow, or preferably stop) proliferation of the
25  bacterial cells; (3) inhibit (i.e., slow, preferably stop) spread of the bacterial infection;
and/or (4) relieve (preferably eliminate) one or more symptoms associated with the
infection.
The term “prophylactically-effective amount” refers to the amount of a prodrug
of florfenicol, or florfenicol analog, of the present invention, that provides, upon
30  hydrolysis, a sufficient plasma concentration of florfenicol, or the corresponding
florfenicol analog, to: (1) maintain a reduced level of a population of bacterial cells
achieved by a previously-administered therapeuticaily-effective amount of the prodrug
or some other appropriate drug; (2) maintain the level of inhibition of the proliferation



of florfenicol, or florfenicol analog, of the present invention, that

provi des, upon 30 hydrolysis, a sufficient plasma concentration of
florfenicol, or the corresponding florfenicol analog, to: (1) naintain a
reduced Ia\bq 59(]‘ ,popul ation of bacterial cells achiBUBUSIH/E2591

previ ousl y-a n1n|stered therapeutlcally effective anmount of the prodrug or
sonme ot her appropriate drug; (2) nalntzfn the level of inhibition of the
proliferation WO 20051063257 PCT/ US20041042541 -12 of bacterial cells
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dISSOCIatIOH or participation in droqen bondln As used herein, a

"sui t abl ehacieia/kem acsuandating in asyiseepiible eraanisn iR ﬁ@fflﬁ@é\tﬂdmiﬁy teealssi @80l ve
and whi chi % ﬁé not, adversely participate in the reaction, either by itself
reacting W th Gne or nore conponents of the reaction m'xture, or by
interfering wAr‘aprotic seleentt’ csfersf totameorganip sobmeins thet does met mehidesine gror  any
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bt GRS afg wridh 856 b asBRen Polpaf ikl heuchotiner 8 nse>t Per-
reacting with one or more components of the reaction mixture, or by interfering with
the reaction of the components with one ancther. For any given reaction, selecting a
20  suitable solvent is well within the ability of those skilled in the art and can be
accomplished without undue experimentation.

Tlge term "subject" refers to an animal spgcies capable of being infected by a
pathogenic bacterium, and in a particular embodiment includes humans. Appropriate
animal subjects also include those in the wild, fivestock (e.g., raised for meat, milk,

25 butter, eggs, fur, leather, feathers and/or wool), beasts of burden, research animals,
companion animals, as well as those raised for/in zoos, wild habitats and/or circuses.

In a particular embodiment a “subject” of the invention is a “food producing”
animal. For purposes of the present invention, the term “food-producing” animat shall
be understood to include 9“ animals bred for consumption, or for consumables (e.g.,

30  dairy cows, egg-faying hens and the like) by humans and/or other animals. A non-
fimiting list of such animals include avians (chickens, turkeys, geese, duck, ostriches,
etc,), bovines (e.g., cattle, dairy cows, buffalo), ovines (e.g., goats or sheep), porcines
(e.g., hogs or pigs), equines (e.g., horses) etc., as well as aquatic animals including
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Pr osopi um cyl i ndraceum Round whi t idae Famil
TAXON NAME COMMON NAME
Coregonus clupeaformis L.ake whitefish
Coregonus hoyi Bloater
Oncorhynchus keta Chum salmon
Oncorhynchus gorbuscha Pink salmon
Oncorhynchus kisutch Coho saimon
(silver salmon)
Oncorhynchus masou cherry salmon {masou salmon)
Oncorhynchus nerka Sockeye salmon

Oncorhynchus tshawytscha
Prosopium cylindraceum
Oncorhynchus clarki
Oncorhynchus mykiss
Salmo salar

Salmo trutta

Salmo trutta X 8. fontinalis
Salvelinus alpinus
Salvelinus confluenius
Salvelinus fontinalis
Salvelinus leucomaenis
Salvelinus malma
Salvelinus namaycush
Thymallus thymallus

(chinook salmon)

Round whitefish

Cutthroat trout

Rainbow trout

Atlantic saimon

Brown trout

Tiger hybrid-trout

Arctic charr

Bull trout

Brook trout

Japanese charr (white spotted chairr)
Dolly varden (Miyabe charr)
Lake trout

Grayling
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Oncor hynchus cl arki Cutthroat trout Oncorhynchus nyki ss Rai nbow trout

Sal no salar Atlantic salnmon Salnmo trutta Brown trout Salno trutta X S.
fontinalis Tiger hybrid-trout Salvelinus alpinus Arctic charr Salvelinus
conf | uent %@%!bﬁﬁﬁout Sal vel inus fontinalis Brook tregi/uSzioved2énus

| eucomaeni’ s Japanese charr (white spotted chart) Salvelinus mal ma Dolly
varden (M yabe charr) Sal veli nus nameyleush Lake trout Thymal |l us thynal |l us
G ayling WD 2005/ 063257 PCT/ US2004/ 042591 -14 Some Menbers of the
Serranidae Fam |y TAXON Ndvhe Mldvibdis Wie SerabidaBFaghilyS ocyur us Bank sea
bass Centropristis philadel phicus Rock sea bass Centropristis striata

Bl ack sea ba ' um bi vittatum f 1 h D plectrumfornmsum
Sand perch E%\—Xn@\ﬂhﬁwflavol i nbat us %MM fj\'%wnguper Epi nephel us nono
Red grouper Cé&eiropsilis gororise Tattl| er SeBeakseatasgsugarum Chal k bass 5 Sone
Menbers of tOenthmaistidahitbdeiphicus TAXON NREk €6b/Mdals NAVE — Ar chosar gus

probat ocephaGugirépreteenead Archosar guspldeRmseai ksl S Sea br eam Cal amus penna
Sheepshead poptkRBRMRAuMhoNDOI des Pi plyzptsdtipedsh Maj or Red Sea bream

