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FLORFENI COL PRODRUG HAVI NG | MPROVED WATER SOLUBI LI TY
CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s

weaepmisioeadsion IS a non-provi sional application PO&ENUS2004/042591
claims priority under 35 U S.C. 119(e) of provisiona
application U S. Serial No. 60/532,227 filed Decenber
23, 2003, the contents of which are hereby
i ncorporated by reference in their entireties. FIELD
OF THE I NVENTI ON The present invention is directed to
phoEhORREENIC@L PRODAUG HAVING IMPROVEDWATER SOLUBILITY
florfenicol prodrug having superior water solubility,
and phosphate esters of florfenicol anal ogs.
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Florfenicol is a broad spectrum antibiotic with activity against many gram-
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 (often referred to generically as Bovine
Respiratory Disease or BRD) caused by Mannhemia haemolytica, Pasturella
multocida and/or Haemophilus somnus, also known as Histophilus somni. lt is also

.indicated in the treatment of: pododermatitis in cattle caused by Fusobacterium
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t hat have exhi bited susceptibility to florfenicol

i ncl ude Enterobacter, Klebsiella, Staphylococcus,
wanvwressccus, Bordetella, Proteus and Shigel | aCT/US2004/042591

particul ar, chioranphenicol-resistant strains of

organi sms, such as K. pneunonj ae, E. cl oacae, S.

typhus and E. coli, are suscepti ble to florfenicol.
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as: Formula | |
- SUMMARY OF THE INVENTION

The present invention therefore, provides a water-soluble form of florfenicol that

has substantially greater aqueous 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:
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wherein M + and M2 + are independently selected to be

ei ther H+ or a pharnaceutical |l y-acceptabl e
woums/63s7 on, or alternatively, M + and M2 + eamwuseo04/042591

taken together as a pharnmaceutical |l y-acceptabl e

di -cation. In one enbodi nent_gf the present invention,

M + and M2 + are independently selected to be H+,

Na+, NH4 +, or K+. In a particulgr enbodinent of this

type, M + and M2 + are respectlgeoyl H+ and Na+. In

anot her particul ar enbodi nent of tOHs type, M + and

M2 + are both Na+. In yet anotfer enbodi nent, M + and

M2 + taken together are tTTEl anot her

enbodi nent, M + aw ,are Mg+2. In

yet anot her embodi e present ingention, M +
and M + are |ndependé‘1\dy sel ected to be elther H+ or
a protonated am ne. In another enbodi ment of the
present invention, M

The present invention further provides salts of this florfenicol phosphate ester.

Such salts may be useful in the stable storage of the florfenicol phosphate esters.

Preferably, the florfenicol phosphate ester salts comprise pharmaceutically-acceptable

~ counterions. In a particular embodiment, the acids and pharmaceutically-acceptable

florfenicol phosphate ester salts of the present invention may be depicted as:
J:/o M1
o o M,*

F
HsCu NHCOCHCI,

7\
Formuia |

wherein My and M,* are independently selected to be either H" or a
pharmaceutically-acceptable mono-cation, or alternatively, My* and Mz* can be taken
together as a pharmaceutically-acceptable di-cation.

In one embodiment of the present invention, M4™ and M,* are independently
selected to be H*, Na*, NH,4*, or K*. In a particular embodiment of this type, Ms* and
Mo* are respectively, H* and Na*. In another particular embodiment of this type, M1*
and Mo" are both Na*. In yet another embodiment, M;* and M;"* taken together are
Ca*2. In still another embodiment, M1* and M,* taken together are Mg*.

In yet another embodiment of the present invention, Ms™ and Mx" are
independently selected to be either H" or a protonated amine. In another embodiment
of the present invention, My* and M," are respectively, H" and a protonated amine
comprising the chemical formula NR'R?R®H*. In still another embodiment, M;* and
M,* are both a protonated amine comprising the chemical formula NR'R?R®H*. With
regard to the protonated amine comprising the chemical formula NR'R?R°H*: R', R?,
and R?2 are independently selected to be either H, methyl, ethyl, propyl, isopropyl, -
CH2CH20OH and -CH,C(CH,OH)s. Alternatively, R' is as provided above, but R? and



+ and M2 + are respectively, H+ and a protonated am ne
conprising the chem cal fornmula NRILRZR3H+. In still
wanoeishes2senbodi ment, M + and M2 + are both a PCT/US2004/042591
prot onat ed am ne conprising the chem cal fornula
NRIR2R3H+. Wth regard to thetprotonated ami ne
conprising the chem cal fornula NRIRZR3H+: R1, R2, and
R3 Jr8 liaked itd ferpea fieeor someatadd ringbdnei $pemificemivedimént of this
et hyl, propyl, isopropyl, - Ci&%Hzm and
type, &b cingrie opiplidingy @'BPH&%@\@I’?W in. as provided above,
ExefisspLARne ST & o dHEreANDI AT PnLYE, By ftdpot limited to
the ring is pirolidine, piperidine or norpholine.
Exanpl es of am ne cations of the present invention H
i ncl ude,. bufgar e not HOG L oe t.ox HODB OH 31 HHOQIAN +~\_-OH
. HBN™ 0 'n still anothér effbodiment ML + and M2 +
t aken together form a bis-protonated di ani ne. Exanplﬁ»l
of bis-protonated di am nes of the present invention
include: H 3N 3 J1+ J In yet @mMot her enbodi ment M OH
and g o@ht i se respectivply, H+ and a nonocationic
form a di basi c am noaci | JOH particul ar
enbodi'‘ment of this type!"s'i'h nono-cati onic formof the
5 di basi ¢ am noaci d conpri ses offlof the fol | ow ng two
chem cal formul as:

H OH H, OH H
NN NN s~ _-OH
G o (J

10 In still another embodiment My* and My" taken together form a bis-protonated diamine.

Examples of bis-protonated diamines of the present invention include:
N OH
N NH+ +NN (\N'F\/
H3N /\/ : u .“\)
2 /H

In yet another embodiment M;* and M.+ 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:

+ NH

NH, 3
HN_ N o~ + 0
Y "
NH, 0 o

20
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NH3 J HHNg NL O HN g "0 NH In still another
enbodinrent M + and M2 + taken together conprise a
wdaiesakssni ¢ form of a di basi ¢ am noaci d. | n aPCT/US2004/042591
particul ar enbodi ment of this type, the di-cationic
formof the dibasic am noacid5ton'pri ses one of the two
follow ng chemcal fornmulas: NH, yi HJ N A OH HH3N1
In sfifahbinePebdtiment BIdahe ML takeh tmgﬂth@*fcdrhprlsm asimatlomc form of

a dl%g%ggaﬁg |ﬁ@$§;ﬁ&%@?9%@%§h§%ﬁﬁgﬂ = %oﬁﬁ‘ﬁ %pﬂlcaform of
the fites ‘ C%ﬁjﬂ{%%@g&hﬁgé‘%? ﬁﬁebﬂﬁ%, t PolloWuB#‘@ﬁeM cal fGUING

benzoca| ne or ,procaine. In still another en‘(mﬂl ment ,
t he present NHhvention provides a fornulatio

H,NGO S FkuleH! as a mxturq.lg
I3[ a particul embodi nent of thi®s type, for

H* or M + i H+, whereas the other is a sp
coufiterion, wherein for the second salt, both M and
M2 + are that specific counterion. In a related

emyq JefBAbtheMbmbatieNRof the present invention, M1* and M" are
independently selected to be either H*, meglumine, benzocaine, or procaine. Ina

—

particular embodiment of this type, either Mi* and M," are H*, while the other is either
meglumine, benzocaine or procaine.

In still another embodiment, the present invention provides a formulation that
comprises Formula | as a mixture of two or more salts. In a particular embodiment of
this type, for one salt, M,+or Mo* is HY, whereas the other is a specific counterion,
wherein for the second salt, both M4+ and M," are that specific counterion. In a related
embodiment, My* and M," of the first salt are identical counterions, but not H*,
whereas M+* and M," 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.

