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CARBONATES OF FENI COL ANTI BI OTI CS FI ELD OF THE
I NVENTI ON The present invention relates to carbonate
wonoavoagro of feni col conpounds having i nprovedPCT/US2006/048929
sol ubility and reduced viscosity in suitable solvent
carriers. BACKGROUND OF THE I NVENTI ON Chl or anpheni ca
t hi anpheni col and florfenicol are broad spectrum ’
anti biotics known generically as "fenicols."
Florfenicol is a broad spectrumantibiotic wth
activity agai nst many gram negative and grampositive
bacteria. Florfenicol is useful for the prevention and
treatment of bacterial infections due to susceptible

pat hogens in manmal s, birds, til | and
shel | f i shCARBONATES (BFlFrE\Nlpgge@NﬁiBF%ﬁ% t r eat nent
of pneunobni a and associ ated respiratory infections in

cattle (often referred to ener|call as Bovi ne
Respiratory Di scEd-DbOR 'RU% Mannhemi a

NIl inve i Tt wgé.rb%w ?@p?&@rb@@of'fbﬁ’béph' us

I n t e treatnent of
compolingéthaing mdmmmmbmty amd ceducas viggasity ifsuitable solvent

Fusobact eri um necr ophorum and/ or Prevotella

carr
armgfd| ani nogeni cus, swi ne respiratory disease caused by
Pasteurell a nul toci da, Actinobacillus

pl eur opneunon] ' nel |
chol erasui s %gﬁmﬁémmw ﬁ'ﬂgm | ] gSI s in
C I Pa pRaRReRA), thlénﬁﬂﬁé‘lﬂcmc&hcﬂﬂoﬂén|pobataebraad spectrum
septicema in catfish_cay
antlbmt@Sfanm geperisaliyag aflefﬂﬁ‘??% %BEQ i 83&’ Shakitlin
antlb‘l"’&L &‘ﬁ@ltg anﬁ{st Gravh- Hé@@tleélemd @mn-lpmsdlve bacteria.
su tibility to florfenico P
Florfenice! isbaagfol forkhepsevantien and PRFIEDLE Ba&e“a infections due

to su&%%{)l %oéét’%gﬁﬁgwﬁ%f%@s qu‘aiseb@ptuéadﬁﬁhagclshanﬂsm One of

( o oranpheni col resistant strains
its pGay USES IS ircthestseatmaniad PHGUERONIE and @%ﬁ‘ogéateg rewmt@gy

infec%%s%h c%%ll (Sitén ?&3&88%5 heliCally 85 BUVit® Respiratory Disease
or BRD) caused by Mannhemia haemolytica, Pasteurella multocida and(or)
Histophilus somni. Itis also indicated in the treatment of infectious
pododermatitis in cattle caused by Fusobacterium necrophorum and/or
Prevotella melaninogenicus, swine respiratory disease caused by Pasteurella
multocida, Actinobacillus pleuropneumoniae, Streptococcus suis, Salmonella
cholerasuis and(or) Mycoplasma spp., colibacillosis in chickens caused by
Escherichia coli, enteric septicemia in catfish caused by Edwardsiella ictaluri,
and furunculosis in salmon caused by Aeromonas salmonicida. Other genera
of bacteria that have exhibited susceptibility to florfenicol include Enterobacter
Klebsiella, Staphylococcus, Enterococcus, Bordetella, Proteus, and Shigella.
In particular, chloramphenicol resistant strains of organisms such as K.
pneumoniae, E. cloacae, S. typhus and E. coli are susceptible to florfenicol.
As shown below, florfenicol is a structural analog of thiamphenicol
which, in tumn, is a derivative of chloramphenicol, wherein the aromatic nitro
group that has been implicated in chloramphenicol-induced, non-dose related

irreversible aplastic anemia in humans is replaced with a methylsulfonyl group.
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As shown below, florfenicol is a structural anal og of
t hi anpheni col which, in turn, is a derivative of
wohbareasmheni col , wherein the aromatic nitro grPOUUSkwaN48929
has been inplicated in chl oranpheni col -i nduced,
non-dose related irreversible aplastic anema in
humans is replaced with a nethyl sul f onyl
gr oup. US2006/ 048929 chl or anpheni col thi anpheni co
florfenicol Florfenicol has a fluorine atomin place
of the primary hydroxyl group of chloranphenicol and
t hi anpheni col. This renders florfenicol |ess
susceptigpl e to deactivati oO#y bacteria contai ffg the

pl aspi dJencqded enzyne Q[ aAy ﬁni col ace
tr €raje (@AT), whi 5 lates the pril myy
02?‘ |Hng:@ of chigreAphé and [P8Z

27 HN, _O
he acetyl afi on pr@Qe?Qs t hese Janti bi ofi cs” from I |
bi ndi ng t@”TToosonal subuni t §°of Guscepti bl e bacfkri &
mgrap_jpng]jﬁw of this ghgsghddlcornti biotic t dorfertmsonal
subunits I's the primary (but not_the sole) ngchaﬂism f
oFloafiriicnl hafs & ALorinemstemiio slaceal the BIHRER hygioxylgroup ©
i nhj biti tid L gn réfictenicoINesPaisdeptible to
Ch'or‘?rBPh?WQOF 33&3&8#‘“@3@‘?@@"%. %s %o gr owi ng peptide
deactfAioAhyabdctevassmtainingthet plasmidensedsd enzyMfact eri a.

Fl f eni | ft i ni st .
chiorampbancahasenLiBnsierans feat il aidiiales bl
hydr&??WHﬁgg?gtgi@gfah@tl_aitah‘;nhelﬂmll Fihecacasylatign N

Lor 1 nir
provens tiassraniiaalics SRAaPR 1S (SRR Hibu iy Brshetaots
e RS HAST e e 11
primanidbut pet therale) Mechpaisn 3 afion of cnkFgfhehd ana
thianﬁh%ﬁgrgaliiﬁ Hniblifly peotkAPEahsierhseRuNichiis resparisibletfor the

antibrotic l'evels for prol onged periods .
transfemaf, amincoacids twrgwmge%oth?p&wea S eequnﬁ%iotem

dmnistration, e.g., to nore readily provide single
form%%%ré '?i’@a r#éé;t particularly in a veterinary settingc
Florfenicol is most often administéred to a subject which can beneti

from its advantages either orally, subcutaneously, or parenterally, the latter
being primarily intramuscular or intravenous. Given the need for economical,
single-dose treatment in the veterinary setting, there remains a need for new
formulations of florfenicol at high concentrations.

In addition, there is also a need for a form of florfenicol that is capable of
maintaining effective plasma antibiotic levels for prolonged periods of time, in
order to achieve improved economies in administration, e.g., to more readily
provide single dose treatment, particularly in a veterinary setting.

in an effort to extend the benefits of a single injection of florfenicol, the
art has considered florfenicol ester derivatives as prodrugs. For example,
Murthy et al., in published U.S. patent application No. 2005/0014828, have
described esterified florfenicols such as florfenicol acetate, florfenicol
propionate, florfenicol butyrate, florfenicol pentanoate, florfenicol hexanoate,
florfenicol heptanoate, florfenicol octanoate, florfenicol nanoate, florfenicol



In an effort to extend the benefits of a single
injection of florfenicol, the art has consi dered
wohar7foesiicol ester derivatives as prodrugs. FOPCT/US2006/048929
exanple, Murthy et al., in published U S. patent
application No. 2005/0014828, have descri bed
esterified florfenicols such as florfenicol acetate,
florfenicol propionate, florfenicol butyrate,
florfenicol pentanoate, florfenicol hexanoate,

florf | h f |
decanpats fiferipol iaiszPaoat. Jer B &S s 4 ER, 3, forenicol
phtha %@ |€egl élﬂiiﬁglalg?gt ean/(fjl ?Lf eni Egl dodecanoat e, and
V\F[dﬂf%lﬂiﬂi& qrhancesyvataT qqh?b llté(n and rpga{jﬁ.gdf Sgﬁ{l\ﬁ& |ﬁ the
form 4 HdrfEudd) TRBPhBIOBERA 64 aRhnebaitRD! c-oward miisished

0- owne pub i shed U. S. patent
5 US. Wa:tahtapplmmloNd\lo.ZW/MéZ@@i Nevert hel ess, there

f E@ggﬁgﬁes\ﬁoﬂ%ﬁéqﬁmﬂﬁs QqSﬁ%%tglnHmag RAééd f@fh@dﬂlfbr additional

anced in suitable
fenicslg/ Witk iehhaheéd satublityn @entebl@mﬁm@éﬁ that cgndPrgyide

trea r@) Temaitlgn of any reference herein should
econeRic MOPPE AT admi ssi on that such reference

' Srh%V@ltdti@hlcﬁ Ay rqﬂenewcealel‘elrt shouid riat begganstrued as an
plication. "
o admighle o e Bl LS et

apph?gmﬁptlon provides for carbonate derivatives of
eni col s having useful prodrug properties. In one
enbodi ment of the invention there are provided fenico

carbonat e COWOU@BMMARB(SWTHHEQNVENUIGNI a (1):
Formula | wherein is selected fr
comsiosainaly, n order to-addiess o epPymIaREr grg s e the
15 invertiiShMdis Bt cahsdHate Aetharbes af fém@aslerrm\mng useful prodrug
properties. In one embodiment of the invention there are provided fenicol

carbonate compounds corresponding to Formula M:

o)
o’u‘o’ Ra

R 3
Formula |l
HN R
R 2

wherein R; is selected from the group consisting of:

Ox /\ ~ /\ N /\ Fj\s/\ HN{ /\

\
77 \\ U \\ 7\ 7N
0o 0 oo ’ o)

N\ NN N ~\
D ST <Y
'\\,—s O and I 2
20 ’ NT NC” N
R, is selected from the group consisting of dichloromethyl, difluoromethyl,

chiorfluoromethyl, chloromethyl and methyl,
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chl orfl uoronet hyl, chloronethyl and nethyl, 2006/ 048929
R3 is selected fromthe group consisting of

waydirogoret hyl , fl uoromet hyl, difluoronethyl, PCT/US2006/048929
trifluoronmethyl and CHRZO C(©O O R 5 R4 and RS are
i ndependently selected fromthe group consisting of
substituted or unsubstituted Cl-10 straight, branched
or cyclo alkyl, substituted or unsubstituted C -M
Qal koxyal kyl, C1-10 aryl, Cl 10 aryl al kyl, substituted

or unsubstituted Cl-10st.rai
Rs is sejetted] fremythe oepiep 5955\%)"9 Wygr B BREtGH ﬂ%%’?’tefhcd | ar

dlﬂuo@ﬁp%gﬁmvmorghétﬁylmzd?z OJOaRE;1 2 and R3 is CH F.

R4 and Raarerlndﬁn@aﬁé?mm Se'ﬂ@%’ﬁ'ﬁﬁ‘ﬁﬂ!@ﬁd’é’ﬁ'@% gﬁ%f%lﬁ’s“{&ed
or ”"Sts%é%z'i‘é‘% ng"¥ 'IrfJe]?r:il Fpér?et%érf)? %!gﬁllgﬂmﬁd;mwdggxy
unsutamhtedﬂpmalkdxya}leﬂ Gnotangh Cmo@ay! ﬁ\é‘ﬂi/ “% gﬁ’ge Fare

td fCH,F.
s BETEETdy By e Grlgpmenyp el i Sict
Ina pbﬁtﬁ&mbwémmdm;ht R1se|6§dj$®g, IRe h&ylplg gnqs]gbt@

Furthgf,gﬁz‘?%i'fﬁ%%w’hf%t’%%%& p@eﬂ 3- rretﬂ |o?t adecyl :

l
21n BRbKENerfbbdiment; RhmmyReat@/lndepepdgptby(yu&ﬁy c}/ with a

monewtggéérﬁ%g%g ,%%938 tgg{\ﬁgﬁgg?{} T %@(’hﬁgﬂmy carboxy,

carbdaf )(E)Wﬁﬁd'a'c cycl opropyl, cyclobutyl,
cyc pent

bén;y;aﬁ ang cycl og}e%{ &sé%ﬁgryn%t h%ﬁ%&%ngew Selected from
the g 40 ::EE%I’\SIQRIE%Y* me&hﬂebwyp Kyéoprﬁpyhﬁ—howy tbdfmgtyl

oXY- bénz

isobuylk wnMxvoeen%kyrh%wyn- %Pty'e \érfh‘?}x\/ neRyly S-aecyl
dodefy{ %n éé@ﬁgg )ét it ;ﬁ‘)‘llbﬁ%/ggxéi EPdpbyl 3-methyl- prop-2 —enyl, 2-
meth&x&kgtdybﬂyetbbmeeygyle21qrpp0)¥y-ethyl 2-butoxy-ethyl, 1-methyl-2-

metrgxy ztbyl SYERET G SR pLginy sty
cyclcgarépybewlebbw,, c;&lcmerhiykyyplpbpyyl 34Z ggng%gypqglﬁ W\yl benzyl,
2y Lo S5 rRSRY-6 8R! a-rrlatyl-benzyi, 2-methoxy-benzyl, 3-
methoxy-benzyl, 4-methoxy-benzyl, methyl-2-furyl, 2-(methoxy-ethoxy)-ethyl, 2
(ethoxy-ethoxy)-ethyl, 2-[2-(methoxy-ethoxy)-ethoxy]—ethyl, 2-[2-(ethoxy-

ethoxy)-ethoxy]-ethyl, 2-(hydroxy-ethoxy)-ethyl, 2-[2-(hydroxy-ethoxy)-ethoxy]-

ethyl, 2-acetoxy-ethyl, 2-(acetoxy-ethoxy)-ethyl, 3-acetoxy-propyl, 2-carboxy-
ethyl, 3-carboxy-propyl, 4-carboxy-butyl, 2-methoxycarbonyl-ethyl, 3-
methoxycarbonyl-propyl, 4-methoxycarbonyl-butyl, 2-methoxycarbonyl-benzyi,
3-methoxycarbonyl-benzyl, 4-methoxycarbonyl-benzyl, 1-ethoxycarbonyl-ethyl,
1-methoxycarbonyl-ethyl, phenyl, 4-metyl-phenvyl, 4-methoxy-phenyl, 4-
carboxy-phenyl, 2-carboxy-phenyl, 4-methoxycarbonyl-phenyl, 2-
methoxycarbonyl-phenyl and 4-acetylamino-phenyl.

In a further embodiment, R, is selected from the group consisting of

1]
o

/ \
, 4 \\o and o"
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nmet hoxycar bonyl - propyl , 4-met hoxycar bonyl - butyl,

2- met hoxycar bonyl - benzyl , 3-net hoxycar bonyi - benzyl ,
wa-20toneny car bonyl - benzyl , 1- et hoxycar bonyl - et RgI/US2006/048929

1- net hoxycar bonyl - et hyl , ph&gnyl, 4-netyl-phenyl,

4- met hoxy- phenyl , 4- carboxy-phenyl, 2-carboxy-phenyl,

4- met hoxycar bonyl - phenyl , 2- net hoxycar bonyl - phenyl

and 4-acetyl am no-phenyl. In a further enbodi nent, Ri

is selected fromthe group consi sting of 2006/ 048929 R2

ceis onarsmn B Sty 5 e s o
consélilnpoéfqggf ?ﬂ?y‘?ﬁé%ﬁﬁﬂﬂ ChD- QQOI)@I‘ﬁi W‘d W!thl”é? Y
is
Ry is gelostpr, TarmdpP SR CABSISYNG oF et Byt ugBY, fosrdby!. -
butyl, E&ﬂ% 1, ‘S%&B {ﬂéntyﬁ%lﬂi@ﬂtyl R= rﬁ@@‘lyﬂl—heptybcm-pbtyl n-nonyl, n-
decyl Za-niati)lelizyl humggdegylet%m%?%ylgg}?}ylo%g%f \émdyrl),r% Héer’{hyl propen-
-enyE %P@%&V gﬁw )éy‘?‘t%ﬁ/yémy?ﬁ WéW| 2-butoxy-ethyl, 1-
methW—h}étthy%tHwarﬂxbmpyl U’Bﬁﬂhﬂpﬁw?peﬁ{yﬂ-ﬁ%thyl cyclohexyl-
methy}ygyrgg l wiql‘%ﬁgln%ﬁ%%ﬁ@ (%?%ﬁ(’fWéxyI oy ¢lsimicttmlibet-6-enyl,
benzﬁ; i'-rﬁéﬂ‘ﬁl!—b)éh@?l(; SﬁneﬂWI-bebzp\lzyﬂ-meZyl nayl, Zoereskexy-benzyl, 3-
methwéy ptggyylb 3% hdw—ﬁmgméﬂyfurgf Wﬁ%x&%ﬂ-é’myl 2-
etho%y!e‘@ﬁé RPth tmanahbxy-etaexx)eemoxy}embmz @ﬁthgxy-
ethow){eghq)énﬁ:%%égn@y%c}/)zye?%%ﬁla 3‘? I[2 (hydroxy-ethoxy)-ethoxy]-
ethyl22 )Q)éé h&et@iilkéihhoxy)-ethyl 3-acetoxy-propyl, 2—cahrb|oxy-
ethyl23r(%f§%y¢;aggﬂet 2 t@xﬁé togyﬂagbq%@%y?ﬂrégweétﬂw §tl by ‘
methéxﬁé%u% ?QH#(}' f-n?éh@?%ér_ﬁbﬁ?b‘lbuty& -Z>-adtbhoyydanb ghyl-benzyl,
3 metthogtda%:gnﬂfhm% manoxmaBeno T b B RSHonvt-ethy,
meih‘gﬁ?%ﬁ%o W 'ph%ﬁgfyﬂ Lmefy! IBﬂéiﬁ)FyMé?tﬁBW«phen?N -

net haxycar bon Hhé/l
carb@Rphkenyl 2reanpoxpipdenyl, Mmeélﬂwgarb erw

car bo hen
mettE g TR NEON) A A @%‘V'aﬁ“ﬁﬁédmoxycar popy! - phegy
angh 4<an einhanémbogdineent, R is CHsSO; or NO2, Rz is I, Rz is
OH and Ry is ethyl, or alternatively, R4 is CH3SO; or NO3, Rz is CHCIl;, Rj is
L8]

N SN

and Ry is ethyl.
Preferably, the inventive fenicol carbonate is selected from the following group

of compounds:



In a still further enbodinent, R is CH3SO2 or NO2, R
is CHO 2, R3is OHand R4 is ethyl, or alternatively,
w2007 7€HBSCO2 or NO2, R is CHCl 2, R3 is and R4APCE/US2006/048929
ethyl. Preferably, the inve6tive fenicol carbonate is
sel ected fromthe foll ow ng group of conpounds: 48929
The invention also specifically includes the conpounds
exenplified herein, including the fenicol carbonates
listed by Table 2, herein below Further, it is also
contenpl ated that the invengi ve conpounds include
Jb/ s-fgnicgl carbonates. Fo eﬁ‘%@i@ such bis- ,(l)L
f eni bonat es i ncl ud®@“c obmds™ conprising tk
struclure I(I):f Formul a | J A A
y¥ctefl fFom t he gr ondi st|ng of wherei
~s v e H 2 t hatg eﬂ&'egt??g'ﬁange iﬁl alré
g0 through 4, b ang’8sare integers that i ndéDendently 0
cfange in value from 8through 2, provided that the sum
of integers a, b, ¢, d and e_ranges in value from2 §o
8, and Rp1 gnd R52 are indepggnddntly selected fromthe J
dhsidting of H netgylNohyer oxyl, methoxy, &hd © i

Referably, the sdimof all bJc, d ang-=
vgjie from ough 2 Mre preferd hRe _cHal
CQIY] SE ongiNup«PHE, For nul 87y o

SNRFs andR3 I's CHoBl Even nork preferamiyo toe o
Oi nventi on @onpr i ses % he conmpound of Formula Il having

a structure selected fromthe group consisting of: In

a further .embodi i inclUdIY thelcdthpluhds bxéplified

ph W@W'P&eﬁqségﬁ%%@lc%‘%'rr}‘lcconprﬂlh%i%ng gn eff_ectliel\?e
hereRTMEMdinG theffenicobtarbanateslistied Mypbablesd Asainkelpy-

5 {: gFglilritullpér I'tvi,g qullqug[:gHtle%‘téllatedo{ha?tﬁé’ in\(fé'h%vé tE:%"r\’?pfvgunds include

i
P
pis-fenicol carbonates. For example, such bis- fenicol carbonates include

For mul a wher e

compounds comprising the structure of Formula i, below.
CHCI
Ry, Rsz R R51 =< 2
o
O ) F NH
AL I
RM o), TR R,
pu
H F o
Formulali > o

CL,CH

10 wherein Ry is selected from the group consisting of

F
O§N/\ \S/\ F /\s e E /l\S /\ HzN\’,s\\/
7 \\ I/7A\ 17\
o , o' ; 0 o : Jo oo

N AN
Y\ r\\:\l/\ H,N~<§1/ A\ and IN/

' S ' N—O NC

wherein a, ¢ and e are integers that independently range in value from O
through 4, b and d are integers that independently range in value from 0



pharmaceutically acceptabl e exci pi ent or sol vent.

Preferably, the fenicol carbonate conprises from about
weQopareamt to about 5 percent by wei ght of thecT/uS2006/048929

conposition. Preferably, the pharmaceutically

accept abl e sol vent conprises at |east one

phar maceutical ly acceptabl e al cohol, e.g., such as
benzyl al cohol. Generally, the alcohol content of the
pharmaceuti cal conposition ranges from about 5%to

bout 98% by weight, of .th i
throughn, Bravisi thas ive s ah NSOTE i B ok 05, A0SR AT ole
from ?gg@’ ?Md\t,w\ei ght, t of t t he corrp]?si ti og. {\/b;g/pr ef erably,
e al cohol content range rom abou 0.
Ry aW8 R bye inslagiendently selecios Soum the 810U B%H%'%ﬁ"@?’@gﬁéﬂ‘ethy"
' t b glin 0B ¢,icahde nanges
e SRRAGEL % Shoti, oy s shin ooy e

vention further includes a
5 in valpbdrom@dbrough 4conposi ti on conprising an effective

appunt o ' r ‘ band of Wosmeaiznll
Rﬁ?"? %ﬁg%%gﬁl @*@5@2%@%#@3': égl—lgg t oget her
wherdintiRy ighar maceuti cal |y acceptabl e exci pients or
solvents. The invention still further includes a
,obg\r maceuti cal conposition conprising an effective
snanmount of a fenicol carbonate of Fornula | or Fornula
O @I, together with pharmaceutically acceptable
exci pients or solvents and conprising a correspondi ng
and Reif ‘SH?E- wherein the corresponding fenicol is a

0 n ot "hermobn e ot nil
Formula lirhaving @i sieGure ?e'PQPeé{]@ méﬁ&%ﬁ%%i‘é‘%‘ﬁéﬁ?he

i nventiv® phar eutical cqnpositions further conprise

°\\s g% oo_l)é“&g T%ond apeutic agent that can be
;"%ered to t-hé aMd=ual oi n need thereof before,

aft ess! afd/ or sifulaneously with the inventive
f en‘izl%c‘>l=°car bonat &:

CHCI,
2
o OH g
2, o~ A ). 2
S [»] Q s\\\
[/3 (o)
o %
HN F F H
o o
CL,CH CHCI,
o
o o, P
=y °_< _>_° / &
/Is o] %
F 'NH
HN,  F o=
o CHCl,
CLCH
15 ; and
0
i} % N 2
-~ ”, r
o —\——o St~
HN F { o
0 F NH
CI,CH o=(
CHCl,

In a further embodiment, the invention also includes a pharmaceutical
composition comprising an effective amount of a fenicol carbonate compound
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The additional pharmaceutical agent is, for exanple, a
florfenicol and/or any other type of agent suitable’
woano7adeiini stration to an ani mal in need thereaCT/USmb/048929
addi ti onal agent includes, $or exanple, an

endect oci dal conpound, such as an avernectin. The

avermectin is, sinply by way of exanple, selected from
the group of Ivernectin, Doramectin, Abamectin,
Sel amectin, Emanmectin, Eprinonmectin, Moxidectin,

MIb d nbi '
accordingroiaryie bADEORUI NPLaSAVATH tfegku bR in o

phanré%c%%lﬂgw‘%c&gﬂﬁg@%ﬁéw 39 sBivént. 0 PasferblgDBtesfenicorl he

nt can al so further conpri

carbohhtécanpases fromabeut 8¢ penreridoahayt 5’r‘P%’ﬁ88€P¥) weight of the

, or other agent as described in reater det ai l
COmPHg'?'8Pnbe| ow. In yet a still further errgodl nmen
i Prefarably, theqpharemceutivallyraceertabla S@'Uﬁﬂ'b%?'?‘PHﬁes $ Blcast

one p@g%%h%{nﬂ%\lty\%e y %gétﬁglalgﬁaogﬁpoun 59bBHER élcohél

eni col of Formul a
GeneFaly) é\aldohov\bﬁmwnn of tree pbaiToatewtioah Gnmp@sﬂfo"l:{ﬁﬂﬁﬂsaf“?m

abou@@*@o@éﬁ% oy et gtﬁw%&&w@ﬁ@ﬁﬁheﬁﬁ?f erBI. theidbhol

wherei n
conteln$ &'ﬁ&e%(ﬁom%dm 109613 abulit m)%,sbmemhtpof ke cqtmpgﬁl(gon

Fornul a | defi ned
versjrearabb e oot St 58 el oIS et o
welgrﬁobﬂﬂf‘céhbositléna%beﬁﬁW@U@hﬂc&ﬂ]ceamhoSllq‘@l‘ﬂhe“%%fm’

i “ana ous ratios. The pharmaceutical conpositions
welglmthStﬂﬁ'tl%@@)éﬁij?m?&?ﬂ”&n can be administered to

cﬁ@ gﬁonfl FithéminBluRRYA pﬁ"arrﬂabélyucﬁ tentpositicmoompsising

an e st b e arele B oA EveldgPrasd o
CHa%ﬁg T = ey a+r#d’ rsfif etiipy Qoééﬂh@ﬁhﬁtl‘%hérhiaceutlcally

ceut| compositions of the present invention
accepmblerexbmlentammu%ﬂt&s as a need and/or the practice

nEH\é Tc'riventlgn ast“f\l FurRh8Y in%ﬁfhé’sy a 'p“%rmaceutlcal composition

comprising an effective amount of a fenicol carbonate of Formula | or Formula
It, together with pharmaceutically acceptable excipients or solvents and
comprising a corresponding fenicol, wherein the corresponding fenicol is a
fenicol that is identical to the fenicol released in vivo by the fenicol carbonate of
Formula | or Formula Il, respectively.

It is also contemplated that the inventive pharmaceutical compositions
further comprise at least one additional therapeutic agent that can be
administered to the animal in need thereof before, after, and/or simultaneously
with the inventive fenicol carbonate.

The additional pharmaceutical agent is, for example, a florfenicol and/or
any other type of agent suitable for administration to an animal in need thereof.
Such additional agent includes, for example, an endectocidal compound, such
as an avermectin. The avermectin is, simply by way of example, selected from
the group of lvermectin, Doramectin, Abamectin, Selamectin, Emamectin,
Eprinomectin, Moxidectin, Milbemycin, and combinations thereof. Preferably,

the avermectin compound is present in an amount ranging from about 0.03%
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present invention. The present invention al [
met hods of treating or preventing a di seasesgrIorOVI des
wdizewroderioi n an ani mal in need thereof. Such nmeCh@A3006/048929
can conprise adm nistering & pharmaceutically
effective anount of the fenicol carbonate of Fornula I
and/or Formula Il, including any of the conpounds of
Exanpl es 1-30, as described herei nbel ow. An effective
ﬁgn})ﬁgt 01[ a?%es, forI exam;l e, fromabout 1 to about 150
e animal .to be tr j
vt R s oAl T oo brogd
fluki ci@ﬁ,n&ﬂiéﬁé@t ddthbivkdiwith BRErtdctocidicnggentdec olBen@gent as
the animal” to be treated is a mammal, avian, fish
describextinl greateridelail hersiab@lo¥hd i ncl udes any of the

o ity . _ . ; .
TRLVBS sff Risitr shppogmiats, 6 Bivention claps mpragamcsnioa
com p?giﬁb:’l_endmbﬂ?’ng liee fenipo bgnatephieanyla I M?’i“?f'}?éb“ with
reacting a ound with a [
afen'Eﬂﬁ%‘?’B‘PgPﬂgtozrﬁoﬁmg%ﬂp?abl e sol vent ?orTL:sggin?:aglge
sol vent can include, for exanpl eQkhl orinated
sol vents, ester solyvents, pg Bhvent s
f or mal dehydeF@emula et her sf{ cydlic ket hers, ket ones,

m xed et her-ester solve agd dHN Brp_e l ycol s
and preferably incl udesE{etrahydrof uﬁﬁ;. Thg )s/ynt heti ¢
K& presence of a

process is preferably conducted int
, €.9., 4-di h i no- iedi
wherois e Bsioc phteed alBomAl LG5 BHE W EBLorF ARAgA W are

cat al yst
pres%r?‘tgﬁ hetdifo RIgRFfois50neaber:80| by emighic aed winereireR1 is

; . .
T P A e AR T o
deﬁn%@%fsﬁ@r%rﬁﬁﬂg@,”@ﬁa?% 8AERIgoks| compdditoreafompitising

ic process Is preferably cond '
Formulié o and Foamnala H, is als% contemplgted, emurﬁctnﬁgg tMQ%ra(reﬁenoF he

analogous ratios. The pharmaceutical compositions of the present invention

can be administered to animals or fish in prophylactically-effective amounts,
and/or for metaphylaxis, as a need and/or the practice merits.