Diptectrum formosum Sand perch
Epinephelus flavolimbatus Yeilowedge grouper
Epinephelus morio Red grouper
Serranus phoebe Tattler
Serranus tortugarum Chalk bass

5 Some Members of the Sparidae family

TAXON NAME COMMON NAME

Archosargus probatocephalus Sheepshead
Archosargus rhomboidalis Sea bream
Calamus penna Sheepshead porgy
Lagodon rhomboides Pinfish
Pagrus Major Red Sea bream
Sparus aurata Gilthead Sea bream
Stenotomus chrysops Scup

Some Members of the Cichlidae family

TAXON NAME 'COMMON NAME
Aequidens latifrons Blue acara
Cichlisoma nigrofasciatum Congo cichlid
Crenichichia sp. Pike cichlid
Pterophylium scalare Angel fish
Tilapia mossambica Mozambique mouth breeder
Oreochromis spp. Tilapia

Sarotherodon aurea Golden Tilapia



Sparus aurata G |thead Sea bream Stenotornus chrysops Scup Sone Menbers of
the G chlidae famly TAXON NAME COVWON NAME Aequi dens |atifrons Blue acara

Ci chl i soma ni grofasciatum Congo cichlid Crenichichia sp,

Pi ke cichlid

Pt er ophyl | Wwo 6963358 Angel fish Til api a nossanbi ca MzapBigmyRodRida breeder
Oreochrom s spp. Tilapia Sarotherodon aurea Golden Til apia WO 2005/ 063257

PCT/ US2004/ 042591
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Bl uespotted su acant hus obesus

-15 Sonme Menbers of -t#e- Centrarchidae fam|ly TAXON NAME

Centrarchus macropterus Flier

Enneacant hus gl ori osus

| |
mmw Lepom s auritus

Redbreast suniinpppiilc@Rapbstrigyanel | us G epgcgpaéd sh Lepomi s cyanel lus X L.
gi bbosus Gree arftr, hEssslerndserom s gi us Punpki nseed Leponm s gul osus
War mout h Lepo §3 bl nge- spotted %Hﬂ%s @P'?@gﬁ crochirus
Bl uegi || Lepo 1 S, Longear sunfi %ﬁ f ﬁrcéé e gﬁsae Shoal bass
M cropt er us fﬁ?ﬁ'@ ﬁﬂlof‘%ut h bass E1enokee pigmy suniis
assoma zonatum Banded pigmy sunfish :
Enneacanthus gloriosus Biuespotted sunfish

Enneacanthus obesus
Lepomis auritus
Lepomis cyanellus

Banded sunfish
Redbreast sunfish
Green sunfish

Lepomis cyaneilus X L. gibbosus Green x pumpkinseed
Lepomis gibbosus Pumpkinseed
Lepomis gulosus Warmouth

Lepomis humilis

Orange-spotted sunfish

Lepomis macrochirus Bluegill
Lepomis megalotis Longear sunfish
Micropterus coosae Shoal bass
Micropterus dolomigui Smallmouth bass
Micropterus punctulatus Spotted bass

- Micropterus salmoides Largemouth bass
Pomoxis annularis White crappie

Pomoxis nigromaculatus Black crappie

In another embodiment, the subject is a companion animal. For purposes of
the present invention, the term “companion” animal shall be understood to include
5  housecats (feline), dogs (canine), rabbit species, horses (equine), rodents (e.g.,
guinea pigs, squirrels, rats, mice, gerbils, and hamsters), primates (e.g., monkeys)
and avians, such as pigeons, doves, parrots, parakeets, macaws, canaries, and the
like.
Other animals are also contemplated to benefit from the inventive fiorfenicol
10  phosphate esters, including marsupials (such as kangaroos), reptiles (éuch as farmed
turtles), game birds, swans, ratites and other economically important domestic
animals.

As noted previously, florfenicol is sparingly soluble in water, ie., to
approximately 1 mg/mL. However, in commercial formulations, concentrations of 300
15  mg/mL or more are often desired. To achieve such concentrationé, organic solvents
in which florfenicol is readily soluble are used in formulations. Unfortunately, many of
these solvents cause irritation that is sometimes quite severe when such florfenicol-

containing compositions are administered to a subject by injection, a preferred mode
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15  sodium salt of florfenicol phosphate is converted to the extent of approximately 40%

and 60%, respectively. These levels of conversion in vitro would be considered by
those skilled in the art as good indicators of therapeutically-effective conversion in
vivo. As predicted, substantial concentrations of florfenicol were detected in the
plasma after the intravenous administration of a florfenicol phosphate ester of the

20  present invention in cattle, dogs, and pigs (see Figures 2-4). '

The florfenicol phosphate ester of the present invention, e.g., florfenicol
prodrug, and/or saits thereof (or phosphate esters of the florfenicol analogs and/or
salts thereof), can be administered to a subject by any conventional means, including
orally, or by injection.

25 It is preferable to have the florfenicol prodrug in an aqueous ready-to-use
solution, when injections are to be administered. In order to achieve ‘maximal stability
and shelf-life of the florfenicol prodrug in a solution, preferably the molar ratio of the
base (e.g., a free amine) that is combined with the acid form of the florfenicol
phosphate ester is maintained in the range of 0.6-1.4 in their adueous solutions. Itis

30  more preferred to maintain this molar ratio in the 0.8 -1.2 range in the aqueous
solution. 1t is even more preferred to maintain this molar ratio in the 0.9 — 1.1 range in
the aqueous solution. In a particular embodiment, the pH of the solution should be
maintained at approximately pH 4.5.