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
analogs has recently 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
WOQOO03/077828.
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specific counterion of the first salt. In yet another

enbodi nent, the fornul ation -doAprises Fornula | as a

m xture of two or nore salts, and all of the

COHNL @fariiliaPémbbainibit] arphosphatetsstar 6f & ebfehiedl analog of the

i ndependently. In a preferred enbodinent, the
presendiinvention somprisessbe ichemicalstrgpiiracd di scl osed

herein. The present invention further provides
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phosphat e esters of | or anpheni col and t hi anpheni col)
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anal ogs, preferablylsalts conprising the counterions

provi ded here afe~qppfopriate famly of florfenico
tly bgen synthesized and

. 20940082583, WO03/ 077828, the

cont ent &*of ch are here i ncorporated by reference
in their entireties]. The |phosphate esters of these
florfenicol anal ogs and_sabts . thereof, can be prepared
and then enpl oyed as ant i gofﬁcs and/ or prodrugs of
antibiotics through the teachings provided herein, in
vi ew of the teachings of U S. 20040082553 and

W03/ 07.7 n articul a nmbaodi men a,, bh te . .

s teTaN & FIOF AP Lo SRRTes0Y SRRael prab R SRR Esiing o
hyd [gﬁ@&ctd))%m,eﬁm@alc;lsg,w%,wmu @hd Njierein R2 and R3

are i ndependent’ly sel ected fromthe group consisting

of wihedeiodRhis geletted fonatthe groupgansistogol: - NH2, - CN and

N3; wherein R4 is selected fromthe group consisting

of : A" 44 and A9' wherein Al is carbon or nitrogen,

and carb atons in the ring are independently
substituted with an enpity g’g{ected fromthe group

con’strAy of hydr ggén, -240) al kyl, (3C -
6C) ¢ W\ Kyl (1cl- 4C)al kyl O, -CF3, -OH, -CN,
A3 AS A

v
\A4 and

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

10
ZA
\Ag/

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 —
4C)alkyl)s2NSOsz-, -NHa, (1C — 4C)alkyINH-, ((1C — 4C)alkyl)2N-, (1C — 4C)alkylSO2NH-
, (1C — 4C)alkylC(O)-, (8C — 6C)cycloalkylC(O)-, (1C — 4C)alkylOC(O)-, (1C —
4C)alkylC(O)NH-, -C(O)NH;, (1C — 4C)alkyINHC(O)- and ((1C — 4C)alkyl)2NC(O)-,
wherein any of the alkyl groups within the substituents may be unsubstituted or
substituted with a group selected from halo and hydroxy;

wherein A%, A3, A* and AS are independently selected from the group
consisting of carbon, nitrogen, oxygen and sulfur, provided that at least one of Al — 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
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hal o, (1C - 4CQ al kyl SO, (1C - 4C) al kyl SO 2-, NH2SO2-,

(1C - 4C) al kyl NHSO 2-, ((1C - 4C) al kyl ) 2NSQ2- , - NH2,
wO2@5/0688yal kyl NH-, ((1C - 4C)al kyl) 2N, (1C PCT/US2004/042591

4C) al kyl SO 2NH , (1C - 4QalkylC(O-, (3C -

6C) cycl oal kyl C(O -, (1C - 4QCalkylOC(O-, (1C -

ind B Oy 5 i b G SR s Sy e

sutgﬂmumsltww:h an renltlhneselabl@ﬁl ftora Img%t o ftrs?rﬁ,jﬁlgr?@;ég (ﬁ@lLQﬂj)gfkw (1C -
e a group se

4C%j€)ﬁgl : Wa aﬂaﬂﬁ'g A3p A4, and A5 are |ndependently

sel ﬁ/ﬁb?éin fABORY L A /!9’ moé?%' @él W@tl&ﬁs&?&g{ad from he group

ni t rogen, okyg’en an fur

S _not —tdat otal nunber of
CO'?%'.” JirierterhogauirBart D e Bl eyviees ofot
geg 3 and that%l&e, igng is aromatic; and wherein if

&t gdimRRaRkE theri ng d@@@mﬁitor@oﬁﬂ@W@xwehtm

N S0 e, RN AT B

indepersdentlyrsybstituteCwithdad) ahkityl s;lé&Agd froﬂiﬁ:ﬂﬁ blsduﬁéﬁ:&"ls@ﬁ'@ of
and

hycrabR 1 fn LIS 3 oo Ky aoe b e o 4GRS 9+ nGFai-OH,

-C,qahgm,n 1@L_t4@mq,| _ 0 t hat only one
of A ( AlQ0 at 4 tglodrre(hIC %Yalkyls@yﬁ \N”ngﬁd t hat one,

(1 QméC)@lkleH%@mK(the %alkyMNﬁ@rgo rBlHay 61 @it BQy&iRy d"\ﬂﬁj

(UeerelGe oA Bl e lo S ORITY 2@&#@3&%5&»8?&3” ’
BCGOB? %Iid(l)cgalﬂll?ﬂf)(d))’-dg : eZALCcﬂal@loc‘tQ)ﬁ QE‘%'" 4éé‘iﬁky|8\|o NHre
-C(@ﬁwj = )a;t}(yJNH@](@ 40 HQ@ \8tyD-NOKER- SR ~QQHO-, wherein

the ﬁ)@@%#ﬂé %&S@ lf\&lf&%?ﬁ%ﬁﬁéﬁ@%tz?’\éf% boE@FQZIQ dgls'@ent ring carbén

atorablHand (/\[tx@reln%ﬁihabﬂmb@(l@l ,rodﬁeﬁmth@a(a &1 P! éi)ﬂ_s%%n‘tway be

| k - - O
unsyé@tute&é % tuowi(@g@. g(lg(rqmp gecapg@?/ kgm)ggg@(r@ hydraxy;-and
OCHHreini®lsSyirbH&n %(éég %pnﬁ)tognﬁgge %ctlalptt H@‘ue&%g%glqa are both F, in

substi tuent bei ng”bonde
which oass Rﬁnﬁjhywmgenmraﬁ)amf thél EOﬂipb]ahd g5 eitnér WradéMaWaving the

rela{) ive s{éreo&‘nesrﬁljshvesrﬁto%vn ony is substan’ually 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.,
florfenicol prodrugs) as well as all of the forms of the phosphate esters of the
florfenicol analogs may be prepared in pharmaceutical 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
phosphate esters of the florfenicol analogs of the presént invention in an isolated

and/or purified form.
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unsubstituted or substituted with a group sel ected

from hal o and hydroxy; and wherein R8 is hydrogen in
wabkbosmesgsounds, except when R2 and R3 are bot hPET/USEN04/042591

whi ch case R8 is hydrogen or F; and, the conmpound is

ei ther a racemate having the_g_el ative stereochemstry

shovvn or is substantially enantionerically pure and

o eien B PSR e Obs i madbuficB &dribbSion
co r%‘irﬁ% glr@])gEn%BﬂF%rG@(bﬁé bh@swaté d@t&ddflegfl@tfferﬁlbél analog) of the

orr Ing florfenicol anal og. the fornms of

‘predérd imventioarin aﬂhqjﬁtﬁ&pﬂao@ll}e@@@ptaﬁlemﬁl% deehpamcular

o B i A G345 R ke B b b mor
salts P b EHicabaAR. "Ya ﬂﬂai@ﬂeé?ﬂb@@méhtpih@r presrmddetidital

conposli tions COITprI Si ng one or nor
conpusiticacenmpiisad § mixitse ohbre of iare @aﬁspé agphosphiaie ﬁﬁtfp)r of a

fl rfand/ r one or nore pharnaceutically-acceptable
orfgQiGohRBAPY: | n addition, the present invention also

pr g 'o%ferﬁlbédlﬁfen‘t hﬁa bﬁéﬂ‘ﬁa&éutichﬁy htesptablecedrriphosmipises an
ester and al forms. of the phosphate esters of

organmie spivent.ehi @@aﬂmro@@b@dmeﬂé qﬁrﬂa§ &¥Re.ithe &Rgania solverd is an
aprétie/%ﬁﬁ%hqﬁ%&ﬁe}% "dchb &n{e(ﬁrt rﬂ%l i) %%E):rgr%éap&l :gfnc%i%le carrier is a