Corresponding methods of administering prophylactically-effective
amounts of the pharmaceutical compositions of the present invention and/or for
metaphyla;cis, as a need and/or the practice merits, are also provided by the
present invention. The present invention also provides methads of treating or
preventing a disease or disorder in an animal in need thereof. Such methods
can comprise administering a pharmaceutically effective amount of the fenicol
carbonate of Formula | and/or Formula 1, including any of the compounds of
Examples 1-30, as described hereinbelow. An effective amount ranges, for
example, from about 1 to about 150 mg/kg of the animal to be treated. Broadly,
the animal to be treated is any animal that will benefit from administration of the
invention compounds. Generally, the animal to be treated is a mammal, avian,
fish, reptile or invertebrate and includes any of the animals listed in greater
detail hereinbelow.
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wherein R4 is as defined as for Fornula |, supra. The
synthetic process is preferably conducted, wherein the
wobemi7madoiconpound has the structure of: or andPCiaIS2006/048929
chloroformate is present inba nolar excess, relative
to the fenicol conpound, during the reaction. R and
R2 are as defined supra for Fornula |.48929 11 The
process for synthesizing the conpound of Fornula Il
conprises reacting a fenicol conmpound with a

R R PR AT e i
of Fo rﬁﬁgg ?) Sco ﬁ'@b@{ﬁg‘r’leeafcﬂ ng herepidap cofrpomtdewitRred erespanding

roce preparing the compound . of Formulacll,
chlordfrematenincbuitable sy eagunfagﬁtp \(ergﬁgntlﬂcél%e, for

b/ s-ghl I | Biyettsr sSlvante, farmaldehyde
example; cARHEpd SORishtp. Bdleroante) Py o '755&5 |
acetaDEYHGRS, RO effefi:iRetrns RizediefiRreestar spiveats. andydisthylene
reaction.Schen r Srofb is of florfenicol and
glycols, GPFQ{F%PBE'ﬁFMe%etﬁ{Z@/ﬁYC ca':ég'znat e prodrugs usip
cirhergyintihetid procdsisgs pecfeBatily lcosdugtassinthgRresaneg HE%E

2 f he hesi f | .
caangs, G ST SR S SR R
comb?%é%&)nstﬁie%'éﬁ 2A il lustrates reacti on Schene 3

ofTI "léﬁrﬂ'%éﬁc }ég?e‘iﬁﬁ%glﬁ ?é’?'ﬁffe&g&é’ gc%i‘gﬁé} SCP F“r @%epﬁ)%?%x%fy &n acid
scavérf#gr? glg, URkiIadfe, PyAdine)eodhinicaeopnatel sodiuo
cht of

of'ormat e ‘reagent. Figure 2B .illustr S reaction
bicarbohatee PotaSEIUFIRIRENALRRN 59%??"%‘3‘8&81@? for the
Shﬂ@&‘gﬁt&eg& P6883 isCprerstabRecdmiuatied prherain the f
di hydroxy tenicols
chloroformate is

o)
chLo’ R4

wherein R, is as defined as for Formula |, supra.
The synthetic process is preferably conducted, wherein the fenicol
compound has the structure of:
OH

F

1
o

or

OH

o e
2 HN\n/Rz

1
(o)
and the chloroformate is present in a molar excess, relative to the fenicol
compound, during the reaction. R, and R; are as defined supra for Formula l.
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(of the chl oranpheni col type) using protecting group
strategy. Figure 3Aillustrates reaction Schene 5
wOdbdmydsany type fenicol, nmethod C for the syRCIES2®6/048929
of benzylic nono-carbonate Igpr odrugs of di hydroxy

fenicols (of the chloranphenicol type) using selective
hydr ol ysi s strategy. 006/ 048929 12 Figure 3B
illustrates reaction Schene 6 for the synthesis of
florfenicol and florfenicol anal og benzylic carbonate
prodrugs using X- (O CO.R4 re by ;
SFPBSsAIPE Sy MRS 0 i By PaE (U o I Eomerises
reactilgq a]}gmc‘él %on%uﬁw with @udcRrebponlding bistedotdfermagte Nei s

nicol carbonate conpound D by reacting s '
suitable salvent, avivgrein the tanigal Csmﬂ%"\%dspﬂ"&??’a‘e'“c% I"b‘%‘%ﬂg %*érf%sé
. i [ &?ﬁ‘é d with fenicol C to produce conpound
relatlv%_twghéu%rhé&g?l Iutgt'rat es the synthesis of bj sf'ﬁ;ar blagzﬁt fhe
f Préferdblyg,dnpibendoress farquepaiad Hie cemporpd R eryEa 1,
. Wth substra roduce carbonate fenicol conpound
fe"'CQES %icﬁm%o"g'cf %E%%S%?’es the synthesis of carbonate

feni col conmpound H by reacting ethyl chloroformate B
with substrate G and triegylamne (not shown), to
produce benzylic bis carbomate fenicol conmpound H,
benzylic carbonate | TPary carbonate. Figure

7a illustrates reacti 7aF{ or the synthesis of
a bis carbonate wger®l 4 iS oftetent than R5.
Figure 7b illustratds reaction gcheme 7b for an

a! ternative synthesis of a bis carbonate wherein R4 is
and tﬁk@é{#ﬁ%ﬁ\'lofo?ﬁfété{% pREFEAIDKED DESCRI PTI ON OF THE

Accordingly, the present invention provides
a carbonate form of f/ﬁfi col, ci

0/\/°\|(])’

R, and R; are as defined supra for Formula | and or Formula ll.

Ci

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A illustrates reaction Scheme 1 for the synthesis of florfenicol

and florfenicol analog benzylic carbonate prodrugs using chloroformates.

Figure 1B illustrates reaction Scheme 2 for the synthesis of benzylic
carbonate prodrug esters from dihydroxy fenicols (of the chloramphenicol type).

Figure 2A illustrates reaction Scheme 3 (dihydroxy type fenicol, method
A) for the synthesis of benzylic carbonate prodrug esters from dihydroxy
fenicols using less than one molar equivalent of chloroformate reagent.

Figure 2B illustrates reaction Scheme 4 (dihydroxy type fenicol, method
B) for the synthesis of benzylic mono-carbonate prodrugs of dihydroxy fenicols
(of the chloramphenicol type) using protecting group strategy.

Figure 3A illustrates reaction Scheme 5 (dihydroxy type fenicol, method
C) for the synthesis of benzylic mono-carbonate prodrugs of dihydroxy fenicols
(of the chloramphenicol type) using selective hydrolysis strategy.
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e.g., a florfenicol prodrug. Such fenicol carbonates

are, in general, sparingly soluble in water, but are
woeony/Sseliabl e i n ot her suitable, nonirritati ngPOTA&206/048929

sol vents useful for adm nisi2ration by injection, and

that can be used to treat and/or prevent bacteria

infections. The conpounds according to the invention

are readily converted to free, active antibiotic agent

in vivo. In order to nore fully appreciate the ins
invention, the follown o Lo

uEiguee 38 |Hg§|t|rgﬁestr§pﬁtg0@ %@f ) né:ﬁno ﬂ'-ce %{rﬁhgﬁg"dfq‘%qfen-r&ﬁ
and ﬂgﬁgﬁfcbféhglﬂg' b%ﬁii/llﬁ QarBonateigodashs using )G-()ODCfﬁ)-tFngaagents
e, reference to fa crohe" i %ﬁ%
other msirechbwformatﬁﬁb bherange of valuss IR [3‘0 e%'ve'?’r? E‘f

lural terns is al so not tend 0
belo |nenedtobellmt|ng

nl ess ot herw se specified. For exa rases

Ofafire 4liBuskateschetsyminesia of fenicphear P"P ?%‘PDUP@?@ E’g
reactnﬁngrsggﬁm%a%lggﬁ(g\té i M’éfﬁ*l"&nﬂe foptovRie EniBR3fbfrhatk B which

] g a single such conpound al one, or a
is reactstPvithtfeaicodC tb\/producamoenmmﬂ Pormpounds, unl ess

"k fuslalee sy et BT LIEkEnatp et bompoyad F by

t
reactufbbsiétcm&womerawm mhgstra‘te Sta pmdtme\@arb@nage fmff; nm

percent of the indicated value, unless
Comnﬁqﬂ@r%n se indicated. As used herein, the term

) Fifn ﬁfé@ IS0 S s pathpsisnst darbonate fenialgoprasindsYrby

on admnlstralon 0

reacmmfwépﬁ@éﬂ%'ﬂ@t% B wi r%{béb'éf‘?ags (ﬂ”ldetgém)@%?‘%& shown),

cesses

to pré&’ué{é BFHZ 12Enid dr¥Enaici@nicd! @omp@wﬂrlbphamz;ylmfca{bonatel
enrcol antibiotic is a prodrug that rel eases a

and %mmmom@u cC in vi vo. As used herein, the term
€7 GalRARtRSs FeabRSH LENARE 72f for thelByhittasis ofa bis

carbonate wherein Ry is different than Rs.

Figure 7b illustrates reaction scheme 7b for an alternative synthesis of a
bis carbonate wherein Ry is different than Rs.

DETAILED DESCRIPTION OF THE INVENTION
Accordingly, the present invention provides a carbonate form of fenicol,

e.g., a florfenicol prodrug. Such fenicol carbonates are, in general, sparingly
soluble in water, but are very soluble in other suitable, nonirritating organic
solvents useful for administration by injection, and that can be used to treat
and/or prevent bacterial infections. The compounds according to the invention
are readily
converted to free, active antibiotic agent in vivo.

In order to more fully appreciate the instant invention, the following
definitions are provided.

The use of singular terms for convenience in the description is in no way
intended to be so limiting. Thus, for example, reference to "a microbe" includes
reference to one or more of such microbes. The use of plural terms is also not

intended to be limiting, unless otherwise specified. For example, phrases such
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attachment where a substituent or substituent
attachment is at the aliphatic saturated carbon atom
wehbwh79@odi rectly attached to a phenyl or subgCTiUS2®E/048929
phenyl ring. The term benzyBi c carbonate denotes a
carbonate substituent, O (OGCOR attached to such
benzylic position. As used herein, a "pharmaceutica
conmposition” refers to a formulation of the inventive
?an?und :ncluging sol vates thereof, (e.g., a
orfenico rodr.u
as. “cmboptoue bS] ool o B BEB LR Hvtive offeicol
ldentlf‘%w&ﬂég'g |h§|u8frf§5§ Bindlé& subh domﬂ‘@lﬁ"d alonen oamoearebiation of

t 0 about 80 percent ht. |
two orrapte suclacomﬁw(ﬂ\dﬁer“ests EQ’V'F?&p%\éﬁ‘% gol ven{1 gf t he

'R% %%Iah rg?\”ﬂ?é'{ég'rﬁ hﬁf)pi’(ﬁ(ll‘h%ké]y j"i€ Lged onterchargealy with

tissue
the tesm cbbaat“and germeraﬂg Signif ésithshli:% @alu%u% ?Wrﬁ'iht“ @gcrt\}t'g?éhgcent of
the |n%npa¥q.§£v%§' def’n%{%g%thgnﬁu S'lﬁdl&?ﬁa%os' ty and as conponent s

ion of tTenicol and fenicol oﬂ
1t:)!183(1s@f:tlrf«.ferebuttlae tarm Merogireg'odengtesfa g%@pppﬁgﬂ at's a drug
or mu|
precugqgre%gn | 8&9% ?\é’ﬁ‘f ?rlagaﬂrtgaéqé %teis\tgﬂtemés LR&@ical
conveTSIHRELN I‘rfﬁtal@élucf mmérataab psomssf%rtbmlg taﬂ@qtlyﬁ,qgag eg.a

carboprggeg ;)g%ﬁnugp[}%ﬂtﬁ?agp S &9%6@{1@%@1# V&Qﬁ@és %tfaﬁlco? bafbptic in

ycerol fornal
vivo. (€. 9., an equilibriummxture of 1,3-dioxan-5-o0l and

rlrﬂ%ot(lquqx giageq@?thgttﬁgnﬁé{%\nz&i % 9&{‘8%;? sﬁﬁgilfﬁre Yor Qhétfbstltutlon

epresen exa
attact?&e'n?wh\eré %Oﬁhﬂsxlt@éﬂtv&rmosmmtawoamm i$ ajt the aliphatic
ornmul ation. O her sol vents Of e %I ativ

saturate;m@rnoyw smmwhE sy EEpetbd Bt psivted

I
en 374 e St oy e e -

(O)C@R_ attached ¢ seehPeBRKIGPYEYOPMNor propyl ene gl ycol ) or
g& %«a&%e@khy" Ké%égd?mco%mmn"demab a:ﬁlnrrmmmn

28" ¢0mpo ent S the solvent mxture,_l
of thé IeventivealdmpohsncludiTg seaEs hemolade HIFMNGe

prodrug) with a pharmaceutically acceptable excipient, and/or carrier. The

inventive compound is present in the carrier in an amount of from about 1 to
about 80 percent, by weight. ina particular embodiment, the carrier is a
solvent of the inventive compound that is relatively nonirritating to living tissue,
and that is suitable for injection, such as certain organic solvents.

Organic solvents vary considerably in their viscosity and as components
of the formulation of fenicol and fenicol prodrugs they contribute to the viscosity
of the final formulation. Therefore organic solvents of lower viscosity are
preferred components of high concentration formulations of fenicols and fenicol
prodrugs. For example, alcohols such as ethyl! alcohol, isopropyl aicohol,
benzyl alcohol, glycerol formal (e.g., an equilibrium mixture of 1,3-dioxan-5-ol
and 1,3-dioxolan-4-yl methanol), low molecular weight mono-ethers of ethylene
glycerol, represent examples of low viscosity solvents acceptable for injectable
formulation. Other solvents of relatively low viscosity such as esters (benzyl
acetate, ethylene glycol bis-acetate, propylene glycol bis-acetate), ethers (low
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ggL?;:ons. FbMﬁveri such sol vents or conbi nations

i ning such solvents usually do not provide

weabwrwrditey for parent fenicol dyugs. ThepdesiPemE£;;%B4&n9
concentrations of fenicols n [ow viscosity solvents
or solvent mxtures containing high proportions of |ow
viscosity solvents can be still be achieved by the use
of fenicol benzylic carbonate prodrugs. A preferred
sol vent is benzyl alcohol, in conbination wth

molecylanseopt ke b VT, BVED B oo 696808 amaes
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as neefed. The term

contawﬁﬁ@t@ﬁptdptﬁhbrys of fosv:ﬂs@es@yrggtypn'ts gan beslillhe @ptﬂeved by
the uwwifgqn%ﬁ t%q?%tyh%ggquﬂ?gé a‘fi‘oﬁ’ﬁ@ UR oRbreiritdl $8198681E benzyl

ufficiently rapidl
alcohbl! it €bhsihatidn wBPtDNad epcumente Mprgmr.etqrqa@% gg)érr?epfd

compoRa AR hecEDH P B8 R R PO P o

i nfection
SIBIBAE refdis ki bhiineitaubstdro added taa pharmacological

oo i Sl AR AR

red to a
Exanf‘éigée‘q(fex@%éﬁ‘t@rvﬁttﬂﬂjt fptitatonadidete.g,, varigus sugars and
a subject in a suffic

types:ohs’@m;m a;ellulpqe@er(vaiyeseggl@gn gﬁlggtﬁ})gef gﬁ%gﬁg polyethylene
g|yco§%b?r}]éc£ ?h%r}gﬂﬂg?sﬁgggiﬁﬁ 'hclﬁlig?ltéfnt? égﬂﬁthe dikeras neededa

StTms teno r‘ﬂ'rfaeamut@allwefﬁqq:gvg g@@qntm a%g§$§ Be?%ﬁ raRl
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at i b Pl Gk GNP A of v byt of
bacterial infection in a subject. In particular embodlment a therapeutically-
effective amount refers to that amount of the inventive compound that, when
administered to a subject, delivers an active antibiotic, e.g., a fenicol, 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.,
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 the present invention that when administered to an animal or fish
results in a sufficient plasma concentration of the corresponding active
antibiotic to significantly reduce the likelihood and/or extent of an infection due
to bacteria that are susceptible to that active antibiotic. A prophylactically-

effective amount of an inventive compound of the present invention may also
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prodrug of the present invention that when

adm nistered to an animal or fish results in a
weubd7ioasrmt pl asma concentrati on of the corresponaiSege6/048929

active antibiotic to signifisScantly reduce the

l'i kel i hood and/or extent of an infection due to

bacteria that are susceptible to that active

antibiotic. A prophylacticallyeffective amount of an

i nventive conpound of the present invention nay al so29
15 be used subsequent to.the

be usedshbeeaueRt 19 the; A IR, HHPANEY HbRicteoffen to,

evel
malnt%Ihr a fedul Péorcghnﬂnﬁﬁtﬂw ofta popufatibmmfd)acaen@leﬂelllg in the
ani nma fish. "Metaphylaxis" is the tinely mass
animatedifisht i on of an entire group of aninmals to elinmnate
oﬂ\/l eﬂi%&&s 348 tﬁéﬁﬁﬁél??‘n@éﬁ Rickidatiin 6 a8 @ntire grayip ofn
e re animals at high risk of |nf?§t|on In one o
ammaﬂaltdb lehuhmteenmmlmﬂ an gxgRCledQRUIDERJILOT giSEapPyRe-

or mqqga rna}ﬁ %{@pﬁ%s?(do |hfé@ﬂ AaiH ofé plakfellhF SmibaldiaeAt, high risk

use herein the term "M ni mm]
calves rahe llight)mlgmncemmnaglednwng bauleattie with BRiIQA health

wth "MC'. An "M C50" is the concentration of the
histori&hpound (e.g., the prodrug of the present invention)
atagiésd heRsin GRe térm HilirboMnoInhibitonysGoacentratipns” is used

mterolihr::aglgglgt edwﬁgl“glh\m f%h‘hﬁ{#%orl%m% ES?E%%H Bﬁ{r@b&ﬁpound

(e.g.. tfne';ﬁb@ﬁjg §fh tHE“bl@s:eﬁﬂmvéﬁtlda)édt whiaki the growth of 56 ekthe
of the synthesis o ntive ¢
olon b - Sy o W 45 R B ompoue o
whicth S5 dih AU SBGodH Srakvsolatss ishhkibitddes not adversely
cip

art ate in the react t t
A used nereimintheABREAENGOAIST SRS VAR .
comé’é ,?J d W b é&ﬂv%ﬂttreféré% BessVéstinathichehe cepctants can
Y Ghe ano

iven reactjon | ect

dlsscﬂwa taaldl whigbldasst n¢’rsach@r$elwqawqp@tﬁalnai{5\q l’et?yF s ?lhb%eb%’
|tselts reac m& Wl{lll one or more components of the reaction mixture, or by
interfering with the reaction of the components with one another. For any given
reaction, selecting a suitable solvent is well within the ability of those skilled in

the art and can be accomplished without undue experimentation.

Synthesis of Inventive Compounds

The following reaction schemes illustrate how the inventive compounds
are prepared.

Scheme 1.
Synthesis of florfenicol and florfenicol analog benzylic carbonate
prodrugs using chloroformates.

In one embodiment, applicable to fenicols having only a benzylic
hydroxy group (e.g., florfenicol and its analogs) a convenient method of
preparing benzylic carbonate prodrugs is illustrated by FIG. 1A. As shown, a
fenicol compound (1) is reacted with a corresponding chloroformate to produce .
benzylic carbonate (2) in an appropriate solvent with or withput a catalyst. R,
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the art and can be acconplished without undue
experimentation. Synthesis of Inventive Conpounds The
woabl7wmmng reaction schenes illustrate how t hePCT/US2006/048929
inventive conpounds are pregared. Scheme 1. Synthesis
of florfenicol and florfenicol anal og benzylic
carbonate prodrugs using chloroformates. In one
enbodi ment, applicable to fenicols having only a
gﬁgfgllc hydroxy group (e.g., florfenicol and its
gs) a caonveni ent neth f pr.epari '
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ed so o
ety e, i opEDh S DRy @R LG ePerRpanaratents such

as etﬁf@igglfg%cid; fﬂmmmdlrrmtwlatbylenecwml efber, ail%thylgrmlwg
etherd: Hisdaranes Vo mdiavibF0 Jidtovile GBoLuBlg) Mar e o

th
formaliEAGES 8B¥tal tiers, sutk &y dimethbxp methaseh dlethwr;@h%r@e,

M CH R DE T T e
dloxagieetlﬁ%ifc%r%@&lvéﬁ@ s6lHTBS Bbtortd) enethyl ethyy ketnmeg Inyetby!

et her ormal dehyde acetal eth
isobutysetanss yiessthesieE SRR PR SRS DY) T aners o
ethyl%}‘%'dngi &E“ﬁ’léni gﬁg@%g&s%&;ﬂsm&tﬁéﬁyahykcéam ®eeﬂhamgethyl
acetatkah?l-(nk&ihgmeretm@gy)?thy ggg’gﬁt@f 2 ﬁﬁﬁﬁ%{;{%}f\”ﬁ%@{é The
exa ﬁ?lg%%rr‘{)?dgﬁ e‘?&ﬁl%@?ﬁﬁﬁy e ﬁEéQﬁtféQfaﬁhyﬁfofﬁféw heniee sotvent.

ene ycoI suc nethoxyeth c
2-Fhd wateitdtyd:omlm*tlag genigol ieea ReRTViG H (qq{t,lpnally employs

a moqar{ ‘&3 %olg?tngégs 8 Bsyaeh4te ASRIGH! %veT'f@mcol a catalyst or
combination of catalysts, combination of a catalyst and an acid scavenger,
prolonged reaction times and elevated temperature. Preferred catalysts
include, for example, 4-dimethylamino-pyridine, 4-methyl pyridine, and pyridine.
Preferred acid scavengers include, for example, triethylamine, pyridine, sodium
carbonate, sodium bicarbonate and potassium carbonate. The reaction is
preferably conducted for a time period ranging from about 0.5 to about 10
hours, and at a temperature ranging from about 0° C to about 50° C.

Typically the reaction is conducted by adding 1.5 — 2.0 equivalents of
chloroformate in tetrahydrofuran solution to the tetrahydrofuran solution
containing a fenicol, 1.0 equivalent of triethylamine and 0.5 equivalent of 4-
N,N-dimethylaminopyridine at 0° C and allowing the reaction to proceed to
completion. Unreacted fenicol (if present after the reaction) may be completely
removed by standard methods in the art, or optionally allowed to remain in the
final purified benzyl carbonate prodrug material in order to provide initial

increased levels of florfenicol immediately after administration.
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exanpl es provi ded bel ow exenplify the use of
tetrahydrofuran as the solvent. The reaction

woamzéreding fenicol to a benzylic prodrug opti 8aaitiSy006/048929
enpl oys a nolar (up to 3-fadl’ld) excess of chloroformate
reagent over fenicol, a catalyst or conbination of
catal ysts, conbination of a catalyst and an acid
scavenger, prolonged reaction tines and el evated
tenperature. Preferred catal ysts include, for exanple

4- di met hyl ani no- pyri dine, 4- | ovrid ae,
SThe ahissiamat roae s PreBatEh ot %P%Y'ﬁéfe'uﬁﬁ, reflifing the
corre{ﬁoiﬁ'lmjﬁ gllcf:o;h'rogm}ﬁ' gHBsHRNeY plibstfonesseduivalena(égnat e,

onat'e and potassi um car bonat e. TBﬁ te
diphosgane, toiphbsgene) ddyanjagemislinteg regyifingGride G rafprma

.rangi fro t ; Withou@ pdrifitation.
solutip etk iFed [ 1 ssponate BRfitioh S WithouponAce
AlternBtivenea pnirhercialatiorofoinsatestanibe agedforthe FRfopnate

2.0 equiyal e 0 [ hoHIG fFoYnaET
form%lﬂ“lﬁtg%f ?‘@"E'hge't éf’?'ﬂh)%‘ﬁ %?élﬁ[gr%sggl? lﬂjiﬁ%!?]@cont ai ni ngeg
includ&€nd_§OoAIdrithGarebLuane@astet. of triethyl am ne and 0.5

equi val ent of AN, N-dinethyl am nopyridine at 0 C and

allow ng the reaction to proceed to conpletion.
scherhe@acted fenicol (if present after the reaction) may
SyntHEsiPBPbehYiic | prinia Blcatiairbisrcarbeniate prodrugs ofr t |
chlo@aﬂ?f‘lbﬁ%l typal( dxyfeansils)in the final purified

enz carbonate prodrug material in order to provide
initial increased |evels of florfenkc [ |

e e syt 5o Tushola kElc Tl ETEshELSbtnate
prodh{';t;r BiePSe S ccgrﬁf)oﬁﬁé'(ﬁi QarPhe bRChiaparéd érom fenicols, e.g.,

cotr respondi nhg al cohol” wi th phosgene or ph sgene
compopuid (3)ehearirg §vo hydppes GEHEPS ﬁ%ﬁ!}@@ﬁ@?‘? 1GO%,

ocAdvant a ; i Bk storgieg eaTbénzylic
thiarg i Rgk ol B S sqgenay Ransiors 5’?5n?t an ot ep
hydrisky broup imto icbireapondingsarbpnate peadjug of SARSIYNG PO

ver§1e 3 B B BB Gy o, £ BRI oo

rces of suitable
benA/itdpinganyaileshol bis carbonate prodrug.

Fenicols bearing two hydroxy groups (chloramphenicol type) can be
converted into benzylic /primary alcohol bis-carbonate prodrugs by treating the
corresponding fenicol with two or more equivalents of appropriate
chloroformate using conditions similar to the ones described above for
florfenicol-type fenicols. In such conditions the conversion of both hydroxy
functionalities can be achieved simultaneously leading to benzylic /primary
alcohol bis-carbonate prodrugs (Scheme 2).

Scheme 3.
Synthesis of benzylic mono-carbonate prodrugs of chioroamphenicol
type (dihydroxyfenicols) Method A

As illustrated by FIG. 2A, benzylic mono-carbonate prodrugs of
chloroamphenicol-type (dihydroxy, R= NO.) can be prepared using less than
one molar equivalent of the chloroformate reagent and isolating the desired
benzylic carbonate prodrug from the mixture of resulting mono and bis
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include, e.g. Aldrich and Lancaster. Schene 2.
Synthesis of benzylic / primary al cohol bis carbonate
wonrowragao of chl or anpheni col type (di hydroxyf eRCT@IS3006/048929
In a further enmbodiment, as8illustrated by FIG 1B
benzylic carbonate prodrug esters e.g., conpound (4)
can be also prepared fromfenicols, e.g., conpound
(3), bearing two hydroxy groups (e.g.,
gglggﬁnphfnlfol, ;hianfenicol, cet opheni col) by either
ive t ransf orm t he benzyl |
carbonates murERIERIPRgERONORALL SRS e oy TP TEBR 50 . by
sitica §8\chrBfiA¥Ylargtdohbd 81.m nal primary hydroxy group
nto prodrug mdieties to forma benzylic / primry
al cohol bis carbonate prodrug. Fenicols bearing two
Scherinedt.oxy groups (chloranphenicol type) .c be co
Synthesis dfchenzylic npenonsaybanatm progrige of b’ﬁ%’f%%?’%f‘ﬁ%@d
type (aihydemtyfegicdls) edMethgbRti ng fenicol with two or
equi val ents of appropriate chlorofornmate usin
cAagdiltstaned byrFlGa2B, barzylio menetegthanaie Pa%‘éﬂ«%sf‘?f r

florfenicop|-t [ S. b
chtoraampsaicahbiae BTG NEH SR bE RS, rrepafed g the
prote@ﬁ{gal Coﬁglﬁq;bigﬂéﬂgg?mmon tettyvdlseim'roc!}mimg Hnprotectiyeerapp gt the

) - | e, pr
primagy AlaRRSH SIRSI0BENBI N ENITS (0 HEES BYAHE PEaipn wRATAE S
chlor%ﬁ%maﬁ%tmy ihtroeudifg ive caxydreate prbd jug\moiRiy 34 the

Il'Tustrated by FI G 2A, benzylic nono-carbonate
benzylicxaleahe!l Gchemefdanpheni col -t ype (di hydroxy, Ri= NOR)

8 ?‘ﬁﬁ?@r@ﬁ?‘w @@u\é&isﬂﬂ: foR Fotdvtionafeheprianaryqicotolanay be

orof ormate reagent,_ and isol.ati '

an estengraurcSLel 8% FRITALSy aa?%gerf‘?%J?r%ﬁ%o%eﬁif’%?%t%ﬁaﬁ’%ﬂdgd
group §8¢h HsBrBREx M bBhafe, ¥'SiRF Brotecting group such as
trimethyisilyl, tert-butyldimethysilyl. Removal of the protecting group after the

nor e

introduction of the desired carbonate prodrug moiety at the benzylic alcohol
position of the fenicol molecule can be performed chemically using conditions
appropriate for the removal of particular group (Protective Groups in Organic
Synthesis; Theodora W. Greene, Peter G. M. Wuts ;3rd Edition, June 1999,
John Wiley & Sons Inc) or by selective enzymatic hydrolysis allowing removal
of the protecting group without affecting the benzylic carbonate prodrug moiety
(Scheme 4).

Scheme 5.
Synthesis of benzylic mono-carbonate prodrugs of chloroamphenicol
type (dihydroxy) — Method C

As illustrated by FIG. 3A, preparation of benzylic mono-carbonate
prodrugs of chloroamphenicol type (dihydroxyfenicol, R+1= NO>) can be also
performed by initial preparation of benzylic/primary bis carbonate prodrugs
followed by selective hydrolysis of the primary alcohol! carbonate functionality
performed chemically or enzymatically (Scheme 5).

Scheme 6.
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FIG 2B, benzylic nono-carbonate prodrugs of
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selectively introduci th SN Fodhhateh®
Synthesis-ef flagfenieal and-fortEn cﬁgap@, gv f ot
prodrue@aﬁ%\'g ¥ QRe Fe 3SR g ée \°\7§g ﬁy ©
i ntroduci ng the carbonate prodrug noiety at the

DROKdifarBh Bl (K eaBeris otier thimtriorofopmgtan pan bed
for ‘protection of the primary al cohol may be a ter
slso ugedr sueperatonaf enay laEerele PERSEEST TBTIGRISoal S o
t : e
reage%?%w@&qpﬁﬁﬂé%rgbjﬁg Sh&SthaRl dHiGHd O XA Qielmé@i B oRiefitby

such as trinethylsilyl, . .
introduetths Waybdnatet npisity i a fRshionanaiegeyths: wastion yth

oup,after the int ¥ i r £
orondf RS Wb ot it R HEIRGY ot iy ubserhas aampee o
such f&atérits witith cahebes ased Eompsiidhoiransfopmetip gxist in e ljterature

condi ti ons .aggroggi ate for the renoval of particul ar
and sgmaR 3re ProYiged BFIP¥ oups in Organic Synt hesi s;
Therd Qggéa\ﬁc%@ar@. 3BeSehefe 6/ thantaue Bf X @& inchidle any
June 1 , John W|e ops_| ji
one Gfiias reeedenyapdey &Y Tebi nge Felal REpirdfiatVe
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carbonate prodrug noiety (Schenme 4). Schene 5.
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Value of X References
-F Olofson, R. A.; Cuomo, John; Tetrahedron Lett.; 21; 1980;

819-822: Nongkunsarn, Pakawan; Ramsden, Christopher A.;
J. Chem. Soc. Perkin Trans. 1; 2; 1996; 121-122.

~-CN Adickes et al.; J. Prakt. Chem.; 2;133; 1932; 313. _
Cen, Chuo; Layton, Mark E.; Sheehan, Scott M.; Shair,
Matthew D.: J. Am. Chem. Soc.; 122; 30; 2000:7424 - 7425.