Quite surprisingly, the florfenicol phosphate ester of the present invention
was found to not only have excellent solubility in water, to., over 600
ng/ mL, but also to convert to florfenicol efficiently and in substanti al
amount s. TWioobsioeads30 shown in Fig. 1, where it can bepgggsbdirbsopver four
hours in rat serum and bovine serum the 15 sodiumsalt of florfenicol
phosphate is converted to the extent of. @pproximtely 40% and 60%
respectively. These | evels of conversion in vitro would be consi dered by

t hose skilled it : i R r ! | | Y- ective
conversion in '1*3}9\}5&% S%@'B‘?%Hiig@ﬁad\% B%BE@%Q%@% to@@ﬁ)&iﬁféﬁ’%@é‘%{ st%Sf%quHWeni col
wer e det edwoaeiniting lexampless whichfarerprovided as exempiarg oftha inventicat, i The of a
florfenicql, phosphate ester of the., 20 esent _inyention i attle, dogs,
and pi s (IENIRG BAARDISS ap Prasrntes i okl komops b Mkt emPodimanis opihesant

| nvent i oninfariion SR Rto way BECdBstaRAS imRgl o tb'?ﬁc?@éogeo@‘ hgosphat e
esters of the florfenicol analogs-and/or salts thereof), can be

adm ni st eddgntiona subj ect by any conventional means, including orally, or
by injection. 25 It is preferable to have the florfenicol prodrug-in an
aqueous ready-to-use solution, when injections are to be admnistered. In
order to achieve maxinmal stability gXAMPIES-I1fe of the florfenicol
prodrug in a solution, preferably the nolar ratio of the base (e.g., a free
amne) that is conbined with the acid formof the florfenicol phosphate
ester is maintained in the range of @HEME1n their aqueous solutions. It

s 30qgrore pref er r ed dypulbARBbAbS PR BhalELRy IBlsbdfn sy - 1. 2 range in

t he agueous sol uti of. this nol ar
ratiointhe 0.9 - 1.1 range in the aqueous solution. In a particular

enbodi ment, the pH of the solution should be maintained at approxinmately pH
4.5. WD 2005/ 063257 BET/ US2004/ ()')4-‘2’591015u- 17 The present inventi@dn may be
better understooddbylceference t'a 1fieadol wwplndiFmhon- i niti ng eXa es,

whi ch are provid ps gxemmpl ar y-of—tte—tnvention—The faq ing.exanpl es
are present edsgmefder MECHYr e fiiMPRBA FH.Elgt7B 2t tertenbodi of [thé&

i nvention andg’&would in no way be construed as |imting g

the 5 invention. EXAMPLES SCHEMEl o ]
CF,COOH
CH,CI,
0
! feor
P<-ONa Pz
o7 \ONa i) aqueous NaHCO, ¢ OH
. F i) HP-20 treatment F
~g " NHCOCHCI, S NHCOCHCL,
oy
oo 0

3 2

Example 1: [1R, 25-1-(4-Methanesulfonylphenyl)-2-(2, 2-dichloroacetylamino)-3
15  fluoropropyl]-di-teri-butyl phosphate (1)

To a solution of florfenicol {14.32 g, 40 mmol) and tstrazole (3.96 g, 56 mmol)
in anhydrous tetrahydrofuran (THF, 70 mL) under nitrogen, was added, dropwise,
N,N-diethyl di-ter-butyl phosphoramidite (12.8 mL, 46 mmol). The resulting solution

20  was stirred at ambient temperature for 1.5 hours, during which time a fine precipitate
formed. Stirring was continued for an additional 22.5 hours, after which the
suspension was cooled to —78 °C and a solution of m-chloroperbenzoic acid (75%, 12
g) in dichloromethane (60 mL) was added dropwise. The resulting solution was stirred
at ambient temperature for 1.5 hours and then concentratied in vacuo. The residue
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2S- 1- (4- Met hanesul f onyl phenyl ) -2- (2, 2-dichl oroacetyl am no)-3- 15
fluoropropyl]-di-tert-butyl phosphate (1g-To a solution of florfenicol
(14.32 g, 40 mmol ) and tetrazole (3.96 g, 56 mmol) in anhydrous
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dropwi se. The resulting solution was stirre at” anbi ent” tenperature for 1.5
hour s Jand vdiedo@®ncentrated i n vacuo. The residue

"H NMR (ds DMSO, 400 MHz2): § 8.92 (d, 1H, J=9.2), 7.91 (d, 2H, J=8.5), 7.62
(d, 2H, J=8.5), 6.48 (s, 1H), 5.52 (dd, 1H, J=8.5, 3.2), 4.7 — 4.32 (m, 3H), 3.19 (s, 3H), .
1.31 (s, SH}, 1.29 (s, 9H).
ESMS (negative mode, relative abundance shown in parentheses): m/z 208.80
10 (100), 491.66 (90), 493.54 (70). 547.68 (30}, 549.51 (25, M*). |
HPLC: tg 11.2 min. purity 96.6% (Column: ACE 5 C18, 4.6 x 150 mm; mobile
phase 0.1% aq. HsPO4/CHsCN gradient).

Example 2: [1R, 25-1-(4-methanesuifonyiphenyl)-2-(2,2-dichloroacetylamino(-3-
15  fluoropropyl]phosphate (2)

To a solution of compouhd 1 (12.75 g, 23.2 mmoil) in anhydrous
dichloromethane (150 mL) under nitrogen, was added trifluoroacetic acid (15 mL), and
the solution was stirred at ambient temperature for 2 hours. The solution was then

20  concentrated in vacuo to yield a gum, which, upon trituration with diethyl ether, gave
9.97 g of compound 2 as a white solid.

'H NMR (ds DMSO, 400 mHz): § 8.81 (d, 1H, J=0.0), 7.87 (d, 2H, J=8.4), 7.63
(d, 2H, J=8.4), 6.43 (s, 1H), 5.58 (dd, 1H, J=9.6, 2.0), 4.80 — 4.3 (m, 3H), 3.18 (s, 3H).

ESMS (negative mode, relative abundance shown in parentheses): m/z 435.55

25 (100), 437.45 (75).

HPLC: z 9.1 min, purity 91.9% (Column: ACE 5 C18, 4.6 x 150 mm, mobile

phase 0.1% HsPO4/CH3CN gradient).