€S a p ar maceu
mixBE81RF afi dticaublsofdtom aed apropgdnig sovena Dhawb@rmdeembodiment
of a florfenicol anal o% of the resent nvention in
I

the PharRRRICPA PeCeRBDlR GAIE! i FBSOY, Saluggn: e grambodiment o
thisﬁ%@ﬂbg‘fﬁ of ﬁﬁ%eaq?feﬁfb B Slﬁ‘t]ic%rggl SAREEA HBQT‘aﬁ@ 632Sn&nother

the lortenic
emipdinteny the pHaf tied atjedoesisollitivaris bet\mrppbiréhﬁmﬂt pid&.0. In still

conposj tion co a mxture qf .two or. nore lts
anoffers BhedieatalBaLo! Bie 2deaiis el ig T HEMEEN 7 %sand pH 5.5.
In & gulHPBFnbbﬁﬁn@Hla‘EH@B%f' tﬁé'sol@%ﬂ@%ﬁhéeﬁ dH £ &and pH 4.8.
onprises an organic solvent. In a particular
eniodi pref&rr&ﬁ emoslnmepteof theereseptrinvenisiny @gharsiapeutical

ot c l.Ln a relate
confiisiartefife dipsens Rudnid SBRAFTER L or A Falk o gfihe
florl%ﬁit%%ﬁo%meﬂé icaferafith an RidfothcofiBk\fRIMenidd! phiosphate ester. In one
referre nbodi ment, the pharnmaceutical ® acceptabl e

Su0ba&mb@dlme§t dhe seelab(riicsel theikase (e0.an féﬁﬁo%m'ﬂfﬁﬁhab*ﬁ combined
i et AR AR A Ko B b 4. 1
anoltbiesiBodiiant, 18 rhelabeate Bninfthe 4afigenéi 081620 In ktill another
emt?cgéiHent the molar ratio is in the range of 0.9 — 1.1.

The florfenicol phosphate ester, e.g., florfenicol prodrug, or phosphate esters of
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 therapeutically- 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.

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 aqueous solution. In one
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anot her enbodi nent, the pH of the aqueous solution is
between pH 4.5 and pH 5.5. In a particul ar enbodi nent,
woheospBsf t he solution is between pH 4.2 and pETAS304/042591
In a preferred enbodi nent of the present invention, a
pharmaceuti cal conposition of-9he present invention
conprises a mxture of a salt formof the florfenicol
suBRePMEBHiReRB thé phakRadutiél eofr%ﬂl i i
phosph atle ester. P I'n one such élﬁﬁéﬁ?ﬁaéﬁw&md&?zgﬁeld to be
mg@tted)bwﬁhe Eubjeats@gelrgo Itsa:irihkeng waieme) that is
i ned with t rm the flor )
phodb AP odinihof i meagal Breeth. ¢he pharmaceutical
coﬁﬁﬂshﬁin |§'§@!ﬁﬂhi§¥é?bd paientePaIRy F’&*ehférhlsaﬂlﬂﬂl&faﬁc‘?i’iqﬂﬁy%volve
.2. In still another énbodi nment ar ra
Intrasﬂuwulareorrlatrg\éemﬁua)mwctlom Parehteral agrhimistcaiion may also involve
hat e. est.er florfenicol prodrug, or
S“ﬁﬁ@?ﬁﬁ%&‘%'%@?@ﬁs of the florfenicol anal ogs, and/or

sal tThedforRinidt? bhodsitateddiar (gt NereniBsEYod "!?')eéﬁdlef‘salt thereof of

may be used to treat or prevent a bacterial 7'nfect
the pragent triyestion, andephespiade esiera @iithe ﬁ@léemlngl analags and/or salts

f ti
4 e o BERILIRT? kB REH S AR o methpos. In
preforpdsnibadimeanrs flsiaticbhsrobligié prépeabd M%é@%?floﬁéﬁbol with di-
t hereaof , and/ or _phosphate ester of a florfenico

l‘eféhatyw%lﬁh%ﬁmldﬁﬁéﬂ i pf%@@%ﬁﬂ@“@m'@fm@rﬁ@@ shitalble selvent,
yleRJ(] %ﬁ@ﬂh'tégmeo‘?#’t?p%%)&' 97 R atntﬂf‘sl & t%sﬁéﬁr% gﬁﬁaﬁla solvent o

ni ster ora a par ar e

thet fivist intgnpes diatep Iymidnag eusecord intemesiidte o ATy |$d51§tnﬁg§ esesécond
us solution. I n one

%fﬁ%%?i%e ﬂié g?@ W' ﬁiﬁ%ﬁe ig aflisgelivpd &7 aithid |S§”t9b|§o'i§leent The
seédeJm?erlrrﬁég}l‘ét@ i5 thdif réeﬁﬂ(?&m thﬂu%ﬂ?)%céﬁgbgfa to rﬁel@ a florfenicol
toits rink I Ng water. | n another e
phmpﬂﬁaun itsraeiat floom, Tneeagua‘onamﬂbrfeaicobphmate@anlwbsequently

o B A e o s B, anor o
suiZ€ BbReAt(s pdar) ﬁhrai\irbﬁé‘sﬂﬁllénﬂk)so i nvol ve

subcut aneous i njection. The florfenicol phosphate
est &he (solgted gaidfaranptiorienicdrphpsphaty estes dthen carebeafdded to (or

cof gy Bt S o B R PRLRS B Bty

acqupraisiatcaltion & idi-eAtioNBA $8it IrePsr e flRyiepiddl BRsdrugfcan then be
nmethods. In a preferred enbodi nent, a florfenicdl

isolgtegiubelringrne rﬁﬁiaéad blpriesisel pragirug aviteaipbarmacetically-acceptable

yI phosphoranmidite in the presence of
catﬁir{&é@g ‘in a first suitable solvent,

In one embodlment of the process of preparing the florfenicol prodrugs of the
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
dichloromethane. In still another embodiment, the pharmaceutically-acceptable cation -
is Na*. In yet another embodiment, the pharmaceuticalIy-acceptable cation is a
protonated amine. In still another embodiment, the pharmaceutically-acceptable di-
cation is a bis-protonated diamine.
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yielding a first internedi ate. Next, an oxidant is

added in a second suitable solvent to the first
wonvwsroeedr at e, yi el ding a second i nternedi at e. PEATUSR004/042591

i sol ating the second internedijgte, the second

internmediate is dissolved in a third suitable solvent.

The second i nt eacted

trifluoroacet ﬁhc@?kﬁiohfp IEﬁ\‘J;dﬁu B&&Eﬁ@ﬁsphat e

i N iFiguraci shdvos B pldihes tﬁé'rétef é’r‘idﬂj@%ﬁ cgréd‘r‘ﬂb%%n to florfenicol of the
phosphat e can subsequently be iso
Phﬁﬁphatélﬂsiﬁf @‘ﬁb@cﬂfﬁ%entsnmm@rasmmparedimea plutatate ester in rat and

oo L ARG SRS A Thoeprat ot
in fdteehan| dl@kndﬁms-lobliﬁ@r&éb@ferw BBVlﬁé%e*?@maggﬁgréso— GREarate ester in

conbi ned w th) an aqueous sol ution of
ra c?ﬂﬂé‘ﬂ)ses a pharmaceuti cal | yacceptabl e cation or
di-cation. A salt formof the florfenicol prodrug can
then be isolated, yielding an isolated florfenicol
pr offiguge @ sHowes algmmc enésarahiion @Fﬂ@rﬁérﬂ@bl%dh%’eh%t@ﬁs detected in
I n one enbodi ment of the process of

theg‘!r"églt@:%o& Falyes fpi'@wmqlmf@we@@uﬁjad@ml@tranoreofofﬂ@mncol phosphate
est'eF."“f’r%@@ ?Btégsnﬁbrff%ﬁlgﬁf‘{kirg:?hgr nﬂ&’&%’ ﬁgfﬁc‘f’é’mf agrﬁlta of three

caluesébliosv:mg otitaveopes lzeinzinistration @f flbriesicol phaspHAe ester prodrug at a
di ment ecogg &gw tabl e solvent 1s

do‘etﬁ Bﬁ?@?@mfﬂﬁg / Felf eary weighto drakheymbeliienateg the data
frofnh® dFReSMEint er redi at e conprises flash col um

chromat ography. In yet another enbodi nment, the third

sui tabl e sol vent conprises dichloronethane. In still

car ToRre § SRS T B4 B R ol TRsiRol comeonirations detected in
theFﬂl@érﬁQQﬂ?dbgé %Ildwmg(iﬁﬂ?é\?&{cﬁlscéﬁrhﬂbﬁa?ﬁﬁ RiRIRPH Phosphate ester.