-SCN Takamizawa,A. et al.; Bull. Chem. Soc. Jpn.; 36; 9; 1963;
1214-1220.
-NCS Takamizawa,A. et al.; Bull. Chem. Soc. Jpn.; 36; 9; 1963;
1214-1220.
-O-aryl or Patent: Chininfabr. Zimmer & Co.; DE 1 17095.Weber,
-O-aryl Nikolaus; Wetkamp, Petra; Mukherjee,

Kumar D.: J. Agric. Food Chem.; 49; 11; 2001; 5210 -5216.
Kenar, James A.; Knothe, Gerhard; Copes,Ashley L.; J. Am.
Oil Chem. Soc.; 81; 3; 2004; 285 -291.

-NH-OH Mindl, Jaromir; Halama, Ales; Cernosek, Zdenek; Collect.
Czech. Chem. Commun.; 61; 7; 1996; 1053-1063.

imidazole Kryczka, Boguslaw; Bull. Soc. Chim.Belg.; FR; 101; 2; 1992;
147-158. o
limori, Takamasa; Shibazaki, Takafumi; Ikegami,Shiro;
Tetrahedron Lett.; 37; 13; 1996; 2267-2270
Whalen, Lisa J.; Morrow, Cary J.; Tetrahedron: Asymmetry;
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3347 - 3352.
-O-N- Harada, Takeo; Yamada, Haruo; Tsukamoto, Hirokazu;
Benzotriazole Takahashi, Takashi; J. Carbohydr. Chem.; 14; 1; 1995; 165-
170.

Li, Hong-Yu; Qiu, Yao-Ling; Moyroud, Elisabeth; Kishi, Yoshito;
Angew. Chem. Int. Ed.; 40; 8; 2001; 1471 - 1475; Angew.
Chem.; 113; 2001; 1519 - 15623.

-N- Wuts, Peter G. M.; Ashford, Scott W.; Anderson, Andrew M.;
Benzotriazole- Atkins, Joseph R.; Org. Lett.; 5;9; 2003;1483 - 1486.
N-oxide

-O-N=CR2 Pulido, Rosalino; Gotor, Vicente; J. Chem. Soc. Perkin Trans.

1; 5; 1993; 589-592.
Moris, Franciso; Gotor, Vicente; J. Org. Chem.; 57; 8; 1992;
2490-2492.
Moris, Francisco; Gotor, Vicente; Tetrahedron; 49; 44; 1993;
10089-10098.
Diaz, Monica; Gotor-Fernandez, Vicente; Ferrero, Miguel;
Fernandez, Susana; Gotor, Vicente; J. Org.Chem.; 66; 12;
2001; 4227 - 4232.
Rege, Kaushal; Hu, Shanghui; Moore, James A.; Dordick,
Jonathan S.; Cramer, Steven M.; J. Am. Chem.Soc.; 126; 39;
2004; 12306 - 12315.

Orto or para-  Brunelle, Daniel J.; Tetrahedron Lett.;23; 17; 1982; 1739-

nitrophenol 1742.
Bruch, Karsten von dem; Kunz, Horst; Angew. Chem.; 102;
12; 1990; 1520-1522.
Wang, Haiyan; Weller, Dwight D.; Tetrahedron Lett.; 32; 50;
1991, 7385-7388.
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Matthew D.; J. Am Chem Soc; 122: 30; 2000; 7’422@”’
w@225/07903CN Takam zawa. A. et al.; BuFl. Chem BOT/US2006/048929
Jpn.; 36; 9; 1963; 1214-1220. -NCS Takam zawa, A. et

al.; Bull. Chem Soc. Jpn.; 36; 9; 196:3; 1214-1220.
-Oaryl or Patent; Chininfabr. Zimer & Co.; DE

117095. Wber, -Oaryl Ni kol aus; Wet kanp, Peira;

Mukherj ee, Kumar _; 3. AQri
2001;..5210 :')1 g ic. Food Chem; 49; 11,

Copes. Ashll "C"“' K Ta u‘i’ﬁn“ﬁee o
28268291 %}(qu_eq ?2 ?f&?—h Adiﬁzom

Cer nosek, Zdenek; CoI I ect. Czech. Chem Commn ;6 1;
7; 1996; 1053- 1063. I m dazol e Kryczka, Bogusl aw;, Bul B
Soc. ChimBelg.; FR 101 ; 2: 1992; 147-1 58 |linpori

pganmasa, @Ethazamqué' AcaAngel; MausigioiiPaygz; faulina; Santos,
dlnlt-rr@éﬁéljﬂﬂdr%sbe@t J. Sﬁeni$ocl9%klnmn822,7@ RO 162351 - 2354.
sa J.; Mrrow, Cary J.; Tetr ahedron: Asynmetry;

04892920 11T 6;: 2000; 1279 - 1288. Kozi kowski, Al an

Sche es 55% dPbyi ng; Brognard John; Dennis, Phillip A ;
Synthie ic7BFimarpalcodl Bis-carbénatd ptbdPegs of

chlo qf itol g 5(3! YyfeniddIwithodifférent carbenate a,
moie gcﬁr?nﬂ?gra‘?@@h & filtictididlities Scar dovi ,
o I ni, ed . Og. Chem; 69; 4, 2004

1 5salllustré?’t‘t':é% by FIG. 7A, preparation of benzylic/primary alcohol bis-
carbonate prodrugs of chloroamphenicol-type (dihydroxyfenicol) with different
carbonate moieties at benzylic and primary alcohol functionalities can be
achieved as shown in Scheme 7a using benzylic mono-carbonates (compound
6), obtained by methods A-C described above, and subjecting them to a
second reaction with chloroformate CIH{O)C-0O-Rs (R4 # Rs) or with a X-(0)C-O-
Rs (R4 # Rs) reagent of the type described above with relation to Scheme 6.

Alternatively the desired carbonate prodrug functionality can be
introduced first at the primary alcohol functionality and the resulting primary
alcohol carbonate intermediate (compound 5) can be further reacted with
chloroformate CI-(O)C-O-R4 (R4 # Rs) or by reaction with a X-(O)C-O-Rs (R4 #
Rs) reagent of the type described above with relation to Scheme 6 to obtain the
desired benzylic/primary alcohol bis-carbonate prodrug (illustrated by FIG. 7B,
preparation Scheme 7b). This particular synthetic scheme may conveniently
take advantage of the expected higher reactivity of the primary alcohol
functionality.

Methods of Using Inventive Compounds

The present invention also provides methods for administering
prophylactically-effective amounts, for preventing, i.e., prophylaxis, and/or for
metaphylaxis, as a need and/or the practice merits, and/or for the treatment of
infections, e.g., bacterial infections, that can be prevented and/or treated etc.,

by the antibiotic agent or agents released by the inventive compounds, in vivo.
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Chm el ewski, Marcin K ; Mrchan, Vicente; G eslak

Jacek; G aj kowski, Andrzej; Livengood, Victor; ’
wokerTmmodwb sul a; W1k, Andrzej; Beaucage, Ser gePCT/US3006/048929

Org. Chem ; 26; 2003; 10003 220012. im dazolium

Schi rnei ster, Helga; H nmel sbach, Frank; Pfleiderer

Wl fgang; Helv. Chim Acta; 76; 1; 1993;385-401. ’

Greiner, Beate; Pfleiderer, Wlfgang; Helv. Chim

Acta; 81; 8; 1998; 1528- 1544 Banerjee, Anamtro; Lee,

The a;\gggg o?t?ngF %l(gc\wlt%)cl:@ o elﬁagd gfe%gﬁg/ Bt P?g?éélﬂ&géﬂfg%
vertetgaate Wcﬁ@%re %&f@?&élg%{é\gfﬁmgll g:l\diarder filsllz amy oflthe Im)ventlve
comp@ands, Mra suisale, cacabinatiop,qf ﬁé“’?fi’gmll % ”qﬁ P&@{m@%

ad mlrgat?;?@ g%ﬁéezaﬁfn?@'@b’léﬁd Aﬂ}%ﬂha@éhmal%ubﬁb’ts 1%96de those

ada, Takeo; Yammada,

in themudgaivesmckmerg)ksmaed femneat. o] @ﬁ%kﬁﬁ%gﬁ’ %?%Mhu :

boh 7
featnis g WEHL): Do ol e Aeng Rergegian enimel
as weYDééﬂ those igsivorheoos) wild I'abltatsa,endlgr crouses.1471 -

V\HP a qugfg,gél,ar g%'almgﬁ g 05'9%56 ﬁuﬂ:%}:? isa érg%ggnnal NpMammals

An dr ew
to be YteatB8 Mdude priciates fblg. monkeys gre® apes gndiqationally,

humags SDRHY, MaBvBRIaN s uRieES bOingyTere. S Hpidkfly cas), poraine
(e.g., hogs or pigs), ovine (e.g., goats or sheep), equine (e.g., horses), canine
(e.g., dogs), feline (e.g., house cats), camels, deer, antelopes, rabbits, guinea
pigs and rodents (e.g., squirrels, rats, mice, gerbils, and hamsters), cetaceans
(whales, dolphins, porpoise), pinnipeds (seals, walrus). Avians include
Anatidae (e.g., swans, ducks and geese), Columbidae (e.g., doves and
pigeons), Phasianidae (e.g., partridges, grouse and turkeys) Thesienidae (e.g.,
domestic chickens), Psittacines (e.g., parakeets, macaws, and parrots), game
birds, and ratites, (e.g., ostriches).

Birds treated or protected by the inventive compounds can be
associated with either commercial or noncommercial aviculture. These include
e.g., Anatidae, such as swans, geese, and ducks, Columbidae, e.g., doves and
pigeons, such as domestic pigeons, Phasianidae, e.g., partridge, grouse and
turkeys, Thesienidae, e.g., domestic chickens, Psittacines, e.g., parakeets,
macaws, and parrots, e.g., raised for the pet or collector market, among others.

For purposes of the present invention, the term “fish” shall be
understood to include without limitation, the Teleosti grouping of fish, i.e.,
teleosts. Both the Salmoniformes order (which includes the Salmonidae family)
and the Perciformes order (which includes the Centrarchidae family) are
contained within the Teleosti grouping. Examples of potential fish recipients
include the Salmonidae family, the Serranidae family, the Sparidae family, the
Cichlidae family, the Centrarchidae family, the three-Line Grunt
(Parapristipoma trilineatum), and the Blue-Eyed Plecostomus (Plecostomus
spp), among others.
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Dor di ck, Jonathan S.;

'irylme' ,Y)%') | &1d the

Blue—%)é&cg ﬂ&?@st?&%% a(?nﬂl}ec':d r'Hus sﬁ?z aﬂﬁﬁﬁlorﬁllm&be treated with

rahedron Lett

the ind&%ove é@ﬁ\bomamremsﬂed @mphbfor @}pst@j@nppurpg;ﬁsg* by ghsé

Pavez, Paulina; Santos, dinitrophenol Jose
followtgg{ajﬁedqem Soc. Perkin Trans. 2:12: 200?; 2351 -

2354. Schenmes 7a and 7b. Synthesis of benzylic/primry
al cohol bi s-carbona | IYchl or oanpheni col
type (di hydroxyfenicol) with different carbonate

TAXON NAME

COMMON NAME

Coregonus clupeaformis
Coregonus hoyi
Oncorhynchus keta

Oncorhynchus gorbuscha
Oncorhynchus kisutch

Oncorhynchus masou

Oncorhynchus nerka
Oncorhynchus tshawylscha

Prosopium cylindraceum
Oncorhynchus clarki

Oncorhynchus mykiss
Salmo salar

Salmo trulta

Salmo trutta X S. fontinalis
Salvelinus alpinus
Salvelinus confluentus
Salvelinus fontinalis
Salvelinus leucomaenis
Salvelinus malma
Salvelinus namaycush
Thymallus thymallus

Lake whitefish

Bloater

Chum salmon

Pink salmon

Coho salmon

(silver salmon)

cherry salmon (masou salmon)
Sockeye salmon

(chinook salmon)

Round whitefish

Cutthroat trout

Rainbow trout

Atlantic salmon

Brown trout

Tiger hybrid-trout

Arctic charr

Bull trout

Brook trout

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

Grayling

Some Members of the Serranidae Family

TAXON NAME

COMMON NAME

Centropristis ocyurus
Centropristis philadelphicus
Centropristis striata
Diplectrum bivittatum

Diplectrum formosum
Epinephelus flavolimbatus

Epinephelus morio
Serranus phoebe

Serranus tortugarum

Bank sea bass
Rock sea bass
Black sea bass
Dwarf sandperch
Sand perch
Yellowedge grouper
Red grouper

Tattler

Chalk bass
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S R L R AL A
Pharmaceutical compositions

A compound of the present invention, or a physiologically acceptable
solvate of the compound, may be administered as such to an animal in need
thereof, or may be administered in pharmaceutical compositions in which the
foregoing materials are mixed with suitable excipient(s). Techniques for
formulation and administration of drugs may be found in Remington's
Pharmacological Sciences, Mack Publishing Co., Easton, PA, latest edition.
The formulations and techniques discussed in Remington relate primarily to
use with human patients; however, they readily may be modified for use with
non-human patients by techniques well-known to those skilled in the veterinary
art.

When the inventive compounds described herein are administered as a
component of the feed of the animals, or dissolved or suspended in the drinking
water, compositions are provided in which the active agent(s) are intimately
dispersed in an inert carrier or diluent. An inert carrier is one that will not react



10

15

20

25

30

contained within the Tei eosti grouping. Exanples of
potential fish recipients include the Sal rmﬁdae

wbaniloggotohe Serrani dae famly, the Sparidab faariug2006/048929
the Cchlidae famly, the @éntrarchidae famly, the

three-Line Gunt (Parapristipoma trilineatu
, and the
Bl ue- Eyed Pl ecostonus (Pl ecostonus spp), amr)rLg

ot hers. Further, exanples of potential fish recipients

i ncl ude the Sal noni dae fam | , t he Sei rani :
the Sparidae fani| y ni dae family,

with thEe invieative cerPaud g?dt heet%ﬁ | Oki‘?eﬁﬁﬁ@i'si/%reb'k%fay to

anim%%> P %l’am’ %oé@mbf For feedatadinigtratiorhie Bleuthakjs dr may be,

Pl ecost omus spp). Additional fish to be
an mgredmmme anm@l reH9Bnt i ve conpound are |isted, sinply

Sgl“f%ﬁhie d%cérﬁé{)ﬂ%ﬂﬁn?#‘ age %e@ﬁ%@ bF walé?rngahben wh|ch
the a@tivmagfedlemsssLmbeemntreiatyﬁlmlr% MR dBf"@‘é??‘ are”

suntat%ﬁ 5%?&}3 giﬁ@g e ghint LHber(%}fcﬁﬁc;W f@ﬂ@fe‘&f @im’fdirectly

I'sutch Coh |
or aftePhAbmerioedizté vilatios omdendiog sten: 'Ié\m?@ﬁsja,paz'mﬂggso% é,}’ ents

sunta@lgﬁgm%gtgﬁgg{p%f e Snggd:ébfg‘cl‘ e‘é&%@%ﬁles als'mgrﬁﬁﬁ% RyramRYEorn

mealR@iElﬂg r{iﬁ@él?}ﬁrlﬁéhtéli@@ téﬂduéasgmuggomﬁsgén ;hﬁliggghaef%g E{Torts
molaggﬁzs%w\lﬁg%su%opnv Kl S DORNL bEQHIMMGLEE, S&YRbritd cANHe
limestone, and the like. The inventive compound is intimately dispersed
throughout the carrier by methods such as grinding, stirring, milling or tumbling.
Compositions containing from about 0.05 to about 5.0%, or from about 0.005 to
about 2.0% by weight of the inventive compounds are particularly suitable as
feed pre-mixes. Feed supplements, which are fed directly to the animal contain
from about 0.0002 to 0.3% by weight of the inventive compound.

Such supplements are added to the animal feed in an amount to give the
finished feed the concentration of active compound desired for the treatment
and control of susceptible microorganisms. Although the desired concentration
of the inventive compound will vary depending upon the factors mentioned
supra as well as upon the particular derivative employed, the compound is
usually fed at concentrations of between about 0.0001 to 0.02% or from about
0.00001 to about 0.002% in the feed in order to achieve the desired
antimicrobial resulit.

Routes of Administration

As used herein, "administer” or "administration” refers to the delivery of
the compound or solvate of the present invention or of a pharmaceutical
composition containing a compound of this invention to an organism for the
purpose of treating or preventing a microbial infection.

Suitable routes of administration may include, without limitation, oral,
rectal, topical, transmucosal, intramuscular, subcutaneous, intramedullary,
intrathecal, direct intraventricular, intravenous, intravitreal, intraperitoneal,
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Salnp trutta Brown trout Salmp trutta X S. fontinalis

Tiger hybrid-trout Salvelinus al pinus Arctic charr
wa@&aborgrdmas confl uentus Bull trout Sal velinus PCT/US2006/048929

fontinalis Brook trout Salwélinus |eucomaenis Japanese

charr (white spotted charr) Salvelinus mal ma Dol |y

varden (M yabe charr) Sal veli nus namavcush Lake trout

Thymal lus thymal |l us G ayling Some Menbers of the

Senrani dae Fam |y TAXON NAME COVMON NAME Centropristis

) ocvurus Bank sea bass Centrooristi
intrangeak ausal Qydaisaegiiar. oipﬁsﬁrﬁ "5"( T‘?ﬂtés &?ggaﬁﬁigg% ggs%re oral
and p (QJ‘ | um bi vi ttat um Dwar f sandperch Di pI ectrum

rrmsum Sand perch E fl | i
YAlteovativgly, gnsupay ads plh@%%ét PRI &Jptisagher than
syste%ﬁé @ﬁerh@?m%g(rﬁgz t ﬂ))ﬁ br%%r"aﬁaH?ast & %b%aérlmﬁmy lkapplied

ari d TAXON
formulEtidithatiie/Bpplieh dsactiuto ﬁ]ﬁ)lﬁ'&?@@@ Fﬁ%rﬁnﬁlﬁ’% %Aé@ﬁgﬂg% the

comng@B@Wéglg{SlB{??g? g@i ke S‘?ﬁﬂgh@@ﬂbé@' é‘ﬂU&aﬁﬁmbeease

godon r honbol des Bi nfish
formulation may be used.

Thus, administration of the compounds of the invention, or their
pharmaceutically acceptable solvates, in pure form or in an appropriate
pharmaceutical composition, can be carried out via any of the accepted modes
of administration or agents for serving similar utilities. The routes of
administration can be any known to those of ordinary skill. The inventive
compounds are given to those in need thereof in any art recognized form, i.e.
solid, semi-solid, lyophilized powder, or liguid dosage forms, such as for
example, tablets, suppositories, pills, soft elastic and hard gelatin capsules,
powders, solutions, suspensions, or aerosols, or the like, in unit or multi-dosage
forms suitable for simple administration of precise dosages. The compositions
will include a conventional pharmaceutical carrier or excipient and a compound
of the invention as the active agent, and, in addition, may include other

medicinal agents, pharmaceutical agents, carriers, adjuvants, etc.

Composition/Formulations

Pharmaceutical compositions of the present invention may be
manufactured by processes well known in the art, e.g., using a variety of well-
known mixing, dissolving, granulating, dragee-making, levigating, emulsifying,
encapsulating, entrapping or lyophilizing processes. The compositions may be
formulated in conjunction with one or more physiologically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the active
compounds into preparations which can be used pharmaceutically. Proper
formulation is dependent upon the route of administration chosen.

For injection, including, without limitation, intravenous, intramuscular and
subcutaneous injection, the compounds of the invention may be formulated in

polar solvents including, without limitation, propylene glycol, alcohols, such as
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Pagrus Maj or Red Sea bream Spans aurata G |thead Sea

bream St enot omus chrvsops Scup Sone Menbers of the
waizaltlorelae fam |y TAXON NAME COMMON NAME Aepui BEMAIS2006/048929

l'atifrons Blue acara G chlizoma ni arof asci at um Congo

cichlid Crenichichla sp. Pike cichlid Pterophyllum

scal are Angel fish Tilapia nossanbi ca Mozanbi que nouth

breeder Oreochrom s spp. Tilapia Sarotherodon aurea

CGol den Til apia Some Menbers of the Centrarchidae

fam |y TAXON NAVE VE i ri
benzyRalckhibhes 9tttaﬂqld?@%%ﬁ?%%l"aﬁ":'ﬁ%t%if'gﬁﬁ}é'%ﬁe’ 2
pyrrol@éﬁ%é Bﬂf&l é)@icﬁ?fﬂﬁhég e, Nidimstippacetamide AN
. erenokee “(kef enokee pi gny sunfish Elassona gzonatym
dnmetlgf!fummmudy;yhmaﬂml%ﬁfogmeeg@gmmstngpgﬁlrp, x,gerof%rmalf,

. uespo ' .
option3l JERRE L P nuf it s I O, e B e L e,
the foféigising sxeipisntslcemmthesmaterials kaowo 1o thesBIRsaF ingrg kil For
transn%ﬂggléélnas n%fjnié't?ﬁ%rﬂ, ie%b%ﬂ?é‘épﬁ*&ﬁ?iﬁt@?@ &tk barrier to be
permeated are used in the formulation. Such penetrants are generally known
in the art.

Dosage

A therapeutically effective amount refers to an amount of compound
effective to prevent and/or minimize microbial infection, and/or treat, alleviate
and/or ameliorate symptoms due to a microbial infection. Determination of a
therapeutically effective amount is well within the capability of those skilled in
the art, especially in light of the disclosure herein.

For any compound used in the methods of the invention, the
therapeutically effective amount can be estimated initially from known
properties of the antibiotic agent that is released by the inventive prodrug
compounds. Then, the dosage can be formulated for use in animal models so
as to achieve a circulating concentration range that is at or greater than the
minimum inhibitory concentration ("MIC") as previously known to the art. Such
information can then be used to more accurately determine dosages useful in
patients.

Toxicity and therapeutic efficacy of the compounds described herein can
be determined by standard pharmaceutical procedures in cell cultures or
experimental animals. For example, the minimum inhibitory concentration
("MIC") and the lethal dose for 50% of a treated group ("LDso") for a particular
compound can be determined by methods well-known in the art. For instance,
MIC is determined according to the guidelines laid down by the Clinical and
Laboratory Standards Institiute (CLSI)"

The data obtained can be used to formulate a range of dosages useful in
patients. The dosage, of course, may vary depending upon the dosage form
and route of administration. The exéct formulation, route of administration and
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femcol per ;;rgdiﬁg Er?\%io vrgrggs bgs Irc:glrklaor’late c%mpounds For example, for
subcutaneous administration, the inventive compounds are generally
administered at a dose ranging from about 1 mg to about 150 mg/kg of body
weight. Frequency of administration can also range from a single dose per day
to multiple doses per day. For oral administration, the dose will preferably be
administered once per day.

Dosage amount and interval may be adjusted individually to provide
plasma levels of the compound that are sufficient to maintain a concentration
above or equal to the MIC or any other desired level. Such plasma levels are
often referred to as minimum effective concentrations (MECs). The MEC will
vary for each compound but can be estimated from in vitro data, e.g., the
concentration necessary to achieve greater than 80% inhibition of a microbial
population. The MEC may be ascertained using the assays described herein.
Dosages necessary to achieve the MEC will depend on the individual
characteristics of the compound and/or on the animal and/or route of
administration. HPLC assays or bioassays can be used to determine plasma
concentrations of the compound and/or its corresponding active product.

Dosage intervals can also be determined using MEC value. Compounds
should be administered using a regimen that maintains plasma levels above
the MEC for 10-90% of the time.

in cases of local administration or selective uptake, the effective local
concentration of the drug may not be related to plasma concentration and other
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requitdte feed of the animals, or dissolved or suspended in
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o veat B e AT D550 S sl
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cdrie mentive ciomeound will generally be admlmst ¥gd a?a dose
ranging from about 1 mg to about 150 mg/kg body weight in catle, when using
the subcutaneous route. Preferably, the dose ranges from about 20 mg to
about 70 mg/kg body weight. More preferably, the dose is about 60 mg/kg.
However, when the inventive compound is administered via the intra-muscular
(IM) route, the dose is preferably administered twice, with the administration of
the second dose being about 24 to about 48 hours after the administration o
the first dose.

In swine, the inventive compound will generally be administered in a
dose ranging from about 10 mg to about 150 mg/kg body weight. Preferably
the dose ranges from about 20 mg to 70 mg/kg body weight. Generally, the
first intra-muscular injection will be followed by a second injection about 24 to
about 48 hours later.

In poultry, the inventive compound will generally be administered in a
dose ranging from about 10 mg to 150 mg/kg body weight. Orally, the prodrug
will be administered in drinking water daily, for as long as is clinically indicated,
e.g., for from about three to about seven days.
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can be routlnely determined by a veterinarian using the parameters and

methods discussed supra for other types of animals, although it may vary
depending on the species of fish treated, the particular microorganisms
involved, and the degree of infection. For aquaculture indications, the inventive
compounds will generally be administered at a dosage of about 1 mg/kg to
about 70 mg/kg, and preferably from 10 mg/kg to 30 mg/kg. Suitable routes of
administering include: intravenously, subcutaneously, intramuscularly and/or
by spraying or dipping the aquatic species as needed, and/or by directly adding
the compound into the water in a holding volume.

For oral administration, the inventive compounds are preferably
administered at the doses specified above from about 10 to about 15 days.

While the active ingredient can be administered separately from food, it
is contemplated that in a preferred aspect that the active will be incorporated
into the fish feed. A medicated fish feed may be prepared by incorporating a
suitable amount of compound of the present invention into a commercially
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conpound in a local rather than system c manner, for
wexerTwreioby preparation as a salve or topical PgT/US2006/048929

applied formul ation that is2applied directly to the

infected area or by injection of the conmpound directly
into infected tissue. In either case, a sustained

rel ease fornulati on nay be used. Thus, adm nistration
of the conpounds of the invention, or their

_ pharnmaceutical | Dt | i
avaitabi St bt o SESRVEIES RBLE! B R, LBt o
comp8§‘ﬁ& 'o.‘F%é’gFeéé'n% ifBhtioh inberparateat ietb thedfish fefed will depend
adm ni stration _or agents

o \ .
on thaucateiatwhich fhe P AT FOIIRH 6 FLTPIRIE 8l Eheut ;2% to
4% ot‘étgﬁrﬁgastsgdé}‘ 056 nlqiCstdidTeEY prstdrhblyldshtaimedirnabout 50 to
andas _aire given to those in need ther 8 [
10,000rmgrh;mrd@10fzmedf anehmorecsprefenably. feamiabogt ﬁﬁ 102,008 mg per
ophi li zed powder, or |iquid dosage forns,’such as
kg Of%%erd)'exarrpl e, tablets, suppositories, pills, soft

gqhgtﬁgﬁghmnmndq;ei thiei presepbinvestion sandrssincegrqrefeshinto a
si,ons, OF .aergso . i ' -
fecd fRDIE RECEGLPRIRHE. Sif iesiGhteltect K ProfefuipbmRed oy

coatil‘(’:?é fé&&?éﬁ@ts%ﬁ&@@moﬁhd afdhp gresentipventian.i ncl ude a
onven

c At SrcieRanChind fish yih ah e wites vBligtite HH wai
as ingﬁgéﬁr‘a?é‘ aqliBlic spetiedcantdrumenated heetinalpeve, ssan be treated

] rmaceutical agents, carri.e dj ;
with DergrBPoUBH 6 MR PESEShIeRERIpdfit ol Bre dsniettorial,
infecﬂ(fnnéhe present invention may be manufactured by

processes wel | ~known in the art, e.g., using a variety
of wel |l known m xi ng, dissolving, granulating,

g R e A
mely isbalsbaranemplated to @oministen the ipyeptive Rrogrug compounds in
comB%EL]! Sl fiinebuBRL BPs2BLENAANY (£2§Sin the same composition or in
separate compositions) with other useful art-known medicinal agents. Such
medicinal agents include, e.g., other microbiocides, e.g., antibiotics,
antifungals, antivirals, parasiticides, and so forth, as well as in nutritional
supplements, feed additives and the like. For example, it is contemplated to
administer any art-known standard (non-prodrug) fenicol in combination with
the inventive compounds. Such fenicols include florfenicol, also known as D-
(threo)-1 -(4-methylsulfonylphenyl)-2-dichloroacetamido-3-ﬂ uoro-1-propanol.
Another preferred antibiotic compound is D-(threo)-1 ~(4-methyisulfonyphenyl)-
2.difluoroacetamido-3-fluoro-1-propanol. Another useful antibiotic is
thiamphenicol. Processes for the manufacture of these antibiotic compounds,
and intermediates useful in such processes, are described in U.S. Pat. Nos.
4,311,857; 4,582,918; 4,973,750; 4,876,352; 5,227,494; 4,743,700; 5,567,844,
5,105,009; 5,382,673; 5,352,832; and 5,663,361, hereby incorporated by
reference. Other florfenicol analogs and/or prodrugs have been disclosed and
such analogs also can be used in the compositions and methods of the present
invention [see e.g., U.S. Patent Application Publication No: 2004/0082553, and
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conprising excipients and auxiliaries which facilitate
processing of the active conpounds into preparations
wehbwh7ean be used pharmaceutically. Proper fopauius2ioom4s929
i s dependent upon the route3of admnistration chosen.
For injection, including, without limtation,
i ntravenous, intranuscul ar and subcut aneous i njection
t he conpounds of the invention may be fornulated in ’
pol ar solvents including, without limtation,

u.s. %;tgg% &%gﬁqag@'rﬁ ?gl,ﬁgn?éﬁ;{' % %)55@ 835%3 oﬁ%tlggpﬂa'ich are
hereb |H§$|fb\d(§at%doﬂy Fé\de\'éklﬁaem t?\elrliéfﬂifr@ﬂl&sloV\ﬂaethmanﬂblotlc

ones di met hyl acet am d

compumhunsrﬁorfyzhfaml rtamqmcemrﬁﬁplnﬂf ﬁgﬁpa;aoa typically, i from about
10% {0 ARG 4%, Iy, SRt Phe e fEthed RiVe) Betkedit aBbURZ0% and about

as corrbl nati ons of

40% W eviert meré We’f@“fe@@nmqml@aﬁt@b@,u 0P WiMat orial s
a@,ﬂ érgyt%%?lgﬂnplagﬁé%?ﬂﬁ{ n%ki’ok usefiR'a éérﬁBﬁfHﬁ%ﬁSﬁlkh the

propriate to the barrier,
inventiVe RonMssureds Btilaticosis e'ﬂilmm:oshelsfa)mﬂgrglgqq)ﬁntltgggﬁ thatis

chen'ﬂc?;je;cp,%m ch%rs eral ?é %%ybq PCIE Sﬂlﬁletl{ﬁﬁ@@ﬁdﬁa- -yI)-

érs to dn anoun
desnfcoSRBAY Wehich i@fépdrtedlybdrscmsedtmaﬂ@ d?atrer i 8§20, 695

neroty b akisd b BroRn A R Y & e a0 005
an m\%‘t?&@ aalhﬁeg% ?’gg‘"?g‘?’? %bmﬁglfsm 59°/e(tfsemlum)awropmnes

S
glycair 4% @m&umquoqnzy! AlgRhob enpiad B 508 ol Yrateld® o,

ngre ht°§ bbrbfent s thedsasy ot beaﬂv&rﬂhaie t he
ing erapeut | ca?ly ePf ective anmpunt can ge esti
R

Tllmucnsn lzas been doning tavheisehdip teatment r%ﬁ‘ﬂ'faﬁ?'yt'f‘ sctions,
partlglglﬁ,ﬂg ﬁ%@éulﬁzlar ﬁé&ﬁﬁfi@c@%ﬁ%ohé‘#ﬁ&éﬂtlé@uiﬁé@ dtrnistered by

osage can be formul ated for use
injectionavera 4 dagydfeatpent penod Accordingly, tilmicosin may be used in
treatment of, for example, neonatal calf pneumonia and bovine respiratory
disease. When tilmicosin is present, it is present in an amount of about 1% to
about 50%, preferably 10% to about 50%, and in a particular embodiment,
30%.