Example 3: [1R, 2S —1-(4-Methanesulfonylphenyl)-2-(2, 2-dichloroacetylamino)-3-
30 fluoropropyl]phosphate disodium salt (3)
The acid compound 2 (9.97 g, 22.8 mmol) was added in small portions to an
aqueous solution of aqueous sodium bicarbonate (3.82 g, 45.5 mmol in 456 mL water).
The resulting solution was run through an HP-20 resin column with water as the
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and concenyigahefhsbizzvacuo to yield a gum which was pupciuedodmzoil i ca gel
flash col um chromat ography to give 10.61 g of compound 1 as a 5 white
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HPLC. 10R 9.1 min, purity 91.9% (Colum: ACE 5 C18, 4.6 x 150 mm nobile
phase 0. 1% H3PO4/ CN gradient).. Exanple 3: [1 R 2S -1 |
- (4- Met har@sqmpl%%%m o of Bortenlsalprosphe ia Hrriepjcol in sgrum
f1'uoropropyl ] pisiéltS dHospHATERbE dis3biviBan 8%, 1 M BABSHEe 4K g, 22.8
nmol ) was addegqlén smalfcﬁl.J pgrtt:éons?to an aqueous solution % a%:l}g us sodi um
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15 mixed with 100 pL acetonitrile (CHaCN) and analyzed by column chromatography

(Zorbax C8 column 4.6 x 15 cm, eluent: 0.1% HsPO./CHCN) to determine the

percent conversion of the prodrug 1o florfenicol.

Example 5: Conversion of florfenicol glutarate to florfenicol in serum
20 Florfenicol glutarate may be dissolved in a 0.1 M phosphate (KHPO,) buffered
medium of rat or bovine serum at 37 °C. Then, 100 pL of the florfenicol glutarate-
containing medium may be removed afterat0,0.5,1, 2,3 a_nd 4 hours, mixed with
100 ul. acetonitrile (CHzCN) and analyzed by column chromatography (Zorbax C8
column 4.6 x 15 cm, eluent: 0.1% H3PO4/CH3CN) to determine the percent conversion
25  of the prodrug to florfenicol.

Example 6: Measurement of aqueous solubility of the phosphate ester prodrug
of florfenicol

30 Successive aliquots of solid phosphate ester prodrug (sodium salt) were added
to water with agitation. Additioﬁ was continued until mixing became difficult due to
high viscosity, at which point all of the prodrug remained in solution. An aliquot of this
solution (of known volume} was diluted with a known quantity of water and was
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wer e pool ed and |yophilized to give 8.81 g of conpound 3 as a white solid.
1 HNWR (D20, 400 nHz): S 7.75 (d, 1 HJ=7.1), 7.57 (d, 2H, J=7.1), 6.03 (s,

1 H, 5. 30wodhsszk7H J-9.7), 4.75 (ddd, 1 H, J=45.5, Pechusosdzsed. 47 (dt,
1H J=47, 9.0), 5 4.33 (br m 1 h), 31@,7 (s, 3H). ESM5 (negative node,
relative abundance shown i n parentheses): nmlz435.60 (100), 437.49 (70).
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into cyclic diester. Satisfactory stability of aqueous solutions of the prodrug can be

15  achieved when the amount close to one equivalent of either sodium hydroxide or

ethanolamine is added to the concentrated agueous solution of the florfenicol

phosphate prodrug resulting in the pH range of approximately pH 4.5 to pH 5.5.

However, even such small changes of pH result in noticeable differences of the

amount of the cyclic phosphate diester formed.

20
' o.' -
o g-—OH o ""8{? O'P‘gH /(Dj;/\
H NaCH E *+ ¥ F
m” \sm;ocml, N mcoc“c,z ~g NHCOCHC,
\s NHCOCHCla d..‘o d’s“o o'l\b
¢ A B c
pH % Compound A | % CompoundB | % Compound C
4.54 94.40 017 1.02
4.95 93.38 0.37 1.01
5.53 93.06 1.41 0.93

An agueous solution of the phosphate ester of florfenicol in the
phosphate acid form containing 300 mg/mt of active florfenicol was heated at
40°C for 30 days under nitrogen. Initial HPLC purity of the prodrug acid was

25 98.3% with no noticeable amounts of cyclic phosphate B and free florfenicol C.



WO 2005/ 063257 PCT/ US2004/ 042591 -20 anal yzed by HPLC to determ ne the
original concentration, which was found to be greater than 700 ng/ nL.
Exanple 7: Stability of the phosphate prodrug in aqueous solutions. 5

Al t hough r@?%ds)éﬁiz)h stabl e in aqueous sol utions, over poalwngad4zzeri ods of
time the phosphate ester of florfenicol (Formula I) undergoes slow
degradation resulting in the release of;free florfenicol as well as the
formati on of cycl'i ¢ phosphate diester. e formation of the cyclic diester

par 1 i padTOlR st O eanaed Wi SR ARREERSs Boert o A LR ol Fophi i

than the ggutig@pondi ng nono-ani on. Therefore, the rate of formation of the
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4.54 94.40 0.17 1563 4.95 93.38 093831.01 | 5.53 8506 1.41 0.99.70

An aqueous solution of prodrug phosphate acid containing 300 mg/mL of
5 active florfenicol was heated at 40°C for 30 days under nitrogen. Initial HPLC
purity of the prodrug acid was 98.3% with no noticeable amounts of cyclic
phosphate B and free florfenicol C.

The florfenicol phosphate prodrug is less stable below pH 4 or at neutral or
10 higher pH ranges. In addition, increased ionic strength reduces the aqueous stability
~ of florfenicol phosphate prodrug in solution,

Example 8: Conversion of florfenicol phosphate to florfenicol in cattle
Florfenicol phosphate was dissolved in water to a concentration of
15  approximately 600 mg/mL. The solution was then injected intravenously into three
calves weighing 69 to 121 kg to provide a dose of approximately 10 mg/kg of calf body
weight, Plasma samples were collected after drug administration and analyzed for
concentrations of florfenicol by HPLC-MS/MS. Piasma florfenicol concentrations
increased rapidly following treatment (Figure 2). These data demonstrate that the

20  prodrug is rapidly cleaved to florfenicol in catile.