amne. In still another enbodi nent
The)pigt fapEir fl@%rmyobmm&rmlenalun theet plaamiasofahree dogs following

AT B8 T EorED i AT ot s o

apmbxnnmalyrﬂl PMd/Rg idf BHIgMSIght, %léﬂ”‘éq@é“l@%%% forfSlics! é?{uwalent

resent invention as conpared to a glutarate est
dO%enofrfgﬁ MG{K0H EACheS R elrfenctes Hiegtlate fromfeodifineard degt er
in bovine serum circles, phosphate ester in rat
serum dianonds - glutarate ester in bovine serum
sqUudges 4 isgh graptiit presdraatiom of AdriGsictiMordeatations ﬁ'hﬂ%splasma of

hi c resent atiaon of florfenicol concentrations
plg%@l@&ﬁ%ln venous admmlstratlon of florfenicol phosphate ester. The plot

depicts florfenicol concentrations detected in the plasma of three pigs following
intravenous administration of the florfenicol phosphate ester prodrug at a dose of
approximately 6.7 mg/kg of body weight, which equates to a florfenicol equivalent
dose of 5 mg/kg. Each symbol denotes the data from a different pig.

DETAILED DESCRIPTION OF THE INVENTION
Accordingly, the present invention provides an esterified form of florfenicol

(e.g., aflorfenicol 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
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the plasma of cal ves follow ng intravenous
adm nistration of florfenicol phosphate ester. The
wohais/ode2sict s fl orfenicol concentrations det ecPed/uismo4/042591
the plasma of three calves follow ng intravenous
admi ni stration of florfenicollphosphate ester prodrug
at a dose of approximately 10 ng/ kg of calf body
admitiglered Eralsubjethothedssterfies fohe aldlomehicoontit fi6#EMes! analog is
calf. Figure g ZrhO\%rgqrﬁphl c presentation of
efficiestly é;mngg{teg hEER » dhadresdflorfenier anategmerespectively.
dog ' i kSt Aat i 0 . I
fl o&féﬁecoi pﬂgsfg a?%&%g e?mngkaéﬁéﬁsédﬂ&nche following definitions
aref provfdedi. col concentrations in the plasma of three dogs

fol | ow na intr avanus adm ni stration of the
f I off &5PE dlereiRo8pRARENAS]WICahFMPasitian” rfaesie aformulation of a

phEeHa8X o8RO Moﬂf%ni%oﬂ%&ﬁ%iﬁ? s%ggéh 4 io@%'tﬂ%‘%é&erﬁg@ Arfiion (e.g., a

to a florfenicol equiva
florégnienl ipradmig) es atfoemdktianfaf arprosphbteesier of ferfeficalagaldg,
incf g’ a %le C reﬁt ntation .of florfenicol ]

CONEETH PR PEHE: P egPalRKeRiion VY 2 pheswaRgutically acceptable
exipieht, aresHearagi m ' i ' :

Fgst er. The pl ot ?e%?agﬁ ?Uﬁ}oﬁgﬂl@%{nﬁ%‘%ggﬁﬁggéP%%élsent (e.g.,
waigék ected in the plasna of three pigs follow ng

' i ni Ny f the florfenicol
oA ERaEaf 391D 34 Runl sChargate arlayiP e macplagiva
conpddiigorofo fueither Wedithio awmirtiStraidem hetwk d@g‘?écﬁi@ﬂi. ﬁgkamples,

..equi val ent dose of 5 ng/kg. Each synbol ot es
withpit it an aolgprairiesta inplugle qichamL EETbDESIEGRCRILIGN pBBsPHEte, various

sugal BT PR S T R auipb fipBARER. pRlBlR VaGreble di g0
polyatbylengglya@olsan esterified formof a florfenicol

anal og. Sych esterifjed forms are extrenely soluble in
wa?'lé}eg%ﬁ?i tharapeuticaly-efisative ameunt/" @s weed/éetein, refers to that

Dol i i . - l e for. foo
omTRP g Setiso ! et SRS LA68RoRYsnpioy anc
in suffisieint aotounisio pedvide flodenitolr (@r tbriehieof ané@g? irP& cbR€entration at

hidih grieni ol femalo is efficiently converted to free
whigh BioB tpige fo5somReTerioma i erd ebessnpigms of a bacterial
infeE@SPRICA bMISie¥t. I!r{‘pé}"ti?ﬁféarfbg?tfggfirﬂeﬁﬂge ieﬁ?@éﬁ%aﬂi—%ﬁe@ﬁve amount

I nstant 1 nventi on, W Nng 1 ons

refeps pvthabamoust of adlamienital phaspmterestercft thearesent invention that,
hat e

e QR 2o e AP B e Bttt plsm
e 4t o g oo A proferabhPEARIARD, B AUt orf Bhcterial cels
in a gHRleshs body; (2) lnhiBit (i.e., slow, or preferably stop) proliferation of the
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
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 therapeutically-effective amount of the prodrug

or some other appropriate drug; (2) maintain the level of inhibition of the proliferation
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including salts thereof, of the present invention,

with a pharnaceutically acceptabl e exipient, and/or
woanesioes2571 n a particul ar enbodi nent, the carr PET/US2008/042591

solvent (e.g., water). An "excipient" refers to an

I nert substance added to a phapmacol ogi cal conposition

to further facilitate adm nistration of an active
of i ] . e i tation, . of .
FDRSoRl s acHIATRL 67 et Sfdion bTA B aBBhucalrettective amount of a

drysh ¢Spmairdainthei dagses of ihsbition of Heesprebd<drhe Fhsfe%tri]o& achieved by a

| ose rivati ves, gelatin, vegetable ol
‘heﬁ‘{’%}@ﬁ@}’fﬁ@%v% agant ‘Pﬂ@ drdginand/or (4) maintain the level of relief of one
miol ' 2 i At .as _used herein, .
" AP L5 o g3 Bt o
Sympipsie aesodiaied with b bayterial jrfecttorf Ablibesd by @?h@méﬁan Y a
or

provi de florfenico

! it
_theif"fboe_ﬁ#'&%"@éﬁgt H‘Zﬁng'gbgtuﬁhgga PiRruaipa.i offledenigolglofithe pessent
invéstioreyesdrie NG %r‘%ﬁﬁaf&r@rugag@t@ﬁ#@gpf%gghg\%sa of siso

a bacterial infectiohin a

refesfite thatamount efreecappositionlcbynprlsirer & ifoereanay PFOdrgé & $he present
| phosphate ester of the

. . th f florfeni
lnvc-lgrﬂnotn %E’ aﬁ%ﬁqoﬁ ﬁn%'p& ;?rhgﬁgdqg @ Prieseat syention, that will deliver

resén

florfenlgiot,adr, thd dlorfedicd! hhalgem & QlifficR it ﬁé{%gﬁ(@ahg@?ﬂmto prohibit

b Ejff' cient plasma concentration to: :

ACHITER EPRAGPUENYItinGinea suBeepitiydel begardsmah S_*Dlﬂﬁiiéﬁt'(?Jantity to cause an

infeEdh S i N a subject's body; (2) inhibit (i.e., slow Tor
preferably stop) proliferation of the bacterial cells;