Another useful antibiotic for use in combination with the inventive
compounds is tulathromycin. Tulathromycin may be prepared in accordance
with the procedures set forth in U.S. Patent Publication No. 2003/0064939 A1,
which is hereby incorporated by reference in its entirety. Tulathromycin may be
present in injectable dosage forms at concentration levels ranging from about
5.0% to about 70% by weight. Tulathromycin is most desirably administered in
dosages ranging from about 0.2 mg per kg body weight per day (mg/kg/day) to
about 200 mg/kg/day in single or divided doses (i.e., from 1 to 4 doses per
day), and more preferably 1.25, 2.5 or 5 mg/kg once or twice weekly, although
variations will necessarily occur depending upon the species, weight and
condition of the subject being treated. Tulathromycin may be present in
injectable dosage forms at concentration levels ranging from about 5.0% to
about 70% by weight.
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as to achieve a circulating concentration range that
is at or greater than the m ninmuminhibitory

woanwgneaat i on ("M C') as previously known to PO®/USRG06/048929
Such information can then ¥ used to nore accurately
determ ne dosages useful in patients. Toxicity and
t herapeutic efficacy of the conpounds descri bed herein
can be deternmined by standard pharmaceutica
procedures in cell cultures or experinental animals.

For exanpl th h
( Arptber %@gu'tquﬁ?"g?ﬂ%mfﬂqu@@ég C;Dg'bé'grﬁémgm ﬁﬁe{hr eabbg gt oup
compéuh@s ?#r?f ﬁu.%ro%uﬂ%lbhéyi‘éﬁll@@ﬁamdtlcs,rsm ais:tfer axam@le

known in the_ art. For |n
enrofmaennﬂaedﬂamn ddtﬁlgxa@nt ﬁgblgqpf%n ?H‘Qsmﬁ 66 tl’\é‘
case E)Efgﬁffoxeﬁm cﬁ? g{!ﬁ@géﬁér& and Qfo@'féehﬂ‘étlbﬁ ioftabout 100

can be used tq for te
mg/nﬂ admﬂafxadtrsawsbe: pegsantiim apanceptrat iorrf alpout “3@8 gFmI
v
- Sahe ypeTY meroigE BREHIONR $610dsd PociABRRRICTONN S, ¢
inverfiive ¥ lﬁidsﬁtricnmemdnhpsagdsmm the §@S§cﬁfé@t@|§ﬁqsn gr, more

spec{ﬁggwltthg @zaf idgs. éuan 'onﬂp\r/?gﬁgs e{re%{b%cﬁ%%k?éﬂ%o? example, u.s.
Pat. NBa! 6532l 048, G783 15 60270 M58 5043 7,4 51 arch6.279, 55 and

U.S. Bt i 258 HEY DY BB TP YD oNBETb ot 55 B0
6 os&‘hﬁsﬁchh £ wiich 8ns Refsl dicoriratel by cafiecemte it theirengireties.

tib
| eo&iéi»e?&éntipiéééﬁ%q?wgéﬁﬁ?ésﬂﬁd Goithibrhpedle g

comEolfi Pfudy HeeRhidR@indY, paiicuanyrthlosttgmyoting aod t
% even new i nfection, for suff*rgl ent tinme period ?o
oxytetmmthhe'sh t he desi red goal. The skilled artisan wll

@Et&eﬁ']’ %‘étﬁ)atgtf@ Wa&ﬂhh%tﬁ%ﬁ?h}i%@ﬂadm dsfathgqmmcnlllns
e.g. q:mmmhl(agpémcllhmt( aenpicilling aw{llnzfp)?gsrfg)mgmaﬁ%p of &>
amog&nlj&x) th\ (ﬁgg&l\%g\fcis&lfdr&&ﬁ?ﬁﬂefael%@%bé’@nﬂhﬁiﬂéﬂég Additional

e nolar ratio of feni coI

parti@ararrzfe@alnaxgammnclucm thescaphgjosparinsraiah asnpbenaTPIEor
ceﬂloi)'(urngef%umome etc. The concentration of the cephalosporin in the
formulation of the present invention optionally varies between about 1 mg/mi to
500 mg/mi.

Additionally, the present invention optlonally includes a composition for
the treatment of a microbial and parasitic infection in an animal that comprises
one or more of the above-listed antibiotics admixed and/or in combination with
one or more of the inventive compounds, and an optional carrier and/or
excipient.

For all of the methods and the inventive compounds described herein, it

is also contemplated that the identified compounds are readily employed in

~ combination with one or more art-known agents for killing or controlling various

types of parasites, e.g., including all of the ecto- and endoparasites described
herein. Thus, although the inventive compounds and methods are preferred
over previously known agents and methods of using previously known agents,
in certain op{ional embodiments they are contemplated to be employed in
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subcut aneous admi ni stration, the inventive conpounds
are generally adm nistered at a dose ranging from

wahoro7901og to about 150 ng/ kg of body wei ght. PCT/US2006/048929
Frequency of adm nistratiomscan al so range from a

singl e dose per day to nultiple doses per day. For
oral admnistration, the dose will preferably be

admi ni stered once per day. Dosage anpunt and interval
may be adj usted |nd|V|duaIIy to provide plasnma |evels

of th dth . :
combm@ﬁggﬁmco q%\% %&ﬁ&/ Z;tr @.%Eﬁaﬁﬁ?' 3{ gé Sﬂtl tb?é%&';:ﬁw% ition or in
separ ?esb&% olsﬁl‘é% vﬁﬂ? Btrféraéi'trﬂnbwnédgbms er cbtrdnnaMm cfeduch
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art-knawrl agmtglenrgplogsdﬁg}:kmagﬁﬁ%' A T

rom

aﬁ‘g é é‘%'é‘r egfal aBeflts ogg%eﬁﬁ%.pgﬁaggme@mmemm

comppORUs atdlade, foh exmlaagﬂwoagb@pmgimmcg,s? Afefor

exa mpfé%%g?‘\%%f g%%eh‘gerror#{“ﬁ'gﬂ%‘?& PErRfbEMycihp achi eve

I ndi vi dbal ch t
benznﬂ‘ﬁndbﬁ@legqmy) witseradatobe, toiclablendarole), S@Mﬂ%ﬁ'ﬁ%éébgg >

closagggrpd& Lo 83 %@3&5@%@ %ﬁt% @n@ %ﬁaxmﬁaayﬁﬁ“d’m@g (e.g.

ound
pyrarftéf! i%dhtéth@idl% p@gd Ien@nasoie) anprpraaauanws age
intervals can al so

CosBions) arhBupwneetin o NiRRay GpRiind ped@ P uss in

I men t
comqlﬁé{ww}ﬁ tAkasventhvayedmpabnds indade/B@ b@amgﬂwmte

pestisidesc (T clgseanosRest I YR Pa AN et Agiaectiydes

ration o

and, ‘i.%‘ geﬂ%ﬁﬁngﬁhcﬁgt aRfhelPirffi dctivityn| @sgancphusphiate pesticides
rocedures known in the art ed
incluto, d.g. Aintateptoe (eEMES! SERRER e A O 8 ST DAl
trichl g a5 T L . e e e i
metHzmislophosj acephaiet et@ad parathion g&thulrpal%mggng\evmp oS,
phorate, carbofenthion, phosalone, to name but a few such compounds. ltis
also contemplated to include combinations of the inventive methods and
compounds with carbamate type pesticides, including, e.g., carbaryl,
carbofuran, aldicarb, molinate, methomyl, etc., as well as combinations with the
organochlorine type pesticides. It is further contemplated to include
combinations with biological pesticides, including e.g. repellents, the pyrethrins
(as well as synthetic variations thereof, e.g., allethrin, resmethrin, permethrin,
tralomethrin), and nicotine, that is often employed as an acaricide. Other
contemplated combinations are with miscellaneous pesticides including:
Bacillus thuringiensis, chlorobenzilate, formamidines, (e.g. amtitaz), copper
compounds, e.g., copper hydroxide, cupric oxychloride sulfate, cyfluthrin,
cypermethrin, dicofol, endosulfan, esenfenvalerate, fenvalerate, lambda-
cyhalothrin, methoxychlor and sulfur.

In addition, for all of the methods and new compounds described herein,
it is further contemplated that the identified compounds can be readily
employed in combination with syngergists such as piperonyl butoxide (PBO)
and triphenyl phosphate (TPP); and/or with Insect Growth Regulators (IGRs)
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ci rcunst ances one dose foll owed by a second dose 48

hours later will be required to treat the animal. The
wonrewiseidose W || depend on the stage and sevecrTiup2mb/048929

the infection, the susceptidility of the infecting

organismto the conposition, and the individua

characteristics of the animal species being treated

as wll be appreciated by one of ordinary skill in t he

art. The anount of a conposition adm nistered will, of
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A preferred compound for use in combination with the inventive
compounds within the scope of the present invention is ivermectin. lvermectin
is a semi-synthetic derivative of avermectin and is generally produced as a
mixture of at least 80% 22,23-dihydroavermectin B1a and less than 20% 22,23-
dihydroavermectin B1y. lvermectin is disclosed in U.S. Pat. No. 4,199,569,
hereby incorporated by reference. jvermectin has been used as an antiparasitic
agent to treat various animal parasites and parasitic diseases since the mid-
1980's.

Abamectin is an avermectin that is disclosed as avermectin B1a/B1 b in
U.S. Pat. No. 4,310,519, which is hereby incorporated by reference in its
entirety. Abamectin contains at least 80% of avermectin B1, and not more than
20% of avermectin B1p.

Another preferred avermectin is doramectin also known as 25-
cyclohexyl-avermectin B4. The structure and preparation of doramectin, is
disclosed in U.S. Pat. No. 5,089,480, which is hereby incorporated by reference
in its entirety.
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will be adm nistered in drinking water daily, for as

long as is clinically indicated, e.g., for from about
woOohoE®790m0 about seven days. Admi ni stration to AgQatiSe06/048929

Ani mal s The present inventiddn al so provi des net hods of

elimnating, reducing or preventing bacteri al

infections in fish, and optionally aquatic

i nvertebrates. Such nethods include adm nistering an

ef fecti ve anount of an inventive conpound of the

i nventi on uatl C. r
emar el SyaME s aREHReclA FRSHIR 6B knawn oo
LL-szhagaélbﬁahs Rﬁoﬁlﬁffﬂﬂh 'S, PatuNo. 4/916ht54 wbichiis diereby
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1 ons nventive conpounds wil | Speral I
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Eprinomectin is chemically known as 4"-epi-Acetylamino-4"-deoxy-
avermectin B,. Eprinomectin was specifically developed to be used in all cattle
classes and age groups. It was the first avermectin to show broad-spectrum
activity against both endo- and ecto-parasites while also leaving minimal
residues in meat and milk. It has the additional advantage of being highly
potent when delivered topically.

The composition of the present invention optionally comprises
combinations of one or more of the following antiparasite compounds.

The antiparasite imidazo[1,2-b]pyridazine compounds as described by
U.S. Patent Application Publication No:2005/01 82059,incorporated by
reference herein. The antiparasite 1-(4-mono and di-
halomethylsuIphonylphenyl)-Z-acylamino-3-fluoropropano| compounds, as
described by U.S. Patent Application Publication No:2005/0182139,
incorporated by reference herein. The antiparasite
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adm ni stering include: intravenously, subcutaneously
i ntranuscul arly and/or by spraying or dipping the
weagqoeEimispeci es as needed, and/or by direct|ypauaisege/048929
the conpound into the water38in a hol ding volune. For
oral adm nistration, the inventive conpounds are
preferably adm ni stered at the doses specified above
fromabout 10 to about 15 days. Wiile the active
i ngredi ent can be adm ni stered separately from food,
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: _ present 1 nvention
incorsGratde bl refsreaceheteinnThe antipatasiiedcphenylilet. 1t o

~ pelleting, 1he dicated fe [ f .

N L i it AT

Proviéi'&\‘\%m\b?ﬁcati’é\'}’ Sl SN0 SE8/700:893, fitedidnrprilriés 20AG: er and
salt water varieties, as well as invertebrate aquatic

incorppraied y refereRGREIIBEY her ei nabove, can be treated

Wi L p6eitiRASBIIhE préduntmivsrtiun mayealso ke ¢eroptayedtin

or prevent bacterial infections. .Comhinations wth
combinakion witbra Julicider @Hﬁ%ﬁ“'ﬁﬁ'&’&sl 'FF'@er or eg(aépéfg :
tric|a§§ﬁ%§%%§%ﬁég@%8m,ralﬁér&razbm dieveertr sAdpxisndzzole. It will
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be apprecited ahatthesakpve eomhinatigng re % iBgluge qambinations

of aqi@ﬁ:&{gatﬁaﬁpﬁgg%ﬁ% %hg@i-ﬂﬂk'éha&%%orﬁééﬁ%s.ar t - known

In addition to the above combinations, it is also contemplated to provide

combinations of the inventive methods and compounds, as described herein,
with other animal health remedies such as trace elements, anti-inflammatories,
anti-infectives, hormones, dermatological preparations, including antiseptics
and disinfectants, and immunobiologicals such as vaccines and antisera for the
prevention of disease.

For example, such antinfectives include one or more antibiotics that are
optionally co-administered during treatment using the inventive compounds or
methods, e.g., in a combined composition and/or in separate dosage forms.
Art-known antibiotics suitable for this purpose include, for example, those listed
hereinabove.

Further, it is also contemplated that the inventive methods and
compounds be advantageously employed in combination, simultaneously or
sequentially, with art-known animal health remedies e.g., trace elements,

vitamins, anti-inflammatories, anti-infectives and the like, in the same or

" different compositions.
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medi ci nal agents include, e.g., other m crobiocides

e.g., antibiotics, antifungals, antivirals, ’
weoan@aredieci des, and so forth, as well as in nuPCTHISZNEI048929

suppl enents, feed additives®and the like. For exanple

it is contenplated to adm nister any art-known ’

standard (non-prodrug) fenicol in conbination with the

i nventive conpounds. Such fenicols include

florfenicol, also knomn as D

éé’eléﬁééréu‘nﬁgn”%%a Sk WL e 7 b Bl g sha

stemn@&?ﬁrmahﬁng} eﬁﬁé Rrohdstersifsl amti—frm:mulmatqdy)agents

uor oacet am -3-fluoro-1-pro
mcludmgafhﬂlr racemit m@reg arindiMseh PgaT‘PO'BPB% 8@‘?&% apg}'c?l?{
can u{éﬁcher ﬁ@gréf%noﬁumﬁﬁﬁeﬁmétgbﬂiféﬁ S66RsN4Y] diclefethac, aloxiprin,

at’es use I'n such processes are descr,j bed
aproxen hlsﬁnnPdlﬂunm femomof@nsmomletgggmggge epagya agkly-

e

hér eb
desokyseMhaas, &bﬂdxi@nm afamadok ketaralac, flufarisali §%|>Iéalﬂ4iﬁl 0gs

and/ or. have been. d d
B Ty e
apaz&ﬂ@ dAhRZBRE, fl@fé@l@i'mcracﬁds&fbomxgm clongxin Paesinfenamic acid,

Appl i cat Publ t
funishicaioipg! SeREcEI B AIRLTngh Seypuaoa sr2idate
hydrd eﬂs}; | Mﬂ@ nh\@/g@m mmmmmmmhng/hy@fo@hum@
paramylene bydrashlonide @HMG%EW%&? e ‘I’ﬁ’i&‘ﬁ @4@8%%@5
ﬂupr&fgﬂ' foiren daé[ Z\\;J rB%IaWufélQ%lh@h@&mﬁ diffdmidone sodiant, he

referre bef ween abou 0% b 0
fenamlm ﬂwagmmtézawi%éﬁh@ E‘Vé%ﬁ‘?nd b OUt {%/le

hydré%hnéngé %SEQJT\I%@ rhghﬁ’éidie CREBEINEKbpHYN, Uﬁmazblea proxazole

natton Wt i nventive conpounds is
citrate, tesicarsi tesnmldentebnetm|Q§1datf'ﬂﬂm"é?1iede anti bi otic that

chem I
23"051' R rcﬂpgl Agd—zrﬁs&i % 23 compound of the present invention is
emp»oyedeaim"mmm&zﬁéfaeip;é’;a”ft "Bebafietdop s67't2,

sl e ApEsd s o a9 e i

embb8irdént, theeptesnt ,mmnltmowtdeaﬁi ahaana@@“mﬁamo%ooﬁ%
comgggm\éoal\ gon?poenr gp(% tﬁe present invention and flunixin.

Steroidal anti-inflammatory agents include, for example, glucocorticoid
agents such as dexamethasone, cortisone, hydrocortisone, prednisone,
beclomethasone, betamethasone, flunisolide, methyl prednisone, para
methasone, prednisolone, triamcinolome, alclometasone, amcinonide,
clobetasol, fludrocortisone, diflurosone diacetate, fluocinolone acetonide,
fluoromethalone, flurandrenolide, halcinonide, medrysone, mometasone, and

pharmaceutically acceptable salts and mixtures thereof.

Packaging

The compositions may, if desired, be presented in a pack or dispenser
device, such as an FDA approved kit, which may contain one or more unit
dosage forms containing the active ingredient. The pack may for example
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gl ycol, 4% (by vol une) benzyl al cohol, and 50 to 500

mg/ M of active ingredient. Tilmcosin nay be present
wagod7hgstase or as a phosphate. Til m cosi n hasPOERIS2006/048929

found to be useful in treat#ent of respiratory

infections, particularly Pasteurella haenolytica

infections in cattle when adm nistered by injection

over a 4 day treatnent period. Accordingly, tilmcosin

may be used in treatnment of, for exanple, neonat al

cal f db
comptine AEBLPPIRSR BN 74 2 EuslR cuicky T BREROr dlpehper

ewc@k?!géﬂ? beé 4ckBnfiRidd BQ‘YmsﬁJﬁfcﬁfsﬁf@i' wdhdfistratiabo Cﬁhe503¢k or

a particul ar” enbodi msnt 30% f ul
dlspeaeel inaytalso beraagompanied iy & 8plies axﬁﬁ?ﬂafﬁﬁg tﬂﬁﬁ cl‘?l’" ainer
 a G A i By, o
or saleofptarmizaeeticalBuibhidanotee igoreflective ob gppraya i&’y taﬁ jagency
of theréq nelé ‘Eﬁfﬂ Og}ﬁ@&@é &f rog}s‘\ghfgne&e%nhﬁry He&mmiisiraBay.. Such

e

notic grbﬁgzxaﬁnp%g ezt b IBbaiG PRIy B SR0od 206,
apou 9 t

Drug AT ORRT Rrexaien gl sl B abproteliTbauct insort

Com o&tuaﬁs aemdfmdy)dscom@jnd péma)iayeOhm fkeymidgted is @bout

comnailbj,e gbgggaﬁé,nt%q%%p elzdr(:]ran%r b 3?‘8?8%1%5 piécZ%i m érgom 1
apprﬁp(&fe%n@?iﬁ@r Q&nd I&b@%&&ﬁkkeatutdrﬁ@aghndmtmi conditigh] |in
o ke ey P
cont%ﬁ%?g B5RBYSInG BKiphe dBs8SEeNt i n injectabl e dosage

at conCentration |levels ranging from about 5.0%
to about 70% by wei ght.29 34 Anot her useful antibiotic

Exa esein conmbi nation with the inventive conmpounds is
X Tg’é #JI uor oqui nol ones fam |y of antibiotics, S

f oThe fallgwieg examples are provided to illustrate certain embo%nrhents of
this invention and are not intended, nor are they to be construed, to limit its

scope in any manner whatsoever.

EXAMPLES 1-25

Preparation of Florfenicol Carbonate Prodrugs

Synthesis of Carbonate Prodrugs of Florfenicol and its Analogs.

With reference to FIG. 4, a solution of the starting alcohol A (0.68 M
,1.78 molar equivalents) and triethyl amine (0.68 M, 1.78 molar equivalents) in
anhydrous tetrahydrofuran was added dropwise to a solution of triphosgene
(0.48 M, 0.64 molar equivalents) in anhydrous tetrahydrofuran at 0 °C under a
nitrogen atmosphere. The resulting mixture was stirred at 0 °C for 30 minutes
and then rapidly filtered through a filter paper to remove the ammonium salt.
The filtrate solution of the chloroformate solution B was used for the following
carbonation reaction without further purification.

The freshly prepared solution of chloroformate B, or an anhydrous
tetrahydrofuran solution of the commercially available chloroformate B (0.34 M,
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enr of | oxaci n, danofl oxacin, difloxacin, orbifloxacin

and mar bofl oxacin. In the case of enrofloxacin, it may
woeoadmmnostered in a concentration of about 180Tm§209k/048929

danof | oxacin may be present4lin a concentrati on of

about 180 ng/m . O her useful macrolide antibiotics

for use in conbination with the inventive conpounds

i ncl ude conmpounds fromthe class of ketolides, or,

nore specifically, the azalides. Such conpounds are

d i bed in, f le . U, .
1,78 aolar saoweleIs) aes UpglerEsc 574 Poblg MfelhEa drthe
soluti%@aspé’%%ed\@ﬁ?vﬁsé 19 ahlahhyir90$ téiédhydroflirah Solution.
%6, 339, 063 and_ 6, 054, 434, al | of wh b

containing cpueap@mibg?geipei &é@egﬁ“t damplag ﬁﬂPiV%F?’ggg"%?‘fﬁ or’

i idiRbQb! ' itAatriyRiminiet (1.5 hel
dimetBihoBfdiRe 1bie ol edthgale Rt e e o e
equivalents)catl PCynder aritrogen imoseharer SrpiapUENAS fiired at0

o er. antibLaqt. NG I
c NP oS ooy o e
chronffatograpley.| Additioaabetlordfb rmatesolutioomasadded when the

amoxicillin wth,.clavul api '
caciSBPGes e R B HBELT K d i ShaFaromgiaproshy
the rdfidnl\ass aoRtinued udtl thealisapbearangerdf tise starting mategal.

le, ceftiofur,. i _ :
The rgulthe Selgven wasdRpidy Fitbisel Tooudh 5T} Papef REFmao e
amm'gg?éﬁ%'?%n TR fileBR Wiis\Gincestratddand ety cetatayvas added to

_Addi tjopal ly, I j i -
dissobya thavet i wRBHcticl v resmbng Bl Bivryips WEEREr hauentially

with £ mfélgab,i, LR PREREIO] &), idHdesatusated Nal 4y folidwechby a
conpri $&% one or nore_ of )

he abqve:listed .antibiofi
rapidditratienl throvobra pad of silicage! g\ﬁ‘wgfﬁ%ﬁg‘ﬁ fﬁ@?tl? "IS%’It ﬁ:

| HEBRIK ot oBikiARA WePburRid by flashilica gel
°°”°85%|g€agude%’tq‘.‘ or a 6ng t hg nmet hods and the | nventé Y)e
coluranrghoomadograpby ioseecrystallizatiqn (using the solvents listed by Table
5) to give the pure carbonate prodrug D. The following compounds, by

example number, were obtained by the above method:

TABLE 2
Example Compound Name
No.
1 (1 R,ZS)-Z—(2,2-dich|oroacetamido)—3—ﬂuoro—1 -(4-

(methylsulfonyl)phenyl)propyl methyl carbonate.
2 (1 R,2$)-2-(2,2-dichloroacetamido)-3-ﬂuoro-1 -(4-
(methylsulfonyl)phenyl)propy! ethyl carbonate.
3 (1 R,2S)-2-(2,2-dichloroacetamido)-3-fluoro-1 -(4-
(methylsulfonyl)phenyl)propyl propyl carbonate.
4 (1R,28)-2-(2 ,2-dichloroacetamido)-3-fluoro-1-(4-
(methylsulfonyl)phenyl)propyl isopropyl carbonate.
(1R,2S)-2-(2,2-dichloroacetam ido)-3-fluoro-1-(4-
(methylsulfonyl)phenyt)propyl isobutyl carbonate.
cyclopropylmethyl (1 R,2S)-2-(2,2-dichloroacetamido)-3-fluoro-1 -(4-
(methylsulfonyl)phenyl)propyl carbonate.
(1 R,2S)-2-(2,2-dichloroacetamido)-3-fluoro-1-(4-
(methylsulfonyl)phenyl)propyl 3-methylbut-2-enyl carbonate.
(1 R,28)-2—(2,2-dichloroacetamido)-3-ﬂuoro-1 ~(4-
(methylsulfonyl)phenyl)propyl isopentyl carbonate.
(1R,2S)-2-(2,2-dichloroacetamido)-3-fluoro-1 -(4-
(methylsulfonyl)phenyl)propyt pentan-3-yl _carbonate.
10 cyclohexyl (1 R,28)-2—(2,2—dichloroacetamldo)-3-ﬂuoro—1 -(4-
(methylsulfonyl)phenyt)propyl carbonate.

© 0 ~N o O



is also contenplated that the identified conpounds are

readi |y enpl oyed in conbination with one or nore
wanbvo7koneam agents for killing or controlling vBCTMS3006/048929

types of parasites, e.g., i4cluding all of the ecto-

and endoparasites described herein. Thus, although the

i nventive conpounds and nethods are preferred over

previ ously known agents and net hods of using

previously knomn agents, in certain optiona

B e
I -dic gac‘ée fiido zﬁ-ﬂuﬁr&*ﬂ(@f ate

05' t R RYEth AL Shale.
e
f Ypsaletop W&)—@qﬁm-&ﬁ(@' oyed for
h SikIrgh Hé?@l)ﬁﬂp&mlﬁufo*?@tﬁy arpsreite. These
addl t | o ShidrBa dbgtd-ﬁlfbrmﬁ @-the
fvent |Qfé1t ﬂ%ﬁ carBbngganpl e, art-known
a hel "ﬁ -i 2 QAR RroAV@L MeCt i ns (e. g.
rmec fpthd Fady @Wéthw‘neni%earbﬁhﬂazol es
(% g. 1 *dléﬂlél’%g iR @-Mloro1ag4-cyl ani | i des
(e.g. ¢ rﬁétﬁpl 61 onymsuéfkma yﬂ&)metﬁdh&iahtyltoadaqmbtmol s
(@7 9. N{HLAXV-{1R, 2YP( TR WidMsrobeetgmidn)+3afvioed-11+(4-
i m dazofhémgrlmsny)Bhenypeotaxy warmnyloxs)poeraniogteant el .
Aggli t i o, 28)-R=(R)2adichiaenetantide)-Iflidrorig(4r control |ing
pests f ghetigRulfonytphenyimropyhdosedyl cw@or\ﬁi@ent ive
cegpoun(itR 28Ry a2-ditkomageaiaopdsphiuere-b t i Ci des Thi S
cl ass of{methytsutionidipheray)prenyy OEﬁaGBElY'é’é‘fq

[ ¢1RES)-2ra, 2—<ﬂ|ﬁhleegapaiam' 3,
Iact |e\(;|t It ymety H’@ )@5 Ay pso %)?g%e% d_ —E p ageé 8”{; ctalfbconate

dRdr ot ofHRISS) 22 Ior I é
di sul fo(’@ﬁthyi F )P' ' =
r sdighlgroa

cRBor py )pr
i) ham oPéﬂﬁB "o et hyl
parat i t ys I LZQ%V- gfRRYdthexy)ethoxy)ethyl
phosal o conpounds. It is
al50 co ﬁfﬂg)ﬁ- et &ahaﬁ)l/ﬁﬁﬂﬁs%ﬁhéﬁ}ﬁ}-ﬂimS@éhlérbacetamldo)-S—
i hventi 3@0%@ Stiffarbonate.
25 (1R,28)-2-(2, 2-dichloroacetamido)-3-fluoro-1-(4-
ﬂuoromethylsuIfonyl)phenyl)propyl ethyl carbonate.
26 bis((1R,2S)-2-(2,2- dichloroacetamido)-3-fluoro-1-(4-
(methylsulfonyl)phenyl)propyl) ethane- 1,2-diyl dicarbonate.

Yethyl carbonate.