Example 9: Conversion of florfenicol phosphate to florfenicol in dogs
Florfenicol phosphate was dissolved in water to a concentration of
approximately 200 mg/mL. The solution was then injected intravenously into three
25  dogs weighing 9 to 15 kg to provide a dose of approximately 11 mg/kg of body weight.
Plasma samples were collected after drug administration and analyzed for
concentrations of florfenicol by HPLC-MS/MS. Plasma florfenicol concentrations



An aqueous sol ution of the phosphate ester of florfenicol in the phosphate
acid formcontaining 300 ng/ nL of active florfenicol was heated at 40C for
30 days under nitrogen. Initial HPLC purity of the prodrug acid was 25 98. 3%
w th no nolysaabbaanounts of cyclic phosphate B and fregrigkanientsol C. WO
2005/ 063257 PCT/ U52004/ 042591 -21 Simlar results were obtained when

et hanol am ne was used to adj ust the pH oj» the solution: () 0 POOH O PEON
OP.OOCH O SON H2N%p OHf + Il S1 / NHCOCHCI z S NHCOCHC s ~S NHCOCHCI z

446 93, S‘g%%%e@%@ﬁlv@o@t%@@att‘e@%%ﬁt‘h@éﬁ%@tﬁ%‘éﬁ@ﬁ@{%ﬁ%”ﬂtzzﬂe&s
sol ution grograsisugpidlyciganeiddodiorfénicohinalogsng 300 mg/ nl of 5 active
florfenicol was heated at 40C for 30 days under nitrogen. Initial HPLC

purity of the prodrug acid was 98.3% w th no noticeable anpunts of cyclic

phosphat e Baiihd 162 cghiver S8 A ndrrertisl hOUIILAL 6 HATRHRH SR U0, |

| ess stable ow pH 4 or at neut ra ranges addi tion,
increaSed i oni dFletfemingtfhospiateasas dlssdqerdammatetmaluongzentmmdri @fr f eni col
phosphat e {)r odr.u | ut n\ze.rs n of flor

phosphat e #RPTPX t%'Ml@glmgfﬁﬁ'ggthFl ﬁnd‘t’?%ﬁ%gdmeﬁ SN AT 'H*c'sfg'fﬁﬁ‘/ed in
water 1o gjgd ihg 09 18%kg16 p?meéldmé@mpﬁmurﬁ%m ﬂhglkgqif%bugn vas

then injected intravenously into three calves weighi'ng 697t0 ?
provi de a weigbt. oPlagpier snmpias weye gc_glleeged@ft@tdrua|adnb@a’5ration and analyzed for

concentrations of florfenicol. Plasma florfenicol concentrations increased rapidly
10 following treatment (Figure 4). These data demonstrate that the prodrug is rapidly
cleaved to florfenicol in pigs.

Many modifications and variations of the present invention can be made
without departing from its spirit and scope, as will be apparent to those skilled in the
15 arl. The specific embodiments described herein are offered by way of example only,
and the invention is to be limited only by the terms of the appended claims, together
with the full scope of equivalents to which such claims are entitled.



wei ght. Plasma sanples were collected after drug adm nistration and anal yzed
for concentrations of florfenicol by HPLC-MS/MS. Plasma fl orfenicol
concentrations increased rapidly following treatnent (Figure 2). These data
denonstrate that the 20 prodrug is rapidly cleaved to florfenicol in cattle.
Exanpl e 9: Conversion of florfenicol phosphate to florfenicol in dogs

Fl or f eni col - phosphate was di ssolved in water to a concentration of

approxi mately 200 ng/niL. The solution was then injected intravenously into
three 25 dogs weighing 9 to 15 kg to provide a dose of approximtely 11

ng/ kg of body weight. Plasnma sanples were collected after drug

admi ni stration and anal yzed for concem3ations of florfenicol by

HPLC- M5/ NB. Pl asma florfenicol concentrations WD 2005/ 063257

PCT/ US200WHAB D¢ LAMEDR: oy eased rapidly fol lowing treatment (Figure 3).
These data denonstrate that the prodrug is rapidly cleaved to florfenicol

in dogs. Examp] e 10; nversion of florfenjcol osphate to florfenicol in
swine 5 Florfeni cdﬁ'ﬂ%gﬁ?{&’msﬂﬁe&??s‘&ﬁ\‘f@g th%gaﬂpg’ﬁ?f%“%”’@oncent ration of

approximately 300 ng/nlL. The solution was then injected intravenously into
three pigs weighing 10 to 15 kg to providg a dose of approximately 6.7

ng/ kg of body weight, Plasna sanples werefogoi|l ected after drug

adm ni stration and anal yzed for concentpattoms of florfenicol. Plasma
florfenicol concentrations increasedapldl y.10 follow ng treatnent (Figure
4). These data denonstrate that the ydrdg i Frapidly cleaved to
florfenicol in pigs. Many nodHiG. 8 andH@QCH&1 ons of the present

i nventi on can be made without departing fromits spirit and scope, as wll
be apparent to those skilled in 15 art. The specific enbodi ments
described herein are offered byway of exanple only, and the invention is to
be i mtegk phiyiHaYedihe terns of the appended clains, together wth the full
scope of equivalents to which such clains are entitled. -23- WHAT IS
CLAIMED: 1. A florfenicol phosphate ester having the chem cal structure

0~0H O SOH 2, The florfenicol phosphate ester of Claim 1 that is a florfenicol prodrug
10 having the chemical structure:

Ero. M1+
07 oMt
F
HaC g NHCOCHC!,

AN

wherein My and Mz" are H* or a pharmaceutically-acceptable mono-
cation, or taken together, are a pharmaceutically-acceptable di-cation.
15
3. The florfenicol prodrug of Claim 2, wherein My* and M,* are

independently selected from the group consisting of H*, Na*, NH,*, and K*.