( 3)An ‘faiprdlic s¢ivent” refrOYS af @%ﬁié?ﬁ%@eﬁ it RS iude one or

m tgf bacterjal infection; a _ relieve
oreSVgregelbipres banded & apsxygenmitregey mutsoitfar arBvoliER hydrogen

s capdde bhficsBathh ot oA d B hystoaen bearos o e

amdernsediharep, adisugable” SbREhERTER) 1 el
nvention, hag\té O%F@(/{ng\g@féﬂl}%%ﬁeamams

| g, of the present
can ﬁ’!}gf’&%ﬂ?‘i‘!"%ﬁ‘sﬁ@% BPERAvessely maricpateninrtheireactizh, either by itself
N i M R G L
the reagtien Phihecedmpoaeiisavittohy aotie?ViFuHny G R t0heLelecting a
or

: ically-effective anpunt of the prodrug
e RSOREH LT Vi EBLAu ST SR Sk i betareahcomn i
acconmplishietiiviithduft Lﬁﬁ@ﬁe@@eiriﬁfé’rﬁ‘éﬂ'&imf bacterial cells
achi eved by admi nistration .of a
t hEjRJRE0T 1stiblieq) efersciol areanimal mpeofesacapialnts of Being infected by a
pathB%ﬁ]E?bEtetrnﬁ‘n d%%' e ofal i nhi bitjion of the spread of the
_infectron achi  padicuiarem %'%“'@C'@W%bﬂms‘ Appropriate
anlmragtlsx:lb]é?ctg;al;s;cr)] g‘fdllgie titbedh thé ildBIvBAbEK (8., %8k 8f meat, milk
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” animal shall
be understood to include all animals bred for consumption, or for consumables (e.g.
dairy cows, egg-laying hens and the like) by humans -and/or other animals. A non-
limiting list of such animals include avians (chickens, turkeys, geese, duck, ostriches
efc.), bovines (e.g., cattle, dairy cows, buffalo), ovines (e.g., goats or sheep), porcines

(-g., hogs or pigs), equines (e.g., horses) etc., as well as aquatic animals including
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or nore synptons, or if synptons were elim nated,

mai ntai n the non-exi stence of synptons associated with
wa 2bEmesasial | nfecti on achi eved by adm ni st rat POWustooa042591

t herapeutical |l y-effective amount of a prodrug (e.g.,

of florfenicol ) of the present.invention or sone

ot her appropriate drug. A prophylactically-effective

f ti,on

o SUPP AR o R ofher REEPB3alsp 0 harvested for
humwemmwmpMn aFot pufposes of trnplesgnpireention ShettBan “f|Sh” shall be

|nv delj ver florfenico
‘i %‘iﬁ Wﬂh‘awggmt@fwnat%ff pleostigropping e fish, le. , teleosts.
Bo@lﬁ’ ﬂ?eestafrﬁéh%ﬂéé SER0hh RGeS thel SAMATEHEY BN the

in a susceptible organismin su
Peteitermesrordat éehicbnncldded e Oehtrasbliderntaimilyg g6 Sohfimed within the

ol vent that does not include one or nore
Teﬁ%f%?@ééﬂs'ggons bonded to an oxygen, nitrogen or sulfur
at oExaitfpled ohy6iepd
part i chr?at i 8np‘| n hgﬁgéorﬁreé‘cﬂ)g%ﬁgqna&d%ﬁusedﬂhh%eﬁémy’ the
Serrgpidagdpatilys the é‘parldee éamlly, dhe &mnaaafarmlyv\thec Oehtrarchidae family,

does not adver sel
thel Bhce-ES oER P aiat e Meaking Shy The Slke-Byeadtiesestomus
(lecosh‘om p)nore conponents of the reaction mxture,
or by |nte ering with the reaction of the conponents
with one another. For abglngonidae Featityi on, sel ecting a
suitable solvent is well within the ability of those
Skl i e art and can be | i ed wi t hout
unlﬁ-%&g@xl\é)'gmﬁ}ent ation. The terﬁ&% Eefers to an
amov@omme@/upéafbaml e of Dbel ng_dk@\ﬁl‘?ﬁ Brby @

cter| um and in a ar enbodi nent
'EDHCH ng@,}f Appropriate a bj ects al so
|@;,ICH 9§du§377%w'|d |IV%§ @rb.,ralsedfor
%or eggs, fur, d KFRAIMON £ oat her s
ts of bur den £2lMa ani mal s,

i on anl rral s, as well as (%iyessalnead for/in
ggor}%np QUAAMASOH s and/ or ci r ehetry.salmoa (pesbicalraon)
6RIMYBRNUS Negkaj ect " of the Sockeyésalmsna " f ood
p@GG@féWﬁghU&mhmVytsm pur posegchihook saprgpent
| Rosopiusn cytimdraceum " f ood- pr odmeung'whitefigd  shal | be
ubdeotynoblus eldrkicl ude al | ani ”@u%h%@tqr&ﬁr
consorphiis nikidsor consunabl e arﬁocﬂNtroﬂ giry cows,

eggrﬁ(ﬁyélgg hens and the |ike) d/ or ot her

a0 Ry nonlimting list of S i ncl ude
aS’ézlﬁ*fbsz‘r ﬁ heKeR3minkHE keys. gee?lger y nd-’t?oSL}tr ' ches,

Salvelinus alpinus Arctic charr

Salvelinus confluentus Bull trout

Salvelinus fontinalis Brook trout

Salvell_nus leucomaenis Japanese charr (white spotted charr)
Salvel{nus malma Dolly varden (Miyabe charr)
Salvelinus namaycush Lake trout

Thymallus thymallus Grayling




etc.), bovines (e.g., cattle, dairy cows, buffalo),

ovines (e.g., goats or sheep), porcines (e.g., hogs or
WQ205)06328qui nes (e.g., horses) etc., as well asCcamSaion042591

ani mal s includi.ngshellfish and fish such as trout or

sal non, and ot her species rat &d or harvested for

human consunpti on. For purposes of the present

i nvention, the tSome Mdmshérsdiahé Seeraniggs Fhafy to
include without limtation, the Teleosti groupi ng of

f i BAXON BIAMEe! eosts. Both the Nil(lﬂ s order
(which includes the Sal nponi da t he

PePRiropIisHsoQHEs (whi ch incl Baek sdaeb&ant r ar chi dae
f @anirgpristisspleitadadimens wi t hi n Roek Belag®sdd  gr oupi ng.
Elaniroprstisf sinateent i al  fish repiqpikesdsphes! ude the

QLipteotiadivigaidy, the Serranj roht he Spari dae

f RV trurf Mermbosilth1 dae fam ly, E g {:1 rarchi dae

BephohRahBfEahne O unt TLATGEITSL porm

tEpihbpR B'ﬁmri nd“the Bl ue- Eygd PIECYS

( %g %aépp) Sal noni dae \EHTPYPEAXON NAVE COVVON
r cl upeaform s Lhgllefni t ef i sh Cor egonus

0y (4BI% a{Bor hynchus ket @hateassal mon

Oncor hynchus gorbuscha Pi nk sal non Oncor hynchus

ki sutch Coho sal non (silver sal non) Oncor hynchus masou

cherry sal non (nmfone ddmbers dPrtherdndrdesiaffkka

Sockeye sal non Oncor hynchus tshawyt scha (chi nook

s dAXEDIN NPARKEDPiI um cyl i ndr acetmolﬁij!w,\p'ﬁfi sh

Creorhynchus clarki Qutthroat” Trou ynchus

}W@r@ﬁﬁﬁ%@@@@?@@ﬁalﬁl no sdbleepstemnt i ¢ sal non Sal no
ehqsargpswombeidalisal no t r utSea Kréamf ontinal i s Ti ger

SARRTUS eora 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
quuidens latifrons Blue acara
Cichlisoma nigrofasciatum Congo cichlid
Crenichichla sp. Pike cichlid
P?ero_ph yllum scalare Angel fish
Tilapia mossambica Mozambique mouth breeder
Oreochromis spp. Tilapia

Sarotherodon aurea Golden Tilapia



Sal vel i nus al pi nus Arctic charr Sal velinus confl uentus
Bul | trout Sal velinus fontinalis Brook trout
waaboswies2sus | eucomaeni s Japanese charr (white BpoOUS2@4/042591
charr) Salvelinus mal ma Dol ly_varden (M yabe charr)
Sal vel i nus namaycush Lake trode “Thymal | us t hymal | us
G ayli ngSome l\/brrbers of the Serranl daefFam |y TAXON