Example 1

/ﬁ

5 (1R,2$)-2-(2,2-dichIoroacetamido)-3-ﬂuoro-1-(4-
(methylsulfonyl)phenyl)propyl methyl carbonate.
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conmpounds with carbamate type pesticides, including,

e.g., carbaryl, carbofuran, aldicarb, nolinate,
worbdtomydl) etc., as well as conbinations w th PO®US2006/048929

organochl ori ne type pesticiddes. It is further

contenpl ated to include conbi nati ons with biol ogica

pesticides, including e.g. repellents, the pyrethrins

(as well as synthetic variations thereof, e.qg.,

allethrin, resmethrin, pernmethrin, tralonmethrin), and

%ﬁék#&%p%o&%%%ﬁﬁ%@ﬁ G e fipRidhle e 532
yield GIRE t@ggﬁ?dwfée‘yf\gg% r%@gdli nﬂ;‘;ﬂ'\?'gqgmﬁﬁf‘,ﬂ?g‘ 3. é?ogr;m (s,
3H), @ WQ’SHE) 4.3 -owwmmsrdr&mu, 84 ppud, d"Bx% hPRIm (&e1H)
7.6 p@ﬁdgsgﬁa,a g)f it R 2!7%1 %ﬂg{pgo%?&' ‘i]H :4h585 Spectrum 438.0 (M +

ehva ‘erate,

Na). I anbdacyhal ot hrin, methoxychlor and sulfur. In
addition, for all of the nethods and new conpounds
described herein, it is further contenplated that the

Exan*lcﬂ‘érg i fied compounds can be readily enployed in
onbi nati on wi th syngergists sych as pi peronyl
but oxi de (PBO) and tri phenylﬁosphate (TPP); and/or
wth Insect Gowh Regul atorg~{1 GRs)and Juvenile
Hor nrone Anal ogues (JHAs) such as difl ubenzuron,
cyromazi ne, mnethoprene, etg’, bherapy providing both
initial and sustained contjol g@f p rasites (at all

stages of insect dey — g eggs) on the
ani mal subject, as s withi the envi ronnent of
t he ani mal subJ € I netmons with cycl odi enes,
ryani a, KT-199 @4 /or ol der art known anti hel m nt hi c
agents, such as aVvermectins i vernmectin,

(1R, myzqz;z-dmhlommmmo)-auﬂnz)rmhkﬂzo| es {e.g.,

e BRI e OBLARTANSR o X 110" (29

ni A seition 9f figrfenicold266Q, (097 mol), p%rdgne&yjammopyndme (42 g,
0.35 550, BriaMarBe DL L0 BBV IR AR roffc Bt rart Was
stirrdty 4686 L8 o6 wiileenehsethybchlergfbanate (89 mb. 6nd oyaliwps added
dropi%gg v(\:n(t)hnglnnaa}it |t?on funnel. The reaction proceeded as indicated by the
precipitation of triethylamine hydrochloride salt. The mixture was allowed to stir
at room temperature for 30 minutes and the salt was removed from the mixture
by filtration. The filtrate was concentrated and 600 mL of ethyl acetate was
added and the solution was washed with 1 M HCI (2 x 200 mL) followed by
saturated NaCl (200 mL) and filtered through a layer of Na,SO,/silica gel. The
filtrate was concentrated and the crude oil was crystallized from 450 mL of

isopropanol to give the pure title product (286 g). m.p. 110-112 °C: H'-NMR
(DMSO-dg), & = 1.2 ppm (1, 3 H), 3.2 ppm (s, 3H), 4.1 ppm (q, 2H), 4.3 - 4.7
ppm (m, 3H), 5.9 ppm (d, 1H), 6.4 ppm (s, 1H), 7.6 ppm (d, 2H), 7.9 ppm (d,
2H), 9.2 ppm (d, 1H); mass spectrum 452.0 (M + Na).

Example 3
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In particular, additional antiparasitic conpounds
useful within the scope of the present invention are
wonref7@rahby conprised of the class of avermect PAT/US2006/048929
conmpounds. As stated above,44t he avernectin fam |y of
conmpounds is a series of very potent antiparasitic
agents known to be useful against a broad spectrum of
endoparasites and ectoparasites in mamuals. A
preferred conpound for use in conbination with the
i nventive conpounds within the scope of the present
invention is ivernmectin. lverngctinis a
sem -synthetic derivative of ayermectin and is
generally produced as a m xtefe of at |east 80%
22, 23-di hydroavernmectin Bla pnd | ess than 20% 22, 23-
di hydroavernectin Blb | ver, igh 1 Scdi sclosed in U S.
Pat. No. 4,199,569, herebyf incg porated by reference.
| vermectin has been_us s am gsitic agent to
treat various aning asiteés angl parasitic diseases
since the m d-. 1980 Abangetin s an avernectin that
is disclosed as, ectinfBla/Bl b in U S. Pat. No.
4,310, 519, whiehyi s hereby incorporated by reference
inits entirety. Abaneo&ép cont at | east 80% of
(1R,28)e2-2.2: dichiproagetamjd gu?ﬁ% % of avernectin

(met fSul erfIfHIIPYApropsl eaebonates dor anrect in also
s dycismnon i EERE
the tIF Efpé?%%%teaﬁ ﬁ% éSQOI dNHENUR Q@Ldl;)n e Q‘E@bpf% @y3 H),

S en |rety Anot her pre erred averrrectln

1.58 g‘bnv%ﬂ@ﬂ)l 8.2 m @bew)m tappm (t2H) 48 4 4.7Aa9p4;n, 3H),

n K Pat
5.9 rigen by THnGof gémw ) T PR 2 ot h, 24, €02 bbm (o,
1H),%%‘§ﬁediﬁﬁﬁelf6"6@@(mvﬁwggctl n is selamectin. Selanectin
i's 25-

cycl ohexyl - 25- de( 1- et hyl propyl ) - 5- deoxy- 22, 23-di hydro
Examplé By dr oxyi m no) -

(1 R,2S)-2-(2,2-dich|oroacetamido)-3-ﬂuoro-1 -(4-
(methylsulfonyl)phenyl)propyl isopropyl carbonate.
The crude product was crystallized from isopropanol to give 92% yield of

the title product as a white solid. H'-NMR (DMSO-ds), 8 = 1.2 ppm (2d, 6 H),
3.2 ppm (s, 3H), 4.3 — 4.7 ppm (m, 3H), 4.75 ppm (hep, 1H), 5.9 ppm (d, 1H),
6.4 ppm (s, 1H), 7.6 ppm (d, 2H), 7.9 ppm (d, 2H), 9.0 ppm (d, 1H); mass
spectrum 466.0 (M + Na).

Example 5
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avernmectin Bi nonosaccharide. M| bemycin, or B41 , is
a substance which is isolated fromthe fernentation
wonrai7hh7efioa mi | benyci n produci ng strain of PCT/US2006/048929
Streptonyces. The microorgaiism the fernentation
conditions and the isolation procedures are nore fully
described in U S. Pat. No. 3,950,360 and U.S. Pat. No.
3,984,564. Emanectin
(4" -deoxy-4"-ep/-met hyl am noavernmectin Bi), which can
be prepared as described in U_S_ Pat. No. 5,288,710 or
5,399,717, is a mxture of t h | ogues,
4"-deoxy-4"-ep/-nethy|aningg&gr ctin Bla and
4" - deoxy- 4"-ep/-nethyl amprfoaver necti n B 1b.
Preferably, a salt of ena -ctiﬁ IS wsed. Non-limting
exanpl es of salts g : [ ol y be used in
the present inventi clud- theg|salts described in
U S. Pat. No. 38,712 e.g., s®ts derived from
benzoi c acid, stltutedeen20|c aci d,
benzenesul foni® @cid, citric aC|d phosphoric acid,

t d [ik Most
R2SH3 3?#-?“9-‘9@”%&%#&????9%% M | The present
(methﬂ%ﬁﬁdn@'\’)dm‘erﬁmﬁ%ﬁyﬂ isdloutyd zaeboRpte.nomect in is

Fl'y k o
4 Theprusl ArgR R Was Srusializsd FarisaRTRP ROV ilanaLio dive 92%
yield ‘@?g& ng;f& Ef-dcfﬁ?éé L% AarRearid. U9 -RVRIDMSO-ad)) dcaln.88 ppm

e groups. It was the first avernectin to
(d, 619§1oM8b ppasl(sarCct Hyd 2qupmi(sy 3ty Ast 4FaRpmd Ay Hh ppm

ect o- araS| te e al
(o, s R A RBTH(S ) ¢8R FE 21815 BRH) L, 057 PRRF(.NH:
mas8hérithgf8a/0 PRt eMaywhen del ivered topical ly. The
conposi tion of the present invention optionally

conpri ses conbi nati ons of one or nore of the foll ow ng
Exampie far asi t e conpounds. The anti par asite imdazo[1

, 2-b] pyridazi ne conpounds as ed by U.S. Patent
AppI i cation Publication No:2( 5/ 01 059, i ncor por at ed
by reference herein. The an raS|t§ 1- (4-nono and

di hal onet hyl sul phonyl phenyg) \n)\
\\\\N

Cyclopropylmethyl (1 R,2$)—2-(2,2—dlchloroacetamldo)-3-ﬂ uoro-1-(4-
(methyisulfonyl)phenyl)propyl carbonate.

The crude product was purified by gel column chromatography and
followed by crystallization from ethyl acetate/hexane to give 72% yield of the
title product as a white solid. H'-NMR (DMSO-dg), 6 = 0.25 ppm (dd, 2H), 0.55
ppm (dd, 2H), 1.05 (m, 1H), 3.2 ppm (s, 3H), 3.9 ppm (d, 2H), 4.3 —4.7 ppm
(m, 3H), 5.9 ppm (d, 1H), 6.45 ppm (s, 1H), 7.6 ppm (d, 2H), 7.9 ppm (d, 2H),
9.05 ppm (d, 1H); mass spectrum 477.9 (M + Na).

Example 7



2-acyl am no- 3-f | uor opropanol conpounds, as descri bed
by U S. Patent Application Publication
wOolao@P0410182139, i ncorporated by reference hepPermsS200h048929
anti parasitetrifl uoronet hanesul fonanili de oxinme ether
derivative conmpounds, as described by U S. Patent
Appl i cation Publication No:2006/ 0063841 , incorporated
by reference herein. The antiparasite phenyl-3-(1
H pyrrol -2-yl)acrylonitrile conpounds, as described by
U S. Patent Application Publication No:2006/01 28779,
i ncor porated by reference herei The antiparasite N
[ (phenyl oxy) phenyl]-1 ,1
, 1-trifluoronethanesul fonam d
[ (phenyl sul fanyl ) phenyl]-1 ¢
, 1-trifluoronethanesul f onamlde derivatives, as
described by U S. Applica@i on®Ser.{No. 11/448, 421,
filed on June 7, 2006~ neqrporated by reference
herein. The anti par § : -151,1-
trifluoromet hanesulf w’.q‘ hydrazone conpounds, as
descri bed by U.%/!Provisional Application Ser. No.
60/ 790, 893, filedoeon April 10, 2006, incorporated by
(1R, 28]/ A(£05R chRSbaRetdiftaspamid-:(a- of the present
I'nvehtton may al so be enployed. in copbination with a
(methiylsulfonybphsmyispeyl Bcn@P&Mgé'tT?ﬁEFM E;‘ﬂi'%'?a xanpl e,
t el L& | gl cal R dhromatography ib give
aﬁh%é%pgggﬁé@%ﬁgy£$Pgaﬁﬁ?%@éﬁ2pprgciated t hat thg _
5 80% gienyef thentitieptaduct assywhitetfaam. | HCNMB E¥Bhde): 8nT 180

antibiotic, anti asitic and t) -kl u [
pPm G Rbbuid S PPR @dgf'{)i 31? ?W‘ta(ﬁe3ggoé\’/‘g%&§’§i ﬁ‘gﬁ %ﬁ’s?H?'ts'zs
ppm {t31PhS6.9GASth AP Y, Bla6Drn ¢s) tid), o ipna(d,c2Hd), 519 toipen (d,
nventive nethods and cogFgﬁggf s descri bed herein,
2H), Qi0shpRMHe: 1hhi mass FPLCctH QM *NEk as trace
el enents, antiinflammtories, anti-infectives,
nes, dermatol ogi cal preparations, including
10 Exa aﬁ&?geptics and di sinfectants, and i munobi ol ogi cal s
such as vaccines and antisera for| the prevention of
di sease.

and N-

o

o/k\ o c
/@/’j..\\\\\\n \n/‘\ al
> 7
A

(1 R,2$)-2-(2,2-dichloroacetamido)-s-ﬂuoro-1 -(4-
(methylsulfonyl)phenyl)propyl isopentyl carbonate.
The crude product was recrystallized from ethyl acetate/hexane to give

15 85% yield of the title product as a white solid. H'-NMR (DMSO-ds), 6 = 0.85
ppm (d, 6H), 1.45 ppm (m, 2H), 1.60 ppm (hep, 1 H), 3.2 ppm (s, 3H), 4.10
ppm (m, 2H), 4.3 — 4.7 ppm (m, 3H), 5.9 ppm (d, 1H), 6.45 ppm (s, 1H), 7.6
ppm (d, 2H), 7.9 ppm (d, 2H), 9.05 ppm (d, 1H); mass spectrum 494.1 (M +
Na).

20



For exanple, such antinfectives include one or nore
antibiotics that are optionally co-adm ni stered during
wonregtoTend usi ng the inventive conmpounds or mnmePODAS2006/048929
e.g., in a conbined conposi4#’i on and/or in separate
dosage forns. Art-known antibiotics suitable for this
pur pose include, for exanple, those |isted
her ei nabove. Further, it is also contenplated that the
i nventive nmethods and conpounds be advant ageously
enpl oyed i n conbi nation, sinultaneously or
Examplg®ntially, with art-known ani mal health renedies
e.g., trace elenments, vitamns, antiinflamrmatories,
anti-infectives and the like, in the sane or different
conposi tions. Suitable anti-infkanmatory agents
i nclude, e.g., both steroidal and pon steroida
anti-inflammatory agents. - st &roi da
anti-inflamuatory agents, Egtguding their racemc
m xtures or individual enagtioRfers fhere applicable,
can i ncl ude i buprofen, fl bi@ﬁ f erh_ket opr of en,
acl of enac, dicl of ens iprin) aprdxen, aspirin
di fluni sal, fenaprofte et haci n, mefenam c acid,
naproxen, phenyl §t azone, Piroxi cam salicyl ani de,
salicylic acid, %wlindac, desoxysulindac, tenoxicam
. 7 ' .1-64l sal at e,
(1R’%$ﬁg§%?ﬁgf%ﬂ?gégéa m:‘;t/jl tsgfmg%bn“ogﬁri ne, antipyrine,
5  (methylsitonyi)phenyl)prgpylpentan- 3yl carbonate  enam ¢ aci d,
clgni xeril. c [ X f ] j rXbHy to give
cof ooy b sl Thuret By BRPEriFLiromatdrany o o
73% ReN3 )5t aRk e hrdaactioa ivitsite sblitkf BIGNMR (DME<bLe), 6 = 0.8

ppm :ﬁgé rrﬁ?mszg :135 péné\??rggfm%ﬁ%% %‘ge%;)» ﬁﬁ%{;ﬁzﬁ?ﬁ'ﬁi&‘n‘% (m, 4H), 5.95
d ' | h g . FH), 9.05 d,
oom AL 436 A 919 e e 2t 5.08pom

i 1 um done sodium fenanol e,
10  1H);rhass spectrumet@x (Mot Nadet i ni de hydr ochl ori de,
nexeri di ne hydrochl ori de, octazam de, noli nazole,
neqci %chophen, ni mazol e, proxazole citrate, tesicam
1%e, tolmetin, and trifl unidate.

Exa

~

A
Cyclohexyl (1 R,2S)-2-(2,2-dichioroacetamido)-3-fluoro-1-(4-

15 (methylsulfonyl)phenyl)propyl carbonate.

The crude product was purified by gel column chromatography to give

75% vyield of the title product as a white solid. H'-NMR (DMSO-dg), 6 =1.1-1.9
ppm (m, 10H), 3.2 ppm (s, 3H), 4.3 — 4.65 ppm (m, 4H), 5.95 ppm (d, 1H), 6.45
ppm (s, 1H), 7.6 ppm (d, 2H), 7.9 ppm (d, 2H), 9.05 ppm (d, 1H); mass j

20 spectrum 505.0 (M + Na). )



In a particul ar enbodi nent, a conmpound of the present

invention is enployed in conbination with flunixin,
wgew/07en1gy. , U.S. Pat. No. 6,790,867 B2, whi chPC$/US2006/048929

hereby incorporated by refe8ence in its entirety.] In

a related enbodi nent, the present invention provides a

phar maceuti cal conposition conprising a conpound of

the present invention and flunixin. Steroida

anti-inflammatory agents include, for exanple,

gl ucocorticoi d agents such as dexanet hasone,

Exampde llsone, hydrocortisone, prednisone, becl onet hasone,
bet anet hasone, fl unisolide, mnet redni sone, para
net hasone, predni sol one, triangi nol one, alclonetasone,
anti noni de, cl obetasol, fludrogortisone, diflurosone
di acetate, fluocinolone acet®ni de, fl uoronethal one,
fl urandrenol i de, hal ci noni dej nedrysone, nonetasone,
and pharmaceutically acce sal s and m xtures
t hereof. Packagi ng The corfposi td ons |[may, if desired,
be presented in a pactkaQF” thsp i ce, such as an
FDA approved Kit, ¢ont ajjn one or nore unit
dosage forms caqtarnipgthe activ® ingredient. The
pack may for exajpl econpri'se netal or plastic foil,
such as a blisPed pack. The pack or dispenser device

' [ nst ' f dni ni strati on.
(1R, 28R2(5 2SR sitaabRy Agto e, O ACT 0 oL et on
(met%mﬁ;r%agagémlwo@w rz-nietsthouveﬂwiecarmn@mpr m
escri pe a overn H
s D oot I3 TR SR SR RILORH o ove
78% pfg}ldgn %g}ﬁ?f' Hgsf Sl & vHensariboly. HANMBMSE-dehé =

onposi tions or of human or veteringhg 3
3.15 pgni (8, 3H )R Bi.25 ppBulsh 3t BEeppmdim.eddind-2 PPRA(MpeHas4-3 —

o7 R ChESED BB Do s, TR B¥yP10, 7.0 pom

ugs o
(d, 2APS.08eshbrr(ddtiE); masespeciOomd] O (bgg Nahprising a
conpound of the invention fornulated in a conpatible
10 pharmaceutical carrier may al so be prepared, placed in

Exafiple 12
i

o)

o/J§§o cl
H
N cl
o
1 F
o

(1 R,2S)-2-(2,2-dichloroacetamido)-3-fluoro-1-(4-
(methylsulfonyl)phenyl)propyl 2-ethoxyethyl carbonate.
15 The crude product was purified by gel column chromatography to give

~
&

33% yield of the title product as a white semi-solid. H'-NMR (DMSO-dé), S =

1.05 ppm (t, 3H), 3.15 ppm (s, 3H), 3.4 ppm (q, 2H), 3.55 ppm (m, 2H), 4.2
ppm (m, 2H), 4.3 — 4.7 ppm (m, 3H), 5.95 ppm (d, 1H), 6.45 ppm (s, 1H), 7.6



10

15

appropriate container, and | abeled for treatnment of an

i ndi cated condition. In an optional enbodi nent, the
weoaokagdmg conprises glass or plastic vials or POThS2006/048929

contai ners conprising nmulti4l e doses. Exanples The

foll owm ng exanples are provided to illustrate certain

enbodi nents of this invention and are not i ntended,

nor are they to be construed, to limt its scope in

any manner what soever. EXAMPLES 1-25 Preparation of

Fl orfeni col Carbona Pr odr,ug nth Wﬁ
ppm (d; 8bbugd Wmﬁpo?mnég)& H?E‘ §§°’§%“%‘{ﬁ 8 &
Na). reference to FIG 4, a soI ution of the starting

al cohol A (0.68 M,1 .78 nolar equival ents) and

triethyl amne (0.68 M 1.78 nolar equivalents) in

iy ous tetrahydrofuran was added dropw se to a
Exanggpuﬁ on of triphosgene (0.48 0. 64 nol ar

equi val ents) in anhydrous tet Wn at 0 0C

under a nitrogen at rmsphereﬁe resulting m xture was

stirred at 0 OC for 30 mn s and then rapidly
filtered through a filter aper to renmove the anmmoni um
salt. The filtrate solutj hg, chl orof ormate
solution B was used for §he f IIo i ng carbonation
reacti on without f QU [ . The freshly
prepared sol ution af or mat e B or an anhydrous

t et rahydrofuran sé of thePcommercially avail able

chl or of or mat e (0.34 M i. 78 nol ar equi val ent), was
transferred t8 a dropping funnel and 2/3 of the

(#nhydr ous
“R?%i'?ég%dfﬂ@ﬁpgn go utwﬁgr‘{gf’ﬁlﬂg cor r espondi ng
(methqtsmmnﬂ)pﬁeﬁyl)mopymbmtozsuatmd|@fbon@tﬁ/ L/ -
d| nmet hyl am nopyridine (0.5 nolar equivalent), and

LGRS e B Sy e LBt e

e mx ure was stlrred at

3%fysé|d3£ftnb mitlbqsrodanﬂas haviite geri-solid. tPheNNu%\élPlVb‘-‘rpm%} 5 =
0.85 oo (£ 311), 1728 Pprm () 5H), 1.45 ppm (m, 2H), 3.15 ppm (s, 3H), 3.35
ppm (t, 2H), 3.55 ppm (m, 2H), 4.2 ppm (m, 2H), 4.3 — 4.7 ppm (m, 3H), 5.95
ppm (d, 1H), 6.45 ppm (s, 1H), 7.6 ppm (d, 2H), 7.9 ppm (d, 2H), 9.05 ppm (d,

1H); mass spectrum 524.0 (M + Na).

Example 14

(o]

F
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NV
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chromat ogr aphy. Addi ti onal chl orof ormate sol uti on was

added when the reaction was not conpleted as indicated
woyod7hveodihi n | ayer chronmat ography and t he reacPCoOUSHASE/048929

continued until the di sappedrance of the starting

material. The resulting solution was rapidly filtered

through a filter paper to renove the ammonium salt.

The filtrate was concentrated and ethyl acetate was

added to dissolve the crude product. The resulting

| uti hed ' |
Benzyb (1R 2802 &R Blarprc R dal B I ng)

("‘e‘@%hm@@?ﬂwyﬁ idafbhat through a pad of silica

The filtrate was, concentrat.ed and t.h o
cindecpde grodudbvas warstalized from isaprapenolaifonp( 1AV 88%

. col um ¢che A 40T T ' | = § S ,
vietd BFnecie Bt ASTLHIGPIGT HEfRIRTDMISOrA)! 85, Sespmma (s
3H), 43 DANAREPIAIBMY, $15 iEnf(s) 2iaYisg ppomfditid) 6.4yppm (s, 1H),
7.3 Boenl, S+ o Ao A G20 BT 1 mass

,Ma¥yli chl oroacet arni do) - 3-fl uoro- 1- (4-
specﬂn&%ﬁgif\lﬁ %n@??phepyl ) propyl net %yl car bonate.( 2 (
1R, 2S)-2-(2, 2-di chl or oacet am do) - 3-f | uor o- 1- (4-

Examplet #§1 sul f onyl ) phenyl ) propyl ethyl carbonate. 3 (
1R, 2S)-2- (2, 2-di chl or oacet ani do) -or o-1-(4-
\O

(et hyl sul fonyl ) phenyl ) pr opyl —p+< onate. 4
(1R 2S)-2-(2, 2-di chl oroacet®@m do) /1 uor o- 1- (4-
(met hyl sul fonyl) phenyl') propyl isopropyl carbonate. 5

(1R 2S)-2-(2, 2-di chtoroa amodo) - 8 f | uor o- 1- (4-
yl ifsobutlyl carbonate.
o c

(et hyl sul f onyl ) phenyqpr
(o]

. G

(1 R,2S)-2-(2,2-dichloroacetamido)-3-fl uoro-1-(4-

(methylsulfonyl)phenyl)propyl 4-methylbenzyl carbonate.
The crude product was purified by gel column chromatography to give

73% yield of the title product as a white foam. H'-NMR (DMSO-ds), 6 = 2.3
ppm (s, 3H), 3.2 ppm (s, 3H), 4.3 — 4.7 ppm (m, 3H), 5.07 ppm (s, 2H), 5.9 ppm
(d, 1H), 6.4 ppm (s, 1H), 7.15 ppm (d, 2H), 7.25 ppm (d, 2H), 7.6 ppm (d, 2H),
7.9 ppm (d, 2H), 9.05 ppm (d, 1H); mass spectrum 528.0 (M + Na).

Example 16

F

N/
QO

o
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6 cycl opropyl net hyl

(1R, 2S)-2-(2, 2-di chl oroacetam do)-3-fluoro-1 -(4-
woOneizlogdmaal f onyl ) phenyl ) propyl carbonate. 7 ( PCT/US2006/048929

1R, 2S) - 2- (2>2-di chl oroacet &ti do) - 3-fl uoro-1 -(4-

(et hyl sul fonyl ) phenyl ) propyl 3-net hyl but - 2- enyl

carbonate. 8 (

1R, 2S)-2-(2, 2-di chl oroacet am do) - 3-f | uor o- 1- ( 4-

(nethylsulfonyl)phenyl)propyl i sopentyl carbonate. 9

(IR 23k Zsémémp s AR 5 )T Car bonat e

| | 4-methox benzyl carbonate.
(met 13&5%1999 ¥)pro metho y

(Wbemw@amdﬂm%waﬁ?@%% sPbmdebrdifefodrabfy o give
oo BRIEIRAREERr I e cyso). -0
ppm q%@bgnsw ;alra . 3H), 4. 3 47ppm (m, 3H), 5.05 ppm (s, 2H), 5.9

pom by cibonip SHcBA BB s LAARE PR pom .

al sHyasesespeo m54&@r(MrN %-
2H), %% é%rﬁl(éﬁ?%n%/l@%%@&)pﬁgpyl 2- but?)rilyet hyl car boﬁate
4 benzyl

Exaniple ‘BB) 2- (2, 2-di chl oroacet anm do) - 3-f | uoro- 1- ( 4-
(met hyl sul f onyl') phenyl ) propybsgardQnate. 15
(1R 2S)-2-(2, 2-di chl oroacet am ) 3-fluoro-1-(4-
(et hyl sul fonyl ) phe pyl)propyl nethylbenzyl
carbonate. 16 (
1R, 2S)-2- (2, 2-di chl or oacet anjtdo) - 3- f | uor o- 1- (4-
(et hyl sul fonyl ) phenyl ) pr ogyl met Kbxybenzyl
carbonate. 17 (S)-ethyl
2- (1R 2S)-2-(2, 2-di ¢t

R

gacetam -3-@| uoro-1-(4-
(et hyl sul f onyl ) phe pf opoxy) cagpbonyl oxy) pr opanoat e.
18 ( 1R, 2S)-2-(2Z;@<dieHil or dcet am do) - 3-f | uor o- 1- (4-
(nethylsulfonyl& enyl ) propyl dodecyl carbonate.

(S)-ethyl 2-(1 R,2$)-2-(2,2-dich|oroacetamido)—3-ﬂuoro-1 ~(4-
(methylsuIfonyl)phenyl)propoxy)carbonyloxy)propanoate.

The crude product was purified by gel column chromatography to give
71% vyield of the title product as a white semi-solid. H'-NMR (DMSO-dg), 6
=1.15 ppm (t, 3H), 1.4 ppm (d, 3H), 3.2 ppm (s, 3H), 4.15 ppm (q, 2H), 4.3 —
4.7 ppm (m, 3H), 4.95 ppm (q, 1H), 5.98 ppm (d, 1H), 6.42 ppm (s,1H), 7.6
ppm (d, 2H), 7.9 ppm (d, 2H), 9.05 ppm (d, 1H); mass spectrum 523.9 (M +
Na).

Example 18
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19 ( 1R 2S)-2-(2,2-dichloroacetam do)-3-fluoro-1 -(4-

(met hyl sul fonyl ) phenyl ) propyl octadecyl carbonate. 20
w0 2H72012- ( 2, 2- di chl or oacet am do) - 3-fl uoro-1 PCRAIS2006/048929

(et hyl sul fonyl ) phenyl ) progl - (3R, S) - 3, 7-di net hyl oct -6

-enyl carbonate. 2 1

1R, 2S) - 2- (2, 2-di chl oroacet am do) - 3-fl uoro- 1- (4-

(et hyl sul fonyl ) phenyl ) propyl 2-(2-mnmet hoxyet hoxy) et hyl
car bonate. 22

(1R 2$nB A GRS FERS Ca horare.
(metlﬁ&ﬁéftgura?gngl ?’réﬁypdédéeym:hbna’lefl uoro-1 - (4-

[) ph |
b cudersrofbic) sEaRORYIA B¢ e SRR SPERREIogragyy to give

35% )&g@‘aﬂgﬁlt%osr{)g uﬁ? ?Q %Wﬁftg IsBpnt- s)b'h)ip rI-‘if'E‘NMR %CD@I%- dicblo

uor opr opyl et hy car bonat e. (
ppm(f%%ﬁ ). 2—1(.3p¥mﬁi ahl 8H) At B5ati78d)m, 2H), 3ot ppm (mBH) 41—

e e e M Iy AR L5 BRI, 7

a4 ) pegnyl ) propyl) ethane-1 ,2-diyl
ppm |’carbZnaté§WE(>@ainPe 1

(1R 2S)-2-(2, 2-di chl oroacet am do) - 3-fl uoro- 1- ( 4-

Exantplet 19| sul fonyl ) phenyl ) propyl nethyl carbonate. The
cru pr S r | Lized ganol / wat er
> .

gi v 93°oy|eld of the title product whi te
solid; Hl-NWR (DMSO CZ6). d= 3. ppm(s/&gl) 370 ppm

(s, 3H, 4.3 - 4.7 ppm(m 3H), 5.9 pp
v Exa Ie 2'

ppm (s, 1H), 7.6 ppm (d, 2H), 7.9 ppm
o]

(d
ppm (d, 1H); nass spectrum 438. )

™~ F
7
R
(1 R,2$)-2-(2,2-dichIoroacetamido)-3-ﬂuoro-1 -(4-
(methylsulfonyl)phenyl)propyl octadecyl carbonate.

The crude product was purified by gel column chromatography to give
42% vyield of the title product as a white solid. H'-NMR (CDCls), & = 0.9 ppm (t,
3H), 1.2-1.4 ppm (m, 30H), 1.65-1.75 (m, 2H), 3.05 ppm (s, 3H), 4.1 — 4.6 ppm
(m, 5H), 5.9 ppm (s, 1H), 6.02 ppm (d, 1H), 6.98 ppm (d, 1H), 7.6 ppm (d, 2H),
7.95 ppm (d, 2H).