4, The florfenicol prodrug of Claim 3, wherein My* or Mz* is H+ and Mx* or
20 M,*, which is not H+, is Na™*.

5. The florfenicol prodrug of Claim 3, wherein My* and M;* are both Na*.

6. The florfenicol prodrug of Claim 2, wherein M;* and M;* are
25  independently selected from the group consisting of H* and a protonated amine.



~F H3C,S1 NHCOCHCI2 5 OOor a salt thereof. 2. The florfenicol
phosphate ester of Claiml that is a florfenicol prodrug 10 having the
chem cal structure: 10M O ~O M2+ F H3C,S NHCOCHCI2 e b wherein M+ and
.M2+ are H+ or a pharmaceutical | y-acceptabl e nono- cation, or taken together,
are a pharmaceutical ly-acceptable di-cation. 15 3. The florfenicol prodrug
of daim2, wherein M+ and M2+ are independently selected fromthe group
consirsting of H+, Na+, NH4+, and K+. 4. The florfenicol prodrug of Caim3,
wherein M+ or M+ is H+ and M2+ or . 20 M+, which is not H+, is Na+. 5. The
florfenicol prodrug of Claim3, whereimqM+ and M2+ are both Na+. 6. The
florfenicol prodrug of Claim?2, wherein ML+ and M2+ are 25 independently
selected fromthe group consisting of H+ and a protonated am ne. -24- 7. The
florfenicol prodrug_of ai.m 6, erein.the protonated amne is NR RZR3H ,
and wher o n R 1 R T iPTONicR BladiiE pE R y el be B BT TR 1y
Fft h%/l . ethth“RzRﬂHQpaﬂd% wi&f@pf ar%yt:k%, an@IfEGR Eﬁﬂe@adde@ls%é(lé&ﬁ@w Be efihér r|1,The .

orfenico ro g.0 aim e amne is selecte
from & he. OB Sovlcp@pyinisSaronsiy IFERFBH i LraEHEine™ I & and on o
N 5

8. The florfenicol prodrug of Claim 7, wherein the protonated amine is

selected from the group consisting of:

H
. OH , HO . OH | HO A OH
HSN A~ \/\,ﬁ ~ \/\N N~
2
OH OH
H, OH., and
\N N oM
[ H,N"
OH
10
9. The florfenicol prodrug of Claim 8, wherein the protonated amineg is:
HaN SN\
15 10.  The florfenicol proedrug of Claim 7,
wherein R' is either H, methyl, ethyl, propyi, isopropyl, -CH.CHzOH and
-CHC(CH,0OH}3; and
wherein R? and R®are linked to form a five or six membered ring.
20 11.  The florfenicol prodrug of Claim 10, wherein the five or six membered
ring are selected from the group consisting of pirolidine, piperidine, or morpholine.
12.  The florfenico! prodrug of Claim 2, wherein My* and Mx* comprise
respectively, H* and a mono-cationic form of a dibasic aminoacid.
25

13.  The florfenicol prodrug of Claim 2, wherein My* and Mz are
independently selected to be either H*, meglumine, benzocaine, or procaine.



OH H3N OH 10 9. The florfenicol prodrug of Caim8, wherein the protonated
amne is: H3N, ~ /CH 15 10. The florfenicol prodrug of Claim7, wherein Rl
is either H methyl, ethyl, propyl, isopropyl, -CH2CH20OH and -CH2C(CH2OH) 3;
and wherein R2 and R3 are linked to forma five or six nenbered ring. 20 11.
The florfenicol prodrug of Caim10, wherein the five or six nenbered ring
are selected fromthe group consisting of pirolidine, piperidine, or

mor pholine. 12. The florfenicol prodrug of Cdaim2, wherein M' and M’
conprise respectively, H and a nono-cationic formof a dibasic am noaci d.
25 13. The florfenicol prodrug of d ain®; wherein M!' and M2' are

i ndependently selected to be either H, neglum ne, benzocai ne, or procaine.
-25- 14. The fidrf efheidrigiiad puadrof oCCHEim 2 wheingin &yl add- Mgrede Mkenar e t aken

Loget et 1ot HRELAGCEE B e HoBHROAAMPL CBog D sdio Midnady -\ ¢

bi s- proton m ne orm of 'd dibas

15. A phadizaveetance diecatipoii forroof edipasicamgpa dwéd.f | or f eni col prodrug of
Claim2 in a pharmaceutically acceptable carrier. 16. The pharnaceuti cal
conppsition of Claim15, wherein the pharmaceutically acceptable carrier is
an aqueous sol 1.i orA pharmateutibal qeinepasitivswompaisingahp dioirfenigal pod@igadfm 16,

whi ch co r S aﬁ.ﬂg t lts of the florfenicol prodrug.
18. The p adrlngzcszlgﬁatgﬁ c%’r’lnl)%gl tal oﬁB{P%az?%am wherein the pH of the 15

aqueous solution is between pH 3.5 and pH 6.5. 19.. The pharmaceuti cal

Sﬁ”poé' ti gnpaf 16 21 PRelShartiebaich cBRpBEIGH of BRim3E, GsteiR@halti O s between
pharmaceutically acceptable carrier is an agueous solution.
10
17.  The pharmaceutical composition of Claim 16, which comprises a mixture

of two or more salts of the florfenicol prodrug.

18. The pharmaceutical composition of Claim 18, wherein the pH of the
15  aqueous solution is between pH 3.5 and pH 6.5.

19.  The pharmaceutical composition of Claim 18, wherein the pH of the
aqueous solution is between pH 4.0 and pH 6.

20 20. The pharmaceutical composition of Claim 19, wherein the pH of the
aqueous solution is between pH 4.5 and pH 5.5.