Ce ' phlladelphlcus
@MNMMH ata Bl ack s

{ sea bass

@M@ trum

bAww/bpﬁtémr«DMéthssandper ch D M@k bags f or rosum Sand

p@'éfrl'rd JePagkaby
Red grouper &
ﬁaggéng%gﬁ m Chal k bas
% ON NAME COM
Sheepshead Ar ¢
Sgé’”ﬁﬁ USenna Sheeps

rﬁﬂﬂﬁéﬁ?@@‘éuﬁ’loﬁ’ﬁﬁgﬁ Pagrus Maj danddes

ofJsavol i nbat ygjgyel | onedge grouper

BB A
§%‘?
Shdal i s

suNfggodon
ishr eam Spans

O
uezP

abepomisGhutithiead Sea br eam St efRediressicsunfisbps Scup
Shapomintyearellos t he C chl i dae GraenlsunfisS KON NAMVE COVVON

NAbBomis cyanellus X L. gibbosus
Lepomis gibbosus
Lepomis gulosus
Lepomis humilis
Lepomis macrochirus
Lepomis megalotis
Micropterus coosae
Micropterus dolomieui
Micropterus punctulatus
Micropterus salmoides
Pomoxis annularis
Pomoxis nigromaculatus

Green x pumpkinseed
Pumpkinseed
Warmouth
Orange-spotted sunfish
Bluegill

Longear sunfish
Shoal bass
Smallmouth bass
Spotted bass
Largemouth bass
White crappie

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
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 florfenicol
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, i.e., to
approximately 1 mg/mL. However, in commercial formulations, concentrations of 300
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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proﬁw’ﬁg éhloﬁ‘eﬂﬁ%@ﬂﬁ)dﬂﬁgftmq{@ﬁnﬁfeﬂ@@m $olgbilitys antiiribreover, can

El assona zonat um Banded pi g sunfi sh  Enneacant hus
be ysed iman fferiive pod ﬁé‘!ﬂ@l}dﬂlvé‘ﬁ) telivenc ahtlorirnieple Aghieving this end,

o @ Brsvicte B PRI G S Copom s cyanel lus X L.

gi Waﬁy®0&©@ﬂdﬁmmlﬁrbd&@$ lsﬁpl@ﬂisﬁfdjléxbmé a glutarate ester of
Punpki nseed Lepom s osus Warnouth Lepom s

floraiR S IR PDILAIE.Lh oA SRREINGSY ElGEaMS per militer.
MabF B8 IR b ER o Al MRl 1A 058 ana
theMforeogbaldusotipenexpdotddito Sptsbtlad/l\kmsEoanmpleeFlgs 1 shows that only
apg?%ig%%té@%%%f 2 &B%Jefrgtebgss’cgr 519 o r)f(éﬁciccamn lfilrglyzes back o florfenicol in
bovine serum and only about 3% does so in rat serum after 4 hours of contact.

Quite surprisingly, the florfenicol phosphate ester of the present invention was
found to not only have excellent solubility in water, i.e., over 600 mg/mL, but also to
convert to florfenicol efficiently and in substantial amounts. This is also shown in Fig.
1, where it can be seen that over four hours in rat serum and bovine serum, the’
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
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 salts 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.

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 aqueous solutions. ltis
more preferred to maintain this molar ratio in the 0.8 -1.2 range in the aqueous
solution. [t 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.
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bovi ne
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Example 1: [1R, 25-1-(4-Methanesulfonylphenyl)-2-(2, 2-dichloroacetylamino)-3-
fluoropropyl]-di-teri-butyl phosphate (1)

To a solution of florfenicol (14.32 g, 40 mmol) and tetrazole (3.96 g, 56 mmol)
in anhydrous tetrahydrofuran (THF, 70 mL) under nitrogen, was added, dropwise,
N,N-diethyl di-tert-butyl phosphoramidite (12.8 mL, 46 mmol). The resulting solution
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 concentrated in vacuo. The residue
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theHBb tq é1@ mina erlBe9@|61°/méG}0hJﬁm AGE &obivBné S xwl 56 mm; mobile
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Examples2e[idh, %-ﬂd%m@anewM@nmh%wﬂm«aa%dwbnl@fommmmo( -3-
fluonoprapytipbospbate (2)nge in the aqueous solution. In a

particul ar enbodi nent, the pH of the solution should

be Tmiarﬁoajntitﬁdofatorap@umﬂ L g5yg,[23.2 nSmEI)Qn Ialhhyefdus
i nventi on may be better understood reference to
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the%’éﬁ.lm)'n%%s ofirrk8 t'aﬂ’r‘rﬁé‘ﬁt‘ @%QeTFﬁré ‘?+ SWo0s. S¥FERbRFoA Fas then

esented In order to nore l'ustrate
coneebbdtecbwt wao tolyéeld mvgurni whicin) dlpehdutmiaimm nithwiigthgkeether, gave

9'9?&%%[%&0&@%9&% %%h%mbrlogjmsﬁgglesogft rI;Ieorfeni col
PhospRfie (ESbRSO DGO HHER §28%81 (d, 1H, J=9.0), 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
(100), 437.45 (75).
HPLC: 1z 9.1 min, purity 91.9% (Column: ACE 5 C18, 4.6 x 150 mm, mobile
phase 0.1% HzPO4/CH3CN gradient).

Example 3: [1R, 2S —1-(4-Methanesulfonylphenyl)-2-(2, 2-dichloroacetylamino)-3-
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 45 mL water).

The resulting solution was run through an HP-20 resin column with water as the
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d 8.92 (d, 1H, J=9. 2?, 7.91 (d, 2H, J=8.5), 7.62 (d,

Exampleg4g Gnvegsimn of flotfenicel phosgplateite, florfenigolinzerum

. TPigreniaupBosihie may beldesoivld ia 0o Mphatinas skEwRO)
buﬂféreaaﬁ@abheéﬁﬁét orHo%irDferifh 419P)C. %n %o(;&%f the florfenicol
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0
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| o
cHEm o RS Y AR Dl PRGN OB
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di chl oronet hane (150 nli) under nitrogen, was added
trifluoroacetic acid (15 nL), and the solution was

Exainiplé 8¢ CoinvairBicibf flerepicdIgiatdeite o hmﬂéuthﬁh serum
sol ution was then concentrated in vacuo to yi el

gunfrloffientse! gluiaiaie mayubedissalvsidtin adﬁ)étMyphC@lphetQ (Pga\al%o ) buffered
meglu?‘r? of reﬁforco r\T;pnoeuthlru‘?n afa?e H' 'ﬁ?ens o1|d00|;iL of the florfenicol glutarate-

containing medium may be removed after at 0, 0.5, 1, 2, 3 and 4 hours, mixed with
100 uL acetonitrile (CH3CN) and analyzed by column chromatography (Zorbax C8
column 4.6 x 15 cm, eluent: 0.1% H3PO4/CH3CN) to determine the percent conversion

of the prodrug to florfenicol.

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

Successive aliquots of solid phosphate ester prodrug (sodium salt) were added
to water with agitation. Addition 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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pH % Compound A | % Compound B | % Compound C

454 94.40 0.17 102

4.95 93.38 0.37 1.01

5.53 93.06 1.41 0.93

An aqueous solution of the phosphate ester of florfenicol in the
phosphate acid form containing 300 mg/mL 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.
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weigHt. FIgsrAgRARIDISS WE costicl dMHeP PG bBnthiSTLEbN BRI iyzed for
concentrations of florfenicol by HPLC-MS/MS. Plasma florfenicol concentrations
increased rapidly following treatment (Figure 2). These data demonstrate that the

prodrug is rapidly cleaved to florfenicol in cattle.