Example 20
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(1R 2S)-2-(2, 2-di chl oroacet am do) - 3-fl uoro- 1- ( 4-
(met hyl sul fonyl ) phenyl ) propyl ethyl carbonate. A
weabartoremo of fl orfenicol (250 g, 0.7 nol), PCT/US2006/048929
4- di met hyl am nopyri di ne (423g, 0.35 nol,),
triethylamne (130 mM _, 0.91 nol) in 1.2 L of
tetrahydrofuran was stirred at 0 - 5 0OC whil e neat
ethyl chloroformate (80 nL, 0.83 npl) was added
drop-wi se wth an addition funnel. The reaction

proceeded as indicated. b tation of
(1R, 2$¥2d2k@ﬂmmgﬂ9ém1q%7$lﬂé'°§glp{ ?‘E‘I'ﬁle m Ixt ure was

: (meth@hémﬁ*@ﬁyf)@géhynp?épy St;wmmathyfaut-amnm carbenatey

ved tromthe m xture | tr
THee trude ar@ducéwa%mr@’iﬁd by gg! Sﬂ@ 8'1{?{'“% ﬁng W'give
9 t Cﬁr@ t sm&:tmm@l awnh 1 M
30% 31—%? (%Fﬁ'i\/{@% n@?%%?ahv\@ge %ghdsjamgat ed NaCl |éOO n%—
|Ilustrét6§ thiat fris ffla thikturg lof isdrages. i} NMBs(@dZ)@h),.ii:a 052 PP
[trate was concentrated a

3H), kﬂ;&ﬂanmz(gu 1BHINB A50PRAD (8 gf—ilg ‘gr op spﬁ‘o o ve)mﬁ\]ﬁ:appm
t d 1IH 7.6 @pnt
@, 1H?§/§édd{‘)(§ pﬁ?%@zopg@pg?(m) mI—D@p w p)rl'n (SGPBH) 4.1
7.95 ppm(dg2HDH), 4.3 - 4.7 ppm (m 3H), 5 9 ppm (d, 1H),
6.4 ppm (s, 1H, 7.6 ppm(d, 2H), 7.9 ppm (d, 2H), 9.2

m 1H); mass spectrum 452.0 (M + Na). Exanple
Exa"&?‘fé{sz) 2- (2, 2-di chl or oacet am do) 3-fluoro-1 -(4-

(met hyl sul fonyl) phenyl ) propyl carbonate. The
crude product was crystalli ze/gf( g:b\lsopropanol to
give 9 1%yvyield of thetltl roduc @s/av\/mte solid.
H1- NVR (DVMBO- G 6), d = 0. 85 pm(t 3 1.58 ppm
(hex, 2H), 3.2 ppm(s 3 1 pprgl(t_ 2H), 4.3 - 4.7
ppm (m 3H) 5.9 ppm(d, 1§ 1691 (s, 1H), 7.6 ppm

(d, 2H), 7.9 ppm (d, <H) .;\\\ m 1H); nmass
spectrum 466. 0 (M [

1 R,2$)-2-(2,2-dichloroacetamido)—3-ﬂ uoro-1-(4-
(methylsulfonyl)phenyl)propyl 2-(2-methoxyethoxy)ethyl carbonate.

The crude product was purified by gel column chromatography to give
the title product as a white solid. H'-NMR (CDCI3), & = 3.05 ppm (s, 3H), 3.38
ppm (s, 3H), 3.55-3.65 ppm (M, 6H), 4.25-4.6 ppm (m, 5H), 5.9 ppm (s, 1H),
6.0 ppm (d, 1H), 7.05 ppm (d, 1H), 7.6 ppm (d, 2H), 7.95 ppm (d, 2H).

Example 22

o) (o) Cl
(]

F
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(et hyl sul fonyl ) phenyi ) propyl isopropyl carbonate. The
crude product was crystallized fromisopropanol to
wqaizve/08eyi el d of the title product as a whit eCsmiS2@6/048929
HL-NVR (DMSO-d6) , d = 1.2¢pm(2d, 6 H), 3.2 ppm (s,
3H), 4.3 - 4.7 ppm(m 3H), 4.75 ppm (hep, 1H), 5.9
ppm (d, 1H), 6.4 ppm (s, 1H), 7.6 ppm (d, 2H), 7.9 ppm
(d, 2H)19.0 ppm (d, 1H); mass spectrum 466.0 (M + Na).
Exanmpl e 5( 1R, 2S)-2-(2, 2-di chl or oacet am do) - 3-fl uoro-1

b A 7
(metHyiSGifoR byl 8cty\carBdtimee! d of the title
g;hg(amz% gd%gﬁgﬁlpl ? bl&_&! Lvo Lﬁn%cﬁw{agoé’rgﬂy;‘? tiﬁéve
the dg'suéeo7 BP&{UJ&@W%% ﬁelﬂpcfﬂ the. titleﬁrgd@ctﬂrés ROWhits ,solldH) H'-

ppm ( 2H)
NMRgmlgp@:s;um&ouosw 1|-2P\h34 ppEﬂz(rpr@I-@ 16é1 75 (m 2H),
cl yl met

3.05 GO GRPLD. ¢ 248 PR BeEEY FP A5 11, 6,0 P (¢ 1H). 6.9
ppm @?ﬂ?@ﬁ?ﬁﬂw JAanemds ppep, 269 bonat e.  The crude

purified by gel colum chronmatography and
foll owed by crystallization fromethyl acetate/hexane
Exampleg2¥e 72% yiel d of the ti tI e pr oduct as a V\,hi te
solid. HL-NWMR (DI\/ISO d6)

25 : 0. 55
ppm (dd, 2H), 1.05 (m 1H) , 3 9 ppm
(d, 2H), 4.3-47ppm(m (d 1H) 6. 45
ppm (s, 1H), 76ppm(d p-'pm(d 2H), 9.05
ppm (d, 1H); nass spectru 477 9 (M+ Na). Exanple
7(1R, 2S)-2- (2, 2-di chl or aam de) - 3-fluoro-1 -(4-
(et hyl sul fonyl ) phenyl )¥r op;ﬁ 3- et hyl but - 2- enyl
carbonate. The cpute ochy et pugi fi ed by gel

col utm chr omat og )i ve

~
71

1 R,28)-2-(2,2—dichloroacetamido)—3-ﬂuoro-1 -(4-
(methylsulfonyl)phenyl)propyl 2-(2-(2-methoxyethoxy)ethoxy)ethyl
carbonate.

The crude product was purified by gel column chromatography to give
31% yield of the title product as a white semi-solid material. H'-NMR (CDCls),
5 = 3.05 ppm (s, 3H), 3.38 ppm (s, 3H), 3.55-3.7 ppm (m, 10H), 4.2-4.6 ppm
(m, 5H), 5.95 ppm (m, 2H), 7.25 ppm (d, 1H), 7.6 ppm (d, 2H), 7.95 ppm (d,
2H).

Example 24



.10

15

20

80% yield of the title product as a white foam HL1-NWR

(DMSO-d 6) , d = 1.65 ppm (s, 3H), 1.70 ppm (s, 3H),
wa@.2007mpen1(s, 3H), 4.25 - 4.7 ppm (m 5H) 5.25 ppmuSq06/048929

1H), 5.9 ppm(d, 1H), 6.45$pm (s, 1H), 7.6 ppm (d,

2H), 7.9 ppm (d, 2H), 9.05 ppm (d, 1H); mass spectrum

491.8 (M + Na). Exanple 8

(1R 2S)-2-(2, 2-di chl oroacet am do) - 3-fluoro-1 - (4-

(et hyl sul f onyl ) phenyl ) propyl isopentyl carbonate. The

crude product was recrystallized from et hyl

acet at e/ hexane to give 85%yi elg([)f the title product

as a white solid. Hl1-NWR (DVSOgfe), d = 0.85 ppm (d,

6H), 1.45 ppm(m 2H), 1.60 ppm (hep, 1 H, 3.2 ppm

(s, 3H), 4.10 ppm(m 2H), 43 -4.7 m(m 3H), 5.9
ppm (d, 1H), 6.45 ppm (s, 1HJY, 7 ﬁp%;&(bd, 2H, 7.9
e

.8
ppm (d, 2H), 9.05 ppm, 38 & um 494. 1 (M
vacet anieo) - 3-% | uor o- 1- (4-

+ Na). Exanple 9
(1R, 2S)-2-(2, 2-dichl 0
(et hyl sul f onyl J|phenyl ) propyl pentan-3-yl carbonate.
The crude prodx yas purified by gel colum
chromat ograp¥fy toMgive 73% yield of the title product
(1R,28)-12(di8-cgandipydidihiia-MyRhe ByD-(2.2 dichlereace taphrods:
6H) , 1.5p5Jm$ 4H), 3.2 ppm (s, 3H), 4.3 - 4.7 ppm
fluorppfopyljethyl 69 %nﬁﬁ? , 1H), 6.45 ppm (s, 1H), 7.6 ppm
( #hedfude Hrodasnvas pusifipd bY. g8 cofumOdhromatogieply to give

spectrum 493.9 (M + Na). Exanpl e c | _
679% piok ARyt pEodna s Watetam o SINT IS . 8 = 1.19

|  onyl t
ppm {5 St R RPOCA 2R P A MR, AR eR05 B (8,24), 5.9
o G VEH B2 bt (, 0F); 76 pori(d, BHBAGEE RRMAGVAN..4 AIANa (<.
1H), 8.5 pom (@ 1R)CH% pph 5, TH) d:3%Ppm (d, 1H).

Example 25

a7

(1 R,2$)-2-(2,2-dich|oroacetamido)-3-ﬂuoro-1 ~(4~
fluoromethylsulfonyl)phenyl)propyl ethyl carbonate.
The crude product was purified by gel column chromatography to give

quantitative yield of the title product as a white foam. H'-NMR (DMSO-dg), & =
1.2 ppm (t, 3H), 4.1 ppm (q, 2H), 4.3 — 4.7 ppm (M, 3H), 5.7 ppm (d, 2H), 5.95
ppm (d, 1H), 6.4 ppm (s, 1H), 7.85 ppm (d, 2H), 7.95 ppm (d, 2H), 9.05 ppm (d,
1H).

EXAMPLE 26
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ppm (m 10H), 3.2 ppm (s, 3H), 4.3 - 4.65 ppm (m 4H),

5.95 ppm (d, 1H), 6.45 ppm (S 1H 7.6 ppm (d, 2H), 7.9
wopm7(od9o1@H) , 9. 05 ppm (d, 1H); nass . spect r uRCHEAS2M6/048929

(M + Na).Exanple 11 56

(1R 2S)-2-(2, 2-di chl oroacet am do) - 3-fl uoro- 1- ( 4-

(et hyl sul fonyl ) phenyl ) propyl 2-nmet hoxyet hyl

carbonate. The crude product was purified by gel

col utm chromat ography to give 78%yield of the title
product as asvvh telse -Slld d =

nar . 3 E dte

gw?igh ?qu}q(r;:e tp::%lG nﬁ,sqp gr@léygrpyg? thghgdr?)ﬁ‘l ‘\d (3“?_3:1 of the
bis ¢ 1 molar equwalent 0.34 M), was placed in a dropping
funne(ltﬁé E?gﬁté@g}p%@;{;%%& ﬁ@hﬁg&rﬁ? |sog.&}o,5bqp£tgmmg
sonsi Y Bt AR UM g spmonyrine (0
mola8qeiyslert) B trictlanine {2 RiFolanragiyaints) at 0 ° Gaeha,
mtroqqﬂ a@{%sphﬁrg ﬂfﬁm(vﬁﬂd E%Waf %lrrdédoggb eg fo?Ub m%u@és IQiHB then
at ro&ﬂ%(ﬁberéi&re @véﬁ"ughtn The résilfing s@p.pimn(waszapl Iyzﬁlgerggm
throqggl)f It%pﬁréo g#lovgqhe a'n_'pimoﬁﬁ.ﬁﬁ s3RE St fikratd whs(M +
concéﬁﬁa I sﬁtlj f@g:} lﬁdﬂe@é’tbqnmaddednddés@we ttmar.rge(m'oductt The
resurtlng qjm;l ngy ) %gé %;{ﬁlﬁ%\ﬁg Hﬁ d\gw&kﬁqﬁ safibheat e
NaHé’@fag,q Hafsaa%aété@ N‘é(yl‘é,q)gﬁﬂ%wed by af rapittfiltiatiba thragica pad

of siliaa g@r@nd m;égppsmokl(ql]ﬁltrg%lw% % rdﬂqtﬂe %Egﬁhe gpxic?%pébgmct
obtaEn%d \éjé% p%nﬁgd mééh snﬁ&ﬁ geBccEll)ﬁnﬂpﬁhl(dmé\tﬁlg}apw @ gigenthe

pure carbonate prodrug F

The following compound was obtained by the above method:

Example 26
cl o
>__< £
ct OHNIH' g:@( s//;o
) \
o
o'
—~
o) liNH Cl
F
0 cl

Bis((1 R,2$)-2-(2,2-dichloroacetamido)-s-ﬂuoro-1 ~(4-
(methylsulfonyl)phenyl)propy!) ethane-1,2-diyl dicarbonate.

The crude product was purified by gel column chromatography to give 62%
yield of the title product as a white semi-solid. H'-NMR (DMSO-ds), 6=3.2
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ppm (d, 1H), 6.45 ppm (s, 1H), 7.6 ppm(d, 2H), 7.9
ppm (d, 2H), 9.05 ppm (d, 1H); mass spectrum 524.0 (M
We 20djo79ER anpl e 14Benzyl PCT/US2006/048929

(1R 2S)-2-(2, 2-di chl oroacetsm do) - 3-fl uoro-1 - (4-

(et hyl sul f onyl ) phenyl ) propyl carbonate. The crude
product was crystallized fromisopropanol/ethanol to
give 88%yield of the titIe product as a white solid.
H1-NVR (DVMBO-Cf6), d = 3.2 ppm (s, 3H), 4.3 - 4.7 ppm

ppm (;an?;ﬂ 3&55éﬁp;§r§mn§40ﬁ§')569€m1§’gd“% o4 Bﬁm #é]’%n)( 9.6
ppm (éxHh mg197 @5p5mﬁf(hMH) 1105 pRragdspEY mass Sibéctiru(rMSSZ

Na). (1R, 2S)-2- (2, 2-di chl or oacet am do) - 3-f | uor o- 1- ( 4-

(et hyl sul fonyl ) phenyl ) propyl 4-nmet hyl benzyl

carbonate. The crude product vvas urified by gel

col utm chr omat ograpﬁf Mpb-Eﬁezﬁ'S yield of the title
]

product St Eeoffﬁﬂk it fagsd = 2.3

P (5. DY ChlbfariEhgiicottipe Perficold (4 (M 3t

T8 RS oo oy B i dsboRmEnd o

Method I+ Na) . Exanpl e

(i ApReots e tra YRR SO o Bityb chichtepmene & (2.2

molaf ébh%?érﬁ 0.8aav§,rwas picetiinta Wacaomng fiimrel and gdded drop-

wise o oA R Sl figh ik Pl Rlinb e 61 Emotar
equn%l§n1g BB4 Ry, 311) N-alrﬁét pydtine @.8 moldr éqpqyaie(nt) and

triethylgming. (Q tgpmlg@qumaienfs @%Wer%ltrogegpegm%g?here The

mixt@dwad sfir88 bd‘* ?Aﬂs@n%ut%%ﬁhﬁd,théhl)at rOGPteTpETaturen
e s

overnight. The resultmg solutlon was rapldly fitered through a filter paper to

remove the ammonium salt. The filtrate was concentrated and ethyl acetate
was added to dissolve the crude product. The resulting solution was washed
sequentially with 1 M HCl(ag), saturated NaHCO3(aq), and saturated NaCl(q),
followed by a rapid filtration through a pad of silica gel and Na;SO4. The filtrate
was concentrated and the product obtained was dried under reduced pressure
to give the pure carbonate prodrug H.

Method 1l

An anhydrous tetrahydrofuran solution of the ethyl chloroformate B (1
molar equivalent, 0.34 M), was placed in a dropping funnel and added drop-
wise to an anhydrous tetrahydrofuran solution containing substrate G (1 molar
equivalent, 0.64 M), 4-N,N-dimethylaminopyridine (0.5 molar equivalent), and
triethylamine (2.4 molar equivalents) at 0 °C under a nitrogen atmosphere. The
mixture was stirred at 0 °C for 30 minutes, and then at room temperature
overnight. The resulting solution was rapidly filtered through a filter paper to
remove the ammonium salt. The filtrate was concentrated and ethyl acetate
was added to dissolve the crude product. The resulting solution was washed
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15

(S)-ethyl 2-(1
R, 2S) - 2- (2, 2-di chl oroacet am do) - 3-fl uoro- 1- (4-
woOneizlogdmal f onyl ) phenyl ) pr opoxy) car bonyl oxy) pr Bpamsai06/048929
The crude product was purified by gel colum
chromat ography to give 71%yield of the title product
as a white sem-solid. HL-NWR (DVMBO-cfe), d =1.15 ppm
(t, 3H 1.4 ppm(d, 3H 3.2 ppm (s, 3H), 4.15 ppm (q,
2H) 4 3 - 4 7 ppm (m 3H), 4.95 ppm (g, 1H), 5.98 ppm

Sequemﬁ"y st M %%5”’ gﬁ%ﬁagﬁ%ﬁqﬁ %“g?%?‘gra(?ﬁﬁ NG ot

follow%?iy’é ?asold filtration through a pad of silica gel and Na,SOa.. The filtrate

ek e A ot L e
gel co‘f%r“ﬂec ‘t’&%ra%§ t8 lg’n!/é g ))bivé gstboralteiprodrugs H and 1.

rorra ography to give yield of the title

a3he foliwiegmsamBle| GaMPeRDARMEresBiained py yih af%’%ﬁ#ﬁm"

3H), 1.2-1.4 ppm(m 18H), 1.65-1 75(m2H) 3.1 ppm

(s, 3H, 4.1 - 4.6 ppmém 5H), 595 ppm (s, 1H), 6.05
Exampled, 1H), 6 95 ppm (GommQuUNdNIMErm (d, 2H), 7.95

Moo (d, 2H). anple 19

(2R, 2S) é?}: ga)@z-(%ﬁplaipm@etamﬁ%y-(43“'F'PBB?’8")E'?PAP"3‘

(et hyl 3 3-QIgrpety oct adec cgrbonate. The

cR8de pfHRUER-2vd2-pigh Pf‘?aé’&P id Ei&?‘ goé}’rﬂ @

chr onat §ifoR V'ipé° '\?@"VAE% the title product
i?’galmg'(?% géz R p n = gdl l% &%‘?l%r(afte :(3?)
eta
(356) 1ﬁ|) m&“‘?@“ﬁ‘g‘@{;’ %3% éte '769gngﬁ1m
(d. 2H). Exanpl e 2048929 53
Example 27

J

O

o] o] Cl
H
N
W/k“
o
o]

o o

z

(o]

{1 R,2S)-2-(2,2-dichloroacetamido)-1 ~(4-nitrophenyl)propane-1,3-diyl
diethyl dicarbonate.

The product was obtained by Method 1, supra, to give 88% yield of the
title product as a white foam. This product was also obtained by Method 1l to
give 25% yield of the title product as a white foam. H'-NMR (DMSQ-ds), & =
1.2 ppm (m, 6H), 4.05 — 4.25 ppm (m, 6H), 4.5 ppm (m, 1H), 5.95 ppm (d, 1H),
6.4 ppm (s, 1H), 7.6 ppm (d, 2H), 8.2 ppm (d, 2H), 8.95 ppm (d, 1H).

Example 28
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(1R 2S)-2-(2, 2-di chl oroacet am do) - 3-fluoro-1 - (4-
(met hyl sul fonyl ) phenyl ) propyl - (3R, S) - 3, 7-di net hyl oct - 6
woemylo7edo bonat e. The cpj de product was purifi edThvg2@el48929

col um chr omat ography to gid®e 30%vyield of the title

product as a white solid. The structure as drawn

illustrates that this is a mxture of isomers. HL-NWR

(cbal 3, d =0.9 ppm(d, 3H), 1.1-2.0 ppm(m 13H),

3.05 ppm (s, 3H), 4.1 - 4.6 ppm(m 5H), 5 05 ppm (t,

1H), 5.9 ppm (s, 1H), 6.0 ppm (d, 1H), 7.0 ppm (d,

1H), 7.6 ppm(d, 2H), 7.95 ppmj(d, 2H). Exanple 21

(1R 2S)-2-(2, 2-di chl oroacet a 0)-3-fluoro-1 -(4-

(et hyl sul fonyl ) phenyl ) propyl} 2-(2-net hoxyet hoxy) et hyl

carbonate. The crude produgc purd, fied by gel

col unn chromat ography to ggve the t|tIe product as a

white solid. Hl-NWR (Q , pm (s, 3H),

3.38 ppm (s, 3H), 3 Y65 fipm ( ' 4.25-4.6 ppm

(m 5H)15.9 ppm (s, 6. 0. ppm pd, 1H), 7.05 ppm (d,

1H), 7.6 ppm @e=nZH) ~77. 980ppm (d, 2H). Exanple

22( 1R, 2S)-2-(2, 21|d| chl or oacet ani do)-3-fluoro-1 (4-

(et hyl sul fonyl)phenylg propyl octyl carbonate. 1 I
(1R, mpaqmmmrmeeml 9)e3rhiydrgey-1-(4-nitsopheny )PISpy

na raphy to give the desired product to gi ve 44%

ethyl ?’"@?gthetltle product as a white solid. Hi-

(¢ﬁa@ Productzvas ebtaimed by Mephodill,supratogine (4 1¥ of the

title m’l,pggg ap %rsyyﬁ(l{gsfoza% I—Féggllﬁgtm\ﬂ(@g) %64—31 %pérﬁ(tp @Fi)(ﬁBS
ppm ZTR g@;‘%@ %%‘9')(3) 4495 4ppm4.d, p?v"ﬂXm @eﬁ)nah@ 2am (t, 1H) 5.9

chl’or oacet am do - 3-
ppm (dretmwesmnwmys )iiRedy® PpPbissI2H), 8 Popm @, EH, 875 pom (@,
1H). 2- (2- (2- met hoxyet hoxy) et hoxy) et hyl

Example 29

(o] o Cl

N
o cl
o, o
P\ o
/lj’ )\
s o/\

(1 R,2R)-2-(2,2-dichloroacetamido)-1 -(4-(methylsulfonyl)phenyl)propane-

1,3-diyl diethyl dicarbonate.
The crude product was obtained by Method 1l, supra, to give 19% yield

of the title product as a white foam. H'-NMR (DMSO-ds), 8 = 1.2 ppm (m, 6H),
3.19 ppm (s, 3H), 4.05 — 4.25 ppm (m, 6H), 4.45 ppm (m, 1H), 5.9 ppm (d, 1H),
6.4 ppm (s, 1H), 7.6 ppm (d, 2H), 7.9 ppm (d, 2H), 8.95 ppm (d, 1H).

Example 30
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carbonate. The crude product was purified by gel
col utm chromat ography to give 31%yield of the title
wonrodwatoias a white sem-solid material. HL- NVRCT/US2006/048929

(CDCI3), d=3.05 ppm (s, 3M), 3.38 ppm (s, 3H)
3.55-3.7 ppm(m 10H), 4.2-4.6 ppm(m 5H), 5. 9’5 ppm
(m 2H), 7.25 ppm(d, 1H), 7.6 ppm (d, 2H), 7.95 ppm

(d, 2H). Exanmple 24(IR S -i -

b- cyanopyri di n- a- yOphenyl

-Z-ta”-di chl oroacet am doJ- af | uor opr opyl et hyl
carbonate. The crude productbe%s purified by gel

col utm chr omat ogr aphy to gi 97% vyield of the title

product as a white foam HL-[INVR (DMSO-d6) , d = 1.19
ppm (t, 3H), 4.1 ppm (q, gH~4.25¢a 4.6 ppm(m 3H),
5.05 ppm (s, 2H), 5.9 ppnm¥(d H, |6.2 ppm (t, 1H),
7.5 ppm (d, 2H), 7. par (g ~& ppm (d, 1H),
8.35 ppm (d, 1H), .1 9.3 ppm (d, 1H).
Exanpl e 25 °N °

(1R 2S)-2- (2, 2-diichl or 0act ani do) - 3- f | uor o- 1- ( 4-

f 1 uoronet hyl sul f enyl ) phenyl ) propyl ethyl carbonate.
“ R,zﬁﬂ-%%?- gcni@%%ggtmmapglﬁymx@mu col um

ography gilve quantitative yield of the title
(metmsdl(f?hyg)vhenmmepvbathylHaarhma(tavso cfe), d = 1.2
p , : i
LA N XY AT I
of the7titi?e5l\£mancﬂ@s 2ihite Tom. pFNMR (DS O3de)50 5k epmilty) 3H),

PLE 268929 56 Synthesis of f E '
e SHIEekE o Prod 0 4 B
5.19 Bhi & 1H), 5.85 ppm (d, 1H), 6.42 ppm (s, 1H), 7.58 ppm (d, 2H), 7.9

ppm (d, 2H), 8.75 ppm (d, 1H).

EXAMPLES 31-35

EVALUATION OF THE UTILITY OF
FLORFENICOL BENZYLIC CARBONATE PRODRUGS

EXAMPLE 31
VISCOSITY OF COMPOSITIONS
Table 4, below, provides evaluations of the syringeability of dosing
solutions of selected florfenicol benzylic carbonate prodrugs at concentrations
equivalent to 300 mg/mi florfenicol (30% weight/volume).

TABLE 4
Prodrug of | Concentration | Solvent mixture Syringeability
Example (mg/ml) (vol/vol composition) measurement ©
Dripping Relative to
time (sec) NUFLOR®
1 |2 358 Triacetin / benzyl 128+ 7 0.55
alcohol - 2:1
2 |2 418° Triacetin / benzyl 2073 0.89
alcohol - 2:1
3 |12 358 Triacetin / benzyl 97 £ 1 0.42
alcohol - 2:1.5
4 |2 358 2-pyrolidinone / 108 £ 1 0.46
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| Wth reference to FIG 5, an anhydrous
tetrahydrofuran solution of the bis chloroformate E (1

waounb@ro7eqai val ent, 0.34 M, was placed in a dr eopiusgn06/048929
funnel and added dropw se t@ an anhydrous ppine

tetrahydrofuran sol ution containing substrate C (2.2
nmol ar equivalent, 0.64 M, 4-N,

L/ - di met hyl am nopyridine (0.5 nol ar equivalent), and
triethylamne (2.2 nolar equivalents) at 0 OC under a

nitrogen atnmpsphere—

) %Wat'lled at—0|oC
for 30 miinutes and t ienzyl alcohol,~ 11

5 | 2overni ght|.35%e result iLFua%'_% iN{ Pon_was rh #%Ii'y'lfi | tler &
through flilter paper BYFONEINANG p10y bt (o saty

6 [4filtrate \WA&2 concent r pl Baceliny/ bepsy! acef 304 & ;Lécéjézo
to dissol e the crude| alcobgtt 2- The r esu ting sol utfi on

was washed sequenti al alidin : tied
7 [8BHC q 3(paP6 and sat i HacetinAbenza) , | AP7dwéd by %67
rapid filfration throlgkohoph@-of silica gel and
Na2SO4. The filtrate yvpyralidivemre 21l edSand the cri

g | 48 oduct ophained was pUriacetd /benzybsh $illed gel | 0.61
col um chfomat ogr aphy | atcahiote 22he pure ¢arbonate

9 OuTuUg F| 448€ 10l | oW NMyiacefindbehzyhs obh28idned by 088
above net hod: Exanpl e| 3fcoHci’-2:1

10 5§ 25) 2= ( £34gUl Chi O 02q9azetiAq)benzyl Uor ¢-2h6-£ 8- 0.93
%Bmst hyl sul Ponxl ) phenyl )a@é&gyl_)z;qzt hane- 1, 2-di vyl

Pl

11 tearbonat e s Thyo§T U0 T IUHRY BEHzyPUT | 11184 By gel | 0.70
%ii%l Hrm. %EE onat ogr aphy |ty Hai§ R2% )ygpel dlof the tit|e

P LT ag a white seffiyigidiflonbil-4bf (DMSO cfe), 4 =

R 7 T 044929 5}"08;‘,... 5 n T FE8 £ lu—lb__72
%ﬁg?eﬁipm 37?;_“?0,06.4‘£ﬂ§%é~|5,_,£2ﬂ3 T dpm (d, 4H)

.

.‘:\ p lay= AN

3 Emlié_h.. j|~’300I A oo M'Nlrhéthy‘i'gb TasSS %irzﬂn 634..60
) pyrolidinone /

propylene glycol /

polyethylene glycol

300

a Concentration of benzylic carbonate prodrug corresponding to 35% weight by volume
concentration of florfenicol.

b solution prepared by using for each milliliter of solution 300 mg of florfenicol, 250 mg
N-methyl-2-pyrolidinone, 150 mg propylene glycol and polyethylene glycol 300 q.s.

¢ as evaluated by dripping-syringe method described below.