21.  The pharmaceutical composition of Claim 18, wherein the florfenicol
phosphate ester is a mixture of a salt form of the florfenicol phosphate ester and an
25 acid form of the florfenicol phosphate ester; and wherein a molar ratio of the base that
is combined with the acid form of the florfenicol phosphate ester is in the range of 0.6-
1.4. '

22. The pharmaceutical composition of Claim 21, wherein the molar ratio is
30 in the range of 0.8 -1.2.

23. The pharmaceutical composition of Claim 22, wherein the molar ratio is

in the range of 0.9 - 1.1.



20 20. The pharmaceutical conposition of Caim19, wherein the pH of the
aqueous solution is between pH 4.5 and pH 5.5. 21. The pharmaceuti cal
conposition of Claim 16, wherein the florfenicol phosphate ester is a
.mxtue of a salt formof the florfenicol phosphate ester and an 25 acid
formof the florfenicol phosphate ester; and wherein a nolar ratio of the
base that is conbined with the acid formof the florfenicol phosphate ester
is i'n the range of 0.6- 1.4. 22. The pharnaceutical conposition of Cdaim 21,
wherein the nolar ratiois 30 in the range of 0.8 -1.2. 23. The
pharmaceutical conposition of C aim22;26kerein the nolar ratio is in the
range of 0.9-1.1. 26- 24. A conpound conprising the chemcal formula: OH
SOH FF R4da HNR2 R3 Re or a salt thereof; 5 wherein R2 and R3 are

i ndependent |y | ec fr ! LSE . hydrogen, (1 C -

4C) al kyl , hal 0:2}:- Cﬁgggnﬁﬂgﬂhkgﬁ'p&%fd&gﬁ@geﬁ%@rﬁ%& ﬁ’gﬁﬁrafs selected fromthe
group consisting of: 6 A2-A A7l P ”\ AO0O5 1~ 10 ~A4 and ~- A6 wherein
A is carbon or nitrogen, and carbon athpsQth the ring are independently
substituted with an entity selected fre ‘Nbehgroup consi sting of hydrogen,
(1 C- 40alkyl, (3C- 6Ccycloalkyly (1 C= 4CalkylO, -CF3, -OH, -CN,

or a salt thereof;

5
wherein R? and R® are independently selected from the group consisting of
hydrogen, (1C — 4C)alkyl, halo, -CF3, -NHz, -CN and Ng;
wherein R* is selected from the group consisting of:
/Aa_;iﬂ? Jﬂﬂ’/A‘G\]/LLLL
A3 A3 ,LL AW
10 ¢ and  Sa”

wherein A' is carbon or nitrogen, and carbon atoms in the ring are
independently substituted with an entity selected from the group consisting of
hydrogen, (1C — 4C)alkyl, {(3C — 6C)eycloalkyl, (1C — 4C)alkyiO-, -CF3, -OH, -CN,
15 halo, (1C - 4C)alkylSO-, (1C — 4C)alky!SO,-, NHSO5-, {(1C — 4C)alkyINHSO,-, ((1C —
4C)alkyl)aNSOx-, -NHa, (1C — 4C)alkylNH-, ((1C — 4C}alkyl)2N-, (1C — 4C)alkylSO,NH-
, (1C — 4C)alkylC(O)-, (3C — 6C)cycloalkylC(O)-, (1C — 4C)alkylOC(0)-, (1C —
4C)alkylC(O)NH-, -C{O)NH,, (1C — 4C)alkylINHC(O)- and ({1C — 4C)alkyl)o2NC(O)-,
wherein any of the alkyl groups within the substituents may be unsubstituted or
20  substituted with a group selected from halc and hydroxy;
wherein A%, A%, A*, and A® are independently selected from the group

consisting of carbon, nitrogen, oxygen and sulfur, provided that at least one of Al - AS



15 halo, (1 C- 4Qalkyl SO, (1 C - 4C) al kyl sSC2-, NH2S®2-, (1 C -

4C) al kyl NHSQz-, ((1 C - 4C) al kyl)2NSQ2-, -NH2, (1CG4CalkylNH, ((1 C -

4C) al kyl )2N-, (1CG4C al kyl S2NH , (1 C - 4QalkylC(O-, (3C -

6C) cycl oal kyl C(O) -, (1 C- 4QalkylOC(O-, (1 C- 4CalkylCCONH, -C(O NH2,
(1C - -4Q al kyl NHC(O - and ((1C - 4C)al kyl ) 2NC( O - wherein any of the al kyl
groups within the substituents may be unsubstitut ed or 20 substituted with a
group sel ected from hal o and hydr oxy: wherein A2, A3, A4, and A5 are

i ndependently selected fromthe group consisting of carbon, nitrogen,

oxygen and sul fur, provided that at |ea3t-one of A - A5 -27- is not carbon,

that the total nunber of nitrogen, oxygen and sulfur atons in the ring does
not exceets MtLagharh Hatithetotalpmaergf Siades; Oaemansh wiifyr aloms intse sigghon and

the ringddeenof@ices M #dUNBXHREFhPR Fothbic; 1anﬂﬂﬂ1é?émtlhﬁ‘ rgéarraaean@tmﬁs may
optional Iy be substituted with an. entity selected fromthe group consi sting

of (1 C - Tiagypgpgypt cqnaip oxygen ey sulfyf| 9@9 thrditrqgay atgmg AL Petionallg bea7,  As,
A9 and AlQugstRutendppeiienity ¥eretRtt@ the QmuFfb%ngi&sﬁn@of cansisghamrg, pfc car bon,
ni t rogen agﬁg]{\llg row %ed that only one of A6 - AlO at a tinme can be N -0
,and t y 936 Lo f the A6 - A10 atons are nitrogen; and wherein
the car bon at owhefein AF;eA?r Ahgatdnd AY aredeqpeaanhilyseedtetifiont ek gvolp an entity
selected fromthe group consisti ng~o\1c hydrogen, (1 C - 4Q)al kyl,