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
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
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200 ng/ mL. The solution was then injected
i ntravenously into three dogs2ieighing 9 to 15 kg to
provi de a dose of approximtely 11 ng/ kg of body

WHXT ¢iICLAIMEDR sanpl es were collected after drug
adm ni stration and anal yzed for concentrations of
florfenicol by HPLC- M5/ MS. Plasma fl orfenicol

(F frur e AyloPERIEEPAERTeE BRI R R nlse Rkl <
rapidly cleaved to florfenicol in dogs. Exanple 10:

Conversion of florfenicol phosphate to florfenicol in
swi ne Fl orfenicol phosphate was %Ig@ﬂﬂ ved in water to

a concentration of approximte ﬁ ng/ m. The
solution was then injected intfgavenously into three
pi gs weighing 10.to 15 kgAN ds.a dose of

approxi mately 6.7 / kg ight. Plasma sanpl es
were col | ected aftggscdq' i yﬂog?(i:"d)‘ﬁlzand anal yzed
5 for concentrations of 4%orfenicol. Plasma florfenicol
concentrations incr eage rapidly follow ng treatnent
(Figure 4). These data denonstrate that the prodrug is

rani 4l eaved to florfenicol in pigs. Many

or ﬁ%tﬁ]‘%‘%@i‘ons and variations of the present invention
can be made w thout departing fromits spirit and
scope, as Wil be apparent to those skilled in the

ar t2. Thel hgplenfenieolqinsghaimesten o Elaiget thasrie arflaifenicol prodrug

re : anple only, and the invention is
10 havﬁ'@ g(ﬁekr?n%{:ggé/tgntv:%gy the ternms of the appended

clainms, together wth the fQull scope of equivalents to
whi ch such clainms are entitH*&jMﬁ\HAT IS CLAIMED: 1. A
florfeni col phosphate estr aMyhg t he cheni cal
structure or a salt erdof. 2. The florfenicol
phosphat e ester of '- 1jthatt is a florfenicol

prodrug havi ngahe cgi calNHEOoREW e: ¢ ML + wherein
ML + and M2 =Y
OO0

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

4, The florfenicol prodrug of Claim 3, wherein Ms* or M,* is H+ and Mo+ 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 My* and M," are
25  independently selected from the group consisting of H" and a protonated amine.



+ are H+ or a pharmaceutical |l y-acceptabl e nonocati on,

or taken together, are a pharmaceutically-acceptable
wdizesabssn. 3. The florfenicol prodrug of C ai RCRUS2004/042591

wherein ML + and M2 + are independently selected from

the group consisting of H+, Na4- NH4 +, and K+. 4. The

florfenicol prodrug of Caim3, wherein M + or M2 +

is H+ and M2 + or ML +, which is not H+, is Na+. 5.

The florfenicol prodr of daim3, wherein M + and

M2 ¥. ar e Tinet florféanicol @ro%me dgfl Jaine 6i w‘b\Ier@'ndUe paotohatéchamine is

NG R e el o 2R i ngﬁg o feEld6 be either H,
meﬂﬁylnéth@l pTB?elgts@bf@dVIP-@HMgll-%)H%n@lf (OHBOMRer ei n

pr ot’'ona amne is vvherel Rl R2,
5 and R3 are |ndependently sel ected to be either

TR SR ST SR 7, R e

sel@h@foeﬂrﬁmtth@ @b@b@ﬁﬁ&l@ﬂn%ﬁf ne is selected fromthe
group consi sting of Hn Hand O HI1 H3N

+ HO + OH HO H+ OH 2
H,N ~OH \/\” O, \/qu ~N
2
OH OH
H, OH, and
\N ~N . OH
| H,N
OH
10
9. The florfenicol prodrug of Claim 8, wherein the protonated amine is:
H3N+/\/OH
15 10.  The florfenicol prodrug of Claim 7,
wherein R' is either H, methyl, ethyl, propyl, isopropyl, -CH,CH,OH and
-CH2C(CH-OH)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 florfenicol prodrug of Claim 2, wherein My* and M," comprise
respectively, H" and a mono-cationic form of a dibasic aminoacid.
25

13.  The florfenicol prodrug of Claim 2, wherein My* and Mo* are

independently selected to be either H*, meglumine, benzocaine, or procaine.
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- OH 9. The florfenicol prodrug of Caim8, wherein

the protonated amne is: H3N+' 10. The florfenicol
wonrodroaspsof Claim 7, wherein RL is either H, neCIgIS2004/042591

et hyl, propyl, isopropyl, -CH2CH2OH and - CH2C( CH2OH) 3;

and wherein R2 and R3 are linked to forma five or six

merrbered ring. 11. The florfenicol prodrug of Caim

ot ne Pdsense Beding & CTRIE! Fhekhta i Grgie foken

togethé® kRAdidded 1r%m megffdu@rcfommmb d?rcwﬂqu@?f a%n%lrp’fbt?onated

wherein M + and M2 + Conprise resSpectively
dianeing aad adfiiaatipoicfosm of aibasic@rainprasidi d. * 13. The

florfenicol prodrug of laim2, wherein M + and M +

are independently selected to be either H+, nmeglum ne,

benzscai PephAtndveRtishintorigosiifre chinprisRR el dPfepsiiol
Claim2, \?%erel nM + and M + arﬂg@tamgn t oget her, ﬁr JUQOf

Clajen 2 i1 apheypacewically assepiaiie saimeg. of Ca+2, My+2, a
bi s-protonated di am ne, and a di-cationic formof a
di basic am no acid. 15. A pharmaceutical conposition

conpéi si Mpetpgharifnbaeeliek comppsitibnuer Okirk! 1, Wheréin the
har maceut i cal » acceptable carrier. 16. The
Phyimacamtically aareriBssartiebis a8t aquenus agutiomer ei n t he
phar maceuti cal » acceptable carrier is an aqueous
solution. 17. The pharmaceutical conposition of Caim
16, 1%hi cTihe @tmrmaesummBEmposltmfn ¢fv@lair 18 mhicrebdmpeibes a mixture

the fl orfen 18. . The pharnmaceuti cal
of RrlERls SAGH! RGO aRRn | ho prof 1 ha

18.  The pharmaceutical composition of Claim 16, wherein the pH of the

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.  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 16, wherein the florfenicol
phosphate ester is a mixture of a salt form of the florfenicol phosphate ester and an
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
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,



aqueous solution is between pH 3.5 and pH 6.5. 19. The
phar maceuti cal conposition of Caim 18, wherein the pH
wofhodshe3zmgueous sol ution is between pH 4.0 andPOHUS2004/042591
20. The pharmaceutical conposition of Caim 19,
wherein the pH of the aqueous 26ct ution is between pH
4.5 and pH 5.5. 21. The pharmaceuti cal conposition of
Cl aim 16, wherein the florfenicol phosphate ester is a
m xture of a salt formof the florfenicol phosphate
est &4 and® 8AMRELAACONATiSING the ehespicahiatmiulashosphat e
ester; and wherein a nolar rgtio of the base that is
conbined with the acid form th |_florfenlcol
phosphate ester is in the ran // 0.6- 1.4. 22. The
phar maceuti cal conposition gm 21 wherein the
nmolar ratio is in the rangq of O. 1.2. 23. The
pharmaceutical conpositionfjof Caim22, wherein the

nolar ratio is in thagangesof 0.2 - 1.1.24. A
conmpound conpri si f ' forpula: R3 R8 or a
salt thereof; whe 2 'c are i ndependently

sel ected fromthe 0 , i ng of (Igydrogen (1C
40) al kyl , hal &*” - - NH2, I a2) wherein R4 is
selected fromthe group consistingfof: 4 and A9
wherein Al is carbon or nitrogen, and carbon atons in
the ring are independently subgg 1/(}1 3vvith an entity
sel ected fromthe group consi stl n HOf "hydrogen, (1C -
4C) al kyl, (3C - 6C)cycl oal kyl - 4Cal kyl O, - CF3,
or agalt thengofhal o, (1C - 4C)al kyl so (1c - 4C)al kyl SO
2-, NH2SQ2-, (1C - 4C)al kyl NHSQ2-, ((1C - 4C) al kyl)
ONSR2- , - NH2 (1C - 4Cal kylNH, ((1C - 40 al kyl)

2 Ryl

_ Névc\éhsﬂfln Oﬂazf@clﬁh )ﬁr@iﬁ hﬁz denﬂe;lgeli'(eclféa ﬁbéﬁ\/ﬂhg(ﬁéup coASisting of
hy@[@?ﬁﬂkél%(‘é)@)ﬁl f@d@) -NHg -CNiapdiNgy| NHC( O) - and