Discussion

High concentrations of fenicol or fenicol drug contained in a fenicol
prodrug are often necessary for convenient administration of the necessary
amount of the desired amount of the antibiotic. Due to the limited solubility of
fenicols in many organic solvents or mixtures of solvents acceptable for
injectable formulations the choice of solvents for preparation of highly
concentrated florfenicol solutions is limited. As a result highly concentrated
solutions of fenicol drugs in organic solvents or solvent mixtures may become
highly viscous and difficult to administer by a syringe. Therefore the ability of
fenicol benzylic carbonate prodrugs to dissolve in a wider range of organic

solvents or mixtures of solvents acceptable for injectable formulations offered
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EXAMPLES 27- 30 Synthesis of Benzylic Carbonate

Prodrugs O Chl oranpheni col -tvpe Fenicols (H and I)
woheo7foaddiowi ng nmet hods were enpl oyed, w th ref eCENS2006/048929

FIG 6. Method | An anhydraas tetrahydrofuran sol ution

of ethyl chloroformate B (2.2 nolar equivalent, 0.34

M was placed in a dropping funnel and added dropw se

to an anhydrous tetrahydrofuran sol uti on contai ni ng

substrate G ( 1 nolar equivalent, 0.64 M,

-1V Ll - di : ut A _
e s SR8 B e
viscosifd q‘"a&ﬁe Bi SHoREEEoMbBESONS b syrihgeabiliies of carcertiatedd

atr o C for 30 mnutes, and then at.room t S AbithS
solutions ofifigrenicpheeradigi EArignais R HQM%‘%’BPE?’% f Hier ol
orgarﬁ%éf?ffx'llgﬁsawﬁéﬁ &fe é@rﬁﬁ‘éll* actepRbie fdranjctable subsataneous or

rate was concentrated and et hyl
intranausirdat dosings bestesalulions qH@Olﬁ?f@J&ﬂbPe‘?nzWan%g %’f‘?eﬂeﬁgs

sl ut | . j it .
conta c i EHorfERILEN{rhE/niY) ¥§lidalbnitd e esncentration
%Pﬁr Qggg}qﬁé}-%?aq? ang gg?ur a)téé\% NaCl (aq), followed
presebl\g érg {‘é‘ﬁ@'? gﬁtr?!_;lllbﬂbh everehprepghedh Syringsfabilitieiswef thesolytipns
: e filtrate, ywas .concentra ot
were Gyeliaied biBears Sl hPRIGa SUOHOR, menpd ) KRR HTPeing
times‘%@%&%@bﬁ@ﬁﬂ@&uﬁfa@dﬁf@d‘l- sditidresi uhtedfreagngdtational flow
tetrahydrofuran sol ution of the et réyl chl orcp&o%reée R
conditionsdrem aeq@.ﬂqalhéﬁp,smgpgq SYIPQg N YEITEFSPIT T uroppi ﬁg er
remo(/H{lfﬁLe Blﬁﬂgépﬁ'@ﬁ'n 450RbER/ctifylene adpulabls syringe (5 mi Luer,
tetr ahydrofuran sol ution cantainin bst ate.Gél.
Normrdeat Zentrishd Henke Saga Welf GMB'—B and fitting thé syringe with a
A= LN N i b i :
disockdie neYafll (DM e FeeYisicH Gde) BerthBickimonalGo) Jhe
P ar#(?.?rl efj_ﬂéy{%m ne&?} 4 mol ar equi val ent%% t 0 0C Vi
test soldtonswere laagiad Biomdberepdntorthe SYINAG %ﬂéﬁ 8ﬂer negpssary
for tri e H5w Of 2 %L BF B4LESn (BBRvASI? Bnittaridofil Hifke) was récorded
in triplicate. The syringeabilities relative to Nuflor® were calculated by dividing
the dripping time for the test solutions (entries 1-12) by the dripping time
measured for the commercial sample of Nuflor® formulation (entry 13) Asitis
evident from the results in Table 4 the syringeabilities of tested solutions
containing benzyl alcohol as viscosity diluent had relative syringeabilities <1.00
and were therefore better than Nuflor® (30% weight/volume florfenicol solution
in propylene glycol / polyethylene glycol 300 / 2-methyl pyrolidinone). Due to
their better syringeability these solutions represent more favorable formulations
for injectable delivery of florfenicol. Solution of the florfenicol benzylic carbonate
of the example 2 in triacetin/2-pyrolidinone — 1/1 lacking the benzyl alcohol
viscosity diluent was the only solution with syringeability poorer that than that of
Nuflor® (entry 5). Solution of the florfenicol benzylic carbonate of the example
2 containing higher concentration of florfenicol than Nuflor® (entry 2; 35% wiv
vs. 30% wi/v) also displayed superior syringeability. Interestingly solutions
containing concentrations of florfenicol equivalent to 30% w/v in mixed form of
free florfenicol and florfenicol benzylic carbonate prodrug (entries 11-12) also

displayed syringeability superior to Nuflor® formulation.
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overnight. The resulting solution was rapidly filtered
through a filter paper to renopve the amoni um salt.
woher7fo7dtinat e was concentrated and ethyl acet aPETAWE3006/048929
added to dissolve the crude3product. The resulting
sol uti on was washedsequentially with 1 M HCl (aq),
saturated NaHCOB(aq), and saturated NaCl(aq), followed
by a rapid filtration through a pad of silica gel and
Na2SO4. The filtrate was concentrated and the crude
product obtained was purified by flash silica gel
col um chromat ography to give the pure carbonate
prodrugs H and | I i NQ exarrpl e corrpounds

WereTothal neid w ! : . 'ﬁi WS
e LSl SR
proerhg ?%Qagrglg%@oépg)éhﬁﬂé‘é‘érbﬁﬁﬁ@ B?Bd?ugg %f fenicols (analogs of

oroacet am do) -1 -

fenicg{yatéyhpoftaotiar the ahiity f2 optaia the dsswﬁec} organig spivent based
formlﬂg f nrgérﬁglaigglngmstratlon Hlﬂ]hgr SOlubllltleS of fenicol benzylic

oroacet “1-
carbdiiEtb *wbetddsm/ b¢gimam<ﬂ Jo persnt feniepls @@%%apégéwé%v®ts
or i B0 B e LR ERF{ I B or g ot o
such Hboh abtaml:fai'ed)to Iuarhotjd nugssmbeae IQ\(gegmeétmg

o b S o EBE R e 5 gl
whiclf '.@Pé’sgsafnslim b Meempréaimt smebmtyMﬁdmpaum of thenvielting

omt(§|-q;f fqu@lwrﬁf(tm, aypﬁgge %tamd(rms fls_vancéj 2éx£ﬂmm<e%'3f

ol profriy¥arelshcih in aBlerdbélow. 2H) . 8. 95 ppm (d,
in some therapeutic applications florfenicol is administered in

concentrated organic solution subcutaneously where it is known to form
localized depot of the drug which resuits in the desired sustained release of the
drug into the circulation. In such cases solubility of florfenicol in aqueous media
represents one of important factors determining the rate of the sustained
release. Another important factor affecting the sustained release of florfenicol
from the subcutaneous depot site is the concentration of the dosing solution
and the solvent composition of the formulation. Apart from the broader range of
solvents which can be used for acceptable formulations of florfenicol benzylic
carbonate prodrugs these prodrugs also allow a wide range of aqueous
solubilities. Aqueous solubilities which were measured for a number of
florfenicol benzylic carbonate prodrugs are shown in Table 5. Solubilities
achieved with these prodrugs range from slightly to dramatically lower than that
of florfenicol. Reduced aqueous solubilities of such prodrugs may be useful in
controlling the rate of dissolution of the prodrug at the subcutaneous depot site
and may allow achieving optimized sustained release of the parent drug.

TABLE 5
Physicochemical properties of selected benzylic carbonate prodrugs
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Exanpl e
28( 1R 2R) - 2- (2, 2-di chl or oacet am do) - 3- hydr ox '

, y-1-(4-nit
woapitenyiiy propyl ethyl carbonate. The product Rﬂ?l?/(US2006/048929

obt ai ned by Method I, supréd, to give 19%yield of the
title product as a white foam HL1-NVR (DVSO-cfe), 1.2
ppm (t, 3H), 3.35 ppm(m 1H), 3.45 ppm(m 1H), 4.0 -
g-ippmgm itob §.é9 ppm (t, 1H), 5.9 ppm (d, 1H),
ppm (s m(d, 2
75 ppm (d__1H) I:vg.ErEI a(’)ﬂ M. 82 ppm(d, 2H),

L ——Ag—1uy

1roftilgrienicol mgftiag] Qﬂ'ﬁﬁ?&@%@ﬂ%?”i spiybjiities,of selected, |
phenyl ) propane- 1, 3-di LRyl di carbonat e. The
crude product thod—11 .

Jaas_abi_a.l_ned_b.y_m 5
Pvedi@pb y|MB&IMQ‘DQ'H"E(QW?N'Z&F'BB&?FV%{E} "Wj foam
Dof VR (DMSQJ 6), d = 1.2 ppm (m 6H), B bb Ph(s
BExardple5 + 4.25 ppm (m 6H), 4. 45 ppm
Spm (d,  1H) 11614 20i8(isepropanol)7. 6 ppm (40 TP
@ ZH), 8| 948050 Gl (isdphopahodpl e 30489 @gmtlm/m'

ZR)- 7- [ 458158070 (isoprofamml/étharpihy dr Q07 mg/ml |

Ty SUT[ 9851130 <D (&thy! acetate/hbyxanepr H@h#2 eng/Mie
TOUIE5QVRS W{SthyFdcotatdbekade) | .| 6025 mg/imi
20N yTRIEC P D Titlre product as g ovivtragiolam
W;;ﬁv‘ggsg sc (Y L- 2 ppm (t, 3H), |3.35pmmaindls,

S 4TI H/"'B,43 5 ppm (M IH),| 18 m%ﬁnIZ ppm

R
@ d
@
=
g
d

NN L)
)

D L,
A4 7,0 -] 2P5:108 26 (isk opah pmid, ['6i32mgkmPpm
A7 110 L AR ECH1 ) oE Huny i pPIT (T, 2Ff 555md@AnPPM
26 110-112 °C (- . /
Florfenicol | 1563 -154 °C 1.53 mg/mi

— not crystallized; melting point was measured if the solid material was
obtamed after evaporation of the solvent from the column chromatography
fractions.

EXAMPLE 33
COMPARISIONS OF SOLUBILITIES IN ORGANIC SOLVENTS
(TRIACETINIBENZYL ALCOHOL 2:1 MIXTURE)

Table 6, below, illustrates the solubilities of florfenicol equivalents which

were achieved with selected benzylic carbonate florfenicol prodrugs in an
example solvent mixture triacetin / benzyl alcohol 2:1 (volume/volume)
employing benzyl alcohol as the low viscosity component. Desired
concentrations of equal or greater than 30% (weight / volume) were achieved
with the benzylic carbonate florfenicol prodrugs. Florfenicol parent drug was not
soluble in triacetin / benzyl alcohol 2:1 (volume/volume) even at concentrations
as low as 10% (weight / volume). Interestingly florfenicol became more soluble
in triacetin / benzyl alcohol 2:1 (volume/volume) when benzylic carbonate
prodrug of florfenicol was also present. The combination of prodrug of
Example 14 at 275 mg/ml and florfenicol at 100 mg/mi was soluble in triacetin /
benzyl! alcohol 2:1 (volume/volume) and provided a stable solution with 30%
(weight / volume) content of florfenicol (Table 4, supra, entry 12).



FLORFENI COL BENZYLI C CARBONATE PRODRUGS EXAMPLE 31
VI SCOSI TY OF COVWPOSI TI ONS Tabl e 4, bel ow, provides

weval7watiions of the syringeability of dosing seCumiSees/048929

of selected florfenicol bersdylic carbonate prodrugs at
concentrations equivalent to 300 ng/nl florfenico
(30% wei ght/vol ume) . TABLE 4a Concentration of
benzyl i c carbonate prodrug correspondi ng to 35% wei ght
by vol une concentration of florfenicol. "solution

prepared by using for el%ﬂ idliliter of solution 300
mg of florfenicol, 250 kglrét hyl -2-pyrolidinone 150
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PANNLES SACLEl e 0eST 1T cuU airgquliit — Ol

L : ne
2Nt i b gbluble Péenibie fl heolubai | adieds bséluble pfsofubig dongoluble
n

vV _ordahnic _solvents or!m xturds—ef—selvrent
~7 Trr—7vc O 99 Ol SUT vVCTlIil S

|
1éccep ?QJU 1o PlsoldtiEqt abubiel PriBnisé i |0B6IUbfee | Glvditde |oBoluble
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S
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26nd d| EPIublR { SRR APYPlS b%%‘?éb'gif.%ﬁ@gm %*l‘e‘;r“é 5 [ ¥ohnie

the—aprtTty ¢ feni ol _benzyTTc carponate prod
florfetiieeb| insoliibie § insolible riav@@bl%% iRRolRIS iné?JPW%:%ti%sog‘\%%S

m yvtutac of
At

es—ef—selvents—acceptabtefor Tnjectrabdl e

fornul ati ons of f er edt ?%%ﬁﬁ'ré kgl to prepare highly
r

concentrated sol ution injections with | ower

(\iTRal _;;;_i-,_:v_'- PPAR N%! F{ORFENICOL FROM
R-;}Q;@!Isfﬁ!ﬁ_‘-%» exanpl es of

e A, e g B6elto o

efficiently in vivo as a source of the free parent drug determines the utility of a

anoluble

particular prodrug for treatment. The prodrug’s ability to release the parent drug

in vivo, in the presence of endogenous enzymes, can be determined by
measuring the systemic levels of the parent drug after administration of the
prodrug to the animal. This releasibility can also be assessed in vitro by

measuring the release of the parent drug after mixing with animal whole blood,

plasma or serum. Selected benzylic carbonate prodrugs of florfenicol were
tested for release of florfenicol after in vitro mixing with bovine serum. The

tested compounds displayed favorable parent drug release profiles as shown in

Table 7, below. The compounds of Examples 8 and 14 displayed the highest

rates of rates of florfenicol release in serum. A general trend of more lipophilic

carbonates of florfenicol showing higher rates of degradation and release
seems to be present among the compounds tested. An interesting exception
was found to be represented by Example 26 (bis-florfenicol carbonate).

TABLE 7
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i ntramuscul ar dosi ng. Test solutions of florfenico
benzylic carbonates containing concentrations of
woéhar7foesiicol (ng/ nl) equi val ent to the concent PariusSz006/048929

present in Nuflor(r) formnuleati on were prepared.

Syringeabilities of the solutions were eval uated by

nmeans of the "dripping syringe" nmethod in which the

dri pping tinmes (sec) of equal volunes of such

sol utions under free gravitational flow conditions

from a vertically—pest-t+ored—syringe—were easur ed at|
Progingg  Af ¢ g renRi FélBgséd éroph protrugs(Gmad tetal at different

ofpol yet hyl enet.mépam@mesmament @ithibdvires sefmm Ject
Example s Hepke Saas W\l GVBH)—and—fitt ?A‘L
10N

T C LU II\J l I|
odded | B jo B0b | fi SPhe byr e pnd e | i%é*- *

syringe vv|0h h ditdposabl @hneejle4h8- r) %8Gl
y—For-rthe—frepg—ftowol—2 O Sol utip

LAl n
noB@id ﬁarﬁ@)- M+S Ak or Hed6ibn 21.4

: SyH+Afreabtttiesretafive to NUTTor(r

wege cal mbat '*i d549 the &t.5pp nB4-Pne| f &6-Bhe

tecst solutlion (ont ¢ 110\
OH—tH-—013

et 6¢S—T1T—1z) Uyﬁllc Jllpplﬂg trnme
meggur efl BQL f{heBabmmgr cidas sqnpl 6of | NUA2- 6r () 40.0
| or mil at i on{ a3 p—As—t+t—irs—evident—fronrihe

repql t s| iBQLall e28.a he s§RitngeabT®5t i ¢s &t.4t est -1
sol-uti-ohs—conrtat-rhg rZyt+—attcotrol—ag$—visSToSTT

He y
di pgent | hBaLr 4l aBQLe dyri8geal)i | B2i7es |< 4480 andPNér e

t herof ot e -bettler—than ot —(309werght7votrume
florfenicol propyl ene glycol /
* BQloryast %Wﬁéﬁ%iﬁF%%ﬂTn§60 | 2- nethyl pyrol i di none). Due
to their better s Il n
50 w@pn@g@mstmwg%pﬁge& e g4 7 s/l . pus ) was

add Wdeﬁoif b&Vihe ryeeain af® Inme@n Amnuotseofmm fregiioditér of the
C carbonate of the e

resulttlngaﬁmwcm g FanEATAs AN 115 Tk BRI Ugg upps: Each
p|aSté?/fo g% q?&c?a% into 4t Byed Sé’cﬁ fSNrﬁéuE@h(?lﬁl Saniple were

poorer that t hat of ré )
remdved atyo 5,2 SblaJtarer-'bhourfa andoaﬁ@rna@@tl%@ﬁﬁpu icroliter of

b th
acetgBliRigD s e Bl Pafiub Fted ioh Jiscbci. The precipitate
was 38ffoved biscertfifiagation an ao Eppgridert $4dgFeat $#000 rom for 5

mlndc’tgzrs! H9eeHbh: ggpema Sheshifish WasldthbiRBSor the HPLC analysis.

The peak area of florfenicol was used to calculate the conversion of the

prodrugs.

HPLC conditions were as follows:

System: Agilent 1100 series

Column: Varian Microsorb — 5y, C18, 150 mm x 2.1 mm
Column Temp: 30°C _

Flow rate: 0.5 mL/min

Injection Volume: 40 ul

Organic: Acetonitrile

Aqueous: 0.1% formic acid in water

Run Time: 20 min

Gradient was as follows:
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contai ning concentrations of florfenicol equivalent to
30%wWv in mxed formof free florfenicol and
woéhar7foesiicol benzylic carbonate prodrug (entri esTAS2MRN48929
al so di spl ayed syringeabili&y superior to Nuflor(r)
formul ati on. EXAMPLE 32 MELTI NG PO NT AND AQUEQUS
SOLUBI LI TY COVPARI SONS Modi fi cati ons of
physi cochem cal properties achievable with carbonate
prodrugs of fenicols, or benzylic carbonate prodrugs
of fenicols (an§|ogsgof;fenb eh aflcE i mportant for the
ability to obtai c sol vent based
formul ations for ani%ml adminishration. Hi gher
solubilities of fenildol. benzyl c carbonat e prodrugs
as conpared to pareﬂﬂ fenicols gn certain organic
sol vents or nixt ur ed8of organi c solvents are due in
part to the lower nelting points sych carbonate

The result oifesting therstahility of Seiactad PRRdRYYS IRhoving §
t hm |
presegf%;g {tﬁ?é\ﬁ%ﬁ%@gﬁﬁéf Eﬁat ﬁ;;?bzgﬁg Fgﬂ&rgj&?ﬁ gﬁg ﬂa;flec | release

the pamﬂedmg bihenftoeatedenivice wabeserom apzymes. T 5‘??@
el f
el e oSl e e

hydrdl&ﬁﬂﬁéhmneﬁ PredEntin |b0thdo$@‘Lﬂ'sn bel ow. In sone
erapeutic applications florfenicol is adm nistered

in concentrated organ subcut aneously where
it is known to forml%ﬂ#gepot of the drug which

reSU”SINWNGREEEASE QFPARENT RIGRE e drug
into the crrculati g ; 0 y of
f I or f eni EROMBENSE, s IHlljf

| "?Hétp%hn%%kmc%bﬁmmmetd?ﬁnbri@ttoeafmér prioeirug
sustai ned rel ease. Anot her tant factor affecting
adminlstradios: i vivg, wapsigierrained, a??g iﬁ"&% from the
subcut aneous depot site is the concentration of the
P |k @{@? i frAEW it tiverdiéferehe animal
1. ?’8?&8’?5?%3%?%%”‘ :agﬁbt?ﬁ{elag{ragader range of solvents
Wpecies:an be used for acceptable fornul ati ons of

;: ggf :Inﬂé% 58&#?.@‘/&:%88%@%@?&n%ledurawésu@eﬁmmémv bgan
intravenous ("1V") route to rat and cattle subjects, followed by
determination of florfenicol concentrations in the plasma collected
over time.

The data of Table 8, below, illustrates the plasma ievels of
florfenicol that resulted following IV administration of the prodrug

compound of Example 18, to both rat and cattle.

TABLE 8 c
Compound Species Dose Route AUC max
of Ex. No. (mg/kg) (hremg/L) | (mg/L)
18 Rat 20 v 26.4+16.8 [6.2+3.8
(n=3)
18 Cattle 10 v 202+28 (0601
(n=3)

2. Active antibiotic is released from the prodrug irrespective of route of

administration of the prodrug:



solubilities. Aqueous solubilities which were neasured

for a nunber of florfenicol benzylic carbonate
weonroedroaggo are shown in Table 5. Solubilities aebraseme/048929

with these prodrugs range fa8om slightly to

dramatically |lower than that of florfenicol. Reduced

aqueous solubilities of such prodrugs may be useful in

controlling the rate of dissolution of the prodrug at

t he subcut aneous depot site and may al |l ow achi evi ng
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COWARFEF%“%Egé%_UBI iLI TIES | N ORGANI C SOLVENTS

(TRI ACETI N BENZYL ALCOHOL 2:1 M XTURE) Table 6, bel ow,
illustrates the sol ubi lyppgE §f florfenicol
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TABLE 10 = =
Compound | Species Dose Route AU max
of Ex. No. (mglkg) (hremg/L) | (mg/L)
2 Cattle 18 SC 426+13.7 | 1.6x0.8
n=3
2 (Cattle) 42 SC 1526 +77 | 2713
(n=35)

4. Time of release of active moiety:
a. The data of Tables 11 and 12, below, confirm that the active

antibiotic (florfenicol) is released in less than half an hour after
administration of the prodrug compound of Example 2,

irrespective of the species.

TABLE 11
20 mg/kg in Rats by IV Route
Time (hr) Florfenicol (mg/L)
Mean * SD*

0.08 9.1+1.5
0.25 16.6 + 0.1
0.50 10.2 +1.1
0.75 9.4 +0.6




Exanpl e 14 at 275 ng/m and florfenicol at 100 ng/m
was soluble in triacetin / benzyl alcohol 2:1
woval7omeivol ure) and provi ded a stabl e sol ut i ORCWiUSEN06/048929
30% (wei ght / volune) contesdt of florfenicol (Table 4,
supra, entry 12). TABLE 6 EXAMPLE 34 I N VI TRO ENZYMATI C
RELEASE OF PARENT FLORFENI COL FROM BENZYLI C CARBONATE
PRODRUGS The ability of a prodrug derivative of a
parent drug nol ecule to act effici ently in vivo as a
source of the free p:—%rent cH-tH—tet-et FOE0, gite U ility
of a partijcular prodryg-—fof treatmﬂn,q "'"r1p| ot ug' s
ability t rel ease the parent—drug :.‘%’i’t‘v -— he
presence df_endogeno@s enzynes_ can. £03, oLy by
measuring [t he system4 levkls of th91n%éé after
adm nistrdtion of thé prodfug to the 05t 002 Thils
rel easibillity can al stieaswsddspdaba vitro by
measuri ng e release of the parent drug after m xing
wi th ani mal whol e bl ood, p serum Sel ected
benzylic carbonate prodyu were tested
for release of _flg Tkalln 1&}! HNg Wit h
bovi ne serum [Thdimesthey clomp 1% d favorable
parent drug release profilles as MBAMEPH Taptel7,
bel ow. The conpoun®s59f Exjanyl 0237521 g spllayed
the highest rafes df.0@at es| of £ Bi2ehBOB reledse in
serum A generfl tr2e0d of hore | 1g&hil22 carbdnates
of florfenicol [show.0Q hi gher rad&9 $0.9@qr adatli on and
rel ease seens [o beomeesent anon.3&e 0c22pounds
tested. An intgrespummp excepti onOQvib+ilvhd t o Qe
represented by[EXanpl € *Rhedsuped in prisheai COl
carbonate). TABCE 7a BQC - below quantification limt
50 mcroliter of stock solution of c%onatg 5 0- drt
(10 ry/ Fbeidatanttybless! haadd4 BeloWiC thabins.actve
serum and . ' rii8 'cophpduired of
Fesult | Agiits skl Rigadia ickh BespRidrig o
pl ast i c Examplef,gehaerubdministasad by the IV and SC routes in cattle.

TABLE 13
48 mg/kg in Cattle by SC Route
Time (hr) Florfenicol (mg/L)
Mean * SD*
0.5 1.01+£1.24
1 1.56 + 1.68
2 2.00 £ 1.55
4 2.19+0.73
7 2.16 £ 0.28
24 1.36 £ 0.2
31 1.01 £ 0.07
48 0.58 £ 0.1
55 0.51 £ 0.07
72 0.38 +0.11
79 0.34 £ 0.11
144 0.15 £ 0.08
*Measured in plasma

TABLE 14
9 mgl/kg in Cattle by IV Route
[ Time (hr) | Florfenicol (mg/L) |
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plastic tube was placed into at 37 0C water bath for

i ncubation. Sanples were renoved at 0, 1, 2, 4, 8, and
wa4odtwasEy and after addition of 400 microlitePCofUS2006/048929

acetonitrile to stop the r&action, rapidly stirred for

30 seconds. The precipitate was renoved by

centrifugation on an Eppendorf 541 5G at 14000 rpm for

5 m nutes. The cl ear supernatant solution was sanpl ed

{Ng; thedH{DLC alnal Iysi S. Ihe peak area of florfenicol

use 0 Cgledlate—thereony i foit

HPLC condi ti ons—were _as fd}l o\,ﬂ.;:méé@?igg* :’-I\S. Ipr 1?r lﬁgo

series Col urm:| var OB0 M cdosorb 2:3¢5% 2d44g ulj mm X

2. l mm Col um |Tenp1-.%D O0C|Fl ow r £ a: Bl;ﬂ_,/ A

I nj ection Vol Ume: 2001 Olganic:1£8¢k 4% rile Aqueous:
0.1%formc acid | d.0@ter [Run Tihd89 £0.58 n G adli ent .
was as follows Ti m0.00n), |% O aadi38 H02215 40 17 40 18
5 The results pf tesigong tlhe st aDildi+ 0.0t sel e¢ted

prodrugs in bo ne Ser umeRicafshireglasmarabl e 7
confirmed that —benzytric carbonates of florfenicol
rel ease the parent drug when treated in vitro with

5. Effectof fiesmudationzse results provi de_ evi h
ehayitages et bimcsfibezyl AisphehirmLIalian of (6 ERia carponate

prodrug.

The release kinetics of the compound of Example 2 were compared with
administration in a formulation with a triacetin/benzyl alcohol (ratio of 2:1 wt/vol)
and with administration in a formulation of triacetin/2-pyrrolidinone (ratio of 2:1
wt/vol). The study was conducted in cattle (n=3).

Mean AUC values after SC administration of the compound of Example
2, administered in a dose of 20 mg/kg in triacetin/2-pyrrolidinone were 42.6

hremg/L.

Mean AUC values after SC administration of the compound of Example
2, administered in a dose of 40 mg/kg in triacetin/benzyl alcohol were152.1
hremg/L.

Because the dose used in the two studies differed, the dose-normalized
values were calculated, and were 2.13 hr/L (42.6/20) and 3.8 hr/L (152.1/40) for
triacetin/2-pyrrolidinone and triacetin/benzyl alcohol, respectively.

6. Bioavailability of florfenicol in cattle after subcutaneous
administration of benzylic carbonate prodrug of Example 2.

Calculation of pharmacokinetic data for the compound of Example

2:
Total Average active moiety (Florfenicol) AUC = 152.11
hremg/L
Total Average AUC of the compound of Example 2 =
38.04, which in turn is equal to 30.43 hremg/L Florfenicol
Equivalent.
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hydrol yti c enzynmes present in bovine serum EXAMPLE 35

I N VI VO RELEASE OF PARENT FLQRFENI COL FROM BENZYLI C
WCEARBOWIEE PRODRUGS The phar nacoki netic profi | eCofus2006/048929

active antibiotic after prddrug adm nistration, in

vivo, was determined, as follows: 1. In vivo release

of active antibiotic confirned in two different aninal

speci es: The prodrug conpound of Exanple 18 was

adm ni stered by an intravenous ("IV') route to rat and

cattl e subject fallo | APt ;
florfenicol %@ﬁ%ﬂb—%ﬁ%%ﬁ@éﬁ asrr;ap@g%ﬁ'ecgtl gace
over tine. Hpsofisddhfrom $a@bdite.8, below, illustrates the

plasma levels of florfenicol that resulted follow ng
IV adm ni stration of the prodrug conpound of Exanple

18 b 517l the Comiound aftErampte i

re__ T ective or route O
Ther@rfmlﬁal &Hticady 6ha einglé dope ad Niglce® 28 cierimgdlaugh Agsimal

b : -
Health} pee st A TpES T b i R§e il o gt o,

Exan{rdP@ UM G SchimRtrstions inoeate kafféring framumatiirialy oeaurring
outes, i.e., IV and su

) _ ] cut a "SC) 3.
bovingoespiraissy disrase &Rk e bt rendfe Sreasilivsic e
noi etyl: The data of tablpaBLE #8l ow, confirms a

GraE e IPEF I Hosa TRaue | Temps: P! #emp.T §vefempf acTreatment
%‘?ﬁ. Oéﬂﬁh&ls( ftll)or(?e ni col) fm%{kgw ng 0'2;@ °Cp Failure
(day 0) (day 3) (day 10) (on day 10)
Saline 12 0.1 S/C 40.7 40.2 Discont. 12 out of 12
ml/kg el
Nuflor® | 24 40 | S/C | 406 38.6 4 out of 24
mg/kg 38.6
Cpnd of 24 48 S/IC 40.4 38.8 5 out of 24
Example mg/kg
2 i 38.7

* 300 mg/mi of florfenicol
** Equivalent to 40 mg/kg of florfenicol
ek Saline-treated animals were discontinued on day 3 because of lack of

improvement in the disease symptoms.
In conclusion, the efficacy observed with florfenicol, which was released from
the prodrug of Example 2, is comparable to the marketed brand of florfenicol
(Nuflor®).

CONCLUSION

Thus, it will be appreciated that the present invention provides novel
prodrugs of fenicol antibiotics and methods for their use in the treatment or
prevention of bacterial infection in animals or humans.

Although certain embodiments and examples have been used to
describe the present invention, it will be apparent to those skilled in the art that
changes in the embodiments and examples shown may be made without

departing from the scope of this invention.
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adm ni stration of rising doses of prodrug conpound of
Exanple 2. TABLE 10 4. Tine of rel ease of active
waonb@Etogooia. The data of Tables 11 and 12, bel oRCT/US2006/048929
confirmthat the active ant®biotic (florfenicol) is
rel eased in less than half an hour after
adm ni stration of the prodrug conpound of Exanple 2,
irrespective of the species. TABLE 11 20 ng/kg in Rats
by 1V Route Tine (hr) Florfenicol (ng/L) Mean SD*
0.08 9.1 1.5 0.25 16.6 0.1 0.50 10.2 1.1 0.75 9.4
0. 6TABL m/k in Cattle by IV Route b. The data
WHABﬂst%'bAEgéﬁj nd 14, below, confirnms that the active
antibiotic is quickly released fromthe prodrug
1. A e ¢afbstateciFurtuila | vdrenselvatenttetreotd by the 1V and
SCroutes in cattle. TABLE 13 48 /kg in Cattle by SC
Rout e5. Effect of fornulation: Ad%t agﬁs of
H

triacetin/benzyl alcohol fornul g4#Ongef e fenicol
carbonate prodrug. The rel ease kynetigs of the
conpound of 2 were (@Y 3h
adm nistration 1n a formnullg ' haR
triacetin/ benzyl alcoho
y k1 ZTrfw?/voI)
o
wherein R; is selected from the group consisting of
OQN/\ \s/\ F/\s/\ F/‘\ N\ "'z"\’s\/\
7\ I7A\) /7 N\
8 : o . oo ' I )

\[(])/\‘l (\N:\'s/\ | H2N--<N?OK A\ and | = A

NC N

R; is selected from a group consisting of dichloromethyl, difluoromethyl,
chlorfluoromethyl, chioromethyl and methyi,

R; is selected from a group consisting of hydroxymethyl, fluoromethyl,
difluoromethyl, trifluoromethyl and CH20-C(O)O-Rs,

R4 and Rsare independently seiected from the group consisting of substituted
or unsubstituted C1.10 straight, branched or cyclo alkyl, substituted or
unsubstituted Ci.10 alkoxyalkyl, C1.10 aryl, C1.10 arylalkyl, substituted or
unsubstituted Ci.10 straight, branched or cycloalkenyl.