( 3C- 60) cycbusisting of dattdn, n&t@@hlqﬁco/ CF®’, poMided-taat odtpboe of 1 C -

4C) al kyl SO, (1 C 40 al kyl sQr, . NH2SO2- (1 C- 40 al kyl NHSQ2-, ((1C -

40) al kyl ) ARIS@® at aNA®; cqrbe—— YO Al kahdhat one(tm or r@paloktte) 2N-, (1 C -

10 2l Kyl Oy ehmare E%*‘y%%%ﬁe'%e \FEhEIE GRS i & -
((1C 4o am@}epmmtha)subawate@wmoan enjifyegaleqte @mdiay@éfhumt:mstwgm the - OCH2O
subst i tuenydﬂagérﬁ\%@ond@sﬂalm (@@ﬁ%@l}\éycﬁdml Q@cbﬂmﬁaﬁ%- -8Ry higrein any of

the al k &roups W th substituents may be unsubstituted or

substi tut el NuPele: 51%7"0‘{@35‘&‘9@% é*tp'f‘ AEPR'REPR2ahtr=SaE-, ‘hydr oxy; and wherein R8
i's hydr ogqmcumcthkymmynqrﬁc —CXCRIMyNRSD, R2NAN Y 1B3- ar®alkgiNH-F, in  which

Cane e LB AR oS SO ATl ElQR, | acomt e pavina the
has tite (3C - 8C)cycloalkylC(O)-, (1C — 4C)alkylOC(0)-, (1C ~ 4C)alkylC(O)NH-,
-C{O)NHg, (1C — 4C)alkyINHC(O)-, ((1C — 4C)alkyl)zNC(QO)- and —-OCH,0-,
wherein the oxygen atoms with the ~OCH.0- substituent being bonded to
adjacent ring carbon atoms, and wherein any of the alkyl groups within any of the
substituents may be unsubstituted or substituted with a group selected from halo and
20 hydroxy; and
wherein R® is hydrogen in all compounds, except when R® and R® are both F, in
which case R®is hydrogen or F; and, the compound is either a racemate having the
relative stereochemistry shown or is substantially enantiomerically pure and has the
absolute stereochemistry shown.
25
25. A pharmaceutical composition comprising the compound of Claim 24 in

a pharmaceutically acceptable carrier.



absol ute stereochem stry shown. 25 25. A pharnaceutical conposition
conprising the conpound of Claim24 in a pharnaceutically acceptable
carrier. -28- 26. A nmethod for the synthesis of the acid formof a

f | or+enicol phosphate 5 ester having the chem cal structure: g,OH O SOCH
~ H3C% | / NHCOCHCI Z 00 conprising the steps of: 10 (a) reacting
florfenicol with di-tertbutyl phosphoramdite in the presence of tetrazole
inafirst suitable solvent to yield a first internediate; (b) adding to the
first internediate an oxidant in a second suitable solvent to yield a
second internediate; (c) isolating the-2®eond internediate; 15 (d)

di ssolving the second internediate in a third suitable solvent; and (e)
reacting the second internmediate with trifluoroacetic acid to yield the acid
formof the florfenicol phosphate ester. 2'7. The nethod of Claim 26 further
conprising the step of isolating the acid 20 formof the florfenicol
phosphate ester. V. A nethod for the synthesis of a salt formof a

florfenicol phag Ry dibes fhelisa r ol bhdphate - OL
or t edi8 6f HRSBiIE BrmSd dfid e ficol phdliphatd
0 s E LR A Floy ey PRSP
5 ester hawng the chemical structure:
D o
Q" “OH
F
H;C. NHCOCHCI,
IS\
7\
compnsmg the steps of:
10 (a) reacting florfenicol with di-tert- butylphosphoramldlte in the presence of

tetrazole in a first suitable solvent to yield a first intermediate:
(b) adding to the first intermediate an oxidant in a second suitable solvent to
yield a second intermediate;
{c) isolating the second intermediate;
15 (d) dissolving the second intermediate in a third suitable solvent; and
(2} reacting the second intermediate with trifluoroacetic acid to yield the acid
form of the florfenicol phosphate ester.

27.  The methad of Claim 26 further comprising the step of isolating the acid
20  form of the florfenicol phosphate ester.

2%. A method for the synthesis of a salt form of a florfenicol phosphate ester

having the chemical structure:

b/o M1
0" ToO'M;*
F
HiCog NHCOCHCI,

IR\

25 o0



-29- wherein ML' and M2° are a pharmaceutical |l y-acceptabl e nono-cation, or
taken together, are a pharnaceutically-acceptable di-cation, wherein said
nmet hod conprises conbining the isolated acid formof the 5 florfenicol

. phosphate-ester—of Claim 21 with an aqueous solution of a base conprising a
pharmaceutical |l y-acceptabl e cation or di-cation to yield a formof the

florfenicol phosphate ester as the salt of the cation or di-cation. )-~J.
The met hod of Claim2t, wherein the pharmaceutically-acceptable cation or
di- 10 cation are a protonated am ne or a bis-protonated diam ne
respectively. W The nethod of aima-3-further conprising the step of
isolating the salt formof the florfenicol phosphate ester.

wherein My* and M;* are a pharmaceutically-acceptable mono-cation, or taken
together, are a pharmaceutically-acceptable di-cation,
wherein said method comprises combining the isolated acid form of the
5  florfenicol phosphate ester of Claim 27 with an agueous solution of a base comprising
a pharmaceutically-acceptable cation or di-cation to vield a form of the florfenicol
phosphate ester as the salt of the cation or di-cation.

2. The method of Claim 2§, wherein the pharmaceutically-acceptable cation or di-
10 cation are a protonated amine or a bis-protonated diamine respectively.

30.  The method of Claim 2%, further comprising the step of isolating the salt form of
the florfenicol phosphate ester.