(( 1\g;here‘}rq:)l:f’ul 153@ Pe?c"r\gé Qam the group consisting of:

and

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-, -CF3, -OH, -CN,
halo, (1C — 4C)alkylSO-, (1C — 4C)alkylSO,-, NH2SO,-, (1C ~ 4C)alkyINHSO,-, (1C -
4C)alkyl)aNSOz-, -NHa, (1C — 4C)alkylNH-, ((1C — 4C)alkyl)oN-, (1C — 4C)alkylSO.NH-
» (1€ — 4C)alkylC(O)-, (8C — 6C)cycloalky!C(O)-, (1C — 4C)alkylOC(O)-, (1C -
4C)alkylC(O)NH-, -C(O)NHz, (1C — 4C)alkyINHC(O)- and ((1C — 4C)alkyl)aNC(O)-,
wherein any of the alkyl groups within the substituents may be unsubstituted or
substituted with a group selected from halo 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 A' — A%
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wherein any of the alkyl groups within the
substituents may be unsubstituted or substituted wth
waea 2005mdpessel ect ed from hal o and hydroxy; wher ePQTAR2004/042591
A3, A4, and A5 are independently selected fromthe
group consisting of carbon, niX/r-ogen, oxygen and
sul fur, provided that at | east one of Al - A5is not

is naird:s;rbont it thé etaltirhbaushsirogén noygeaethd é’t)‘lﬁﬁ%ﬁor%@qn the ring
sul fur atons in the ring does not exceed 4 and

dogg @of exgeed 4anshiet the dingl ispromatie; aﬂdAaherglrbLﬁABomcaﬂmdm and the
in¥oki A o0 Sy BYRRR 86 B atg Bl etonay be
subsﬁtute;d with ect @ity seRctdiEiramahp grong lc&héi@ﬁn@%f (ﬂ@- 4C)alkyl (1C -

I 1C - 40) al kyl SO 2- d - NH2;
40@}9‘?@%' %7@ arﬁﬁ)a Oyare | ndzgendent Iy 22| ect ed from
th B
R R ﬁdhﬁa@%“%‘% 2 BueBRAdSHE I8y rorm B oroup

’ f hat on rthreeo the A6 -

congfing g cartoB HHolRh e <o whes ciftovigShebemy srere

A S O aNE Bicba ronk the oPOUhelas, dwongr Breaydfuen,
A® (—1@0 'até@s%rb%tmé}é’ff and%&%é‘ﬁﬂ%@ {%:Lopgélfgwféﬁ Wé Irlnﬁ P
|ndepx\;ad&|yﬂ}e®1l25tl,tutum®2an ety sd@tebwwrﬂhﬁ@gi’oup ééﬂé?»shng of
vdi8nidfia 22K 2 BE S bl - (a0 -CFs, -OH,
-CmChaldqh G(th:)alkﬁ@o- @I@ﬁxe &ﬁ@%%\l &88%(19)(@2 (16

40)
1%)@)@%%@@; ,,(SKQ iGlC aﬁ@))awsy)z} MG Q) € -ard)alkyINH-,

1@5&%@%’% bgq%t %ﬁﬁﬁfg&?é@'ﬁdﬁ@ &Ptarl}@"@@?m

(3Ca¢ ame)cy@oallky\m(osl f1eny4e alk)h@@(UW'U@” —Ogegamwdtwmﬁﬂy

the substitue e unsubstiitute

'C@DE}H'ﬂa {1 end Gf)c"elhylwbﬁ p (6t ect@)alkyIpMC{@)0and-OCH,O-,

xR, B P Re S o PO vl igboacea o

adjdir;a]ht mggmavboﬁ,at@nd and ehepsin ainycof the &Ik Yrodod ARBIBAS) of the
subsfl tuen?s may be unsubstituted or substituted with a group selected from halo and
hydroxy; and

wherein R® is hydrogen in all compounds, except when Rz 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. A pharmaceutical composition comprising.the compound of Claim 24 in

a pharmaceutically acceptable carrier.

26. A method of treating or preventing a bacterial infection, comprising
administering to a subject in need thereof a therapeutically- or prophylactically-
effective amount of the pharmaceutical composition of Claim 15.
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20

25

rel ati ve stereochem stry shown or is substantially
enantionerically pure and has the absol ute

weoeters@esasem stry shown. 25. A pharnaceutical PCT/US2004/042591
conposition conprising the congound of daim24 in a
phar maceutical ly acceptable ¢3$rier. 26. A nethod of
treating or preventing a bacterial infection,
CONPY. Si maeaﬂ@mbtjsﬁﬂaimzsmaemmjtmthnnmﬂicbh@mmgbsition is
a_therapeutically- or prophylacticallyeffective anount

ad'Bfn'f’etﬁéngﬁE?r"bféd’élﬁr?'&tﬁra‘ onposition of Caim15.27. The
nmet hod of C aim 26, wherein the pharnaceuti cal
conposition is adm nistered orally or parenterally.
28. 2@ nephmdtHoarfot the symhdsisio$ trad atiddommiod afflorfenidol hosphate
fl orfeni col phosphate ester having the chem cal

estgr havipgthe chBmiea! Sirgturee steps of : (a) reacting
florfenicol with di-te/t-butyl phosphoranidite in the
presence of tetrazole in a first suitable solvent to
yield a first internedi ate;ﬂ’@sﬁ9 adding to the first
internmedi ate an oxidant in cond suitabl e sol vent

Qfi af@H (c) isolating the

dji ssql ving the second

suif ablfe sol vent; and (e)

. er TNHGD@H®It h trifl uoroacetic
acid to yield thgdyacid formof the florfenicol
phosphate ester O 2. The method of C aim 28 further
conprising the step of isolating the acid formof the
florfenicol phosphate ester. 30. A nethod for the

congpiitingdhe stepsLfsal t formof a florfenicol phosphate

;S M&ﬂ@ %éﬁ@?}n\%ﬁh dRESABLNIShoPhorahFits ifj tfe lb%:sence of

tetrazole in a first suitable solvent to yield a first intermediate;

to yield a second inter

(b)  adding to the first intermediate an oxidant in a second suitable solvent to
yield a second intermediate;

(c) isolating the second intermediate;

(d)  dissolving the second intermediate in a third suitable solvent; and

(e)  reacting the second intermediate with trifluoroacetic acid to yield the acid

form of the florfenicol phosphate ester.

29. The method of Claim 28 further comprising the étep of isolating the acid

form of the florfenicol phosphate ester.

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

having the chemical structure:

o)
B/o- M1+
?/ \0- M2+

F
H;;C\S NHCOCHCI,

/,
d%
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+ and M2 + are a pharnmaceutical |l y-acceptabl e

nmono-cati on, or taken together, are a
woheosmasxsat i cal | y- accept abl e di -cation, wher ei RCTAISAN04/042591

nmet hod conprises conmbining the isolated acid form of

the florfenicol phosphate est@0-of Claim29 wth an

aqueous sol ution of a base conprising a

pharmaceutical |l y-acceptabl e cation or di-cation to

yield a formof the florfenicol phosphate ester as the

sal whereintdi'cand bh” are a.pr@ﬂmiacﬁutuauy aneeptakié owbnat-cation, or taken

toeiforohrop ARy PR EBbenl R or o

bi svmeeémm@ﬁ@mahm@mmnew@@mwh? thé%?soléiaa am forfh ﬁtf the
Claim 30, further conpr.ising ep of isolating t
flodemigokpfiqapbrte pater ob Hiaif 29 Wilhhas paueeussolgtion of a base comprising

a pharmaceutically-acceptable cation or di-cation to yield a form of the florfenicol

phosphate ester as the salt of the cation or di-cation.

31.  The method of Claim 30, wherein the pharmaceutically-acceptable cation or di-

cation are a protonated amine or a bis-protonated diamine respectively.

32.  The method of Claim 30, further comprising the step of isolating the salt form of

the florfenicol phosphate ester.