2. The fenicol carbonate of claim 1 wherein when R4 is NOg2, R3 is not CH20-
C(O)O-Rs.
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and with adm nistration in a fornulation of
triacetin/2-pyrrolidinone (ratio of 2:1 w/vol). The
weoetmdy7yEs conducted in cattle (n=3). Mean AUCPCaIUSE®6/048929
after SC admi nistration of Bhe conpound of Exanple 2
adm nistered in a dose of 20 ng/kg in ’

triacetin/2-pyrrolidinone were 42.6 hr"ng/L. Mean AUC
val ues after SC administration of the conpound of
Exanple 2, admnistered in a dose of 40 ng/kg in

tri tin/b | n
5. TRl RSIBE BRI B EG iR mfgenesnuy
selec%?ffﬁm?}?z\ggrgg %gﬁissg@g ﬁ',‘"fm%g;”ﬁﬂm;’pﬁfmm”" n-huatyl,
tor-buty, sty gy GoPETNbE NG, DrHSRiYE MPRY FyronyL. n-decy
c . . rdcerl
n-dodBeff PEletalBEpLC ni@hyiudtyl 1-SAK8 OB avehtprop 2-envl, &

methcaéxq‘#éﬂ}yttilz-eth@w-eﬂ\meﬂ‘rﬂmn%()/c%thbﬁb rabutoxyaRihyly 1gnethyl-2-

a - fd § hOEki -

s AR RS e el

cyclopfdpyt fayelatalty, Syclopent. ayclohexyhg 1-diratnyiagepas Agney
ou = i i ;

2-mefliyihenizgl Sompyiteripf i feniit. ‘e matopi e 87 | >

meth?ér’e%v-%é(&:ym@smw-bedzylpmémyl-fzefumb 2-nethoxyihery-ethyl, 2-

om site ca St ydj i
A [ ke
etho)lvgy{éﬁﬁgigi)egﬁ?g fzggsygmzﬁ-?mxyMIMJ 2 e dhytioxyeethesyipeinexyl-
€ pro

ethyl22 et nACRPRY PP P SIaV PGP REP TRy g o0y

ethylN3lddBbkyLpRESY! Bid2Bboxy-butyl, 2-methoxycarbonyl-ethyl, 3-

methoxycarbonyl-propyl, 4-methoxycarbonyl-butyl, 2-methoxycarbonyl-benzyl,

3-methoxycarbqnyl-benzyl, 4-methoxycarbonyl-benzyl, 1-ethoxycarbonyl-ethyl,

1-methoxycarbonyl-ethyl, phenyi, 4-metyl-phenyl, 4-methoxy-phenyl, 4-

carboxy-phenyl, 2-carboxy-phenyl, 4-methoxycarbonyl-phenyl, 2-

methoxycarbonyl-phenyl and 4-acetylamino-phenyl.

4. The fenicol carbonate of claim 3 wherein Ry and Rs are independently
substituted with a moiety selected from the group consisting of methyl,
methoxy, carboxy, carboalkoxy and acyloxy.

5. The fenicol carbonate of claim 3, wherein Ry is selected from the group
consisting of

°§N/\ \s/\ g
] 7\ 77\
(o) ’ 0O 0 and 0O 0

R, is dichloromethyl! or difluoromethyl, and Rj; is selected from the group
consisting of hydroxymethyl, fluoromethyl and CH,;0-C(0)O-Rs.

6. The fenicol carbonate of claim 1 wherein Ry is CH3SO2, R, is CHCIl; and R3
is CHaoF.
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bovi ne respiratory di sease (BRD). The results are as
follows: TABLE 15 * 300 ng/m of florfenicol **

waquinwadant to 40 ng/ kg of florfenicol *** PCT/US2006/048929
Saline-treated ani mal s wer &4di sconti nued on day 3
because of lack of inprovenent in the disease
synptonms. In conclusion, the efficacy observed with
florfenicol, which was rel eased fromthe prodrug of
Exanple 2, is conparable to the marketed brand of

florfenj coI Nuf
7. Thepfipeenisobaattviets RECIE G W RTL R TR B feitrs gretn
consué’cfr{bdép gﬁe@fyl feRRYIC popytisGpraipyh -buotyl nerthiaaty!, fisebutyle pentyl
n the treatent or prev ntI(P sLeni al
isopeniy] crhEsyl, ey hractdl nhp mvmﬁﬁ &y, Fiostadecyl
2—metf\ﬁp89{e|j"r§‘gtﬁt§h3ﬁFoﬁ?laﬁ%éﬂw%wpizeéﬁyiuSa'detmb)@eahyl Reethoxy-
fon, 1t W appar ent th
ety Sk tpmioh ailyh - RHIOHTbYic AGEY RO BB TSP BRY

AT e 'm'dw the

cycloﬁeMyglcdgcdrﬂTé)mha?. & ctu?eﬂndwr@eny' denzys @ m“éy ttrf'é?zé'&@'
54, Epb 550 9 g spartony o 12

| or onet hyl ,

meth@kﬁb@ﬁt?l]&héﬂiyl—%fhmrZ—(metmmatonxybﬁthwo%@wWyﬂaoxy)
ethyl*,%z(gmgg’ th%ygg ﬁ Pgster{eth &ﬁgéﬂjh%ﬁw%ﬂfxyl-ethyl
"“"f’ﬁ%’? g%&dvg{dw zmﬂ(m@@(ecmw -&thoRy]- el iagetoxy-ethyl,
2-acolmotridur I s LV EREBY - g B R . Siceloly.gropy
4-carPox§3st§!, 2LinsthoxgeRidriyiHetityl 013- methoxycarbonyl -propyl, 4—
methoxycarbonyl-butyl, 2-methoxycarbonyl-benzyl, 3- methoxycarbonyl-benzyl,
4-methoxycarbonyl-benzyl, 1-ethoxycarbonyl-ethyl, 1-methoxycarbonyl-ethyl,
phenyl, 4-metyl-phenyl, 4-methoxy-phenvl, 4-carboxy-phenyl, 2-carboxy-
phenyl, 4-methoxycarbonyl-phenyl, 2-methoxycarbonyl-phenyl and 4-
acetylamino-phenyil.

8. The fenicol carbonate of claim 1, wherein R3 is CH.F.

9. The fenicol carbonate of claim 1, wherein R4 is CH3S0; or NO2, Rz is CHCl,
R3 is OH and R4 is ethyl.

10. The fenicol carbonate of claim 1, wherein R4 is CH3S0; or NOg,
Rz is CHClz, R3 is
(o]

\/\OJ\O/\

and R; is ethyl.
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unsubstituted Cl1-10 al koxyal kyl, G .ioaryl, Cl.10
aryl al kyl, substituted or unsubstituted Ci1-10

wero@iogdtl) branched or cycl oal kenyl. 2. The f eRCT®IS2006/048929
carbonate of claim1l wherei®™ when R is NO2, R3 is not
CH20C( O O R 5.3. The fenicol carbonate of claim1l
wherein R4 and R5 are independently selected fromthe
group consisting of methyl, ethyl, propyl, isopropyl,
n-butyl, tert-butyl, isobutyl, pentyl, isopentyl,

1. Tgeg‘gég@/ parqlzz?'\%fg%/ g g@yﬁc‘f Yf@t@%ﬁ%&%ﬁ@ﬁ?ﬁ@’émup consisting

1-ethyl -propyl, 3-nethyl-prop-2-enyl, 2-

of met hoxy- et hyl , 2-et hoxy- ethyl 2- propoxy-ethyl, ¢
2- but o}y- €t hyl , 1-nethyl - 2% netho y-et hyl,
cycl | -nmethyl, cycl yl, 0 O/A\[::]
cycl qhexyl -nmethyl, cyglo cyclobutyl F
opgnt Vi, cycl oh 7- dgnethyloct 6- : CHCI
~s yIHN. 2 GHG Iy | > 2 benzyISs T 2

N
d?%b4-netyl- enzyl , aﬁﬁgthoxy ngZyl 3- net/dky benzyl 0

4- thoxy-benzyl nmet hyl - 2-furyl,

2- (nethoxy ethoxy)-ethyl, 2- (ethoxy-ethoxy)-ethylp

2-[2-( hoxy- et hoxy) - et hoxy] - thyI ‘J

2-[ 2- 8 et hoxy) - ethoa g o ji~/J

2- (hyqr oxy- et hoxy) - et ,ﬁ\,J o~ o
r - et hoxy ox ]- etH@I aget etin . cHel,

Osy, ma{,mms)xxpm hyt, 3 3/- pr opy IS\
|‘2 carboxy thyI 3 éarboxy pr apyl , dﬁpbd&y‘hutyl o

02 nethoxy ar bonyl - et hyl , 3- nethoxycarbonyl propyl
4- et hoxycar bonyl - butyl, 2-net hoxycar bonyl - benzg e
12. ﬁwmdﬁowcmbbnagd ohbalainy 11, that isselewtaciro/Bithe greHp ponsisting

ethox rbon 1- met hoxycar bonyl - et hyl ,
°fth%ﬁ8mﬂ° Snlbs??‘ib ellea%‘%z 4- et hoxy- phenyl , 4-
car boxy- phenyl , 2-carboxy-phenyl,

13. A-BRICOP S EHEE0 rbmipismd a cdompaurithef Earbulal.- pheny|
and 4-acetyl am no-phenyl. 4. The fenicol carbonate of

claim3 wherein R4 and R5 are independently
substituted with a noirg} seﬁeﬂsed fronfH®le group

consi sting of nethyl oxyA tarb car boal koxy
and acyl oxy. 5. T natre gRHc| ai m 3,
wher ei n S s ed fr% rou

R1

H
Formula il o

Cl,CH

wherein R is selected from the group consisting of

Ox /}\ ~ /}\ g /}\ F/I\S/}\ H NS /)\

~'
PN 0“ A A
ﬁ . oo , o ’ oo ' 00

. AN
\1I/}\ N&j?r/}& ‘*{EZI/}\ and -

S NC N



consisting of R2 is dichloromethyl or difluoronethyl,

and R3 is selected fromthe group consisting of
waydregaret hyl , fl uoromet hyl and CH20O C( O O RgPC®/UST(06/048929

feni col carbonate of claim7 wherein R is CH3SO2, R2

is CHCl2 and R3 is CH2F. 7. The florfenicol carbonate

of claim6, wherein F is selected fromthe group

consi sting of nethyl, ethyl, propyl, isopropyl,

n-butyl, tert- butyl, i sobutyl, pentyl, isopentyl,

n- hexyl, n-heptyl, n-octyl, n-no -
wherqqn@@d:@@ql e aredp &Wa‘i,"}{%%’?cﬂ‘ifﬁwﬁ@{‘gﬁﬁﬁ Slue from 0
ﬂwou%ﬁqlhyl propyl, 3-nethyl - prop 2-enyl, 2-methoxy-ethyl,

b andid g%ﬁg;&%ﬁ My ecr?gggm g%ﬁe?ﬁ%ﬁ Wrbugh 2,
prowc?é(c? F%Qﬁéﬂun‘i‘ﬁf éger%yé | @rtﬁ)@/éndfﬁtrbﬁbe i yalugpfromy2 to 8.

" cycl opentyl’, cycl ohex f thyl,
5 Rsq aﬁd'RgilmetthMdeb!rﬁﬂ'eC‘&é‘rfm th?%%'WP"B!éHEW H, methy
z - benzyl, 2-nethoxy-benzyl,
hydm@y&gﬁﬁggggbéhg -'nethoxy-benzyl, nethyl-z-furyl
2- (nethoxy ethoxy) et hyl, 2-(ethoxy-ethoxy)- ethyl,

14. %h%ézogrg?ﬂtég@%gg%gﬂxﬁ wﬁ%ﬁé{iﬁfﬁgﬁ#w&f a, b, ¢, d and e ranges in

value2frohv2tirougdtdoxy) - et hyl
2-[2-(hydroxy-ethoxy)-ethoxy]-ethyI, 2- acet oxy- et hyl ,
10 2- (acet oxy- et hoxy) - et hyl , 3-acet oxy- propyl ,
15. Pné dbRouret 68dlaind1GanhereyRpisoopy!| , 4- car boxy- but yl
2- met hoxycar bonyl - et hyl , 3-nmet hoxycar bonyl - propyl, 4-
~ hoxycar bonyl - butyl , 2-net hoxycar bonyl - benzyl ,
,AS- et hoxycar bonyl - benzyl, 4-net hoxycar bonyl - benzyl ,
0 o- et hoxycar bonyl - et hyl , 1-nmet hoxycar bonyl - et hyl
phenyl , 4-nmetyl - phenyl, 4-nethoxy-phenyl,
4- carboxy phenyl , 2-carboxyphenyl,
16. %H?&S%\Sﬁﬁﬂ*%ﬁ%mph@wévm et selooted froimetng! grong
- acetyl am no- phenyl . The fenicol carbonate of
15 conaﬁtmgmfl wherein R3 is CH2F 9. The fenicol carbonate
of claimd, whergin R is %HSSOZ or N2, R2 is CHC 2,
[s)

"
>

HN F F NH
o 0
CI,CH CHCI,
2
0 OH o
Q o—( >_°%. 2
= od O
° 2
H F F H
o o
CL,CH CHCI,

(] CHC|

C1,CH , and
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10. The fenicol carbonate of claiml1l, wherein R is

CH3SO2 or N2, R2 is CHClI2, R3is and R4 is ethyl.11.
woheo7foesiicol carbonate of claim 1l that is sel eeCeaStiensss2o

the group consisting of 12.77The feni col carbonate of

claim1 that is selected fromthe group consisting of

the conpounds |isted by Table 2. 13. A fenicol

carbonate conprising a conpound of Fornula Il, Formula
wherein Ri is selected fromthe group consisting
ofwhereipn a, ¢ and e are integers that independently

geo valwe fromO through 4, b and d are integers
Iy in value fromO through 2,
P OVjs P t fie olentegers a, b, ¢, dand e

range L§ vaI we fmom 2 to 8. R51 and R52 are

| ndeqnendentlyo | ected fromthe group consisting of H,

met hyl , hydroxyl"®met hoxy, and acetoxy. 14. The

conpound of claim 13 wherein the sumof a, b, ¢, d and

e ranges in value from2 through 4. 15. The conpound
17. thﬁhﬁbe?edt&al\/ﬂehmo@momch&pnm aweaffeative amaunt ofthe,

having a struycture, sel ecte f ng
fenicalcariiste SIS b RPN santasly 1o
exc,pf‘é,{tgg,-ls\éﬁ,eq}ﬂyunt of the fenicol car bonate of claiml1,
together with pharmaceutically acceptabl e excipients

or solvents. 18. A pharnaceutical conposition

18. K gﬁ%%%b@%@él o esditione cém?m%tngJén tdffectiemiacmdunt of the
Onal e O Cirand tathodShicl WhEN PRRLREEHLERId ¥
fenlcabwppatheO%Qlélm|1é’hi%968|“e Withpharmaceuti

excipients or solvents.

19. A pharmaceutical composition comprising an effective amount of the
fenicol carbonate of claim 6, together with pharmaceutically acceptable
excipients or solvents.

20. The pharmaceutical composition of claim 17 that further comprises flunixin.
21. The pharmaceutical composition of claim 20 that further comprises a
corresponding fenicol, wherein the corresponding fenicol is a fenicol that is
identical to the fenicol released in vivo by the fenicol carbonate.

22. The pharmaceutical composition of claim 19 that further comprises flunixin.
23. The pharmaceutical composition of claim 18 that further comprises flunixin.
24. The pharmaceutical composition of claim 23 that further comprises a

corresponding fenicol, wherein the corresponding fenicol is a fenicol that is
identical to the fenicol released in vivo by the fenicol carbonate.
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19. A pharmaceutical conposition conprising an

effective amount of the fenicol carbonate of claim6,
woagEtonenow t h phar maceuti cal |y accept abl e excPpTRISE®6/048929

or solvents. 20. The pharne@euti cal conposition of

claim17 that further conprises flunixin. 2 1. The

phar maceuti cal conposition of claim20 that further

conprises a correspondi ng fenicol, wherein the

corresponding fenicol is a fenicol that is identica

to the fenjcol rel d ivo b f epi
25, ASrbetesbion S SIiR el o Y chRBE AR,
fenic&iﬁ:a‘rﬂéﬁatfel{{ft&ah §q8getinerwitH pharhace2iBally laeceptable

pha

rmaceuti cal conposition of claim. 18 _th fur r
excipEntp or selventsanst cempSINg ALY F%%HPA{B&Q T%!};\?‘g'c}%’ﬁgg%ﬁttf‘gn
il £4INBEt ROMBHIEAIT0ahE denieshetetse in vivo
co"egé%ﬁ%'gp?éé\ﬁgirgﬁfét'ﬁe corresponding fenicol is a
by thédenicol carbanates i dentical to the fenicol released in

vivo by the fenicol carbonate.25. A pharnmaceuti cal
conposi tion conprising an effective amunt of the
26. A phicemiceaticalcahepasitian somprisingjan efieciive gmount of the .

. arnpaceuticall CC . LR : and
tenicBaPpontcE ORI 1SCRRIT T baRnaBLucily Kiceprisie
excigientssRNEMg ahendarnprisingaa terrespondihgtfenisol, yhgreirpthe

to the fenicol rel eas N ViVe t ' A
corr mfg_m is ﬁ%ﬂ'&?ﬁﬂ'@éﬁ ?’dceé%cg}étr?p ég%i f{eftomr?? g%lﬁ.sﬁ?g in é/IVO
by th@¥epidobehinenatgpunt of the fenicol carbonate of claim

13

together with pharmaceutically acceptable
exci pients or solvents and conprising a correspondi ng

27. ﬁB!&%ma@E@fi@él%&ﬁﬁoQﬂéﬁ%@Wﬁi 117 firemeraaimpsisiag at least one
enicol that is identical to the fenicol released in
additional thgrapeatic@gend! car bonate. 27. The pharnaceuti cal

conposition of claim17 further conprising at |east
one additional therapeutic gé:]e_nt. %S The sina at least one
28. PherprermaceuticaloeppesitipsPfgfaip) 38 fyriker crpREpIng at leas

addiﬁgﬂgfthgké&lﬁfc égeeé}ﬁt one addi tional therapeutic agent.

29. The pharmaceutical composition of claim 17 further comprising a
florfenicol.

30. The pharmaceutical composition of claim 18 further comprising a
florfenicol.

31. The pharmaceutical composition of claim 27 wherein the additional
therapeutic agent is an endectocidal compound.

32. The pharmaceutical composition of claim 28 wherein the additional
therapeutic agent is an endectocidal compound.
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29. The pharmaceutical conposition of claim 17 further

conprising a florfenicol. 30. The pharnmaceuti cal
woanpasddio on of claim 18 further conprising a PCT/US2006/048929

florfenicol. 3 1. The pharrmceuti cal conposition of

claim 27 wherein the additional therapeutic agent is

an endectoci dal conpound. 32. The pharnmaceuti cal

conmposition of claim28 wherein the additional

t herapeutic agent is an endectoci dal conpound. 33. The

0. B Raeens iy STRARA B e P e

compk%ﬂd% A eEctihi steéted frsih MRE igroup Ponsisting iofi lvermectin,
nectin, Selanectin, Emanect

Doraiviectioe8bamechin| Eémeﬁ"hrﬁném?&t‘ﬁag%hgn{mipeg’{ox'%ﬁc“n
M"*)é@ﬂ%ﬂ%@? rﬁﬁhlaﬁf}ﬁ@@ﬁéﬂeb?n conprising the fenicol

aim1 1n conbination with a fenicol
conmpound of Formula Il wherein the fenicol carbonate

34. & opihtedic AhAdiGRkoflprEfidietehidol samdateaticiaim 1

wei ght,
in coifbaiation \thhlasfeﬁiﬁﬁ@bm;RBJnc‘aotlmemadﬁ R3is 0—| or F.

35. The pharnmaceutical conpositiggqof claim17 wherein
the fenicol car bonat e conprises fyom ﬁbout 80 percent
to about 5 pgg ‘*WV\BIQ re orﬁposulon 36.
The phar rraceutl cal conposit of phai mB3, wherein
the avernectin conpound R ESent T yran %mDunt

rangi ng from about 0.03% W v to about 20% w v. 37. The
phar maceuti cal conposition of claim33 that further
conprises a flukicide. 38. The pharmaceuti cal

conposition of claim1l7 wherein e .sol vent c s
whereuﬂ)he fenicol carbonate of Formula 1 ané P nicol ofelgormquml a?g

present in a ratio ranging from 50:1 to 1:50, by weight, and wherein R, is
CH3S03, Ryis CHCI; and R3 is OH or F.

35. The pharmaceutical composition of claim 17 wherein the fenicol carbonate
comprises from about 80 percent to about 5 percent by weight of the

composition.

36. The pharmaceutical composition of claim 33, wherein the avermectin
compound is present in an amount ranging from about 0.03% w/v to about 20%
wiv.

37. The pharmaceutical composition of claim 33 that further comprises a
flukicide.

38. The pharmaceutical composition of claim 17 wherein the solvent comprises
at least one pharmaceutically acceptable alcohol.

39. The pharmaceutical composition of claim 38 wherein the alcohol is benzyl
alcohol.
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at | east one pharmaceutically acceptabl e al cohol. 3g.
The pharnmaceutical conposition of claim38 wherein the
wabhoewhadoios benzyl al cohol . 40. The phar maceut i e@ir/us2006/048929
conposition of claim 38 whedein the al cohol content of
the conposition ranges from about 5% to about 98% by
wei ght, of the conposition. 4 1. The pharnaceuti cal
conmposition of claim 38 wherein the al cohol content of
the conposition ranges from about 20 to about 45% by

40. pr%&@g@%%ugéglgqe%gggg ngprfg th)an:?B Whe‘?éﬁt"t?\'étélESh content of

need thereo
{iSh PEnGELETTrohs hBb UNSAtobBout8i} bywelghfemm ive
theco?ﬁ@@énll of the fenicol carbonate of claiml. 43. A
comppeltlhod of treati ng or preventing a disease or disorder

in an aninmal in need thereof, conprising adm nistering
a pharmaceutically effective amunt of, t e fe(%ojol tent of
41. Thepharaacevficallceimpasition af ciaire IRWREELIB ‘élaé? sonte

wher ej.n t tPU59a Y AEGAL.
the C%Wﬁ'it'gper?ﬁgggg}#g}ésa% Pg%éééc;%?to to agout§150 nmg/ kg of
animal . 45. The nethod of claim42 wherein the ani mal

IS |, Abn
42. Afnstnid Rotening ol hrehoitha bafibedd oF debverd RHrmamma T
need théferi? e@ttmpns@gmdmmlstdnng iasplarmpceaytically ghfiegtye amount of

need thereof flore after, or simultaneously with the
the fanieel GAPRRRISHGRIM A7 The nethod of clai m 42 wherein

the additional agent is an endoctocidic conmpound. 48.
The nmet hod of claim47

43. A GribiR SN S RGTOPRAEDT O €0 B0 s of P LR 7 gpimal in
needctﬂ@FéSft bBS\p‘PlfslrigVSdﬁﬁﬂéﬂeﬁng&)pamace&mlo&u&mﬁﬁqﬂng amount of

amectin, Emamectin, Eprinomectin, Mxidectin and
the fammlecrgrbpﬁatﬁ)e? dairnis.

44. The method of claim 42 wherein the amount of the fenicol carbonate
administered ranges from about 1 to about 150 mg/kg of animal.

45. The method of claim 42 wherein the animal is a mammal, avian, fish,
reptile or invertebrate.

46. The method of claim 42 wherein at least one additional therapeutic agent is
administered to the animal in need thereof before, after, or simultaneously with
the fenicol carbonate.

47. The method of claim 42 wherein the additional agent is an endoctocidic
compound.

48. The method of claim 47 wherein the endectocidic compound is an
avermectin selected from the group consisting of lvermectin, Doramectin,

Abamectin, Selamectin, Emamectin, Eprinomectin, Moxidectin and Milbemycin.
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81 49. A nmethod of treating or preventing a di sease or

di sorder in an animal in need thereof, conprising
wadni7rrstier i ng a pharnmaceutically effective anpamusefo6a48929

conmpound sel ected frorr/thelgroup consisting of

conmpounds of Exanples 1- 30, and conbi nati ons thereof.

50. A process for synthesizing the conpound of claim

1, conprising reacting a fenicol conpound with a

corresponding chloroformate in a suitable solvent. 5

1. The process of claimb50, wherein the [ t_d. .
49. Acwietivackar trealing 6 rﬁ?\é@!ﬁ'%ﬁé’i‘%qqsﬁf'o‘%'sﬂﬂsegr'%%‘g‘tae'ﬁﬁ‘a' n )
i hgfhbesuticdl active amount 0
e e S 1
a compioxad selécied dxingithe growh £ansighd gpﬁw%{psgqﬁ:’)@ ple
et her .52, cess of claimb50, wherein the
30, arghomRinaTong gt

tetrahydrofuran. 53. The process of
claim50, wherein the reaction is conducted in the
presenc

of cat al . G idhd%edding a

50. Apracern faryiap e cotipolitE gP pRERCE, @imeiighgrealing
fenicdt eBRigHUNOWR cotresgdndingichiprofprinite én asutgblg solvent.

pyridi ne, pyridine and conbinations thereof. 55. The

process of claim50, wherein the reaction is conducted
51. Tih% ;5rll&%,e§§ g,gemmﬁm \ﬂﬁerﬁﬁn thessalventjisrselsatedTfremghe @g@'ép

of ¢l ai m55, erein the acid sgav te
consistingrof Aalognates salyents eslF" q‘(‘?’?ctgt ﬁ§®§ﬁ1‘énr§°?\%}?|§’di ne,
formaIGShviB S8EBPBHEs, SRsiclhdis; ket enixpdteibsi-ester solvents,

carbonat e and conbi hati ons thereof.57. The process of
and ditthyrereoglyeplegtbeR t he chl orof ormate is wherein Ris

selected fromthe group consisting of methyl, ethyl,
propyl, isopropyl, n-butyl, tert-butyl . isohutyvl

52. Therprotess obplkaim80, whereir,ihe spluank %%pﬂﬁ%? %q’raﬁ’y_qg%fw?r’l.
n-decyl, n-dodecyl, n-octadecyl , 2-nethyl-butyl,
1- et hyl - propyl, L. .

53. The process of claim 50, wherein the reaction is conducted in the presence

of a catalyst.

54. The process of claims 53, wherein the catalyst is selected from the group
consisting of 4-dimethylamino-pyridine, 4-methyl pyridine, pyridine and
combinations thereof.

55. The process of claim 50, wherein the reaction is conducted in the presence

of an acid scavenger.

56. The process of claim 55, wherein the acid scavenger is selected from the
group consisting of triethylamine, pyridine, sodium carbonate, sodium
bicarbonate, potassium carbonate and combinations thereof.
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3- net hyl - propeh-2-yl, 2-nmethoxy-ethyl, 2-ethoxy-ethyl,

2- propoxy-ethyl, 2- butoxy-ethyl,
wa-20t0n9d16 2- net hoxy- et hyl , cycl opropyl - net hyl , PCT/US2006/048929

cycl opentyl - net hyl , cycl oheyl - met hyl, cycl opropyl,

cycl obutyl, cyclopentyl, cyclohexyl, 3,7-

di net hyl oct-6-yl, benzyl, 2-nethyl-benzyl,

3- et hyl - benzyl, 4-netyl -benzyl, 2- nethoxy-benzyl,

3- net hoxy- benzyl , 4-nethoxy-benzyl, nethyl-2-furyl, 2-

nmet hoxy- et hoxy)-ethyl, 2-(e eth X et hyl ,
S A A O E A e R R

2-[ 2- (et hoxy- et hoxy) - et hgxy] - et hyl ,

2- (hydr oxy- et hoxy) - et hyl Ji 2-

(hydr oxy- et hoxy) - et hoxgit™- yl, 42- acet oxy et hyl ,

2- (acet oxy- et hoxy) - et hyl , 3- acet ox
wher&inddy MeethrQnBﬂmrgunwoﬁ\St%@' ofy py,logywy,gmr)?pyl

|soprgp¥I|Emy%@f gg@)ob 'bu ﬁ ‘g&gngt hoxycar glglﬁh@m mthef)tyl "

benz
octyl 3n-mehnrdecylo nydodmwytw -pctadesyh hMb ehQ%w propyl,

bR - PR i, -

butody- éﬁfybovﬁméthwzlmeﬂ}m@;éibyly cptlepmpyl-zmethyl cyclopentyl-methyl,

R
dlme\ﬂﬁsﬁéateﬂ- r&ﬁz@lnlmetaynmm mmethwebemzyjpmnetybbenzyl 2-

t ed t
metrupsy i SO e SRS RS SRR Rl 2
(metﬂh‘f\}‘-le X hlefiﬁglh Zer;egIL\%W Qmﬁxb}thhw,hi-{ﬂ-f(mﬂhlnm»meetlfijy)—ethoxy]-

ethyuﬁelaeﬁaﬁh@neemﬂwﬂﬁmw@éhw 2;(P'¥§ pre LSF%Y? 22"
(nyofSESTord Fefday iyt 2uccRiny: sﬁmwdxﬁi” o
acetoky-prapyh 23¢amzqyr¢t§1vh§ FHREKYRORY'f érﬁ BPXY: HHg’gp
metifbhafh st ?nngWq%“?“%{f@bﬁ‘y'o‘;’%?gﬁ“e@%‘?’???ﬁ%&’”w'
2-metbloaycarboeybbenzylaBimethaxycabory, an?BZY)‘r fineth ‘%‘Vﬁarbﬂ?@"'
beniyl Cf-&thox} ca%ghw SRyIMEHEHbARErHYIeRhyll Bhenyl, 4-metyl-

phenyl, 4-methoxy-phenyl, 4-carboxy-phenyl, 2-carboxy-phenyl, 4-
methoxycarbonyl-phenyl, 2-methoxycarbonyl-phenyl and 4-acetylamino-phenyl.

58. The process of claim 50, wherein the fenicol compound has the structure
of:

wherein R is selected from the group consisting of



and the fa/s-chloroformate is wherein Ris selected
fromthe group consisting ofand R2 is selected from
woheo7grreup consi sting of dichl oromethyl, PCT/US2006/048929

di fl uoronethyl, chlorfl uord®deth
Tt ot yl, chl oronet hyl and

F
°§N/\ \s/\ F/\s/\ )\ s/\ HzN\S/\
- oo
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NC

wherein R; is selected from a group consisting of dichloromethyl,
5 difluoromethyl, chlorfluoromethyl, chloromethyl and methyl.

59. The process of claim 50, wherein the chloroformate is present in a molar
excess, relative to the fenicol compound, during the reaction.

10 60. A process for synthesizing the compound of claim 13, comprising reacting
a fenicol compound with a corresponding bis-chloroformate in a suitable
solvent, wherein the fenicol compound is present in a molar excess, relative to
the chloroformate.

15 61. The process of claim 60 wherein the fenicol is

OH
F

HN R
2
R3 g
O
and the bis-chloroformate is

0]
CI)L o/\/o\erI

20 O
wherein R, is selected from the group consisting of
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and R, is selected from the group consisting of dichloromethyl, difluoromethyl,

chiorfluoromethyl, chloromethyl and methyl.



